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1 Recommendations/Risk Benefit Assessment 
 

1.1 Recommendation on Regulatory Action 

 
Lixisenatide is a glucagon-like peptide-1 (GLP-1) agonist.  It will be the sixth approved 
drug in the GLP-1 receptor agonist class. The Applicant is seeking an indication as an 
adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes 
mellitus (T2DM).  
 
Based on my review of the clinical data, there is evidence of effectiveness from nine 
placebo-controlled phase 3 trials. The safety profile is acceptable, based on review of 
an integrated safety database of twenty phase 2/3 studies, including the cardiovascular 
outcome study (ELIXA). Therefore, I recommend approval of lixisenatide for 
subcutaneous injection, initiated at a dose of 10 µg daily for two weeks, followed by a 
maintenance dose of 20 µg once daily for the proposed indication.  
 
I have summarized my rationale for this recommendation in section 1.2 below. 
 

1.2 Risk Benefit Assessment 

Benefit-Risk Summary and Assessment 
 
Diabetes mellitus is a disease of impaired glucose homeostasis resulting in chronic 
hyperglycemia.  It is associated with significant morbidity and mortality due to 
microvascular and macrovascular pathologies, and is a major cause of hospitalization, 
blindness, renal failure, amputations and cardiovascular (CV) disease1. 
 
There are over 12 approved pharmacologic classes of agents for T2DM, and currently 
approved therapies aim to improve glycemic control by improving insulin resistance, 
enhancing insulin secretion, or increasing glucose excretion.  One such therapeutic 
approach is through the incretin pathway.  The GLP-1 receptor is the target for native 
GLP-1, which is an endogenous incretin hormone that delays gastric emptying, 
stimulates pancreatic beta cells to augment glucose dependent insulin secretion and 
pancreatic alpha-cells to inhibit glucagon secretion. 
 
Lixisenatide will be the sixth approved drug in the GLP-1 receptor agonist class.  The 
other approved products are exenatide (dosed twice daily), liraglutide (dosed once 
daily) and three products that are dosed once weekly (exenatide-extended release, 

                                            
1 Center for Disease Control and Prevention (CDC). (2011). National Diabetes Fact Sheet, 2011. 
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albiglutide and dulaglutide). 
 
Despite the number of drugs available for the treatment of T2DM, a substantial 
proportion of patients either remain under poor glycemic control or experience 
deterioration of glycemic control after an initial period of successful treatment due to 
progressive pancreatic β-cell dysfunction. In addition, many of these drug classes may 
not be tolerated or have limited usefulness in certain populations. For these reasons, 
and because T2DM is a disease that is heterogeneous in both pathogenesis and clinical 
manifestation, there is an unmet need for new anti-diabetic therapies for patients with 
T2DM. 
 
Efficacy: 
The primary endpoint to establish efficacy of lixisenatide was demonstration of a 
reduction from baseline in HbA1c.  This has been accepted as a surrogate for improved 
clinical outcomes (i.e., reduction in microvascular complications). 
 
Lixisenatide 20 µg once daily by subcutaneous injection resulted in a statistically 
significant decrease in HbA1c compared with placebo, demonstrating superiority to 
placebo in all Phase 3 placebo-controlled efficacy studies.  The LS mean treatment 
difference compared to placebo at the primary time point varied from -0.25%to -0.79%. 
The reduction in HbA1c was generally sustained through the entire treatment period. 
 
Lixisenatide demonstrated non-inferiority to exenatide, insulin glulisine once-daily and 
thrice daily for change in HbA1c from baseline based on a non-inferiority margin of 
0.4%. However, lixisenatide was statistically worse than exenatide (LS mean for 
treatment difference was 0.18; 95% CI: 0.046, 0.307; p-value =0.0083) and insulin 
glulisine thrice daily (LS mean for treatment difference was 0.21; 95% CI: 0.094, 0.331; 
p-value = 0.0005). No significant difference was observed between lixisenatide and 
sitagliptin (LS mean for treatment difference was 0.04%; 95% CI: -0.198, 0.288; p-value 
=0.717), though change in HbA1c was a secondary endpoint of this study.  
 
Safety: 
The safety population for lixisenatide included 7,874 subjects treated with lixisenatide 
and a total of over 10,000 patient-years of exposure.  Over half of this exposure came 
from the cardiovascular outcomes study, ELIXA, which enrolled a population with recent 
acute coronary syndrome events. The CV outcomes study EFC11319 (ELIXA) 
contributed 3,031 patients and 5,732.2 PY of the total exposure to lixisenatide. The 
safety database appears adequate for establishing the safety profile of lixisenatide. 
 
GLP-1 receptor agonists carry concerns for gastrointestinal events, hypoglycemia, 
pancreatitis, thyroid C-cell hyperplasia, renal failure secondary to volume depletion 
hypersensitivity reactions and injection site reactions. Adverse events with lixisenatide 
are in general consistent with the GLP-1 receptor agonist class with the exception of a 
possibly increased risk for immunogenicity and anaphylaxis. 

Reference ID: 3954238



Clinical Review 
Suchitra Balakrishnan, MD., PhD 
NDA 208471 
Adlyxin (Lixisenatide) 
 

10 

 
Immunogenicity: 
In the phase 3 placebo -controlled efficacy studies and ELIXA, up to 70% of patients 
were anti-drug antibody (ADA) positive by week 24. While the incidence of antibodies to 
lixisenatide cannot be directly compared with the incidence of antibodies of other 
products for many reasons, it is to be noted that this is a higher incidence than seen 
with the approved GLP-1 receptor agonists.   
 
An additional concern with ADA formation is the potential for cross-reactivity and 
neutralizing activity.  Antidrug- antibodies that cross-react to endogenous GLP1 or 
glucagon may affect glucose homeostasis. Antidrug antibodies may also neutralize 
lixisenatide and impact efficacy. Cross-reactivity of anti-lixisenatide antibodies to 
endogenous GLP-1 and glucagon was assessed in only three phase 3 studies.  From 
these studies, 28% of patients developed cross-reactive antibodies to endogenous 
GLP-1, and 5% developed cross-reactive antibodies to glucagon. Data on cross-
reactive antibodies after discontinuation of therapy is not available.  While neutralizing 
activity was not assessed a reduced efficacy response in terms of HbA1c change from 
baseline was observed with increasing antibody concentrations, suggesting potential 
neutralizing activity.  The presence of ADAs also correlated with an increase in some 
adverse reactions.  Patients who were ADA positive had increased frequency of 
injection site reactions. It also appears that lixisenatide-treated patients in the phase 3 
placebo controlled efficacy studies had an increased risk of having an ARAC-
adjudicated hypersensitivity reaction compared to lixisenatide treated patients who were 
ADA negative. However, the exact relevance of this finding is uncertain because of the 
~70% who display ADA positivity, only a small fraction actually experienced a 
hypersensitivity reaction adjudicated as related to the study drug (0.6%). 
 
Anaphylaxis 
Whether analyzed by adjudicated events (lixisenatide-16 [0.2%], placebo-5 [0.1%]) or 
by investigator-reported terms (lixisenatide-8 [0.1%], placebo-1 [<0.1%]), an imbalance 
for anaphylaxis is seen with lixisenatide. There have been events of anaphylaxis (n=11 
[0.14%]) that led to study drug discontinuation with lixisenatide which suggests that an 
association to study treatment was more likely.  In contrast, none of the placebo treated 
subjects with events discontinued study drug.  Anaphylaxis and serious hypersensitivity 
reactions were identified only in the post-marketing setting for the other approved GLP-
1 receptor agonists. 
 
Some features of the clinical development may have contributed to this observed 
imbalance.  The clinical trial exposure for lixisenatide is very large (10035.9 PY) 
compared to other approved GLP1 agonists, and allergic reactions were prospectively 
adjudicated. The possibility that serious allergic reactions were noted pre-marketing due 
to these reasons cannot be excluded.  
 
Benefit- Risk Conclusions: 
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The available data for efficacy and safety support approval of lixisenatide as an adjunct 
to diet and exercise to improve glycemic control in adults with T2DM.  Although there 
are a number of available therapeutic drug classes and multiple members of the GLP-1 
receptor agonist class, patients often require multiple therapies to maintain glycemic 
control and may better respond or tolerate one therapy over another.  There is a need 
for additional therapies to allow for individualization of management.  The identified risks 
are generally consistent with other members of the drug class, with the possible 
exception of anaphylaxis and hypersensitivity reactions. The magnitude of risk for 
anaphylaxis and other serious hypersensitivity reactions compared to approved drugs in 
the GLP1 agonist class is unknown but it does not appear to be of a magnitude which 
would alter the benefit-risk assessment.  
 
Benefit Risk Framework: 
Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition 

29.1 million people or 9.3% of the 
US population have diabetes2. 
Diabetes is a major cause of 
hospitalization, blindness, renal 
failure, amputations and 
cardiovascular (CV) disease.  

Diabetes is a medically serious 
condition if uncontrolled.  It is 
associated with significant 
morbidity and mortality due to 
microvascular and macrovascular 
complications 

Current 
Treatment 
Options 

There are over 12 pharmacologic 
classes of agents approved as 
adjuncts to diet and exercise for 
T2DM. Other than insulin, currently 
approved therapies in T2DM aim to 
improve glycemic control by 
improving insulin resistance, 
enhancing insulin secretion, or 
increasing glucose excretion.   

Despite the number of drugs 
available for the treatment of 
T2DM, a substantial proportion of 
patients either remain under poor 
glycemic control or experience 
deterioration of glycemic control 
after an initial period of successful 
treatment with an anti-diabetic drug 
due to progressive pancreatic β-cell 
dysfunction. Therefore, there is an 
unmet need for new anti-diabetic 
therapies for patients with T2DM 

Benefit 

The trials submitted in support of 
the efficacy of lixisenatide included 
nine placebo-controlled studies.  
The primary endpoint was change 
from baseline in HbA1c, an 
accepted surrogate for improved 
clinical outcomes (i.e., reduction in 
microvascular complications).  
Over 4,000 patients participated in 
these studies. 

Lixisenatide has demonstrated an 
ability to improve glycemic control 
compared to placebo.  Although 
there are a number of available 
therapeutic drug classes and 
multiple members of the GLP-1 
receptor agonist class, patients 
often require multiple therapies to 
maintain glycemic control and may 
better respond or tolerate one 

                                            
2http://www.cdc.gov/diabetes/data/statistics/2014StatisticsReport.html  
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Dimension Evidence and Uncertainties Conclusions and Reasons 
 
Lixisenatide 20 µg once daily 
resulted in a statistically significant 
decrease in HbA1c compared with 
placebo in a variety of use 
conditions (e.g., different 
background therapies such as 
monotherapy, as add-on to 
metformin, as add-on to 
sulfonylurea, and as add-on to 
basal insulin).  This is consistent 
with what has been required for 
demonstration of efficacy for 
antidiabetic drugs and is consistent 
with the current draft guidance. 
 
Areas of uncertainty include 
whether twice daily administration 
may be a more appropriate 
frequency of administration and 
whether antibody formation 
impacts efficacy.  In phase 2 
studies, twice daily administration 
resulted in a numerically greater 
HbA1c reduction with fewer 
gastrointestinal adverse events.  
However, this was not pursued 
phase 3 and once daily 
administration was evaluated and 
demonstrated efficacy.  The HbA1c 
change from baseline may be 
reduced with increasing 
concentrations of anti-drug 
antibodies. 

therapy over another.  There is a 
need for additional therapies to 
allow for individualization of 
management.  It can be considered 
as a treatment option for patients 
with T2DM. 
 
While there is uncertainty with 
whether dividing the dose for twice 
daily administration may be better 
than once daily administration, 
efficacy of once daily administration 
was established. 
 
The observation of reduced efficacy 
in the presence of high antidrug 
antibody concentration raises 
concerns about neutralizing activity.  
However, conclusions on this 
observation are limited due to the 
small numbers of patients included 
in this post-hoc analysis and by the 
absence of testing for neutralizing 
antibodies. 

Risk 

The overall safety population for 
lixisenatide included 7,874 subjects 
treated with lixisenatide and a total 
of over 10,000 patient-years of 
exposure. 
 
GLP-1 receptor agonists carry 
concerns for gastrointestinal 
events, hypoglycemia, pancreatitis, 

The safety population is adequate 
for characterization of the safety 
profile.  The safety is generally 
consistent with other approved 
GLP-1 receptor agonists. 
 
While immunogenicity and the 
potential impact on efficacy and 
safety is a concern due to a high 
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Dimension Evidence and Uncertainties Conclusions and Reasons 
thyroid C-cell hyperplasia, renal 
failure secondary to volume 
depletion hypersensitivity reactions 
and injection site reactions. 
Adverse events with lixisenatide 
are in general consistent with the 
GLP-1 receptor agonist class with 
the exception of a possibly 
increased risk for immunogenicity 
and anaphylaxis. 
 
The incidence of positive anti-drug 
antibodies (ADAs) increased over 
time and plateaued at 
approximately 70% by 24 weeks. In 
addition, the concentrations of 
these antibodies increased over 
time.  Of the 1,269 subjects tested 
for cross-reacting antibodies, 
28.4% tested positive for ADAs 
cross-reacting with endogenous 
GLP-1 and 4.7% subjects had 
ADAs cross-reacting with 
glucagon.  Neutralizing antibodies 
were not assessed. 
 
The significance of these 
antibodies is unclear.  While 
neutralizing antibodies were not 
assessed, a reduced efficacy 
response was observed with 
increasing antibody concentrations 
suggesting potential neutralizing 
activity.  
 
Patients who were ADA positive 
had an increase in some adverse 
reactions, such as injection site 
reactions (5.6% in ADA positive 
patients vs. 2.3% in ADA negative 
patients).  
 
An imbalance in anaphylaxis was 

incidence of ADA formation, the 
data to support any conclusions are 
limited. 
 
Though a signal for anaphylaxis 
was observed in the development 
program, which is different from the 
post-marketing identification of this 
concern with the other GLP-1 
receptor agonists, there are 
differences with the lixisenatide 
development program which may 
have resulted in identification of this 
signal.  While the true magnitude of 
risk for anaphylaxis and serious 
hypersensitivity reactions is 
unknown, the overall incidence in 
the development program was low. 
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Dimension Evidence and Uncertainties Conclusions and Reasons 
seen with lixisenatide, regardless 
of whether this was analyzed by 
adjudicated events (lixisenatide-16 
[0.2%], placebo-5 [0.1%]) or by 
investigator-reported terms 
(lixisenatide-8 [0.1%], placebo-1 
[<0.1%]).  In addition, there have 
been events of anaphylaxis (n=11 
[0.14%]) that led to study drug 
discontinuation with lixisenatide 
which suggests that an association 
to study treatment was more likely.  
This is in contrast to the approved 
GLP-1 receptor agonists where this 
was identified only in the post-
marketing setting. 

Risk 
Manage-
ment 

Refer to sections 1.3 and 1.4 of this 
review. 

Refer to sections 1.3 and 1.4 of this 
review. 

 

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies 

While a Risk Evaluation Mitigation Strategy (REMS) is in place for the long-acting GLP-
1 receptor agonists (i.e., VICTOZA, BYDUREON, TRULICITY, TANZUEM) to ensure 
that the benefits of the drug outweigh the potential risks of medullary thyroid carcinoma 
and pancreatitis, the short-acting GLP-1 receptor agonist (i.e., BYETTA) only carries a 
“Warning and precaution” statement in the label for pancreatitis. With lixisenatide, the 
non-clinical reviewer’s opinion was that the large clinical exposure margin of over 1000-
fold for C-cell tumors indicates that the human risk for C-cell tumors is more similar to 
that of a short-acting GLP-1 receptor agonist (i.e., exenatide) than to longer acting GLP-
1 receptor agonists. Therefore I do not think a REMS is required for lixisenatide, and the 
risk for pancreatitis can be addressed by appropriate labeling.  

1.4 Recommendations for Postmarket Requirements and Commitments 

I propose the following post-marketing requirements (PMRs) under section 505(o) of the 
Act (FDAAA Title IX): 
 
Due to residual concerns that the neutralization of endogenous GLP-1 and glucagon by 
cross-reactive antibodies to lixisenatide may affect glucose homeostasis in lixisenatide-
treated patients, including those who might later seek an alternative GLP-1 analog for 
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their treatment and concerns that the anti-drug antibodies might impact efficacy and 
safety, the Office of Biotechnology Products has recommended that the applicant be 
required to complete the following: 

1) provide a formal report of the cross-reactivity assay validation and the assay 
SOP’s, 

2) submit lixisenatide neutralizing antibody (NAb) assay validation and assay 
SOP’s, 

3) assess neutralizing ADA response that are expected to be present in patient 
samples using validated neutralizing antibody assay, and 

4) evaluate whether cross-reactive ADA are capable of neutralizing endogenous 
GLP-1 and glucagon. 

 
The feasibility of these is currently being explored further, as they depend on the 
availability of banked serum samples to test for cross-reactive and neutralizing 
antibodies.  
 
To further characterize the risk for serious allergic and hypersensitivity reactions 
compared to approved GLP1 agonists, I recommend that the sponsor conducts a post-
marketing observational study.  The feasibility and type of study that would best address 
this question is currently under discussion. 
 
I propose the following PMRs under the Pediatric Research Equity Act (PREA) (21 
U.S.C. 355c): 
 

1) A repeat dose study of the pharmacokinetics of lixisenatide in children and 
adolescents with T2DM aged 10 to 17 years. 

2) A double-blind, randomized, placebo-controlled efficacy and safety study of 
lixisenatide in children and adolescents with T2DM aged 10 to 17 years. 

 

2 Introduction and Regulatory Background 

 
Lixisenatide is a glucagon-like peptide-1 (GLP-1) receptor agonist developed for use as 
an adjunct to diet and exercise to improve glycemic control in adults with type 2 
diabetes mellitus (T2DM). 
 
A new drug application (NDA) for lixisenatide was submitted to NDA 204961 on 
December 20, 2012.  This NDA was subsequently withdrawn on September 10, 2013. 
Primary reviews for all disciplines were completed and preparations were in progress for 
an advisory committee at the time of NDA withdrawal.  The reasons for NDA withdrawal 
are discussed in Section 2.5 Summary of Presubmission Regulatory Activity 
Related to Submission. Following withdrawal of the NDA, a Type A meeting was held on 
October 15, 2013 to discuss issues identified during the review. 
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In addition, the long-acting GLP-1 receptor agonists (exenatide LAR, liraglutide, 
dulaglutide and albiglutide) carry a boxed warning for the risk of thyroid C-cell tumors, 
contraindicating use in patients with personal or family history of medullary thyroid 
carcinoma (MTC) or in patients with Multiple Endocrine Neoplasia syndrome type 2 
(MEN2). 
 
All of the approved GLP-1 receptor agonists and sitagliptin carry a Warning and 
Precautions statement about post-marketing reports of acute renal failure, sometimes 
requiring dialysis. 
 
Serious injection site nodules/abscesses requiring surgery have been reported with 
exenatide LAR. 
 

2.5 Summary of Presubmission Regulatory Activity Related to Submission 

The initial IND for lixisenatide was submitted to FDA on June 8, 2001 by Zealand 
Pharmaceuticals A/S. The compound was at that time coded as ZS42-0010. On August 
24, 2004, Aventis Pharmaceuticals (later a part of the Sanofi companies) was 
transferred the IND sponsorship; the nomenclature of the compound was then changed 
from ZS42-0010 to AVE0010 Injection. 
 
An NDA for lixisenatide (NDA204961) was originally submitted on December 20, 2012 
but was subsequently withdrawn on September 10, 2013. This occurred following 
discussions with the Agency regarding the proposed process for the review and 
presentation of the interim results from the cardiovascular outcome trial (EFC11319, 
ELIXA) at an advisory committee and the extent of disclosure of interim data from the 
trial if the product was approved. The applicant decided that the FDA’s evaluation of 
lixisenatide should be based on the complete results of the ELIXA study rather than 
interim data. In addition, the applicant had concerns that potential public disclosure of 
early interim data, even with safeguards, could potentially compromise the integrity of 
the ongoing ELIXA study. 
 
Reviewer’s Comment: The reader is referred to Sections 2.5 and Section 11 
(Cardiovascular Safety) of the clinical review under NDA 204961 for additional details 
about Pre-submission regulatory activities prior to the first submission. Since the ELIXA 
study was ongoing at that time and there was a possibility of discussion of this data in a 
closed advisory committee all information related to this study was discussed in a 
separate section 
 
Following the NDA withdrawal, a Type A meeting, was held on October 15, 2013 to 
provide feedback on major deficiencies and review issues identified.  In addition to 
discussing the ELIXA study, the Agency expressed concerns about the increased 
incidence of anaphylaxis occurring in the lixisenatide clinical program.  This was in 
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contrast to the approved products in the class, for which anaphylaxis was not reported 
until post-marketing.  
 
The Division of Medication Error Prevention (DMEPA) have also been in 
correspondence with the applicant about the Human Factors Usability Study results 
regarding the concern for needle stick injuries and the residual failures associated with 
the pen activation step (Agency Written Responses dated February 17, 2015). 
 
The Agreed Initial Pediatric Study Plan (iPSP) was issued on May 29, 2015. The 
applicant has requested a partial waiver from investigating the effects of lixisenatide for 
the treatment of T2DM in children under 10 years of age the necessary studies are 
impossible or highly impracticable to conduct in this subpopulation (section 
505B(a)(4)(B)(i) of the Act). Two clinical trials in children and adolescents aged 10 to 17 
years with T2DM are proposed: 
 

• TDR14311- repeated dose Safety and Pharmacokinetics study; 
• EFC11476- efficacy/safety phase 3 study in patients uncontrolled on metformin 

and/or basal insulin.  
 
The applicant has requested a deferral for EFC11476 until the TDR14311 study is 
completed and after safety and efficacy have been demonstrated in adults. 

2.6 Other Relevant Background Information 

Diabetes mellitus is associated with significant morbidity and mortality due to 
microvascular and macrovascular pathologies, and is a major cause of hospitalization, 
blindness, renal failure, amputations and cardiovascular (CV) disease3. With Type 1 
diabetes mellitus, patients lose the ability to secrete endogenous insulin and require 
exogenous insulin replacement.  With T2DM, patients have varying degrees of insulin 
resistance and are unable to maintain euglycemia with endogenous insulin secretion.  
Currently approved therapies in T2DM aim to improve glycemic control by improving 
insulin resistance, enhancing insulin secretion, or increasing glucose excretion.  One 
such therapeutic approach is through the incretin pathway.  
 
The GLP-1 receptor is the target for native GLP-1, which is an endogenous incretin 
hormone that potentiates glucose-dependent insulin secretion from beta cells and 
suppresses glucagon from alpha cells in the pancreas. Non-pancreatic effects of GLP-1 
include slowing of gastric emptying, reduction of food intake, and an increase in satiety, 
all of which contribute to improved glycemic control and decreased body weight4. 
 

                                            
3 Center for Disease Control and Prevention (CDC). (2011). National Diabetes Fact Sheet, 2011. 
4 Drucker DJ. 2006. The biology of incretin hormones. Cell Metabolism 3, 153-165 
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As a class, GLP-1 receptor agonists mimic the activities of physiologic GLP-1. They are 
categorized as either short-acting compounds (exenatide and lixisenatide) or as long-
acting compounds (albiglutide, dulaglutide, exenatide long-acting release, and 
liraglutide). The pharmacokinetic differences between these drugs are reported to lead 
to differences in their pharmacodynamic profiles5. The short-acting GLP-1 receptor 
agonists are reported to primarily lower postprandial blood glucose levels through 
inhibition of gastric emptying, whereas the long-acting compounds have a stronger 
effect on fasting glucose levels, which is thought to be mediated predominantly through 
their insulinotropic and glucagonostatic actions.  
 

3 Ethics and Good Clinical Practices 
 

3.1 Submission Quality and Integrity 

The organization of the submission, completeness and ease for finding information 
seems satisfactory. For further details see the clinical filing review by Dr. Andreea 
Lungu dated September 17, 2015. 

3.2 Compliance with Good Clinical Practices 

The applicant states that “All clinical studies were conducted as part of a global clinical 
program in compliance with Good Clinical Practice (GCP), as required by the 
International Conference on Harmonization (ICH) E6 Guideline for GCP. The studies 
also meet with requirements of the Declaration of Helsinki, standard operating 
procedures for clinical investigations and documentation of the Sponsor, and applicable 
national laws and regulations. Clinical study protocols and amendments were subjected 
to health authority and ethics committee approvals prior to initiation as applicable and 
adverse events (AEs) were reported according to local laws.” 
 
From the new clinical studies in this NDA submission, one patient from the United 
States (enrolled in study EFC11319 [ELIXA]) was excluded from all analyses because 
of failure to complete the Health Insurance Patient Privacy Act (HIPAA) form as required 
by law. The patient’s safety data are listed separately in the CSR. Additional discussion 
of other concerns with regard to GCP can be found in section 3.2 of my previous clinical 
review (submitted to NDA 204961 on August 29, 2013).  There do not appear to be 
major issues with trial conduct overall that would affect evaluation of the NDA. 
 

                                            
5 Meier JJ. GLP-1 receptor agonists for individualized treatment of type 2 diabetes mellitus. Nature Rev 
Endocrinol. 2012;8:728-42, Table 1. 
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from mean study effect size. A large effect size of -1.15% was noted in site  
 where subjects were enrolled in study EFC10743 which had 

an average effect size -0.5%).  A total of 484 subjects were randomized in this study.  
However, this site could not be inspected due to feasibility issues. No other notable 
deviations were noted. 
 
See section 9.4 Financial Disclosure Review for additional details. 
 

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines 
 
Reviewer’s Comment: Only new issues raised with this submission are discussed in this 
review. No significant deficiencies precluding approval were identified by the CMC, 
Clinical Microbiology, Pharmacology/Toxicology and Clinical Pharmacology reviewers.  

4.1 Chemistry Manufacturing and Controls 

CDRH (Engineering- Dr. Lana L. Shiu) requested additional information about shelf life, 
packaging test protocols conducted to simulate the shipping conditions, biocompatibility 
and cytotoxicity testing. They also requested dose-accuracy data at the end of shelf life. 
The human factors reviewer (Dr. Quynh Nhu Nguyen) had concerns about needle stick 
injuries and activation step failures seen in the human factors validation study. Some of 
these issues were resolved, but there are residual concerns about biocompatibility with 
the green (10 μg) pen injector. The applicant has agreed  to conduct the biocompatibility 
testing and provide the sensitization test report  

 of the green pen-injector.  This report was pending at the time of 
completion of this review. 
 
The Office of Compliance at CDRH recommended inspection of the device 
manufacturing facility of the finished combination product which was completed and no 
significant deficiencies were identified. 

4.2 Clinical Microbiology 

Not applicable. 

4.3 Preclinical Pharmacology/Toxicology 

No new review issues were identified. 
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an 8-week treatment period in patients with type 2 diabetes mellitus (T2DM) not 
adequately controlled with insulin glargine (with or without metformin) was investigated 
in study PDY12625. The mean 24-hour plasma glucose profiles, based on 17-time point 
assessments, were similar across the 3 treatment groups at baseline (Day -3). On Day 
56 (Week 8), greatest reductions with lixisenatide were seen postbreakfast (only up to 4 
hours and 30 minutes after injection of lixisenatide); after this period, plasma glucose 
levels were similar to baseline values. Treatment with liraglutide (1.2 and 1.8 mg), 
however, resulted in consistent glucose reductions throughout the day. the corrected C-
peptide concentrations were lower compared to Day -3 values up to 3 hours post-
breakfast (T3H30 post lixisenatide injection) but were slightly higher at 5 hours post-
breakfast (T5H30 post lixisenatide injection). However, in both liraglutide 1.2 and 1.8 mg 
groups, corrected C-peptide concentrations were higher compared to Day-3 (baseline) 
up to 5 hours post-breakfast. On Day 56, corrected glucagon concentrations were lower 
compared to baseline (Day -3) in all treatment groups during the first hour after 
breakfast ingestion.  Similar results were also observed in study PDY10931 (page 73-74 
of clinical review under NDA204961) which compared lixisenatide to 20 µg to liraglutide 
1.8 mg QD.  
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Figure 1: Plasma glucose concentration over 24 hours on Day -3 and 
Day 56, Study PDY12625 
 

 
Source: Figure 5, CSR for Study PDY12625 
 
Reviewer’s Comment: These results are consistent with the known pharmacodynamic 
effects of a short-acting GLP-1 receptor agonist6. Short-acting GLP-1 receptor agonists 
predominantly lower postprandial glucose levels and insulin concentrations via slowing 
of gastric emptying. Long-acting GLP-1 receptor agonists (such as albiglutide, 
dulaglutide, exenatide LAR and liraglutide) predominantly lower blood glucose levels 
through stimulation of insulin secretion and reduction of glucagon levels. While 
glucagon secretion is reduced with both types, long-acting agents are reported to have 
a greater reduction in fasting glucose compared to short acting GLP-1 receptor agonists 
and stimulate post-prandial insulin secretion. In contrast, a reduction of post-prandial 
insulin secretion is reported to occur with short-acting GLP-1 receptor agonists. 
 

                                            
6 Meier JJ. GLP-1 receptor agonists for individualized treatment of type 2 diabetes mellitus. Nature Rev 
Endocrinol. 2012;8:728-42, Table 1. 
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4.4.3 Pharmacokinetics 

Refer to section 4.4.3 of the clinical review under NDA 204961, page 20. 
 

5 Sources of Clinical Data 

5.1 Tables of Studies/Clinical Trials 

The lixisenatide (NDA 208471) resubmission contains 15 Phase 3 studies and 5 Phase 
2 studies.  The majority of these studies were reviewed previously under NDA 204961.  
The four new Efficacy and Safety studies that were included with this re-submission 
were as follows: 

Table 2: Tabular listing of New Efficacy and Safety studies 
Study Number; 
Phase and Type 
of Control 

Study Design and Objective  Patient Population Treated subjects (n) 
and Duration 

EFC12626 
Phase 3, 
Active 
controlled- 
insulin glulisine 

Open-label, randomized, 3-arm 
parallel-group study; 
Compare the efficacy and safety of 
lixisenatide (20µg qd) to that of insulin 
glulisine injected once daily (QD) or 
thrice daily (TID);  

T2DM not adequately 
controlled with insulin 
glargine ± metformin 

Lixisenatide-298; 
insulin glulisine QD-
301;  insulin 
glulisine TID- 294;  
26 weeks 

EFC11319, 
Phase 3; 
Placebo 
controlled 

Double-blind, randomized, parallel 
group study 
To evaluate cardiovascular outcomes 
during treatment with Lixisenatide (20 
µg qd), safety and tolerability 

T2DM after an acute 
coronary syndrome 
event 

placebo-3032  
lixisenatide -3031;  
Event driven, 
minimum of 10 
months 

EFC12261;  
Phase 3, Active 
control-meal 
timing 
comparison 

Open-label, randomized, 2-arm 
parallel-group study; 
Compare the efficacy and safety of 
lixisenatide (20 µg qd) injected 
prior to the main meal of the day 
versus lixisenatide injected prior to 
breakfast  
 

T2DM not adequately 
controlled on 
metformin. 
 

Main meal-225, 
breakfast -226; 
24 weeks. 

PDY12625; 
Phase 2;  
Active control; 
liraglutide 

Open-label, randomized, 3-arm 
parallel group study; 
Pharmacodynamic (PD) effects of 
repeated subcutaneous doses of 
lixisenatide 20 µg compared to 
liraglutide 1.2 mg or 1.8 mg in reducing 
postprandial plasma 
glucose 

T2DM not adequately 
controlled with insulin 
glargine with or 
without metformin. 

Lixisenatide-48, 
liraglutide 1.2 mg-
47, 
liraglutide 1.8 mg-
47; 
8 weeks 

 
The sixteen Efficacy and Safety studies that were submitted with the previous 
submission (NDA 204961) were as follows: 
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Table 3: Tabular listing of Phase2/3 Studies with previous 
submission: 
Study number, 
Phase, Control 
and Study Type 

Study Design and Objective  Patient 
Population 

Treated subjects (n) 
and Duration 

ACT6011 
Phase 2; 
Placebo control; 
Dose-finding 
 

Double-blind, randomized, parallel-group 
study 
To identify a well-tolerated dose of 
lixisenatide (5-20 µg, q.d. or b.i.d) with an 
effect on postprandial blood glucose, 
pharmacodynamics (PD), 
pharmacokinetics (PK), safety and 
tolerability 

T2DM Lixisenatide QD-21, 
Lixisenatide BID-21, 
Placebo-22; 
 
Up to 28 days 

PDY10931; 
Phase 2 
Active control; 
Pharmaco- 
dynamics 

Investigate effects of repeated 
subcutaneous doses of 20 µg lixisenatide 
compared to 1.8 mg liraglutide in reducing 
postprandial plasma glucose (PPG) after a 
standardized breakfast; 

T2DM Lixisenatide- 77, 
Liraglutide-71; 
 
4 weeks 

PDY6797 
Phase 2; placebo 
control 
Dose-response 

Single dose and repeated escalation study 
Effect of increasing doses of lixisenatide 
(5-60 µg) on glucose concentrations, 
safety, PK and PD 

T2DM Placebo -40, 
lixisenatide QD-39, 
lixisenatide BID- 41; 
 
6 weeks 

DRI6012 
Phase 2; 
Placebo-control; 
Dose- Response 

Double-blind, randomized (4:1), parallel 
group study; 
To evaluate the dose-response 
relationship of lixisenatide (5-30 µg, q.d. or 
b.i.d) in metformin treated subjects, 
efficacy, safety, PK. 

T2DM lixisenatide-433, 
placebo-109; 
 
13 weeks 

EFC6018; 
Phase 3; 
Placebo-
controlled; 
Monotherapy 

Double-blind, randomized (2:1), 4-arm, 
parallel-group study, with 2-step (10 µg 
→15 µg →20 µg) and 1-step (10 µg →20 
µg) titration arms; 
Effects of lixisenatide on glycemic control, 
safety, tolerability, antibodies; PK 

T2DM 2-step placebo-61, 1-
step placebo-61, 2-
step lixisenatide-120, 
1-step lixisenatide-
119; 
 
12 weeks 

EFC6014 
Phase 3; 
Placebo-control; 
Add-on to 
metformin  

Double-blind, randomized (3:1), 4-arm, 
parallel-group study 
Efficacy of lixisenatide on glycemic control 
as an add on treatment to metformin, on 
safety tolerability, antibodies, β-cell 
function; PK 

T2DM not 
adequately 
controlled 
with 
metformin ≥ 
1500mg 

placebo, morning-
85;placebo,evening-
85; lixisenatide, 
morning-255;  
lixisenatide, evening-
255; 
≥ 76 weeks (24-week 
main treatment period) 

EFC10743; 
Phase 3; 
Placebo control; 
Add-on to 
metformin 

Double-blind, randomized (2:1), parallel-
group with 2-step (10 µg →15 µg →20 µg) 
and 1-step (10 µg →20 µg) titration arms; 
Effects of lixisenatide as an add-on 
treatment to metformin on glycemic 
control, safety tolerability, PK 

T2DM not 
adequately 
controlled 
with 
metformin ≥ 
1500mg 

placebo 2-step-79, 
placebo 1-step -81, 
lixisenatide 2-step-
161, lixisenatide 1-
step-161 
≥ 76 weeks (24-week 
main treatment period) 
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Study number, 
Phase, Control 
and Study Type 

Study Design and Objective  Patient 
Population 

Treated subjects (n) 
and Duration 

EFC6015 
Phase 3; 
Placebo control; 
Add-on to 
sulfonylurea (SU) 
± metformin 

Double-blind, randomized (2:1), 2-arm 
parallel-group,  
Effects of lixisenatide on glycemic control 
as an add-on treatment to sulfonylurea, 
with or without metformin; safety, PK, 
antibodies 

T2DM not 
adequately 
controlled 
with a SU ± 
metformin 

Placebo-285, 
Lixisenatide -574; 
 
≥ 76 weeks (24-week 
main treatment period) 

EFC11321; 
Phase 3; 
Placebo control;  
Add on to 
metformin ± SU 

Double-blind (1:1), randomized, 2-arm 
parallel-group Asian study. 
Effects of lixisenatide on glycemic control 
as an add-on treatment to metformin(≥ 1 
and ≤ 1.5 gm) with or without sulfonylurea, 
safety, PK, antibodies 

T2DM not 
controlled 
with 
metformin  ± 
SU 

Placebo-194 
Lixisenatide-196 
 
24 weeks 

EFC6017; 
Phase 3; 
Placebo Control; 
Add-on to 
pioglitazone ± 
metformin 

Double-blind, randomized (2:1), 2-arm 
parallel-group study; 
Effects of lixisenatide on glycemic control 
(HbA1c) in comparison to placebo as an 
add-on treatment to pioglitazone (30mg) 
with or without metformin (≥ 1.5 gm), 
safety, PK, antibodies 

T2DM not 
controlled 
with pio-
glitazone ± 
metformin 

Placebo-161 
Lixisenatide-323 
 
≥ 76 weeks (24-week 
main treatment period) 

EFC6016 
Phase 3; 
Placebo control;  
Add on to basal 
Insulin ± 
metformin  

Double-blind, randomized (2:1), 2-arm 
parallel-group study; 
Effects of lixisenatide on glycemic control 
as an add-on treatment to basal insulin ± 
metformin (≥ 1.5 gm), safety, PK, 
antibodies 

T2DM not 
controlled 
with basal 
Insulin ± 
metformin 

Placebo-167 
Lixisenatide-328 
 
≥ 76 weeks (24-week 
main treatment period) 

EFC10781 
Phase 3;  
Placebo control; 
Add on to basal 
Insulin + 
metformin ± TZD 

Double-blind, randomized (1:1), 2-arm 
parallel-group study 
Efficacy of lixisenatide on glycemic control 
in comparison to placebo as an add-on 
treatment to insulin glargine and metformin 
(≥ 1.5 gm) ± thiozolidinediones (TZD); 
Safety, antibody development 

T2DM not 
controlled 
with basal 
Insulin + 
metformin ± 
TZD 

Placebo-223 
Lixisenatide-223 
 
24 weeks 

EFC10887; 
Phase 3; 
Placebo control; 
Add on to basal 
insulin ± SU 

Double-blind, randomized (1:1), 2-arm 
parallel-group Asian study 
Efficacy of lixisenatide on glycemic control 
in comparison to placebo as an add-on 
treatment to insulin glargine ± SU 

T2DM not 
controlled 
with basal 
Insulin + SU 

Placebo-157 
Lixisenatide-154 
 
24 weeks 
 

EFC10780; 
Phase 3; 
Active control 
(sitagliptin); 
Add-on to 
metformin 

Double-blind, double-dummy, randomized 
(1:1), 2-arm parallel-group, stratified by 
screening HbA1c values and BMI; 
Efficacy of lixisenatide on glycemic control 
(HbA1c) and body weight compared to 
sitagliptin as an add-on treatment to 
metformin (> 1.5 gm); safety; antibody 
development 

Obese 
patients 
younger than 
50 yrs with 
T2DM not 
controlled 
with 
metformin ≥ 
1.5 gm 

Sitagliptin-161 
Lixisenatide-158; 
 
24 weeks 
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Study number, 
Phase, Control 
and Study Type 

Study Design and Objective  Patient 
Population 

Treated subjects (n) 
and Duration 

EFC6019; 
Phase 3; 
Active control  
(Exenatide) 
Add-on to 
metformin 

Open-label, randomized (1:1), 2-arm, 
parallel-group study 
Effects of lixisenatide on glycemic control 
in comparison to exenatide (Byetta®) as 
add-on treatment to metformin, safety, 
tolerability 

T2DM not 
controlled 
with 
metformin (≥ 
1.5 gm) 

Exenatide- 316 
Lixisenatide-318; 
 
≥ 76 weeks (24-week 
main treatment period) 

LTS 10888; 
Phase 3; 
Uncontrolled 

Open-label, randomized, parallel group 
Asian study 

T2DM 33 (2-step titration) 
36 (1-step titration) 
 
76 weeks 

 
Reviewer’s Comment: The reader can refer to section 5.1 of the clinical review under 
NDA 204961 for the tabular listing of completed phase 1 studies. The only new phase 1 
study added in this submission is a completed single dose study to assess the 
pharmacokinetics (PK), and pharmacodynamics of 5 µg and 10 µg lixisenatide in 
comparison to placebo in pediatric (10 to 17 years) and adult patients with T2DM 
(PKD11475) 
 
Four Phase 3 clinical studies of lixisenatide were ongoing as of March 2, 2015: 
 

• 1 placebo-controlled efficacy/safety study in an elderly population (EFC12703) 
• 1 placebo-controlled efficacy/safety study as add-on to basal insulin in Asia 

(EFC12382) 
• 2 uncontrolled, open-label safety/tolerability studies in Japan (monotherapy; 

combination with oral antidiabetic drugs [OADs]) (SYF13476 and LTS12809) 
 
Reviewer’s Comment: Based on the 120-Day Safety Update dated November 2, 2015, 
these studies were completed as of August 26, 2015, but the study reports were in 
progress. No additional information or unblinding of data was requested from these 
studies, since it was felt that the available information was adequate to make safety 
assessments. 

5.2 Review Strategy 

The data reviewed come from the original NDA submission and this resubmission. The 
primary focus of this review is the new clinical information included in this resubmission.  
While the data submitted in the 120-day safety was reviewed, it only contained blinded 
data from ongoing studies, and will not be discussed in detail.  
 
Efficacy: 
 
The study designs and results of the nine placebo controlled phase 3 studies and active 
controlled study vs. exenatide (EFC6019) and sitagliptin (EFC10780) were reviewed 
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and discussed in section 5.3 and section 6 of the original clinical review (NDA 204961). 
Therefore only the additional analyses submitted by the applicant and requested by the 
statistical reviewers are reviewed to update the efficacy information.  
 
With respect to new studies submitted with this submission, the design and results of 
active controlled study vs, insulin glulisine (EFC12626) are reviewed in detail with the 
primary documents reviewed being the CSRs and the Summary of Clinical Efficacy. 
Study PDY12625 is primarily a pharmacodynamic study, and EFC12261 only compares 
main meal vs. breakfast administration of lixisenatide with no other controls. Therefore, 
they were not reviewed in detail for Efficacy outcomes. Similarly, since EFC11319 is 
primarily a CV safety study, effect on HbA1c was not reviewed in detail. In addition, 
background therapies could be adjusted over the course of this study at the 
investigator’s discretion which could confound the HbA1c results. 
 
Safety: 
 
For the review of safety, this review will update safety findings from the previous review 
(see section 7 of the clinical review, NDA 204961), discuss any new safety signals of 
concern. Results from the completed CV outcome study (EFC11319, ELIXA) were 
reviewed with the primary source of information being the CSR and associated 
datasets. In addition, the new Integrated Summary of Safety submitted to this NDA 
(208471) was reviewed to update safety information for adverse events of special 
interest as considered appropriate. Details are discussed in the individual sub-sections.  
 

5.3 Discussion of Individual Studies/Clinical Trials 

Reviewer’s Comment: For all studies listed in Table 3, the reader can refer to Section 
5.3 of the clinical review under NDA 204961 for further details regarding Study design 
and analyses. The study design for the CV outcome study (ELIXA) is discussed in detail 
in Section 11.1 of the same clinical review, but is briefly described below: 

5.3.1  EFC11319 (ELIXA) 

ELIXA was a double-blind, randomized (1:1), parallel design trial comparing lixisenatide 
to placebo as an add-on therapy to standard of care in adult patients ≥ 30 years of age 
with T2DM. Patients had to have been admitted to an acute-care facility for a biomarker-
proven, spontaneous acute coronary syndrome (ACS) event (i.e., a ST segment 
elevation myocardial infarction [STEMI] or a non-ST segment elevation myocardial 
infarction [NSTEMI], or unstable angina [USA]) within 180 days before screening (as per 
protocol amendments 2 and 3). The duration of the study was event driven. 
Approximately 844 positively-adjudicated CV events were planned for evaluation of the 
primary CV endpoint (i.e., 844 patients with at least one positively-adjudicated primary 
CV endpoint event).  
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The study included 3 periods: 

• After the Screening Visit, eligible patients entered a run-in period of 7 days (+ 3 
days) during which they received daily injections of placebo. 

• A double-blind treatment period included an initial 2-week titration period at a 
starting dose of 10 μg lixisenatide once daily (QD) or volume-matched placebo 
followed by a maintenance period at a stable dose of 20 μg lixisenatide QD or 
volume-matched placebo. Additional pharmacotherapy of glycemia was left to the 
Investigator’s judgment, informed by clinical practice guidelines with the 
exception that another GLP-1 receptor agonist or DPP-4 inhibitor was not 
allowed. 

• For patients still on study treatment at the time of the End of Study (EOS) Visit, 
there was a post-treatment safety follow-up period of 3 days (± 1 day). 

 
All patients were to be followed from randomization to the EOS Visit. As per the 
protocol, occurrence of a CV outcome event according to the judgment of the 
investigator was not to be considered a reason for study drug discontinuation. 
 
The primary analysis population for MACE+ events was the intent-to-treat (ITT) 
population which includes all randomized patients. An analysis of on-treatment events 
on ITT population was also performed for MACE+ events. In this instance, On-treatment 
events are those events adjudicated by the cardiovascular adjudication committee 
(CAC) which occurred within 30 days of the end of treatment. All other safety analyses 
were performed on the safety population, i.e., all randomized patients who received at 
least one dose of double-blind investigational medical product (IMP). The on-treatment 
period for safety analyses was defined as the time from the first administration of IMP 
up to 3 days after the last administration of IMP. 
 
Reviewer’s Comment:  Except for malignancies, which may take time to manifest after 
exposure to IMP, the definition of the on-treatment period seems acceptable based on 
the pharmacokinetics of lixisenatide for other events.  
 
The primary endpoint was the time to first occurrence over the duration of the study of a 
composite outcome of any of the following clinical events: cardiovascular death, non-
fatal myocardial infarction, non-fatal stroke and hospitalization for unstable angina 
(MACE+). These cardiovascular events were adjudicated by a cardiovascular 
adjudication committee (CAC) blinded to treatment assignment.  This study was 
designed to rule out a hazard ratio of 1.8 or above at interim analyses and a hazard 
ratio of 1.3 or above at final analysis for the primary composite endpoint. This is in 
accordance to the regulatory guidance7 to exclude an unacceptable increase (>30%) in 

                                            
7. FDA Guidance for Industry on diabetes mellitus–Evaluating CV risk in new antidiabetic therapies to 
treat type 2 diabetes.2008;1-5. 
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CV risk. The primary analysis is time to first on-study event using a Cox proportional 
hazard model with treatment and region as factors. 
 
An interim analysis was performed in 2012 prior to the first submission (NDA 204961), 
when 144 primary CV outcome events had accrued. The analysis was performed by an 
independent statistical group and reviewed by the DMC who informed the Applicant and 
the steering committee that the analysis had shown that the upper bound of the 96% 
confidence interval for the estimated risk ratio of lixisenatide versus placebo was less 
than the pre-specified non-inferiority boundary of 1.8. (see section 2.5 Summary of 
Presubmission Regulatory Activity Related to Submission and section 11 of the clinical 
review from NDA 204961). 
 
The final statistical analyses were designed to first assess non-inferiority, followed by 
superiority of lixisenatide versus placebo. Non-inferiority of lixisenatide versus placebo 
was to be claimed if the upper bound of the 2-sided 95% confidence interval of the 
hazard ratio was <1.3, as required by the FDA for the demonstration of acceptable CV 
safety. Superiority of lixisenatide versus placebo was to be claimed if the upper bound 
of the 2-sided 95% confidence interval (CI) of the hazard ratio was <1.0. 
 
Reviewer’s Assessment: 
Overall, the ELIXA study design, conduct and analyses seem acceptable. A detailed 
review of the end-point choice and adjudication process is discussed in section 11 of 
the clinical review under NDA 204961.  In brief the main review issue noted was related 
to the definition of Unstable angina (USA). Hospitalization for Unstable angina (USA) 
was defined as follows in the DMC document:  
 
“Hospitalization for ischemic symptoms (chest pain, dyspnea, pressure)  present at rest 
or accelerated symptoms consistent with myocardial ischemia, AND EITHER: Cardiac 
markers (CK-MB or Troponin) elevations suggestive of myocardial injury but not 
meeting MI criteria (if troponin values were abnormal they had to be in the suggestive 
[middle] range and below the threshold for MI) OR Ischemic ECG changes”.  
 
Based on the most recent definitions for CV endpoints8, one of the criteria for Unstable 
angina is “negative cardiac biomarkers and no evidence of acute MI”. For acute MI, 
biomarker elevations should be above the 99th percentile of Upper reference limit 
(URL). Hence it is possible that the CAC was more restrictive in their definition of MI or 
USA (more cases which were potentially MI being diagnosed as USA based on 
borderline troponin elevations and some cases not adjudicated as Unstable angina 
since they had normal biomarkers). However, adjudication was blinded, and the 
definitions were pre-specified, therefore, it should not affect overall interpretation of 
                                            
8 2014 ACC/AHA Key Data Elements and Definitions for Cardiovascular Endpoint Events in Clinical Trials 
A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Data 
Standards (Writing Committee to Develop Cardiovascular Endpoints Data Standards). Karen A. Hicks et 
al; Circulation 2015;132:302-361  
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study results. In addition the document for standardized definitions of CV endpoints was 
in evolution during conduct of the trial. 

5.3.2 EFC12626 

Study EFC12626 was an open-label, randomized, active controlled, 3-arm parallel-
group, 26-week study comparing the efficacy and safety of lixisenatide with that of 
insulin glulisine QD and insulin glulisine TID in patients with T2DM insufficiently 
controlled with insulin glargine with or without metformin. 
 
The study was conducted on patients with T2DM diagnosed for at least 1 year at the 
time of the screening visit, treated with basal insulin for at least 6 months, at a stable 
dose (± 20%) and ≥ 20 U/day for at least 2 months prior to screening. Selected patients 
could also be treated with oral anti-diabetic drugs (OADs), including metformin (≥ 1.5 
gm/day or maximal tolerated dose), a sulfonylurea (SU), a dipeptidyl-peptidase-4 (DPP-
4) inhibitor and/or a glinide. Antidiabetic drugs other than metformin were to be 
discontinued at the start of the run-in phase. The randomization was stratified by HbA1c 
at Visit 7 (Week -1) (< 8 %, ≥ 8 %) and metformin use.  Exclusion criteria were in 
general consistent with other studies in the phase 3 clinical program (see section 5.3 of 
the clinical review for NDA 204961). Patients had to meet HbA1c target between 7% 
and 9% at the end of the run-in phase. 
 
The study had 3 periods 

• An up to 14-week screening period, which included a 12-week run-in phase with 
switch to (if appropriate) and/or titration of insulin glargine (±metformin). 

• A 26-week open-label randomized treatment period comparing lixisenatide to 
insulin glulisine once daily (basal plus) and insulin glulisine three times daily 
(basal-bolus), on a background of insulin glargine ± metformin. 

• A 3 day-safety follow up period. 
 
During the 12–week run-in phase patients were switched to insulin glargine if previously 
treated with another basal insulin, and the insulin glargine dose was titrated every 3 
days to reach fasting SMPG levels of 80-100 mg/dL (4.4-5.6 mmol/L) without recurrent 
or severe hypoglycemia. Thereafter, except during the 4 weeks following randomization 
where a stable dose of insulin glargine was to be maintained, the dose was adjusted 
weekly as necessary to maintain a fasting SMPG in the same range.  If HbA1c at Week 
-1 was ≥ 7% but ≤ 8% at randomization, the insulin glargine dose was to be reduced by 
20% when starting the combination therapy with lixisenatide or insulin glulisine.   
 
Insulin glulisine was to be given at a starting dose of 3 to 5 U and subsequently titrated 
based on SMPG values, to obtain a SMPG in the range of 5.6 to 7.8 mmol/L (100 to 140 
mg/dL) before the next meal or at bedtime (if injected at dinner) without hypoglycemia. 
After reaching the target range, the mealtime insulin doses were adjusted at the 
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discretion of the Investigator depending on the prevailing plasma glucose to maintain 
the glycemic control over the remaining study duration while avoiding hypoglycemia. 
 
No rescue therapy was planned for the study.  Instead discontinuation was 
recommended if HbA1c value was above 8.5% at Week 12 or later, and if appropriate 
corrective action (including appropriate titration of insulin glargine and/or insulin 
glulisine) failed and the repeated HbA1c 4 weeks later remained above 8.5%. 
 
Efficacy analyses were to be performed on the modified Intent-to treat (mITT) 
population which includes all randomized patients who received at least one dose of 
open-label IMP, and have both a baseline assessment and at least one post-baseline 
assessment of any primary or secondary efficacy endpoints, irrespective of compliance 
with the study protocol and procedures. The safety population is the randomized and 
treated population, defined as all randomized patients exposed to at least one dose of 
open-label IMP 
 
The co-primary efficacy endpoints are the change in HbA1c (%) from baseline to week 
26, and the change in body weight from baseline to Week 26 (lixisenatide arm versus 
basal-bolus arm). The primary endpoints were to be analyzed using an analysis of 
covariance (ANCOVA) model with treatment (lixisenatide, basal plus, and basal bolus), 
V7 (week -1) strata of HbA1c (<8%, ≥ 8 %), randomization strata of metformin use (yes, 
no) and country as fixed effects and using the corresponding baseline value as a 
covariate. 
 
The categorical secondary efficacy endpoints, for which no multiplicity adjustments were 
made included: 

• Percentage of patients reaching HbA1c <7 % at week 26, 
• Percentage of patients reaching HbA1c ≤ 6.5 % at week 26, 
• Percentage of patients with no weight gain, 

 
Reviewer’s Assessment: 
Overall the study design for EFC12626 seems acceptable.  
 

6 Review of Efficacy 
Reviewer’s Comment: Refer to Section 6  (page 48) of the Clinical review under NDA 
204961 for a detailed review of the efficacy data in placebo and active controlled 
studies. The supplemental analyses of the primary endpoint for all placebo-controlled 
studies and efficacy results from Study EFC 12626 (lixisenatide vs. insulin glulisine) is 
reviewed here. Also refer to the statistical review by Dr. Jiwei He dated March 21, 2016 
under NDA 204871 for additional details 
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Efficacy Summary 
 
Lixisenatide resulted in a statistically significant decrease in HbA1c compared with 
placebo, demonstrating superiority to placebo in all Phase 3 placebo-controlled 
glycemic studies, independent of dose titration or morning vs. evening injection. The LS 
mean treatment difference varied from -0.25%; 95% CI -0.425, -0.078 (add-on to 
metformin study EFC10743, lixisenatide evening injection) to -0.79%; 95% CI:-1.032, -
0.552 (add-on to basal insulin ± sulfonylurea study EFC10887). The reduction in HbA1c 
was generally sustained over time through the entire treatment period  
 
Lixisenatide demonstrated non-inferiority to exenatide, insulin glulisine QD and TID 
based on a noninferiority margin of 0.4%. However, lixisenatide was (statistically) 
significantly worse than exenatide (LS mean for treatment difference was 0.18; 95% CI: 
0.046, 0.307; p-value =0.0083) and insulin glargine TID (LS mean for treatment 
difference was 0.21; 95% CI: 0.094, 0.331; p-value = 0.0005). No significant difference 
was observed between lixisenatide and sitagliptin (LS mean for treatment difference 
was 0.04%; 95% CI: -0.198, 0.288; p-value =0.717). 
 
Some of the phase 3 glycemic- control studies had up to 16% of missing data.  
Sensitivity analyses using multiple imputations for missing values confirmed the 
conclusions from the mixed effects model with repeated measures (MMRM) analyses. 
The exception was study EFC12626, the study comparing lixisenatide to insulin 
glulisine.  The sensitivity analysis for this study did not exclude the pre-specified non-
inferiority margin of 0.4% for lixisenatide compared to insulin glulisine 3x/day (LS mean 
treatment difference was 0.28%; 95% CI: 0.157, 0.408). 
 
HbA1c difference between lixisenatide and placebo was similar across subgroups, 
except for baseline HbA1c level < 8% vs. ≥ 8% and patients with anti-drug antibody 
(ADA) concentrations >100nmol/L vs. lower concentrations.  
 
Change in weight was a secondary endpoint in the glycemic control phase 3 studies. 
Lixisenatide resulted in a statistically significant reduction in body weight compared to 
placebo in some of the glycemic control studies. However, based on the pre-specified 
step-down testing procedure for secondary end-points and/or results of the analyses 
comparing weight change from baseline, this can be labelled only in the in the add-on to 
metformin study EFC10743 (LS mean treatment difference in kg [95% CI] was -1.00 [-
1.69, -0.32]); and add-on to sulfonylurea study EFC6015 (LS mean treatment difference 
in kg [95% CI] was -0.84 [-1.25, -0.421]).  
 
In the phase 2 dose-response study DRI6012 the 10 μg BID regimen resulted in 
numerically greater HbA1c reduction vs. placebo (-0.59%, 95% CI:-0.784,-0.401) 
compared to the 20 μg QD dose (-0.5%, 95%CI: -0.695, -0.31). The incidence of 
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gastrointestinal adverse reactions was 41.8% with the 20 µg QD dose compared with 
the 10 µg BID dose. The applicant opted to study a once daily regimen in phase 3 and 
to study only a 20 µg dose. Based on the PK parameters and PD profile (post-prandial 
glucose effects) of the drug, it is plausible that BID dosing could result in more optimal 
efficacy. 
 

6.1 Indication 

The proposed indication is for the treatment of adults with T2DM as an adjunct to diet 
and exercise to improve glycemic control. 

6.1.1 Methods 

Reviewer’s Comment: This was discussed in section 5.3.2 

6.1.2 Demographics 

In the Phase 3 placebo-controlled glycemic studies pool, demographic and baseline 
characteristics were generally comparable across both treatment groups . Age, age 
group, sex, race, ethnicity, region, baseline BMI and smoking status were balanced. 
The percentage of US patients was 12.6% in placebo and 14.0% in lixisenatide groups. 
The majority of patients were Caucasian (59%), followed by Asian (37%). Only around 
3% of the population was black. 
 
The median duration of diabetes (6.2 years), co-morbid illness at baseline were 
generally comparable between the 2 treatment groups. A similar percentage of patients 
in both treatment groups reported hypertension (65%), dyslipidemia (51.3%), prior CV 
event (9.1%) and ongoing hepatic disease (8.1%). 
 
Reviewer’s Comment: Refer to section 6.1.2 of the clinical review under NDA 204961 
for details 
 
EFC12626: 
Overall, the demographics of this study were similar to the other glycemic control 
studies. The median age at screening of the randomized population was 60.0 years and 
41 (4.6%) patients were ≥ 75 years of age. 54.7% of the patients were female. The 
majority of patients were Caucasian (92.6%), median BMI at baseline for the 
randomized population of 31.9 kg/m2. Over 85% of subjects were on metformin at 
baseline with a median dose of 2000 mg.  Similar to the patient populations in the other 
background basal insulin studies, the median duration of diabetes was 11.3 years with a 
median duration if insulin use at screening of 2.2 years. The median daily dose of basal 
insulin at screening was 34 units for insulin glargine, 32 units for insulin detemir, and 
34.5 units for NPH insulin. 
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6.1.3 Subject Disposition 

Reviewer’s Comment: Refer to section 6.1.2 of the clinical review under NDA 204961 
for other studies 
 
EFC12626: 
298 subjects were randomized into each treatment group (see table below). More 
subjects discontinued treatment (10.1%) in the lixisenatide group compared to the 
insulin glulisine groups, with the most common reason being an adverse event (4.7% 
vs. 0.7% for insulin glulisine QD and 1.7% for insulin glulisine TID) 
 

Table 4: Summary of patient dispositions in Study EFC12626 

 
Source: Table 2 of the statistical review by Dr. Jiwei He. 

6.1.4 Analysis of Primary Endpoint(s) 

Reviewer’s Comment:  Refer to section 6.1.4 of the clinical review under NDA 204961. 
 
All efficacy analyses were based on mITT analysis set. The primary analysis was 
analysis of co-variance(ANCOVA) model using last observation carry-forward (LOCF) 
for missing observations. It is based on mITT analysis set. 
 
The LOCF approach for handling missing data is no longer recommended by the 
Division. The applicant also performed post-hoc supportive analyses for all Phase 3 
efficacy studies in this resubmission. This included a mixed-effect model with repeated 
measures (MMRM) analyses which included all post-baseline observations regardless 
of adherence to assigned treatment or initiation of rescue therapy( Table 5), and an 
MMRM analyses with on-treatment data, excluding data after treatment discontinuation 
or rescue.   
 
In the nine place-controlled studies, the mean reduction in HbA1c from baseline was 
statistically significantly greater with lixisenatide treatment than with placebo. In the 
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active-controlled studies, lixisenatide achieved non-inferiority to exenatide, insulin 
glulisine QD and TID in terms of mean reduction in HbA1c from baseline and based on 
a prespecified non-inferiority margin of 0.4%. However, lixisenatide was statistically 
significantly worse than exenatide (LS mean for treatment difference was 0.18; 95% CI: 
0.046, 0.307; p-value =0.0083) and insulin glulisine TID (LS mean for treatment 
difference was 0.21; 95% CI: 0.094, 0.331; p-value = 0.0005). Study EFC10780 
compared lixisenatide to sitagliptin.  The primary endpoint was not HbA1c change from 
baseline. The primary endpoints was percentage of patients with an HbA1c < 7% and a 
weight loss of 5% or more.  No statistically significant difference was seen for the 
primary endpoint.  There was also no statistically significant difference between 
lixisenatide and sitagliptin in terms of HbA1c change from baseline (LS mean for 
treatment difference was 0.04; 95% CI: -0.198, 0.288; p-value =0.717).   
 

Table 5: Mean Change in HbA1c (%) from Baseline using Mixed-
effects model with Repeated Measures (MMRM ) Analyses with all 
available post-baseline observations ;  Main Treatment Period 
Study Treatment Arms Number of 

Subjects 
Analyzed 

LS 
Mean 
Change 
from 
Baseline  

LS Mean Treatment 
Difference vs. Control 
(95% CI)  

P-value* 

Placebo-controlled, double-blind 
Monotherapy 
       EFC6018 

 
Placebo 
Lixisenatide 2-step 
Lixisenatide 1-step 

 
116 (57+59) 
117 
118 

 
-0.14 
-0.66 
-0.79 

 
 
-0.52 [-0.761, -0.285] 
-0.65 [-0.891, -0.418] 

 
 
<0.0001 
<0.0001 

Add-on to Metformin 
alone 
       EFC6014  
 
 
        
       EFC107431  

 
Placebo 
Lixisenatide morning 
Lixisenatide evening 
 
Placebo 
Lixisenatide 2-step 
Lixisenatide 1-step 

 
166 (83+83) 
245 
245 
 
157 (79+78) 
154 
155 

 
-0.47 
-0.88 
-0.72 
 
-0.42 
-0.84 
-0.90 

 
 
-0.41 [-0.580, -0.234] 
-0.25 [-0.425, -0.078] 
 
 
-0.42 [-0.598, -0.245] 
-0.48 [-0.662, -0.306] 

 
 
<0.0001 
0.0046 
 
 
<0.0001 
<0.0001 

Add-on to SU or 
SU+Met 
       EFC6015 

 
Placebo 
Lixisenatide 

 
273 
545 

 
-0.23  
-0.91 

 
 
-0.69 [-0.811, -0.560] 

 
 
<0.0001 

Add-on to Pio or 
PIO+Met 
       EFC6017 

 
Placebo 
Lixisenatide 

 
157 
307 

 
-0.44 
-0.97 

 
 
-0.53 [-0.692, -0.372] 

 
 
<0.0001 

Add-on to BI or 
BI+Met 
       EFC6016 

 
Placebo 
Lixisenatide 

 
157 
303 

 
-0.25 
-0.68 

 
 
-0.43 [-0.629, -0.236] 

 
 
<0.0001 

Add-on IG+Met  or 
IG+Met+TZD 
       EFC10781 

 
Placebo 
Lixisenatide 

 
219 
213 

 
-0.37 
-0.67 

 
 
-0.30 [-0.447, -0.147] 

 
 
0.0001 
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Study Treatment Arms Number of 
Subjects 
Analyzed 

LS 
Mean 
Change 
from 
Baseline  

LS Mean Treatment 
Difference vs. Control 
(95% CI)  

P-value* 

Add-on to BI or 
BI+SU 
       EFC10887 

 
Placebo 
Lixisenatide 

 
156 
153 

 
0.08 
-0.72 

 
 
-0.79 [-1.032, -0.552] 

 
 
<0.0001 

Add-on to Met or 
Met+SU 
       EFC11321 

 
Placebo 
Lixisenatide 

 
188 
190 

 
-0.59 
-0.88 

 
 
-0.30 [-0.473, -0.118] 

 
 
0.0012 

Active-controlled, Open-label 
Add-on to Met alone 
       EFC6019  

 
Exenatide 
Lixisenatide 

 
293 
302 

 
-1.03 
-0.85 

 
 
0.18 [0.046, 0.307] 

 
 
0.0083 

Add-on to IG or 
IG+Met        
       EFC12626 

 
Insulin glargine QD 
Insulin glargine TID 
Lixisenatide 

 
290 
291 
284 

 
-0.57 
-0.84 
-0.63  

 
-0.06 [-0.176, 0.061] 
0.21 [0.094, 0.331] 
 

 
0.341 
0.0005 

Add-on to Met alone        
       EFC12261 

 
Lixisenatide breakfast 
Lixisenatide main 
meal 

 
220 
218 

 
-0.79 
-0.71 

 
 
0.08 [-0.076, 0.235] 

 
 
0.316 

Active-controlled, Double-blind, Double-dummy 
Add-on to Met alone             
       EFC10780 

 
Sitagliptin 
Lixisenatide 

 
160 
153 

 
-0.74 
-0.70 

 
 
0.04 [-0.198, 0.288] 

 
 
0.717 

*For active-controlled studies, p-value is associated with a superiority test with null hypothesis of zero 
treatment difference. 
Source: Table 8 of the statistical review by Dr. Jiwei He, NDA 208471 
 
In the study designs, the applicant did not intend to collect data after treatment 
discontinuation or initiation of rescue therapy. There remained 5%-16% patients who did 
not have HbA1c measurement at the primary efficacy time point due to discontinuation 
of treatment or rescue therapy initiation. MMRM assumes missing data are missing at 
random (MAR), and that there was evidence that data were not MAR in some of the 
Phase 3 studies. Upon the statistical reviewer’s request, the applicant performed post-
hoc sensitivity analyses to examine the impact of violation of the MAR assumption in the 
Phase 3 efficacy studies.   
 
In most of the sensitivity analyses, the conclusion on the efficacy of lixisenatide did not 
change. Lixisenatide achieved superiority over placebo in all the placebo controlled 
studies. Lixisenatide achieved non-inferiority to exenatide and insulin glargine QD 
based on a non-inferiority margin of 0.4%.  There was no significant difference between 
lixisenatide and in Study EFC10780. However, lixisenatide failed to achieve non-
inferiority to insulin glulisine TID in Study EFC12626 based on a non-inferiority margin 
of 0.4% (LS mean treatment difference was 0.28%; 95% CI: 0.157, 0.408). 
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6.1.5 Analysis of Secondary Endpoints(s) 

Reviewer’s Comment: Also refer to 6.1.5 of the clinical review under NDA 204961 
 
Multiplicity adjustment for secondary endpoints was not done in the three active 
controlled studies EFC6019 (exenatide comparison), EFC12626 (glulisine comparison) 
and EFC12261 (breakfast to main-meal comparison). 
 
Fasting glucose: 
In the add-on to basal insulin studies EFC10781 and EFC6016, the difference versus 
placebo for change in fasting plasma glucose (FPG) from baseline was not statistically 
significant. In the other studies, the mean difference vs, placebo after the main 
treatment period ranged from -8.6 mg/dl to -20 mg/dl (Figure 2).  
 

Figure 2: Forest Plot for Placebo-corrected change in FPG mg/dL) 
from Baseline to Week 24, Phase 3 Efficacy studies (Global studies) 

 
Met = Metformin, SU = Sulfonylurea, Pio = Pioglitazone, BI = Basal insulin, IG = Insulin glargine, TZD = 
Thiazolidinediones, Lixi = Lixisenatide. 
a -Pooled 2 lixisenatide arms within a study and a meta-analysis method on the pooled data of EFC6014 
and EFC10743 with the inverse of variance as the weight 
Source: Figure 6, Summary of Clinical Efficacy, eCTD 2.7.3 
 
Consistent with the mechanism of action, lixisenatide had a greater effect on post-
prandial glucose excursions, compared to fasting plasma glucose. However, this test 
only measured post-prandial glucose excursion following a standardized test meal 
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within 30 minutes after the lixisenatide injection.  Whether similar reductions in post-
prandial glucose would be seen with other meals is unclear, though based on the phase 
2 data this appears unlikely. 
 
Weight Changes: 
Change in weight was a secondary endpoint in the glycemic control phase 3 studies. 
Lixisenatide resulted in a statistically significant reduction in body weight compared to 
placebo in some of the glycemic control studies (Figure 3).  In the add-on to metformin ± 
SU studies, The LS mean decrease from baseline to Week 24 with lixisenatide ranged 
from -1.50 kg (Study EFC11321) to -2.68 kg (Study EFC10743, 2-step dose increase). 
In the add-on to basal insulin study EFC6016, a decrease in body weight of -1.80 kg 
(from baseline was observed in the lixisenatide group compared to -0.52 kg for the 
placebo group. Similarly, in Study EFC10781 (add-on to optimally titrated insulin 
glargine) body weight remained stable in the lixisenatide group (LS mean change of 
0.28 kg) as compared with a LS mean increase of 1.16 kg in the placebo group.  
 

Figure 3: Forest plot of mean Placebo-corrected change in Body 
Weight (kg) from Baseline to Week 24, Phase 3 Placebo-controlled 
Efficacy studies (Global Studies) 

 
Met = Metformin, SU = Sulfonylurea, Pio = Pioglitazone, BI = Basal insulin, IG = Insulin glargine, TZD = 
Thiazolidinediones, Lixi = Lixisenatide. 
a -Pooled 2 lixisenatide arms within a study and a meta-analysis method on the pooled data of EFC6014 
and EFC10743 with the inverse of variance as the weight. 
Source: Figure 8, Summary of Clinical Efficacy, eCTD 2.7.3 
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However, based on the pre-specified step-down testing procedure for the secondary 
end-points (weight had to compared only after fasting glucose in most studies), and/or 
results of the analyses for the weight comparison, these results can be considered 
statistically significant only in the in the add-on to metformin study EFC10743 (LS mean 
treatment difference in kg [95% CI] was - 1.00 [-1.69, -0.32] ); and in the add-on to 
sulfonylurea study EFC6015 (LS mean treatment difference in kg [95% CI] was -0.84 [-
1.25, -0.421]). 
 
Weight change was a co-primary end-point in study EFC12626 (comparison to insulin 
glulisine). Consistent with expected effects of a prandial insulin vs. a GLP-1 receptor 
agonist, compared to baseline, patients on the lixisenatide arm lost a mean weight of 
0.68 kg; patients on insulin glulisine QD gained one kg and patients on the insulin 
glulisine TID arm gained 1.35 kg (Table 6). Since this study was only of 26 weeks 
duration, the durability of response and clinical significance of these small changes in 
weight is unknown. 
 

Table 6:Body Weight Change from Baseline (kg), Study EFC12626 
Lixisenatide 
N=297 

Insulin glulisine QD 
N= 297 

Insulin glulisine TID 
N=294 

LS Mean Change (95% CI) from Baseline : 
-0.68 0.99 1.35 
LS mean difference (SE) of Lixisenatide vs. comparator 
 -1.67(-2.297 to -1.050) -2.03(-2.651 to -1.407) 
Mixed Effects Model with repeated Measures (MMRM) analyses with all available post-baseline 
observations is shown 
Source: Table 4, Lixisenatide Statistical review (NDA 208471), by Dr. Jiwei He. 
 
HbA1c Responders: 
The percentage of patients achieving HbA1c targets <7% and ≤6.5% was analyzed as a 
secondary endpoint in all Phase 3 studies. Compared to placebo, a higher proportion of 
subjects attained HbA1c targets of 6.5% and 7% in all the phase 3 placebo-controlled 
efficacy studies. 
 

Figure 4: Percentage of Patients with HbA1c value≤ 7%  and ≤ 6.5% at 
Week 24 in Phase 3 Placebo-controlled Efficacy Studies (Global 
Studies) 
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Met = Metformin, SU = Sulfonylurea, Pio = Pioglitazone, BI = Basal insulin, IG = Insulin glargine, TZD = 
Thiazolidinediones, Lixi = Lixisenatide, Pooled = EFC6014+EFC10743. 
 
Source: Figures 1.4.1.27 and 1.4.1.29, Integrated Summary of Effectiveness, 
eCTD5.3.5.3 
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6.1.6 Other Endpoints 

Reviewer’s Comment: Also refer to sections 6.1.2 (page 55.56) and section 6.1.6 of the 
clinical review under NDA 204961 
 
Mean change in basal insulin doses from baseline to Week 24: The change in basal 
insulin daily doses was assessed as a secondary endpoint in studies EFC6016 (add on 
to basal insulin ± metformin) , EFC10781 (add on to insulin glargine ± metformin ± 
pioglitazone) and EFC10887 (add-on to insulin glargine ± sulfonylurea).  
 
Patients enrolled in studies EFC6016 and EFC10887 had to be on a stable dose of 
basal insulin at screening (EFC6016: ≥30 U/day ±20%, EFC10887: ≥10 U/day ±20%). 
The dose of basal insulin was to be reduced by 20% if HbA1c was ≤ 7.5% at screening 
and increased between Week 4 and Week 12 up to the daily dose at screening visit 
unless occurrence of hypoglycemia prevented the same. In EFC6016, mean insulin 
glargine dose at screening was 62U for placebo vs. 57 U for lixisenatide randomized 
patients. Mean daily dose for all insulins at screening (including insulin detemir, NPH 
and pre-mixed insulin) was 58U for placebo vs. 54U for lixisenatide randomized 
patients. 
 
EFC10781 was conducted in insulin-naïve patients, treated with metformin (≥1500 
mg/day).  After screening, insulin glargine was newly initiated and optimally titrated 
during the 12-week run –in phase, based on a pre-defined algorithm to target fasting 
glucose of 80 and 100 mg/dL. At the end of the run-in phase, patients whose HbA1c 
was ≥ 7% and ≤ 9% and whose mean fasting SMPG for the prior 7 days was ≤140 
mg/dL (7.8 mmol/L) were randomized. 
 
A small numerical decline in the insulin dose for the lixisenatide group was seen in 
study EFC 6016, but no significant change compared to baseline was seen in studies 
EFC10887 or EFC10781 (Table 7).  
 

Table 7: Mean Insulin Dose (U), Placebo-controlled Background Basal 
Insulin Studies 
Studies Lixisenatide Placebo 
 Baseline Week 24 Baseline Week 24 
EFC10781 43.4 46.7 44.2 50.4 
EFC10887 24.9 23.4 24.1 24.1 
EFC6016 53.6 48.8 57.7 57 
Source: CSRs for studies EFC10781, EFC10887, EFC6016, NDA 208471 
 
In Study EFC12626, the mean changes from baseline to Week 26 in daily insulin 
glargine dose were 0.7 U in the lixisenatide group, -0.06 U in the insulin glulisine QD 
group and -3.1 U in the insulin glulisine TID group. 
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Reviewer’s Assessment: This data offers some reassurance that the difference vs. 
placebo in HbA1c change from baseline was not due to an increase in the background 
insulin dose compared to the placebo arm. However, lixisenatide did not result in a 
decrease in the patient’s mean basal insulin requirements. 

6.1.7 Subpopulations 

Reviewer’s Comment: Also refer to section 6.1.7 of the clinical review under NDA 
204961  
 
HbA1c difference between lixisenatide and placebo was similar across subgroups 
except for the baseline HbA1c level. Significant treatment-baseline HbA1c levels 
interactions were observed at alpha=0.10 (p<0.001) level. Patients with higher HbA1c at 
baseline (>8%) had a greater HbA1c reduction with lixisenatide than those with lower 
baseline HbA1c. 
 
Effects of antibody status on the efficacy response will be discussed in section 7.3.5.4
 Immunogenicity 

6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations 

Reviewer’s Comment: Refer to section 6.1.8 of the clinical review under NDA 204961 
 
Eight different active groups were evaluated in dose-response study DRI6012 (5, 10, 
20, and 30 μg QD; 5, 10, 20, and 30 μg BID); compared with matched placebo, 
numerically greater reduction with HbA1c was seen with the 10 μg BID regimen (-
0.59%, 95% CI:-0.784,-0.401) compared to 20 μg QD dose (-0.5%, 95%CI:-0.695, -
0.31). The incidence of gastrointestinal adverse reactions was 41.8% with the 20 µg QD 
dose compared with the 10 µg BID dose. The applicant opted to study a once daily 
regimen in phase 3 and to study only a 20 µg dose. Based on the PK parameters and 
PD profile (post-prandial glucose effects) of the drug, it is plausible that BID dosing 
would result in more optimal efficacy.  However, only a single dose of 20 µg was studied 
in phase 3. 
 
The clinical studies also studied two different approaches to titration: a 1-step (10 µg for 
two weeks then increase to 20 µg) and a 2-step (10 µg for one week then increase to 15 
µg for one week then increase to 20 µg).  The two different approaches did not appear 
to meaningfully impact safety or efficacy, and the 1-step titration has been proposed for 
practical reasons. 
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6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects 

Reviewer’s Comment: Refer to section 6.1.9 and 6.1.10 of the clinical review under 
NDA 204961 for details 
 
Long term effect on HbA1c:  
After the main treatment period, HbA1c was measured at Week 36 then every eight 
weeks and at the end-of-treatment visit in placebo-controlled efficacy Studies EFC6014, 
EFC6015, EFC6016, EFC6017, and EFC10743. The reduction in HbA1c was generally 
sustained beyond the main treatment period in the 76 week studies with at least 80% of 
the maximal effect which was attained between weeks 8-12.  
 
In the active control study vs. exenatide (EFC6019), non-inferiority was no longer 
preserved after 36 weeks of treatment. At Week 36, the treatment difference vs. 
exenatide for HbA1c change from baseline was 0.30 (95% CI: 0.17 to 0.44). At Weeks 
52 and 76, the treatment difference vs. exenatide for HbA1c change from baseline was 
0.27 (95% CI: 0.13 to 0.42) and 0.29 (95% CI: 0.12 to 0.46), respectively. 

6.1.10 Additional Efficacy Issues/Analyses 

Not applicable. 
 

7 Review of Safety 
Safety Summary 
 
The Phase 2/3 integrated safety database included 20 completed Phase 2/3 studies, 
including the CV outcome trial ELIXA. It contains 7,874 patients exposed to lixisenatide 
and 6,079 patients exposed to comparator (4,842-placebo, 1,237-other comparators). 
The total exposure to lixisenatide was 10,035.9 patient years (PY) and the median 
duration of treatment with lixisenatide was 526.0 days. The CV outcomes study 
EFC11319 (ELIXA) contributed 3,031 patients and 5,732.2 PY of the total exposure to 
lixisenatide. The phase 3 placebo controlled efficacy studies included 2,869 lixisenatide 
treated patients (3,282.3 patient-years of exposure) and 1,639 patients on placebo. 
 
Deaths were balanced between treatment arms (2.9% with lixisenatide and 4.8% with 
placebo).  Most of the phase 3 studies had deaths adjudicated into three categories-
cardiovascular, non-cardiovascular and unknown, and this observation held true across 
all three categories.  Most of the deaths occurred in ELIXA. 
 
In the Phase 3 placebo-controlled efficacy studies, the incidence of serious TEAEs was 
generally similar in both treatment groups (8.5% with lixisenatide and 7.8% with 
placebo).  This was also true for the ELIXA study.   
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Subjects treated with lixisenatide were more likely to discontinue due to an adverse 
event (phase 3 placebo controlled efficacy studies: Lixisenatide-9.3%, placebo-4.8%; 
ELIXA: Lixisenatide-11.4%, placebo-7.2%).  Consistent with the GLP-1 receptor agonist 
class, the most common cause of discontinuation was nausea and vomiting (phase 3 
placebo controlled efficacy studies: Lixisenatide-3.6%, placebo-0.1%; ELIXA: 
Lixisenatide-3.8%, placebo-0.5%). 
 
GLP-1 receptor agonists carry concerns for gastrointestinal events, hypoglycemia, 
pancreatitis, thyroid C-cell hyperplasia, renal failure secondary to volume depletion and 
hypersensitivity reactions. Adverse events with lixisenatide are in general consistent 
with the GLP-1 receptor agonist class with the exception of Immunogenicity and Allergic 
reactions 
 
The most common adverse events were gastrointestinal reactions. In the main 
treatment period, 28% of patients on lixisenatide vs. 7.1% of patients on placebo 
experienced nausea. 9.8% of patients on lixisenatide vs. 1.8% of patients on placebo 
experienced vomiting.  Consistent with the effect on delaying gastric emptying, related 
AEs like upper abdominal pain and dyspepsia were also increased with lixisenatide, 
along with headache, dizziness and asthenic conditions. Nausea and vomiting were 
time dependent, with incidence peaking in the first three weeks of treatment, and 
decreasing later, but still present. Up to 3.6% of lixisenatide treated patients had 
recurrent episodes vs. 0.4% on placebo over the entire treatment period.  
 
Immunogenicity: 
In the phase 3 placebo -controlled efficacy studies and ELIXA, up to 70% of lixisenatide 
treated patients were anti-drug antibody (ADA) positive by week 24. The proportion of 
subjects with measurable concentrations of ADA’s also increased over time, reaching 
33% at week 24 and 44% at week 76. The detection of antibody formation is highly 
dependent on several factors including the sensitivity and specificity of the assay., 
timing of sample collection and handling, concomitant medications, and underlying 
disease. For these reasons, the incidence of antibodies to lixisenatide cannot be directly 
compared with the incidence of antibodies of other products. However, it is to be noted 
that excluding exenatide and exenatide LAR, less than 10% of patients in the clinical 
programs for the other approved GLP1 agonists developed anti-drug antibodies.  
 
Antidrug-antibodies that cross-react to endogenous GLP1 or glucagon may affect 
glucose homeostasis. Antidrug antibodies may also neutralize lixisenatide and impact 
efficacy. Cross-reactivity of anti-lixisenatide antibodies to endogenous GLP-1 and 
glucagon was assessed in only three phase 3 studies.  28% of patients in these studies 
developed cross-reactive antibodies to endogenous GLP-1, and 5% developed cross-
reactive antibodies to glucagon. Neutralizing activity was not assessed and data on 
cross-reactive antibodies after discontinuation of therapy is not available. 
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A reduced efficacy response in terms of HbA1c change from baseline was observed 
with increasing antibody concentrations. Patients who were ADA positive had increased 
frequency of injection site reactions. It also appears that lixisenatide-treated patients in 
the phase 3 placebo -controlled efficacy studies had an increased risk of having an 
ARAC-adjudicated hypersensitivity reaction compared to lixisenatide treated patients 
who were ADA negative. However, the exact relevance of this finding is uncertain 
because of the ~70% who display ADA positivity, only a small fraction actually 
experienced a hypersensitivity reaction adjudicated as related to the study drug (0.6%). 
 
Anaphylaxis and Hypersensitivity: 
Whether analyzed by adjudicated events (lixisenatide-16 [0.2%], placebo-5 [ 0.1%]) or 
SMQ of investigator-reported terms (lixisenatide-8 [0.1%], placebo-1 [<0.1%]), the 
imbalance for anaphylaxis events is clearly seen with lixisenatide in the clinical program. 
There have been events of anaphylaxis (lixisenatide-11 [0.14%], placebo- 0%) that led 
to study drug discontinuation, in contrast to the placebo arms, suggesting association to 
study treatment was more likely. 
 
Anaphylaxis and serious hypersensitivity reactions with the approved GLP-1 receptor 
agonists were identified only in the post-marketing setting. Isolated cases of 
anaphylaxis, Steven Johnson syndrome and angioedema were reported in the clinical 
programs, but they were attributed to other causes and did not result in discontinuation 
of study therapy.  
 
It is notable that the clinical trial exposure for lixisenatide is very large (10,035.9 PY) 
compared to other approved GLP1 agonists and that allergic reactions were 
prospectively adjudicated. The possibility that serious allergic reactions were noted pre-
marketing due to these reasons cannot be excluded. However, while the adjudication 
process did overestimate the number of anaphylaxis events in both lixisenatide and 
placebo arms, the imbalance of events, not favoring lixisenatide did not change when 
analyzed by SMQ .  
 
The magnitude of risk for serious allergic reactions/hypersensitivity with lixisenatide 
when compared to other approved products in the GLP1 agonist class is unknown. 
 
Injection site reactions: 
Compared to placebo, injection site reactions are more frequent with lixisenatide. This is 
consistent with the class effect and increases in frequency with increasing ADA 
concentrations. 
 
Thyroid C-Cell Proliferation: 
Based on the non-clinical carcinogenicity studies in mice and rats, the risk for thyroid C-
cell proliferation with lixisenatide is expected to be similar to exenatide BID; clinical 
exposure margins for lixisenatide at a dose of 20 µg/day were over 1,000-fold.  Serum 
calcitonin was measured as part of the development program since it is used as a 
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marker in medullary thyroid cancer. In the ELIXA study, serum calcitonin ≥50 pg/mL 
was reported in 12 (0.4%) lixisenatide and 2 (<0.1%) placebo patients.  This finding has 
been observed with other approved GLP1 agonists. The clinical significance of this 
finding is not clear. 
 
Pancreatitis: 
The incidence of any pancreatitis TEAEs in the acute and chronic pancreatitis HLT was 
0.3% with lixisenatide (21 patients) and 14 with all comparators (0.2%). In the phase 2/3 
placebo-controlled studies the applicant reports that the exposure adjusted incidence 
rate (EAIR) of pancreatitis TEAEs per 100 PY was 0.22 with lixisenatide and 0.17 with 
placebo. There were no cases of fatal, hemorrhagic or necrotizing pancreatitis. It should 
be noted that the overall incidence for pancreatitis was low, and this could reflect the 
exclusion of patients with a history of unexplained pancreatitis, chronic pancreatitis, and 
pancreatectomy.  It should also be noted that this is generally consistent with what was 
seen with other GLP-1 receptor agonists, as the risk was mainly identified in the post-
marketing setting. Although the difference was very small, numerically more patients 
consistently had categorical elevations in pancreatic enzymes compared to placebo. 
This has been observed with other drugs in the class and the clinical significance is 
unknown. 
 
Renal Impairment: 
In all Phase 2/3 studies, the incidence of TEAEs in the Renal and urinary disorders 
SOC was similar between the two treatment groups: 427 (5.4%) in the lixisenatide 
group and 363 (6.0%) patients in the all comparators group. Most of the events 
occurred in the ELIXA study.  PTs included in the “Acute renal failure” SMQ were also 
balanced.  Categorical shifts in eGFR and urine albumin-creatinine ratio were also 
comparable between lixisenatide and placebo treated patients in the ELIXA study. 
When analyzing common adverse events by renal sub-group, there appeared to be an 
exaggerated increase in gastrointestinal adverse events and between lixisenatide vs. 
placebo in the sub-group with mild renal impairment in the phase 3 placebo- controlled 
efficacy studies.  In ELIXA More subjects on lixisenatide with moderate renal 
impairment (eGFR 30-60 ml/min/m2) discontinued due to gastrointestinal events 
compared to subjects with normal renal function. 
 
The data suggests that there is no new signal for renal safety compared to other GLP-1 
receptor agonists. Lixisenatide should be used cautiously in patients with mild or 
moderate renal impairment due to the increased potential for acute renal failure 
secondary to dehydration from gastrointestinal side effects in these patients. Experience 
in patients with severe renal impairment is limited. This can be addressed by 
appropriate labeling. 
 
Hypoglycemia: 
There were numerical imbalances not favoring lixisenatide for rate of symptomatic 
hypoglycemia versus placebo in patients on background metformin and 
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thiazolidinedione (TZD) therapies.  
 
The incidence of symptomatic hypoglycemia was consistently increased for lixisenatide 
vs. placebo treated patients on background sulfonylurea or insulin therapies. In the 76 
week study in patients on background insulin and metformin therapy, the incidence of 
severe hypoglycemia was 7 (2.1%) with lixisenatide vs 1 (0.6%) with placebo. 
 
Labeling recommendations for the risk of hypoglycemia should be consistent with drug 
class i.e. to consider lowering the dose of insulin or sulfonylurea when used with these 
agents.  
 
Major Adverse Cardiovascular Events: 
The analysis of the ELIXA study ruled out excess cardiovascular risk, as defined by the 
FDA guidance on establishing cardiovascular safety of a new antidiabetic product. The 
estimated hazard ratio for major cardiovascular events was 1.02 with 95% confidence 
interval (0.89, 1.17). The upper bound of this confidence interval was smaller than 1.3 
and therefore met the hazard ratio risk margin specified by the 2008 FDA Guidance.  
 
Numerical imbalances in supraventricular arrhythmias (1.0% vs. 0.6%), PR interval 
prolongation, and cardiac conduction disorders (0.6% vs 0.1%) were seen in the Phase 
3 placebo-controlled efficacy and safety studies. In the ELIXA study, there was no 
numerical imbalance of AEs related to supraventricular arrhythmias and conduction 
disorders overall. In the sub-set of patients on background basal insulin there was still a 
numerical imbalance for the PTs of tachycardia (0.8% vs. 0.4%) and palpitations (1.8% 
vs 0.9%) that was slightly higher than the difference seen for the entire safety 
population of ELIXA (tachycardia-0.5  vs 0.3%, palpitations-1.3 vs 1.1%). This risk can 
be addressed by labelling. Overall, it is re-assuring that the risk for clinically significant 
supraventricular arrhythmias or conduction disorders was not increased in a population 
at risk. 
 
Hepatobiliary Adverse Events: 
There were no imbalances in AEs in the Hepatobiliary System Organ Class. Liver 
enzyme elevations were balanced between lixisenatide and placebo, and cases on 
lixisenatide that fulfilled biochemical Hy’s law criteria had alternate etiologies. However, 
there was one patient on lixisenatide diagnosed with drug induced hepatitis with 
temporal association to lixisenatide.  This patient had alanine aminotransferase (ALT) 
elevations without associated increase in bilirubin. Overall the data is not suggestive of 
any new safety signal with lixisenatide 
 
Malignancies: 
In the entire phase 2/3 safety pool and separate analyses of the ELIXA study the 
incidence of all malignancies, including pancreatic, breast, lung, colorectal, prostate and 
thyroid malignancies were balanced between lixisenatide and comparator arms. 
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7.1 Methods 

All safety analyses from the Phase 2/3 integrated safety database are for the Safety 
Population. This population was defined as all patients who were randomized and 
exposed to the investigational medical product (IMP). If patients received an IMP other 
than that to which they were randomized, safety analyses were conducted according to 
the treatment received (i.e., as treated). 
 
The on-treatment period for safety analyses was defined as the time from the first 
administration of IMP up to 3 days after the last administration of IMP. The exception 
was for anti-drug antibodies (ADA), wherein the on-treatment period was defined as the 
time from the first administration of double-blind IMP up to 28 days after the last 
administration of IMP. Except for malignancies, which may take time to manifest after 
exposure to IMP, the definition of the on-treatment period seems acceptable based on 
the pharmacokinetics of lixisenatide for other events.  
 
For the ELIXA study, the on-study period is defined as the time from randomization until 
the study end date for a patient, which is defined as the following: (1) the date of death 
from any cause if a patient died during the study; or (2) the date of last successful 
contact performed for a patient as reported in the CRF. The CV analyses for MACE 
events were based on the intent-to-treat (ITT), all patients as randomized population. 
The primary CV analysis includes events occurring from randomization to the study end 
date as described in the study protocol. A sensitivity analysis using events occurring up 
to 30 days (inclusive) after treatment discontinuation was also conducted as specified in 
the EFC11319 SAP. However, for all other safety events, the observation period was 
based on the on-treatment period as defined earlier and the population analyzed was 
the Safety population.  
 
 
Safety and Tolerability Assessments conducted by the Applicant: 

• Routine subject safety assessments included adverse events (AEs), serious 
adverse events (SAEs), dropouts, hypoglycemic events, and physical 
examinations. 

• Routine monitoring included evaluation of clinical laboratory evaluations 
(hematology, chemistry [including renal function], amylase, lipase, liver enzymes 
and calcitonin values) 12-lead electrocardiograms (ECGs), and vital signs (blood 
pressure and pulse rate) measurements. 

• The safety assessment also includes an analysis of ECG data from the thorough 
QT studies (TES6865 and TES11807). In addition, assays to determine 
treatment-emergent anti-lixisenatide antibodies (ADA) status (positive/negative) 
and concentrations/titers were implemented in the phase2/3 program. 

• Safety assessments of special interest in the lixisenatide program include: CV 
events, thyroid cancer events, pancreatitis, hypersensitivity reactions and 
immunogenicity, renal events, and hepatic events. Details on how these adverse 
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events of special interest (AESI) were defined, captured and adjudicated can be 
found in the safety section dedicated to each particular event 

 
The integrated summary and analyses of AEs were mostly descriptive. Categorical 
variables were summarized using frequency and percentage. Continuous variables 
were summarized with distributional information. The risk difference and/or risk ratio in 
incidence rates and associated 95% CIs via meta-analysis or stratified analysis (by 
study) are provided. No multiplicity adjustment was made for inferential safety analyses.  
 
Reviewer’s Assessments: 
The sponsor’s methods for safety monitoring, capture and assessment of events seems 
adequate. 
 
My strategy was to primarily review the updated safety information provided with this 
resubmission by the Applicant for any new safety signals and to update prior safety 
assessments if necessary.  Individual study and patient data were reviewed as 
appropriate. Study EFC11319 (ELIXA) was reviewed separately for deaths and all 
adverse events of special interest. Individual patient narratives for SAEs and Adverse 
events of Special Interest are summarized in appropriate sections of the review. 
Additional summary analyses or individual patient data was requested from the 
Applicant as deemed necessary over the course of the review. The Applicant’s 
summary analyses for treatment-emergent adverse events were verified using J-review, 
JMP and/or MedDRA based Adverse Events Diagnostics (MAED) software. Additional 
analyses were conducted using the above software if needed. 
 

7.1.1 Studies/Clinical Trials Used to Evaluate Safety 

Refer to Sections 5.1 Tables of Studies/Clinical Trials and 5.3 Discussion of 
Individual Studies/Clinical Trials for clinical trials used to evaluate safety  
 

7.1.2 Categorization of Adverse Events 

Several versions of MedDRA were used for the individual CSRs. All AEs in the updated 
integrated safety database with the re-submission were recoded to MedDRA version 
17.1. Standardized MedDRA queries (SMQs) and customized adverse event searches 
were performed to address special safety topics. 
 
A treatment-emergent adverse event (TEAE) in the Phase 2/3 studies was defined as 
an AE that developed or worsened during the main or entire treatment periods. If the 
treatment status for an AE was unclear, it was considered to be treatment-emergent. 
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A serious adverse event (SAE) was defined as any AE that results in one of the 
following outcomes: 
 

• Death 
• A life-threatening experience (that is, immediate risk of dying) 
• Initial or prolongation of inpatient hospitalization 
• Persistent or significant disability/incapacity 
• Congenital anomaly/birth defect 
• Any AE considered a medically important event by the investigator for any other 

reason. Important medical events that did not result in death, were not life-
threatening, or did not require hospitalization may be considered serious adverse 
drug events when, based upon appropriate medical judgment, they may 
jeopardize the patient or subject and may require medical or surgical intervention 
to prevent one of the outcomes listed in this definition. 

 
Adverse events of Interest were: 
 

• Thyroid Neoplasms (particularly medullary thyroid cancer) 
• Acute Pancreatitis 
• Hypersensitivity and/or Immunogenicity 
• Renal events 
• Hypoglycemia 
• Hepatic events 
• Cardiovascular Events 
• Gastrointestinal events 

 
The Applicant’s definitions and assessments for AEs of special interest will be described 
in more detail in the relevant sections. Overall the process for categorization of adverse 
events appeared acceptable. 
 

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence 

 
Two data pools were defined for analyses of the Phase 2/3 integrated safety database: 

• Data Pool 1 consists of 9 Phase 39, randomized, double-blind, placebo-
controlled, efficacy/safety studies, with Data Pool 1a representing the main 
treatment period (24 weeks except for EFC6018 with 12 weeks), and Data Pool 
1b representing the entire treatment period (12 to 24 to ≥ 76 weeks).  

                                            
9  Studies EFC6014, EFC6015, EFC6016, EFC6017, EFC6018, EFC10743, EFC10781, EFC10887, 
andEFC11321 
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Reviewer’s Comment: This database has not changed with the resubmission and 
has been reviewed in the clinical review under NDA 204961. 
 

• Data pool 2 in The Phase 2/3 integrated safety database includes the 20 
completed Phase 2/3 studies10. It contains 7,874 patients exposed to lixisenatide, 
with 3,031 of them coming from study EFC11319 (ELIXA). 

 
I utilized Data Pool 1 for analyses of common AEs, serious AEs, discontinuations due to 
AEs, hypoglycemia, relevant laboratory values and vital signs compared to baseline, to 
get a better understanding of treatment effects compared to placebo. 
 
Reviewer’s Comment: This has been reviewed with the previous submission (refer to 
Section 7.3 of the clinical review under NDA 204961). The ELIXA study pool was 
utilized to reanalyze these events and to detect any new signals given the differences in 
the populations. 
 
Analysis of rare adverse events of special interest, including serious hypersensitivity 
reactions, pancreatitis, hepatotoxicity, acute renal failure, medullary thyroid cancer and 
all other malignancies, was based on the safety population from all phase 2/3 studies 
(Data Pool 2). I also reviewed these events separately in the ELIXA study to look for 
any inconsistencies.  
 
CV events (including non-MACE events like arrhythmias, conduction disorders and 
heart failure) were analyzed using the ELIXA database only, since this was the 
appropriate population. I also analyzed the incidence of Common and Serious AEs in 
ELIXA, to evaluate for any new safety signals compared to Data Pool 1. 
 
In examining deaths and rare events, I also included safety information from the phase 
1 integrated database.  
 
Reviewer’s Comment: The only new phase 1 study added in this submission is a 
completed single dose study to assess the pharmacokinetics (PK), and 
pharmacodynamics of 5 µg and 10 µg lixisenatide in comparison to placebo in 12 
pediatric (10 to 17 years) and 12 adult patients with T2DM (PKD11475) 
 

7.2 Adequacy of Safety Assessments 

 

                                            
10 EFC6014, EFC6015, EFC6016, EFC6017, EFC6018, EFC10743, EFC10781, EFC10887, EFC11321, 
EFC6019, EFC10780, EFC12626, EFC11319, LTS10888, EFC12261, ACT6011, PDY10931, PDY12625, 
DRI6012, and PDY6797 
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7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of 
Target Populations 

A single dose of 20 µg QD was selected as the maintenance dose for the Phase 3 
program by the applicant based on the dose-ranging Study DRI6012, because the 
applicant felt that this regimen demonstrated the optimal combination of benefit-risk 
ratio and patient convenience (refer to Section 6.1.8 of the clinical review under NDA 
204961 for details). This was also the dose evaluated in the CV outcome study, ELIXA. 
From a safety perspective the exposures at appropriate dose seems adequate. 
 
The Phase 2/3 integrated safety database (Data Pool 2) includes 20 completed Phase 
2/3 studies, including the CV outcome trial ELIXA. It contains 7,874 patients exposed to 
lixisenatide and 6,079 patients exposed to comparator (4,842-placebo, 1,237-other 
comparators). The total exposure to lixisenatide was 10,035.9 PY and the median 
duration of treatment with lixisenatide was 526.0 days.  
 
The CV outcomes study EFC11319 (ELIXA) contributed 3,031 patients and 5,732.2 PY 
of the total exposure to lixisenatide, as well as 3,032 patients exposed to placebo for 
5,917.8 PY. The median duration of treatment was 672.0 days with lixisenatide and 
693.5 days with placebo. Exposure to treatment in ELIXA is summarized in the Table 8 
below. While more subjects discontinued in the lixisenatide arms earlier in the study, 
exposures were overall balanced.   
 

Table 8: Exposure to study treatments in EFC11319 (ELIXA) - safety 
population 
Number of patients with duration of 
study treatment by category [n (%)] 

Lixisenatide 
(N=3031) 

Placebo 
(N=3032) 

≥  1 day  3031 (100%)  3032 (100%) 
≥  26 weeks  2679 (88.4%)  2771 (91.4%)  
≥  52 weeks  2513 (82.9%) 2606 (85.9%) 
≥  78 weeks  2021 (66.7%) 2105 (69.4%) 
≥  104 weeks  1376 (45.4%) 1425 (47.0%) 
≥  130 weeks  828 (27.3%) 860 (28.4%) 
≥  156 weeks  419 (13.8%) 422 (13.9%) 
≥  182 weeks  163 (5.4%) 160 (5.3%) 
≥  208 weeks  18 (0.6%) 11 (0.4%) 
(A total of 51 patients [25 in the placebo group and 26 in the lixisenatide group] did not 
have an End of treatment [EOT] date collected on the EOT case report form. In the 
calculation of treatment duration, the EOT date was imputed with the last available dose 
date.) 
Source: Adapted from Table 18, ISS, eCTD 5.3.5.3 
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In the phase 3 placebo-controlled efficacy/safety studies (Data Pool 1), 2,869 patients 
were exposed to lixisenatide, 2,248 (78.4%) were exposed for ≥ 24 weeks and 1,260 
(43.9%) for ≥76 weeks (see Table 9 ). Total exposure for the main treatment period 
(Data Pool 1a) was 1,182.0 PY with lixisenatide and 695.1 PY with placebo, with the 
same median treatment duration for each treatment group (169.0 days). Total exposure 
for the entire treatment period (Data Pool 1b) was 3,258.7 PY with lixisenatide and 
1,642.4 PY with placebo. The median treatment duration was longer with lixisenatide 
than placebo due to differing randomization ratios across the studies. Equal 
randomization ratios were applied in all 12- and 24-week studies (EFC6018, EFC10887, 
EFC10781, and EFC11321), and more patients were randomized to lixisenatide in the 
long-term studies with at least 76 weeks of treatment (EFC6014, EFC6015, EFC6016, 
EFC6017, and EFC10743). Similar to ELIXA, more subjects discontinued from the 
lixisenatide treatment arms earlier in the studies but exposures were adequate. 
 

Table 9: Exposure to study treatments in Phase 3 placebo-controlled 
efficacy/safety studies - safety population 
Number of patients with duration of study 
treatment by category [n (%)] 

Lixisenatide 
(N=2869) 

Placebo 
(N=1639) 

≥  1 day  2869 (100%) 1639 (100%) 
≥  12 weeks  2622 (91.4%) 1533 (93.5%) 
≥  24 weeks  2248 (78.4%) 1306 (79.7%) 
≥  52 weeks  1653 (57.6%) 759 (46.3%) 
≥  78 weeks  1260 (43.9%) 586 (35.8%) 
≥  104 weeks  272 (9.5%) 111 (6.8%) 
(A total of 35 patients [13 in the placebo group and 22 in the lixisenatide group] did not 
have an End of treatment [EOT] date collected on the EOT case report form. In the 
calculation of treatment duration, the EOT date was imputed with the last available dose 
date.) 
Source: Adapted from Table 17, ISS, eCTD 5.3.5.3 
 
The demographics of the patient population for the new efficacy study (EFC12626) are 
discussed in 6.1.2 Demographics. Since ELIXA is primarily a safety study, 
presentation of the patient demographics are included here. 
 

7.2.1.1 Patient Demographics in ELIXA 

The demographic and baseline characteristics were generally similar between treatment 
groups for the ITT population. The median age of the study population was 60 years at 
study entry for both the lixisenatide group and the placebo group. The majority of the 
patients were Caucasian (74% for the lixisenatide group and 76 % for the placebo 
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group). More male patients (69%) compared to female patients (31%) were enrolled in 
the study. The median body mass index (BMI) was 29.4 and 29.3 kg/m2 for the 
lixisenatide and the placebo groups respectively. Baseline median HbA1c was 7.5 for 
both groups and median fasting plasma glucose (FPG) was similar between treatment 
groups (refer to Tables 11 and 13 of the CSR for study EFC11319). 
 
Disease characteristics:  
Key disease characteristics are presented in the Table 10 below. 
 
Baseline diabetic history presented by median duration of diabetes and age of onset 
was similar between the treatment groups. The treatment groups were similar with 
respect to incidence of albuminuria and mild, moderate and severe renal impairment at 
baseline. At screening, 25.7% of all patients had microalbuminuria or overt proteinuria. 
More than 20% had an estimated glomerular filtration rate (GFR) <60 mL/min/ 1.73 m2. 
The characteristics of the qualifying ACS event were similar between the treatment 
groups. The most common qualifying ACS event was ST-segment elevation MI in both 
treatment groups (45% for the lixisenatide group and 43% for the placebo group). More 
than 62% of the patients underwent a percutaneous coronary intervention (PCI) 
procedure for treatment of the ACS before entering the study. Heart function status and 
severity of angina as per New York Heart Association and Canadian Classification was 
similar between groups. Overall, treatment groups were also balanced with respect to 
medical history prior to the qualifying ACS including: 
 

• coronary heart disease (41.2% for lixisenatide and 43.2% for placebo) 
• peripheral artery disease (6.6% for lixisenatide and 6.4% for placebo) 
• cardiac arrhythmia (5.6% for lixisenatide and 5.7% for placebo), 
• hypertension (75.6% for lixisenatide and 77.1% for placebo), and 
• chronic heart failure (12.8% for lixisenatide and 13.6% for placebo) 
• central nervous system hemorrhages and cerebrovascular accidents (0.7% for 

lixisenatide  and 1.0% for placebo) 
 

Categories of disease history were balanced between groups at the SOC level. Of the 
15 pre-specified categories of disease history, gallbladder disease was the most 
commonly reported pre-existing disease (7.6% for lixisenatide and 7.1% for placebo). A 
history of pancreatitis had been reported in 0.7% of patients in the lixisenatide group 
and 0.8% in the placebo group. 
 

Table 10: Disease characteristics at baseline: Randomized Population 
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Disease status at screening or 
baseline 

Lixisenatide 
(N=3034) 

Placebo 
(N=3034) 

Median Duration of diabetes (years) 7.40 7.36 
<10 1828 (60.3%) 1789 (59.0%) 
>10 1203 (39.7%) 1245 (41.0%) 
Diabetic retinopathy [n (%)] 320 (10.6%) 331 (10.9%) 
Diabetic sensory or motor 
neuropathy [n (%)] 

512 (16.9%) 498 (16.4%) 

Baseline urinary albumin/creatinine ratio (mg/g) [n (%)] 
Number 2984 2994 
<30 mg/g (normoalbuminuria) 2250 (75.4%) 2191 (73.2%) 
≥ 30 to <300 mg/g 
(microalbuminuria) 

552 (18.5%) 596 (19.9%) 

≥ 300 mg/g (macroalbuminuria) 182 (6.1%) 207 (6.9%) 
Baseline estimated glomerular filtration rate (eGFR), n (%) 
Number 3029 3026 
≥ 15 to <30 mL/min/1.73 m2 (severe 
renal impairment)  

4 (0.1%) 4 (0.1%) 

≥ 30 to <60 mL/min/1.73 m2 
(moderate renal impairment) 

655 (21.6%) 744 (24.6%) 

≥ 60 to <90 mL/min/1.73 m2 (mild 
renal impairment) 

1632 (53.9%) 1603 (53.0%) 

≥ 90 mL/min/1.73 m2 (normal)  738 (24.4%) 675 (22.3%) 
History of qualifying acute coronary syndrome (ACS) 
Median Duration (days) between 
qualifying ACS and randomization 

60 60 

Min : Max 9.0 : 261.0 10.0 : 227.0 
Qualifying ACS event [n (%)] 
ST-segment elevation MI  1349 (44.5%) 1317 (43.4%) 
Non ST-segment elevation MI 1165 (38.4%) 1183 (39.0%) 
Unstable angina 514 (16.9%) 528 (17.4%) 
Unknown  5 (0.2%) 4 (0.1%) 
New York Heart Association (NYHA) class [n (%)] at screening 
I  1816 (61.6%) 1754 (59.7%) 
II  940 (31.9%) 962 (32.8%) 
III  166 (5.6%) 190 (6.5%) 
IV  26 (0.9%) 30 (1.0%) 
Patient underwent percutaneous 
coronary revascularization for 
qualifying ACS [n (%)] 

1875 (61.8%) 1865 (61.5%) 

Source: Table 14 and 15, CSR for study 11319 
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Baseline vital signs, LDL and HDL cholesterol and Triglycerides were also balanced 
between treatment groups. 
 
Concomitant medications: 
At baseline, there was a slightly higher incidence of metformin and insulin use in the 
lixisenatide subjects.  Thiazolidinedione use was low overall, but slightly higher in the 
placebo subjects.  Over the course of the study, there was a small numerical decline in 
insulin use in the lixisenatide group and increase in the placebo group: Insulin (any 
type) was used prior to study entry by 48.1% and 47.2% of patients, and on-study by 
46.1% and 48.3% of patients in the lixisenatide and placebo groups, respectively.  Other 
antidiabetic medications were relatively balanced both at baseline and at the end of 
study (see Table 11 below). 
 

Table 11: Prior and On-study Antidiabetic medications –  Randomized 
population, ELIXA 
Antidiabetic medications Pre-randomization On-study 
 Lixisenatide 

(N=3034) 
Placebo 
(N=3034) 

Lixisenatide 
(N=3034) 

Placebo 
(N=3034) 

Metformin 2148 
(70.8%) 

2095 
(69.1%) 

2317 
(76.4%) 

2339 
(77.1%) 

Any sulfonylureas  1128 
(37.2%) 

1138 
(37.5%) 

1249 
(41.2%) 

1299 
(42.8%) 

Any thiazolidinedione’s  56 (1.8%) 72 (2.4%) 72 (2.4%) 98 (3.2%) 
Any insulin  1460 

(48.1%) 
1431 
(47.2%) 

1398 
(46.1%) 

1466 
(48.3%) 

Other  264 (8.7%) 221 (7.3%) 275 (9.1%) 270 (8.9%) 
Source: Table 17 and 18, CSR for study EFC11319 

 
Cardiovascular medications prior to study entry and during the on-study period were 
reviewed and appeared balanced between treatment groups (Table 12). As expected, 
there was an increase in use of β-blockers, agents acting on the renin-angiotensin 
system, diuretics, other anti-hypertensives, antithrombotics, platelet aggregation 
inhibitors, anti-anginal and lipid modifying agents on-study, since patients had a median 
time of 60 days between the ACS event and randomization, but this was balanced 
between treatment arms.  
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Table 12: Prior and On-study CV medications, Randomized 
Population: ELIXA 
CV Medications Randomization On-study 

Lixisenatide 
(N=3034) 

Placebo 
(N=3034) 

Lixisenatide 
(N=3034) 

Placebo 
(N=3034) 

Beta blockers  2537 (83.6%) 2587 (85.3%) 2718 (89.6%) 2733 (90.1%)  
ACE Inhibitors  1833 (60.4%) 1827 (60.2%) 1996 (65.8%) 2025 (66.7%)  
Angiotensin II 
antagonists  

804 (26.5%) 804 (26.5%) 1140 (37.6%) 1160 (38.2%)  

Alpha adrenoreceptor 
antagonist  

131 (4.3%) 138 (4.5%) 258 (8.5%) 247 (8.1%)  

Hydrazine derivatives 25 (0.8%) 26 (0.9%) 66 (2.2%) 73 (2.4%)  
Diuretics  1200 (39.6%) 1196 (39.4%) 1620 (53.4%) 1624 (53.5%)  
Calcium channel 
blockers  

647 (21.3%) 681 (22.4%) 1008 (33.2%) 1068 (35.2%)  

Nitrates  779 (25.7%) 766 (25.2%) 1162 (38.3%) 1195 (39.4%)  
Aspirin  2872 (94.7%) 2855 (94.1%) 2941 (96.9%) 2931 (96.6%)  
Clopidogrel  2177 (71.8%) 2161 (71.2%) 2336 (77.0%) 2321 (76.5%)  
Vitamin K antagonists  141 (4.6%) 140 (4.6%) 218 (7.2%) 231 (7.6%)  
Factor Xa inhibitors  11 (0.4%) 11 (0.4%) 135 (4.4%) 126 (4.2%)  
Statins  2831 (93.3%) 2796 (92.2%) 2931 (96.6%) 2905 (95.7%)  
Fibrates  125 (4.1%) 126 (4.2%) 226 (7.4%) 227 (7.5%)  
Other (ezetimibe)  103 (3.4%) 104 (3.4%) 190 (6.3%) 190 (6.3%)  
Antiarrhythmic  78 (2.6%) 95 (3.1%) 192 (6.3%) 190 (6.3%)  
Digitalis  71 (2.3%) 67 (2.2%) 134 (4.4%) 133 (4.4%)  
Antiarrythmic class III 
(amiodarone, 
dronedarone)  

64 (2.1%) 78 (2.6%) 159 (5.2%) 149 (4.9%)  

Source: Tables 19 and 20, CSR for study EFC11319 
 

7.2.2 Explorations for Dose Response 

The applicant chose to study a single dose (20 µg QD) in the Phase 3 program. In dose-
finding study DRI6012, patients on the 10 μg BID dose showed numerically greater 
HbA1c reduction versus placebo when compared to 20 μg QD dose (-0.59% [-0.784 to -
0.401] vs -0.5% [(-0.695 to-0.310]). Compared to 20 μg QD dosing, patients on the 10 
μg BID dose had fewer gastrointestinal (GI) related side effects (26.8% vs. 41.8%) and 
similar injection reactions. Based on the results of this study, and as expected for the 
drug class, adverse events related to delayed gastric emptying (nausea, vomiting etc.) 
appear to be dose dependent.  
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In the ELIXA study, due to intolerance, investigators reduced the dose per protocol to 
15 μg or 10 μg QD in 122 (4.0%) and 312 (10.3%) of subjects respectively by the end of 
the treatment period. This was done in 0.6% and 2.8% of corresponding placebo treated 
subjects. This data also supports dose-dependency for GI side effects.  
 

7.2.3 Special Animal and/or In Vitro Testing 

Reviewer’s Comment: Refer to the pharmacology/toxicology review in DARRTs by Dr. 
Brian Hummer dated August 22, 2013 under NDA 204961. 
 
Safety pharmacology studies and non-clinical toxicology studies included the core 
battery studies as defined in the ICH S7A/ S7B and M3 Guidelines respectively. The 
primary target organ identified after repeated dosing was the testes/epididymis. The 
primary target organ identified after repeated dosing in dogs was the testes/epididymis. 
Therefore, a six month clinical study was requested in obese men which is discussed in 
Section 7.4.5 of the clinical review under NDA 204961. No clinically significant effects 
on human spermatogenesis (total sperm count, motility, or morphology) or on 
reproductive hormones were observed (study TDR11215). This finding is hypothesized 
to be due to increased GLP-1 receptor expression in testis and epididymis in dogs, 
make them more sensitive to lixisenatide-induced inhibition of spermatogenesis.  
 

7.2.4 Routine Clinical Testing 

Overall, clinical assessments including prospective evaluations for adverse events of 
special interest seemed adequate (see 7.3.5 Submission Specific Primary Safety 
Concerns). The major limitation previously noted in clinical testing adequacy was 
implementation of calcitonin monitoring. The collection of serum calcitonin data and 
monitoring of increased calcitonin values as a marker of thyroid C-cell neoplasms was 
implemented via protocol amendments during the course of all Phase 3 Efficacy and 
safety studies (Data Pool 1) that had a duration >3 months. Only 906/2630 lixisenatide 
and 713/1517 placebo treated patients had a baseline calcitonin assessment. This limits 
interpretation of calcitonin elevation in subjects from Data Pool 1. However, baseline 
and post-treatment calcitonin assessments are available in the ELIXA study and 
therefore this study can be used for assessment of mean and categorical elevations of 
calcitonin. 
 

7.2.5 Metabolic, Clearance, and Interaction Workup 

The metabolic, clearance and drug interaction work-up seems adequate. Details are 
discussed in the Clinical pharmacology/Pharmacometrics review under NDA 204961 
dated August 27, 2013 by Drs. Suryanarayana M. Sista and Ritesh Jain. 
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7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class 

Safety issues identified with all approved incretin based therapies (GLP-1 receptor 
agonists and DPP4 inhibitors) include: 

• Acute pancreatitis, including hemorrhagic or necrotizing pancreatitis. 
• Serious hypersensitivity reactions including anaphylaxis, angioedema and 

exfoliative skin conditions like Steven-Johnson Syndrome. 
• Hypoglycemia when used in combination with an insulin secretagogue (e.g. 

sulfonylurea) or insulin 
 
In addition, the long-acting GLP-1 receptor agonists (exenatide LAR, liraglutide, 
dulaglutide and albiglutide) carry a box warning for the risk of thyroid C-cell tumors, 
contraindicating use in patients with personal or family history of medullary thyroid 
carcinoma (MTC) or in patients with Multiple Endocrine Neoplasia syndrome type 2 
(MEN2). 
 
All of the approved GLP-1 receptor agonists and sitagliptin carry a Warning and 
Precautions statement about post-marketing reports of acute renal failure, sometimes 
requiring dialysis. 
 
Serious injection site nodules/abscesses requiring surgery have been reported with 
exenatide LAR. 
 
All these events are discussed in 7.3.5 Submission Specific Primary Safety Concerns 
 

7.3 Major Safety Results 

 

7.3.1 Deaths 

 
The Cardiovascular events Adjudication Committee (CAC) adjudicated the cause of all 
investigator reported deaths. The 3 major categories for cause of death were CV, non-
CV, and unknown.  The adjudication and comparison to investigator reported terms has 
been reviewed in detail in section 7.3.1 of the Clinical review under NDA 204961. 
 
No deaths were reported in the Phase 2 studies. There were 2 homicide deaths 
reported in the Phase 1 program, both in Study TDR11215 (refer to Section 7.3.1 of the 
clinical review under NDA 204961). 
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The majority of deaths in the lixisenatide and placebo groups of the Phase 2/3 studies 
occurred in the high risk population of the CV outcomes study EFC11319 (ELIXA). 
Overall, as reflected in the crude mortality rate and mortality per 100 patient years, 
deaths were balanced in the phase 3 efficacy/safety placebo-controlled studies (Data 
pool 1), ELIXA and all phase 2/3 studies (Data pool 2; Table 13). No differences were 
noted when the on-treatment and post-treatment periods were separated. 
 

Table 13: Mortality in the lixisenatide development program - safety 
population 
Study Pool Number of 

Patients 
Number of 
Deaths 

Crude Mortality 
rate 

Mortality per 
100 Patient-
years 

Phase 3 placebo-controlled studies (Datapool1) 
Placebo  1639 11 0.7% 0.6 
Lixisenatide 2869 13 0.5% 0.4 
EFC11319 (ELIXA) 
Placebo  3032 223 7.4% 3.3 
Lixisenatide  3031 212 7.0% 3.2 
All Phase 2/3 studies (Data Pool 2) 
Lixisenatide  7874 231 2.9% 2.0 
All comparators 6079 240 3.9% 2.6 
Source: Table 49, ISS, eCTD 5.3.5.3 
 
The adjudicated cause of death for the lixisenatide and the comparator groups is listed 
in the table below. Overall causes of Deaths seemed balanced compared to placebo. 
 

 Table 14: Deaths in all Phase 2/3 studies (Data pool 2) 
 Primary Cause of 
Death by Adjudicator LIXISENATIDE PLACEBO OTHERCMP 
(Total)  N=7874   N=4842   N=1237  
Total Deaths   231 (  2.9%)   234 (  4.8%)     6 (  0.5%) 
Sudden death: Last 
seen alive >= 1 hr and < 
24 hrs    24 (  0.3%)    17 (  0.4%)     1 (  <0.1%) 
Sudden death: 
Witnessed or last seen 
alive < 1 hr    47 (  0.6%)    43 (  0.9%)     0 (  0.0%) 
Presumed sudden 
death     5 (  0.1%)     4 (  0.1%)     0 (  0.0%) 
Presumed CV death    14 (  0.2%)    25 (  0.5%)     0 (  0.0%) 
CV Procedural:      6 ( <0.1%)     3 ( < 0.1%)     0 (  0.0%) 
Fatal Myocardial 
Infarction    35 (  0.4%)    24 (  0.5%)     2 (  0.2%) 
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Fatal Pulmonary 
embolism     0 (  0.0%)     1 (  <0.1%)     0 (  0.0%) 
Fatal stroke    14 (  0.2%)     19 (  0.4%)     0 (  0.0%) 
Heart failure    19 (  0.2%)    24 (  0.5%)     1 (  0.1%) 
Other Cardiovascular    2 (  <0.1%)     2 (<0.1%)     1 (  <0.1%) 
Pulmonary     3 (  <0.1%)     7 (  0.1%)     0 (  0.0%) 
Infection    14 (  0.2%)    18 (  0.4%)     0 (  0.0%) 
Malignancy    28 (  0.4%)    23 (  0.5%)     1 (  0.1%) 
Renal     1 (  <0.1%)     2 (  <0.1%)     0 (  0.0%) 
Diabetes-related     0 (  0.0%)     1 (  <0.1%)     0 (  0.0%) 
Gastrointestinal     3 (  0.0%)    10 (  0.2%)     0 (  0.0%) 
Other Non-CV     3 (  <0.1%)     1 (  <0.1%)     0 (  0.0%) 
Suicide     2 (  0.0%)     2 (  0.0%)     0 (  0.0%) 
Accidental     1 (  <0.1%)     1 (  <0.1%)     0 (  0.0%) 
Unknown    10 (  0.1%)     7 (  0.1%)     0 (  0.0%) 
Generated by reviewer using J-review, Data source: ADAE.xpt and ADDH.xpt 
 
Reviewer’s Assessment: 
Deaths were balanced between the lixisenatide and comparator groups in all study 
pools. There were no numerical imbalances of concern between the lixisenatide and 
comparator groups for death due to any adjudicated cause.   

7.3.2 Nonfatal Serious Adverse Events 

I compared serious TEAEs over the entire treatment period in the placebo controlled 
studies (placebo-controlled phase 3 efficacy and safety study pool and ELIXA) to 
assess for numerical imbalances in serious AEs compared to placebo. 
 
Serious TEAEs for the entire treatment period in the pivotal Phase 3 placebo-controlled 
studies (data pool 1) are discussed in Section 7.3.4 of the clinical review under NDA 
204961. The incidence rate of serious TEAEs was 8.5% in the lixisenatide group 
compared with 7.8% in the placebo group. In general, the types of SAEs could be 
considered expected given the subject population demographics with median diabetes 
duration of 8 yrs, percentage of insulin-dependent subjects, percentage of subjects with 
microvascular and macrovascular complications, and co-morbid illness at baseline. 
More events due to nausea, vomiting, and pancreatic enzyme elevations were seen 
with lixisenatide, which is consistent with what is known about the GLP-1 receptor 
agonist class.  The following additional imbalances were noted in this pool: 
 

• 11 (0.4) SAEs were reported in the eye disorders SOC for lixisenatide versus one 
(<0.1%) for placebo. They included cataract, lens dislocation, diabetic 
retinopathy, macular edema, retinal hemorrhage and vitreous hemorrhage.  All 
these patients had pre-existing diabetic microvascular complications 

• Urinary tract infection (UTI), pyelonephritis and urosepsis were reported in eight 
patients (0.2%) on lixisenatide total vs. one (<0.1%) UTI in a placebo patient. 
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Four developed these SAEs secondary to renal calculus; the rest were due to 
other etiologies. 

• Four patients on lixisenatide (0.1%) versus none on placebo were reported to 
have a hypertensive crisis. Schizophrenia was reported as an SAE in three 
patients (0.1%) on lixisenatide vs. none in placebo. All these patients had a prior 
medical history of the condition. 

• Three patients on lixisenatide (0.1%) versus none on placebo had hemorrhoids 
reported as an SAE, since they underwent surgical treatment for the condition. 

• Three (0.1%) patients had rib fractures reported as SAEs and associated with 
multiple trauma. Fractures overall were balanced between treatment arms. 

• Two patients (<0.1%) on lixisenatide vs. none on placebo experienced sudden 
hearing loss secondary to carcinoma of the glottis and labyrinthine vertigo 
respectively. 

 
Reviewer comment: 
As discussed in my previous review from NDA 204691, the SAEs that were more 
common with lixisenatide are generally consistent with the drug class.  For the other 
events where a numerical imbalance was noted, I did not note anything unusual about 
the presentation of these other events and believe the imbalances to be a chance 
finding. 
 
SAE’s in ELIXA: 
In ELIXA, serious TEAEs were reported in 20.6% and 22.1% of patients in the 
lixisenatide and placebo groups, respectively.  The following SAEs were reported most 
frequently (> 2 patients in the lixisenatide arm) by PT in the ELIXA study: 
 

Table 15: Most Frequent ( ≥ 5 Patients in the Lixisenatide  Arm) On-
Treatment SAEs , EFC 11319, Safety Population.  
 Preferred Term  Lixisenatide Placebo 
Non-cardiac chest pain    46 (  1.5%)    42 (  1.4%) 
Pneumonia    36 (  1.2%)    51 (  1.7%) 
Angina pectoris    23 (  0.8%)    24 (  0.8%) 
Atrial fibrillation    23 (  0.8%)    30 (  1.0%) 
Renal failure acute    20 (  0.7%)    20 (  0.7%) 
Urinary tract infection    18 (  0.6%)    19 (  0.6%) 
Cellulitis    17 (  0.6%)    18 (  0.6%) 
Syncope    16 (  0.5%)    16 (  0.5%) 
Chronic obstructive pulmonary disease    15 (  0.5%)    14 (  0.5%) 
Hypertensive crisis    15 (  0.5%)    13 (  0.4%) 
Cholelithiasis    13 (  0.4%)     6 (  0.2%) 
Gastroenteritis    13 (  0.4%)     9 (  0.3%) 
Cholecystitis acute    10 (  0.3%)     7 (  0.2%) 
Prostate cancer    10 (  0.3%)     7 (  0.2%) 
Cholecystitis     9 (  0.3%)     5 (  0.2%) 
Ventricular tachycardia     9 (  0.3%)     8 (  0.3%) 
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 Preferred Term  Lixisenatide Placebo 
Anemia     8 (  0.3%)     9 (  0.3%) 
Diabetes mellitus inadequate control     8 (  0.3%)    18 (  0.6%) 
Diabetic foot     8 (  0.3%)     4 (  0.1%) 
Sepsis     8 (  0.3%)    10 (  0.3%) 
Dyspnea     7 (  0.2%)     3 (  0.1%) 
Fall     7 (  0.2%)     7 (  0.2%) 
Gastritis     7 (  0.2%)     4 (  0.1%) 
Nephrolithiasis     7 (  0.2%)     8 (  0.3%) 
Acute respiratory failure     6 (  0.2%)     5 (  0.2%) 
Adenocarcinoma of colon     6 (  0.2%)     2 (  0.1%) 
Bronchopneumonia     6 (  0.2%)     2 (  0.1%) 
Renal failure     6 (  0.2%)     5 (  0.2%) 
Renal failure chronic     6 (  0.2%)     4 (  0.1%) 
Respiratory tract infection     6 (  0.2%)     4 (  0.1%) 
Benign prostatic hyperplasia     5 (  0.2%)     2 (  0.1%) 
Bronchitis     5 (  0.2%)     2 (  0.1%) 
Deep vein thrombosis     5 (  0.2%)     2 (  0.1%) 
Hyperkalemia     5 (  0.2%)     4 (  0.1%) 
Hypertension     5 (  0.2%)     9 (  0.3%) 
Hypoglycemia     5 (  0.2%)    10 (  0.3%) 
Hyponatremia     5 (  0.2%)     4 (  0.1%) 
Inguinal hernia     5 (  0.2%)     3 (  0.1%) 
Peripheral arterial occlusive disease     5 (  0.2%)     7 (  0.2%) 
Peripheral artery stenosis     5 (  0.2%)     2 (  0.1%) 
Generated by reviewer using J-Review, data source: adae.xpt 
 

Table 16: Most Frequent ( 2-4 Patients in the Lixisenatide  Arm) On-
Treatment SAEs , EFC 11319, Safety Population. 
 Preferred Term  Lixisenatide Placebo 
Presyncope    3 (0.1%)    0 (0.0%) 
Anaphylactic shock    3 (0.1%)    0 (0.0%) 
Breast Cancer    3 (0.1%)    1  (<0.1%) 
Deafness neurosensory    3 (0.1%)    0 (0.0%) 
Chest Pain    3 (0.1%)    0 (0.0%) 
Diverticulitis    3 (0.1%)    1  (<0.1%) 
Headache    3 (0.1%)    0 (0.0%) 
Post procedural infection     3 (  0.1%)     1 (  0.0%) 
Atrioventricular block     2 (  0.1%)     0 (  0.0%) 
Brain neoplasm     2 (  0.1%)     0 (  0.0%) 
Bronchospasm     2 (  0.1%)     0 (  0.0%) 
Diabetic foot infection     2 (  0.1%)     0 (  0.0%) 
Empyema     2 (  0.1%)     0 (  0.0%) 
Epigastric discomfort     2 (  0.1%)     0 (  0.0%) 
Epistaxis     2 (  0.1%)     0 (  0.0%) 
Extremity necrosis     2 (  0.1%)     0 (  0.0%) 
Gastroenteritis viral     2 (  0.1%)     0 (  0.0%) 
Hypoesthesia     2 (  0.1%)     0 (  0.0%) 
Ileus     2 (  0.1%)     0 (  0.0%) 
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 Preferred Term  Lixisenatide Placebo 
Infected skin ulcer     2 (  0.1%)     0 (  0.0%) 
Infective exacerbation of chronic obstructive 
airways disease     2 (  0.1%)     0 (  0.0%) 
Intestinal ischemia     2 (  0.1%)     0 (  0.0%) 
Leriche syndrome     2 (  0.1%)     0 (  0.0%) 
Mallory-Weiss syndrome     2 (  0.1%)     0 (  0.0%) 
Migraine     2 (  0.1%)     0 (  0.0%) 
Myocarditis     2 (  0.1%)     0 (  0.0%) 
Ovarian cancer     2 (  0.1%)     0 (  0.0%) 
Peripheral artery aneurysm     2 (  0.1%)     0 (  0.0%) 
Rectal cancer     2 (  0.1%)     0 (  0.0%) 
Rotator cuff syndrome     2 (  0.1%)     0 (  0.0%) 
Tooth abscess     2 (  0.1%)     0 (  0.0%) 
Vascular pseudoaneurysm     2 (  0.1%)     0 (  0.0%) 
Vomiting     2 (  0.1%)     0 (  0.0%) 
(for events with less than 4 patients in the lixisenatide arm, only those PTs where there 
were at-least 2 patients less in the comparator arm are listed) 
Generated by reviewer using J-Review, data source: adae.xpt 
 
Serious TEAEs in the HLGT of gallbladder disorders were more frequent with 
lixisenatide: 32 patients (1.1%) for lixisenatide and 19 patients (0.6%) for placebo). This 
included cholelithiasis (13 patients [0.4%] versus 6 patients [0.2%]), cholelithiasis acute 
(10 patients [0.3%] versus 7 patients [0.2%]), and cholecystitis (9 patients [0.3%] versus 
5 patients [0.2%], respectively. This is expected since lixisenatide reduces gall bladder 
emptying as noted in Study PDY11431, which evaluated the effect of lixisenatide on 
gall-bladder ejection fraction. (Section 7.3.3 of the clinical review under NDA 204961).  
 
Other serious TEAEs related to AESI’s, including gastrointestinal AEs, malignancies 
and cardiac disorders will be discussed in Sections 7.4.1 and 7.3.5.  Small imbalances 
(2 patients in the lixisenatide vs. none in the placebo) were noted for some infection 
PT’s, including post-procedural infection, diabetic foot infection, empyema, infected skin 
ulcer and tooth abscess. These types of events can be expected in this patient 
population and are likely chance findings. No major imbalances overall were noted for 
all HLT and PT’s in the infections and infestations SOC except for the PT’s of 
Onychomycosis (18 patients (0.6%) in the lixisenatide arm vs. 5 (0.2%) in the placebo 
arm, Tinea Pedis (19 (0.6%) vs. 6 (0.2%), paronychia (10 (0.3%) vs. 2 (0.1%) and 
furuncle 19 (0.6% vs. 7(0.2%). A small imbalance (2 [0.1% vs.0]) was also noted for 
preferred terms related to peripheral vascular disease (Leriche syndrome, vascular 
pseudoaneurysm, peripheral artery aneurysm and extremity necrosis).  No significant 
overall imbalances for all PTs or HLTs was noted in the Vascular disorders SOC. 
 
I reviewed ELIXA for SAEs that occurred with an increased frequency with lixisenatide 
in the phase 3 placebo controlled efficacy and safety studies that were not AESI’s,  to 
see if the imbalance recurred in ELIXA (section 7.3.4 and 7.3.5 of the clinical review 
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under NDA 204961).  These included headache, dizziness, asthenia, fatigue, 
presyncope and syncope. 
 
Headache was reported as a serious TEAE in three patients on lixisenatide versus none 
on placebo in ELIXA. The narratives were reviewed and briefly summarized below: 
 

• PATIENT 011319-032-033-009, a 49 yr. old male, was hospitalized on day 158 
with severe headache and right arm spasticity. Work-up including CT and MRI 
was reported as negative. IMP was temporarily withheld. The patient was 
discharged 10 days later and recovered from the reported event without 
sequelae. It’s unclear if this event was a TIA or migraine variant based on 
available information. 

• PATIENT 011319-840-411-001, a 60 yr. old F developed headache with 
presyncope on Day 14. The patient recovered from the event without any 
sequelae and IMP was continued. The headache was felt to be due to muscle 
contraction, based on a neurology consult. 

• PATIENT 011319-840-520-003, a 52 yr. old male, was hospitalized for a 
moderate headache 232 days after the first IMP intake, that he experienced while 
watching television. The patient described a pain radiating from the occipital area 
back towards the front of his head. The patient also described a brief visual 
defect where he could not see half the television. A brain CT scan was stable 
with no new foci of intracerebral hemorrhage, no change in a prior left occipital 
lobe intracerebral hemorrhage, which communicated with the posterior horn of 
the left lateral ventricle (although no prior stroke  were reported in the patient’s 
medical history). The patient remained hemodynamically stable, and reportedly 
recovered from the event without sequelae. 

 
Reviewer’s Comment: 
It is possible two of the events were not sent for adjudication to the CAC since they 
were coded as headaches. I also reviewed narratives for events more commonly 
seen with lixisenatide not referred for adjudication that could have been strokes 
based on the preferred term. These terms included facial paresis, VIIth nerve 
paralysis, migraine with visual disturbance, presyncope and hypoesthesia. The 
stroke (or other MACE events) work-up for these patients was negative.  Therefore, I 
do not think this would affect interpretation of the adjudicated MACE results. 
 

Similar to what was seen in the placebo controlled studies, there was an imbalance in 
deafness in ELIXA.  Four patients on lixisenatide vs. none on placebo were hospitalized 
due to this SAE and had an ENT evaluation.  The narratives are briefly summarized: 
 

• PATIENT 011319-158-001-003 developed neurosensory deafness with tinnitus 
on day 623 which responded to steroid therapy. No action was taken with the 
IMP. 
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• PATIENT 011319-410-008-006 developed neurosensory deafness on Day 201 
with aural fullness and tinnitus in the morning when she woke up. Corrective 
treatment included dexamethasone, acyclovir, alprostadil, and 
methylprednisolone. No action was taken with the IMP and the patient recovered 
from the event 

 
• PATIENT 011319-643-027-011. On Day 74 of the study, the patient developed 

acute neurosensory deafness in both ears. Corrective treatment was given and 
included vinpocetine, betahistine hydrochloride (hcl), thiamine hcl, pyridoxine hcl 
and cyanocobalamine (dosages, therapy dates not reported). The patient 
recovered from the event. The IMP was temporarily discontinued and restarted  

 
• PATIENT 011319-156-015-011: On Day 151 of the study, the patient developed 

left ear sudden idiopathic deafness (sudden hearing loss). Treatment consisted 
of “neurologic nutrition, promoting blood circulation, and removing blood stasis 
with use of Monosialo-tetrahexosyl-ganglioside sodium injection”. The efficacy of 
the treatment was reported as unsatisfactory and the prognosis was poor. The 
patient reported the hearing loss in the left ear was slightly improved, tinnitus was 
resolving, and ear congestion and plugged feeling improved. No action was 
taken with the IMP. 

 
Reviewer’s Assessment: 
All these patients probably developed labyrinthitis/vestibular neuronitis or a related 
condition. Association to study drug seems unlikely; in addition other etiologies were 
reported for the phase 3 Efficacy and Safety study pool.  
 
Reviewer’s Conclusion about SAEs: 
The incidence rate of serious TEAEs was 8.5% in the lixisenatide group compared with 
7.8% in the placebo group in the entire treatment period in the pivotal Phase 3 placebo-
controlled studies. The incidence of overall SAEs remained balanced in the ELIXA 
study- Serious TEAEs were reported in 20.6% and 22.1% of patients in the lixisenatide 
and placebo groups, respectively.  SAEs were balanced overall and those events where 
there was an observed imbalance seem likely to be chance findings.  

7.3.3 Dropouts and/or Discontinuations 

DataPool1: 
In the placebo controlled Phase 3 Efficacy and Safety studies, the rates of treatment 
discontinuations due to adverse events during both the main and entire treatment 
periods were higher in the lixisenatide group when compared with the placebo group 
(4.6% vs. 1.8% for main period; 9.4% vs. 5.1% for entire treatment period; refer to 
Section 7.3.5 of the clinical review under NDA 204961). On comparing the main 
treatment period with the entire treatment period, most GI AEs such as nausea and 
vomiting leading to treatment discontinuation appeared to have occurred earlier in the 
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main treatment period. The most frequently reported TEAEs by PT that led to treatment 
discontinuation in the lixisenatide group for the main treatment period (lixisenatide 
versus placebo) were: nausea (2.8% versus 0), vomiting (1.2% versus 0), dizziness 
(0.6% versus <0.1%), diarrhea (0.4% versus <0.1%), hypoglycemia (0.3% versus 0), 
asthenia and dyspepsia (each 0.2% versus 0), decreased appetite and headache (each 
0.2% versus <0.1%). 
 
ELIXA: 
In the ELIXA study, adverse events leading to early permanent treatment 
discontinuation were reported by a higher percentage of patients in the lixisenatide 
group (11.4%) than in the placebo group (7.2%). MACE+ events were excluded by the 
applicant from this analysis.  When including MACE+ events the absolute difference 
remained similar (13.7% lixisenatide vs 10.1% placebo).  The AEs that resulted in 
discontinuation of 2 or more patients in the lixisenatide arm are listed in the Tables 
below. Consistent with previous findings and with the GLP-1 receptor agonist class a 
large number of subjects in the lixisenatide arm discontinued due to nausea and 
vomiting. Imbalances were also seen for abdominal discomfort, decreased appetite, 
dizziness, diarrhea, hypoglycemia, decreased appetite, malaise, asthenia, headache 
and dyspepsia. 
 
PT’s covered under Adverse events of Special interest will be discussed in Section 
7.3.4 and 7.3.5. 
 

Table 17: Most Frequent (≥ 5 Patients in the Lixisenatide  Arm) 
Discontinuations due to AEs, ELIXA, Safety Population. 

 Preferred Term (PT) (n%) 
Lixisenatide 
(N=3031) 

Placebo 
(N=3032) 

Any PT 347 (11.4%) 217 (7.2%) 
Nausea    91 ( 3.00%)    11 ( 0.36%) 
Vomiting    33 ( 1.09%)     5 ( 0.16%) 
Abdominal discomfort     5 ( 0.16%)     0 ( 0.00%) 
Dizziness     7 ( 0.23%)     3 ( 0.10%) 
Diarrhea     7 ( 0.23%)     3 ( 0.10%) 
Decreased appetite     6 ( 0.20%)     0 ( 0.00%) 
Malaise     5 ( 0.16%)     1 ( 0.03%) 
Hypoglycemia     5 ( 0.16%)     2 ( 0.07%) 
Asthenia     5 ( 0.16%)     2 ( 0.07%) 
Atrial fibrillation     4 ( 0.13%)     0 ( 0.00%) 
Amylase increased     4 ( 0.13%)     0 ( 0.00%) 
Lipase increased     6 ( 0.20%)     4 ( 0.13%) 
Sudden death    15 ( 0.49%)    17 ( 0.56%) 
Sudden cardiac death     8 ( 0.26%)     3 ( 0.10%) 
Renal failure chronic     4 ( 0.13%)     6 ( 0.20%) 
Pneumonia     4 ( 0.13%)     4 ( 0.13%) 
Abdominal pain     4 ( 0.13%)     4 ( 0.13%) 
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Table 18: Most Frequent (2-4 Patients in the Lixisenatide  Arm) 
Discontinuations due to AEs, ELIXA, Safety Population. 
Headache     3 ( 0.10%)     0 ( 0.00%) 
Intestinal ischemia     3 ( 0.10%)     0 ( 0.00%) 
Gastritis     3 ( 0.10%)     0 ( 0.00%) 
Blood calcitonin increased     2 ( 0.07%)     0 ( 0.00%) 
Chest pain     2 ( 0.07%)     0 ( 0.00%) 
Gastrointestinal disorder     2 ( 0.07%)     0 ( 0.00%) 
Gastric bypass     2 ( 0.07%)     0 ( 0.00%) 
Dyspepsia     2 ( 0.07%)     0 ( 0.00%) 
Dehydration     2 ( 0.07%)     0 ( 0.00%) 
Drug hypersensitivity     2 ( 0.07%)     0 ( 0.00%) 
Ovarian cancer     2 ( 0.07%)     0 ( 0.00%) 
(for events with less than 4 patients in the lixisenatide arm, only those PTs where there 
were at-least 2 patients less in the comparator arm are listed) 
Generated by reviewer using J-review, datasource-adae.xpt 
 
Reviewer’s Conclusions about discontinuations due to adverse events: 
In the placebo-controlled Phase 3 Efficacy and Safety studies, the rates of treatment 
discontinuations due to adverse events during both the main and entire treatment 
periods were higher in the lixisenatide group when compared with the placebo group 
(4.6% vs. 1.8% for main period; 9.4% vs. 5.1% for entire treatment period). A similar 
pattern was observed in the ELIXA study (11.4 % vs. 7.2%). Notably, a 10-fold (3% vs. 
0.36%) and 5-fold (1.1% vs. 0.2%) difference was observed  in this study for 
discontinuations due to nausea and vomiting respectively, on comparing lixisenatide to 
placebo. Other AEs related to decreased gastric emptying that resulted in more 
lixisenatide discontinuations included abdominal discomfort, decreased appetite, 
asthenia, dizziness, dyspepsia, hypoglycemia, dehydration and headache, which was 
consistent with the placebo-controlled phase-3 Efficacy and Safety pool. 

7.3.4 Significant Adverse Events 

Based on the ICH-E3 guidance11  these events are defined as “Marked hematological 
and other laboratory abnormalities (other than those meeting the definition of serious) 
and any events that led to an intervention, including withdrawal of test 
drug/investigational product treatment, dose reduction, or significant additional 
concomitant therapy, other than those reported as serious adverse events.” These are 
all discussed under Section 7.3.5. 

                                            
11 ICH guidance for industry E3 Structure and Content of Clinical Study Reports 
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7.3.5 Submission Specific Primary Safety Concerns 

7.3.5.1 AE-s related to Potential C-cell Proliferation 

All the approved long-acting GLP-1 receptor agonists (exenatide LAR, albiglutide and 
dulaglutide) have a boxed warning in the package insert and a Risk Evaluation and 
Mitigation Strategy (REMS) with a communication plan for increased risk of thyroid C-
cell tumors based on nonclinical carcinogenicity studies.   
 
In a 2-year carcinogenicity study in mice, a statistically significant increase in thyroid C-
cell adenomas occurred at 1,000 μg/kg BID for males only. Accordingly, the no 
observed adverse effect level ( NOAEL) for thyroid C-cell adenomas was determined to 
be 200 μg/kg BID for males and 1,000 μg/kg BID for females. Exposures at the male 
and female NOAEL are approximately 272X and 5,000X higher than the anticipated 
clinical exposure at 20 μg/day. In a 2-year carcinogenicity study in rats, a statistically 
significant increase in thyroid C-cell adenomas was noted for all lixisenatide-treated 
groups. The NOAEL for thyroid c-cell adenomas was not identified (<40 μg/kg BID). The 
clinical exposure margin based on the low dose used in this study was over 1,000-fold. 
Overall, the non-clinical reviewer’s opinion was that the large clinical exposure margins 
for C-cell tumors indicate that the human risk for C-cell tumors is more similar to that of 
a short-acting GLP-1 receptor agonist (i.e., exenatide) than to longer acting GLP-1 
receptor agonists (e.g., liraglutide12). 
 
Clinical Assessments for Potential C- cell Proliferation effects: 
Patients with a personal or family history of medullary thyroid cancer (MTC) or genetic 
conditions that predisposes to MTC (e.g., multiple endocrine neoplasia syndromes) 
were excluded from the clinical studies. An expert panel was set up for discussion of 
selected cases, and for advice in case of specific findings. The algorithm for measuring 
and monitoring calcitonin elevations was discussed with this panel. This included also 
routine screening for reasons of false positive increase of calcitonin such as kidney 
impairment, smoking habits, calcium disorders, autoimmune thyroiditis, and use of 
Histamine -2 (H2) receptor antagonists or proton pump inhibitors.  
 
The collection of serum calcitonin data and monitoring of increased calcitonin values as 
a marker of thyroid C-cell neoplasms were implemented via protocol amendments 
during the course of all Phase 3 studies that had a duration >3 months. As a result, 
baseline calcitonin values were not collected for most of the patients in those studies. 
Calcitonin data were also not collected routinely in studies with ≤3-month duration or 
studies completed prior to 2009 (Phase 2 studies-ACT6011, PDY6797, DRI6012, 

                                            
12 Nonclinical review for lixisenatide, NDA 205961 by Dr. Brian T. Hummer dated August 22, 2013, 
DARRTs Reference ID: 3361564 
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PDY10931, and EFC6018). Baseline calcitonin values are available with the new 
studies included in the resubmission.  
 
A specific CRF (“increased calcitonin” AE form) was used to collect information and 
document cases of AEs related to increased calcitonin. Management of subjects and 
patients who were found to have a calcitonin value ≥20 pg/mL was as follows: 
 

• Upon follow-up testing for elevated calcitonin, the study treatment was 
permanently discontinued if the repeat measurement was ≥50 pg/mL. 

• Confirmed calcitonin increases ≥20 pg/mL were to be reported as an AE on a 
specific AE Form (“increased calcitonin ≥20 pg/mL”) with all appropriate clinical 
and laboratory documentations; if the increase was >50 pg/mL patients were to 
be discontinued, referred to a specialist, and calcitonin levels were to be 
measured one to two weeks after IMP discontinuation. These AEs were to be 
reported with the PT “blood calcitonin increased”. 

 
The categories and threshold for discontinuation (50 pg/ml) seem reasonable, since it is 
in line with other GLP-1 receptor agonist programs and is supported by the literature. 
Basal calcitonin values > 50 and < 100 pg/mL are reported to have an approximate 50% 
positive predictive value for C-cell hyperplasia/medullary thyroid cancer (MTC), while a 
value of 100 pg/mL basal calcitonin is essentially 100% predictive of disease13. 
 
With this submission, malignant or unspecified thyroid neoplasm in all completed Phase 
2/3 studies were identified using PTs from the Malignant or Unspecified tumor SMQ of 
MedDRA 17.1.  The PTs included “Anaplastic thyroid cancer, Familial medullary thyroid 
cancer, Follicular thyroid cancer, Huerthle cell carcinoma, Medullary thyroid cancer, 
Metastases to thyroid, Papillary thyroid cancer, Thyroid B-cell lymphoma, Thyroid 
cancer, Thyroid cancer metastatic, thyroid cancer stages 0-4, thyroid neoplasm” In 
addition PTs for Benign thyroid disorder AEs (benign neoplasm of thyroid gland, thyroid 
adenoma, thyroid cyst and thyroid C-Cell hyperplasia) were also summarized for Data 
Pool 2.  Goiters were excluded from this PT list.  Excluding this preferred term with the 
updated analyses, should not affect interpretation of the results, since PTs for 
Unspecified malignancies are included and calcitonin elevations were also followed in a 
pre-specified fashion.  Therefore, since the concern is specifically for events related to 
C-cell hyperplasia/MTC, they should be captured adequately. Overall the assessments 
for potential C-cell proliferation effects seem adequate. Medullary thyroid cancer is an 
extremely rare event, conducting the analysis using all phase 2/3 studies seems 
appropriate. 
 

                                            
13 Predictive value of serum calcitonin levels for preoperative diagnosis of medullary thyroid carcinoma in 

a cohort of 5817 consecutive patients with thyroid nodules.Costante G. et al. J Clin Endocrinol 
Metab. 2007 Feb;92(2):450-5. 
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Clinical Results: 
Phase 2/3 studies (NDA204961): 
With the prior submission to NDA 204961, in addition to the PT’s listed above, Goiters 
were included and MedDRA 14.1 was used for the analyses (Refer to section 7.3.2 of 
the clinical review under NDA 204961).  Hence more events are reported in the prior 
submission in comparison to the current submission. 
 
With the previous submission, the overall percentage of patients with AEs potentially 
related to thyroid C-cell proliferation in all controlled Phase 2/3 studies during the on- 
and post-treatment periods was lixisenatide (30 [0.8%]) vs. all comparators (14 [0.6%]). 
Narratives for patients with on/post-treatment events of thyroid cancer, thyroid C-cell 
hyperplasia, thyroid neoplasms and calcitonin elevations reported as AEs were 
reviewed.  The following two cases presented uncertainty with regard to the potential for 
C-cell proliferation with lixisenatide: 
 

• Patient EFC6015 -276-501-006  reported thyroid C-cell hyperplasia. This patient 
had elevated calcitonin values (24 ng/ml, 2.8XULN) on Day 1 of lixisenatide 
dosing. IMP was permanently discontinued 2 months later when calcitonin 
increased to 34 ng/ml (4X ULN). 127 days post-treatment, a calcium-pentagastrin 
test was performed with results suspective of malignancy. The patient underwent 
total thyroidectomy six months later.  Histopathology showed multifocal 
hyperplasia of C-cells, with no  malignancy. The results of the microbiological 
analysis of RET proto-oncogene did not detect any mutation of the gene and, 
therefore, no evidence of familial form of the disease. Post-surgery, the patient 
recovered with normal calcitonin values and at the follow-up visits. 
 
Reviewer Comment: Association to study drug seems unlikely in this patient 
since calcitonin was elevated at baseline.  

 
• EFC6015-642-504-006. This 64 year old female had calcitonin elevations from 

Day 85 onwards (see table below). On Day 244 a thyroid ultrasound scan, 
revealed disseminated micro calcifications and low echogenic area (12X8 mm), 
poorly defined on the left lobe of thyroid gland. She was diagnosed with 
hypothyroidism on Day 261.  On Day 479 anti-thyroid peroxidase (anti-TPO) 
levels were substantially increased >600 IU/mL (ULN <34 IU/mL).  IMP was 
permanently discontinued on Day 489 ( ). 109 days post-treatment, 
the fine needle biopsy results reported nodule with proliferative risk (“follicular 
compact aspect with oxyphil cells; possible parafollicular morphologic 
differentiation”). However, the patient did not have follow-up visits.  The last 
available calcitonin value is 41 pg/ml at 129 days post-treatment (see Table 
below). A baseline value is not available and it is not known if the patient had 
surgical treatment. 
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Table 20: Thyroid Neoplasms in Malignant or Unspecified Thyroid 
Tumors SMQ, Phase 2/3 Studies, Safety, Population 
Preferred Term (PT) Lixisenatide (N=7874) All Comparator (N=6079) 
Thyroid Neoplasm 23 (0.3%) 11 (0.2%) 
Papillary thyroid Cancer 1 (<0.1%) 1 (<0.1%) 
Medullary Thyroid Cancer 0 1 (<0.1%) 
Source: Table 75, ISS, eCTD, 5.3.5.3 
 
The narratives for papillary/ medullary thyroid cancers and Thyroid neoplasms in studies 
included with the previous submission are discussed in the clinical review under NDA 
204961 (Tables 52 and 53). One of the Thyroid Neoplasms was reported as an SAE: 
 

• EFC6014- 036-412-010 -65 year old male was followed for mild elevation of 
calcitonin (1.3 X ULN at baseline, 1.5 - 1.7 X ULN during study treatment). IP 
was continued throughout the study –First ultrasound and fine needle aspiration 
(FNA) approximately 9 months after start of IP reported heterogeneous thyroid 
nodules without malignancy. Ten months later a second FNA revealed “suspicion 
of neoplasm of either Hurtle cell or medullary cell”. A thyroidectomy was 
performed. The histological report stated that the neoplasm was a Hurthle cell 
adenoma, and the cellular colloid nodule was benign. IMP was continued till the 
end of the study. 

 
The remaining reports of thyroid neoplasms were associated with reports of thyroid 
nodules or cysts that were not reported as SAEs and did not lead to treatment 
discontinuation. The listing and corresponding narratives of patients with calcitonin 
elevations reported in the ELIXA study, with results of the thyroid examination and 
laboratory work-up were also reviewed for any reports of hyperplasia or malignancies. 
None were noted (eCTD-16.2.7.8.2-CSR for Study EFC11319). Calcitonin elevations in 
the ELIXA study are discussed below. 
 
Calcitonin elevations: 
Phase 2/3 studies in previous submission (NDA204961) 
In the controlled Phase 2/3 studies with the previous submission, ten patients (0.4%) in 
the lixisenatide group and two patients (0.1%) in the placebo group reported calcitonin 
values ≥50 pg/mL. Seven of them had missing baseline values, one patient had a 
baseline value ≥50 pg/mL, one had a baseline value between ≥20 to <50 pg/mL (though 
elevated calcitonin values were not confirmed at re-test), and one had a baseline value 
below the ULN. A total of 38 patients (1.4%) in the lixisenatide group and 29 patients 
(1.6%) in all comparator groups reported on-treatment calcitonin values in the range 
≥20 to 50 pg/mL. The interpretation of these results is limited by the lack of baseline 
calcitonin values in the majority of the patients 
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Narratives for the two patients with calcitonin elevations reported as AEs in studies 
included in the previous submission are discussed in Section 7.3.2 (page 149-153) of 
the clinical review under NDA 204961. Both these patients have been discussed earlier: 
Patient 6015-276-501-006 had C-cell hyperplasia.  Patient EFC6015-642-504-006 had 
an unclear diagnosis and the findings could be C-cell neoplasm or thyroiditis. This 
patient had calcitonin elevations (up to 101.2 pg/ml) with anti-thyroid peroxidase (anti-
TPO) levels substantially increased >600 IU/mL (ULN <34 IU/mL).  The fine needle 
biopsy results reported possible parafollicular morphologic differentiation. However, the 
patient did not have follow-up information.  
 
ELIXA: 
With the resubmission, I examined calcitonin data from ELIXA separate from the rest of 
the studies since baseline values are available from this study (see table below). Mean 
calcitonin values remained relatively constant over the course of the on-treatment 
period.  Calcitonin ≥20 to 50 pg/mL post-baseline was reported in 52 (1.8%) patients in 
the lixisenatide group and 42 (1.5%) patients in the placebo group; calcitonin ≥50 pg/mL 
was reported in 12 (0.4%) lixisenatide and 2 (<0.1%) placebo patients, respectively.  
 

Table 21:Calcitonin: Number of Patients by pre-defined Categories 
During the On-treatment Period According to Baseline Status - Safety 
population, EFC 11319 
 Baseline Status for 
PCSA Analysis 

Lixisenatide (Post-Baseline) 
N=2832 

Placebo (Post-Baseline) 
N=2896 

>=20 - <50 
ng/L [pg/mL] 

>=50 ng/L 
[pg/mL] 

>=20 - <50 ng/L 
[pg/mL] >=50 ng/L [pg/mL] 

<=ULN     6 (  0.2%)     8 (  0.3%)    12 (  0.4%)     2 (  0.1%) 
>=20 - <50 ng/L [pg/mL]    13 (  0.5%)     2 (  0.1%)     7 (  0.2%)     0 (  0.0%) 
>=50 ng/L [pg/mL]     0 (  0.0%)     0 (  0.0%)     0 (  0.0%)     0 (  0.0%) 
>ULN - <20 ng/L [pg/mL]    33 (  1.1%)     2 (  0.1%)    23 (  0.8%)     0 (  0.0%) 
Subjects(filtered)    52 (  1.8%)    12 (  0.4%)    42 (  1.5%)     2 (<  0.1%) 
(The denominator (/N) for each parameter within a treatment group is the number of 
patients for the treatment group who had that parameter assessed during the on-
treatment period (not missing), by baseline status. A patient is counted only in the worst 
category) 
Source: Table 16.2.8.6.1.1, CSR for EFC11319; 
 
There were no serious TEAEs of blood calcitonin increased in either treatment group. 
TEAEs of blood calcitonin increased leading to permanent treatment discontinuation 
occurred in 2 (<0.1%) patients in the lixisenatide group and no patients in the placebo 
group: 
 

• EFC 11319-158-003-001- a 48 yr. old male patient, had calcitonin elevations 
from Day 250 of the study. On Day 1006 of the study serum calcitonin was 81.7 
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pg/mL. Procedures included: I-131 thyroid scintigraphy with 24-hour radioiodine 
showing simple goiter with a small nodule at left thyroid lobe. Fine needle 
aspiration was not performed. The IMP was discontinued. 

 
• EFC 11319-356-026-005: A narrative was not available for this patient. Based on 

the patient listing, this patient had calcitonin elevations up to 20.8 pg/ml on Day 
176-188 leading to study drug withdrawal. No further evaluations are reported. 

 
The following patient with an SAE of multinodular goiter, also had calcitonin elevations 
over 50 pg/ml: 
 

• EFC11319-840-430-009, 59 yr. old male on lixisenatide had serum calcitonin 
increased at 25.02 ng/L (normal range: < 8.4 ng/L) at randomization. Thyroid 
sonogram revealed a 4.4 x 2.8 x 3.2 cm nodule in the right upper pole. At 44 
days after randomization, preliminary results of the FNA described “malignant 
neoplasm, favor medullary carcinoma.” Immunohistochemical stains on the 
adequate tissue block showed the cells to be negative for carcinoembryonic 
antigen (CEA), S100, calcitonin, chromogranin, and thyroid transcription factor-1 
(TTF-1). In further consultation with another physician it was noted in the FNA 
biopsy report “we cannot support a diagnosis of medullary carcinoma and favor a 
Hurthle cell neoplasm”. Surgery was not performed at the time because the 
patient’s cardiologist wanted antithrombotic therapy to be continued for one year. 
Calcitonin levels had fluctuated with highest level at 58.31 ng/L. At 348 days after 
randomization, a total thyroidectomy was performed. Final pathology report 
indicated nodular hyperplasia (multinodular goiter) and degenerative changes. 
No malignant process was identified. The IMP was discontinued at that time. 

 
Reviewer’s Conclusions about Adverse events related to Potential C-cell Proliferation: 
Proliferation of thyroid C-cells in nonclinical studies have raised concern that treatment 
with long-acting GLP-1 receptor agonists could lead to development of thyroid C-cell 
tumors.  Serum calcitonin was measured as part of the development program since it is 
used as a marker in medullary thyroid cancer. In the ELIXA study, serum calcitonin ≥50 
pg/mL was reported in 12 (0.4%) lixisenatide  and 2 (<0.1%) placebo patients.  The 
clinical significance of this finding is not clear. The information on potential clinical 
events is limited and there is uncertainty with some cases due to  lack of follow-up 
information.  The clinical program may be too small to detect an increased risk. 
However, since the clinical exposure margins for lixisenatide were comparable to 
exenatide in the non-clinical carcinogenicity studies, the risk for thyroid C-cell 
proliferation is expected to be similar to exenatide BID. 
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7.3.5.2  Pancreatitis 

There have been concerns regarding the risk for pancreatitis and pancreatic cancer for 
GLP-1 receptor agonists and for DPP4 inhibitors14, 15. A review of the available non-
clinical toxicology studies, clinical trial data, observational studies, and post-marketing 
studies performed by the European Medicines Agency (EMA) and the FDA have not led 
to any final conclusions regarding this potential relationship16. Both agencies continue to 
investigate this safety signal. 
 
In considering the risk of pancreatitis with lixisenatide, I looked at both reported adverse 
events and changes in pancreatitis related laboratory values. 
 
Patients with history of unexplained pancreatitis, chronic pancreatitis, pancreatectomy, 
stomach/gastric surgery, inflammatory bowel disease were excluded from the clinical 
studies.  
 
For the Phase 3 studies, serum amylase and lipase concentrations were monitored 
routinely at screening, baseline, and periodically during the study treatment period. In 
cases where amylase and/or lipase was >2 x ULN without clinical signs and/or 
symptoms, a retest (centrally assessed if possible) was performed and repeat 
measurement of amylase and lipase was performed following a pre-specified algorithm 
as described in the individual study protocols, which included gastroenterological 
evaluation and imaging (refer to the clinical review under NDA 204961 page100). In 
cases where amylase and/or lipase was >2 x ULN in the presence of clinical signs 
and/or symptoms suggestive of pancreatitis, treatment with the IMP was at least 
temporarily discontinued pending further clinical evaluation and diagnosis confirmation. 
A specific CRF (“suspected pancreatitis” AE form) was used to collect information and 
document cases of potential pancreatitis.  
 
With the previous submission AEs potentially related to pancreatitis were analyzed 
using broad and narrow search criteria (Categories A, B and C)  for selected PTs of the 
acute pancreatitis standardized MedDRA query (SMQ)( MedDRA v14.1) combined with 
elevated amylase or lipase data (See Section 7.3 2 of the clinical review under NDA 
204961, page 101). There were 9 (0.2%) cases of pancreatitis in lixisenatide treated 
                                            
14 Sonal Singh, MD, MPH; Hsien-Yen Chang, PhD; Thomas M. Richards, MS; Jonathan P. Weiner, DrPH; 
Jeanne M. Clark, MD, MPH; Jodi B. Segal, MD, MPH. Glucagon like Peptide 1–Based Therapies and 
Risk of Hospitalization for Acute Pancreatitis in Type 2 Diabetes Mellitus. A Population-based Matched 
Case-Control Study. JAMA Intern Med. Published online February 25, 2013. 
15 Marked Expansion of Exocrine and Endocrine Pancreas With Incretin Therapy in Humans With 
IncreasedExocrine Pancreas Dysplasia and the Potential for Glucagon-Producing Neuroendocrine 
Tumors; Alexandra E. Butler, Martha Campbell-Thompson, Tatyana Gurlo, David W. Dawson, Mark 
Atkinson, and Peter C.Butler. Diabetes 62:2595–2604, 2013 
16 Pancreatic Safety of Incretin-Based Drugs — FDA and EMA Assessment. Amy G. Egan, M.D., M.P.H., 
Eberhard Blind, M.D., Ph.D., Kristina Dunder, M.D., Pieter A. de Graeff, M.D., B. Timothy Hummer, Ph.D., 
Todd Bourcier, Ph.D., and Curtis Rosebraugh, M.D., M.P.H. N Engl J Med. 2014 Feb 27;370(9):794-7 
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patients in the phase2/3 studies vs. 3 (0.1%) cases in all-comparators. Pancreatitis 
cases in lixisenatide –treated patients in studies included with the prior submission have 
already been discussed in section 7.3.2 of the clinical review under NDA 204961 (page 
102).  No cases of fatal, hemorrhagic or necrotizing pancreatitis were reported. Small 
numerical imbalances in pancreatic enzyme (lipase [2% vs. 1.6%] and  amylase[0.3% 
vs. 0.1%]) elevations over 3 X ULN  were also noted in the lixisenatide treated patients 
in the placebo controlled studies.  
 
An independent Pancreatic Safety Adjudication Committee (PSAC) was established in 
2013 to review and assess, in a blinded manner, pancreatic AEs (pancreatitis and 
pancreatic neoplasm) in the ongoing studies at the time (EFC11319 and EFC12626). All 
adverse events that were reported by the investigator in the special AE form for 
“Suspected Pancreatitis” or “Increase amylase or lipase (> 3XULN or >2XULN 
confirmed by a repeat test)” were to be reviewed and assessed by the PSAC.  The 
PSAC adjudication endeavors were facilitated by the  

. 
 
Events of pancreatitis were classified as acute, chronic, acute exacerbation of chronic 
pancreatitis or unknown. 
 
The definition of acute pancreatitis was adapted from Banks, Freeman, and the Practice 
Parameters Committee of the Am. College of Gastroenterology (Am J. of 
Gastroenterology 2006; 101: 2379-2400) and Frossard et al. (Lancet 2008; 371: 143-
52). Acute Pancreatitis was defined as an event that meets at least two of the following 
three criteria: 

• Abdominal pain 
o Generally located in the epigastric region - May radiate to the back 
o Swift onset reaching maximum intensity within 30 minutes. Varies in 

intensity, may be severe and persist for more than 24 hours without relief. 
o Commonly associated with nausea and vomiting 
o Physical examination may reveal fever, tachycardia, upper abdominal 

tenderness associated with guarding, rebound tenderness 
• Elevated blood levels of pancreatic enzymes (lipase and/or amylase) > 3x ULN 
• Characteristic imaging finding: Ultrasound, CT, MRI, and MRCP 

o Enlargement of the pancreas with diffuse edema 
o Heterogeneity of pancreatic parenchyma 
o Peripancreatic stranding 
o Peripancreatic fluid collections 
o Pancreatic necrosis 

 
The definition of chronic pancreatitis was adapted from Bornman et al. (BMJ 2001; 322: 
660- 663) and Buchler et al. (BMC Gastroenterology 2009; 9:93). Chronic pancreatitis 
was defined as: 
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• Characteristic imaging finding (Ultrasound, CT, or MRI) 
o Plain abdominal x-ray showing pancreatic calcifications 
o CT, MRI, or other imaging modalities (e.g., ERCP, MRCP, endoscopic 

ultrasound) showing ductal and/or parenchymal changes consistent with 
chronic pancreatitis: diffuse calcification, enlarged/irregular pancreas, dilated 
pancreatic duct +/- strictures, intrapancreatic cysts, pseudocysts, splenic vein 
thrombosis 

• Plus at least 1 of the following  criteria 
o Abdominal pain 
o Attacks of acute pancreatitis 
o Diarrhea 
o Weight loss 
o Steatorrhea 
o Complications: Bile duct obstruction/stenosis with cholestasis or jaundice; 

Duodenal obstruction/stenosis with clinical signs; Vascular 
obstruction/stenosis with clinical or morphological signs of portal/splenic 
vein hypertension; Pancreatic pseudocysts with clinical signs 
(compression of adjacent organs, infection, bleeding, etc.); Pancreatic 
fistula (internal or external); Pancreatogenic ascites; Other rare 
complications related to organs in vicinity (i.e., colonic stenosis, splenic 
pseudocyst, etc.) 

 
Acute exacerbation of chronic pancreatitis was defined as an event that meets the 
definition of acute pancreatitis (see #1 above) and occurs in a patient with chronic 
pancreatitis (see #2 above). 
 
Events that meet the definition of pancreatitis but are unable to be classified as either 
acute or chronic will be classified as unknown. 
 
For cases diagnosed as acute pancreatitis or acute exacerbation of chronic pancreatitis, 
the PSAC also had to assign the severity according to the following definition: 

• Mild: no peripancreatic complication AND no organ failure 
• Moderate: sterile peripancreatic complication OR transient organ failure 
• Severe: infectious peripancreatic complication OR pancreatic necrosis AND/OR 

persistent organ failure 
 
All pancreatic neoplasm related events were also reviewed and assessed by the PSAC. 
This included pancreatic mass, cysts and pseudocysts. 
 
New and Updated Data with Resubmission (NDA208471): 
Data from ELIXA and EFC12626 were considered separately since these were the only 
two studies that used adjudication of suspected pancreatitis events by the PSAC.  I also 
reviewed on-treatment SAEs of abdominal pain and “upper abdominal pain” in ELIXA 
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for any missed cases of pancreatitis.  I reviewed the PTs included in the acute and 
chronic pancreatitis HLT in data pool 2.  
 
In the ELIXA study, adjudicated pancreatitis events were reported in 5 (0.2%) 
lixisenatide treated subjects vs. 8 (0.3%) placebo treated subjects (Table 15).  In the 
lixisenatide arm, 3 (<0.1%) of these were acute pancreatitis or acute exacerbations 
compared to 7 (0.2%) for placebo. 
 

Table 22: Adjudicated Cases of Pancreatitis-ELIXA, Safety Population 
Adjudicated 
Pancreatitis 
Type  Pancreatitis Verbatim Term 

Lixisenatide 
(N=3031) 

Placebo 
(N=3032) 

 Total Subjects (filtered)     5 (  0.2%)     8 (  0.3%) 
ACUTE ON 
CHRONIC 
PANCREATITIS pancreatitis     1 (  0.0%)     0 (  0.0%) 

ACUTE 
PANCREATITIS 

acute pancreatitis     0 (  0.0%)     1 (  0.0%) 
acute symptomatic pancreatitis     0 (  0.0%)     1 (  0.0%) 
biliary pancreatitis     0 (  0.0%)     1 (  0.0%) 
gallstone pancreatitis     1 (  0.0%)     0 (  0.0%) 
pancreatitis     1 (  0.0%)     2 (  0.1%) 
suspected mild acute pancreatitis with 
vomiting and abdominal pain     0 (  0.0%)     1 (  0.0%) 
suspected pancreatitis     0 (  0.0%)     1 (  0.0%) 

CHRONIC 
PANCREATITIS 

chronic pancreatitis asymptomatic     0 (  0.0%)     1 (  0.0%) 
chronic pancreatitis (with symptom/ sign of 
abdominal pain)     1 (  0.0%)     0 (  0.0%) 
chronic relapsing pancreatitis, 
exacerbation     1 (  0.0%)     0 (  0.0%) 

Generated by reviewer using J-Review, Datasource- adae.xpt 
 
The narratives from ELIXA for the patients on lixisenatide with adjudicated pancreatitis 
were reviewed for any events of fatal, hemorrhagic or necrotizing pancreatitis.  I also 
reviewed the narratives of SAEs of abdominal pain to identify if any cases were missed.  
These are summarized below: 
 
Acute on chronic pancreatitis:  

• EFC11319-076-007-020: 68 yr. old female with history of obesity and mixed 
hyperlipidemia was diagnosed with pancreatitis. On day 169 elevations in lipase  
at 3.6×ULN (436 IU/L ) were reported, The event became serious on Day 171 
and the patient was hospitalized on the same day. The patient experienced 
nausea, frequent vomiting, and severe abdominal pain of heavy intensity with no 
fever and concurrent infections. A CT scan showed focal calcification in the body 
of the pancreas. There was no evidence of biliary lithiasis on the CT scan. No 
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corrective treatment was given. The IMP was permanently discontinued due to 
the event. The patient recovered from the event without sequelae. 

 
Acute pancreatitis: 

• EFC11319-710-017-019: 62 yr. old male with mixed hyperlipidemia was 
diagnosed with pancreatitis on Day 616. The patient developed severe 
abdominal pain and constipation. It was described as epigastric pain and 
radiating to flank and/or to back, Amylase increased to 2.69×ULN (269 IU/L), and 
the  highest lipase value reported was 15.66×ULN (1049 IU/L)). Ultrasound 
showed hepatic steatosis with focal fatty sparing adjacent to the gallbladder. The 
patient recovered from the event of pancreatitis without sequelae 

 
• EFC 11319- 840-511-004; 75 yr. old male with mixed hyperlipidemia was 

diagnosed with an adverse event of severe intensity, reported as gallstone 
pancreatitis (pancreatitis) on Day 54. The intensity of pain was severe. It was 
described as epigastric. Pancreatic enzymes were not elevated. CT, MRI and 
Ultrasound were performed.  The Gastroenterologic evaluation concluded that 
the patient had gallstone pancreatitis. Two common bile duct stones were 
removed on Endoscopic Retrograde Cholangiopancreatography (ERCP) and 
sphincterotomy performed. The IMP was temporarily discontinued. 

 
Chronic pancreatitis:  

• EFC 11319-428-001-003: 64 yr. old female with mixed hyperlipidemia had a 
serious adverse event of moderate intensity, reported as chronic relapsing 
pancreatitis, exacerbation and pancreatic pseudocyst on Day 910. Signs and 
symptoms included pain of moderate intensity. It was described as epigastric and 
radiating to flank and/or to back. Pancreatic enzymes were normal. ultrasound 
examination of the pancreas revealed uneven contours with non-uniform 
parenchyma. Echogenicity was increased with multiple pseudocysts of various 
sizes. No action was taken with the IMP. The patient died three months later due 
to non-Hodgkin’s lymphoma 

 
• EFC 11319-170-007-002: 67 yr. old male with hypertriglyceridemia was 

diagnosed with chronic pancreatitis on Day 1034.  Signs and symptoms included 
moderate abdominal pain. Its characteristics were not further specified. Amylase 
and Lipase values were all normal. The ultrasound exam was reported as chronic 
pancreatitis. The IMP was permanently discontinued. The patient recovered from 
the event without sequelae. 

 
Abdominal or Upper Abdominal pain reported as a SAE: 

• EFC11319-218-002-009: 51 yr. old male, On Day 156 of the study), the patient 
had a serious adverse event reported as epigastric pain (abdominal pain upper). 
The event required/prolonged hospitalization. It was determined that the patient 
did not experience acute myocardial infarction. Corrective treatment was given 
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but specific details were not reported. No action was taken with the IMP due to 
the event. The patient recovered from the event without sequelae. The patient 
continued to use the IMP at a dose of 15 μg per day.  

 
• EFC11319-578-001-003: 72 yr. old male, On Day 416 of the study the patient 

had a serious adverse event of moderate intensity, reported as stomach pain 
(abdominal pain upper associated with 6-7 episodes of emesis and was 
hospitalized. An ECG was performed and it was normal. No explanation was 
found for stomach pain. No corrective treatment was given. No action was taken 
with the IMP. 
 
Reviewer’s Comment: Acute pancreatitis cannot be excluded in this patient 
based on the available information. 

 
• EFC11319-616-008-005: 64 yr. old F: On Day 171 of the study, the patient had a 

serious adverse event of moderate intensity, reported as abdominal pain 
(abdominal pain). On the same day, the patient presented to the emergency 
room (ER) and was hospitalized. Blood work revealed a serum amylase level that 
was elevated less than 2 fold at 117 IU/L (normal limit: 0-90). Serum lipase levels 
were normal at 48 IU/L (normal limit: 7-60). On the same day, endoscopy was 
performed in the sigmoid colon. The results revealed colonic polyp and 
diverticulae. Total polypectomy using a thermal method was performed. The 
specimen collected from the polyp was subjected to histological examination and 
revealed tubulovillous adenoma with high grade dysplasia. A gastroenterologic 
evaluation, which involved an abdominal ultrasound, showed no evidence of 
pancreatitis.  

 
• EFC11319-642-013-022: 67 yr. old male, On Day 409 of the study the patient 

had a serious adverse event of moderate intensity, reported as pains in right side 
of the abdomen (abdominal pain). The event required/prolonged hospitalization. 
Prior to the event, an abdominal ultrasound showed a right adrenal gland tumor 
which was diagnosed five years earlier. An abdominal-pelvic CT scan revealed a 
right adrenal gland tissue mass measuring 103×95 mm with regular, clear 
contours, and non-homogenous structure. No surgery was performed. No action 
was taken with the IMP. 

 
• EFC11319-100-011-004: 65 yr. old male,  On Day 66 of the study (the patient 

had an adverse events of moderate intensity, reported as stomach-ache 
(abdominal pain  upper) and stomach swelling (abdominal distension). Treatment 
included omeprazole, famotidine, and pantoprazole sodium. The events of atrial 
fibrillation, abdominal pain upper and abdominal distension resulted in permanent 
discontinuation of the IMP.  
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In addition to the cases reported in the ELIXA study, there was one case of adjudicated 
pancreatitis in study EFC12626 
 

• EFC12626-642-111-019: A 57-year-old female patient had a TEAE of suspected 
pancreatitis of moderate intensity on Day 89. The Investigator reported that the 
event consisted of epigastric pain of mild intensity, nausea and diarrhea. On Day 
85, 4 days before the onset of the event, routine laboratory results showed lipase 
at 3.37 x ULN. Abdominal ultrasound performed on Day 90 revealed 
steatohepatitis, which was reported as a new TEAE. Head and body of the 
pancreas were visible at the ultrasound with dimensions at upper normal limit 
and the pancreas was homogeneous. Lipase retested on Day 90 was within the 
normal range. Lixisenatide was temporarily discontinued from Day 91 and was 
resumed on Day 102. 

 
Reviewer’s Assessment: 
There were no reports of fatal, hemorrhagic or necrotizing pancreatitis in these patients. 
There were no reports of infectious peri-pancreatic complications or organ failure.  
Additionally, based on my review of the SAEs of abdominal pain, it does not seem likely 
that severe events of pancreatitis were missed. 
 
For Data Pool 2, the incidence of events from the acute and chronic pancreatitis HLT 
was 21 (0.3%) for lixisenatide vs. 13 (0.3%) for placebo.  Acute pancreatitis related 
terms accounted for 16 (0.2%)patients with lixisenatide and 12 (0.3%) patients for 
placebo.  The applicant reports that the exposure adjusted incidence rate (EAIR) of 
pancreatitis TEAEs per 100 PY was 0.22 with lixisenatide and 0.17 with placebo 
resulting in an exposure-adjusted relative risk for lixisenatide versus placebo stratified 
by study was 1.25 (95% CI: 0.62, 2.61) 
 

Table 23: Acute and Chronic Pancreatitis HLT, Phase 2/3 studies, 
Safety Population 
 Dictionary 
Derived Term 

 Reported term for the 
adverse event 

LIXI 
N=7874 

PBO 
N=4842 

OTHCMP 
N=1237 

Edematous 
pancreatitis 

edematous pancreatitis     1 ( <0.1%)     0 (  0.0%)     0 (  0.0%) 
s. o. mild edematous pancreatitis     0 (  0.0%)     0 (  0.0%)     1 (  0.1%) 

Pancreatitis 

asymptomatic mild pancreatitis     0 (  0.0%)     1 <0.1%)     0 (  0.0%) 
biliary pancreatitis     0 (  0.0%)     2 (  <0.1%)     0 (  0.0%) 
elevated lipase and amylase-
suspected pancreatitis     1 (<0.1%)     0 (  0.0%)     0 (  0.0%) 
gallstone pancreatitis     1 (<0.1%)     0 (  0.0%)     0 (  0.0%) 
pancreatitis     3 ( <0.1%)     2 (<0.1%)     0 (  0.0%) 
pancreatitis (asymptomatic)     1 (<0.1%)     1 (<0.1%)     0 (  0.0%) 
responsive  pancreatitis     0 (  0.0%)     1 (  <0.1%)     0 (  0.0%) 
suspected pancreatitis     6 (  0.1%)     1 (  0.0%)     0 (  0.0%) 

Pancreatitis acute acute asymptomatic pancreatitis     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
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acute pancreatitis     1 (<0.1%)     2 (<0.1%)     0 (  0.0%) 
acute symptomatic pancreatitis     0 (  0.0%)     1  (<0.1%)     0 (  0.0%) 
suspected mild acute pancreatitis 
with vomiting and abdominal pain     0 (  0.0%)     1 (  <0.1%)     0 (  0.0%) 
toxic acute pancreatitis     1   (<0.1%)     0 (  0.0%)     0 (  0.0%) 

Pancreatitis 
chronic 

chronic pancreatitis     2 (<0.1%)     0 (  0.0%)     0 (  0.0%) 
chronic pancreatitis asymptomatic     0 (  0.0%)     1 (<0.1%)     0 (  0.0%) 
chronic pancreatitis, newly 
diagnosed, exacerbation     1 (<0.1%)     0 (  0.0%)     0 (  0.0%) 
chronic pancreatitis (with symptom/ 
sign of abdominal pain)     1 (<0.1%)     0 (  0.0%)     0 (  0.0%) 
chronic relapsing pancreatitis, 
exacerbation     1 (<0.1%)     0 (  0.0%)     0 (  0.0%) 

 subjects(filtered)    21 (  0.3%)    13 (  0.3%)     1 (  0.1%) 
Generated by Reviewer using J-Review , datasource, adae.xpt 
 
Amylase and Lipase elevations: 
Review of adverse events alone may not fully inform the risk for pancreatitis.  Thus, 
laboratory data for amylase and lipase were also reviewed.  Potentially clinically 
significant abnormalities (PCSA) for both were defined as values ≥ 3x ULN regardless 
of baseline value. 
 
In Data pool 2 the exposure adjusted incidence rate for elevations in lipase were 1.36 
per 100 PY in the lixisenatide group and 1.16 per 100 PY in the placebo group in 
patients with normal or missing baseline values.  For amylase, this was 0.22 per 100 PY 
in the lixisenatide group and 0.13 per 100 PY for the placebo group. 
 
In the ELIXA study, the incidence of PCSAs for amylase and lipase for lixisenatide vs. 
placebo was 0.4% versus 0.3%,and 2.2% versus 2.0% respectively. Though small, 
lixisenatide subjects had consistently more upward categorical shifts in pancreatic 
enzymes compared to placebo subjects (Table 24). Reported adverse events of 
increased pancreatic enzymes  were comparable between treatment groups (51 
patients [1.7%] for lixisenatide and 49 patients [1.6%] for placebo). 
More patients (12 patients [0.4%] treated with lixisenatide than with placebo (6 patients 
[0.2%]) permanently discontinued IMP due to this TEAE.  This has been observed with 
other drugs in the class and the clinical significance is unknown. 
 

Table 24:Shift tables for change from baseline for PCSA’s in Amylase 
and Lipase, ELIXA, Safety Population, On-treatment Period 
  
 Baseline Status for PCSA 
Analysis 

Lixisenatide (N=3031) 
≥3 ULN 
 

Placebo (N=3032) 
≥ 3 ULN 
 

Amylase 
Normal or missing    10/2832 (  0.4%)     8/2897 (  0.3%) 
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Lipase 
Normal or missing    62/2824 (  2. 2%)   59/2892 (  2.0%) 
Amylase and Lipase elevations 
Normal or missing     4 /2830(  0.1%)     3/2897 (  0.1%) 
The number (n) represents the subset of the total number of patients who met the criterion in question at 
least once. The denominator (/N1) for each parameter within a treatment group is the number of patients 
for the treatment group who had that parameter assessed during the on-treatment period (not missing), 
by baseline status. 
Source: tables 16.2.8.5.1.1  and 16.2.8.5.1.3, CSR for Study EFC11319 
 
Reviewer’s Conclusions about Pancreatitis: 
The incidence of any pancreatitis TEAEs in the acute and chronic pancreatitis HLT was 
0.3% with lixisenatide (21 patients) and 14 with all comparators (0.2%). In the phase2/3 
placebo-controlled studies the applicant reports that the  exposure adjusted incidence 
rate (EAIR) of pancreatitis TEAEs per 100 PY was 0.22 with lixisenatide and 0.17 with 
placebo. There were no cases of fatal, hemorrhagic or necrotizing pancreatitis. It should 
be noted that the overall incidence for pancreatitis was low, and this could reflect the 
exclusion of patients with a history of unexplained pancreatitis, chronic pancreatitis, and 
pancreatectomy. It should also be noted that this is generally consistent with what was 
seen with other GLP-1 receptor agonists, as the risk was mainly identified in the post-
marketing setting 
 
Although the difference was very small, numerically more patients consistently had 
categorical elevations in pancreatic enzymes compared to placebo. This has been 
observed with other drugs in the class and the clinical significance is unknown. 
 
The risk for pancreatitis with lixisenatide seems consistent with other GLP-1 receptor 
agonists and can be addressed by labeling. 
 

7.3.5.3 Renal Safety 

While non-clinical studies have not shown direct nephrotoxicity, there are concerns 
regarding the potential for GLP-1 receptor agonists to cause renal impairment. This is 
presumably secondary to GI effects and volume depletion resulting in acute renal 
failure.  
 
The potential for adverse renal effects with lixisenatide was assessed using reported 
adverse events as well as laboratory data. 
 
Renal function was assessed in the phase 2/3 studies  by measuring serum creatinine, 
creatinine clearance (Cockcroft-Gault formula) or eGFR based on Modification of Diet in 
Renal Disease MDRD) equation (EFC11319 only) and serum uric acid. Urinary 
albumin/creatinine ratio was collected in Studies EFC10781, EFC11321, EFC10780, 
EFC12261, EFC12626 and EFC11319 only.  

Reference ID: 3954238



Clinical Review 
Suchitra Balakrishnan, MD., PhD 
NDA 208471 
Adlyxin (Lixisenatide) 
 

88 

 
Prior Submission (NDA204961): 
With the prior submission, renal AEs were evaluated and summarized by using custom 
PT search  from MedDRA 14.1 (refer to Section 7.3.2 of the clinical review under NDA 
204961, page 165). There was no imbalance in renal TEAEs noted. Review of 
laboratory data did not reveal relevant mean changes for renal function (based on 
creatinine, creatinine clearance, and uric acid) over time compared to baseline values 
during the entire treatment period for the placebo-controlled Phase 3 pool. Among 
patients with normal creatinine clearance at baseline, shifts in creatinine clearance were 
comparable: 14.2% of lixisenatide patients vs. 14.5 % of placebo patients shifted to mild 
renal impairment. A total of 0.3% of patients in each group shifted to moderate renal 
impairment. No subject shifted to severe renal impairment. Among patients with mild 
renal impairment at baseline: 9.8% of lixisenatide-treated patients vs. 8.4% of placebo 
patients shifted to moderate renal impairment. Two (0.4%) patients on lixisenatide vs. 
one (0.3%) on placebo shifted to severe renal impairment. Among patients with 
moderate renal impairment at baseline, 2 (6.5%) lixisenatide treated patients vs. one 
(4.8%) placebo patient shifted to severe renal impairment.    
 
In the phase 3 placebo controlled Efficacy and Safety studies, the imbalance in TEAEs 
between the lixisenatide group and placebo group was slightly more pronounced in 
patients with mild renal impairment (creatinine clearance 50-80 mL/min-Cockcroft and 
Gault) than in patients with normal renal function (creatinine clearance >80 mL/min) 
(73.0% in lixisenatide group and 61.5% in placebo group versus 69.4% in lixisenatide 
group and 62.2% in placebo group, respectively This was primarily due to imbalances in 
the TEAEs of nausea (30.5% in the lixisenatide group and 4.7% in the placebo group 
vs. 24.1% in patients on lixisenatide vs. 6.3% on placebo); vomiting (14.4% in the 
lixisenatide group and 2.5% in the placebo group vs. 8.8% in patients on lixisenatide vs. 
1.6% on placebo), and hypoglycemia (21.8% in the lixisenatide group and 12.8% in the 
placebo group vs. 11.9% in patients on lixisenatide vs. 9.5% on placebo). This suggests 
an increased likelihood of common adverse events like nausea, vomiting and 
hypoglycemia with lixisenatide in patients with renal impairment, compared to patients 
with normal renal function.  This could potentially be related to increased exposure. The 
sample size for the moderate renal impairment subgroup was very small to draw any 
meaningful conclusions. 
 
New and Updated Information (NDA 2048471): 
In the current NDA submission, 655 patients randomized to lixisenatide in the ELIXA 
study had  moderate renal impairment and 1632 patients had mild renal impairment 
(Table 6) . There were only 14 patients with severe renal impairment (creatinine 
clearance 15 to less than 30 mL/min or eGFR 15 to less than 30 mL/min/1.73 m2) in the 
Phase 3 program. There is no therapeutic experience in patients with end-stage renal 
disease (ESRD, creatinine clearance <15 mL/min). Therefore no conclusions about 
efficacy or safety can be made for patients with severe renal impairment or ESRD, 
given the limited exposure. 
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The applicant has primarily summarized PTs in the renal and urinary disorders primary 
SOC in their analyses for renal AEs with this re-submission. The applicant has 
conducted a pharmacokinetic study (POP6053) to assess the PK and safety of 
lixisenatide in subjects with different degrees of renal impairment following a single 5 µg 
dose.  Based on the PK study results and safety assessments in  the Phase 3 studies in 
patient populations  with mild or moderate renal impairment, the applicant proposes no 
dose adjustment  for these populations. The clinical pharmacology reviewers have 
agree with this assessment17.  However use with caution is recommended in these 
patients, given the risk for renal failure secondary to vomiting and dehydration. The 
applicant indicates that experience is limited in patients with serious renal impairment 
and recommends against use in patients with ESRD. 
 
In all Phase 2/3 studies (data pool 2), the applicant indicates that the incidence of 
TEAEs in the Renal and urinary disorders SOC was similar between the two treatment 
groups: 427 (5.4%) patients with a rate per 100 patient-years (PY) of 4.23 in the 
lixisenatide group; and 331 (6.8%), rate per 100 PY of 4.34 in the placebo group. Most 
of the events occurred in the ELIXA study.  I examined PTs associated with the acute 
renal failure SMQ (MedDRA 17.1) for both the entire Phase 2/3 pool (data pool 2) to 
capture rare events, and the ELIXA study, since this includes a large population with 
moderate renal impairment with a 1:1 randomization for lixisenatide vs. placebo. 
 
For the phase 2/3 pool (data pool 2), I examined the HLTs under the renal and urinary 
disorders SOC in this study to look for any imbalances in more frequent events like 
urolithiasis etc. No significant imbalances were noted. The following PTs were noted 
when analyzing the “Acute renal failure” SMQ’ with a broad search in the entire phase 
2/3 pool: 
 

Table 25: Broad SMQ Search for Acute Renal Failure, Phase2/3 
studies (Data pool 2), Safety Population 
 High Level 
Term  Dictionary Derived Term 

LIXI 
N=7874 

PBO 
N=4842 

OTHCMP 
N=1237 

Renal 
function 
analyses 

Blood creatinine increased    32 (  0.4%)    28 (  0.6%)     2 (  0.2%) 
Blood urea increased     4 (  0.1%)     4 (  0.1%)     0 (  0.0%) 
Creatinine renal clearance 
decreased     3 (  <0.1%)     2 (  <0.1%)     0 (  0.0%) 
Glomerular filtration rate decreased     6 (  0.1%)     5 (  0.1%)     0 (  0.0%) 
Renal function test abnormal     1 (  <0.1%)     2 (  <0.1%)     0 (  0.0%) 
Creatinine renal clearance 
abnormal     0 (  0.0%)     2 (  <0.1%)     0 (  0.0%) 
Glomerular filtration rate abnormal     0 (  0.0%)     1 (  <0.1%)     0 (  0.0%) 

                                            
17 Clinical Pharmacology review by Dr’s Suryananarayana Sista and Ritesh Jain dated August 27, 2013, 
NDA 204961, DARRTs ID 3362819 
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 High Level 
Term  Dictionary Derived Term 

LIXI 
N=7874 

PBO 
N=4842 

OTHCMP 
N=1237 

Blood creatinine abnormal     0 (  0.0%)     1 (  <0.1%)     0 (  0.0%) 
Urinalysis  Protein urine present     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Urinary tract 
function 
analyses  Urine output decreased     1 (  <0.1%)     2 (  <0.1%)     0 (  0.0%) 
Nephro 
pathies and 
tubular 
disorders  Nephropathy toxic     1 (  <0.1%)     1 (  <0.1%)     0 (  0.0%) 

Renal failure 
and 
impairment 

Renal impairment    27 (  0.3%)    37 (  0.8%)     0 (  0.0%) 
Renal failure acute    45 (  0.6%)    37 (  0.8%)     0 (  0.0%) 
Renal failure    33 (  0.4%)    32 (  0.7%)     1 (  0.1%) 
Oliguria     2 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Acute prerenal failure     1 (  <0.1%)     2 (  <0.1%)     0 (  0.0%) 
Anuria     0 (  0.0%)     1 (  <0.1%)     0 (  0.0%) 

Renal failure 
complication Azotemia     3 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Urinary 
abnormality 

Albuminuria     2 (  <0.1%)     3 (  0.1%)     0 (  0.0%) 
Proteinuria    10 (  0.1%)     3 (  0.1%)     2 (  0.2%) 

 Subjects (Total) 158 (2.0%) 151 (3.1%) 4 (0.3%) 
Source: generated by reviewer using J-Review and MAED, datasource-adae.xpt 
 
ELIXA: 
Data from ELIXA was considered separately.  There were 41 (1.35%) vs. 35 (1.15%) 
events of “acute renal failure”, and 31 (1.0%) vs. 29 (1.0%) events of “renal failure” for 
lixisenatide and placebo treated patients respectively. Twenty events (0.7%) of “acute 
renal failure” were reported as SAEs in the ELIXA study, for both the lixisenatide and 
placebo arms. The PT “Renal Failure” was reported as an SAE in 6 (0.2%) lixisenatide 
patients vs. 5 (0.2%) placebo patients. The narratives for the Acute Renal failure events 
in the lixisenatide arm were reviewed for any unusual presentations and association to 
GI side effects (see table below).  The triggering event and treatment was unspecified 
for some cases, but for most patients, the triggering events were conditions and co-
morbidities that were common in this patient population that were within 180 days of an 
ACS event. 
 

Table 26: Patients on Lixisenatide who Experienced  “Acute Renal 
Failure” or “Renal Failure” as an SAE, EFC11319, Safety Population 
Patient ID Triggering event Treatment /Outcome 
011319-170-017-001 Congestive heart 

failure/Cardiogenic shock 
Hemodialysis/fatal  

011319-840-046-013 Benign prostatic 
hyperplasia, meatal 
stenosis 

Surgical, recovered 
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Patient ID Triggering event Treatment /Outcome 
011319-032-028-005 Kidney stones, 

hydronephrosis 
Surgical, recovered 

011319-076-004-001 Unspecified (GFR declined 
from 43.8-13ml/min/1.73m2) 

None/recovering 

011319-076-006-013 Unspecified Unspecified, IMP 
discontinued 

011319-076-018-002 Mesenteric ischemia 
followed by multi-organ 
failure, septic shock 

Fatal 

011319-076-018-020 UTI, nephrolithiasis Medical, IMP temporarily 
interrupted 

011319-076-018-053 Unspecified (creatinine 2.18 
mg/dl, potassium-6.9mol/L) 

Medical, IMP temporarily 
interrupted 

011319-124-025-011 LV dysfunction, severe 
mitral regurgitation, acute 
on chronic renal failure 

Medical, IMP temporarily 
interrupted 

011319-158-001-002 Unspecified Unspecified, IMP 
discontinued 

011319-208-011-010 Clostridium-difficile 
enterocolitis 

Medical, IMP temporarily 
interrupted 

011319-376-011-011 Diarrhea, acute on chronic 
renal failure 

Medical, IMP temporarily 
interrupted 

011319-380-001-009 COPD exacerbation, 
respiratory failure, 
Congestive heart failure 

non-invasive mechanical 
ventilation (NIMV) and 
diuretics, dose of IMP 
reduced 

011319-484-022-010 Gastroenteritis, Third 
degree AV block 

Pacemaker / Medical, IMP 
temporarily interrupted 

011319-604-010-011 Urinary tract Infection Medical, IMP continued 
011319-608-008-001 Sepsis/Pneumonia Medical, IMP continued 
011319-642-031-016 CT angiography with 

contrast 
Medical, IMP continued 

011319-710-023-008 Congestive heart failure Medical, IMP continued 
011319-826-005-005 Chronic Kidney disease 

Stage-4, acute on chronic 
renal failure 

Medical, IMP discontinued 

011319-840-007-003 Contrast for CT scan Medical, IMP continued 
011319-840-046-012 BPH, Hydronephrosis Unspecified, IMP continued 
011319-840-135-001 Congestive heart failure, 

acute on Chronic renal 
failure 

Medical, IMP discontinued 

011319-840-150-003 Acute on chronic renal Medical, IMP temporarily 
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Patient ID Triggering event Treatment /Outcome 
failure, bladder carcinoma interrupted 

011319-840-258-011 Congestive heart failure, 
Acute on Chronic renal 
failure 

Medical, IMP continued 

011319-840-382-001 Congestive heart failure, 
Acute on Chronic renal 
failure 

Medical, IMP continued 

011319-320-008-026 Unspecified Unspecified, IMP 
discontinued 

(Medical treatment-treatment directed to the cause, associated and triggering event 
e.g., fluids, holding ACE-inhibitor, diuretics etc., other than dialysis) 
 
Of these subjects, vomiting and abdominal pain preceded the event in only one patient: 
 

• EFC11319-710-025-002: 74 year old female whose left ventricular systolic 
function was not assessed post ACS. At screening, the patient was considered to 
be in NYHA class I based on functional status. On Day 165 of the study the 
patient had an adverse event of moderate intensity reported as renal failure 
(renal failure), with the patient on a follow-up visit complaining of vomiting, 
diarrhea, and cramping pains just before dehydration, and elevated creatinine. 
The event became serious on Day 167 .  Corrective treatment included IV fluids, 
metoclopramide, calcium and epinephrine. On Day 168, the patient was 
discharged from the hospital. The IMP was permanently discontinued due to the 
event of renal failure. The patient was again admitted to another hospital due to 
renal failure diagnosed by raised creatinine levels. She developed bradycardia, 
hyperkalemia, and low BP. Her Glasgow Coma Scale evaluation was reported to 
be poor. She required intubation and went into cardiac arrest 30 minutes later; 
resuscitation attempts were unsuccessful. The patient died on Day 169 due to 
the event of renal failure 

 
Reviewer’s Comment: This narrative is similar to events reported with other GLP-
1 receptor agonists and consistent with a class effect of delayed gastric 
emptying, although the event may also be due to gastroenteritis from infectious 
causes. eGFR data for this patient is not available. 

 
Changes in estimated GFR (eGFR) in the ELIXA study: 
The following major categorical shifts in eGFR (mL/min/1.73m2) were noted in the 
ELIXA study, subjects who shifted from Normal or mild renal impairment to end-stage 
renal disease, severe renal impairment or moderate renal impairment are shown.  Shifts 
by category were comparable between lixisenatide and placebo 
 

Reference ID: 3954238



Clinical Review 
Suchitra Balakrishnan, MD., PhD 
NDA 208471 
Adlyxin (Lixisenatide) 
 

93 

Table 27: Categorical Shifts in eGFR, ELIXA, Safety Population 
Baseline Status 
eGFR 
(mL/min/1.73m2) 

≥30 - < 60 
(moderate decrease 
in GFR) 
On-treatment 

≥15 - < 30 (severe 
decrease in GFR) 
On-treatment 

< 15 (end stage renal 
disease) 
On-treatment 

LIXI PBO LIXI PBO LIXI PBO 
NORMAL 
 

21/676 
(3.1%) 

18/644 
(2.8%) 

2/676 (0.3%) 2/644 (0.3% 0/676 0/644 

≥ 60 - < 90 (mild 
decrease in GFR) 
 

303/1458 
(20.8%) 

318/1472 
(21.6%) 

11/1458 
(0.8%) 

9/1472 
(0.6%) 

1/1458 
(<0.1%) 

1/1472 
(<0.1%) 

≥30 - < 60 
(moderate 
decrease in GFR) 
 

  64/564 
(11.3%) 

70/675 
(10.4%) 

2/564 (0.4%) 6/675 (0.9%) 

Source:  Table 16.2.8.8.1.1, CSR for study EFC11319 
 
Urine albumin Creatinine Ratio (UACR): 
Progression of albuminuria may be a marker of nephropathy. The UACR was measured 
at Weeks 0, 24, 76, 108 and End of Study. 
 
The applicant assessed this as a secondary efficacy endpoint in the ELIXA study. 
Patients who were normal or had microalbuminuria at baseline, who shifted to 
microalbuminuria or macroalbuminuria are shown. Comparable numbers of subjects on 
lixisenatide or placebo progressed to micro or macroalbuminuria from their baseline 
status 
 

Table 28: Summary of urine albumin/creatinine ratio categories 
according to baseline categories - ITT population 
Baseline Status 
Urine 
albumin/Creatinine 

Microalbuminuria  On-treatment 
≥30 mg/g - <300 mg/g (≥3.4 
mg/mmol - <33.9 mg/mmol) 

Macroalbuminuria On-treatment 
≥300 mg/g (≥33.9 mg/mmol) 

 LIXI PBO LIXI PBO 
<30 mg/g (<3.4 
mg/mmol) 

503/2143 (23.5%) 499/2087 (23.9%) 41/2143 (1.9%) 54/2087 (2.6%) 

≥30 mg/g - <300 mg/g 
(≥3.4 mg/mmol - 
<33.9 mg/mmol) 

297/504 (58.9%) 337/552 (61.1%) 131/504 (26.0%) 149/552 (27.0%) 

Source: Table 16.2.6.3.16, CSR for Study EFC11319 
 
Common adverse events in Renal subgroups, ELIXA 
 
This was assessed since increased frequency of nausea, vomiting and hypoglycemia 
was observed in patients with mild renal impairment in the phase 3 Efficacy and Safety 
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studies. In addition about 40% greater exposures are expected in patients with 
moderate renal impairment based on pharmacokinetic data. 
 
The following Common AEs that observed more frequently with lixisenatide compared 
to placebo are presented by renal sub-populations (Table 29). Overall the differences 
were consistent between lixisenatide and placebo in each subgroup,  for nausea & 
vomiting symptoms and PTs related to fatigue and malaise. Renal failure was seen 
more commonly in the sub-group with moderate renal impairment for both lixisenatide 
and placebo treated patients. An exaggerated increase in gastrointestinal adverse 
events and dehydration, between lixisenatide vs. placebo was seen in the sub-category 
with eGFR- 30 to <45 ml/min/1.73m2 for lixisenatide treated subjects. In addition, more 
subjects on lixisenatide with moderate renal impairment discontinued due to 
gastrointestinal events compared to subjects with normal renal function (Table 30). 
 

Table 29: Common Gastrointestinal and Fatigue-related AEs by Renal 
function, ELIXA, Safety Population 
Normal Renal function (eGFR ≥90ml/min/1.73m2): 

 Dictionary Derived Term 
Lixisenatide 
N=738 

Placebo 
N=675 

Nausea   148 ( 20.1%)    34 (  5.0%) 
Hypoglycemia   137 ( 18.6%)   121 ( 17.9%) 
Dizziness    56 (  7.6%)    29 (  4.3%) 
Vomiting    46 (  6.2%)    12 (  1.8%) 
Fatigue    30 (  4.1%)    18 (  2.7%) 
Asthenia    22 (  3.0%)    13 (  1.9%) 
Decreased appetite    15 (  2.0%)     6 (  0.9%) 
 
Mild renal Impairment (eGFR 60 to < 90 mL/min/1.73m2) 

 Dictionary Derived Term 
Lixisenatide 
N=1629 

Placebo 
N=1602 

Nausea   349 ( 21.4%)    89 (  5.6%) 
Hypoglycemia   313 ( 19.2%)   268 ( 16.7%) 
Dizziness   136 (  8.3%)   108 (  6.7%) 
Vomiting   127 (  7.8%)    42 (  2.6%) 
Headache   109 (  6.7%)    67 (  4.2%) 
Asthenia    79 (  4.8%)    40 (  2.5%) 
Fatigue    59 (  3.6%)    29 (  1.8%) 
Malaise    27 (  1.7%)     5 (  0.3%) 
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Moderate renal Impairment (eGFR 30 to < 60 mL/min/1.73m2) and Sub-category 30 to 
<45 ml/min/1.73m2: 
 Dictionary Derived 
Term eGFR-30 to <60  mL/min/1.73m2  eGFR- 30 to ≤ 45 ml/min/1.73m2 
 Lixisenatide 

N=655 
Placebo 
N=743 

Lixisenatide 
N=199 

Placebo 
N=219 

Nausea   161 ( 24.6%)    58 (  7.8%) 57 (28.6%) 19 (8.7%) 
Hypoglycemia   159 ( 24.3%)   167 ( 22.5%) 53 (26.6%) 63 (28.8%) 
Vomiting    83 ( 12.7%)    27 (  3.6%) 34 (17.1%) 8 (3.7%) 
Diarrhea    77 ( 11.8%)    52 (  7.0%) 30 (15.1%) 18 (8.2%) 
Headache    41 (  6.3%)    34 (  4.6%) 11 (5.5%) 12 (5.5%) 
Dizziness    67 ( 10.2%)    55 (  7.4%) 23 (11.6%) 14 (6.4%) 
Asthenia    29 (  4.4%)    23 (  3.1%) 11 (5.5%) 8 (3.7%) 
Decreased 
appetite    34 (  5.2%)     9 (  1.2%) 

 
10 (5.0%) 1 (0.5%) 

Dehydration     9 (  1.4%)     2 (  0.3%) 5  (2.5%) 0 (0.0%) 
Renal failure acute    26 (  4.0%)    20 (  2.7%) 14 (7.0%) 10 (4.6%) 
Renal failure    20 (  3.1%)    21 (  2.8%) 13 (6.5%) 13 (5.9%) 
Source: Generated by reviewer using J-Review, datasource: adae.xpt and adsl.xpt 
 

Table 30: Discontinuations due to Gastrointestinal and Fatigue-related 
PT’s by Renal subgroup: 
 
 Dictionary Derived 
Term eGFR->90ml /min/1.73m2  eGFR- 60 to <90 ml/min/1.73m2 

 
Lixisenatide 
N=738 

Placebo 
N=675 

Lixisenatide 
N=1629 

Placebo 
N=1602 

Total (n)    71 (  9.6%)    42 (  6.2%)   198 ( 12.2%)   131 (  8.2%) 
Nausea    13 (  1.8%)     0 (  0.0%)    48 (  2.9%)     3 (  0.2%) 
Vomiting     7 (  0.9%)     0 (  0.0%)    12 (  0.7%)     2 (  0.1%) 
Malaise     2 (  0.3%)     0 (  0.0%)     3 (  0.2%)     0 (  0.0%) 
Dizziness     1 (  0.1%)     0 (  0.0%)     1 (  0.1%)     1 (  0.1%) 
Decreased 
appetite     1 (  0.1%)     0 (  0.0%)     2 (  0.1%)     0 (  0.0%) 
Diarrhea     0 (  0.0%)     2 (  0.3%)     3 (  0.2%)     1 (  0.1%) 
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 Dictionary Derived 
Term eGFR- 30 to < 60 mL/min/1.73m2  eGFR- 30 to <45 ml/min/1.73m2 

 
Lixisenatide 
N=655 

Placebo 
N=743 

Lixisenatide 
N=199 

Placebo 
N=219 

Total (n)   146 ( 22.3%)   129 ( 17.4%)    56 ( 28.1%)    40 ( 18.3%) 
Nausea    30 (  4.6%)     8 (  1.1%)    14 (  7.0%)     2 (  0.9%) 
Vomiting    14 (  2.1%)     2 (  0.3%)     6 (  3.0%)     1 (  0.5%) 
Dizziness     5 (  0.8%)     2 (  0.3%)     2 (  1.0%)     0 (  0.0%) 
Diarrhea     4 (  0.6%)     0 (  0.0%)     2 (  1.0%)     0 (  0.0%) 
Asthenia     3 (  0.5%)     1 (  0.1%) - - 
Decreased 
appetite     3 (  0.5%)     0 (  0.0%)     1 (  0.5%)     0 (  0.0%) 
Hypoglycemia     3 (  0.5%)     1 (  0.1%)     1 (  0.5%)     0 (  0.0%) 
 Source: Generated by reviewer using J-Review, datasource: adae.xpt and adsl.xpt; 
 
Reviewer’s Conclusions about Renal Adverse Events: 
In all Phase 2/3 studies, the incidence of TEAEs in the Renal and urinary disorders 
SOC was similar between the two treatment groups: 427 (5.4%) patients with a rate per 
100 patient-years (PY) of 4.23 in the lixisenatide group and 363 (6.0%) patients in the 
all comparators group. Most of the events occurred in the ELIXA study.  PTs included in 
the “Acute renal failure” SMQ were also balanced.  Categorical shifts in eGFR and urine 
albumin-creatinine ratio were also comparable between lixisenatide and placebo treated 
patients in the ELIXA study. When analyzing common adverse events by renal sub-
group, there appeared to be an exaggerated increase in gastrointestinal adverse events 
and dehydration between lixisenatide vs. placebo in the sub-group with moderate renal 
impairment. More subjects on lixisenatide with moderate renal impairment discontinued 
due to gastrointestinal events compared to subjects with normal renal function 
 
The data suggests that there is no new signal for renal safety compared to other GLP-1 
receptor agonists. Lixisenatide should be used cautiously in patients with mild or 
moderate renal impairment due to the increased potential for acute renal failure 
secondary to dehydration from gastrointestinal side effects in these patients. Experience 
in patients with severe renal impairment is limited. This can be addressed by 
appropriate labeling. 

7.3.5.4 Immunogenicity 

Immunogenicity is a concern with all injectable peptides and has been observed with 
the approved products in the GLP-1 receptor agonist class. The development of anti-
drug antibodies (ADA) can be associated with local or systemic hypersensitivity 
reactions by triggering an immune response. Development of antibodies with 
neutralizing activity or cross-reactivity to endogenous GLP-1/glucagon may result in 
reduced efficacy or potential safety issues due to interferences with normal glucose 
regulation. 
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Figure 6: Plot of HbA1c change (%) versus Antibody concentration at 
week 24, Phase 3 Placebo-controlled Efficacy studies  

 
Source: Generated by Dr. Jiwei He using the adabef.xpt dataset 
 
Antibody-positive status was associated with: 
 

• Numerical increase in the incidence of HLT’s (%) overall and for some for some 
TEAEs, were seen in antibody positive patients versus antibody negative patients 
(Table 43, clinical review under NDA 204961).  The largest difference was 
observed for upper respiratory infections (placebo-20.4%, lixisenatide antibody 
positive-25.4%, lixisenatide  antibody negative-16.4% ). An exception was the 
gastrointestinal HLT for nausea and vomiting, for which equal incidence in 
antibody positive and negative patients were seen (placebo-8.9%, lixisenatide 
antibody positive-29.5%, lixisenatide  antibody negative-33.9 %) 

• Injection site reactions (increased incidence of injection site reactions [HLT] with 
5.6% in antibody positive, 2.3% in  antibody negative-2.3%, and 1.8% in placebo)  
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• The incidence of hypoglycemic conditions (HLT) in ADA positive subjects was 
increased overall with 19.5% in antibody positive, 16.7% in antibody negative 
and 14.8% in placebo treated subjects.  A numerical increase in symptomatic 
hypoglycemia was observed in antibody positive patients compared to antibody 
negative patients in the add-on to metformin [7.8% vs. 5.0%], add-on to 
pioglitazone [8.4% vs. 4.2%] and add on to basal insulin study [49.4% vs. 26.9%] 
but not in the add-on to sulfonylurea study over the entire treatment period. 

• Allergic reactions (Among the patients with ARAC adjudicated allergic reactions 
over the entire-treatment period, high antibody titers seemed to be associated 
with a higher incidence of allergic reactions [6.7% if > 100 nmol/L, 2.3% if ≥ 
LLOQ and < 100 nmol/L, 1.3% if < LLOQ].  This will be discussed further in   
7.3.5.5.) 

 
Immunogenicity data from ELIXA: 
In ELIXA, anti-lixisenatide antibody status and titer were determined in blood samples 
collected at baseline, Week 24 (Visit 8), Week 48 (Visit 12), Week 108 (Visit 20) (if 
appropriate), and at the end-of-study visit. The findings were similar to the phase 3 
efficacy and safety studies. At baseline, 19 patients (0.6%) in the lixisenatide group 
were antibody-positive as were 25 patients (0.8%) in the placebo group. The 
percentage of patients who were antibody-positive in the lixisenatide group increased 
with time (61.8% at week 24, 68.9% at Week 48 and 70.0% at Week 108 versus 0.8% 
in the placebo group).  
 
Post-treatment antibody status was measured only in 154 patients in the lixisenatide 
group who had a positive anybody status at the time of permanent treatment 
discontinuation. The percentage of patients with a positive antibody status decreased 
over time: 52/60 (86.7%) patients remained positive in the first 3 months after treatment 
discontinuation, 40/50 (80.0%) were still positive after 3 to 6 months, and 41/79 (51.9%) 
were still positive after 6 months and beyond. 
 
Fifty-four of 3,031 patients (1.8%) treated with lixisenatide had an injection site reaction 
within the first 24 weeks of treatment. Of 2,704 patients with evaluable antibody status, 
33 (2.0%) with an injection site reaction were antibody-positive and 14 (1.3%) were 
antibody-negative. Eleven of 3031 patients (0.4%) treated with lixisenatide had an 
allergic reaction as adjudicated by the ARAC within the first 24 weeks of treatment., 
information on anti-lixisenatide antibody status was available for only 8 of these patients 
(out of 2,704 with evaluable antibody status): 4 out of 1,655 (0.2%) were antibody-
positive and 4 out of 1,049 (0.4%) were antibody-negative 
 
Reviewer’s Conclusions about Immunogenicity: 
In the phase 3 Efficacy and safety studies and ELIXA, up to 70% of patients were anti-
lixisenatide antibody (ADA) positive by week 24. The detection of antibody formation is 
highly dependent on several factors including the sensitivity and specificity of the 
assay., timing of sample collection and handling, concomitant medications, and 
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underlying disease. For these reasons, the incidence of antibodies to lixisenatide cannot 
be directly compared with the incidence of antibodies of other products. However, it is to 
be noted that excluding exenatide and exenatide  extended-release, less than 10% of 
patients in the clinical programs for the other approved GLP1 agonists developed anti-
drug antibodies.  
 
Antidrug- antibodies that cross-react to endogenous GLP1 or glucagon may affect 
glucose homeostasis. Antidrug antibodies may also neutralize lixisenatide and impact 
efficacy. Cross-reactivity of anti-lixisenatide antibodies to endogenous GLP-1 and 
glucagon was assessed in only three phase 3 studies only.  28% of patients in these 
studies developed cross-reactive antibodies to endogenous GLP-1, and  5% developed 
cross-reactive antibodies to glucagon. Neutralizing activity was not assessed and data 
on cross-reactive antibodies after discontinuation of therapy is not available. 
 
A reduced efficacy response in terms of HbA1c change from baseline was observed 
with increasing antibody concentrations. Patients who were ADA positive had increased 
frequency of injection site reactions and adjudicated allergic reactions occurred in 
increasing frequency in patients with increasing antibody concentrations in the phase 3 
Efficacy studies (Data pool 1).  
 

7.3.5.5 Hypersensitivity Reactions 

The development of antibodies with treatment raised the possibility that hypersensitivity 
reactions may occur following treatment with lixisenatide. This concern is further 
amplified by the post marketing cases of anaphylaxis and angioedema reported with 
other GLP-1 receptor agonists and DPP4 inhibitors. 
 
An allergic reactions adjudication committee (ARAC) was established in April 2007 
during the Phase 2 Study DRI6012 and it reviewed and adjudicated all potential allergic 
TEAEs reported by the investigators in this study and all subsequent Phase 1, Phase 2, 
and Phase 3 studies. For the Phase 2/3 program (except ACT6011) and for the Phase 1 
program (except studies AVE0010/01-016, BDR6864, INT6052, INT6863, POP6053, 
and TDU10121 which were conducted before the ARAC was established), all events 
reported on the specific AE form for allergic reaction were sent by the applicant to the 
ARAC periodically while studies were ongoing. ARAC members were independent from 
the applicant and the investigators, and were blinded on the actual IMP received by the 
patients. 
 
An imbalance in hypersensitivity reactions adjudicated by the ARAC was noted in the 
previous submission (clinical review under NDA 204961, page 90). The ARAC 
adjudicated eight cases as anaphylactic reactions and three as anaphylactic shock in 
the clinical development program. Of these 11 cases, nine cases were associated with 
lixisenatide treatment. The remaining two were attributed to cefazolin and bee sting 
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hypersensitivity. The Division of Pulmonary, Allergy and Rheumatology products 
(DPARP)20 was consulted to evaluate this safety signal. Based on their review, the 
ARAC criteria for diagnosis were consistent with the National Institute of Allergy and 
Infectious Disease (NIAID) and the Food Allergy and Anaphylaxis Network (FAAN) 
criteria published in 200621. 
 
As discussed in the FAAN criteria, anaphylaxis is highly likely when any one of the 
following 3 criteria is fulfilled: 
 

1) Acute onset of an illness (minutes to several hours) with involvement of the skin, 
mucosal tissue, or both (e.g., generalized hives, pruritus or flushing, swollen lips, 
tongue-uvula), and at least one of the following: 

a. Respiratory compromise (e.g., dyspnea, wheeze-bronchospasm, stridor, 
reduced PEF, hypoxemia) 

b. Reduced BP or associated symptoms of end-organ dysfunction 
(e.g.,hypotonia (collapse), syncope, incontinence) 

2) Two or more of the following that occur rapidly after exposure to a likely allergen 
for that patient (minutes to several hours): 

a. Involvement of the skin-mucosal tissue (e.g., generalized hives, itch-flush, 
swollen lips-tongue-uvula) 

b. Respiratory compromise (e.g., dyspnea, wheeze-bronchospasm, stridor, 
reduced PEF, hypoxemia) 

c. Reduced BP or associated symptoms (e.g., hypotonia (collapse), 
syncope, incontinence) 

d. Persistent gastrointestinal symptoms (e.g., crampy abdominal pain, 
vomiting) 

3) Reduced BP after exposure to known allergen for that patient (minutes to several 
hours): 

a. Infants and children: low systolic BP (age specific) or greater than 30% 
decrease in systolic BP 

b. Adults: systolic BP of less than 90 mm Hg or greater than 30% decrease 
from that person's baseline 

 
The ARAC further classified the event by severity based on a pre-specified scale. 
However, DPARP advised that that the NIAID/FAAN diagnostic criteria do not grade the 
severity of anaphylaxis. Further, DPARP does not make a distinction between 
“anaphylactic reaction” and “anaphylactic shock”, but rather uses the term “anaphylaxis” 
to identify cases meeting criteria. By virtue of multi-organ, multi-system involvement and 
the unpredictable nature of anaphylaxis, all events are considered severe and 

                                            
20 DPARP Consult review by Dr. Stacy Chin dated August 26, 2013, NDA204961,DARRTs reference ID 
3363148; and updated consult to NDA 208471 dated April 5, 2016, DARRTS reference ID 3912413. 
21 Sampson HA, Munoz-Furlong A, Campbell RL, Adkinson NJ, Bock SA, Branum A, et al. Second symposium on the 
definition and management of anaphylaxis: Summary report – Second National Institute of Allergy and Infectious 
Disease/Food Allergy and Anaphylaxis Network Symposium. J Allergy Clin Immunol. 2006; 117:391-7 
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potentially life-threatening. In addition, DPARP included the case reclassified by the 
ARAC as an “anaphylactoid” reaction which occurred with the first exposure because in 
their determination the NIAID/FAAN criteria, by definition, are clinical-based and not 
dependent on known mechanism of action or history of pre-exposure.  
 
DPARP did evaluate the narratives for on-treatment possible allergic-like events sent to 
the ARAC for adjudication. DPARP opined that the adjudication process followed by the 
ARAC appeared capable of identifying significant hypersensitivity reactions.  DPARP 
also commented that that investigators witness to the adverse event were in the best 
position to provide a diagnosis and to make a determination of severity and relatedness 
to treatment. DPARP took a conservative approach in the determination of anaphylaxis 
by limiting the identification to cases fulfilling FAAN criterion 1 and identified 7 cases of 
anaphylaxis across all studies (including the phase 1 program) that had an association 
to lixisenatide treatment. This resulted in an estimated frequency of lixisenatide-
associated anaphylaxis of 0.17 % (7/4004 patients).  However DPARP noted that the 
three remaining cases adjudicated by the ARAC as anaphylaxis in the phase 2/3 
program were notable for acute onset of symptoms suggestive of mediator-release and 
drug hypersensitivity following lixisenatide administration. Two out of these three cases 
met criteria for angioedema, although breathing difficulties/laryngeal edema were not 
reported and IMP was discontinued after all these events. 
 
In summary, while there were some differences between DPARP and ARAC 
adjudication for anaphylaxis, this did not alter conclusions about the presence of a 
signal for serious hypersensitivity noted pre-marketing.  This is in contrast to the three 
GLP-1 receptor agonists approved at the time of the original NDA submission (i.e., 
exenatide, exenatide LAR and liraglutide) for which serious hypersensitivity reactions 
were not seen in the clinical development program but were only identified in the 
postmarket setting. Any conclusions on the differences between members of the class 
should be made with caution as the other clinical programs did not prospectively assess 
for hypersensitivity reactions. In addition, there is a large clinical database of over 
10,035.9 PY of exposure to lixisenatide (data pool 2) with the median duration of 
treatment with lixisenatide of 526.0 days in this clinical program, in comparison to those 
for the other approved GLP-1 receptor agonists  
 
With the resubmission, in addition to updated clinical summaries of allergic reactions 
that were sent to the ARAC for adjudication, the applicant also submitted a white paper 
to further evaluate the potential risk of hypersensitivity reactions in patients receiving 
lixisenatide. This was in response to the mid-cycle communication from FDA dated 
January 21, 2016 which indicated that anaphylaxis and hypersensitivity reactions 
remain a clinical safety issue under consideration. This included an SMQ analysis of 
clinical trial data with MedDRA preferred terms coded from investigator verbatim terms 
for hypersensitivity events. Pharmacoepidemiologic evaluations of the incidence of 
hypersensitivity in the lixisenatide development program, as well as post-marketing 
reports of hypersensitivity events were also included. The division has consulted the 
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Office of Surveillance and Epidemiology (OSE) to evaluate the pharmacoepidemiology 
and post-marketing analyses. 
 
Since there were no major differences between the DPARP and ARAC assessments, I 
present the updated incidence of ARAC adjudicated allergic reactions and new cases of 
anaphylaxis or other serious allergic reactions/hypersensitivity events reported in the 
completed studies.  Cases adjudicated as related to the IMP are also presented for 
comparison, although causality assessments should be interpreted with caution. 
Anaphylactic reactions and anaphylactic shock were combined. Since the applicant has 
done an SMQ analysis of investigator reported terms, this was also assessed. In 
addition, the events that resulted in discontinuation of IMP were also evaluated, since 
these would be likely associated to the IMP based on investigator opinion, rather than 
events that were attributed to alternative causes where study treatment was continued.  
On comparing the tables below, it is clear that there is a close overlap between PT’s 
that led to IMP discontinuation and PT’s that the adjudicators attributed to the IMP. Ten 
cases of anaphylaxis with lixisenatide were attributed to the IMP.  There were eleven 
events that led to IMP discontinuation vs. none with placebo. While discontinuation of 
the IMP may be suggestive of association to IMP, other etiologies for the event cannot 
be excluded. On the other hand, continuation of the IMP and spontaneous resolution of 
the event indicates association to the IMP is unlikely. 
 

Table 36: ARAC Adjudicated Allergic Events in One or More 
Lixisenatide Treated Patients, Phase2/3 Pool, Safety Population 
Allergic Reaction 
Preferred Term 

LIXI 
N=7874 

PBO 
N= 4842 

OTHCMP 
N=1237 

Total Events   106 ( 1.35%)       45 ( 1.0%)  5 ( 0.40%) 
Urticaria    27 (  0.3%)    14 (  0.3%)     0 ( 0.0%) 
Rhinitis allergic    19 (  0.2%)     6 (  0.1%)     2 ( 0.2%) 
Anaphylaxis    16 (  0.2%)     5 (  0.1%)     0 ( 0.00%) 
Dermatitis contact     8 (  0.1%)     1 (  0.0%)     1 ( 0.1%) 
Angioedema     8 (  0.1%)     6 (  0.1%)     1 ( 0.1%) 
Conjunctivitis allergic     7 (  0.1%)     1 (  0.0%)     0 (  0.0%) 
Asthma     4 (  0.1%)     2 (  0.0%)     0 (  0.0%) 
Pruritus generalized     4 (  0.1%)     1 (  0.0%)     0 (  0.0%) 
Dermatitis allergic     3 (  0.0%)     1 (  0.0%)     0 (  0.0%) 
Pruritus     3 (  0.0%)     1 (  0.0%)     0 (  0.0%) 
Drug eruption     2 (  0.0%)     0 (  0.0%)     0 (  0.0%) 
Erythema multiforme     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Food allergy     1 (  <0.1%)     2 (  0.0%)     0 (  0.0%) 
Injection site reaction     1 (  (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Local reaction     1 (  (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Conjunctivitis     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Arthropod sting     1 (<0.1%)     0 (  0.0%)     0 (  0.0%) 
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Dermatitis atopic     1 (<0.1%)     1 ( <0.1%)     0 (  0.0%) 
Rhinitis     1 (<0.1%)     0 (  0.0%)     0 (  0.0%) 
Allergy to venom     1 (<0.1%)     0 (  0.0%)     0 (  0.0%) 
Type IV hypersensitivity 
reaction     1 (<0.1%)     0 (  0.0%) 

    0 (  0.0%) 

Allergy to arthropod 
sting     1 (<0.1%)     0 (  0.0%) 

    0 (  0.0%) 

Generated by reviewer using J-review, datasource adal.xpt 
 

Table 37: ARAC Adjudicated Allergic Events Attributed to 
Investigational Product, Phase 2/3 Pool, Safety Population 

 Allergic Reaction Preferred Term 
LIXI 
N=7874 

PBO 
N=4842 

Urticaria    12 (  0.2%)     6 (  0.1%) 
Anaphylaxis     10 (  0.1%)     0 (  0.0%) 
Angioedema     5 (  0.1%)     2 (  <0.1%) 
Dermatitis allergic     1 (  0.0%)     0 (  0.0%) 
Local reaction     1 (  0.0%)     0 (  0.0%) 
Pruritus generalized     1 (  0.0%)     0 (  0.0%) 
Type IV hypersensitivity reaction     1 (  0.0%)     0 (  0.0%) 
Injection site reaction     1 (  0.0%)     0 (  0.0%) 
Conjunctivitis allergic     1 (  0.0%)     0 (  0.0%) 
Rash pruritic     0 (  0.0%)     1 (<0.1%) 
Dermatitis     0 (  0.0%)     1 (  <0.1%) 
Total Subjects(filtered)    30 (  0.4%)     9 (  0.2%) 
Generated by reviewer using J-review, datasource adal.xpt 
 

Table 38: ARAC Adjudicated Allergic Events Leading to 
Investigational Product Discontinuation, Phase 2/3 Pool, Safety 
Population 

 Allergic Reaction Preferred Term 
LIXI 
N=7874 

PBO 
N=4842 

OTHCMP 
N=1237 

Anaphylaxis    11 (  0.1%)     0 (  0.0%)     0 (  0.0%) 
Urticaria     7 (  0.1%)     2 (  <0.1%)     0 (  0.0%) 
Angioedema     3 (  <0.1%)     1 (  (  <0.1%)     0 (  0.0%) 
Pruritus generalized     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Type IV hypersensitivity reaction     1  (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Local reaction     1  (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Dermatitis allergic     1  ( <0.1%)     0 (  0.0%)     0 (  0.0%) 
Rhinitis allergic     0 (  0.0%)     0 (  0.0%)     1 (  0.1%) 
Subjects(filtered)    24 (  0.3%)     3 (  0.1%)     1 (  0.1%) 
Generated by reviewer using J-review, datasource adal.xpt 
 
Following additional inquiries on the risk of anaphylaxis and serious hypersensitivity 
reactions from the FDA, the applicant submitted a white paper discussing 
hypersensitivity with lixisenatide.  In their white paper analysis of hypersensitivity 
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events, the applicant presented analyses of PTs under the Anaphylactic reaction, 
anaphylactic, Angioedema and Severe cutaneous adverse reactions SMQ (narrow 
search). They indicate that these analyses identified only 8 (0.1%) lixisenatide-treated 
patients and 1 (<0.1%) comparator-treated patient in the SMQ search for Anaphylactic 
reaction. Two of the lixisenatide cases had a PT of anaphylactic reaction (versus 1 case 
for comparator) and 5 cases had a PT of anaphylactic shock. One of the cases was 
reported as circulatory collapse. They indicate that of the 10 lixisenatide events 
adjudicated by the ARAC as anaphylaxis possibly related to IMP, 3 cases were reported 
by the Investigator as dermatitis allergic, 2 as hypersensitivity, and 2 as rash 
(maculopapular and generalized pruritus). They propose that the imbalance noted in the 
clinical program is likely because of the prospective adjudication of these events. While 
this seems reasonable, it is important to note that these other hypersensitivity –related 
events would have been examined if anaphylaxis was noted in a clinical program, given 
the relative rare occurrence.  Subjects who discontinued due to Investigator reported 
PTs in the Hypersensitivity SMQ are shown below. When considering total events, other 
than anaphylaxis (8 [including anaphylactic reaction, shock and circulatory collapse] 
with lixisenatide vs. 1 with placebo) events were balanced between lixisenatide and 
placebo groups (lixisenatide- 4.6%, placebo-4.2%, other comparator- 1.8%). However a 
clear increase with lixisenatide treated patients who discontinued study therapy due to 
all hypersensitivity-related PT’s is noted (see table below). This indicates that while the 
adjudication process did result in overestimation of events compared to a clinical 
program where only investigator reported terms were analyzed, it appears that an 
imbalance in hypersensitivity events, specifically if there is an imbalance in serious 
events like anaphylaxis, would still be detected 
 

Table 39: Discontinuations due to Investigator Reported AEs in the 
Hypersensitivity SMQ, Phase2/3 Pool, Safety Population 

 Dictionary Derived Term 
LIXI 
N=7874 

PBO 
N=4842 

Total     65 (  0.8%)    16 (  0.3%) 
Anaphylactic shock     2 (  0.0%)     0 (  0.0%) 
Anaphylactic reaction     4 (  0.1%)     0 (  0.0%) 
Circulatory collapse     1 (  <0.1%)     0 (  0.0%) 
Hypersensitivity     6 (  0.1%)     0 (  0.0%) 
Drug hypersensitivity     6 (  0.1%)     2 ( <0.1%) 
Angioedema     1 (  <0.1%)     1 (  <0.1%) 
Urticaria    10 (  0.1%)     2 (  <0.1%) 
Dermatitis allergic     9 (  0.1%)     0 (  0.0%) 
Dermatitis     2 (<0.1%)     0 (  0.0%) 
Rash    10 (  0.1%)     1 (  0.0%) 
Rash maculo-papular     1 (  <0.1%)     0 (  0.0%) 
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 Dictionary Derived Term 
LIXI 
N=7874 

PBO 
N=4842 

Drug eruption     2 (  <0.1%)     1 (<0.1%)) 
Generated by reviewer using J-review, datasource adae.xpt.  
(PTs in the Eye, Gastrointestinal, Respiratory/mediastinal, General disorders [injection 
site reactions] SOC are not shown, but included in the total calculation). 
 
Hypersensitivity events in new clinical studies: 
New events of anaphylaxis and other hypersensitivity events reported as SAEs were 
examined. There were ten cases of anaphylaxis in the ELIXA study (5 with placebo and 
5 with lixisenatide) that were adjudicated by the ARAC. None of the events in the 
placebo group were adjudicated as due to the IMP and did not lead to IMP 
discontinuation.  The etiologies attributed included aggravation of chronic eczema/leech 
therapy, naproxen, food allergy, food/pollen, and amoxicillin . Alternate etiologies were 
ascribed to three events on lixisenatide and these included protamine, insect sting and 
mecillinam. Two events of anaphylaxis with lixisenatide lead to IMP discontinuation and 
were attributed to the IMP: 
 

• EFC11319-076-018-043:  62 yr. old male, 26 days after the first dose of IP and 5 
minutes after the last dose of study treatment, this patient, with no medical 
history of allergy, presented to emergency department with generalized itch, dry 
cough, dyspnea, nausea, vomiting and dizziness. He was assessed as 
experiencing serious adverse event of severe, itch generalized, due to the IMP. 
Corrective treatment included oxygen, sodium chloride, salbutamol and 
loratadine. The patient was not hospitalized. The next day, the patient once again 
presented to the emergency department with the same symptoms after the 
administration of the study medication. IMP was discontinued during this visit. 
Antibody status was negative at baseline, positive at Week 24 (160 nmol/L) and 
positive at early end-of-treatment (EOT) (2560 nmol/L). 

 
• EFC11319-616-014-003: 57 yr. old male, On Day 339,  the patient started to 

experience swelling of mouth and urticaria with itching on the skin of the whole 
body. The patient also had swelling of tongue, hands, eyes and face along with 
dyspnea and dizziness. The patient attended the clinic for a planned visit and 
was diagnosed with allergic shock (intensity: moderate) and hospitalized with 
exacerbation of chronic kidney disease. The patient was treated with epinephrine 
(Adrenaline), antazoline (Phenazoline) and hydrocortisone for allergic shock. For 
exacerbation of chronic kidney disease patient received sodium chloride 0.9% 
with furosemide and creatinine level decreased to 1.84, The patient recovered 
from both the events . The event of allergic shock led to treatment 
discontinuation. Anti-lixisenatide antibody concentrations were negative at 
baseline and Day 171, and positive (20 nmol/L) on Day 759, and positive (10 
nmol/L) on Day 1193. 
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Allergic events adjudicated as related to IMP by the ARAC led to permanent treatment 
discontinuation in five patients in the lixisenatide group and one patient in the placebo 
group. In lixisenatide treated patients, in addition to the anaphylaxis events discussed 
earlier they included: 
 

• EFC11319-428-004-002- developed angioedema on day 5 which led to IP 
discontinuation. There was also one event of angioedema in a placebo patient 
which did not lead to IP discontinuation. 

• EFC11319-076-015-022 developed a generalized allergic reaction (ARAC 
diagnosis-other allergic reaction) at Day 201 leading to lixisenatide 
discontinuation.  

• EFC11319-032-046-001 developed urticaria on Day 12 leading to IMP 
discontinuation. 

 
Reviewer’s Assessment: 
The updated incidence of ARAC adjudicated anaphylaxis that was associated with 
lixisenatide use is 10 patients (0.13%) in the phase 2/3 data pool compared to none with 
all comparators. This does not differ significantly from the DPARP assessment of 
8/7874 patients (0.10%) compared to none in all comparators. 
 
Hypersensitivity events Post-marketing: 
 
Refer to the Division of Pharmacovigilance I (DPV-I) Memorandum for details. 
 
In the White Paper submitted by the applicant on February 26, 2016, an analysis of the 
47 post-marketing cases of hypersensitivity reactions from the Sanofi global 
pharmacovigilance database was also included. Of these 18 cases were coded as 
serious. Three of these cases were anaphylactic reactions and a conclusive 
assessment for anaphylaxis could not be made in two cases.  The reporting rate for 
overall hypersensitivity events was estimated to be 7.6 events per 10,000 patient-year 
exposure. These hypersensitivity reactions were identified using the Standardized 
MedDRA Queries (SMQ) Anaphylactic reaction and Angioedema, both with a narrow 
scope, a search strategy that, according to the pharmacovigilance reviewers22, 
precluded the identification of other serious hypersensitivity reactions. 
 
On March 17, 2016, an information request was sent to the applicant to conduct a more 
comprehensive analysis of their pharmacovigilance database using the MedDRA SMQ 
Hypersensitivity (narrow scope). The applicant provided a response on March 28, 2016 
to address the above request. The applicant’s search of their pharmacovigilance 
database using the SMQ Hypersensitivity (narrow) for lixisenatide identified 178 reports; 
28 serious and 150 non-serious reports. This included a case analysis covering Type II 

                                            
22 Pharmacovigilance Memorandum by Dr. Debra Ryan dated April4, 2016, NDA208471, DARRTs 
reference ID 3911978. 
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and Type III hypersensitivity reactions like Stevens-Johnson Syndrome (SJS)/ Toxic 
Epidermal Necrolysis (TEN), Drug reaction with eosinophilia and systemic symptoms 
(DRESS) and glomerulonephritis. No definitive cases suggestive of a new signal were 
identified. 
 
To assess the relative reporting frequency of hypersensitivity events with lixisenatide 
and other GLP-1 receptor agonists, Sanofi conducted a disproportionality analysis of 
hypersensitivity events reported for lixisenatide, albiglutide, dulaglutide, exenatide, and 
liraglutide against the background of all reports for all products, first using the Sanofi 
pharmacovigilance database (AWARE) and secondly from the WHO VigiBase 
database.  The applicant made the following observations based on their 
disproportionality analysis of postmarketing data  
 

• The analysis of the AWARE database revealed no safety signal for 
hypersensitivity with lixisenatide. 

• The reporting frequency of lixisenatide-associated allergic events in the AWARE 
database is comparable to the reporting frequency of like events across the 
background of all drugs in the AWARE database. 

• The results comparing lixisenatide to all drugs in the WHO VigiBase database 
failed to meet the standard signal definition for all hypersensitivity reactions, 
although a trend toward higher reporting was noted with the angioedema SMQ. 

• There was no signal for hypersensitivity for any of the GLP-1 receptor agonists in 
the VigiBase analysis 
 

DPV-I Assessment: 
DPV-I found three areas of concern regarding the methods used by Sanofi in their 
summary analysis of postmarketing reports of hypersensitivity reactions with 
lixisenatide: 
 

1) the search strategy employed was not sufficiently broad to capture the range of 
all possible hypersensitivity reactions,  

2) inconsistent and incomplete information in the narratives and  
3) there are potentially significant but unknown effects from underreporting.  

 
Underreporting is a recognized limitation of spontaneous reporting and one for which 
the magnitude cannot be determined. Since the numerator and denominator are from 
two different populations with significant inherent variability in how the numerator and 
denominators were ascertained, DPV-I indicated that the applicant’s calculated 
reporting rates do not inform on the risk of hypersensitivity associated with lixisenatide. 
No conclusion can be drawn from spontaneous reporting with respect to the frequency 
of a reaction for either one drug or a drug-class. 
 
For the disproportionality analysis in the AWARE database , DPV-I indicates that at 
present, there are no FDA standards or pre-defined thresholds using data mining (DM) 
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scores for determining causality or expectedness. Data mining methods cannot be used 
to conclude or refute whether there is a causal relationship between a drug and an 
adverse event. DPV-I uses the results of DM for screening the FDA Adverse Event 
Reporting System (FAERS) to identify potential signals. These signals are always 
evaluated in the context of other data sources. DPV-I does not employ the use of DM 
scores to refute a potential safety issue identified in a drug product’s clinical 
development program 
 
DPV concluded that the evidence presented by the Applicant regarding their post-
marketing experience with lixisenatide does not advance our knowledge about this risk 
for anaphylaxis and other serious hypersensitivity reactions 
 
Comparison to Administrative Claims Data: 
 
Refer to Division of Epidemiology 1 (DEPI-1 ) review for details23 

 
In addition to the disproportionality analyses of post-marketing events, the applicant 
also conducted analyses comparing anaphylaxis and hypersensitivity event rates from 
clinical trials of lixisenatide with event rates among users of other GLP-1 receptor 
agonists and among type 2 diabetic patients using administrative claims data. 
 
The sponsor conducted two separate analyses. The first analysis included comparisons 
of incidence rates of anaphylaxis and hypersensitivity among patients exposed to 
lixisenatide in clinical trials to rates among new users exposed to exenatide, liraglutide, 
albiglutide, and dulaglutide, based on administrative claims data  
Database). The second analysis compared incidence rates of anaphylaxis and 
hypersensitivity among patients exposed to lixisenatide in clinical trials to rates from a 
type-2 diabetic population, based on administrative claims data.   
 
The clinical trial SMQ analyses conducted by the applicant that was discussed earlier in 
this section, included an analyses of PTs (as coded from investigator reported verbatim 
term) under the Anaphylactic reaction, Angioedema and Severe cutaneous adverse 
reactions (SCAR) SMQ (narrow search) during the on-treatment period. Based on this 
analyses, there were 8 cases (0.1%) of anaphylaxis with lixisenatide vs. 1 (<0.1%) in all 
comparators (Table 3 from Applicant’s White Paper dated February 26, 2016). 
Angioedema and SCAR’s had an equal incidence in both groups (65 [0.8%] vs. 50 
[0.8%]; 7 [<0.1%] vs 4 [<0.1%] respectively. However, for this administrative claims 
analyses, the applicant reports an age-specific incidence of anaphylaxis in /7874 
lixisenatide patients vs. 2/6079 comparator patients on or post-treatment (Table 8-
Applicant’s Safety Response dated March 28, 2016). It would seem more appropriate to 

                                            
23 Review of sponsor’s comparison of anaphylaxis and hypersensitivity event rates among patients 
exposed to lixisenatide in clinical trials to rates from an external population dated 4/6/16 by Dr. Christian 
Hampp, DARRTS reference ID 3913432 
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report the on-treatment rate for this AE. The incidence of hypersensitivity events 
reported in this analyses is the incidence of PTs under the Angioedema SMQ only, 
excluding anaphylaxis and other hypersensitivity events.  
 
Details regarding the comparisons of the clinical trial to administrative claims data are 
discussed in the DEPI-1 review.  In age- and sex- standardized analyses, the applicant 
reports  that counts of anaphylaxis events observed among clinical trial subjects 
randomized to lixisenatide were similar to counts expected in other GLP-1 analog 
initiators as a reference population (Standardized incidence ratio [SIR] = 1.10; 95% CI, 
0.55 - 2.20). Compared to a general type-2 diabetic population, counts of anaphylaxis 
events observed among clinical trial subjects randomized to lixisenatide were higher 
than expected: SIR = 1.45 (95% CI, 0.73 - 2.90), albeit not statistically significant. 
However, anaphylaxis events among clinical trial controls and hypersensitivity reactions 
among lixisenatide subjects and controls in clinical trials were less common than 
expected based on comparisons with GLP-1 analog initiators or with type-2 diabetic 
patients in  data, with SIRs ranging from 0.34 to 0.45. 
 
DEPI-1 Assessment: 
DEPI-I staff identified potential biases that may (1) favor lixisenatide, (2) not favor 
lixisenatide, and (3) for which data are insufficient to determine directionality of bias. 
These include: underestimated event rates, longer follow-up in clinical trials compared 
to claims databases, ascertainment bias due to SMQ analysis vs. adjudication, 
detection bias for non-severe events in claims data, comparability of identification 
algorithms between clinical trials and claims data, limited sensitivity and positive 
predictive value of ICD-9-CM coding algorithms, imbalanced risk factors between 
clinical trials and  data and other differences in patient populations. Due to 
the limitations outlined in their review, they indicate that results of incidence rate 
comparisons between clinical trials and administrative claims data should be interpreted 
with great caution.  They conclude that these analyses are not able to inform causality.  
 
Allergic reactions and antibody status: 
In most cases of allergic reaction, no concurrent anti-drug antibodies (ADA ) 
measurements were taken. A patient was assumed to be ADA-positive at the time of the 
AE if they were ADA-positive any time during the treatment period in question. 
 
In the phase 3 efficacy and Safety studies 54 (1.88%) patients on lixisenatide had 
ARAC adjudicated allergic reaction compared to 18 (1.1%) patients on placebo;  the 
incidence of allergic reaction increased with ADA concentration. Over the entire 
treatment period, a total of 1.3% of patients with ADA concentrations <LLOQ (EAIR: 
1.03) had a TEAE adjudicated as an allergic reaction by the ARAC compared to 2.3% of 
patients with ADA concentrations ≥ LLOQ to ≤ 100 nmol/L (EAIR: 1.77), and 6.7% of 
patients with concentrations >100 nmol/L (EAIR: 5.14) (see Table 40). A similar pattern 
was seen for patients with allergic reactions adjudicated as related to the IMP, 17 
patients (0.59%) on lixisenatide vs 2 (0.1%) on placebo had allergic reactions 
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adjudicated as related to the IMP. 15 patients had evaluable antibody status. The 
Incidence was 0.3% (3 patients; EAIR: 0.24) in patients whose ADA concentrations 
were <LLOQ, 0.4% (3 patients; EAIR: 0.28) in patients with ADA concentration ≥ LLOQ 
to ≤ 100 nmol/L, and 3.7% (5 patients; EAIR: 2.82) in patients with ADA concentrations 
>100 nmol/L. 
 

Table 40:ARAC Adjudicated Allergic Reactions by anti-lixisenatide 
antibody in Phase 3 placebo-controlled efficacy/safety studies: entire 
treatment period , safety population 

  
Source: Table 91, ISS, eCTD 5.3.5.3 
 
Of the eleven patients with ARAC adjudicated anaphylaxis leading to IMP 
discontinuation in the phase 2/3 pool, seven patients were anti-lixisenatide antibody 
positive (titers were not available for all patients).  All these patients had the event after 
an exposure of at least 10 days. Of the remaining four patients: 
 

• Patient DRI6012-840-020-001- developed anaphylaxis on day 23.  no antibody 
information is available for this patient as he refused to come back to the 
investigational site for blood sampling. 

• EFC10780-320-001-015- developed anaphylaxis on Day 2- Antibody status was 
negative at baseline and at Day 7.  

• EFC11321-156-029-017 developed anaphylaxis on Day 1-Antibody status was 
negative at baseline, positive (<LLOQ) at Day 29, and negative at Day 171. 
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• EFC10743- 276-303-004. Developed anaphylaxis on Day 1- IP was permanently 
discontinued. Antibody status was negative at baseline (Day 1). 

 
Reviewer’s Comment: It appears that there was an association between the 
anaphylactic events that led to treatment discontinuation and positive antibody status in 
7/11 patients. Three patients who were antibody negative when tested had the event 
within the first two days of exposure and follow-up anti-body status was collected only in 
one patient.  
 
It appears that lixisenatide-treated patients had an increased risk of having an ARAC-
adjudicated hypersensitivity reaction compared to lixisenatide-treated patients who were 
ADA negative. However, the exact relevance of this finding is uncertain because of the 
~70% who display ADA positivity, only a small fraction actually experienced a 
hypersensitivity reaction adjudicated as related to the IMP (0.6%).  In addition, Ig-G 
mediated anaphylaxis has only been described in mouse models to date. While there is 
some speculation that IgG ADA may be the source of hypersensitivity reactions to 
monoclonal antibodies, it hasn’t been demonstrated in humans yet24. 
 
Immunogenicity and Hypersensitivity Reactions in Clinical Programs of other GLP1 
agonists: 
 
Exenatide: This was a smaller clinical program (1,446 patients in total). Anaphylaxis and 
angioedema were reported only post-marketing25.  20-38% of patients in the clinical 
program were ADA positive (Table 32). Antibody levels were measured in 90% of 
subjects in the 30-week, 24-week, and 16-week placebo controlled studies and the 30-
week comparator-controlled study of BYETTA. In 3%, 4%, 1%, and 1% of these patients 
with higher titer antibodies, respectively, antibody formation was associated with an 
attenuated glycemic response. Two hundred and ten patients with antibodies to 
exenatide in the BYETTA clinical trials were tested for the presence of cross-reactive 
antibodies to GLP-1 and/or glucagon. No treatment-emergent cross-reactive antibodies 
were observed across the range of titers. Neutralizing activity was not assessed. Two 
patients who reported an injection-site reaction had high titers of antibodies to 
exenatide. 
 
Liraglutide 1.2-1.8 mg (Victoza)26 and Liraglutide 3mg (Saxenda)27: A total of 4,211 
patients with type 2 diabetes were exposed to Victoza in 8 phase 3 trials of 26- 52 
weeks duration, 3,384 overweight or obese patients were treated with Saxenda for a 
treatment period of 32- 56 weeks 
 
                                            
24 Molecular mechanisms in allergy and clinical immunology. Fred D. Finkelman, MD. J Allergy Clin Immunol 
2007;120:506-15 
25 http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/021773s040lbl.pdf 
26 http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/022341s023lbl.pdf 
27 http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/206321s001lbl.pdf 
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There have been postmarketing reports of serious hypersensitivity reactions 
(anaphylactic reactions and angioedema) in patients treated with Victoza. In the five 
double-blind clinical trials of Victoza, events from a composite of adverse events 
potentially related to immunogenicity (e.g. urticaria, angioedema) occurred among 0.8% 
of Victoza-treated patients and among 0.4% of comparator-treated patients. Urticaria 
accounted for approximately one-half of the events in this composite for Victoza-treated 
patients. Four patients discontinued due to adverse events of immunogenicity (lip 
swelling, urticaria, pharyngeal edema, and periorbital edema). 
 
One patient developed angioedema, reported as an SAE occurring 5 days after starting 
Bioparox (fusafungine, a non-FDA approved nasal or oral antibiotic spray) for treatment 
of acute laryngopharyngitis and 211 days after starting liraglutide28. The Bioparox was 
discontinued and glucocorticoids were administered. The patient recovered without 
interruption or discontinuation of liraglutide. One patient discontinued due to “delayed 
hypersensitivity reaction” that occurred approximately one month after starting 
liraglutide. Study drug was discontinued on the same day and the event resolved 6 days 
later. The other patient who discontinued because of a hypersensitivity event was 
diagnosed with “drug hypersensitivity” approximately one month after starting 
liraglutide. Study drug was discontinued 3 days later and the adverse event 
subsequently resolved. The sponsor reported that none of the hypersensitivity reactions 
were associated with respiratory compromise, reduced blood pressure or symptoms of 
end-organ dysfunction, although lack of detailed information for most events limits 
definitive conclusions. 
 
Urticaria was reported in 0.7% of Saxenda-treated patients and 0.5% of placebo-treated 
patients. 
 
Reviewer’s Comment: There was an imbalance in hypersensitivity events, and it’s 
possible that some of the events that led to discontinuation met criteria for angioedema, 
but no conclusions can be made. The SAE of angioedema had clear alternate etiology.  
No anaphylaxis occurred in development program for either Victoza or Saxenda.  
 
Approximately 50-70% of Victoza-treated patients in the five double-blind clinical trials 
of 26 weeks duration or longer were tested for the presence of anti-liraglutide antibodies 
at the end of treatment. Low titers (concentrations not requiring dilution of serum) of 
anti-liraglutide antibodies were detected in 8.6% of these Victoza-treated patients. 
Sampling was not performed uniformly across all patients in the clinical trials, and this 
may have resulted in an underestimate of the actual percentage of patients who 
developed antibodies. Cross-reacting antiliraglutide antibodies to native glucagon-like 
peptide-1 (GLP-1) occurred in 6.9% of the Victoza-treated patients in the double-blind 
52-week monotherapy trial and in 4.8% of the Victoza-treated patients in the double-
blind 26-week add-on combination therapy trials. These cross-reacting antibodies were 
                                            
28 CDTL memo for Liraglutide by Dr. Hylton Joffe, October 14, 2009, NDA 22341 
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not tested for neutralizing effect against native GLP-1, and thus the potential for 
clinically significant neutralization of native GLP-1 was not assessed. Antibodies that 
had a neutralizing effect on liraglutide in an in vitro assay occurred in 2.3% of the 
Victoza-treated patients in the double-blind 52-week monotherapy trial and in 1.0% of 
the Victoza-treated patients in the double-blind 26-week add-on combination therapy 
trials. Antibody formation was not associated with reduced efficacy of Victoza when 
comparing mean HbA1c of all antibody-positive and all antibody-negative patients. 
However, the 3 patients with the highest titers of anti-liraglutide antibodies had no 
reduction in HbA1c with Victoza treatment.  
 
Antibody information in the Saxenda trials was also inadequate to estimate the actual 
percentage of patients developing anti-drug antibodies 
 
Dulaglutide (Trulicity) 29: 3342 patients with type 2 diabetes were treated with 
dulaglutide for a mean duration of 52 weeks. 
 
Systemic hypersensitivity adverse reactions sometimes severe (e.g., severe urticaria, 
systemic rash, facial edema, lip swelling) occurred in 0.5% of patients on dulaglutide in 
the four Phase 2 and Phase 3 studies, and in (0.6%) of comparator treated patients30. 
 
Urticaria was the most frequently reported TEAE. None of these patients had 
dulaglutide ADAs detected. There was one report of Steven Johnson 
syndrome/erythema multiforme after 21 months of exposure to dulaglutide, that started 
2 days after treatment with oxacillin. Study drug was continued. There was one report of 
anaphylactic shock after 32 weeks of dulaglutide treatment attributed to food allergy, 
which resolved and study drug was continued. 
 
Across four Phase 2 and five Phase 3 clinical studies, 64 (1.6%) dulaglutide treated 
patients developed dulaglutide anti-drug antibodies (ADA’s. Of the 64 dulaglutide-
treated patients that developed dulaglutide ADAs, 34 patients (0.9% of the overall 
population) had dulaglutide-neutralizing antibodies, and 36 patients (0.9% of the overall 
population) developed antibodies against native GLP-1. Dulaglutide-treated patients in 
all phase 2/3 studies with treatment-emergent dulaglutide ADAs had a higher incidence 
of injection site adverse events (3.1%; 2 of 64 patients) compared to patients who did 
not develop treatment-emergent dulaglutide ADA (0.5%; 18 of 3843 patients). 
 
Albiglutide (Tanzeum)31: A total of 2,116 patients with type 2 diabetes were treated with 
albiglutide for a mean duration of 75 weeks. 
 

                                            
29 http://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125469Orig1s000Lbl.pdf 
30 Clinical review, BLA125469, 
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2014/125469Orig1s000MedR.pdf 
31 http://www.accessdata.fda.gov/drugsatfda_docs/label/2015/125431s009lbl.pdf 
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In the Phase 3 Integrated safety population on-therapy investigator reported potential 
Serious Allergic reactions (SMQ analyses) occurred for 1.7%, (35/2116 subject) in the 
albiglutide treatment group and 1.3% (30/2284 subjects)  in the all comparator treatment 
group32. Urticaria was the most common SMQ identified potential SAR, and the 
proportions of subjects reporting the event were similar for both treatment groups (0.9% 
albiglutide vs. 0.8% all comparators). Angioedema occurred in a higher proportion of 
subjects in the all comparators groups (0.3% vs. 0.13%). None of the angioedema 
events with albiglutide  led to study treatment discontinuation. One subject in the 
albiglutide group had a preferred term event of anaphylaxis. The anaphylaxis event in 
the albiglutide arms responded to discontinuation of lisinopril and study therapy was 
continued. 
 
One serious hypersensitivity reaction with pruritus, rash, and dyspnea occurred in a 
patient treated with albiglutide that responded to a Medrol dose pack. The patient did 
not seek medical care for dyspnea 
 
In the pool of 7 placebo-and active-controlled trials, 116 (5.5%) of 2,098 patients 
exposed to albiglutide tested positive for anti-albiglutide antibodies at any time during 
the trials. None of these antibodies were shown to neutralize the activity of albiglutide in 
an in vitro bioassay. Presence of antibody did not correlate with reduced efficacy as 
measured by HbA1c and fasting  plasma glucose or specific adverse reactions.  
 
Consistent with the high homology of albiglutide with human GLP-1, the majority of 
patients (approximately 79%) with anti-albiglutide antibodies also tested positive for 
anti-GLP-1 antibodies; none were neutralizing. A minority of patients (approximately 
17%) who tested  positive for anti-albiglutide antibodies also transiently tested positive 
for antibodies to human albumin. 
 
Reviewer’s Assessment for Hypersensitivity AEs in clinical programs with other GLP1 
agonists: 
Whether analyzed by adjudicated events or SMQ of investigator-reported terms, the 
imbalance for anaphylaxis events is clearly seen with lixisenatide in the clinical program. 
There have been events of anaphylaxis and angioedema that led to IMP discontinuation 
suggesting association to study treatment was more likely.  This did not occur with 
placebo. 
 
Imbalances in allergic reactions/hypersensitivity events were noted in the liraglutide and 
albiglutide clinical programs. Angioedema, anaphylaxis and Steven Johnson syndrome 
was reported in the approved long-acting GLP-1 receptor agonist programs, but 
alternate etiologies were identified and study treatment was not discontinued.   
 

                                            
32 Primary clinical review for albiglutide by Dr. Kaveeta Vasisht dated November 3, 2013, DARRTs ID 
3400785 
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It is notable that the clinical trial exposure for lixisenatide is very large (10,035.9 PY) 
compared to other approved GLP1 agonists and that allergic reactions were 
prospectively adjudicated. The possibility that serious allergic reactions were noted pre-
marketing due to these reasons cannot be excluded. However, while the adjudication 
process did increase the number of anaphylaxis events in both lixisenatide and placebo 
arms, the imbalance of events, not favoring lixisenatide did not change  when analyzed 
by SMQ .  
 
In conclusion, the magnitude of risk for serious allergic reactions/hypersensitivity with 
lixisenatide when compared to other approved products in the GLP1 agonist class is 
unknown. 
 

7.3.5.6  Injection site reactions: 

Injection site reactions have been reported with other members of the GLP-1 receptor 
agonist class of drugs. They have been reported with an increased incidence in patients 
with positive ADAs. 
 
For the Phase 2/3 and Phase 1 programs, injection site reactions were defined by 
searching the PT of all AEs including the term “injection site”. The related term search 
was performed by the applicant for PTs coded from investigator-reported terms and also 
for PTs coded from the ARAC diagnosis terms (for the events sent to the ARAC; Clinical 
review under NDA 204961, page 110). Most patients had their first injection site reaction 
during the first 10 weeks of treatment with lixisenatide In the entire treatment period 
(Data Pool 1), the incidences of patients with injection site reactions were 5.0% with 
lixisenatide, 2.1% with placebo. There were no serious injection site reactions. Five 
(0.2%) patients on lixisenatide and 0 patients on placebo discontinued treatment under 
the injection site reactions HLT.   
 
Among ADA-positive patients, in the entire treatment period, the incidence of injection 
site reactions was higher in patients with quantifiable ADA concentrations (i.e., ≥LLOQ 
to ≤100 nmol/L: 8.7%% and >100 nmol/L: 8.9%) than in patients with ADA 
concentrations <LLOQ (2.8%) 
 
In Study EFC11319, injection site reactions were reported in 65 (2.1%) patients on 
lixisenatide and 43 (1.4%) patients on placebo. The EAIR per 100 PY was 1.15 with 
lixisenatide and 0.73 with placebo. Injection site reactions led to treatment 
discontinuation in 2 patients on lixisenatide vs. none on placebo.   
 
Reviewer’s Conclusion about Injection site reactions: 
Compared to placebo, injection site reactions are more frequent with lixisenatide. This is 
consistent with the class effect and increases in frequency with increasing ADA 
concentrations. 
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7.3.5.7 Hypoglycemia 

With any antidiabetic agent, hypoglycemia is a concern. GLP-1 receptor agonists are no 
exception, and severe hypoglycemia can occur when GLP-1 receptor agonists are used 
with an insulin secretagogue (e.g. a sulfonylurea) or insulin. Lowering the dose of the 
insulin secretagogue or insulin to reduce the risk of hypoglycemia is advised in the 
warning and precautions section of the approved GLP-1 receptor agonist PI’s. 
 
Hypoglycemic events in EFC11319 (ELIXA) are confounded , since background therapy 
could be adjusted at the investigators discretion. Therefore, hypoglycemic events in the 
phase 3 placebo-controlled efficacy and safety studies provide the most relevant 
assessment for this AE.  
 
Patients with a history of hypoglycemia unawareness were excluded from the add -on to 
basal insulin and/or SU studies-EFC6015, 6016, 10781, 10887, 11321 and 12626.  
 
For the phase 3 Efficacy and Safety Studies (datapool1), the applicants definitions for 
documented symptomatic hypoglycemia, differed from the ADA guidelines33 

Symptomatic hypoglycemia in Phase 3 studies was defined as an event with clinical 
symptoms that are considered to result from a hypoglycemic episode (e.g., sweating, 
palpitations, hunger, restlessness, anxiety, fatigue, irritability, headache, loss of 
concentration, somnolence, psychiatric or visual disorders, transient sensory or motor 
defects, confusion, convulsions, or coma) with an accompanying plasma glucose <60 
mg/dL (3.3 mmol/L) or associated with prompt recovery after oral carbohydrate 
administration, intravenous glucose, or glucagon administration if no plasma glucose 
value is available. Symptoms with an associated plasma glucose ≥ 60 mg/dL (3.3 
mmol/L) were not considered as symptomatic hypoglycemia.  This differs from the ADA 
threshold of 70 mg/dL (3.9 mmol/L). The definition for severe hypoglycemia was 
consistent with the ADA definition of  requiring third party assistance along with either a 
plasma glucose level <36 mg/dL (2.0 mmol/L) or associated with prompt recovery after 
oral carbohydrate, intravenous glucose, or glucagon administration in the absence of a 
plasma glucose level. 
 
The assessment of hypoglycemic events in the placebo-controlled efficacy and safety 
studies was discussed in detail in previous clinical review. The results for the main 
treatment period (24 weeks) are summarized below by background therapies (insulin 
and non-insulin) (refer to the Clinical review under NDA 204961, page 112 for details).  
 

                                            
33 Hypoglycemia and Diabetes: A Report of a Workgroup of the American Diabetes Association and The Endocrine 
Society. Diabetes Care, Online, April 15, 2013 

Reference ID: 3954238



Clinical Review 
Suchitra Balakrishnan, MD., PhD 
NDA 208471 
Adlyxin (Lixisenatide) 
 

122 

For the active-controlled studies, hypoglycemic events were comparable to sitagliptin (1 
[0.6%] vs. 3 [1.9%]) and less frequent  compared to exenatide (8 [2.5%] vs. 25 [7.9%]). 
However, this should be viewed in the context of the efficacy results. 
 

Table 41: Hypoglycemia in the Phase 3 Placebo controlled studies, 
Main Treatment Period (≤24 weeks), Non-insulin background therapy 
Background therapy 
and  
Treatment 

Any Symptomatic 
Hypoglycemia 

Symptomatic+ 
Documented blood 
glucose <60 
mg/dL 

Severe 
symptomatic 
hypoglycemia 

Monotherapya 
Placebo (N=122) 2 (1.6%)  2 (1.6%) 0 
Lixisenatide(N=239) 4(1.7%)  2 (0.8%) 0 
Metforminb 
Placebo (N=432)  2 (0.5%) 1 (0.2%) 0 
Lixisenatide (N=946)  30 (3.2%) 25 (2.6%) 0 
Sulfonylurea ±metforminc 
Placebo (N=377)  40 (10.6%) 27 (7.2%)  
Lixisenatide (N=656)  95 (14.5%) 73 (11.1%) 1 (0.2%) 
Pioglitazone ±metformind 
Placebo (N=161)  2 (1.2%) 2 (1.2%) 0 
Lixisenatide (N=323)  11 (3.4%) 7 (2.2%) 0 
a-EFC6018;  b-EFC6014, EFC10743 and EFC11321 (patients on metformin only);  
c- EFC6015 and EFC11321 (patients on metformin + sulfonylurea; d-EFC6017. 
Source: Table 53, ISS, eCTD5.3.5.3 
 

Table 42: Hypoglycemia in the Phase 3 Placebo controlled studies, 
Entire Treatment Period, Non-insulin background therapy 
Background therapy 
and  
Treatment 

Any Symptomatic 
Hypoglycemia 

Symptomatic+ 
Documented blood 
glucose <60 
mg/dL 

Severe 
symptomatic 
hypoglycemia 

Metformina 
Placebo (N=330)  16 (4.8%) 14 (4.2%) 0 
Lixisenatide (N=832)  58 (7.0%) 55 (6.6%) 0 
Sulfonylurea ±metforminb 
Placebo (N=285)  51 (17.9%) 43 (15.1%) 1 (0.4%) 
Lixisenatide (N=574)  127 (22.1%) 111 (19.3%) 2 (0.3%) 
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Background therapy 
and  
Treatment 

Any Symptomatic 
Hypoglycemia 

Symptomatic+ 
Documented blood 
glucose <60 
mg/dL 

Severe 
symptomatic 
hypoglycemia 

Pioglitazone ±metforminc 
Placebo (N=161)  7 (4.3%)  7 (4.3%) 0 
Lixisenatide (N=323)  23 (7.1%)  17 (5.3%) 0 
a-EFC6014 and EFC10743; b-EFC6015; c-EFC6017 
Source: Table 53, ISS, eCTD5.3.5.3 
 
With the resubmission, study EFC12626 compared lixisenatide to prandial insulin. 
Therefore, this study is included here. As expected, more hypoglycemic events 
occurred in patients taking prandial insulin vs. lixisenatide 
 

Table 43: Hypoglycemia in the Phase 3 Placebo and Active Controlled 
Studies, Main Treatment Period ((≤24 weeks), Insulin background 
therapy 
Background therapy 
and  
Treatment 

Any Symptomatic 
Hypoglycemia 

Symptomatic+ 
Documented blood 
glucose <60 
mg/dL 

Severe 
symptomatic 
hypoglycemia 

Basal insulin ± Metformina 
Placebo (N=213)  49 (23.0%) 46 (21.6%) 0 
Lixisenatide (N=374)  106 (28.3%) 100 (26.7%) 4 (1.1%) 
Basal insulin ±Sulfonylurea b 
Placebo (N=111)  24 (21.6%) 21 (18.9%) 0 
Lixisenatide (N=108  ) 51 (47.2%) 46 (42.6%) 0 
Basal insulin ±metformin ± TZDc 
Placebo (N=223)  30 (13.5%) 26 (11.7%) 0 
Lixisenatide (N=223)  50 (22.4%) 45 (20.2%) 1 (0.4%) 
Basal insulin ±metformin (active control)d 
Lixisenatide (N=298) 98 (32.9%)  94 (31.5%) 0 
Insulin Glulisine QD 
(N=301) 

117 (38.9%)  113 (37.5%) 2 (0.7%) 

Insulin Glulisine TID 
(N=294) 
 

132 (44.9%) 131 (44.6%) 0 

a-EFC6016 and EFC10887 (patients on basal insulin only); b-EFC10887 (patients on 
basal insulin + sulfonylurea; c-EFC10781, d-EFC12626 
Source: Table 57, ISS, eCTD5.3.5.3 
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Table 44: Hypoglycemia with Long-term Insulin Background therapy 
(EFC6016) 
Treatment Any Symptomatic 

Hypoglycemia 
Symptomatic+ 
Documented blood 
glucose <60 
mg/dL 

Severe 
symptomatic 
hypoglycemia 

Placebo (N=167)  65 (38.9%) 64 (38.3%) 1 (0.6%) 
Lixisenatide (N=328)  138 (42.1%) 134 (40.9%) 7 (2.1%) 
Source: Table 58, ISS, eCTD5.3.5.3 
 
Reviewer’s Assessment: 
There were numerical imbalances not favoring lixisenatide for rate of symptomatic 
hypoglycemia versus placebo in patients on background metformin and TZD therapies.  
 
The incidence of symptomatic hypoglycemia was consistently increased for lixisenatide 
vs. placebo treated patients on background sulfonylurea or insulin therapies. In the 76 
week study in patients on background insulin and metformin therapy, the incidence of 
severe hypoglycemia was 7 (2.1%) with lixisenatide vs 1 (0.6%) with placebo. 
 
Labeling recommendations for risk of hypoglycemia should be consistent with drug 
class i.e. to consider lowering the dose of insulin or sulfonylurea when used with these 
agents.  
 

7.3.5.8 Cardiac Adverse Events: 

All drugs developed for the treatment of T2DM are required to exclude an unacceptable 
cardiovascular (CV) risk as specified by the FDA guidance34. As already discussed, the 
CV outcome study EFC11319 (ELIXA) was conducted to satisfy this requirement. The 
study design and patient demographics are discussed in Sections 5.3.1  EFC11319 
(ELIXA) and 7.2.1.1 Patient Demographics in ELIXA.  In addition to Major 
cardiovascular events  (MACE+, MACE) other cardiac effects (e.g. effects on heart rate 
and conduction) observed with the drug class will be discussed after the discussion of 
ischemic cardiovascular risk.  
 
Major Cardiovascular events and Heart Failure: 
As already discussed in section 5.3.1  EFC11319 (ELIXA) major cardiovascular 
events (MACE+) and heart failure were adjudicated and these analyses have been 
reviewed by the Safety statistical review team35. The adjudication process has already 
                                            
34 FDA Guidance for Industry Diabetes Mellitus –Evaluating Cardiovascular Risk in New Antidiabetic 
Therapies to Treat Type 2 Diabetes dated December 2008 
35 Division of Biometrics VII Statistical Review by Dr Yueqin Zhao, NDA208471 dated April 7, 2016, 
DARRTS reference ID 3913919 
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been reviewed in Section 11 (page 243) of the clinical review under NDA204961. The 
results are discussed below. 
 
By the end of the trial, there were 805 subjects (399 [13.2%] in the placebo and 406 
[13.4%] in the lixisenatide treatment arms) with at least one positively adjudicated 
primary CV endpoint event, as shown in the table below. The incidence rates are 6.34 
and 6.39 per 1000 person-year for placebo and lixisenatide, respectively. Using the pre-
specified Cox proportional hazards model, the hazard ratio estimate and associated 
95% confidence interval is 1.02 (0.89, 1.17). The upper bound of the 95% confidence 
interval for the hazard ratio is significantly lower than 1.3 at the two-sided alpha=0.05 
significance level. 
 

Table 45: Analysis of the primary CV endpoint (time to first 
occurrence of the composite of cardiovascular death, non-fatal 
myocardial infarction, non-fatal stroke, or hospitalization for unstable 
angina) - ITT population 

 
Source: Table 6 of CV statistical Review by Dr. Yueqin Zhao 
 
Kaplan-Meier cumulative curves of time from randomization to the first primary CV 
endpoint event for lixisenatide and placebo were superimposed for the majority of the 
study period (Figure 7). 
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Figure 7: Kaplan-Meier cumulative curves of the primary CV endpoint 
(time to the first occurrence of the composite of cardiovascular death, 
non-fatal myocardial infarction, non-fatal stroke, or hospitalization for 
unstable angina) - ITT population 

 
Source: Figure 3, CSR for EFC11319, eCTD 5.3.5.1 
 
The results of the analysis of the composite MACE (a composite of cardiovascular 
death, non-fatal myocardial infarction and non-fatal stroke) endpoint were consistent 
with the findings for the primary composite endpoint, with comparable event rates 
between treatment groups. The HR was 1.02 with an associated upper bound of the 2-
sided 95% CI below 1.3. 
 
The sensitivity analyses of MACE+ and MACE during the on-study and on-treatment 
period (events occurring  from randomization to within 30 days of discontinuation of 
study treatment) was also verified by the statistical reviewer and found to be consistent 
with the primary analysis. 
 
The pre-specified Cox proportional hazards model for time to on-study all-cause 
mortality resulted in a hazard ratio estimate of 0.94 for lixisenatide versus placebo with 
a two-sided 95% confidence interval of 0.78 to 1.13. 
 
The applicant and statistical reviewer also conducted an exploratory sub-group 
analyses of MACE+ and all-cause mortality by baseline characteristics (demographics, 
medical history and concomitant medications). MACE+ rates for the regions of Western 
and Eastern Europe were higher for lixisenatide group (14.4-17.2%) than the placebo 

Reference ID: 3954238



Clinical Review 
Suchitra Balakrishnan, MD., PhD 
NDA 208471 
Adlyxin (Lixisenatide) 
 

127 

group (12.1-12.2%) with wide confidence intervals.  Within statin non-users, the MACE+ 
event rate was higher in lixisenatide group (17.7%) than in placebo group (11.8%) with 
a wide confidence interval. Overall, subgroup analyses were consistent with the 
treatment effect observed in overall population.  
 
Analyses of the Individual CV endpoints: 
The event rate for the individual CV endpoints, including hospitalization for heart failure 
is shown in the table below.  Numerically more “stroke” events were seen in the 
lixisenatide group; however, the imbalance in the number of events (67 for lixisenatide 
versus 60 for placebo) was small. Investigator reported PTs for heart failure were also 
balanced. 
 

Table 46: Analyses of each individual cardiovascular event of the 
secondary endpoint - ITT population, ELIXA 
Event Lixisenatide 

(N=3034) 
Placebo 
N=3034 

Cardiovascular Death 
Number of patients with event (%)  156 (5.1%) 158 (5.2%) 
Incidence rate per 100 patient years 2.32 2.36 
Myocardial infarction (MI) 
Number of patients with event (%)  270 (8.9%) 261 (8.6%)  
Incidence rate per 100 patient years 4.20 4.09  
Stroke 
Number of patients with event (%)  67 (2.2%) 60 (2.0%)  
Incidence rate per 100 patient years 1.01 0.90  
Hospitalization for unstable angina 
Number of patients with event (%)  11 (0.4%) 10 (0.3%)  
Incidence rate per 100 patient years 0.16 0.15 
Hospitalization for heart failure 
Number of patients with event (%)  122 (4.0%) 127 (4.2%)  
Incidence rate per 100 patient years 1.85 1.94 
Coronary revascularization procedure 
Number of patients with event (%)  368 (12.1%) 356 (11.7%)  
Incidence rate per 100 patient years 5.92 5.74 
Source: Table 16.2.6.3.4, 16-2-6, efficacy-response-data, CSR for EFC11319, eCTD 
5.3.5.1 
 
Analyses of other cardiovascular events: 
Elevated heart rate (HR) is a GLP-1 receptor agonist class effect36. Numerical 
Imbalances in supraventricular arrhythmias (30 [1.0%] vs. 10 [0.6%]), PR interval 

                                            
36 Meier, J. J. Nat. Rev. Endocrinol. 8, 728–742 (2012); published online 4 September 2012 

Reference ID: 3954238



Clinical Review 
Suchitra Balakrishnan, MD., PhD 
NDA 208471 
Adlyxin (Lixisenatide) 
 

128 

prolongation, and cardiac conduction disorders (16 [0.6%] vs 2 [0.1%])  was also seen 
in the Phase 3 placebo-controlled studies (Datapool1) (clinical review under NDA 
204961, page 187). Hence, it was relevant to examine these events in ELIXA, a 
population at risk for clinically significant AEs due to HR increase and cardiac 
conduction changes. 
 
The AEs under Ventricular and Supraventricular arrhythmias, Cardiac conduction 
disorders, Rate and Rhythm disorders NEC are shown in the table below. Search by 
SMQs for arrhythmias and conductions disorders (MedDRA 17.1) also yielded similar 
results.  

 

Table 47: TEAEs for Arrhythmias and Conduction disorders, ELIXA, 
Safety Population 
HLT: 
Dictionary derived term 

Lixisenatide 
N=3031 

Placebo 
N=3032 

Cardiac conduction 
disorders 
 

22 (0.7%) 31 (1.0%) 

Atrioventricular block     3 (  0.1%)     1 (  0.0%) 
Atrioventricular block complete     2 (  0.1%)     9 (  0.3%) 
Atrioventricular block first degree     5 (  0.2%)     4 (  0.1%) 
Atrioventricular block second 
degree     1 ( <0.1%)     4 (  0.1%) 
Bifascicular block     1 (  <0.1%)     1 (  <0.1%) 
Bundle branch block left     5 (  0.2%)     6 (  0.2%) 
Bundle branch block right     4 (  0.1%)     4 (  0.1%) 
Trifascicular block     0 (  0.0%)     2 (  0.1%) 
Wolff-Parkinson-White syndrome     1 <0.1%)     1 (  <0.1%) 
Rate and rhythm disorders 
NEC 

46 (1.5%) 35 (1.2%) 

Arrhythmia     8 (  0.3%)     5 (  0.2%) 
Bradyarrhythmia     1 (  <0.1%)     0 (  0.0%) 
Bradycardia    15 (  0.5%)    14 (  0.5%) 
Cardiac flutter     0 (  0.0%)     1 (  <0.1%) 
Extrasystoles     5 (  0.2%)     5 (  0.2%) 
Tachyarrhythmia     1 (  <0.1%)     1 <0.1%) 
Tachycardia    16 (  0.5%)    10 (  0.3%) 
Supraventricular 
arrhythmias 

89 (2.9%) 98 (3.2%) 

Arrhythmia supraventricular     0 (  0.0%)     1 (  <0.1%) 
Atrial fibrillation    61 (  2.0%)    74 (  2.4%) 
Atrial flutter    13 (  0.4%)     6 (  0.2%) 
Atrial tachycardia     0 (  0.0%)     2 (  0.1%) 
Sick sinus syndrome     1 (  <0.1%)     8 (  0.3%) 
Sinus arrhythmia     1 (  <0.1%)     1 (  <0.1%) 
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Sinus bradycardia     6 (  0.2%)     4 (  0.1%) 
Sinus tachycardia     2 (  0.1%)     1 (  <0.1%) 
Supraventricular extrasystoles     7 (  0.2%)     4 (  0.1%) 
Supraventricular tachycardia     3 (  0.1%)     5 (  0.2%) 
Wandering pacemaker     1 (  <0.1%)     0 (  0.0%) 
Ventricular arrhythmias and 
cardiac arrest 

40 (1.3%) 43 (1.4%) 

Cardiac arrest     3 (  0.1%)     2 (  0.1%) 
Cardio-respiratory arrest     2 (  0.1%)     3 (  0.1%) 
Ventricular arrhythmia     2 (  0.1%)     3 (  0.1%) 
Ventricular extrasystoles    18 (  0.6%)    24 (  0.8%) 
Ventricular fibrillation     3 (  0.1%)     1 (  0.0%) 
Ventricular tachycardia    13 (  0.4%)    12 (  0.4%) 
Cardiac signs and 
symptoms NEC 48 (1.6%) 40 (1.3%) 
Cardiac discomfort     7 (  0.2%)     7 (  0.2%) 
Cyanosis     2 (  0.1%)     0 (  0.0%) 
Palpitations    40 (  1.3%)    33 (  1.1%) 
Source: Adapted from Table 16.2.7.1.4, Appendix 16-2-7-ae-data, CSR for Study 
EFC11319, eCTD5.3.5.1 
 
In the placebo -controlled pool of subjects on background insulin therapy (EFC6016, 
EFC10781, EFC 10887), an imbalance in tachyarrhythmias and conduction disorders 
was noted with lixisenatide, which was consistent with the observation for the placebo-
controlled efficacy and safety pool (see clinical review under NDA 204961, page 186). 
 

Table 48: PTs for Tachyarrhythmias and Conduction Disorders, 
Background Basal Insulin Pool, ELIXA, Safety Population 
 High level term 
Dictionary Derived Term 

LIXI 
N=705 

PBO 
N=547 

Cardiac conduction disorders 5(0.7%) 0 
Atrioventricular block complete     1 (  0.1%)     0 (  0.0%) 
Atrioventricular block first degree     4 (  0.6%)     0 (  0.0%) 
Cardiac signs and symptoms NEC   
Palpitations    10 (  1.4%)     1 (  0.2%) 
Rate and rhythm disorders NEC 6(0.9%) 2 (0.4%) 
Tachycardia     6 (  0.9%)     0 (  0.0%) 
Supraventricular arrhythmias 
 

5 (0.7%) 1 (0.2%) 

Generated by reviewer using J-review, data source-adae.xpt, ISS  
 
Since this would be a concern for the lixisenatide  

, this was also explored in the sub-group of patients on 
background insulin therapy in ELIXA. The AEs seen in the ELIXA study are shown in 
the table below. There is no imbalance for the HLTs overall, but there is still a numerical 
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imbalance for the PTs of tachycardia (0.8% vs. 0.4%) and palpitations (1.8% vs 0.9%), 
that was slightly higher than the difference seen for the entire safety population 
(tachycardia-0.5  vs 0.3%, palpitations-1.3  vs 1.1%).  
 

Table 49: PTs for Tachyarrhythmias and Conduction Disorders, 
Background Basal Insulin Pool, ELIXA, Safety Population 
High level term 
Dictionary Derived Term 

LIXI 
N=835 

PBO 
N=843 

Cardiac conduction disorders     8 (  1.0%)    10 (  1.2%) 
Cardiac signs and symptoms NEC   
Palpitations    15 (  1.8%)     8 (  0.9%) 
Rate and rhythm disorders NEC    18 (  2.2%)    14 (  1.7%) 
Tachycardia     7 (  0.8%)     3 (  0.4%) 
Supraventricular arrhythmias 
  29 (  3.5%)    28 (  3.3%) 
Generated by reviewer using J-review, data source-adae.xpt, EFC11319 
 
Reviewer’s Assessment for Cardiac AEs: 
 
The analysis of the ELIXA study ruled out excess cardiovascular risk, as defined by the 
FDA guidance on establishing cardiovascular safety of a new antidiabetic product. The 
estimated hazard ratio for major cardiovascular events was 1.02 with 95% confidence 
interval (0.89, 1.17). The upper bound of this confidence interval was smaller than 1.3 
and therefore met the hazard ratio risk margin specified by the 2008 FDA Guidance.  
 
Numerical Imbalances in supraventricular arrhythmias (1.0% vs. 0.6%), PR interval 
prolongation, and cardiac conduction disorders (0.6% vs 0.1%) was seen in the Phase 3 
placebo-controlled efficacy and safety studies. In the ELIXA study, there was no 
numerical imbalance of AEs related to supraventricular arrhythmias and conduction 
disorders overall. In the sub-set of patients on background basal insulin there was still a 
numerical imbalance for the PTs of tachycardia (0.8% vs. 0.4%) and palpitations (1.8% 
vs 0.9%) that was slightly higher than the difference seen for the entire safety 
population (tachycardia-0.5  vs 0.3%, palpitations-1.3  vs 1.1%). This risk can be 
addressed by labelling. Overall, it is re-assuring that the risk for clinically significant 
supraventricular arrhythmias or conduction disorders was not increased in a population 
at risk 
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7.3.5.9 Hepatobililiary AEs 

Delayed gall bladder emptying and cholestasis has been observed with lixisenatide 
other agents in the GLP-1 receptor agonist class. There has also been a report of drug-
induced autoimmune hepatitis in the literature associated with liraglutide37. 
As part of the overall evaluations for risk of pancreatitis, the applicant performed a study 
to evaluate gallbladder ejection fraction (study PDY11431). In this study, subcutaneous 
administration of a single 20 μg dose of lixisenatide in healthy subjects significantly 
reduced the gallbladder emptying at 30 and 60 minutes. 
 
Liver function tests (LFTs) were collected routinely in all studies and included alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), gama-glutamyl transferase 
(GGT) and total bilirubin 
 
In the prior submission the applicant conducted an SMQ search (MedDRA14.1) for 
hepatic TEAEs and hepatobiliary disorders for all completed Phase 2/3 studies and the 
Phase 3 placebo-controlled study pool.  Overall there were no imbalances in AEs in the 
Hepatobiliary System Organ Class. Liver enzyme elevations were balanced between 
lixisenatide and placebo, and cases that fulfilled biochemical Hy’s law criteria38 had 
alternate etiologies (Clinical review under NDA 204961, page 155). However, There 
was one patient on lixisenatide diagnosed with drug induced hepatitis with temporal 
association to study drug: 
 
EFC6015-356-503-003, 44 yr. old male Asian patient developed asymptomatic 
elevation of ALT and AST over 15 X ULN but normal bilirubin and ALT values, which 
resolved on lixisenatide discontinuation. Results of hepatitis A and hepatitis B testing 
suggested an old infection with no evidence of recent viral hepatitis; antinuclear 
antibodies were weakly positive.  Other viral testing only revealed a positive result for 
adenovirus immunoglobulin G antibody, possibly suggesting a current or recent 
infection; however, no adenovirus DNA was detected. A computed tomography (CT) 
scan of the abdomen was within normal limits with minimal fatty liver changes. The 
patient denied taking any over-the-counter or herbal products, as well excess alcohol 
intake. The only concomitant medication was glibenclamide, which was continued 
without change. 
 
For the current submission the applicant conducted an SMQ search for “Drug Related 
Hepatic Disorders”-comprehensive search  and “biliary disorders”. In the complete 
phase 2/3 studies (Data pool 2), the incidence of hepatic and biliary TEAEs are shown 

                                            
37 Liraglutide-Induced Autoimmune Hepatitis . Emily Kern, MD; Lisa B. VanWagner,MD, MS; Guang-Yu Yang,MD, 
PhD; Mary E. Rinella, MD. JAMA Internal Medicine Published online April 14, 2014 
38 Hy’s law is a finding of ALT elevation, usually substantial, seen concurrently with bilirubin >2 x ULN. It 
identifies a drug likely to cause severe drug-induced liver injury (fatal or requiring transplant) at a rate 
roughly 1/10 the rate of Hy’s Law cases; FDA Guidance for industry, Drug –Induced liver injury: pre-
marketing evaluation; July 2009   
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in the table below. Hepatic steatosis was the most frequently reported hepatic TEAE 
with lixisenatide: 0.6% of patients (rate per 100 PY of 0.40) on lixisenatide and 0.6% of 
patients (rate per 100 PY of 0.39) on placebo. 

Table 50: TEAEs in the Hepatobiliary SOC, Phase 2/3 studies (Data 
pool 2), Safety Population 
  
High Level Term 
Dictionary Derived Term 

LIXI 
N=7874 

PBO 
N=4842 

OTHCMP 
N=1237 

Bile duct infections and inflammations     8 (  0.1%)     4 (  0.1%)     0 (  0.0%) 
Cholecystitis and cholelithiasis    78 (  1.0%)    59 (  1.2%)     4 (  0.3%) 
Cholestasis and jaundice     6 (  0.1%)     5 (  0.1%)     1 (  0.1%) 
Gallbladder disorders NEC    13 (  0.2%)     1 (  0.0%)     1 (  0.1%) 
Biliary dyskinesia     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Gallbladder cholesterolosis     2 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Gallbladder disorder     3 (  <0.1%)     1 (  <0.1%)     0 (  0.0%) 
Gallbladder non-functioning     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Gallbladder pain     1  (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Gallbladder perforation     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Gallbladder polyp     3 (  <0.1%)     0 (  0.0%)     1 (  0.1%) 
Hydrocholecystis     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Hepatic and hepatobiliary disorders NEC     5 (  0.1%)     5 (  0.1%)     1 (  0.1%) 
Hepatic enzymes and function 
abnormalities     2 (  <0.1%)     3 (  0.1%)     0 (  0.0%) 
Hepatic failure and associated disorders     1 (  0.0%)     0 (  0.0%)     0 (  0.0%) 
Hepatic fibrosis and cirrhosis     2 (  0.0%)     2 (  0.0%)     0 (  0.0%) 
Hepatobiliary signs and symptoms     5 (  0.1%)     5 (  0.1%)     0 (  0.0%) 
Hepatocellular damage and hepatitis NEC    54 (  0.7%)    37 (  0.8%)     5 (  0.4%) 
Drug-induced liver injury     1 (  0.0%)     2 (  0.0%)     0 (  0.0%) 
Hepatic steatosis    49 (  0.6%)    30 (  0.6%)     5 (  0.4%) 
Hepatitis acute     1 (  0.0%)     1 (  0.0%)     0 (  0.0%) 
Hepatitis toxic     0 (  0.0%)     1 (  0.0%)     0 (  0.0%) 
Hepatocellular injury     2 (  0.0%)     1 (  0.0%)     0 (  0.0%) 
Ischemic hepatitis     0 (  0.0%)     1 (  0.0%)     0 (  0.0%) 
Liver injury     0 (  0.0%)     1 (  0.0%)     0 (  0.0%) 
Non-alcoholic steatohepatitis     1 (  0.0%)     0 (  0.0%)     0 (  0.0%) 
Obstructive bile duct disorders (excl 
neoplasms)     3 (  0.0%)     5 (  0.1%)     1 (  0.1%) 
Structural and other bile duct disorders     1 (  0.0%)     1 (  0.0%)     0 (  0.0%) 
Generated by Reviewer using J-Review, datasource adae.xpt 
 
The only imbalance noted was for the HLT “Gallbladder disorders NEC”, but no 
individual PT contributed to the imbalance. Other PTs and HLT’s related to cholecystitis 
and cholelithiasis were balanced. Cholecystitis and cholelithiasis reported as SAEs 
were balanced between lixisenatide and placebo (38 (0.5%) vs. 24 (0.5%).  
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There were 5 (<0.1%) TEAEs reported a s SAEs in the Hepatic and Hepatobiliary 
disorders HLGT  vs. 10 (0.2%) with placebo. Within this HLGT, there were two SAEs 
with lixisenatide reported under the  HLT “Hepatocellular damage and hepatitis NEC”. 
The case of drug-induced hepatitis has been discussed earlier. In addition there was 
one SAE of acute hepatitis in patient EFC11319-643-014-004. (clinical review under 
NDA204961, page 163). This was felt to have greater temporal association to 
amiodarone administration than lixisenatide. 
 
Hepatic Enzyme Elevations: 
The updated incidence of ALT elevations and patients who fulfilled Biochemical Hy’s 
law criteria is shown in the table below. ALT elevations over 3XULN were balanced 
between lixisenatide and placebo (0.8% vs 1%).. Patients who fulfilled biochemical HY’s 
law criteria were also balanced (lixisenatide-6  [-<0.1%], placebo -10 [0.2%], all 
comparators-11 [0.2%]) 

Table 51: Liver Serum Alanine Aminotransferase (ALT) elevations and 
Biochemical Hy’s Law On-Treatment: incidence in Phase 2/3 studies 
(Datapool2) - safety population 
 Lixisenatide 

(N=7874) 
Placebo 
(N=4842) 

All comparators 
(N=6079) 

ALT > 3 ULN 
n/N1 (%) 56/7285 (0.8%) 44/4534 (1.0%) 50/5737 (0.9%) 
ALT > 5 ULN 
n/N1 (%) 18/7285 (0.2%) 21/4534 (0.5%) 23/5737 (0.4%) 
ALT > 10 ULN 
n/N1 (%) 6/7285 (<0.1%) 7/4534 (0.2%) 8/5737 (0.1%) 
ALT > 20 ULN 
n/N1 (%) 2/7285 (<0.1%) 4/4534 (<0.1%) 5/5737 (<0.1%) 
ALT > 3 ULN and TBILI > 2 ULN 
n/N1 (%) 6/7285 (<0.1%) 9/4534 (0.2%) 1/57370 (0.2%) 
n = the number of patients who met the criterion in question at least once; N1 = the 
number of patients for the treatment group who had the parameter(s) assessed during 
the on-treatment period. 
Adapted from Table 101 and 102, ISS, eCTD 5.3.5.3 
 
Of the six patients on lixisenatide who fulfilled Biochemical Hy’s law criteria one patient 
had pancreatic cancer (EFC6014-276-407-001. The details for the remaining patients 
from EFC 11319 is shown in the table below, all had alternate etiologies. 
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Table 52: Subject  Details for Biochemical Hy’s law Criteria Patients 
on Lixisenatide, EFC11319 
Patient ID Age/Sex Verbatim AE Onset  after IMP 
EFC11319 
392011002 

65/F Cholecystitis, Cholelithiasis Day 422 

EFC11319 
608008002 

69/M ALT increased due to multifocal 
hepatocellular carcinoma 

Day 537 

EFC11319 
616014022 

58/F choledocholithiasis Day 391 

EFC11319 
643014004 

62/M Pericholecystitis etiology unknown, 
Acute asymptomatic pancreatitis, 
Acute hepatitis (following 
amiodarone) 

Day 171 

EFC11319 
710017009 

68/M Hepatocellular carcinoma, Chronic 
hepatitis b 

Day 404 

Source: Table 102, ISS, eCTD 5.3.5.3 
 
In addition to the patients listed above, patient EFC11319-643-048-019, a 73 yr. old 
male with NYHA class 3 heart had the following liver enzyme values at the end-of study 
visit (Day 634): ALT at 103 IU/L (normal range 6-35 IU; 2.94x ULN), AST at 116 IU/L 
(normal range: 11-36 IU; 3.22x ULN), ALP at 521 IU/L (normal range: 35-130 IU; 4.01x 
ULN), and total bilirubin at 51 µmol/L (normal range: 3-21 µmol/L; 2.43x ULN). At 
screening all values were within normal range, except for ALT 49 IU/L (1.40x ULN). The 
laboratory abnormalities were not followed up by the Investigator since shortly after 
these findings, the patient died of heart failure. This was possibly hepatic congestion 
secondary to CHF. In addition alkaline phosphatase was elevated, which is suggestive 
of cholestasis vs. hepatocellular injury. 
 
Reviewer’s Conclusions about Hepatobiliary Events: 
There were no imbalances in AEs in the Hepatobiliary System Organ Class. Liver 
enzyme elevations were balanced between lixisenatide and placebo, and cases on 
lixisenatide that fulfilled biochemical Hy’s law criteria had alternate etiologies. However, 
there was one patient on lixisenatide diagnosed with drug induced hepatitis with 
temporal association to lixisenatide.  Overall the data is not suggestive of any new 
safety signal with lixisenatide 
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7.3.5.10 Other Malignancies 

Concerns have arisen that various diabetes treatments may be associated with 
malignancies39.40 . A review of the available non-clinical toxicology studies, clinical trial 
data, observational studies, and post-marketing studies performed by the European 
Medicines Agency (EMA) and the FDA have not led to any final conclusions regarding 
the potential relationship of incretin-based therapies to pancreatitis and pancreatic 
cancer. Both agencies continue to investigate this safety signal41.  
 
With the prior submission, there was initially a concern about an imbalance in lung 
cancers with lixisenatide vs. all comparators which was resolved when the sponsor 
submitted updated information from the ongoing ELIXA study. Since malignancies are 
best assessed for the entire database, so that rare events are not missed, the incidence 
of malignancies by high level group term (HLGT) for the entire phase2/3 database 
(Datapool2) was reviewed. The incidence during the on and-post-treatment periods was 
assessed, given the latent period for diagnosis of malignancies. HLT or PT are 
compared as felt appropriate.  
 

Table 53: Malignancies in Phase 2/3 Studies, Safety Population 
High Level Group Term 
HLT or Preferred Term 

LIXI 
N=7874 

PBO 
N=4842 

OTHCMP 
N=1237 

Total Subjects   160 ( 2.0%)   112 (2.3%)     8 ( 0.6%) 
Breast neoplasms malignant and 
unspecified      7 ( 0.1%)     6 ( 0.1%)     2 ( 0.2%) 
Endocrine neoplasms malignant and 
unspecified    26 ( 0.3%)    13 ( 0.3%)     1 (  0.1%) 
Medullary thyroid cancer     0 (  0.0%)     1 (  <0.1%)     0 (  0.0%) 
Papillary thyroid cancer     1 (  <0.1%)     1 (  0.0%)     1 (  0.1%) 
Thyroid neoplasm    23 (  0.3%)    11 (  0.2%)     0 (  0.0%) 
Adrenal neoplasm     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Phaeochromocytoma     1 (  0.0%)     0 (  0.0%)     0 (  0.0%) 
Gastrointestinal neoplasms malignant and 
unspecified    42 (  0.5%)    31 ( 0.6%)     1 (  0.1%) 
Colorectal and anal neoplasms malignancy 
unspecified     0 (  0.0%)     2 (  0.0%)     0 (  0.0%) 
Colorectal neoplasms malignant    20 (  0.3%)    13 (  0.3%)     0 (  0.0%) 

                                            
39 Hemkens LG, Grouven U, Bender R, Günster C, Gutschmidt S, Selke GW, Sawicki PT. Risk ofmalignancies in 
patients with diabetes treated with human insulin or insulin analogues: a cohort study. Diabetologia. 
2009; 52(9):1732-1744. 
40 Lewis JD, Ferrara A, Peng T, Hedderson M, Bilker WB, Quesenberry CP Jr, Vaughn DJ, Nessel L, Selby J, Strom 
BL. Risk of bladder cancer among diabetic patients treated with pioglitazone: interim report of a longitudinal cohort 
study. Diabetes Care. 2011;34(4):916-922. 
41 Pancreatic Safety of Incretin-Based Drugs — FDA and EMA Assessment. Amy G. Egan, M.D., M.P.H., Eberhard 
Blind, M.D., Ph.D., Kristina Dunder, M.D., Pieter A. de Graeff, M.D., B. Timothy Hummer, Ph.D., Todd Bourcier, 
Ph.D., and Curtis Rosebraugh, M.D., M.P.H 
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High Level Group Term 
HLT or Preferred Term 

LIXI 
N=7874 

PBO 
N=4842 

OTHCMP 
N=1237 

Gastric neoplasms malignant     6 (  0.1%)     4 (  0.1%)     0 (  0.0%) 
Gastrointestinal neoplasms malignancy unspecified 
NEC     4 (  0.1%)     1 (  0.0%)     0 (  0.0%) 
Pancreatic neoplasms malignant (excl islet cell and 
carcinoid)  8 (  0.1%) 

    9 (  0.2%) 
 

    1 (  0.1%) 
 

Hepatobiliary neoplasms malignant and 
unspecified     5 (  0.1%)     4 (  0.1%)     0 (  0.0%) 
Leukemia’s     2 ( <0.1%)     1 (<0.1%)     0 (  0.0%) 
Lymphomas NEC     1 (<0.1%)     2 (<0.1%)     0 (  0.0%) 
Lymphomas non-Hodgkin's B-cell     1 (<0.1%)     3 (  0.1%)     0 (  0.0%) 
Lymphomas non-Hodgkin's T-cell     1 (<0.1%)     0 (  0.0%)     0 (  0.0%) 
Lymphomas non-Hodgkin's unspecified 
histology     1 (<0.1%)     1 (<0.1%)     0 (  0.0%) 
Metastases     2 (<0.1%)     3 (  0.1%)     0 (  0.0%) 
Metastases to central nervous system     0 (  0.0%)     1 (  <0.1%)     0 (  0.0%) 
Metastases to liver     2 (  0.0%)     1 (  <0.1%)     0 (  0.0%) 
Metastases to lung     0 (  0.0%)     2 (   <0.1%)     0 (  0.0%) 
Miscellaneous and site unspecified 
neoplasms malignant and unspecified     2 (<0.1%)     2 (<0.1%)     1 (  0.1%) 
Nervous system neoplasms malignant and 
unspecified NEC     4 (  0.1%)     1 (<0.1%)     0 (  0.0%) 
Brain neoplasm     3 (  0.0%)     0 (  0.0%)     0 (  0.0%) 
Glioblastoma multiforme     1 (  0.0%)     0 (  0.0%)     0 (  0.0%) 
Glioma     0 (  0.0%)     1 (  0.0%)     0 (  0.0%) 
Ocular neoplasms     1 (<0.1%)     0 (  0.0%)     0 (  0.0%) 
Plasma cell neoplasms     1 (<0.1%)     1 (<0.1%)     0 (  0.0%) 
Renal and urinary tract neoplasms 
malignant and unspecified    15 (  0.2%)    13 ( 0.3%)     0 (  0.0%) 
Bladder neoplasms malignant     5 (  0.1%)     4 (  0.1%)     0 (  0.0%) 
Renal neoplasms malignant     5 (  0.1%)     5 (  0.1%)     0 (  0.0%) 
Urinary tract neoplasms malignant NEC     1 (  <0.1%)     3 (  0.1%)     0 (  0.0%) 
Urinary tract neoplasms unspecified malignancy 
NEC     4 (  0.1%)     1 (  <0.1%)     0 (  0.0%) 
Reproductive neoplasms female malignant 
and unspecified     9 (  0.1%)     0 (  0.0%)     0 (  0.0%) 
Cervix neoplasms malignant     1  (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Endometrial neoplasms malignant     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Ovarian neoplasms malignant (excl germ cell)     5 (  0.1%)     0 (  0.0%)     0 (  0.0%) 
Uterine neoplasms malignant NEC     2  (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Reproductive neoplasms male malignant 
and unspecified    16 (  0.2%)    11 ( 0.2%)     1 (  0.1%) 
Prostatic neoplasms malignant    16 (  0.2%)     9 (  0.2%)     1 (  0.1%) 
Respiratory and mediastinal neoplasms 
malignant and unspecified    13 (  0.2%)    10 ( 0.2%)     0 (  0.0%) 
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High Level Group Term 
HLT or Preferred Term 

LIXI 
N=7874 

PBO 
N=4842 

OTHCMP 
N=1237 

Laryngeal neoplasms malignant     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Pharyngeal neoplasms malignant and unspecified     1   (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Non-small cell neoplasms malignant of the 
respiratory tract cell type specified     4 (  0.1%)     6 (  0.1%)     0 (  0.0%) 
Respiratory tract and pleural neoplasms 
malignancy unspecified NEC     1  (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Respiratory tract and pleural neoplasms malignant 
cell type unspecified NEC     2 (  0.0%)     3 (  0.1%)     0 (  0.0%) 
Respiratory tract small cell carcinomas     5 (  0.1%)     1 (  <0.1%)     0 (  0.0%) 
Skin neoplasms malignant and unspecified    19 (  0.2%)    18 ( 0.4%)     2 (  0.2%) 
Malignant melanoma     5 (  0.1%)     0 (  0.0%)     0 (  0.0%) 
Soft tissue neoplasms malignant and 
unspecified     1 (  0.0%)     0 (  0.0%)     0 (  0.0%) 
Generated by reviewer using J-review, datasource adae.xpt 
 
As discussed earlier, pancreatic malignancies were adjudicated by the PSAC and were 
balanced between treatment arms. Thyroid neoplasms have been discussed in section 
7.3.5.1  AE-s related to Potential C-cell Proliferation.   
 
Of the three “brain neoplasm with lixisenatide, one was reported as benign (histology 
unavailable).  The other two were reported to be glioma and glioblastoma. Therefore 
there is no significant imbalance in malignant brain neoplasms overall [3 (<0.1%) vs 
1(<0.1%)]. 
 
The five cases of malignant melanoma were reviewed , since none were reported with 
placebo or comparator: 
 
Three cases  occurred after very short exposure to study drug, making association to 
lixisenatide unlikely: 
 

• EFC6014-036-401-019, 56 year old Female, AE reported on day 123, continued 
treatment till day 598 

• DRI6012-840-075-006, 65 yr. old Female, AE reported on day 64, continued 
treatment till Day 92 

• EFC11319-124-024-010, 62 year old male, AE reported on Day 98, continued 
treatment till day 937 
 

In the remaining two patients:  
 

• EFC11319-036-001-004, 63 yr. old Female, the AE was reported post-treatment 
on Day 966, she was exposed for  532 days 

• EFC11319-840-299-001, 79 yr. old male with history of melanoma, the AE was 
reported post-treatment on Day 582, he was exposed for 186 days 
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Reviewer’s Assessment: 
Given the short exposures for three patients and the long lag phase after exposure for 
the remaining two patients with a prior history for one patient, association to lixisenatide 
seems unlikely and this is appears to be a chance finding. 
 
 
Ovarian cancers were also imbalanced 5 ( 0.1%) on lixisenatide vs. none with all 
comparators.  These cases were reviewed: 
 

• EFC10743-642-302-038,  48 yr. old female, Diagnosed with malignant right 
Ovarian tumor (stage3C) on day 80, but continued treatment to Day 644 

• EFC11319-392-015-001, 63 yr. old F , Diagnosed with Ovarian cancer on Day 
613, continued study drug till Day 658. Invasion to the rectosigmoid and breast 
cancer was also reported one month later.  This patient had multiple tumor 
markers elevated (CA, CEA, CA-125, CA19-9 etc.) on laboratory exam 

• EFC11319-484-006-015, Diagnosed with malignant ovarian adenocarcinoma on 
Day 157, Anatomical-pathological diagnosis showed moderately differentiated 
endometroid adenocarcinoma (grade 2) with extensive necrosis areas invading 
the capsule without exceeding it. Residual ovary and fallopian tube were without 
abnormalities. She continued study drug till Day 380.  

• EFC11319-642-014-001, 61 yr. old female, Diagnosed with ovarian cancer 
(stage3C) on day 435 with fatal outcome 16 months later. 

• EFC11319-643-019-008, 65 yr. old female, diagnosed with left ovarian cancer on 
day 1129 with fatal outcome and died 1 month later. 

 
Reviewer’s Assessment:  
The number of new cases of ovarian cancer is reported to be 11.9 per 100,000 women 
per year and forms 1.3% of new cancer cases 42. The most important risk factor for 
ovarian cancer is a family history of a first-degree female relative with the disease. 
Approximately 20% of ovarian cancers are familial, and although most of these are 
linked to mutations in the BRCA1 or BRCA2 genes, several other genes have been 
implicated in familial ovarian cancers. Most patients have widespread disease at 
presentation43 Therefore while it appears that the incidence in this trial for patients on 
lixisenatide is higher than the background rate, only three patients had exposures over 
6 months. While the cancer is reported to spread rapidly by peritoneal seeding, 
association to study drug is unlikely in patients with less than 6 months of exposure. 
The presentation of the three patients with longer exposures is not unusual and no 
family history / genetic information is available (one of the patients was also diagnosed 
with breast cancer and had plasma elevations of multiple tumor markers).  Therefore 

                                            
42 National cancer Institute, Surveillance, Epidemiology and end-results program (SEER) 
http://seer.cancer.gov/statfacts/html/ovary.html 
43 http://www.cancer.gov/types/ovarian/hp/ovarian-epithelial-treatment-pdq 
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while association cannot be excluded and some residual uncertainty exists for these 
three patients, this is most likely a chance finding. 
 
In addition to Datapool2, the incidence of malignancies in ELIXA was also assessed, 
since this was a population with similar exposures and randomization to lixisenatide and 
placebo. No new signals were observed, compared to the entire phase2/3 safety pool. 
In addition the statistical reviewers also conducted a meta-analyses for breast, lung, 
colorectal, prostate and Thyroid malignancies for studies over 76 weeks duration 
(including exenatide comparator trial EFC6019) and ELIXA. The result was consistent 
with the applicant’s analyses for placebo controlled studies (see Figure 8 below). 
 

Figure 8: Forest plot of Exposure-adjusted Relative Risk (lixisenatide 
versus placebo) Stratified by Study for Malignant or Unspecified 
Tumors in Phase 2/3 Placebo-controlled Studies – Safety Population 
(Including ELIXA). 

 
PY (Patient years of follow-up): Sum across all patients, of each patient’s time from first 
dose to the earliest of the dates of last contact/visit or death. 
PSAC: Pancreatic Safety Assessment Committee. 
Source: Figure 21, ISS, eCTD5.3.5.3 
 

7.3.5.11 Psychiatric disorders 

In the Phase 3 placebo-controlled efficacy/safety studies over the entire treatment 
period the incidence of TEAEs in the psychiatric disorders SOC was 7.0% with 
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lixisenatide and 5.1% with placebo. In addition there was an imbalance in SAEs for 
schizophrenia and depression, although depression and suicide PTs when considered 
together were balanced (see Clinical review under NDA 204961, page 196).  Therefore 
these were reviewed in the updated phase 2/3 pool (Data pool 2). Overall events in the 
Psychiatric SOC were balanced between treatment groups (lixisenatide 526 [6.7%], 
placebo 304 [6.3%]).  Among all TEAEs there was an imbalance for the HLT Adjustment 
disorders (lixisenatide 7 [0.1%] vs placebo-0); eating disorders (which is expected due 
to gastric emptying effect (lixisenatide 9 [0.1%], placebo-1 [<0.1%]) and sexual desire 
disorders (PT-decreased libido) (lixisenatide (10 [0.1]% , placebo-1 [<0.1%]). SAEs 
reported in this SOC are shown in the table below. The SAEs of Schizophrenia have 
been discussed earlier and were in patients with prior history of the condition. 
Depression and suicide PTs reported as SAE’s were balanced. 
 

Table 54: SAEs in Psychiatric Disorders SOC, Phase2/3 studies (Data 
pool 2), Safety Population 

 High Level Term 
LIXI 
N=7874 

PBO 
N=4842 

OTHCMP 
N=1237 

Subjects (n)   17 (  0.2%) 
    7 (  0.1%) 
 

    1 (  0.1%) 
 

Adjustment disorders     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Anxiety symptoms     2 (  <0.1%)     1 (  <0.1%)     0 (  0.0%) 
Confusion and disorientation     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Depressive disorders     3 (  <0.1%)     3 (  0.1%)     0 (  0.0%) 
Disturbances in initiating and maintaining sleep     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Mood alterations with manic symptoms     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Schizophrenia NEC     3 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Somatoform disorders     2 (  <0.1%)     1 (  <0.1%)     0 (  0.0%) 
Substance-related disorders     1 (  <0.1%)     0 (  0.0%)     0 (  0.0%) 
Suicidal and self-injurious behavior     3 (  <0.1%)     2 (  <0.1%)     1 (  0.1%) 
Generated by reviewer using J-review, datasource- adae.xpt 
 
7.4 Supportive Safety Results 
 

7.4.1 Common Adverse Events 

Common AEs in the placebo controlled Efficacy and Safety pool have been discussed 
earlier (see Clinical review under NDA 204961, page 205). In the main treatment period 
28% of patients on lixisenatide vs. 7.1% of patients on placebo experienced nausea. 
9.8% of patients on lixisenatide vs. 1.8% of patients on placebo experienced vomiting.  
Consistent with the effect on delaying gastric emptying, related AEs like upper 
abdominal pain and  dyspepsia were also increased with lixisenatide, along with 
headache, dizziness and asthenic conditions. Nausea and vomiting were time 
dependent, with incidence peaking in the first three weeks of treatment, and decreasing 
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later, but still present. Up to 3.6% of patients had recurrent episodes vs. 0.4% on 
placebo over the entire treatment period.  
 
The incidence of  nausea and vomiting, and other common AEs in ELIXA is shown in 
the table below, results consistent with the placebo-controlled phase 3 efficacy and 
safety studies are italicized.  In general, except for expected AEs in this patient 
population with known CAD, the AEs are consistent with the phase 3 efficacy and safety 
studies. 
 

Table 55: Common AEs (Incidence >2% and more Common with 
Lixisenatide) in the ELIXA study., Safety Population 
PRIMARY SYSTEM ORGAN CLASS  
Preferred Term 

Lixisenatide 
N=3031 
 

Placebo 
N=3032 

Nausea   659 ( 21.7%)   181 (  6.0%) 
Vomiting   257 (  8.5%)    82 (  2.7%) 
Hypoglycemia   612 ( 20.2%)   557 ( 18.4%) 
Dizziness   260 (  8.6%)   193 (  6.4%) 
Diarrhea   239 (  7.9%)   231 (  7.6%) 
Angina pectoris   215 (  7.1%)   237 (  7.8%) 
Angina unstable   215 (  7.1%)   232 (  7.7%) 
Headache   188 (  6.2%)   148 (  4.9%) 
Nasopharyngitis   181 (  6.0%)   188 (  6.2%) 
Non-cardiac chest pain   176 (  5.8%)   202 (  6.7%) 
Hypertension   156 (  5.1%)   178 (  5.9%) 
Influenza   146 (  4.8%)   146 (  4.8%) 
Asthenia   130 (  4.3%)    77 (  2.5%) 
Urinary tract infection   125 (  4.1%)   135 (  4.5%) 
Blood glucose decreased   125 (  4.1%)   128 (  4.2%) 
Upper respiratory tract infection   122 (  4.0%)   112 (  3.7%) 
Back pain   118 (  3.9%)   151 (  5.0%) 
Decreased appetite   117 (  3.9%)    29 (  1.0%) 
Percutaneous coronary intervention   113 (  3.7%)   106 (  3.5%) 
Cough   113 (  3.7%)   120 (  4.0%) 
Dyspnea   111 (  3.7%)    90 (  3.0%) 
Myocardial infarction   110 (  3.6%)   115 (  3.8%) 
Fatigue   109 (  3.6%)    65 (  2.1%) 
Bronchitis   109 (  3.6%)   110 (  3.6%) 
Cardiac failure   108 (  3.6%)   127 (  4.2%) 
Coronary revascularization   105 (  3.5%)   108 (  3.6%) 
Pain in extremity    99 (  3.3%)   101 (  3.3%) 
Edema peripheral    96 (  3.2%)   116 (  3.8%) 
Arthralgia    93 (  3.1%)    91 (  3.0%) 
Constipation    83 (  2.7%)    66 (  2.2%) 
Acute myocardial infarction    80 (  2.6%)    70 (  2.3%) 
Abdominal pain    77 (  2.5%)    62 (  2.0%) 
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Dyspepsia    77 (  2.5%)    58 (  1.9%) 
Abdominal pain upper    73 (  2.4%)    56 (  1.8%) 
Hypotension    72 (  2.4%)    56 (  1.8%) 
Pneumonia    70 (  2.3%)    90 (  3.0%) 
Musculoskeletal pain    66 (  2.2%)    69 (  2.3%) 
Depression    66 (  2.2%)    76 (  2.5%) 
Hyperglycemia    66 (  2.2%)    73 (  2.4%) 
Gastritis    61 (  2.0%)    48 (  1.6%) 
Atrial fibrillation    61 (  2.0%)    74 (  2.4%) 
Anemia    61 (  2.0%)    64 (  2.1%) 
Hyperhidrosis    60 (  2.0%)    40 (  1.3%) 
Malaise    49 (  1.6%)    13 (  0.4%) 
Abdominal discomfort    41 (  1.4%)    21 (  0.7%) 
Generated by reviewer using J-Review, datasource adae.xpt (ELIXA) 

7.4.2 Laboratory Findings 

Refer to section 7.4.2 of the clinical review under NDA 204961, page 212 
 
Pancreatic enzymes, liver function tests, calcitonin, serum creatinine, creatinine 
clearance, glomerular filtration rate and antidrug antibodies have been discussed in the 
relevant sections. There were no clinically relevant changes in serum lipid, hematology 
and electrolytes.  
 

7.4.3 Vital Signs 

Refer to section 7.4.3 of the clinical review under NDA 204961, page 213 
 
There were no significant mean differences in supine systolic blood pressure and heart 
rate over the entire treatment period in both treatment groups in the Phase 3 placebo-
controlled studies 

7.4.4 Electrocardiograms (ECGs) 

Refer to section 7.4.4 of the clinical review under NDA 204961, page 214 
 
There were no clinically relevant effects of lixisenatide on the baseline and placebo-
corrected QTc, PR and QRS intervals based on the QT-IRT review. Consistent with the 
GLP-1 receptor agonist class, mean heart rate increases of up to 7.3 bpm were 
observed in healthy subjects 
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7.4.5 Special Safety Studies/Clinical Trials 

Refer to section 7.4.5 of the clinical review under NDA 204961, page 214 
 
The 3-month and 12-month toxicology studies in dogs treated with lixisenatide at high 
doses (>500 fold human dose of 20 μg once daily [QD] showed a microscopically 
increased incidence of hypospermatogenesis with focal and multifocal vacuolation, 
atrophy and dilatation of the seminiferous tubules, and focal sperm stasis in various 
testes In an 8-month juvenile toxicology study in dogs at 5, 20, and 200 μg/kg BID (≥7X 
clinical exposure), similar dose-related findings were observed in the testis and 
epididymis. The non-clinical reviewers concluded that the increased GLP-1 receptor 
expression in testis and epididymis make dogs more sensitive to lixisenatide-induced 
inhibition of spermatogenesis. In support of this hypothesis, once daily doses of 20 μg 
(the maximum recommended clinical dose) for 6 months in obese men did not result in 
clinically significant effects on human spermatogenesis (total sperm count, motility, or 
morphology) or on reproductive hormones (clinical Study TDR11215). 

7.4.6 Immunogenicity 

Discussed in Section 7.3.5.4 

7.5 Other Safety Explorations 

 

7.5.1 Dose Dependency for Adverse Events 

Also refer to section 7.2.2. in this review. Only a single dose was studied in the Phase 3 
trials. 

7.5.2 Time Dependency for Adverse Events 

Time dependency of nausea and vomiting is discussed in section 7.4.1 of the clinical 
review under NDA 204961 (page 208). Consistent with the GLP-1 receptor agonist 
class, the percentage of patients with nausea and vomiting peaked during the first three 
weeks of treatment and decreased thereafter through the rest of the main and entire 
treatment periods. 
 
For allergic reactions a higher cumulative rate of events was seen with lixisenatide, with 
an initial increase in event rate in the first six weeks of treatment followed by a steady 
difference compared to comparator (clinical review under NDA 204961, page 99) 
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7.5.3 Drug-Demographic Interactions 

Drug demographic interactions in the placebo-controlled efficacy studies (data pool 1) 
are discussed in section 7.5.3 of the clinical review under NDA 204961 (page 219). 
The treatment differences were generally more pronounced in elderly patients (≥ 65 
years), in Asian/Oriental and Black patients, and in patients with BMI <30 kg/m2. 
This was primarily due to treatment differences in the gastrointestinal disorders SOC 
(and the PTs of nausea and vomiting) and the metabolism and nutrition disorders SOC 
for Asian patients (in contrast to the other races, Asian patients on lixisenatide had a 
higher percentage of hypoglycemia (lixisenatide 18.1%, placebo 11.5%). This is 
confounded by the Asian add-on to insulin± sulfonylurea (SU) study EFC10887  and 
add -on to SU study EFC11321. 
 
The subgroup analyses conducted for Study EFC11319 revealed patterns generally 
consistent with those seen in the Phase 3 placebo-controlled efficacy/safety studies 
 

7.5.4 Drug-Disease Interactions 

The imbalance in TEAEs between the lixisenatide group and placebo group by renal 
subgroups in both the placebo controlled Efficacy studies (data pool 1) and ELIXA is 
discussed in Section 7.3.5.3 of this review. 
 
Relative to the corresponding subgroups being compared, higher incidences of common 
TEAEs were generally observed with both lixisenatide and placebo in patients with a 
medical history of dyslipidemia, and patients with concomitant use of statins/statin 
combinations, history of hypertension, and cardiovascular disease. A slight exaggerated 
difference was noted in the statin subgroup in lixisenatide subjects compared to placebo 
for nausea (lixisenatide 29.8% vs. placebo 7.7% on statin, lixisenatide 22.4% vs. 
placebo 5.1% without statin) and vomiting (lixisenatide 12% vs. placebo 2.2% on statin, 
lixisenatide 8.5% vs. placebo 1.6% without statin). The subgroup analyses conducted 
for Study EFC11319 revealed patterns generally consistent with those seen in the 
Phase 3 placebo-controlled efficacy/safety studies. 
 

7.5.5 Drug-Drug Interactions 

See Clinical pharmacology review by Dr. Suryanarayana Sista under NDA 204871 
 
The main drug interactions expected are due to the effect of lixisenatide on gastric 
emptying which may reduce the rate of absorption of oral medications. This would affect 
drugs which are dependent on threshold concentrations for efficacy, such as antibiotics, 
or medications with narrow therapeutic index. These medications should be taken at 
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least 1 hour before lixisenatide injection or 11 hours after the morning dose of 
lixisenatide. 
 

7.6 Additional Safety Evaluations 

 

7.6.1 Human Carcinogenicity 

Refer to sections 7.3.5.1 and 7.3.5.10 

7.6.2 Human Reproduction and Pregnancy Data 

Refer to DPMH review by DR. Christos Mastroyannis dated April 4, 2016. 
 
Lixisenatide administered to pregnant rats and rabbits during organogenesis was 
associated with visceral closure defects and skeletal defects at systemic exposures that 
decreased nutritional intake and weight gain during gestation, at exposures equivalent 
to one- and four fold the 20 mcg/day clinical dose, respectively, based on plasma AUC. 
Lixisenatide reduced food intake and weight gain in pregnant rats for just a few days 
after starting treatment, a transient effect, and yet it resulted in these skeletal and 
visceral closure defects.  
 
Lixisenatide was not mutagenic or clastogenic in a standard battery of genotoxicity 
tests. 
 
There were 7 pregnancies confirmed while patients were on IMP in the clinical 
development program. Three pregnancies occurred in the lixisenatide group, one 
pregnancy occurred in each of the exenatide and sitagliptin groups, and two 2 
pregnancies occurred in the placebo group. Two of these pregnancies occurred in 
patients in the ELIXA study. 
 
EFC6015 -158-510-001: A 27-year-old female Asian patient had been exposed to 
approximately 30 days of lixisenatide treatment while pregnant (first pregnancy) before 
the IP was permanently discontinued (249 days of total lixisenatide treatment). She was 
hospitalized due to lack of amniotic fluid (oligohydramnios) and went in to preterm labor. 
She delivered a healthy male baby about 40 days before her expected date of delivery. 
 
EFC11319-. 840-290-005 -. A 31-year-old Black female became pregnant 2.4 years 
after the first lixisenatide intake and was advised by the cardiologist and obstetrician to 
terminate pregnancy because of her cardiac condition. She discontinued the IP and 
pursued the pregnancy which resulted in a stillbirth. 
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EFC11319 -032-003-029 - A 34-year-old White, Hispanic patient became pregnant one 
year after the first lixisenatide intake. Beta human chorionic gonadotrophin was positive, 
and a transvaginal ultrasound showed a 7.4 weeks gestation which had stopped and 
was without cardiac activity. A curettage was performed and the pregnancy was 
terminated. The patient continued in the study and completed the treatment period 
without IMP discontinuation. 
 
Reviewer’s Assessment: 
The available clinical data are insufficient to inform about safety concerns related to 
lixisenatide use in pregnancy. Since a definitive teratogenic effect was not seen in the 
non-clinical studies, DPMH does not recommend a warning and precaution statement or 
use of contraception during treatment.  
 

7.6.3 Pediatrics and Assessment of Effects on Growth 

Not applicable since pediatric studies have been deferred 
 

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound 

For all Phase 3 studies), as defined in study protocols, overdose was defined as any 
dose greater than 2-fold above the recommended/planned or prescribed dose 
administered within the study. 
 
In all Phase 2/3 studies, accidental overdose was reported for 11 (0.1%) patients on 
lixisenatide versus 5 patients on placebo. None were reported as SAEs. In all Phase 2/3 
studies, intentional overdose was reported for 2 patients on lixisenatide. One was with a 
non- IMP (thiamazole) and the other patient was asymptomatic. 
 
Toxicology studies revealed no signs of tolerance in all species and no findings 
suggestive of a withdrawal syndrome were observed. 

7.7 Additional Submissions / Safety Issues 

Not applicable. 
 

8 Postmarket Experience 
 
Relevant information related to post-marketing safety has been discussed with each 
adverse event of special interest in Section 7.3.5.
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recommended post-marketing studies or surveillance of this risk, but did not provide 
specific recommendations about the type of study. 
 
The statisticians in the committee were concerned about the assessment of the 
immunogenicity risk due to high incidence of antidrug antibody formation (70%). They 
expressed concern that the analyses conducted to evaluate the impact of antibodies on 
efficacy or safety did not capture time-dependent effects, specifically for the safety 
analyses, since the safety analyses included the patient’s maximum antibody 
concentration over the course of the study which may not have correlated temporally 
with the occurrence of the adverse event, but did not offer any recommendations about 
the specific methodology. 
 
Reviewer’s Comment: 
The statistical recommendations were discussed by the FDA review team and additional 
efficacy analyses to demonstrate a correlation between antibody concentration and 
efficacy were conducted. 
 
The applicant has conducted sensitivity analyses for allergic reactions adjudicated as 
due to the IMP, based on the antibody status or concentration +/- 90 days of the AE 
onset date. The scope to perform additional safety analyses are limited due to the small 
number of hypersensitivity events adjudicated as related to the IMP, the limited time 
points when antibody data was collected and the significant number of patients with 
missing antibody assessments. In addition, anaphylaxis occurred at various time points 
after lixisenatide exposure-first dose, within the first month and after prolonged 
exposure.  Given the unpredictable occurrence of anaphylaxis events and the lack of 
IgE data, no further analyses to correlate between immunogenicity and anaphylaxis or 
hypersensitivity events are feasible. 
 
To further characterize the impact of antidrug antibodies (ADA) on efficacy and safety, 
OBP has recommended assessments of cross-reactivity and neutralizing activity with 
validated assays on all ADA positive patients as a post-marketing requirement, Clinical 
assessment of cross-reactivity to endogenous GLP-1 and Glucagon, can only be 
indirectly assessed by correlating presence of cross-reactive antibodies with HbA1c 
change and hypoglycemia.. The Division is exploring this possibility further, as it 
depends on the availability of banked serum samples.  
 
Discussions with the applicant and OSE are ongoing at this point about the type of 
observational study or pharmacovigilance that would suitably capture the magnitude of 
risk for anaphylaxis and serious hypersensitivity reactions, compared to the approved 
GLP-1 receptor agonists. 
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9.4 Financial Disclosure Review 

Clinical Investigator Financial Disclosure 
 
Application Number:  NDA 204871 

Submission Date(s):  July 27, 2015 

Applicant:  Sanofi-aventis 

Product:  lixisenatide 
 
Reviewer:  Suchitra Balakrishnan, MD, PhD 

Date of Review:  June 2, 2016 

Covered Clinical Studies (Name and/or Number):  ACT6011, DRI6012, PDY10931, 
PDY6797, EFC6014, EFC6015, EFC6016, EFC6017, EFC6018, EFC6019, EFC10743, 
EFC10780, EFC10781, EFC10887, EFC11321, LTS10888, EFC12261, EFC12626, 
EFC11319 
 
Was a list of clinical investigators provided:   
 

Yes   No  (Request list from 
applicant) 

Total number of investigators identified:  7,973 

Number of investigators who are sponsor employees (including both full-time and 
part-time employees):  None reported (spouse of one investigator  who 
participated in Study  was a Sanofi-aventis employee) 
 
Number of investigators with disclosable financial interests/arrangements (Form FDA 
3455):  58 

If there are investigators with disclosable financial interests/arrangements, identify 
the number of investigators with interests/arrangements in each category (as defined 
in 21 CFR 54.2(a), (b), (c) and (f)):- 

Compensation to the investigator for conducting the studies where the value 
could be influenced by the outcome of the studies:  No 
Significant payments of other sorts:  58 
Proprietary interest in the product tested held by investigator:  No 
Significant equity interest held by investigator in sponsor of covered studies:  
No 

Is an attachment provided with 
details of the disclosable financial 

Yes  No  (Request details from 
applicant) 
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interests/arrangements:   

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

Yes  No  (Request information 
from applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 16 

Is an attachment provided with the 
reason:   

Yes  No  (Request explanation 
from applicant) 

 
The lixisenatide covered clinical program included over 7,973 unique investigators. Of 
these of which 103 were reported in the initial NDA submission as having disclosable 
financial interests. For all of these investigators disclosure was for Significant Payments 
of Other Sorts (SPOOS) only, as there were no reportable disclosures in any other 
financial interest category. The applicant reports that this number is further reduced to 
58 by counting an investigator only once when they are listed in more than one study. 
Cumulative amount and per-study amount are shown in the table below.  
Any potential bias that might result from this is minimized by the design of the trials 
(multicenter), size of the trials, and the small contribution from each of these 
investigators (each < 5% [maximum] of the total number of subjects) for the individual 
trials ( see 3.3 Financial Disclosures). 
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1 Recommendations/Risk Benefit Assessment 
This section will be addressed in an addendum to the review after the advisory 
committee meeting  

1.1 Recommendation on Regulatory Action 

 

1.2 Risk Benefit Assessment 

 

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies 

 

1.4 Recommendations for Postmarket Requirements and Commitments 

 

2 Introduction and Regulatory Background 

2.1 Product Information 

Lixisenatide (molecular weight 4.9 kDa, Product code-AVE0010) is a peptide containing 
44 amino acids, which is amidated at the C-terminal amino acid showing structural 
similarities to exenatide. The structure of lixisenatide is based on a hormone found in 
the saliva of the Gila monster, Exendin-4 that displays biological properties similar to 
glucagon-like peptide-1 (GLP-1). Lixisenatide has a modified C-terminal with six lysine 
residues which makes it more able to withstand physiological degradation by dipeptidyl 
peptidase IV (DPP4).  
 
Lixisenatide is a selective glucagon-like peptide-1 (GLP-1) receptor agonist.  The GLP-1 
receptor is the target for native GLP-1, an endogenous incretin hormone that 
potentiates glucose-dependent insulin secretion from beta cells and suppresses 
glucagon from alpha cells in the pancreas. The applicant’s rationale for this therapeutic 
intervention includes:  

 Native GLP-1 is reported to stimulate insulin release from the pancreatic islets, 
suppress glucagon secretion, delay gastric emptying, and reduce body weight.  
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 Although GLP-1 levels are reduced in patients with type 2 diabetes mellitus 
(T2DM), their response to exogenous GLP-1 remains intact.  

 The pancreatic effects are glucose-dependent (at glucose concentrations below 
approximately 4.5 mM [81 mg/dL], insulin secretion is not influenced), minimizing 
the risk of clinically relevant hypoglycemia.  

 Non-pancreatic effects of GLP-1 include slowing of gastric emptying, reduction of 
food intake, and an increase in satiety, all of which contribute to improving 
glucose control and decreasing body weight.  

 Animal studies showed that GLP-1 increases β-cell mass, maintains β-cell 
efficiency and reduces β-cell apoptosis. 

Lixisenatide is supplied as a solution for subcutaneous (s.c.) injection to be taken once 
daily within one hour prior to  the first meal of the day . It is 
supplied in two strengths: 10 μg as an initiation dose and 20 μg as a maintenance dose. 
Two disposable fixed-dose pen injectors will be available (10 μg for dose initiation; 20 
μg for maintenance dose). 
The proposed indication is as an adjunct to diet and exercise to improve glycemic 
control in adults with type 2 diabetes mellitus.  

2.2 Tables of Currently Available Treatments for Proposed Indications 

Table 1: Currently Approved GLP-1 Agonists  

Drug Dose and Route Indication 
Exenatide 
(ByettaTM) 
(short-acting) 

Initiate at 5 mcg s.c. per dose twice daily 60 
minutes prior to main meal; increase to 10 mcg 
twice daily after 1 month based on clinical 
response  
 

Adjunct to diet and 
exercise to improve 
glycemic control in 
adults with type 2 
diabetes mellitus. 

Exenatide 
extended-
release for 
injectable 
suspension 
(BydureonTM). 

Administer 2 mg s.c. once every seven days 
(weekly), at any time of day and with or without 
meals 

Same as above but 
not recommended as 
first line therapy due 
to medullary thyroid 
carcinoma risk 

Liraglutide 
[rDNA origin] 
injection 
(Victoza®), 

Initiate at 0.6 mg once daily for one week. This 
dose is intended to reduce gastrointestinal 
symptoms during initial titration, and is not 
effective for glycemic control. After one week, 
increase the dose to 1.2 mg. If the 1.2 mg dose 
does not result in acceptable glycemic control, 
the dose can be increased to 1.8 mg 

Same as above but 
not recommended as 
first line therapy due 
to medullary thyroid 
carcinoma risk 
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function has been reversed in many of the reported cases with supportive treatment 
and discontinuation of potentially causative agents.  

 There is limited clinical experience with liraglutide in patients with mild, moderate, 
and severe renal impairment, including end-stage renal disease. No dose 
adjustment of liraglutide is recommended for patients with renal impairment based 
on pharmacokinetics. Caution is advised when initiating or escalating doses of 
liraglutide in patients with renal impairment.  

 Exenatide and exenatide LAR are not recommended for patients with severe 
renal impairment or end-stage renal disease. In patients with end-stage renal 
disease receiving dialysis, single doses of exenatide 5 mcg were not well-tolerated 
due to gastrointestinal side effects and mean exenatide exposure increased by 3.37-
fold compared to that of patients with normal renal function. Use with caution is 
advised in patients with renal transplantation or moderate renal impairment.  

 
There are postmarketing reports of serious hypersensitivity reactions (e.g., anaphylactic 
reactions and angioedema) with liraglutide and exenatide.  
 
Serious hypoglycemia: Can occur when these agents are used with an insulin 
secretagogue (e.g. a sulfonylurea) or insulin. Lowering the dose of the insulin 
secretagogue or insulin to reduce the risk of hypoglycemia is advised. 
 
Macrovascular outcomes: clinical trials to establish conclusive evidence of 
macrovascular risk reduction for exenatide and liraglutide are ongoing (EXSCEL and 
LEADER). 
 

2.5 Summary of Presubmission Regulatory Activity Related to Submission 

Regulatory issues related to cardiovascular (CV) safety are discussed separately. 
The End-of-Phase 2 meeting between the applicant and the FDA occurred on 
December 19, 2007. Key clinical safety and regulatory issues discussed included the 
design of the Phase 3 pivotal efficacy studies including plan for AVE0010 antibody 
monitoring to assess for neutralizing activity, total exposure and enrollment of US 
patients in the Phase 3 trials, safety monitoring for pancreatitis, anaphylaxis, and 
assessment of hypoglycemia. In addition, due to the hypo-spermatogenesis effect in 
dogs, the applicant was advised to conduct a clinical study to assess male reproductive 
system effects. Safety issues related to the pen device from incorrect dosing and use in 
inappropriate patients (visually impaired, patients with neuropathy) were also discussed 
(refer to review of the minutes dated September 9, 2008 for details). The pre-NDA 
meeting was held on December 11, 2012. In general, the applicant has complied with all 
Agency recommendations with the exception of submission of a risk-evaluation-
mitigation-strategy for medullary carcinoma of the thyroid. The applicant’s rationale for 
this is a large margin of safety in the 2-year rodent carcinogenicity studies in 
comparison to liraglutide and exenatide LAR. This is a review issue and is discussed 
further in Section 7. 
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3.2 Compliance with Good Clinical Practices 

The applicant states that the clinical studies in this application were conducted as part 
of a global clinical program in compliance with GCP, as required by the International 
Conference on Harmonization (ICH) E6 Guideline for GCP. The studies also meet with 
requirements of the Declaration of Helsinki, standard operating procedures for clinical 
investigations and documentation of the applicant, and applicable national laws and 
regulations. Clinical study protocols and amendments were subjected to health authority 
and ethics committee approvals prior to initiation as applicable and adverse events 
(AEs) were reported according to local laws (section 1.2.4 –page 16-clinical overview-
eCTD 2.5). 
 
A total of 811 investigators participated in the pivotal efficacy trials related to this IND in 
1038 sites, based on review of the dataset clinsite.xpt. In study DR6012, investigators 
were not listed for ten subjects; seven in site 840021 and three in site 120018. Since 
this was the dose-response study, it should not have any significant implications on 
submission evaluation. 
Research activities were terminated at five sites due to ongoing noncompliance with the 
clinical protocol and violations of Good Clinical Practice (GCP) in three pivotal Phase 3 
studies: Study EFC6016 (Site No. 840-608), Study EFC6019 (Sites No. 276-905, 840-
910, and 630-924 [this site also participated in Study EFC6016 as Site No. 630-625 and 
was also closed in this study]), and Study EFC6017 (Site No. 840-726). It was decided 
prior to database lock to exclude data for five patients from Study EFC6019 (Site No. 
276-905) from all efficacy and safety analyses in the clinical study report (CSR). For the 
other sites mentioned above all subjects treated were included in the analyses, and the 
applicant also performed a sensitivity analysis for the primary efficacy endpoint (HbA1c 
change from baseline to Week 24) excluding these sites. 
Based on review of the dataset clinsite.xpt, the maximum number of protocol violations 
by site was four (site760020) and by investigator was five (Pieniazek, in sites 616004 
and 616807). Overall, due to the wide distribution of subjects over multiple sites 
involved in the studies, and since only three sites had over 20 subjects enrolled 
(410103, 410510 and 348902), there do not appear to be major issues with trial conduct 
that would affect evaluation of the NDA. 
For clinical sites selected for inspections refer to consult to Office of Scientific 
Investigation (OSI) in DAARTs dated February 5, 2013. 
 

3.3 Financial Disclosures 

The applicant submitted documentation indicating that that there were no reported 
investigator financial disclosures that would affect data or trial integrity. Sixteen Phase 2 
and 3 studies considered are “covered” clinical studies for the purpose of 21 CFR 54.2 
requiring financial disclosure; these include all the pivotal trials. Clinical investigators 
with disclosable financial interests, including equity interests in the applicant as defined 
by 21 CFR 54.2(b) and significant payments of other sorts as defined by 21 CFR 54.2(f) 
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pH . The CMC reviewer indicated that all excipients listed in the USP comply with 
the respective compendial requirements. 
 
The drug product solution is filled into a 3 mL cartridge  integrated in a 
disposable pen-injector. Two disposable pen-injectors are available. The pen-injectors 
have the same external shape and identical mechanical components. To differentiate 
the two dosage strengths, the pens have different color (green and ), tactile 
features and label design. Each pen-injector delivers 14 fixed doses. A dose counter is 
not included as a feature on these pens. 
 
Two alternative manufacturing process variants exist, which differ in  

. The manufacturing process was implemented for the 
primary stability batches as well as for clinical trials. For commercial distribution only 
drug product manufactured according to manufacturing process will be shipped to the 
United States. Per CMC review, batch analysis and stability data through 12 months 
indicate that products manufactured using the two process variants are comparable. 
Batch analysis data from 21 lots show that the drug products meet the specifications 
proposed. 
 
Based on results from stability studies of the pen injector a shelf-life of  months is 
granted for lixisenatide injection 0.1 mg/mL and 0.05 mg/mL strengths when stored at 
5°C ± 3°C by the CMC reviewers. In-use stability studies suggest the quality of 
lixisenatide injection will not be compromised by conditions anticipated during patient 
use of the drug product (daily usage of the product for 14 days maintained at room 
temperature) throughout expiry. 
 
CMC reviewer’s basis for approvability: 
 
“Lixisenatide drug substance has been adequately characterized and manufactured 
reproducibly. The two manufacturing processes for the drug product are equivalent. 
Process variant will be the commercial process. The drug substance and product are 
supported by a sufficient body of stability data from pilot and production scale batches. 
Confirmation was received from Pharmacology/Toxicology that drug substance and 
drug product impurities have been adequately qualified at or above the proposed limits 
found in the drug substance and drug product specifications, respectively. 
At this time, inspections of all manufacturing and testing facilities have not been 
completed. As a result, an overall recommendation has not yet been received from the 
Office of Compliance”. 

4.2 Clinical Microbiology 

Refer to Dr. Jessica Cole’s review dated 7/30/13 for further details: 
There were no microbiology deficiencies listed in the review. The following reviewer 
comments were noted 
“The microbial specification for the drug substance is consistent with 
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compendial limits for non-sterile components of sterile drug products 
 
Drug product: 

 The container closure studies were consistent with industry standards and 
confirm the adequacy of the proposed cartridge system. The preservative 
effectiveness tests demonstrate the microbiological control of this multi dose 
product 

 The proposed manufacturing process and controls are consistent with industry 
standards and adequate to support the drug product 

 The process validation studies were conducted to support the production 
processing conditions. The submitted data are acceptable and consistent with 
industry standards and Agency Guidance. 

 The proposed test methods (analytical procedures [endotoxin and sterility] for 
control of drug product) were validated for use with the drug product. Both 
methods are compendial and are adequate for use. 

 The stability program is consistent with industry standards and the information 
provided supports the stability of the proposed commercial product” 

4.3 Preclinical Pharmacology/Toxicology 

This section will be updated in an addendum after review of the final pharmacology-
toxicology review in DAARTs. 
 

4.4 Clinical Pharmacology 

This section will be updated with an addendum after review of the final clinical 
pharmacology review in DAARTs. 

4.4.1 Mechanism of Action 

Glucagon-like peptide 1 is secreted from the L-cells of the lower gastrointestinal tract 
(mainly, from the ileum and colon) following the ingestion of a carbohydrate- or fat-
containing meal. GLP-1 is known to regulate nutrient metabolism via stimulating effects 
on insulin release from the pancreatic islets (insulinotropic release), which also affects 
glucagon secretion (suppressive effect), gastric motility (slowing of gastric emptying), 
and stomach acid secretion. 
 
 All these pharmacodynamic (PD) effects have been demonstrated in clinical studies 
employing exogenous GLP-1. The insulinotropic effect is glucose dependent; at glucose 
concentrations below approximately 4.5 mM, insulin secretion is not stimulated, thus 
minimizing the risk of relevant hypoglycemia.  The slowing of gastric emptying together 
with a GLP-1 related increase in satiety (mediated through the central nervous system) 
may decrease body weight despite the insulinotropic effects. 
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In vitro pharmacology studies in Chinese hamster ovary (CHO) cells transfected with 
the human GLP-1 receptor showed that lixisenatide had a binding affinity ~4 times 
greater than native human GLP-1.  The IC50 of lixisenatide was 1.43 nmol/L vs. a GLP-
1 IC50 of 5.48 nmol/L, which corresponds to Ki values of 1.33 and 5.09 nmol/L, 
respectively.  Lixisenatide is also resistant to degradation by DPP4. 
 
 

4.4.2 Pharmacodynamics 

The applicant  evaluated lixisenatide’s insulinotropic effects by assessing (a) change 
from baseline to Day 4 in the postprandial blood glucose AUC, (b) change from baseline 
to Day 4 in fasting blood glucose, (c) change from baseline to Day 4 in average 7-point 
blood glucose profile, (d) change from baseline to Day 29 in HbA1c,(e) change from 
baseline to Day 4 in the homeostasis model assessment (HOMA) insulin sensitivity 
parameters – beta cell function, and insulin resistance in a pharmacodynamic safety 
and tolerability study in T2DM patients (study ACT6011). In addition, gastric emptying 
time (from a 13C-octanoic acid breath test) for the test breakfast meal on the fourth day 
of the 10 μg dose level and on Day 28 was also evaluated. 
 
The primary analysis variable in this trial was the area under the blood glucose 
concentration time curve from 0:14 h after the morning injection (administered just 
before standardized breakfast intake) until 4:55 h after the morning injection 
(AUC[0:14h-4:55h]) on the 4th day of the highest individually well-tolerated dose. 
Significant differences in postprandial glucose were observed compared to placebo in 
the lixisenatide QD and BID dose groups. The mean baseline blood glucose AUC was 
highest in the placebo group (1007.4 h.mg/dL), which then increased slightly by 3.0 
h.mg/dL by the fourth day of treatment.  In contrast, in the lixisenatide groups, which 
had lower baseline AUC values (974.6 h.mg/dL in the QD group, and 863.6 h.mg/dL in 
the BID group), decreases of -378.3 and -360.0 h.mg/dL were observed, respectively, 
by the 4th day of treatment.  There were no statistically significant differences in the 
blood glucose AUC values for the postprandial change relative to the pre-meal value 
between the lixisenatide QD and BID groups at either of the administered doses, at 
breakfast or lunch.  However, at dinner, differences between the lixisenatide QD and 
BID groups were significant at each dose level, with the AUC values in the BID group 
being much lower than in the QD group. 
 
The other results- AUC[0:14h-4:55h] after breakfast on the 4th day of treatment for the 
postprandial change in insulin, C-peptide and glucagon relative to the pre-breakfast 
value are discussed in detail in the clinical pharmacology review. 
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4.4.3 Pharmacokinetics 

Table 2: Highlights of Pharmacokinetics 
 
Proposed dose Starting dose of 10 µg for 14 days; 

Maintenance dose of 20 µg from Day 15 
Absorption Median Tmax – 1-3.5 h in patients with type 2 diabetes 

Dose-proportional PK in the 10 µg-20 µg dose range 
Absolute bioavailability reported to be about 32% 
Unchanged lixisenatide is the main drug-related component 
in plasma 

 
Distribution 

Approximately 55% bound to human plasma protein 
Mean Vz/F: Approximately 100L following subcutaneous 
administration, indicating extensive tissue distribution 

 
 
 
Metabolism 
and  
Elimination 

Lixisenatide being a peptide, is eliminated through 
glomerular filtration, followed by tubular reabsorption and 
subsequent metabolic degradation, resulting in smaller 
peptides and amino acids, which are reintroduced in the 
protein metabolism. 
Apparent terminal half-life: Approximately 3 hours after 
multiple-dose administration 
Apparent clearance (CL/F) is about 35 L/h 

Source: Table 1, clinical pharmacology review 
 

 The presence of anti-lixisenatide antibodies increases the concentrations of total 
lixisenatide measured in plasma as well as the variability in derived PK 
parameters. 

 Based on population PK analysis, age, gender, race and body weight have no 
clinically meaningful effect on pharmacokinetics of lixisenatide. 

 The relative bioavailability is not affected by different injection sites (thigh, upper 
arm and abdomen).  

 No dose adjustment is recommended in patients with hepatic impairment since 
drug clearance is primarily by the kidney. In addition, lixisenatide exhibits only a 
moderate degree of protein binding (~55%) to human plasma proteins. There is 
therefore no relevant binding of lixisenatide to albumin, the plasma content of 
which is affected by hepatic impairment. 

 
Pharmacokinetics in Subjects with Renal Impairment: 
 
The sponsor conducted a renal impairment study as a single-center, single-dose, 
parallel group, open-label trial investigating the pharmacokinetic profiles of lixisenatide 
in four groups of subjects (n=8/group) with normal, mild, moderate and severe renal 
impairment (Study POP6053).  Lixisenatide was administered as a single dose of 5 μg.   
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In subjects with mild renal impairment, Cmax was about 66% higher and AUC was up to 
48% higher in contrast to healthy subjects. No dose adjustment is recommended in 
these patients. 
 
In subjects with moderate renal impairment, Cmax was about 35% higher and AUC was 
up to 65% higher. In subjects with severe renal impairment, Cmax was about 82% 
higher and AUC was up to 123% higher in contrast to healthy subjects. The sponsor 
has proposed not to use lixisenatide in patients with severe renal impairment.  
 

5 Sources of Clinical Data 
At the time of the primary data cut-off date for this submission (01 June 2012), 40 
clinical studies were completed, including 24 Phase 1 studies, 4 Phase 2 studies, and 
12 Phase 3 studies. In addition, there were 5 studies under the lixisenatide 
Investigational New Drug application (IND) that were ongoing at the secondary data cut-
off date (25 July 2012). This includes the ongoing CV outcome trial (EFC 11319-ELIXA).  
The studies are listed in Section 5.1 below. The NDA was submitted in the electronic 
Common Technical Document format, with the following path:  
\\cdsesub1\EVSPROD\NDA204961\0000 
The CV outcome study including the interim analysis report with key safety data was 
submitted separately by the firewalled team in sanofi with the following path: 
\\cdsesub1\EVSPROD\NDA204961\0001 
Listings of serious adverse events (SAEs) from the 4 ongoing studies (excluding 
EFC11319) as of 25 July 2012 (secondary data cut-off date for safety reporting) are 
included in a blinded manner in the main application ISS. 
Several additional submissions (35 to date) have been submitted to the electronic 
Common Technical Document (eCTD) in response to information requests from various 
disciplines. 

5.1 Tables of Studies/Clinical Trials 

The efficacy and safety of lixisenatide in patients with T2DM has been assessed in four 
Phase 2 studies and 12 Phase 3 studies. These studies evaluated the efficacy of 
lixisenatide either as monotherapy or in combination with the most widely used 
antidiabetic treatments (metformin, sulfonylurea [SU], pioglitazone and basal insulin).  

 The change in HbA1c from baseline was assessed as the primary endpoint in ten 
pivotal Phase 3 studies that included nine double-blind, placebo-controlled 
studies (EFC6014, EFC6015, EFC6016, EFC6017, EFC6018, EFC10743, 
EFC10781, EFC10887, and EFC11321) and one active-controlled study 
(EFC6019).  

 In the active-controlled Study EFC10780, the primary endpoint was a composite 
endpoint of reduction in both HbA1c and body weight in obese, T2DM, younger 
than 50; this study is therefore considered as supportive of the claim of efficacy. 
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 Study LTS10888 was an uncontrolled monotherapy Phase 3 study designed 
primarily to assess safety in a limited number of Japanese patients. 

 Change in HbA1c was also the primary endpoint of placebo-controlled dose-
ranging Phase 2 Study DRI6012, which was used to determine the dose of 
lixisenatide for the Phase 3 program.  

 Three Phase 2 studies of shorter duration (ACT6011, PDY6797, and PDY10931) 
primarily assessed the effect of lixisenatide on postprandial blood glucose (PPG). 

 
The key features of the 16 Phase 2 & 3 studies are included in the Table  below: 
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Phase 3: 
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Source: eCTD 5.2-Tabular listing of clinical studies. 
 
The completed Phase 1 clinical studies at the primary cut-off date (see table below) 
included: 
Nineteen Phase 1 studies with the intended formulation: 

 Two single-dose studies in subjects with T2DM (AVE0010/01-016 and 
PDY10433) 

 Nine single-dose studies in healthy (nondiabetic) subjects (BEQ11094, 
BDR6864, POP11814, POP6053, INT6052, INT6863, PDY11431, PDY11941, 
and PDY11824) 
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 Eight multiple-dose studies in healthy (nondiabetic) subjects (POP11320, 
INT10408, INT10409, INT10782, INT10783, TES6865, TDR11215, and 
TES11807). 

Five Phase 1 studies with other formulations: 
 One single dose study in healthy subjects with a prolonged-release formulation of 

lixisenatide (TDU10121) 
 Four single dose studies with a combination of lixisenatide and insulin glargine in 

type 1 diabetic patients (BDR10880, BDR11038, and BDR11578) or healthy 
subjects (BDR11540). 
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The ongoing clinical studies at the secondary cut-off date were as follows: 
Table 5: Overview of the Lixisenatide Clinical Studies Ongoing at Secondary Data Cut-
off Date 

 
Source: Table 2-Clinical Overview, pg 14 
In the 120 day safety update the applicant indicated that they initiated another 24 week 
placebo-controlled study (EFC 12382) after 25 July 2012, to compare efficacy and 
safety in patients with Type 2 DM inadequately controlled with basal insulin ± metformin. 
A total of 432 patients is planned.  

5.2 Review Strategy 

My general strategy was primarily review of the common technical document 
summaries including the integrated summary of safety and efficacy with reference to the 
individual studies, including CSRs, individual subject data listings and datasets as 
required. Detailed review was done for individual Phase III studies for exploration of 
different efficacy and safety issues as felt appropriate.  
The general trial designs, study population and analyses methods with any individual 
study differences will be discussed in Section 5.3. Subject pools and study populations 
for specific efficacy and safety analyses will be described in the respective sections.  
All issues related to cardiovascular (CV) safety, including the CV safety completed 
meta-analysis and the CV outcome trial ELIXA, will be discussed in a separate section. 
Data from ELIXA which were used to assess issues other than CV safety will be 
discussed in the main review 
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5.3 Discussion of Clinical Trial Designs  

5.3.1 Completed clinical trials 

As outlined in section 5.1, the efficacy and safety of lixisenatide in patients with T2DM 
has been assessed in four Phase 2 studies and 12 Phase 3 studies with ten studies 
designated as pivotal efficacy trials. It is to be noted that among the pivotal studies, 
EFC10887 and EFC11321 were conducted only in Asia. The applicant has presented 
these results separately in the efficacy summary. 
Objectives of the studies: 

 The objective of Phase 2 dose-ranging Study DRI6012 was to explore the dose-
response relationship of lixisenatide in the reduction in HbA1c in order to 
determine the dose and the regimen to be used in Phase 3 studies. In this study, 
eight dose/regimen combinations of lixisenatide (5, 10, 20, and 30 μg QD and 5, 
10, 20, and 30 μg twice daily [BID]) versus placebo were administered in patients 
with T2DM treated with metformin. 

 The primary objective of the ten pivotal Phase 3 studies was to demonstrate the 
efficacy of lixisenatide on glycemic control as evaluated by the reduction in 
HbA1c at Week 12 as monotherapy in Study EFC6018 or at Week 24 as add-on 
treatment in the other studies. The aim was to demonstrate the superiority of 
lixisenatide in the placebo-controlled studies (Studies EFC6014, EFC6015, 
EFC6016, EFC6017, EFC6018, EFC10743, EFC10781, EFC10887 and 
EFC11321) and non-inferiority in active-controlled Study EFC6019. 

 The main objective of active-controlled Study EFC10780 was to assess the 
superiority of lixisenatide on a composite endpoint of the percentage of 
responders for HbA1c (<7.0%) with body weight loss ≥5% from baseline, in 
comparison with sitagliptin in obese patients younger than 50 with T2DM treated 
with metformin. Changes in HbA1c and body weight analyzed separately were 
secondary endpoints in this study. 

 Reduction of the area under the curve (AUC) of postprandial plasma glucose 
(PPG) during a standardized breakfast test was the main objective of 3 out of 4 
Phase 2 studies (Studies ACT6011, PDY6797, and PDY10931). 

Other efficacy objectives: 
 The effect of lixisenatide on other parameters of glycemic control, such as fasting 

plasma glucose (FPG) or PPG after a standardized breakfast, was evaluated as 
a secondary objective in most studies. 

 For the nine Phase 3 placebo-controlled studies the following were assessed: 
antibody status (positive or negative), concentration of anti-lixisenatide 
antibodies, as well as the active concentration of lixisenatide. The applicant did 
assess for potential neutralizing effect of these antibodies on the efficacy of 
lixisenatide antibody-positive patients. 

 
Study Design: 
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All studies (except Study LTS10888) were parallel-group, controlled, and randomized. A 
double-blind design was used in ten out of 11 Phase 3 controlled studies and three out 
of four Phase 2 controlled studies. Studies EFC6019 and PDY10931 were open-label, 
because placebos of the active comparators were not available. Study EFC10780 was a 
double-blind double-dummy study. 
The randomization ratios of lixisenatide to placebo varied within the pivotal Phase 3 
studies were: 1:1 for EFC10887, EFC11321, and EFC10781; 2:1 for EFC6015, 
EFC6016, EFC6017, EFC6018, and EFC10743; and 3:1 for EFC6014. 
 
Dose: 

 A dose of 20 μg QD was used in all Phase 2 and 3 studies and was the 
maintenance dose in Phase 3 studies.  

 Doses other than 20 μg QD were evaluated in the 13-week, dose-ranging study 
DRI6012 (5, 10, and 30 μg QD; 5, 10, 20, and 30 μg BID). In Study PDY6797 QD 
and BID regimens were evaluated in weekly 5 μg dose increments from a starting 
dose of 5 or 10 μg up to a maximum dose of 30 μg, QD or BID. In Study 
ACT6011, the starting dose was 5 μg QD or BID and was then to be increased 
every fifth day in increments of 2.5 μg up to a maximum dose of 20 μg QD or 
BID. PDY6797, ACT6011 and PDY10931 were of short duration (4-6 weeks) and 
efficacy was assessed on plasma glucose effects. 

 
Overall, the study designs were similar in all Phase 3 studies and usually included the 
following: 
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Figure 2: Representative Design of Phase 3 studies (1-Step and/or 2-Step Dose 
Increase) (Study EFC10743) 

 
Source:  Figure 1, Summary of Clinical Efficacy (SCE)- page 17 
Study observation periods: 

 A One-week single-blind placebo-controlled run-in period was performed in most 
studies to assess baseline status and to train patients on self-injection. No run-in 
was included in Study EFC6019 because a placebo for exenatide was not 
available. In study EFC10781 a 12-week run-in (without placebo) was performed 
in order to initiate and titrate insulin glargine and control FPG before 
randomization (patients were insulin naïve at the time of enrollment in the study). 

o The pre-treatment period is defined as the time between the dates of the 
informed consent and the start of double-blind (or open-label for 
EFC6019, PDY10931, and LTS10888) study medication. 

 In all Phase 3 studies, except the 12-week Study EFC6018, the maintenance 
period was composed of a main 24-week controlled treatment period, which was 
used for the main efficacy analysis. In Studies EFC6014, EFC6015, EFC6016, 
EFC6017, EFC6019, and EFC10743, the main treatment period was followed by 
a long-term controlled treatment period, which ended when the last randomized 
patient completed the Week 76 visit. 

 
o The on-treatment period for the entire study (also called entire treatment 

period) is defined as the time from the first dose of double-blind (or open-
label for EFC6019, PDY10931, and LTS10888) study medication up to 
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three days after the last dose of study medication regardless of initiation of 
rescue medication. The three-day interval was chosen based on the half-
life of the investigational product (approximately five times the half-life).  

o The main treatment period (24 weeks of treatment for all studies except 
Study EFC6018, which had 12 weeks of treatment) for the Phase 3 
placebo-controlled study pool is defined as the time from the first dose of 
the double-blind treatment (or open-label for EFC6019) up to three days 
after the last dose of study medication on or before Week 24 visit (or Day 
169 if Week 24 visit is missing or three days after the last dose of study 
medication for Studies EFC6018 with 12 weeks of treatment, or 
EFC10887, EFC11321, and EFC10781, with 24 weeks of treatment), 
regardless of initiation of rescue medication.  

 A three-day safety follow-up after the last visit was conducted. In Study 
EFC6014, a longer follow-up was performed in some patients from the morning 
injection groups to evaluate the effect on glycemic control and insulin secretion 
four weeks after the last injection of the investigational product. 

o The post-treatment period is defined as the time starting four days after 
last dose of study medication (after the on-treatment period).   

 Antibody assessments were performed at baseline, Week 2, Week 4 and the end 
of the main treatment period in all studies. Assessments were also performed at 
Week 76 and Week 100 in Studies EFC6014, EFC6015, EFC6016, EFC6017 
and EFC10743.  

 
Dosing initiation and maintenance: 
 In all Phase 3 studies lixisenatide (or matching placebo when appropriate) was 

self-administered QD in the morning within one hour before breakfast. Study 
EFC6014 also evaluated the efficacy of QD administration in the evening. In 
Study EFC6019, exenatide was self-injected within one hour before breakfast 
and dinner. In Study EFC10780, sitagliptin or matching placebo was orally 
administered QD in the morning with or without food at approximately the same 
time each day. 

 In general, the injected volume (corresponding to doses of 10, 15, or 20 μg) and 
the dose increase regimen (i.e., 2-step or 1-step) were not blinded. 

 A 2-week stepwise dose increase of lixisenatide (or placebo when applicable): a 
2-step dose increase regimen was implemented in most Phase 3 studies (10 μg 
QD for one week, then 15 μg QD for one week, followed by 20 μg QD as a 
maintenance dose). In addition to the 2-step dose increase regimen, Studies 
EFC6018, EFC10743, and LTS10888 also had a simplified one-step dose 
increase regimen (10 μg for two weeks followed by 20 μg QD as a maintenance 
dose). Only the one-step dose increase regimen was used in Study EFC11321.  

 Regarding the active control studies, in Study EFC6019, exenatide was initiated 
at 5 μg BID for 4 weeks, then increased to 10 μg BID as a maintenance dose. In 
Study EFC10780, sitagliptin (or matching placebo) was administered at the dose 
of 100 mg QD. In Study PDY10931, liraglutide was initiated at 0.6 mg QD for one 
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week, followed by 1.2 mg QD for 1 week, then 1.8 mg QD as a maintenance 
dose. 

 Patients in the active treatment group were maintained on a stable dose of 20 μg 
QD of lixisenatide. In the event of poor gastrointestinal tolerability, the dose could 
be decreased to 15 μg and then 10 μg in the 2-step dose increase regimen or to 
10 μg in the 1-step dose increase regimen. Although another attempt to reach 
the maintenance dose was to be made, a patient was allowed to remain at the 10 
or 15 μg dose if the maintenance dose of 20 μg could not be achieved. The same 
rule applied for exenatide (down to 5 μg BID) in Study EFC6019.  

 
Choice of active-control groups: 
The applicant states that exenatide was utilized in Phase 3 active-control study 
EFC6019 because it was the only GLP-1 agonist registered at the time of study initiation 
(early 2008). Liraglutide was the active control in the 4-week Phase 2 study PDY10931 
to demonstrate the superiority of lixisenatide over liraglutide in controlling PPG after a 
standard breakfast.  
Study EFC10780 was an active-controlled study versus sitagliptin, a DPP4 inhibitor. 
The applicant’s rationale for use of sitagliptin was that DPP4 inhibitors are orally 
administered incretin-based drugs that significantly improve glycemic control with limited 
or no effect on body weight, and the main objective of this study was to evaluate a 
composite endpoint that combined a decrease in HbA1c and a reduction in body weight. 
 
Study population: 
For most studies, the population included adults (no upper age limit in the pivotal Phase 
3 studies); with T2DM as defined by World Health Organization (WHO) criteria (i.e., 
FPG ≥7 mmol/L [126 mg/dL] or 2-hour PPG ≥11.1 mmol/L [200 mg/dL]) for at least 1 
year); HbA1c between 7 and 10% inclusive and FPG ≤ 250 mg/dL (13.9 mmol/L) at 
screening; and body mass index (BMI) > 20 kg/m2  with no change in weight >5 kg 
during the 3 months preceding the screening visit. Exceptions to these inclusion criteria 
were as follows 

 Study EFC10780 evaluated a specific population of young (<50 years old) obese 
(BMI≥30 kg/m²) patients with T2DM 

 Different age ranges were used in Phase 2 studies (18 to 70 years in Study 
ACT6011; 18 to 74 years in Study PDY10931, 20 to 75 years in Study PDY6797; 
30 to 75 years in Study DRI6012). 

 Different HbA1c ranges were used in some Phase 2 studies (7 to 9% in Study 
DRI6012; 6.5 to 9% in Study PDY10931). In Study EFC10781 HbA1c had to be 
between 7 and 10% inclusive at screening; and between 7 and 9% inclusive with 
fasting Self-Monitored Plasma Glucose (SMPG) calculated from the self-
measurements for the 7 days prior to visit 12 (1 week before randomization) ≤ 
126 mg/dL (7.0 mmol/l). 

 In Phase 2 studies, patients with a BMI above an upper limit were not eligible 
(i.e., 35 kg/m2 in Studies ACT6011 and PDY6797, 37 kg/m2 in Study PDY10931, 
and 40 kg/m2 in Study DRI6012). 
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Relevant exclusion criteria: 
Common criteria: 

 Patients with a recent (within six months of study entry) history of myocardial 
infarction, stroke, or heart failure. Patients with uncontrolled hypertension (i.e., 
resting supine systolic blood pressure >180 mmHg or diastolic blood pressure 
>95 mmHg in most studies) were also excluded. 

 Hemoglobinopathy and hemolytic anemia, 
 End-stage renal disease defined by a serum Creatinine clearance of <15 mL/min 

(calculated by the Cockcroft and Gault formula) and/or patients on dialysis, 
unless a tighter limit was imposed by the use of metformin as background 
treatment. In these specific studies, plasma creatinine >1.4 mg/dL in women or 
>1.5 mg/dL in men was an exclusion. Studies using alternate criteria are listed 
below. 

 Women of childbearing potential with no effective contraception method, or who 
were pregnant or lactating,  

 Patients with type 1 diabetes or history of metabolic acidosis, including diabetic 
ketoacidosis, 

 Patients with any major systemic disease,  
 History of unexplained pancreatitis, chronic pancreatitis, pancreatectomy, 

stomach/gastric surgery, inflammatory bowel disease,  
 Clinically relevant history of gastrointestinal disease associated with prolonged 

nausea and vomiting, including, but not limited to gastroparesis and 
gastroesophageal reflux disease requiring medical treatment, within six months 
prior to the time of screening, 

 Patients with any contraindication to the investigational product or the 
background treatment,  

 Use of drugs affecting insulin secretion, except beta blockers (e.g., phenytoin, 
diazoxide, somatostatin) within the past six months, Use of drugs affecting 
gastrointestinal motility (including metoclopramide, cisapride, and chronic 
macrolide antibiotics) within the past six months. Non-stimulant laxatives were 
permitted prior to and during the study. 

 Use of systemic glucocorticoids for one week or more within the last three 
months, or anticipated need for systemic glucocorticoids during the study.  

 Laboratory criteria: 
o Aspartate aminotransferase (AST), alanine aminotransferase (ALT) or 

alkaline phosphatase (ALP): > 2 times the upper limit of the normal 
laboratory range, 

o Amylase and/or lipase > 3 times the upper limit of the normal laboratory 
range, 

o Total bilirubin: > 1.5 times the upper limit of the normal laboratory range 
(except in case of Gilbert’s syndrome). 

 
Studies with additional or alternative exclusion criteria: 
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 History of hypoglycemia unawareness (add -on to basal insulin and/or SU 
studies-EFC6015, 6016, 10781, 10887 and 11321), 

 Type 2 diabetes treated by an antidiabetic pharmacological agent within the three 
months preceding the screening (monotherapy-EFC6018), 

 Patients with cardiac failure or history of cardiac failure (New York Heart 
Association class I to IV) (add-on to pioglitazone study EFC6017), 

 Alternate exclusion criteria based on serum creatinine, creatinine clearance or 
ALT: 

o Moderate or severe renal impairment defined as creatinine clearance 
inferior to 50 mL/min-EFC10780, 

o Creatinine > 1.2 times the upper limit of the normal laboratory range- 
PDY6797, ACT6011, PDY10931, 

o Renal impairment defined as creatinine clearance < 60 mL/min -
PDY10931, 

o ALT > 3 x ULN (EFC10781, DRI6012). 
 
Background antidiabetic medications and rescue therapy: 
The use of any oral or injectable antidiabetic or hypoglycemic agents (e.g., metformin, 
SU, basal insulin, alpha glucosidase inhibitors, thiazolidinediones, DPP4 inhibitors, 
GLP-1 receptor agonists, fast-acting insulin for one week or more) other than the 
background treatment or the active-controlled treatment when applicable, within three 
months prior to screening was an exclusion criteria in all Phase 2 and Phase 3 studies. 
These medications were also prohibited during the studies, but a rescue algorithm was 
implemented if HbA1c and/or FPG were above a predefined threshold. 
In the add-on treatment studies, patients were included with a mandatory background 
antidiabetic medication at a stable dose (for at least three months in most studies) 
before screening.  In Study EFC10781, patients were included with an oral background 
antidiabetic medication stable for at least three months, and insulin glargine was 
initiated and titrated during a 12-week run-in period. In most studies the dose of the 
background treatment had to be the optimal or near-optimal dose according to the local 
Product Information and had to remain stable during the study unless a possible change 
was specified by the protocol. The background treatment was to be continued during 
the study.  
 
Background treatments were as follows 

 Metformin alone was mandatory in Studies EFC6014, EFC10743, EFC6019, 
EFC10780, and PDY10931 (≥1500 mg/day) and Study DRI6012 (≥1000 mg/day). 

 Sulfonylurea alone or combined with metformin (Studies EFC6015 and 
PDY6797): In Study EFC6015, SU at the maximum effective dose according to 
the local Product Information was an inclusion criterion. To reduce the risk of 
hypoglycemia, the dose was to be reduced by 25 to 50% at the randomization 
visit if HbA1c was <8% at screening. The dose could also be reduced during the 
study if a patient experienced recurrent or severe hypoglycemia. Subsequently, 
the SU dose was to be gradually increased between Weeks 4 and 12 in order to 
reach the dose received at screening, based on fasting self-measured plasma 
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glucose (SMPG) measurements. Additional treatment with metformin (≥1500 
mg/day) was also allowed (a lower dose of ≥750 mg/day was allowed in Japan 
and ≥1000 mg/day in South Korea). 

 Metformin alone or combined with SU (Study EFC11321): In this study metformin 
had to be taken at a dose ≥1000 mg/day but ≤1500 mg/day. In case of treatment 
by SU, it had to be taken at the maximum effective dose, and the same rule of 
SU dose reduction applied to prevent hypoglycemia. 

 Metformin alone, SU alone, or metformin with SU in Study ACT6011. 
 Pioglitazone (≥30 mg/day) alone or combined with metformin (≥1500 mg/day) in 

Study EFC6017. 
 Basal insulin alone or in combination with metformin: In Study EFC6016, basal 

insulin (≥30 U/day) at stable dose (±20%) was mandatory. The dose of basal 
insulin was to be reduced by 20% if HbA1c was ≤7.5% at screening. The dose 
could also be reduced during the study if a patient experienced recurrent or 
severe hypoglycemia. Thereafter the daily basal insulin dose was to be 
progressively increased by the investigator between Week 4 and Week 12 up to 
the daily dose at screening visit according to SMPG values unless occurrence of 
hypoglycemia prevented this. Additional treatment with metformin (≥1500 
mg/day) was allowed (a lower dose of ≥1000 mg/day was allowed in South 
Korea). 

 Basal insulin alone or in combination with a SU: In Study EFC10887, basal 
insulin (≥10 U/day) at stable dose (±20%) was mandatory. Sulfonylurea at the 
maximum effective dose according to the local Product Information was also 
allowed. To reduce the risk of hypoglycemia in patients with HbA1c values ≤7.5% 
at screening, the daily basal insulin dose was to be reduced by 20% at 
randomization. Thereafter the daily basal insulin dose was to be progressively 
increased by the investigator between Week 4 and Week 12 up to the daily dose 
at screening visit according to SMPG values unless occurrence of hypoglycemia 
prevented this. In patients with screening HbA1c <8% using SU, the dose of SU 
was to be decreased by at least 25% (or stopped if the patient was receiving 
minimum dose) at randomization. Thereafter, on condition that a dose increase 
did not lead to hypoglycemia, it was to be progressively increased (or restarted if 
had been stopped) between Weeks 4 and 12 up to the dose received at 
screening. If a patient experienced two or more symptomatic hypoglycemia 
episodes, or one severe hypoglycemia episode during the study, the dose of SU 
was to be reduced by at least 25% or stopped if the patient was receiving 
minimum dose, then the basal insulin dose could be reduced, as appropriate. 

 In Study EFC10781, patients were to be insulin-naïve and had to be treated by 
metformin (≥1500 mg/day) at screening, and possibly with SU/glinides and/or 
thiazolidinediones (TZDs). Sulfonylurea/glinides had to be stopped and 
metformin (and TZDs if applicable) continued at stable dose during the entire 
study. After screening, insulin glargine was newly initiated and optimally titrated 
during the entire study according to a predefined algorithm, seeking a target 
fasting SMPG between 80 and 100 mg/dL (4.4 and 5.6 mmol/L). 
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Rescue therapy: 
In order to avoid unacceptable deterioration of glycemic control, especially in patients 
randomized to placebo, a therapeutic rescue policy was implemented in Phase 3 
studies if HbA1c and/or FPG were above predefined thresholds. In most studies, the 
thresholds were defined as follows: 

 From baseline visit (Visit 3, Day 1) to Visit 8 (week 8) (including value at Visit 8): 
FPG > 270 mg/dL (15.0 mmol/L) 

 From Visit 8 (week 8) to Visit 9 (week 12) (including value at Visit 9): FPG > 240 
mg/dL (13.3 mmol/L) 

 From Visit 9 (week 12) up to Visit 12 (week 24) (including values at Visit 12): 
FPG > 200 mg/dL (11.1 mmol/L) OR HbA1c > 8.5%. 

 During the extension period: FPG > 180 mg/dL (10.0 mmol/L) OR HbA1c > 8.0%. 
 
If one fasting SMPG value exceeded the specific glycemic limit on one day, the patient 
was instructed to check it again during the two following days. If all the values in three 
consecutive days exceeded the specific limit, the patient was to contact the investigator 
and a central laboratory FPG measurement (and HbA1c after week 12) was performed. 
In case of FPG/HbA1c above the threshold values, the investigator had to ensure that 
no reasonable explanation existed for insufficient glucose control, including treatment 
compliance. The investigator was then to up-titrate investigational product according to 
protocol (if tolerance allowed). All assessments for primary and secondary efficacy and 
safety parameters planned in final on-treatment assessment were to be performed 
before adding the rescue medication. Then the patient was to continue the study 
treatment and stay in the study in order to collect safety information. The planned visits 
and assessments were to occur until the last scheduled visit. 

 Sulfonylurea was added first in studies where it was not a background 
medication (10743, 6019, 10780). In case of contraindication to sulfonylurea, 
another rescue medication could be added which was up to the investigator’s 
decision (no other GLP-1 agonist or DPP4 inhibitor was to be used as rescue 
medication). 

 In EFC11321, for patients who are treated by metformin alone, sulfonylurea was 
added first (unless there is a contraindication to sulfonylurea treatment). In 
patients already treated by sulfonylurea or in case of contraindication, another 
rescue medication was added which was up to the investigator’s decision.  

 In EFC6016 and EFC10887 short-acting insulin was added first (unless there 
was a contraindication to short-acting insulin treatment) with a single starting 
dose at the most prominent meal-related increase of glucose. Further prandial 
doses could be added as deemed appropriate. 

 In study EFC6015, for patients who are treated with sulfonylurea alone, the first 
choice was the addition of metformin unless contraindicated. 

 In study EFC6017 patients were rescued with metformin or sulfonylurea if 
already on metformin. 

 In study EFC6018 patients were rescued with metformin unless contraindicated. 
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Study 10781 had different glycemic threshold values due to the insulin titration phase in 
naïve patients, defined as follows, depending on study period: 

 During the run-in phase ( from visit 8 until visit 13) (week -6 to week 
0=randomization): FPG > 240 mg/dL (13.3 mmol/L). 

 During the 24-week double-blind randomized treatment period: −from visit 13 
(week 0) until visit 18 (week 8): FPG > 200 mg/dL (11.1 mmol/L) OR HbA1c > 
9%. 

 From visit 18 (week 8) until visit 22 (week 24): FPG > 180 mg/dL (10.0 mmol/L) 
OR HbA1c > 8.5%. 

During the run-in phase, the patient was to stop participating and not be randomized. 
During the 24-week double-blind randomized treatment period: rescue medication could 
be introduced. Short-acting insulin was to be added first with a single-starting dose at 
the most prominent meal-related increase of plasma glucose.  
 
Glucose monitoring: 
Blood glucose values were to be measured by the patient using the applicant-provided 
blood glucose meter, and recorded in the patient diary.  

 In most Phase 3 trials, fasting SMPG recording was to take place at least three 
times per week on three separate days, each week during the run-in and the 
main double-blind period. Fasting SMPG was to take place at least once a week, 
on one day per week during the extension period. The investigator could decide 
to request more frequent fasting SMPG measurements if he/she considered 
necessary for the patient. The fasting SMPG values higher than the pre-specified 
rescue limits, as recorded in the patient’s diary, were to be transferred into the e-
Case Report Form when rescue medication was decided. Scheduled central lab 
glucose values were recorded on multiple visits, with increased frequency 
initially. 

 In the intensive titration trial EFC10781, the patient was instructed to perform 
fasting SMPG measurements once a day, each day from week 12 to week 2 and 
then three times a week until week 24, or as medically indicated, as well as 
during episodes of symptomatic hypoglycemia. Patients were also asked to 
measure 7-point blood glucose profiles (seven values: pre-prandial and two 
hours postprandial for breakfast, lunch, dinner and at bedtime) over a single day 
once in the week before each visit from week -12 to week 2 and then in the week 
before visits 18 (week 8), 20 (week 16) and 22 (week 24). 

 In the other insulin trials (EFC10887 and 6016) self-measuring of fasting plasma 
glucose was to take place at least once a day. The investigator could decide to 
request more frequent self-monitoring of plasma glucose if he/she considered it 
necessary for the patient (e.g. twice a day, postprandial, nocturnal etc.). In 
addition, once in the week before Day 1, and then for each visit during the main 
treatment period, patients were requested to measure a 7- point plasma glucose 
profile, performed over a single 24-hour period. In study EFC 6016, 7- point self-
monitored plasma glucose profiles were obtained every 8 weeks in the extension 
period. 
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Reviewer’s Assessment regarding clinical study design: Overall the clinical program is 
as outlined in the draft diabetes guidance1 except the monotherapy study EFC 6018 
which was only 12 weeks duration. As per the guidance, a longer duration of treatment 
(up to 6 months) would be required. Other approved GLP agonists had longer 
monotherapy studies; a 24 week placebo-controlled study for exenatide2 and a 52 week 
active-controlled study for liraglutide3.  
 
Statistical analysis 
Analysis Population: 
The applicant’s primary efficacy analyses in all Phase 2 (except Study PDY6797) and 
Phase 3 studies are based on the modified-intent-to-treat (mITT) population. In all 
Phase 2 (except ACT6011) and Phase 3 studies (except EFC10780), the mITT 
population was defined as all randomized patients who received at least one dose of 
double-blind (or open-label for Study EFC6019) investigational product and who had 
both a baseline assessment and at least one post-baseline assessment of the primary 
or secondary efficacy variables, irrespective of compliance with the study protocol and 
procedures. In supportive Studies EFC10780 and ACT6011, the mITT population 
consisted of all randomized patients who received at least one dose of double-blind 
investigational product. For Study PDY10931, the pharmacodynamic population was 
defined based on the mITT population as described above and was used for the 
efficacy analyses. 
 
The safety population was the treated population, defined as all patients randomized 
and exposed to at least one dose of the double-blind investigational product, regardless 
of the amount of treatment administered. 
 
Primary and secondary efficacy endpoints in Phase 3 studies: 
The primary efficacy endpoint in pivotal Phase 3 studies was the change from baseline 
in HbA1c at the end of the main treatment period (Week 12 in Study EFC6018 or Week 
24 in the other studies).  
 
The percentage of patients with HbA1c <7% or ≤6.5% at the end of the main treatment 
period was also assessed in all Phase 3 controlled studies as categorical variables. 
In supportive Study EFC10780, the primary efficacy assessment was performed on a 
composite endpoint of the percentage of patients with both HbA1c <7% at Week 24 and 
weight loss of at least 5% from baseline body weight at Week 24. The changes in 
HbA1c and in body weight at Week 24 were assessed as secondary endpoints in this 
study. 
 
The key secondary efficacy endpoints from the ten pivotal studies are presented in the 
table below. In the nine placebo-controlled studies, the applicant used a step-down 
                                            
1 Guidance for Industry, Diabetes mellitus: developing drugs and therapeutic biologics for treatment and 
prevention 
2 Table 6, Section 14.1, exenatide (Byetta) PI 
3 Table 6, Section 14.1, liraglutide PI 
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procedure described by Hochberg and Tamhane to control the type I error; the table 
also includes the pre-specified order of priority used in this procedure. The applicant 
indicates that since formal inferential testing was not performed in Study EFC6019, no 
multiplicity adjustment was applied 
Table 6: Key Secondary Efficacy Variables in Pivotal Phase 3 Studies 

 
Source-Table 3, Summary of Clinical Efficacy, eCTD 2.7.3 
 
If a patient prematurely discontinued the investigational product, received rescue 
therapy during the main treatment period, or did not have a value for the efficacy 
variable at the Week 24 visit (or Week 12 for Study EFC6018), the last post-baseline 
on-treatment measurement during the main treatment period was used as the endpoint 
value at Week 24/Week 12 (last observation carried forward [LOCF] procedure). The 
on-treatment measurements for the main treatment period were defined for efficacy 
parameters as those values collected from the first dosing date of the investigational 
product up to the following days after the last dosing date, at or before the Week 24 visit 
(Week 12 for Study EFC6018), or before the introduction of the rescue therapy, 
whichever was earliest: 

 3-day (five times the half-life) for body weight and HbA1c. The exception was 
study EFC10781, for which it was updated during a protocol amendment to 14-
day for HbA1c, per clinical judgment. 

 1-day for fasting plasma glucose and fasting plasma insulin that were not from 
meal challenge test 

 0-day for insulin dose, 7-point SMPG, and variables from meal challenge test. 
 
Sample size calculations: 
The applicant calculated sample size for the nine pivotal Phase 3 placebo-controlled 
studies to ensure at least 90% power to detect differences of 0.5% in the change in 
HbA1c from baseline to Week 24 (Week 12 for Study EFC6018) between lixisenatide 
and placebo. This calculation assumed a common standard deviation of 1.3% (1.2% at 
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Week 12 for Study EFC6018) with a 2-sided test at the 5% significance level. The 
applicant reports that the standard deviation was estimated in a conservative manner 
based on previously conducted diabetes studies, taking early dropouts into account. 
In Study EFC6019, the sample size was calculated to ensure that the upper limit of the 
2-sided 95% confidence interval (CI) for the adjusted mean difference between 
lixisenatide and exenatide for the mean change in HbA1c from baseline to Week 24 
would not exceed 0.4% with 96% power, assuming the true difference between 
lixisenatide and exenatide was zero in HbA1c and a common standard deviation of 
1.3% with a 1-sided test at the 2.5% significance level. 
 
Analysis: 
 
For the efficacy analysis of primary and key secondary endpoints, except for a meta-
analysis of the add-on to metformin studies EFC6014 and 10743, the applicant reported 
the results for primary and secondary endpoints by individual studies. This also included 
the sensitivity analyses.  
 
Primary analysis: 
 
In all ten pivotal Phase 3 studies, a parametric analysis of covariance (ANCOVA) model 
was the pre-specified primary analysis approach for the primary efficacy endpoint, i.e., 
change from baseline in HbA1c at Week 24 (Week 12 in Study EFC6018). For the 
primary efficacy analysis, missing HbA1c values at Week 24/Week 12 were imputed 
using the LOCF procedure for the on-treatment period before initiation of rescue 
medication. The ANCOVA model had terms for the treatment group, randomization 
stratum, and country as fixed effects and the baseline HbA1c value as a covariate. For 
placebo-controlled studies, mean and least squares (LS) mean values in the placebo 
and the lixisenatide groups were provided. In addition, the 95% CI and the p-values for 
the LS mean differences between the lixisenatide and placebo groups were calculated 
from the ANCOVA model to assess the superiority of lixisenatide compared with 
placebo.  
 
For Study EFC6019, the same ANCOVA model was used to evaluate the non-inferiority 
of lixisenatide versus exenatide in reducing HbA1c from baseline to Week 24. Non-
inferiority was demonstrated if the upper bound of the 2-sided 95% CI of the LS mean 
difference between lixisenatide and exenatide was below the predefined non-inferiority 
margin of 0.4%. 
 
For Study EFC10780, the primary efficacy endpoint (the percentage of patients with 
both HbA1c <7.0% at Week 24 and weight loss of at least 5% of baseline body weight 
at Week 24) was analyzed using a Cochran Mantel-Haenszel (CMH) method stratified 
on randomization stratum (screening HbA1c [<8.0%, ≥8.0%] and screening BMI [<35 
kg/m2, ≥35 kg/m2]). The point estimate of the treatment difference (lixisenatide 
compared with sitagliptin) in proportion, as well as the associated 95% CI, was 
computed based on the weighted average of treatment differences from each stratum. 
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For the LOCF procedure, if there was a missing value at Week 24, the last available 
post-baseline on-treatment values for HbA1c and body weight (before the introduction 
of rescue therapy) that were no more than 30 days apart were used for the composite 
endpoint at Week 24. Patients who did not have such values were counted as non-
responders for the composite primary endpoint. 
 
Supportive and sensitivity analyses: 
 
The applicant examined the underlying assumptions for the primary efficacy endpoints 
ANCOVA model with statistical tests pre-specified in the statistical analysis plan (SAP) 
of the individual studies. 

 A nonparametric analysis using Tukey’s normalized rank transformation 
approach to the same ANCOVA model was performed (without Tukey’s rank 
transformation for the baseline covariate) as necessary in order to corroborate 
the primary analysis 

 To assess the impact of rescue medication, a sensitivity analysis was conducted 
using a multilevel model with random slopes and intercepts including HbA1c data 
after the initiation of rescue medication. This model included fixed-effect factors 
for treatment, visit, treatment-by visit interaction, randomization strata, country, 
baseline HbA1c-by-visit interaction, and the number of days spent on rescue 
medications. 

 In response to a recommendation received from the FDA, two additional 
supportive analyses for the primary endpoint were conducted in ten out of 12 
Phase 3 studies (excluding EFC10780 and LTS10888)  

o Mixed-effect model with repeated measures (MMRM) under the missing at 
random framework, 

o ANCOVA analysis in the 24-week completers population (patients who 
completed the 24-week main treatment period and who had not been 
rescued during this period) using the same ANCOVA model for the 
primary analysis.  

o The MMRM model included the fixed-effects factors for treatment 
(lixisenatide or placebo), visit, the treatment-by-visit interaction, 
randomization strata, and country, and the covariate baseline HbA1c 
value-by-visit interaction. This MMRM model used only scheduled HbA1c 
measurements obtained during the on-treatment period. 

 
Analysis of secondary efficacy endpoints: 
All continuous efficacy variables were analyzed using a similar ANCOVA model with 
terms for treatment groups, randomization stratum, and country as fixed effects and the 
corresponding baseline value as a covariate. The categorical secondary efficacy 
variables were analyzed using a CMH method stratified on randomization strata 
variables. 
 
Multiplicity adjustment: 
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The mean change in HbA1c from baseline to Week 24 (or Week 12 in Study EFC6018) 
was the only primary efficacy endpoint in all of the ten pivotal Phase 3 studies. No 
multiplicity adjustment was needed for the primary efficacy endpoint in Studies 
EFC6015, EFC6016, EFC6017, EFC10781, EFC10887 and EFC11321 because there 
was only one between-group comparison. As pre-specified in the individual SAPs of 
Studies EFC6014, EFC6018 and EFC10743, a stepwise testing procedure was 
performed to adjust for multiplicity for the primary efficacy endpoint because of multiple 
treatment comparisons. The morning lixisenatide group (Study EFC6014) or the 2-step 
dose increase lixisenatide group (Studies EFC6018 and EFC10743) was first compared 
with the combined placebo group (primary comparison). If the between-group difference 
was statistically significant, the evening lixisenatide group (Study EFC6014) or the 1-
step dose increase lixisenatide group (Studies EFC6018 and EFC10743) was 
compared with the combined placebo group. 
 
For Study EFC6019, a stepwise testing procedure was used for the primary efficacy 
endpoint by testing first the non-inferiority, followed by the superiority test only after non-
inferiority was satisfied. 
 
Meta-analysis of pooled data for subgroups: 
For HbA1c (both change from baseline and responder analysis), subgroup analysis of 
HbA1c change by baseline factors, FPG change, body weight change, and subgroup 
analysis of body weight change by nausea/vomiting and by baseline BMI category, data 
from the two studies with metformin as the only background therapy (Studies EFC6014 
and EFC10743) were combined to assess the treatment effect at Week 24.  For 
analysis of change from baseline in efficacy variables, a fixed effect meta-analysis was 
performed using the inverse of the variance as the weights. For responder analysis, 
CMH method stratified by study and randomization strata within a study was used for 
the weight average of treatment difference between treatment groups and the 
associated 95% CIs. 
 
Subgroup analyses of change in HbA1c from baseline to Week 24 (Week 12 for Study 
EFC6018) were performed for the pooled data from the nine pivotal Phase 3 placebo-
controlled studies via a fixed-effects meta-analysis using the inverse of variance as 
weights (i.e., stratified by study) for the following factors: age group (<65, ≥ 65 years of 
age; <75, ≥ 75 years of age), gender, race (Caucasian/White, Black, Asian/Oriental, 
Other), ethnicity (Hispanic, Not Hispanic), baseline BMI (<30, ≥30 kg/m2), baseline 
HbA1c (<8.0, ≥8.0%), duration of diabetes (<10, ≥ 10 years), region (North America, 
Australia, Western Europe, Eastern Europe, Central and South America, Asia, Middle 
East, India and Africa), and baseline renal function status by creatinine clearance 
categories (>80 mL/min [no renal impairment], ≥50 - ≤80 mL/min [mild renal 
impairment], ≥30 - <50 mL/min [moderate renal impairment]; a total of 4 patients had 
severe renal impairment and thus only an unadjusted mean along with the 
corresponding standard deviation values were provided for the severe category). For a 
given subgroup category, data from studies where there were patients in both treatment 
groups for this category were combined for the meta-analysis. For subgroup analysis of 
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ethnicity (Hispanic, Not Hispanic), two studies conducted in Asian patients (Studies 
EFC10887 and EFC11321) were excluded from the pooled data. LS Mean and 
difference in LS Mean from meta-analyses were provided for categories where at least 
one study had ≥ 5 patients in each treatment group. For studies with two lixisenatide 
groups due to different regimens (Studies EFC6014, EFC6018 and EFC10743), 
lixisenatide groups were first pooled and analyzed within a study before obtaining the 
estimates from meta-analyses. 
 
To facilitate easier review and since the statistical methods were mainly descriptive, 
study pools and analysis methods specific to safety will be discussed in Section 7 in the 
relevant sub-sections.  
 

6 Review of Efficacy 
 
Efficacy Summary 

 Lixisenatide resulted in a statistically significant decrease in HbA1c compared 
with placebo, demonstrating superiority to placebo in all Phase 3 placebo-
controlled studies, independent of dose titration or morning vs. evening injection. 
The reduction in HbA1c was generally sustained over time through the entire 
treatment period. 

 Lixisenatide resulted in a statistically significant reduction in body weight 
compared to placebo in the pooled add-on to metformin studies (LS mean 
treatment difference in kg [95% CI] was -0.68 [-1.083, -0.282]), add-on to 
sulfonylurea study EFC6015  (LS mean treatment difference in kg [95% CI] was -
0.84 [-1.25, -0.421]) and background insulin studies EFC 6016 (LS mean 
treatment difference in kg [95% CI] was -1.28 [-1.803, -0.747]) and EFC 10781  
(LS mean treatment difference in kg [95% CI] was -0.89 [-1.423, -0.353]). Most of 
the effect on body weight was observed during the main 24-week treatment 
period. Mean body weight then remained relatively stable over 76 weeks. 

 HbA1c difference between lixisenatide and placebo was similar across 
subgroups except for baseline HbA1c level ≥ 8% vs. < 8%. 

 Overall the LS mean change in HbA1c from baseline was similar regardless of 
antibody status, except for in the group of patients with a quantifiable antibody 
concentration ≤ 100 nmol/L The pre-specified analysis is suggestive of potential 
attenuation of glucose lowering effect with antibody concentrations over 100 
nmol/L.  This was not seen at 76 weeks; the interpretation of the results is also 
limited by the small sample size in this group 

 Although the pre-specified non-inferiority margin at 24 weeks was met in active 
comparator study EFC6019, from a clinical perspective, exenatide demonstrated 
greater efficacy compared to lixisenatide, for both reduction in HbA1c and body 
weight from baseline over the entire treatment period of 76 weeks. 
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6.1 Indication 

The proposed indication is for the treatment of adults with T2DM as an adjunct to diet 
and exercise to improve glycemic control 

6.1.1 Methods 

This was discussed in section 5.3 
 

6.1.2 Demographics 

In both the Phase 3 placebo-controlled study pool and the all-controlled Phase 2/3 pool, 
demographic and baseline characteristics were generally comparable in terms of age, 
age group, sex, race, ethnicity, region, and baseline BMI across both treatment groups. 
The percentage of US patients is 12.6% in placebo and 14.0% in lixisenatide group. The 
majority of patients were Caucasian, followed by Asian (22-37%). Only around 3% of 
the population was black.  
Table 7: Demographics- Phase 3 Placebo-Controlled and All-Controlled Study Pool. 
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and 16.8% to 44.7% of patients included in Studies EFC6015, EFC6016 and EFC6018 
were Asians. In the “add-on to metformin alone” studies (EFC6014, EFC10743, and 
EFC6019), the patients were predominantly Caucasian and fewer than 10% of patients 
were Asian.  An information request was sent to the applicant to justify applicability of 
results to the US population, given the small number of black patients in the trial. The 
applicant’s response (Table 7, applicant’s response to information request dated April 3, 
2013) was that the percentage of black patients included in the U.S. in the Phase 3 
placebo controlled studies (12.7% in the lixisenatide group and 16.0% in the placebo 
group) was similar to the percentage in the overall U.S. population with diabetes 4.  
 
Medical history and disease status at baseline: 
In both the Phase 3 placebo-controlled and all-controlled study pool, the duration and 
age at onset of diabetes, prior use of GLP-1 agonist and microalbuminuria at baseline 
were generally comparable between the 2 treatment groups. 

 
4 http://www.cdc.gov/diabetes/statistics/prevalence_national.htm. 
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Source: ISS Table 22- page 101 
 
The percentage of patients with baseline microvascular complications in the placebo-
controlled Phase 3 studies was higher in the placebo group compared to the lixisenatide 
group for diabetic autonomic neuropathy (placebo: 3.0%, lixisenatide: 1.7%) and 
diabetic nephropathy (placebo: 9.0%, lixisenatide: 6.4%) (ISS Table 23, page 103). A 
similar percentage of patients at baseline reported diabetic retinopathy (placebo: 11.4%, 
lixisenatide: 10.9%) or diabetic sensory or motor neuropathy (placebo: 19.7%, 
lixisenatide: 20.7%). In all controlled Phase 2/3 studies the incidence of baseline 
diabetic microvascular complications was similar between the lixisenatide and all 
comparators groups. 
 
In the Phase 3 placebo-controlled study pool and all controlled Phase 2/3 studies, of the 
co-morbidities assessed at baseline that are relevant in patients with T2DM (see table 
below), a similar percentage of patients in both treatment groups reported hypertension,  
dyslipidemia and ongoing hepatic disease. Approximately 80% of the patients had 
normal baseline renal function based on their creatinine clearance (only Cockcroft and 
Gault equation was reported), around 15-17% had mild and 1-1.3% had moderate renal 
impairment based on their calculated creatinine clearance. Severe renal impairment at 
baseline was not observed in any lixisenatide-treated patient. The majority of the 
patients were non-smokers. 
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them, myocardial infarction (MI) (lixisenatide: 4.0%, placebo: 3.7%) and coronary 
revascularization (lixisenatide: 2.3%, placebo: 2.8%) were the most commonly reported 
events in the CV history at baseline, with similar percentages reported in both treatment 
groups (Table 25-ISS page 106). A similar trend was seen in the all controlled study 
pool. 
 
Concomitant medications: 
Background antidiabetic therapies: 
Studies with one background treatment: 
All patients in the mITT population were treated with metformin at doses ≥ 1500 mg/day 
in Studies EFC6014, EFC6019, EFC10743, and EFC10780 (metformin alone), as 
planned in the protocols. The mean dose ranged between 1961 mg/day and 2042 
mg/day at baseline. Median duration of treatment ranged from 2.05 to 2.74 years. The 
appendices in the individual CSRs were reviewed to check for imbalances between 
treatment groups (eCTD5.3.5.1, Study EFC6014, efc6014-16-2-4-demo-data [Appendix 
14.2.4.2.2], Study EFC6019, efc6019-16-2-4-demo-data [Appendix 14.2.4.2.2], Study 
EFC10743, efc10743-16-2-4-demo-data [Appendix 14.2.4.2.2], and Study EFC10780, 
efc10780-16-2-4-demo-data [Appendix 14.2.4.2.1]). 
 
Studies with one or two background treatments:  
For all the studies listed below, the appendices of the individual CSRs listed were 
reviewed to check for any relevant imbalances between treatment groups. 
In Study EFC6015, 722 patients (84.3%) were treated with SU and metformin and 134 
(15.7%) were treated with SU alone at baseline in the mITT population. The median 
duration of treatment with SU was 4.24 years. Most patients received glimepiride 
(42.3%) at a mean dose of 5.1 mg/day or glibenclamide (24.9%) at 12.9 mg/day. The 
median duration of treatment with metformin was 4.36 years (5.17 in placebo and 4.09 
in lixisenatide) and the mean dose was 1827 mg/day -eCTD 5.3.5.1 Study EFC6015, 
efc6015-16-2-4-demo-data [Appendix 14.2.4.2.4] and [Appendix 14.2.4.2.6]. 
 
In Study EFC6016, 392 patients (79.5%) were treated with basal insulin and metformin 
and 101 (20.5%) were treated with basal insulin alone at baseline in the mITT 
population. The median duration of treatment with basal insulin was 1.77 years at 
randomization. Most patients received insulin glargine (50.1%) at a mean dose of 58.0 
U/day, insulin NPH (40.2%) at a mean dose of 46.6 U/day, and then insulin detemir 
(8.7%) at a mean dose of 62.4 U/day. The median duration of treatment with metformin 
was 5.40 years (5.74 in lixisenatide and 4.84 in placebo) and the mean dose was 1977 
mg/day-eCTD-5.3.5.1 Study EFC6016, efc6016-16-2-4-demo-data [Appendix 
14.2.4.2.6] and [Appendix 14.2.4.2.12]. 
 
In Study EFC6017, 388 patients (81.0%) were treated with pioglitazone and metformin 
and 91 (19.0%) were treated with pioglitazone alone at baseline in the mITT population. 
The mean daily dose of pioglitazone was 33.7 mg, and the median duration of treatment 
was 0.83 years. The median duration of treatment with metformin was 3.37 years and 
the mean dose was 1886 mg/day- eCTD-5.3.5.1 Study EFC6017, 
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efc6017-16-2-4-demo-data [Appendix 14.2.4.2.2]. 
 
In Study EFC10887, 219 patients (70.4%) were treated with basal insulin and SU and 
92 (29.6%) with basal insulin alone at baseline. The median duration of treatment with 
basal insulin was 1.33 years at randomization. Most patients received insulin glargine 
(60.5%) at a mean dose of 24.2 U/day, insulin detemir (26.4%) at a mean dose of 20.3 
U/day, or insulin NPH (12.5%) at a mean dose of 31.5 U/day. The median duration of 
treatment with SU was 5.39 years (4.04 in lixisenatide and 6.21 in placebo). Most 
patients received glimepiride (80.8%); 46.1% of patients received a dose ≥ 3 mg/day. –
eCTD- 5.3.5.1 Study EFC10887, efc10887-16-2-4-demo-data [Appendix 14.2.4.2.6] and 
[Appendix 14.2.4.2.12]. 
 
In Study EFC10781 all patients were insulin naïve at screening, and treated by 
metformin and possibly SU or glinides and/or TZD at screening (SU or glinides had to 
be stopped at run-in entry). Insulin glargine was initiated at the beginning of the run-in 
period and optimally titrated for 12 weeks; the mean dose at randomization was 44.51 
U. All patients were treated with metformin at doses ≥ 1500 mg/day as planned in the 
protocol; median duration of treatment was 4.40 years. In addition TZD was used in 72 
patients (16.1%) at screening and 54 patients (12.1%) at baseline (rosiglitazone in 20 
patients [mean dose 5.6 mg] and pioglitazone in 34 patients [mean dose 29.6 mg])- 
eCTD-5.3.5.1 Study EFC10781, efc10781-16-2-4-demo-data [Appendix 16.2.4.2.4], 
[16.2.4.2.6] and [16.2.4.2.8]. 
 
In Study EFC11321 all patients in the mITT population were treated with metformin at 
doses ≥ 1000 mg/day and ≤ 1500 mg/day as planned in the protocol at the specific 
request of the Chinese regulatory agency. Median duration of treatment was 2.77 years. 
In addition 174 patients (44.8%) were using SU (mainly gliclazide and glimepiride) for a 
median duration of 1.65 years. Daily SU dose was ≥ 50% and <75% of the maximal 
recommended dose according to local labeling in 79.9% of patients and ≥ 75% and 
≤ 100% in 14.9% of patients. –eCTD 5.3.5.1 Study EFC11321, efc11321-16-2-4-demo-
data [Appendix 16.2.4.2.5] and [16.2.4.2.7]. 
 
Non-diabetic concomitant medications: 
In the Phase 3 placebo-controlled study pool, the use of common cardiovascular (CV) 
medications was generally balanced between treatment groups (Table 26, ISS page 
109. The most common CV concomitant medications used during the entire treatment 
period were statins and statin combinations (37.9% in the lixisenatide group and 38.4% 
in the placebo group) (Table 26, ISS page 109). This was followed by antithrombotic 
agents (36.9% in the lixisenatide group and 36.2% in the placebo group) and 
angiotensin-converting enzyme inhibitors (ACEI) (37.4% in the lixisenatide group and 
32.8% in the placebo group). A similar trend was also noted in the all controlled Phase 
2/3 pool (Table 27, ISS page 110). There also appeared to be no relevant imbalances in 
the use of other non-diabetic concomitant medications (Table 28 and 29-ISS page 113 
and 114).  The most common non-antidiabetic concomitant medications used during the 
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entire treatment period were musculoskeletal system treatments (around 50% of 
patients). 
 
 

6.1.3 Subject Disposition 

Disposition in the pivotal efficacy studies is briefly discussed here; the safety population 
and reasons for discontinuation are elaborated further in Section 7. Overall, in pivotal 
Phase 3 studies regardless of background therapy, more than 85% of randomized 
patients in any treatment group completed the main treatment period.  The completion 
rate for the whole treatment period regardless of background therapy was 76.3% in the 
lixisenatide morning injection group, 72.5% in the lixisenatide evening injection group 
and 81.3% in the placebo group. In studies lasting at least 76 weeks, the completion 
rate for the whole treatment period ranged from 64.7% to 81.4% in the lixisenatide 
group and from 67.7% to 78.4% in the placebo group. In all the add-on to basal insulin, 
add-on to sulfonylurea or metformin + sulfonylurea studies, there was a higher 
completion rate with placebo although differences were small (2-7%-Table 6 ISE page 
67).  

6.1.3 Analysis of Primary Endpoint(s) 

Change in HbA1c from baseline was the primary endpoint (mITT, ANCOVA. LOCF) in 
the 10 Phase 3 pivotal studies, assessed at Week 12 in Study EFC6018 and at Week 
24 in the 9 other studies. The primary objective was to demonstrate the superiority of 
lixisenatide over placebo in the 9 placebo-controlled studies and non-inferiority versus 
exenatide in the active-controlled Study EFC6019. Superiority to placebo will be 
reviewed in this section and non-inferiority to exenatide will be discussed separately in 
section 6.1.10 
 
Lixisenatide resulted in a statistically significant decrease in HbA1c compared with 
placebo, demonstrating superiority to placebo in all Phase 3 placebo-controlled studies 
based on the pre-specified primary analysis (p=0.0002 for Study EFC6016; p=0.0004 
for Study EFC11321; p<0.0001 in all other studies) (Table 10 and Figure 3). The LS 
mean difference versus placebo ranged from -0.32% (Study EFC10781) to -0.88% 
(Study EFC10887). 
In Studies EFC6018 and EFC10743, separate statistical analyses were performed for 
the one-step and two-step dose increase groups and showed similar results (LS mean 
changes: -0.73% for the two-step group and -0.85% for the one-step group in Study 
EFC6018; -0.83% for the two-step group and -0.92% for the one-step group in Study 
EFC10743). In both Studies EFC6018 (at Week 12) and EFC10743 (at Week 24), there 
was a numerically larger reduction in HbA1c from baseline between lixisenatide and 
placebo using the one-step titration as compared to that using the two-step titration. 
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In Study EFC6014, an evening QD regimen (within one hour before dinner) was also 
evaluated. The superiority over placebo in term of HbA1c reduction was demonstrated 
in both groups (LS mean differences versus placebo: -0.48% in the morning group and -
0.37% in the evening group, p<0.0001 in both groups).  In Study EFC6014, there was a 
larger reduction in HbA1c from baseline between lixisenatide and placebo at Week 24 
with the morning injection as compared to that with the evening injection. 
 Table 10: Mean Change in HbA1c (%) from Baseline to Week 24 in Phase 3 Placebo-
Controlled studies - mITT Population. 
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Source: Table 7: Summary of Clinical Efficacy (SCE), page-75 
 
Sensitivity analyses were conducted by the applicant and the statistical reviewer for the 
primary endpoint. These included:  

 Completers analyses (Completers: All mITT patients who completed the main 24-
week [12-week in EFC6018] double-blind treatment period and who had not been 
rescued during this main 24-week treatment period).  

 Change from baseline in HbA1c was analyzed using mixed model repeated 
measures (MMRM) in observed patients whose data prior to initiation of rescue 
therapy before the main treatment period or a specified visit were used for 
imputation. 

 Sensitivity analyses including HbA1cs collected after rescue therapy (discussed 
below). 

All analyses results were consistent with the primary analysis. 
 
Effects of rescue therapy on primary endpoint at Week 24: 
 
During the main treatment period, 103 (3.6%) of patients on lixisenatide required rescue 
therapy versus 126 (7.7%) of patients on placebo. The most commonly used rescue 
therapy was sulfonylurea (3.2% -placebo, lixisenatide-1.6%) followed by metformin and 
basal insulin (ISS Appendix 1.1.2.9-page 676).  
The number of patients requiring rescue therapy by study is shown below. Except for 
equal numbers in study EFC10781, greater percentages of patients on placebo required 
rescue in the main treatment period. 
 
Table 11: Number (%) of Patients Requiring Rescue Therapy during the Main 
Treatment Period in Phase 3 Placebo-Controlled studies - mITT Population 
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prior to randomization.  Therefore FPG did not decrease compared to baseline in both 
groups. In study EFC10887 the difference versus placebo was statistically significant 
but statistical analyses were performed without multiplicity adjustment per the step-
down testing strategy for multiplicity adjustment.  In all the other studies there was a 
statistically significant difference compared to placebo. 
 
Mean change in 2-hour PPG from baseline to Week 24: 
Consistent with class effect, lixisenatide reduces glucose increase after a meal. Meal 
tests were performed in Studies EFC6014 (morning group only), EFC6015, EFC6016, 
EFC6018, EFC10781, EFC10887 and EFC11321. In these studies, 2-hour PPG and 
glucose excursion were assessed at baseline and Week 12/Week 24 after a 
standardized liquid breakfast. Decrease from baseline in 2-hour PPG in the lixisenatide 
groups was consistent among these Phase 3 studies (Table 13, ISE page 93). 
However, this test measured the first post-prandial glucose after the lixisenatide 
injection and may be reflective of the pharmacokinetic-pharmacodynamic (PK-PD) 
characteristics of lixisenatide-maximum PD effect in the first 4-5 hours following 
injection. This will be further discussed in Section 6.1.10. 
 
Mean change in body weight from baseline to Week 24: 
The effect of lixisenatide on the reduction in body weight was assessed in all Phase 3 
studies as a secondary endpoint. 

 In monotherapy study EFC 6018 (12 week duration) the difference versus 
placebo was not statistically significant. 

 In the add-on to metformin ± SU studies, The LS mean decrease from baseline 
to Week 24 ranged from -1.50 kg (Study EFC11321) to -2.68 kg (Study 
EFC10743, 2-step dose increase) The between-group difference was statistically 
significant in Study EFC10743 and in the pooled “add-on to metformin alone” 
studies (EFC6014 and EFC10743 pooled data), as well as in Study EFC6015.  In 
Studies EFC6014 and EFC11321 the LS mean difference versus placebo was 
not statistically significant. 

 In Study EFC6017 in which lixisenatide was administered in combination with 
pioglitazone with or without metformin, there was no clinically relevant decrease 
in body weight in the lixisenatide group. 

 In the placebo-controlled study EFC6016 in which lixisenatide was administered 
in combination with basal insulin, a decrease in body weight of -1.80 kg from 
baseline was observed in the lixisenatide group. Similarly, in Study EFC10781 
performed as add-on to optimally titrated insulin glargine, body weight remained 
stable in the lixisenatide group (LS mean change of 0.28 kg) as compared with a 
LS mean increase of 1.16 kg in the placebo group and the LS mean difference 
versus placebo (-0.89 kg) was statistically significant. In Study EFC10887 
(performed in Asian patients only who had a median baseline BMI of 24.78 
kg/m², with 70% of them also treated with SU) the LS mean difference versus 
placebo was not statistically significant. 
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Week 24 (other studies) were statistically higher for both targets in the lixisenatide 
groups than in the placebo groups (Table 9- SCE-starting page- 82). 

6.1.6 Other Endpoints 

Mean change in total and basal insulin doses from baseline to Week 24: 
The change in basal insulin daily doses was assessed as a secondary endpoint in 
Studies EFC6016, EFC10781 and EFC10887, in which basal insulin was a mandatory 
background treatment. In studies EFC6016 and EFC10887, these analyses were done 
without multiplicity adjustment as pre-specified in the individual SAPs. Results from the 
CSRs were reviewed (eCTD- 5.3.5.1, Study EFC6016, efc6016-1-15-body [Section 
8.1.2.8]; Study EFC10781, efc10781-1-15-body [Section 10.2.5]; Study EFC10887, 
efc10887-1-15-body [Section 8.1.2.7])  

 In Study EFC6016, the LS mean changes from baseline to Week 24 were -5.62 
U in the lixisenatide group compared with -1.93 U in the placebo group (LS mean 
difference: -3.69 U, 95% CI: -6.568 to -0.815 U).  

 In Study EFC10887, the LS mean changes from screening to Week 24 were -
1.39 U in the lixisenatide group compared with -0.11 U in the placebo group (LS 
mean difference: -1.29 U, 95% CI: -2.097 to -0.477 U).  

 In Study EFC10781 the daily insulin glargine dose in both groups increased 
gradually (LS mean change from baseline was 3.10 U in the lixisenatide group 
and 5.34 U in the placebo group), which was required by the protocol to maintain 
FPG between 80 and 100 mg/dL (4.4 and 5.6 mmol/L). However, patients in the 
lixisenatide group showed a statistically significant lower increase in daily insulin 
glargine dose (lower increase in daily insulin glargine dose (LS mean difference 
for lixisenatide versus placebo was -2.24 U; 95% CI: -4.264 to -0.218; p 
=0.0300). 

 
7-point SMPG: 
The change in 7-point SMPG (mean of 7 values) was assessed as a secondary 
endpoint in Studies EFC6016, EFC10781 and EFC10887 in which lixisenatide was used 
as an add-on therapy to basal insulin. The analysis excluded measurements obtained 
after the introduction of rescue medication and/or after the treatment cessation. 
For Week 24 (LOCF) the analysis included measurements obtained up to the date of 
the last dose of the double-blind investigational product injection on or before Visit 12 
(Week 24) or Day 169 if Visit 12 (Week 24) is not available. Consistent with PK-PD 
profile, the greatest reduction in post-prandial glucose seems to occur in the AM after 
the lixisenatide injection). 
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Figure 3: Self Monitored Plasma Glucose (SMPG) Profiles (mg/dL) at Week 24, 
Lixisenatide versus Placebo–each Time Point- mITT Population 
EFC 6016                                                         EFC 10781                     EFC 10887                                

Source 14.2.6.2.16-CSR for study EFC6016, page-165; 16.2.6.2.11-CSR for study EFC 
10781-page 174 and 14.2.6.2.15- CSR for study EFC 10887-page 79. 

6.1.7 Subpopulations 

Subgroup analyses (stratified by study) of HbA1c were conducted by the applicant and 
statistical reviewer based on pooled patient populations from the eight Phase 3 placebo-
controlled studies with the primary endpoint at Week 24.  Subgroups were defined by 
sex, age category (< 65, ≥ 65 years of age, and < 75, ≥ 75 years of age), race (white, 
black, others), country (USA, non-USA), baseline HbA1c level (<8.0%, ≥8.0%), baseline 
BMI (<30 Kg/m2, ≥30 Kg/m2), duration of diabetes (<10 years, ≥10 years), baseline level 
of creatinine clearance (moderate renal impairment: ≥30 to <50 mL/min, mild renal 
impairment: ≥50 to ≤80 mL/min, and normal: >80 mL/min), anti-lixisenatide antibody 
status (positive, negative), and  anti-lixisenatide antibody concentration (antibody 
negative, antibody concentration <3.21 nmol/L, either of them). This was an ANCOVA 
analysis using LOCF method for dealing with missing values.  
The statistical reviewer’s results are shown in the forest plot below. They are similar to 
the applicant’s results (Summary of Clinical Efficacy Table 17) based on the pooled nine 
placebo-controlled studies, including EFC6018 of which the primary endpoint was at 
Week 12.  
Per the statistical reviewer’s results, HbA1c difference between lixisenatide and placebo 
was similar across subgroups except for the baseline HbA1c level. Significant 
treatment-baseline HbA1c levels interactions were observed at alpha=0.10 (p<0.001) 
level. Patients with higher HbA1c at baseline (>8%) had a greater HbA1c reduction with 
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lixisenatide than those with lower baseline HbA1c. Although confidence limits overlap, 
the point estimate of the response increases with increasing renal impairment  
The applicant also verified efficacy by background antidiabetic therapy, including insulin 
(Table 18, SCE-page 123). The statistical reviewer also performed an integrated 
analysis of the insulin studies and confirmed the applicant’s results.  
Figure 4: Forest Plot of HbA1c Changes from Baseline to Week 24 between 
Lixisenatide and Placebo Treatments Based on the Pooled Data of eight Phase 3 
Placebo-Controlled Studies (mITT, LOCF). 

 
Source: Figure 4.1-Biometrics review (Dr. Wei Liu) 
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Antibody effect on the primary efficacy endpoint: 
(Other immunogenicity issues are discussed in Section 7.3.2.) 
The analysis of change in HbA1c from baseline to Week 24 (with LOCF for missing 
on-treatment HbA1c values) by anti-lixisenatide antibody status (positive or negative) 
and antibody concentrations was performed in the lixisenatide group using a meta-
analysis method (weighted average using inverse of variance from each study as 
weights) based on the pooled data from pivotal Phase 3 studies with at least 24-week 
treatment that collected the antibody data (Studies EFC6014, EFC6015, EFC6016, 
EFC6017, EFC10743, EFC10781, EFC10887 and EFC11321). 
A total of 237 patients with antibody-positive status had missing antibody concentration 
and 173 patients with measured antibody concentration had missing antibody status. At 
the end of the main treatment period (Week 24), anti-lixisenatide antibody status along 
with a concomitant HbA1c value was available for 1954 patients from the lixisenatide 
group, including 1333 (68.2%) patients assessed as antibody-positive in the mITT 
population, and 621 (31.8%) assessed as antibody-negative.  In the lixisenatide group 
at the end of the main treatment period (Week 24), 1890 patients had either anti-
lixisenatide antibody-negative status or antibody concentration assessment along with a 
concomitant HbA1c value available. 
 
Overall the LS mean change in HbA1c from baseline was similar regardless of the 
antibody status, except for in the group of patients with a quantifiable antibody 
concentration ≤ 100 nmol/L, it was -0.64% (95% CI -0.751, -0.528), while in the group 
of 45 patients (2.4%) with antibody concentration >100 nmol/L, it was -0.16% (95% CI: -
0.418 to 0.096) as shown below. This suggests that in patients with the highest levels of 
antibodies, there may be some attenuation of glucose-lowering effect. 
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Table 14: Meta-analysis of Change in HbA1c (%) from Baseline to Week 24 by Anti-
Lixisenatide Antibody Status and Concentration Based on Pooled Data of Eight Pivotal 
Phase 3 Placebo-Controlled studies - mITT Population 

 
Source: SCE-Table 19, page- 126 
 
In the lixisenatide group at Week 76, 957 patients had either anti-lixisenatide antibody-
negative status or antibody concentration assessment along with a concomitant HbA1c 
value. Overall 678 (70.8%) of these patients were either assessed as antibody-negative 
or had an antibody concentration < the lower limit of quantitation (LLOQ) (3.21 nmol/L); 
and the LS mean change in HbA1c from baseline was -0.91% (95% CI: -1.002 to -
0.827) in these patients. Least squares mean change in HbA1c from baseline was -
0.50% (95% CI: -0.617 to -0.380) in the group of patients with a quantifiable antibody 
concentration (> LLOQ), showing similar results regardless of the concentration 
category (≤ 100 nmol/L or >100 nmol/L (Table 20, SCE page 128).  
 
The pre-specified analysis is suggestive of potential attenuation of glucose lowering 
effect with antibody concentrations over 100 nmol/L.  This was not seen at 76 weeks; 
the interpretation of the results is also limited by the small sample size in this group. In 
addition, the pharmacometrics reviewer’s antibody concentration response analysis on 
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efficacy suggests that no correlation was observed between week 4 and week 24 
antibody data (Figure 8, pharmacometrics review).  Since the Week 4 antibody data are 
not predictive of Week 24 antibody data, the analysis of antibody concentration to 
efficacy is exploratory in nature and cannot identify non-responders early on with the 
drug treatment. 

6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations 

The dose of 20 μg QD was selected as the maintenance dose for the Phase 3 program 
by the applicant based on the dose-ranging Study DRI6012, because the applicant felt 
that this regimen demonstrated the optimal combination of benefit-risk ratio and patient 
convenience in this study.  Eight different active groups were evaluated in Study 
DRI6012 (5, 10, 20, and 30 μg QD; 5, 10, 20, and 30 μg BID); compared with 
matched placebo, the results are shown below. Greater reduction with HbA1c was seen 
with the 10 µg BID regimen compared to 20 µg QD although responder rates were 
comparable (Figure 11, SCE, page 132).  
 

Figure 5: Mean change in HbA1c at Endpoint (ITT population) (Study DRI6012) 

 
Source Figure 10- SCE page 131 
Overall, the discontinuation rate due to an adverse event was in the 20 μg BID group 
compared with 3.6% in the 20 μg QD group, which was the same as in the 10μg BID 
group CSR for study DRI 6012-eCTD (5.3.5.1 Study DRI6012 [Section 9.3.3]). AEs 
overall (20 µg qd-67.3%, 10 µg BID-57.1%) and injection reactions (1 patient each) 
were comparable. Gastrointestinal AEs were lower with the 10 µg BID dose (26.8% vs. 
41.8%) (Table 28, page-121, CSR for DRI 6012).  
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Reviewer’s Comment: Based on the PK parameters and PD profile (post-prandial 
glucose effects) of the drug, it is plausible that BID dosing would result in more optimal 
efficacy.  

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects 

Long term effect on HbA1c: 
After the main treatment period, HbA1c was measured at Week 36 then every eight 
weeks and at the end-of-treatment visit in Studies EFC6014, EFC6015, EFC6016, 
EFC6017, EFC6019, and EFC10743.In all the Phase 3 placebo-controlled studies, 
HbA1c mainly decreased during the first eight weeks (approximately 80% of the overall 
effect observed during the main period). Then an additional smaller decrease was 
observed between Weeks 8 and 12, followed by a plateau up to Week 24 (Appendix 
Figures 12-20, SCE- starting page 144). The reduction in HbA1c was generally 
sustained over time beyond the main treatment period as illustrated in the applicant’s 
figures for the 76 week studies (Appendix Figures 12-15 and Figure 17, SCE- starting 
page 144). 
 

Figure 6: Mean Change in HbA1c (%) from Baseline by Visit– mITT population 

Study 6014 Study 6015 
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Study 6016 Study 6017 

 
 
Study 10743 

 
(Lixi = Lixisenatide, 24 LOCF = Last observation carried forward before the initiation of 
rescue therapy on or before week 24, EOT = Last on treatment value. Analysis based 
on measurements obtained before the initiation of rescue therapy on or before the 
treatment cessation plus 3 days.) 
Source: Figure 12-17, SCE Appendix, starting page 144 
 
Rescue therapy over the entire treatment period: 
During the entire treatment period, a total of 511 patients (17.8%) in the lixisenatide 
group and 377 patients (23.0%) in the placebo group required rescue medication. The 
most frequently used rescue medication overall was SU in both treatment groups (8.5% 
in lixisenatide patients and 10.0% in the placebo group). This was followed by 
metformin (2.3% in lixisenatide patients and 3.1% in the placebo group), TZD alone 
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(2.2% in lixisenatide patients and 2.4% in the placebo group), short acting insulin (1.9% 
in lixisenatide patients and 2.9% in the placebo group), and basal insulin (1.7% in 
lixisenatide patients and 3.4% in the placebo group). Overall, a higher percentage of 
placebo patients were rescued, but the differences were smaller compared to the main 
treatment period.  
Table 15: Summary of Antidiabetic Concomitant Medications (Rescue Therapy) in 
Phase 3 Placebo-Controlled Studies, Entire Treatment Period, Safety Population 

 
Source Table 31, ISS page 117 
 
For all 76 week Phase 3 placebo-controlled studies, Kaplan-Meier plots of time to 
rescue therapy during the entire treatment period showed that the requirement for 
rescue therapy increased gradually over time at a lower rate in the lixisenatide groups 
than in the placebo groups (plots in individual CSRs reviewed- eCTD-5.3.5.1, Study 
EFC6014, efc6014-1-15-body [Section 8.1.2.7], Study EFC6015, efc6015-1-15-body 
[Section 8.1.2.6], Study EFC6016, efc6016-1-15-body [Section 8.1.2.7], Study 
EFC6017, efc6017-1-15-body [Section 8.1.2.5] and Study EFC10743, efc10743-1-15-
body [Section 8.1.2.4]). 
 
Persistence of effect on body weight: 
Most of the effect on body weight was observed during the main 24-week treatment 
period. Mean body weight then remained relatively stable over 76 weeks -eCTD 5.3.5.3 
ISE [Figure 1.4.2.36] - [Figure 1.4.2.40] and [Figure 1.4.2.42], starting page 302. 
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6.1.10 Additional Efficacy Issues/Analyses 

Results from studies versus active comparators: 
EFC10780: 
A total of 319 patients were randomized (158 in the lixisenatide group and 161 in the 
sitagliptin group). All randomized patients were exposed to the investigational product 
and were included in the mITT population. Of 319 patients, 292 completed the 24-week 
double-blind treatment period (142 [89.9%] in the lixisenatide group and 150 [93.2%] in 
the sitagliptin group). 

 As discussed earlier, the study failed to demonstrate statistical superiority for 
lixisenatide for the primary endpoint (the percentage of patients with HbA1c<7% 
at Week 24 and a weight loss of at least 5% of baseline body weight at Week 
24).   

 Mean changes in HbA1c were similar in the lixisenatide group (-0.66%) and in 
the sitagliptin group (-0.72%) 

 In Study EFC10780, lixisenatide resulted in a greater decrease in body weight 
from baseline to Week 24 than sitagliptin. The LS mean (SE) changes in body 
weight from baseline were -2.51 (0.294) kg in the lixisenatide group compared 
with -1.17 (0.304) kg in the sitagliptin group (LS mean difference versus 
sitagliptin: -1.34 kg, 95% CI: -2.101 to -0.575 kg). More patients in the 
lixisenatide group (28 [18.4%]) had a weight loss ≥ 5% from baseline to Week 24 
than in the sitagliptin group (19 [11.9%]). 

 
PDY10931: 
Study PDY10931 was a randomized, open-label, parallel-group Phase 2 study 
comparing the effects on post-prandial glucose (PPG) of lixisenatide 20 μg QD (1-step 
dose increase regimen) with liraglutide (starting dose of 0.6 mg QD followed by 1.2 mg 
QD for one week, then a maintenance dose of 1.8 mg QD), as an add-on treatment to 
metformin, in patients with T2DM not adequately controlled with metformin. The study 
duration per patient was approximately four weeks. The reduction in postprandial 
glucose (GLU_AUC0:30-4:30h) from baseline to Day 28 was significantly greater in the 
lixisenatide group than in the liraglutide group. However, the results for the 24-hour 
plasma glucose profiles for lixisenatide and liraglutide treatments on Day 28 
compared to Day -1, are suggestive that this is mainly due to the differences in PK-PD 
profiles. From T0h30 to T4h30, glucose levels were much lower with lixisenatide than 
with liraglutide; after T4h30, glucose levels were lower for liraglutide than for lixisenatide 
at all time points. 
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Figure 7: Mean ±SEM of Raw Data for 24-hour Postprandial Plasma Glucose Profiles 
on Day -1 and Day 28-Pharmacodynamic Population 

 
Source: Figure 2, CSR for study PDY10931- page 65 
 
Reviewer’s Comment: 
It is to be noted that effect on HbA1C compared to liraglutide has not been evaluated. In 
a 26–week, open-label trial, 464 patients on a background of metformin monotherapy, 
sulfonylurea monotherapy or a combination of metformin and sulfonylurea were randomized 
to once daily liraglutide 1.8 mg or exenatide 10 mcg twice daily. Treatment with liraglutide 
1.8 mg resulted in statistically significant reductions in HbA1C and FPG relative to exenatide 
and sitagliptin although liraglutide was associated with more gastroenterological (GI) side 
effects5. Similarly, in a 24 week, randomized, open-label trial to compare the safety and 
efficacy of exenatide LAR vs. exenatide BID, treatment with exenatide LAR resulted in 
statistically significant reductions in HbA1C and FPG relative to exenatide6.  
 
EFC6019: 
EFC6019 was a randomized, open-label, active-controlled, 2-arm, parallel-group study 
comparing the efficacy and safety of lixisenatide (QD) to exenatide (BID), as an add-on 
treatment to metformin in patients with T2DM of 76 weeks duration. 
 
Primary endpoint results: 
The LS mean changes from baseline to Week 24 in HbA1c were -0.79% for the 
lixisenatide group and -0.96% for the exenatide group (LS mean difference: 0.17%, 95% 
CI: 0.033 to 0.297%). The non-inferiority of lixisenatide compared with exenatide was 
                                            
5 Tables 3, 4,  8 and 12, Section 14.2, Victoza PI 
6 Table 4, Section 14.1, Bydureon PI 
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demonstrated, as the upper bound of the 2 -sided 95% CI of the LS mean difference 
was below the predefined non-inferiority margin of 0.4%. This was confirmed by the 
ANCOVA analysis of the 24 week completers (LS mean difference: 0.18%, 95% CI: 
0.037 to 0.315%). However, as indicated in the statistical review, in Study EFC6019, 
lixisenatide was also shown to be statistically worse than exenatide during the entire 
treatment period; the mean treatment difference was 0.17% at Week 24 and 0.29 at 
Week 76, respectively.  Non-inferiority was no longer preserved after 36 weeks of 
treatment.  At Week 36, the treatment difference from exenatide based on the changes 
of HbA1c from baselines was 0.30 (95% CI: 0.17 to 0.44). At Weeks 52 and 76, the 
treatment difference from exenatide based on the changes of HbA1c from baselines 
was 0.27 (95% CI: 0.13 to 0.42) and 0.29 (95% CI: 0.12 to 0.46), respectively. 

Figure 8: Time Course of HbA1c Changes from Baseline by Visit (mITT Population) -
Study EFC6019. 

 
Source: Figure 21-SCE-page 153 
 
 
There was also a numerically higher number of patients on exenatide with a HbA1c of < 
6.5%. 
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Table 16: Number (%) of Patients with HbA1c Value ≤ 6.5% or <7% Respectively at 
Week 24 in Study EFC6019 - mITT Population 

 
Source: Table 10-SCE page 84. 
 
In Study EFC6019, the percentage of patients who received rescue therapy during the 
24-week main treatment period was 2.2% in the lixisenatide group and 3.8% in the 
exenatide group. The Kaplan-Meier (KM) plot of time to rescue therapy is also indicative 
of increased rescue rate for lixisenatide patients at later time periods. 
 

Figure 9: Kaplan-Meier Plot of Time to Rescue Therapy during the Whole Treatment 
Period – mITT Population, Study EFC6019 
Population 

 
Source: Figure 7- CSR for EFC6019- page 21 
 
There was greater weight loss with exenatide. The LS mean changes in body weight 
from baseline to Week 24 were -2.96 kg in the lixisenatide group and -3.98 kg in the 
exenatide group (LS mean difference versus exenatide: 1.02 kg, 95% CI: 0.456 to 1.581 

Reference ID: 3364935Reference ID: 3954238

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 

 lixisenatide 
 

77 

kg) (5.3.5.3 ISE [Table 1.4.2.28]). The percentage of patients with weight loss ≥ 5% 
from baseline was 25.1% in the lixisenatide group and 31.4% in the exenatide group. 
 
Figure 10: Mean Change in Body Weight (kg) from Baseline by Visit in EFC6019- mITT 
Population. 

 
Source: 1.4.2.42, ISE-page 308. 
Reviewer’s Conclusion-Although the pre-specified non-inferiority margin was met, from 
a clinical perspective, exenatide demonstrated greater efficacy compared to lixisenatide, 
for both reduction in HbA1c and body weight from baseline. 

7 Review of Safety 
Safety Summary 

 The most common adverse events in the Phase 3 placebo-controlled studies 
over the main treatment period were nausea (lixisenatide- 28% vs. placebo-
7%)and vomiting (lixisenatide 10% vs. placebo- 2%), consistent with the GLP-1 
agonist class.  

 Deaths were balanced in the clinical program between lixisenatide and all 
comparators. 

 There were more discontinuations due to adverse events with lixisenatide 
compared to placebo. 

 
Primary safety concerns: 

 Post-marketing reports of anaphylaxis for all three approved drug products 
confirm that severe hypersensitivity reactions are a GLP-1 agonist class effect.  
Lixisenatide is allergenic with a calculated anaphylaxis frequency in the clinical 
program of 0.17% or 7 cases per 3958 patient-years. The number of anaphylaxis 
cases appears to be greater than what was seen in the development programs of 
the three approved GLP-1 analogue comparator drugs, although the comparison 
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is limited because the other programs did not prospectively assess for 
hypersensitivity reactions. 

 There were no cases of fatal, hemorrhagic or necrotizing pancreatitis. However, 
given the small numerical imbalances for cases of pancreatitis or potentially 
related to pancreatitis, and small but consistent differences in potentially clinically 
significant abnormalities (PCSA) for laboratory results related to pancreatitis, 
lixisenatide appears to be associated with a risk for pancreatitis consistent with 
other drugs in class. 

 
 While the available patient exposure is too small to assess risk for pancreatic 

cancer, it seems reasonable to conclude that the incidence in clinical programs 
(available data) was comparable to placebo. 

 
 

 In both the Phase 2/3 and placebo-controlled study pools, lixisenatide was 
associated with a higher rate of injection site reactions. Lixisenatide was also 
associated with a higher rate of injection site reactions compared to exenatide in 
study EFC 6019. 

 
Hypoglycemia: 

 Labeling recommendations for risk of hypoglycemia should be consistent with 
drug class i.e. to consider lowering the dose of insulin or sulfonylurea when used 
with these agents. The exposure adjusted incidence rate (EAIR) for symptomatic 
hypoglycemia was consistently increased in the trials with background insulin 
and/or sulfonylurea for lixisenatide versus placebo patients, and there were more 
cases of severe hypoglycemia with lixisenatide. 

 There were numerical imbalances not favoring lixisenatide for rate of 
symptomatic hypoglycemia versus placebo with background metformin and TZD 
therapies. Small imbalances not favoring active drug with background TZD 
treatments were also seen in the exenatide (10.7% with exenatide versus 7.1% 
with placebo) and liraglutide (7.6% with liraglutide vs. 4.1% with placebo) clinical 
programs.  

 There was less hypoglycemia versus active control in the exenatide comparator 
trial, where background metformin was used, although these findings should be 
assessed keeping the efficacy results for HbA1c reduction in perspective. That is, 
lixisenatide exhibited less HbA1c lowering than exenatide in this study, and thus 
could be expected to have a somewhat lower rate of hypoglycemia. 

 
 Based on review of narratives for calcitonin elevations reported as AEs there is 

some uncertainty regarding patient 642504006 in study EFC6015 since the 
biopsy results reported possible parafollicular morphologic differentiation with 
elevated calcitonin and the patient did not have follow-up visits. There was an 
imbalance not favoring lixisenatide in the number of patients with calcitonin 
elevation over 50 pg/ml. However several of these patients (7/10) had missing 
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baseline values. Otherwise there were no cases with concern for potential C-cell 
proliferation.  

 
 Up to seventy percent of subjects on lixisenatide were antibody-positive by week 

24.  
o Antibody-positive status was associated with increased injection site 

reactions.  
o Based on the data reviewed, development of antibodies was associated 

with a trend for increased occurrence of symptomatic hypoglycemia over 
the entire treatment period but not in the main treatment period, although 
this could be a chance finding. 

o A higher percentage of subjects with an allergic reaction possibly related 
to investigational product (IP) had an antibody concentration over the 
LLOQ. In patients who had antibody concentrations >100 nmol/L, the 
incidence was 3.7% (5/135). This conclusion is limited due to the small 
number of patients with allergic reactions related to the IP. 

 
 

 Hepatobiliary AEs and liver enzyme elevations seemed balanced between 
placebo and comparator groups. The cases that fulfilled biochemical Hy’s law 
had alternative etiologies. However there was one patient on lixisenatide (patient 
356503003, study EFC6015) who had asymptomatic elevation of AST and ALT 
with normal total bilirubin and alkaline phosphatase that resolved with drug 
discontinuation. 

 
 
Renal AEs: 
 

 In the completed phase 2/3 program, exaggerated differences between 
lixisenatide and control groups were noted in subjects with mild renal impairment 
(creatinine clearance 50-80mL/min) for the PTs of nausea, vomiting and 
hypoglycemia when compared to subjects with normal renal function (creatinine 
clearance > 80 mL/min). This is suggestive of increased likelihood of nausea and 
vomiting in patients with renal impairment when compared to patients with 
normal renal function, potentially related to increased exposure.  

 In the ELIXA study, increased number and proportion of common AEs seem to 
occur in the subgroup with mild renal impairment compared to the other renal 
subgroups. Increased frequency relative to placebo occurred only for the PTs of 
nausea and vomiting.  

 There was a higher percentage of discontinuations in the moderate renal 
impairment subgroup with lixisenatide (specifically GFR 30-45 mL/min/m2), 
although there does not appear to be an increase in AEs overall in this subgroup. 
These conclusions are limited due to the smaller sample size in this subgroup 
compared to the mild renal impairment subgroup. 
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 Overall, advising caution in patients with mild or moderate renal impairment and 
not recommending use in patients with severe renal impairment due to limited 
experience seems to be a reasonable approach. 

 
 

7.1 Methods 

The applicant’s safety assessment of the completed Phase 2/3 program was based on 
the monitoring of AEs, including special AEs of interest (symptomatic hypoglycemia, 
events adjudicated as allergic reactions by the Allergic Reaction Assessment 
Committee [ARAC], injection site reactions, events potentially related to pancreatitis or 
events related to potential thyroid C-cell proliferation) and systematically-evaluated AEs 
(hepatic AEs, biliary AEs, and renal AEs), as well as major CV events positively 
adjudicated by the Cardiovascular Events Adjudication Committee (CAC), clinical 
laboratory parameters, vital signs, and electrocardiogram (ECG) parameters. The safety 
assessment also includes an analysis of ECG data from the two thorough ECG studies 
(TES6865 and TES11807). In addition, anti-lixisenatide antibody status (positive or 
negative) and antibody concentration data were collected in most studies, and the 
cross-reactivity of the antibodies with endogenous GLP-1 or glucagon were assessed in 
4 studies with 2 different assay formats (radioimmuno-precipitation assay in Phase 2 
study DRI6012, and Biacore in the Phase 3 studies EFC6015, EFC10781, EFC11321). 
 
The integrated summary and analyses of AEs were mostly descriptive, e.g., crude 
incidence rate (n [%]) of treatment-emergent adverse events [TEAEs]). The risk 
difference and/or risk ratio in incidence rates and associated 95% CIs via meta-analysis 
or stratified analysis (by study) are provided. No multiplicity adjustment was made for 
safety analyses. 
 

7.1.1 Studies/Clinical Trials Used to Evaluate Safety 

The Phase 2/3 clinical trials, Phase 1 studies and ongoing studies at the secondary cut-
off date have been described in Section 5. 
 
In addition the 120-day safety update with cut–off date of January 25, 2013 was also 
reviewed. This update contained blinded data from ongoing Phase 3 and Phase 2 
studies EFC11319, EFC12261 EFC12832 (initiated after 25 July 2012-efficacy and 
safety of lixisenatide in patients with type 2 diabetes insufficiently controlled with basal 
insulin with or without metformin) and PDY12625. Unblinding of cases for key safety 
issue evaluation was requested as determined necessary. 
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7.1.2 Categorization of Adverse Events 

The applicant states that all AEs, regardless of their seriousness or relationship to the 
investigational product (IP), were collected by open questioning at the time of signing of 
the informed consent through the end of the study and were recorded in the AE pages 
of the case report form (CRF). Several successive versions of Medical Dictionary for 
Regulatory Activities (MedDRA) were used for the individual CSRs. All AEs were 
recoded in accordance with MedDRA version 14.1 in the integrated safety database. 
For the completed Phase 2/3 studies, any updates on the outcomes of SAEs and 
expedited AEs of special interest after the study database locks were followed up by the 
applicant’s pharmacovigilance group and entered into the pharmacovigilance database. 
The integrated analysis dataset of AEs for Phase 2/3 studies of this dossier 
incorporated these updates, while the original AE datasets of the individual studies 
remained intact. 
 
Applicant’s definitions for adverse events (from Table 8, ISS-pg 43) 

 Treatment–emergent adverse events (TEAE): For the Phase 2/3 program, those 
AEs that developed or worsened during each observation period  If the treatment 
status for an AE was unclear due to missing or incomplete onset date, it was 
always considered as treatment-emergent, unless otherwise shown by data. In 
case of missing/incomplete AE start/worsening date, the derivation rules of 
defining “period of observation” are described in detail in 5.3.5.3 iss-sap-ph2-3 
[Section 3.2]. For AEs with multiple occurrences for a patient, the patient will be 
counted only once (the first occurrence will be used for time-to-onset analysis 
and the worst intensity will be counted for severity summary) unless otherwise 
specified. For the Phase 1 program, the same TEAE definition used in the 
individual study reports was kept in the integrated safety analysis. 

 Common TEAEs: For the Phase 2/3 program, those TEAEs with high level terms 
(HLTs) ≥ 2% in any treatment group.  

 
The applicant’s definitions and assessments for AEs of special interest will be described 
in the relevant sections. 
 

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence 

All analyses in the ISS, except the CV analysis, were based on the safety population 
defined as all patients randomized and exposed to at least one dose of the IP, 
regardless of the amount of IP administered. Patients who were exposed only during 
the run-in period were not considered to be part of the safety population. 
Randomized patients were excluded from the safety population only when there was 
documented evidence that the patient did not take the double-blind (or open-label) IP. 
For controlled studies, any patients who were lost to follow-up after the randomization 
visit and who did not have any dosing information were considered exposed unless 
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there was documented evidence that they did not take any study medication. These 
patients were therefore included in the treatment group assigned by the randomization 
system. 
 
For the integrated safety analysis from Phase 2/3 studies, 2 pooling strategies were 
defined; the Phase 3 placebo-controlled study pool and the Phase 2/3 study pool as 
defined in applicant’s Table 12 in the ISS. The main differences between the Phase 2/3 
study pool and the Phase 3 placebo-controlled studies have been discussed in Section 
5.  
 

Table 17: Pooled Data Presentations for Phase 2/3 Studies 

 
Source: Table 12, ISS, page-56 
 
There are nine completed clinical pharmacology studies presented as stand-alone 
studies in the NDA. The applicant’s rationale for not including these studies in the 
integrated safety database is as follows: 

 Four stand-alone studies in special/different populations with longer treatment 
duration: 

a) Special population: POP6053 (patients with renal impairment), POP11814 (elderly 
patients), and POP11320 (healthy Chinese subjects) 
b) Different population and longer treatment duration: TDR11215 (spermatogenesis 
study in overweight or obese subjects for 26 weeks) 

 studies with different formulations: 
a) BDR10880, BDR11038 (in T1DM patients), BDR11540, and BDR11578 (in healthy 
subjects): premixed or simultaneous injections of lixisenatide and insulin glargine 
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b) TDU10121: prolonged release formulation of lixisenatide. 

7.2 Adequacy of Safety Assessments 

 

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of 
Target Populations 

As mentioned in Section 5, the applicant chose to evaluate only a single dose (20 µg 
QD) in the Phase 3 program. Total exposure by patient-years in all completed Phase 
2/3 studies was 3958.1 patient-years for lixisenatide (3875.3 from controlled studies), 
2170.6 for all comparators, and 1642.4 for placebo. The median duration of study 
treatment was 259 days for lixisenatide and 173 days for all comparators. Total 
exposure in the Phase 3 placebo-controlled studies was 3258.7 patient-years for 
lixisenatide and 1642.4 for placebo. The median duration of study treatment was 533 
days for lixisenatide versus 196 for placebo. The information is presented in the Table 
18 below. The data were verified by review of dataset ades.xpt. 

Reference ID: 3364935Reference ID: 3954238

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

84 

Table 18: Exposure in Placebo-Controlled Phase 3 and All Controlled Studies 

 

 

 
a Studies included EFC6014, EFC6015, EFC6016, EFC6017, EFC6018, EFC10743, EFC10781, EFC10887 and 
EFC11321. b Studies included Phase 3 placebo-controlled studies plus ACT6011, PDY6797, DRI6012, PDY10931, 
EFC6019 and EFC10780. c LTS10888. 
All lixisenatide dose groups were included. All comparators included placebo, exenatide, liraglutide and sitagliptin. 
Main treatment period: 12 weeks for EFC6018 and 24 weeks for other studies. 
For patients whose treatment duration was missing due to missing end of treatment date in EOT CRF, their exposure 
was calculated using the last available dosing date. 
One patient was randomized to placebo in study EFC6015 but was treated with lixisenatide for the whole study and 
is thus counted in the lixisenatide-treated group in the safety population. 
PGM=PRODOPS/AVE0010/OVERALL/CTD_2012_01/REPORT/PGM/cdc_exposure_t.sas 
OUT=REPORT/OUTPUT/i_cdc_exposure_t_p23_i.rtf (10SEP2012 - 16:49). 
 

Source: Table 18, ISS, page 92-93 
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The plot summarizing exposure over time for all Phase 2/3 studies is shown below. 
Overall exposure over time appears comparable with an approximate 2:1 ratio for 
lixisenatide vs. placebo being maintained throughout. 
 
Figure 11: Exposure over Time- Phase 2/3 Pool 
 

 
http://empiricastudy.fda.gov/websdm/exposurePlotDisplay.jsp?whoami=SafetyReview_27... 
5/22/2013 
Demographics of target population was discussed in section 6.1.2 
In the CV outcome study ELIXA, as of July 25, 2012, there were 786 patient-years of 
exposure for lixisenatide vs. 810 patient-years for placebo.  

7.2.2 Explorations for Dose Response 

The applicant chose to study a single dose in the Phase 3 program. In dose-finding 
study DRI6012, 10 µg BID dosing showed greater HbA1c reduction when compared to 
20 µg QD dosing. Compared to 20 µg QD dosing 10 µg BID dose have fewer GI related 
side effects and similar injection reactions (Table 82-ISS and Appendix 14.2.7.1.2- CSR 
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for study DRI6012) and Appendix table. However, the applicant proposed only the 20 g 
QD dose, because “the added benefit with BID dosing needs to be counterbalanced 
with the inconvenience of co-administration of other drugs.”  
 

7.2.3 Special Animal and/or In Vitro Testing 

This will be re-addressed in an addendum after review of the pharmacology/toxicology 
assessment in DAARTs. 

7.2.4 Routine Clinical Testing 

Overall, clinical assessments including prospective evaluations for adverse events of 
special interest seemed adequate. The major limitation noted in clinical testing 
adequacy is implementation of calcitonin monitoring. The collection of serum calcitonin 
data and monitoring of increased calcitonin values as a marker of thyroid C-cell 
neoplasms was implemented via protocol amendments during the course of all Phase 3 
studies that had a duration >3 months. As a result, baseline calcitonin values were not 
collected for most of the patients in those studies.  This limits interpretation of calcitonin 
elevation in subjects without baseline data. 

7.2.5 Metabolic, Clearance, and Interaction Workup 

The non-clinical pharmacokinetics/toxicokinetics, the clinical pharmacokinetics and 
drug- interaction workup seems adequate. This section will be re-addressed in an 
addendum after the clinical pharmacology review is in DAARTs. 
 

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class 

Will be discussed in Section 7.3. 

7.3 Major Safety Results 

7.3.1 Deaths 

Completed Phase 1 Program: 
There were 2 homicide deaths reported in the Phase 1 program, both in Study 
TDR11215 

 Subject No. 840006012, a 45-year-old healthy male Caucasian subject was early 
terminated due to a TEAE (fatigue) after 29 days of treatment with placebo. Five 
months after treatment discontinuation, the subject was found dead in a pond 
with significant blunt force trauma to the body (suspected homicide). 
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 Subject No. 840006008, a 33-year-old healthy male Hispanic subject who 
received lixisenatide for 97 days from  to , 
was shot on . The subject died at the scene. The police ruled 
this to be a homicide by drive-by shooting. 

 
Completed Phase 2/3 program (safety population): 
 
There were 17 deaths in the lixisenatide program compared to 15 in all comparators 
(see applicant’s table below). The number of deaths overall were comparable between 
lixisenatide and comparators. 
 

Table 19: Overall Mortality in Phase 2/3 Studies - Safety Population 
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Source: Table 83, ISS-page- 259 
 
The table below summarizes the deaths in each treatment group including applicant-
reported Preferred Term (PT) (AEDECOD), cardiac adjudication committee (CAC) 
adjudicated death type (CVDTHTYP) and adjudicated cause of death (ADCDTH) from 
adcv.xpt. The narratives were also reviewed, specifically the non-CV death adjudicated 
causes and post-treatment events with lixisenatide. Overall the events were comparable 
between lixisenatide and placebo. 
Table 20: Deaths- Completed Phase 2/3 Program 

STUDYID USUBJID ARMA AEDECOD CVDTHTYP ADCDTH 
EFC10743 233-304-

006 
Lixisenatide Pancreatic 

carcinoma 
Non-CV 
Event 

malignancy 

Hypertension 
Coma 

EFC10743 642-305-
019 

Lixisenatide 

Cerebrovascular 
accident 

CV Event presumed cv death 

EFC10743 804-304-
012 

Lixisenatide Hemorrhagic 
stroke 

CV Event fatal stroke: 
ischemic with 
hemorrhagic 
conversion 

EFC10781 356-206-
008 

Lixisenatide 
 

Myocardial 
infarction (6 
days post-
treatment) 

CV Event presumed cv death-
no ECG changes or 
cardiac markers 
drawn 

EFC6014 276-404-
001 

Lixisenatide Hemothorax 
(86 days post-
treatment) 

CV Event heart failure 

EFC6014 276-407-
001 

Lixisenatide Pancreatic 
carcinoma 

Non-CV 
Event 

malignancy 

EFC6014 840-432-
001 

Lixisenatide Lymphoma 
(20 days post-
treatment) 

Non-CV 
Event 

malignancy 

EFC6015 392-507-
008 

Lixisenatide Multi-organ 
failure (293 
days post-
treatment) 

Non-CV 
Event 

pulmonary 

EFC6015 643-507-
010 

Lixisenatide Myocardial 
infarction 

CV Event sudden death: 
witnessed or last 
seen alive < 1 hr 

EFC6015 840-520-
011 

Lixisenatide Sudden cardiac 
death 

CV Event sudden death: 
witnessed or last 
seen alive < 1 hr 

EFC6016 356-601-
019 

Lixisenatide Pulmonary 
tuberculosis 

Unknown unknown-
diagnosed with 
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(143 days post-
treatment) 

CAD, left ventricular 
dysfunction and 
pulmonary 
tuberculosis on Day 
238, drug 
discontinued on 
Day 253, cardiac 
markers not drawn 

EFC6016 484-601-
013 

Lixisenatide Myocardial 
infarction 

CV Event presumed sudden 
death 

EFC6016 826-601-
004 

Lixisenatide Sudden cardiac 
death 

CV Event sudden death: last 
seen alive >= 1 hr 
and < 24 hrs 

EFC6019 246-907-
007 

Lixisenatide Sepsis Non-CV 
Event 

infection 

EFC6019 643-903-
001 

Lixisenatide Myocardial 
ischemia 

CV Event sudden death: 
witnessed or last 
seen alive < 1 hr 

EFC6019 840-905-
005 

Lixisenatide Completed 
suicide (259 
days post-
treatment) 

Non-CV 
Event 

suicide 

EFC6019 840-934-
002 

Lixisenatide Metastatic 
neoplasm 

Non-CV 
Event 

malignancy 

EFC6019 208-903-
014 

Other 
Comparator-
exenatide 

Pancreatic 
carcinoma 
Operative 
hemorrhage 

Non-CV 
Event 

malignancy 

EFC6019 348-908-
014 

Other 
Comparator-
exenatide 

Cardiac failure 
congestive 

CV Event heart failure 

EFC6019 578-905-
008 

Other 
Comparator-
exenatide 

Myocardial 
infarction 

CV Event fatal myocardial 
infarction 

EFC6019 643-905-
006 

Other 
Comparator-
exenatide 

Acute 
myocardial 
infarction 

CV Event fatal myocardial 
infarction 

EFC10743 233-305-
003 

Placebo Cerebrovascular 
accident 

CV Event fatal stroke: 
ischemic 

EFC10743 458-303-
014 

Placebo Myocardial 
infarction 

CV Event sudden death: 
witnessed or last 
seen alive < 1 hr 
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EFC10743 484-306-
014 

Placebo 
(post-
treatment) 

Chest injury 
Abdominal 
injury 
Road traffic 
accident 

Non-CV 
Event 

accidental 

EFC10781 616-201-
003 

Placebo Myocardial 
infarction 

CV Event fatal myocardial 
infarction-
cardiogenic shock 

EFC10781 710-202-
004 

Placebo Multiple 
myeloma 

Non-CV 
Event 

malignancy 

EFC10887 392-114-
001 

Placebo Completed 
suicide 

Non-CV 
Event 

suicide 

EFC6015 203-503-
005 

Placebo Respiratory 
failure 

Non-CV 
Event 

other non-cv 

EFC6016 840-636-
006 

Placebo Respiratory 
failure 

Non-CV 
Event 

infection 

EFC6016 840-636-
007 

Placebo Glioma Non-CV 
Event 

malignancy 

EFC6017 320-702-
010 

Placebo Acute 
myocardial 
infarction 

CV Event sudden death: 
witnessed or last 
seen alive < 1 hr 

EFC6017 840-866-
002 

Placebo General 
physical health 
deterioration 

Non-CV 
Event 

pulmonary 

7.3.2 Submission-specific Primary Safety Concerns 

Allergic reactions: 
 
An allergic reactions adjudication committee (ARAC) was set up during the Phase 2 
Study DRI6012 in April 2007 and reviewed and adjudicated all potential allergic-like 
TEAEs reported by the investigators in this study and all subsequent Phase 1, Phase 2, 
and Phase 3 studies. ARAC members were independent from the applicant and the 
investigators, and were blinded on the actual IP received by the patients. 
For the Phase 2/3 program (except ACT6011) and for the Phase 1 program (except six 
studies [01-016, BDR6864, INT6052, INT6863, POP6053, and TDU10121] which were 
conducted before the ARAC was established), all events reported on the specific AE 
form for allergic reaction were sent by the applicant to the ARAC periodically while 
studies were ongoing. The same ARAC performed adjudication evaluation across these 
studies and the ARAC adjudication was made in a blinded manner. For ACT6011 (the 
first Phase 2 study completed in 2004 before ARAC was implemented), no formal 
adjudication was performed; only suspected events related to allergic reactions are 
described in case narratives in the ACT6011 study report. All events adjudicated as 
allergic reactions were further classified by the ARAC as possibly related to the 
investigational product (IP) or not. 
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The ARAC had to determine if the reported event constituted an allergic reaction. In 
case the event was adjudicated as an allergic reaction, they proposed a diagnosis and 
had to assess possible relationship to the IP. Pre-specified diagnoses were based on 
the following criteria:  

 Urticaria (hives): papillary or dermal lesion, strictly located to skin, transitory (<24 
hours) 

 Angioedema: papillary or dermal lesion possibly involving mucosae, transitory 
(24 to 48 hours) 

 Anaphylactic reaction: skin or mucosal lesion of acute onset associated with at 
least one other organ involved (respiratory, GI, vascular, etc.) 

 Anaphylactic shock: a diagnosis of anaphylaxis had been made and a 
symptomatic drop in blood pressure had occurred 

 Other (diagnosis to be given as free text). 
 
An alternative diagnosis had to be provided in case the event did not constitute an 
allergic reaction. 
  
They also had to classify the severity of the event based on a pre-specified scale: 

 Grade 1: No systemic treatment administered or only antihistamines 
administered 

 Grade 2: Treatment with systemic catecholamines or systemic corticosteroids 
 Grade 3: Treatment with both systemic catecholamines and systemic 

corticosteroids 
 Grade 4: Hospitalization without airway compromise (no mechanical airway 

protection) 
 Grade 5: Hospitalization and airway compromise (no mechanical airway 

protection) 
 Grade 6: Airway protection or death. 

 
DMEP consulted the Division of Pulmonary, Allergy and Rheumatology products 
(DPARP). Based on their review, the ARAC criteria for diagnosis were consistent with 
the National Institute of Allergy and Infectious Disease (NIAID) and the Food Allergy 
and Anaphylaxis Network (FAAN) criteria published in 2006. The ARAC further 
classified the event by severity based on a pre-specified scale. DPARP advises that that 
the NIAID/FAAN diagnostic criteria do not grade the severity of anaphylaxis. Further, 
DPARP does not make a distinction between “anaphylactic reaction” and “anaphylactic 
shock”, but rather uses the term “anaphylaxis” to identify cases meeting criteria.  By 
virtue of multi-organ, multi-system involvement and the unpredictable nature of 
anaphylaxis, all events are considered severe and potentially life-threatening. 
 
In the controlled Phase 2/3 studies, 259 possible allergic-like events reported by 202 
(5.1%) patients in the lixisenatide group and 97 events reported by 73 (3.1%) patients in 
the all comparators group (placebo + active) were sent to ARAC for adjudication over 
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the entire treatment period. Of these, 82 events in 69 (1.8%) patients in the lixisenatide-
treated group and 30 events in 24 (1.0%) patients in the all comparators group were 
adjudicated as allergic reactions during the entire treatment period. In 24 (0.6%) 
lixisenatide-treated patients and four (0.2%) in the all comparators group, the events 
were adjudicated as possibly related to the IP by the ARAC. This is summarized in the 
applicant’s tables below. 
Table 21: Summary of Possible Allergic Reaction AEs sent to ARAC for Adjudication in 
Phase 2/3 Studies: Entire Treatment Period – Safety Population 

 
Source: Revised Table 108, ISS erratum page-8, applicant’s submission dated August 
7, 2013 
 
In the pooled Phase 2/3 studies, “urticaria” was the most common allergic reaction 
diagnosis provided by ARAC followed by allergic rhinitis, anaphylactic reaction and 
angioedema (Table 109, ISS page 326).  
DPARP did evaluate the narratives for on-treatment possible allergic-like events sent to 
the ARAC for adjudication.  While the adjudication process ascribed to ARAC appears 
capable of identifying significant hypersensitivity reactions, DPARP believes that 
investigators witness to the adverse event are in the best position to provide a diagnosis 
and to make a determination of severity and relatedness to treatment.  
 
The listing of AEs adjudicated as not allergic reactions by the ARAC for the Phase 2/3 
studies safety population was reviewed (Appendix 1.2.5.4.15). Most of the events were 
reclassified as injection site reactions, viral illness, gastroenteritis, dermatitis, rash, 
urticaria attributed to another cause/cause unclear or unknown but not due to study 
drug based on presentation, fungal infections, carbuncle, gastritis, nausea etc. 
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Number and type of allergic reactions adjudicated by the ARAC as allergic and related 
to the investigational product were as follows: 
 

Table 22: Patients with AEs adjudicated as Allergic Reaction by ARAC and related to 
the IP in Phase 2/3 Studies: Entire Treatment Period – Safety Population 

 

 

 
Source: Table 109, ISS, page-328-329 
 
In general, when applicants provide their assessments of relationship to the study 
product, DMEP views them very cautiously. Any event which occurs after exposure to 
the study product is considered potentially related. 
 
Anaphylactic reactions/shock: 
 
ARAC identified eight cases of anaphylactic reactions and three cases of anaphylactic 
shock in the clinical development program. Of these 11 cases in total, the ARAC 
associated nine cases with lixisenatide treatment. The remaining two cases occurred 
following a bee sting and during a surgical operation following cefazolin administration, 
respectively. DPARP agrees with this ARAC assessment. The single event of 
anaphylactic shock was considered to be an “anaphylactoid reaction” since it occurred 
following the first injection of the IP, per the ARAC assessment. This patient did not 
report any previous allergic reactions or previous GLP-1 receptor agonist intake. 
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However DPARP includes this patient with the cases which meet NIAID/FAAN 
diagnostic criteria, since the criteria do not make a distinction based on the underlying 
etiology (i.e. IgE versus non-IgE-mediated). DPARP also identified 1 case of 
anaphylaxis in a healthy volunteer who received placebo in the control group. Summary 
narratives for these cases are described in detail in the DPARP review. DPARP 
identified 7 cases on lixisenatide and 1 case on placebo that met diagnostic criteria for 
anaphylaxis. 
 

Table 23: Subjects Meeting NIAID/FAAN criteria for Anaphylaxis per DPARP Review: 

Subject ID Brief description and action taken with IP 
DRI6012-
840020001 

52 yr old male, developed pruritis on Day 20 and anaphylactic reaction 
on Day 23, recovered with diphenhydramine, discontinued study 
treatment 

EFC6016- 
840635031 

52 yr old female with medical history of drug allergies, hives, and 
angioedema, anaphylaxis on Day 22 treated with diphenhydramine, 
discontinued study treatment 

EFC10743-
642307010 

53 yr old female, anaphylactic reaction on Day 165 requiring loratidine 
and intravenous (IV) steroid, discontinued study treatment 

EFC 10780-
320001015 

45 yr old female, anaphylaxis on Day 2 treated with chlorpheniramine, IV 
steroid and epinephrine s.c., discontinued study treatment 

EFC11321-
156029017 

66 year old male, anaphylactic shock on Day 1 (10 minutes after first 
dose) with loss of consciousness, later diagnosed with acute MI and 
lacunar infarct, discontinued study treatment  

EFC10743 
276303004 

52 year old female; on Day 1, approximately 30 minutes after the 
injection, she developed localized itching and flushing of the skin, 
swelling beneath both arms, headache, dizziness, lump sensation in her 
throat, and hoarseness (? laryngeal edema). She was treated with 
hydrocortisone IV, clemastine, and IV fluids. Study treatment was 
permanently discontinued 

TES 11807 
276001263 

44 year old female volunteer on lixisenatide experienced numbness, 
rash, swelling of lips/eyes/ hands/feet, palpitations, faintness, hot flushes. 
Treated with oral antihistamines. Adjudicated by ARAC as anaphylactic 
reaction. 

TES11807- 
276001256 

24 yr old healthy volunteer on placebo, anaphylaxis on Day 4 treated 
with antihistamines, adjudicated by ARAC as urticaria, IP discontinued. 

Based on case review, DPARP indicates there are seven clear cases of anaphylaxis in 
lixisenatide-treated subjects compared to one case of anaphylaxis in placebo/active 
comparator control-treated subjects resulting in a calculated frequency of 0.17 % or 7 
cases per 3958 patient-years.  
 
The remaining three cases on lixisenatide (study EFC6014-124410018, EFC6017-
642701006, EFC6016-840635033) that were adjudicated as anaphylactic reactions by 
ARAC but per DPARP assessment did not meet NAIAD/FAAN criteria; however DPARP 
noted they were notable for acute onset of symptoms suggestive of mediator-release 
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and drug hypersensitivity following lixisenatide administration. It is also noted that these 
cases involved angioedema, although breathing difficulties/laryngeal edema were not 
reported. 
 
Table 24: Remaining ARAC Adjudicated Cases of Anaphylaxis 

EFC6014- 
124411018 

53 year old male, swelling at the injection site and pruritic maculopapular 
rash on his extremities and abdomen on Day 13, worse on Day 14 with 
numbness and swelling of his upper lip and dizziness, treated with 
diphenhydramine IV, prednisone, ranitidine hydrochloride IV, cetirizine, 
and IV fluids after which his condition improved; study treatment was 
permanently discontinued  

EFC6017- 
642701006 

54 year old male who presented with itching and redness of eyes on Day 
163 which resolved. On Day 169, 25 minutes after study drug 
administration, he developed generalized itching and swelling of the eyes, 
tongue, and injection site. He was treated with loratadine, and his 
symptoms resolved 9 hours later. On Day 170, immediately after injection, 
he complained of swelling at the injection site, generalized itching and 
flushing, swelling of the eyes and tongue, nausea, and abdominal pain. 
He was treated with loratadine, and study treatment was permanently 
discontinued 

EFC6016- 
840635033 

58 year old female, who had severe pruritis, generalized urticaria, nasal 
congestion and itching, and nausea following injection. She was treated 
with diphenhydramine with rapid improvement. Study treatment was 
permanently discontinued. 

  
 
Among the lixisenatide patients who had ARAC-adjudicated anaphylactic reactions (8), 
one patient was reported to have had previous intake of a GLP-1 receptor agonist 
(exenatide BID) and three patients had a known history of allergy or drug 
hypersensitivity. Antibody status and allergic reactions will be further discussed in the 
Immunogenicity assessment section.  
 
In the ongoing CV outcome study ELIXA, there were two cases of anaphylaxis which 
were reported in the 120 day safety update. Both cases were adjudicated by the ARAC 
as unrelated to IP. One was a bee sting hypersensitivity reaction and IP was continued. 
Summary narrative for the second case for which unblinding was requested is as 
follows: 
 
“Case 2012SA056034 (subject ID: 616014003): The patient is a 58 year old male with 
Type 2 diabetes treated with lixisenatide. On Day 338 prior to his daily injection of IP, he 
experienced swelling of his mouth, tongue, hands, eyes, and face with urticaria and 
generalized itching. Over the course of 2.5 hours, he developed dyspnea and dizziness 
with BP 60/30 mmHg, heart rate 100 beats per minute (bpm), and respiratory rate 25 
breaths/min. He was treated with IV epinephrine, hydrocortisone, and phenazoline with 
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improvement of vital signs and admitted for further observation and treatment.  Lab 
tests revealed exacerbation of his chronic kidney disease with elevated BUN and serum 
creatinine for which he received IV fluids and furosemide. The investigator reported the 
event as anaphylactic shock and an SAE. ARAC adjudicated the event as anaphylactic 
shock unrelated to the IP because the event occurred more than 1 year after IP initiation 
and more than 24 hours after the most recent dose. The IP was permanently 
discontinued due to this event. Blinding was broken per the Agency’s request.” 
The DPARP reviewer felt that lixisenatide cannot be excluded as the underlying cause 
in the absence of a plausible alternative cause for the reaction, even if the reaction did 
not occur immediately.  
 
There were 13 cases of angioedema adjudicated by the ARAC of which six were 
adjudicated to be related to the IP. Of these cases, dyspnea involving treatment with IV 
steroid and antihistamine was reported only for a placebo patient after first injection of 
IP (EFC6016-076605006). The seven remaining cases, and cases adjudicated as “not 
allergic” are discussed below. Select narratives for cases sent to ARAC that were SAEs 
or resulted in lixisenatide discontinuation were also reviewed: 
Table 25: Review of Cases of Angioedema Adjudicated by ARAC as Unrelated to IP or 
“Not Allergic”. 

Subject ID Treatment Description Action Taken 
with IP 

EFC10743 
484302024/ 

Lixisenatide Angioedema- skin itching and swelling 
of lips attributed to pentoxyphilline 

continued 

EFC 10743 
458303003/ 

Lixisenatide Angioedema- patient had an episode 
of food poisoning and took cimetidine 
and loperamide-subsequently 
developed facial and periorbital 
edema. 

continued 

EFC6014 
840403006 

Placebo Angioedema following cephalexin continued 

EFC6015 
840526010 

Lixisenatide Angioedema- swelling of face/lips 
occurred after eating a banana 

continued 

EFC6016 
410605003 

Placebo Angioedema- swelling of face and 
hands after taking aceclofenac 

continued 

EFC6017 
840868002 

Placebo Angioedema- lip swelling after taking 
wine 

continued 

EFC6019 
380901002 

exenatide Angioedema- swelling of face on day 
552 and day 583 of unknown etiology 
that resolved with treatment 

continued 

Angioedema adjudicated as “not allergic” 
EFC10781 
840225003 

Placebo Angioedema due to lisinopril 
adjudicated as non-allergic since 
bradykinin-mediated 

continued 

EFC6014 Placebo Angioedema of unknown origin- patient continued 
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203412013 observed lower lid and facial swelling, 
and throat and neck pain responding to 
desloratidine. 

EFC6014- 
152403012 

Lixisenatide Idiopathic angioedema- swelling of 
lower lip of no known etiology 

continued 

EFC6017 
484701003 

Lixisenatide Non-allergic angioedema to 
radiocontrast agent- presented with 
itch, eyes and face swelling 

continued 

EFC6019 
752907028 

Lixisenatide Angioedema due to enalapril- swollen 
face with hives treated for 3 days with 
steroids 

continued 

 
Reviewer’s Comment: While it’s unclear why some cases of angioedema were reported 
as “not allergic” they had alternative etiologies and study treatment was continued. 

Table 26: Select Narrative Review of Cases sent to ARAC that were SAEs or Resulted 
in Lixisenatide Discontinuation, Adjudicated as Not Due to IP or Not Allergic 

006015158501007 Anaphylactic shock due to IV cefazolin 
006015356503015 Folliculitis, IP discontinued due to nausea 
006015392528003 Bee sting hypersensitivity 
006015410504007 Rash (not allergic) on Day 6- resolved, IP discontinued due to 

nausea and dyspepsia- Day 283 
006015410509009 Generalized pruritis not related to IP, IP discontinued due to 

asthenia, dizziness, nausea 
006015840504001 Urticaria not related to IP on Day 381, IP discontinued later due 

to acute MI on Day 746 
006015840505010 Urticaria- not related to IP Day 13, IP discontinued on Day 135 

due to nausea and diarrhea 
006015840505014 Neutropenia/leucopenia- not allergic reaction per ARAC 
006016076607015 Not allergic per ARAC- generalized itching and erythematous 

lesions on trunk and upper limbs Day 18, IP discontinued on Day 
99  

006016356601001 Not allergic per ARAC- dysphagia, IP discontinued due to 
diabetic nephropathy. 

006016840607001 Allergic rhinitis- not related to IP 
006017040701003 Allergic reaction to bee sting 
006017040704002 Exanthem right abdomen- not allergic per ARAC, IP continued 
006017276701002 Rash and allergic rhinitis not related to IP per ARAC from Day 

209-217, IP discontinued due to increasing edema on Day 285 
010781124209014 Not allergic per ARAC- flushing after injection, dizziness tremor 

and headache causing IP discontinuation 
010781642206002 Not allergic per ARAC- injection site swelling, nausea causing IP 

discontinuation 
010781752203001 Injection site reaction leading to IP discontinuation 
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006012840034005 Not allergic per ARAC- rash in armpit on Day 15, IP discontinued 
on Day 31 due to fatigue. 

006014203403005 Allergic dermatitis- itching, swelling at the site of injection, and 
flushing leading to IP discontinuation on Day 57, ARAC 
diagnosis- injection site local reaction 

006014152404014 Rosacea per ARAC- flushing with inflammatory lesions and 
erosions on the face starting Day 93, IP discontinued on Day 308

006019752903003 Large local reaction (swelling and itching) at injection site per 
ARAC (not drug hypersensitivity) leading to IP discontinuation on 
Day 20 

006019752905007 SAE of URI and urticaria, not related to IP per ARAC. IP 
continued 

006019752908013 Dermatitis recoded as injection site local reaction by ARAC 
causing IP discontinuation 

006019752907028 Drug hypersensitivity due to enalapril on Day 110, IP continued, 
adjudicated as not allergic by ARAC. 

Reviewer’s Comment: As also indicated by DPARP, ARAC adjudications seem 
reasonable so far as identification of significant hypersensitivity reactions. 
 
Allergic AEs from studies not adjudicated by ARAC: 
  
ACT 6011: 
 
Subject 0001/0120, a 36-year-old white female, had a systemic allergic reaction 
(generalized urticaria with itching and hives) on Day 20 while being treated with 
AVE0010 15 μg QD. The event, which was moderate in intensity and was treated with 
concomitant medication (cetirizine HCl), lasted for three days. Study medication was 
permanently discontinued. This patient tested negative for AVE0010 antibodies at all 
visits. 
 
Phase 1: 
In the studies in healthy subjects, six subjects reported TEAEs adjudicated as an 
allergic reaction by the ARAC, all in multiple-dose studies and all events were assessed 
as related to the IP: five (1.0%) lixisenatide subjects and one (0.4%) placebo subjects. 
Of the five lixisenatide subjects with TEAEs adjudicated as an allergic reaction by the 
ARAC, four were positive for anti-lixisenatide antibodies.  
 
In the spermatogenesis effects study TDR11215, six subjects had TEAEs reported as 
suspected allergic events by investigators during the on-treatment period and sent to 
ARAC for adjudication. Of these six subjects, three were adjudicated as allergic 
reactions by the ARAC (two [1.4%] lixisenatide subjects and one [0.7%] placebo 
subject) and all of these events were adjudicated as possibly related to IP. In the 
lixisenatide group the two events were urticaria and allergic dermatitis and in the 
placebo group the event was urticaria. 
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Time dependence: 
 
Based on the applicant’s K-M plot of time to first onset of AE s adjudicated as allergic 
reaction possibly related to IP by ARAC in Phase 2-3 controlled studies, a higher 
cumulative rate of events was seen with lixisenatide, with an initial increase in event 
rate followed by a steady difference compared to comparator.  
 
Figure 12: Kaplan-Meier plot of Time to First Onset of AEs Adjudicated as Allergic 
Reaction Possibly Related to IP by ARAC in Phase 2-3 Controlled Studies: Entire 
Treatment Period – Safety Population 

 
Source: Appendix 1.2.5.4.10, ISS pg 3792) 
 
Comparator drugs: 
 
Post marketing cases of anaphylaxis and angioedema have been reported with these 
agents resulting in labeling updates. It is to be noted that none of the clinical 
development programs for the approved GLP-1 analogues prospectively assessed for 
hypersensitivity or identified allergic reactions as an AE of special interest. Two events 
of anaphylaxis in one patient were reported in the Victoza® (liraglutide) program (this 
patient continued liraglutide therapy) over 2434 patient-years of exposure. 

 In the exenatide clinical program (NDA21773- combination therapy, 21919- 
monotherapy) up to 40% of patients developed antidrug antibodies (ADA’s). 
Pruritis, injection site reactions and urticaria occurred more frequently in ADA 
positive patients. However there were no cases of anaphylaxis reported. 

 In the exenatide-LAR clinical program (NDA 22200), a similar pattern was 
observed.  
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 In the liraglutide clinical program (NDA 22341) 4655 patients were exposed to 
liraglutide with a cumulative exposure of 2434 patient-years. Urticaria comprised 
40% of the immunogenicity-related events. There were two reports of urticaria 
and lower lip swelling which resulted in study drug withdrawal. Also, there was 
one patient on liraglutide who had two episodes of “anaphylaxis reaction” who 
continued study treatment and one control patient with circulatory collapse. In 
addition, there were two reports of hypersensitivity with liraglutide resulting in 
drug withdrawal. In the five double-blind clinical trials of 26 weeks duration or 
longer, anti-liraglutide antibodies were detected in 8.6% of these liraglutide-treated 
patients. Sampling was not performed uniformly across all patients in the clinical 
trials, and this may have resulted in an underestimate of the actual percentage of 
patients who developed antibodies.   No increased frequency of immune-related 
TEAEs occurred in ADA positive patients.  

 
 DPARP has also been consulted for hypersensitivity reactions associated with an 

unapproved GLP-1 analogue, taspoglutide . At the time of 
consultation, the observed anaphylaxis rate in the clinical program was 4.3%, 
comprised of 15 cases in 345 patients in Phase 2 trials. Subsequently, Phase 3 
development was halted due to the high frequency of severe hypersensitivity 
reactions. 

 
Reviewer’s Conclusion: Post-marketing reports of anaphylaxis for all three approved 
drug products confirm that severe hypersensitivity reactions are a GLP-1 agonist class 
effect.  Lixisenatide is allergenic and the number of anaphylaxis cases appears to be 
greater than what was seen in the development programs of the three approved GLP-1 
analogue comparator drugs, although the comparison is limited because the other 
programs did not prospectively assess for hypersensitivity reactions. 
 
Pancreatitis: 
 
All of the approved GLP-1 agonists are labeled for risk of pancreatitis. In addition, GLP-
1 based therapies (exenatide and sitagliptin) were associated with increased odds of 
acute pancreatitis relative to non-users after adjusting for confounders in a recently 
published population-based matched case-control study7. 
 
For Phase 3 studies, serum amylase and lipase concentrations were monitored 
routinely at screening, baseline, and periodically during the study treatment period. In 
the presence of clinical signs and/or symptoms evocative of pancreatitis, further 
measurement of amylase and lipase was performed following a specific algorithm as 
described in the individual study protocols. A specific CRF (“suspected pancreatitis” AE 
form) was used to collect information and document cases of potential pancreatitis.  

 
7 Sonal Singh, MD, MPH; Hsien-Yen Chang, PhD; Thomas M. Richards, MS; Jonathan P. Weiner, DrPH; Jeanne M. 
Clark, MD, MPH; Jodi B. Segal, MD, MPH. Glucagon like Peptide 1–Based Therapies and Risk of Hospitalization for 
Acute Pancreatitis in Type 2 Diabetes Mellitus. A Population-based Matched Case-Control Study. JAMA Intern Med. 
Published online February 25, 2013. 
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In cases where amylase and/or lipase was >2 x ULN without clinical signs and/or 
symptoms, a retest (centrally assessed as far as possible) was performed within seven 
days (if values >2 to 3 x ULN) or within 48 hours (if values >3 x ULN). If values 
remained >2 x ULN upon retesting, amylase and/or lipase were retested weekly until 
values were <2 x ULN. In case a retest confirmed values >2 x ULN, a 
gastroenterological evaluation and imaging (ultrasound and/or CT or MRI was 
performed). In asymptomatic patients, temporary discontinuation of the IP was 
considered if deemed necessary by the Investigator. 
In cases where amylase and/or lipase was >2 x ULN in the presence of clinical signs 
and/or symptoms suggestive of pancreatitis, treatment with the IP was promptly and at 
least temporarily discontinued pending further clinical evaluation and diagnosis 
confirmation. A retest was performed within 48 hours or earlier as clinically indicated 
If values remain >2 x ULN, then amylase and/or lipase levels were retested weekly until 
values were <2 x ULN and gastroenterologic evaluation and imaging (ultrasound and/or 
CT or MRI with contrast, as appropriate) was performed. If diagnosis of pancreatitis was 
confirmed, IP was permanently discontinued. The patient was to complete all study 
procedures according to the protocol, up to the scheduled end of the study. 
 
For the analyses made in the ISS of the completed Phase 2/3 studies, AEs potentially 
related to pancreatitis were defined and identified using the search criteria Class 1, 
Class 2, and Class 3 (as defined below) with selected PTs of the acute pancreatitis 
standardized MedDRA query (SMQ) from MedDRA 14.1, and the elevated amylase or 
lipase data (one of the conditions for the Class 2 criterion): 

 Class 1- Patients having a PT in Category A (SMQ narrow search for 
pancreatitis); Class 2 - Patients having a PT in “abdominal pain” class in 
Category C AND amylase ≥ 3 x ULN or lipase ≥ 3 x ULN; Class 3 – Patients 
having a PT in Category B AND C. 

 The categories A, B, and C as defined by MedDRA are each a specific set of PTs 
from the acute pancreatitis SMQ, where category A is a narrow search and 
categories B and C are broad searches. The lists of the PTs used for each SMQ 
search are provided for each category in 5.3.5.3 iss-sap-ph2-3 (Appendix M-pg 
96). 

 For the Phase 1 studies included in the integrated safety database, AEs 
potentially related to pancreatitis were defined and identified using the same 
classifications as described above for Phase 2/3 studies. For TDR11215, whose 
data were not integrated, no event was reported on the specific AE CRF page of 
suspected pancreatitis. 

 
The results of the applicant’s analyses for Phase 2/3 studies as specified above are as 
follows 
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Table 27: Number (%) of Patients with AEs Potentially Related to Pancreatitis in Phase 
2/3 Studies: Entire Treatment Period - Safety Population 

 

 
Source: ISS Table 115- page 350-351 
 
The AEs reported under the Class 2 and 3 search criteria are suggestive of increased 
AEs potentially related to pancreatitis with lixisenatide. However there is confounding 
from gastrointestinal AEs related to delayed gastric emptying.  
 
As noted above there were two cases of acute pancreatitis (PT) with lixisenatide versus 
one case with placebo. For the PT chronic pancreatitis there were two cases with 
lixisenatide vs. none in all comparators. For the pancreatitis PT there were five with 
lixisenatide vs. two with all comparators. When considered together there were nine 
cases (0.3%) when considering the PTs under the narrow SMQ for pancreatitis versus 
three (0.2%) with comparators. The narratives are summarized below briefly: 
 
Acute pancreatitis: 
1) 006015100505015 (79, F, lixisenatide): On Day 363, the patient was diagnosed with 
pylorospasm.  She complained of epigastric pain (not influenced by food) and 
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tinued due to a TEAE of pancreatic carcinoma 

 the 
lated to delayed gastric 

mptying, there were patients with AEs potentially related to pancreatitis with 

exenatide treated patient discon
(208903014). 

 
ELIXA study: 
 
As of the July 25, 2012 cut-off date the ELIXA results for AEs potentially related to 
pancreatitis are as follows Again, although there is confounding in the PTs under
Class 2 and Class 3 criteria from gastrointestinal side effects re
e
lixisenatide. 
 
Table 29: Number (%) of Patients with AEs Potentially Related to Pancreatitis During 
the On-Study Period – ITT Population, ELIXA 

 
Source: EFC11319 Interim analysis report, page-42 
 
Narratives for pancreatitis: 
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biochemical Hy’s law following amiodarone. The narrative is also discussed under 
hepatobiliary AEs. Amylase and lipase were within the normal range. The patient 
recovered from the event on Day 203. 
 
Subject 840326001- On Day 748 of the study, the patient experienced suspected 
pancreatitis (coded as Pancreatitis). Laboratory data showed: amylase at 703 IU/L 
(normal range: 28 - 150 IU/L), which was significantly increased from baseline values at 
229 and 223 IU/L (Visit 1 and Visit 2). The patient presented with nausea and vomiting 
on Day 750. Abdominal ultrasound and CT scan were performed and gastroenterologic 
consultation was performed on Day 768 with a conclusion of pancreatitis awaiting 
results of endoscopic ultrasound; the result was not available at the time of this report. 
 
Reviewer’s Conclusion: There were no cases of fatal, hemorrhagic or necrotizing 
pancreatitis. However, given the small numerical imbalances for cases of pancreatitis, 
potentially related to pancreatitis and small but consistent differences in lab PCSA 
abnormalities, lixisenatide appears to be associated with a risk for pancreatitis 
consistent with other drugs in class. 
 
Injection site reactions: 
 
Injection site reaction AEs: 
 
For the Phase 2/3 and Phase 1 programs, injection site reactions were defined by 
searching the PT of all AEs including the term “injection site”. The related term search 
was performed by the applicant for PTs coded from investigator-reported terms and also 
for PTs coded from the ARAC diagnosis terms (for the events sent to the ARAC). 
 

urred within the first ten weeks of 
eatment. This is illustrated below in the applicant’s KM plot of time to onset of injection 

 the entire treatment period (5% lixisenatide vs. 2.1% 
lacebo) were similar to those in the main treatment period (4% lixisenatide vs. 1.8% 

Subject 643014004– This patient had acute asymptomatic pancreatitis on day 171 
based on CT scan of the abdomen associated with acute hepatitis and fulfilled

As anticipated, most of the injection site reactions occ
tr
site reactions. The rates for
p
placebo) in Phase 3 placebo-controlled studies (Table 101-ISS, page 311). 
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hase Figure 13: Kaplan-Meier plot of Time to First Onset of Injection Site Reactions in P
3 Placebo-Controlled Studies: Entire Treatment Period - Safety Population 

 
Source; Figure 29, ISS-page 312 
 
The most frequently reported injection site reactions (>0.5% incidence) with lixisenatide 
during the entire treatment period in the Phase 3 placebo-controlled studies were 
injection site pain (1.1% lixisenatide, 0.9% placebo), injection site pruritis (1% 
lixisenatide, 0% placebo), injection site erythema (0.7% lixisenatide, <0.1% placebo), 
injection site hematoma (0.9% lixisenatide, 0.5% placebo) and injection site reaction 
(0.6% lixisenatide, 0.1% placebo) (Appendix 1.2.5.3.4, ISS page 3757). 
None of the injection site reaction TEAEs were reported as serious or severe (Table 
102-ISS page 313). Five patients on lixisenatide versus none on placebo had injection 
site reactions leading to treatment discontinuation (Appendix 1.2.5.1.2, ISS page 3384). 
While recurrent injection site reactions were infrequent they did occur in a few patients: 
0.8% of lixisenatide patients vs. 0.1% of placebo patients had two episodes; 0.4% of 
lixisenatide patients vs. < 0.1% of placebo patients had > 2 episodes (Appendix 
1.2.5.3.8, ISS page 3762). 
 
In the individual studies, the incidence of injection site reactions in the lixisenatide group 
ranged from 1.3% (EFC10887) to 10.1% (LTS10888) as shown in the table below: 
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able 30: Injection Site Reactions by Study T

 
Source: Table-104, ISS page 315 
 
A lower rate of AEs in the studies with patients on insulin (EFC6016 and 10887) is 
expected, although a higher rate relative to placebo was noted in 76 week study 
EFC6016. By contrast, in the insulin study conducted on naïve patients (EFC10781), a 
higher rate was noted (6.7% vs. 2.2% in placebo). A higher rate was also noted in the 
sitagliptin active control study (10780) where placebo patients received dummy 
injections. In the pivotal active control study (EFC6019) a higher rate was seen 
(lixisenatide 29 (9.1%) vs. exenatide 7(2.2%).  
 
Reviewer’s Conclusion: In both the Phase 2/3 and Phase 3 placebo-controlled study 
pools, lixisenatide was associated with a higher rate of injection site reactions. 
Lixisenatide was also associated with a higher rate of injection site reactions in the 
active comparator study EFC 6019. 
 
Hypoglycemia: 
 
Symptomatic hypoglycemia: 
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AE 
ted in 

ical 
ting, 

ue, irritability, headache, loss of 
oncentration, somnolence, psychiatric or visual disorders, transient sensory or motor 

 

 
 associated plasma glucose ≥ 60 mg/dL (3.3 

mol/L) were not considered as symptomatic hypoglycemia.  

n event for which the patient required the assistance of another person along with 
 <36 mg/dL (2.0 mmol/L) or associated with prompt 

 

ypoglycemic events in patients with non-insulin background therapy: 

des 

he 

s of symptomatic 
ypoglycemia occurred by about five weeks after start of IP in both treatment groups in 

 

reater increase in the rate of first onset of symptomatic hypoglycemia in the 
 until 

pproximately ten weeks, after which the difference appeared to be relatively constant 

d to 

mic episodes and recurrent episodes were noted with patients on 
xenatide in Study EFC6019, these results should be evaluated in the context of the 

efficacy results for HbA1C reduction.  

For the Phase 2/3 program, symptomatic hypoglycemia was reported on a specific 
form along with an associated complementary form, according to the definition sta
study protocols. 
 
Symptomatic hypoglycemia in Phase 3 studies was defined as an event with clin
symptoms that are considered to result from a hypoglycemic episode (e.g., swea
palpitations, hunger, restlessness, anxiety, fatig
c
defects, confusion, convulsions, or coma) with an accompanying plasma glucose <60
mg/dL (3.3 mmol/L) or associated with prompt recovery after oral carbohydrate 
administration, intravenous glucose, or glucagon administration if no plasma glucose
value is available. Symptoms with an
m
 
A
either a plasma glucose level
recovery after oral carbohydrate, intravenous glucose, or glucagon administration in the
absence of a plasma glucose level was classified as severe symptomatic hypoglycemia. 
 
H
 
As noted in the following tables, symptomatic hypoglycemia at higher frequency 
compared to placebo with more patients on lixisenatide having two or more episo
was noted in patients on background metformin, sulfonylurea ± metformin and 
pioglitazone ± metformin. Severe hypoglycemia was reported only with one patient in 
the sulfonylurea studies. Increased numbers of episodes were also reported in t
same studies.  
 
During the main treatment period, the majority of the first event
h
Phase 3 placebo-controlled studies in which only metformin was used as background
therapy (ISS Figure 21-page 286).  
 
Similarly in the sulfonylurea ± metformin background therapy studies, there was a 
g
lixisenatide group compared to placebo over the main treatment period
a
(ISS figure 24- page 295). 
 
More episodes of hypoglycemia were noted with patients on sitagliptin compare
lixisenatide in the sitagliptin control study. 
 
More hypoglyce
e
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ptomatic hypoglycemia reported as an SAE and 

ne patient (0.2%) discontinued due to the event. In study EFC6019, one patient on 
able 

 
Five patients discontinued (0.5%) due to symptomatic hypoglycemia versus none on 
placebo in the background metformin studies. In background sulfonylurea ± metformin
studies, one patient (0.2%) had sym
o
exenatide (0.3%) discontinued due to hypoglycemia versus none on lixisenatide (T
91-ISS page 283). 
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Table 32: Number of Episodes of Symptomatic Hypoglycemia on Non-Insulin 
Background Therapy in Phase 3 Controlled studies: Main Treatment Period - Safety 
Population 

 
Source: ISS Table 89, page 282 
 
In the monotherapy study, events were equal but two patients in lixisenatide vs. none on 
placebo had two recurrent episodes. For the 12 week monotherapy study the applicant 
reports an exposure-adjusted incidence rate (EAIR) per 100 patient-years of 7.31 for 
lixisenatide and 7.14 for placebo (ISS- Appendix 1.2.5.2.25 –page 3705). The event rate 
per 100 patient-years of exposure was 10.86 in the lixisenatide group compared to 7.10 
in the placebo group (ISS-Appendix 1.2.5.2.25). 
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The applicant’s Forest plot is suggestive of increased relative risk with lixisenatide in all 
the placebo-controlled studies except the monotherapy study. The metformin-all 
controlled data is favorable since it includes the exenatide and sitagliptin studies.  
 

Figure 14: Forest Plot of Patients with Symptomatic Hypoglycemia (Relative Risk) on 
Non-insulin Background Therapy in Phase 3 Controlled Studies: Main Treatment Period 
- Safety Population 

 
Source: Figure 19, ISS- page 281 
 
Entire treatment period: 
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Studies with at-least 76 weeks of treatment duration are included. Results were similar 
to the main treatment period. Severe symptomatic hypoglycemia was noted only in the 
sulfonylurea ± metformin studies.  
 
Table 33: Number (%) of Patients with Symptomatic Hypoglycemia on Non-Insulin 
Background therapy in Phase 3 Controlled Long Term Studies: Entire Treatment Period 
- Safety Population 

 
Source: ISS Table 92-page 288 
 
Similar to the main treatment period more patients on lixisenatide relative to placebo 
had two or more episodes of hypoglycemia (Table 93, ISS page-289). More patients on 
exenatide had hypoglycemic episodes (total and recurrent) compared to lixisenatide 
 
Hypoglycemia rates: 
 
Metformin-only background therapy (Appendix 1.2.5.2.26, ISS page 3707) 
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 The applicant reports an exposure-adjusted incidence rate (EAIR-incidence rate 
per 100 patient-years) by background therapy (metformin only) in Phase 3 long 
term controlled studies of 5.02 for lixisenatide vs. 3.3 for placebo for any 
symptomatic hypoglycemia. Number of events per 100 patient-years of exposure 
was 9.17 with lixisenatide vs. 4.63 with placebo.  

 A total of 55 (6.6%) of patients had symptomatic hypoglycemia and reported 
blood glucose < 60 mg/dL with lixisenatide compared to 14 (4.2%) with placebo. 
For this group the EAIR per 100 patient-years of exposure was 4.75 for 
lixisenatide vs. 2.87 for placebo. Number of events per 100 patient-years of 
exposure was 7.85 vs. 3.62 

 
Rates for other non-insulin background therapies: 
 
For the sulfonylurea ± metformin and the pioglitazone ± metformin studies, EAIR was 
higher consistently with lixisenatide compared to metformin. Only for the sulfonylurea 
studies, events per 100 patient-years of exposure were reported to be higher with 
placebo except in the sub-group of patients with symptomatic hypoglycemia but no 
reported blood glucose.  
 
Table 34: Symptomatic Hypoglycemia: Rate per 100 Patient-Years by Background 
Therapy (Sulfonylurea +/- Metformin and Pioglitazone +/- Metformin) in Phase 3 Long 
Term Controlled Studies: Entire Treatment Period - Safety Population 
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Source Appendix 1.2.5.2.27, ISS page 3710-11 
 
Insulin background therapies: 
 
Main treatment period: 
 
During the main treatment period in studies with basal insulin ± metformin ± TZD or 
basal insulin ± sulfonylurea as background therapy, more patients on lixisenatide had 
recurrent episodes. A severe (per protocol definition) event of symptomatic 
hypoglycemia was reported by five (0.8%) lixisenatide patients and no placebo patients 
Severe symptomatic hypoglycemia was reported by two (0.3%) lixisenatide patients 
(Patient No. 642201011 in EFC10781and 076607002 in EFC6016) during the main 
treatment period, both of whom discontinued treatment due to the event, and the events 
were reported as serious TEAEs. Three lixisenatide patients on insulin ± sulfonylurea 
background therapy discontinued due to symptomatic hypoglycemia (ISS Table 97- 
page 302). No placebo patients had SAEs or discontinuations due to this event.  
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Table 35: Number (%) of Patients with Symptomatic Hypoglycemia on Basal Insulin 
Background Therapy in Phase 3 Controlled Studies: Main Treatment Period - Safety 
Population 

 
Source: Table 94, ISS page- 298 

Table 36: Number of Episodes of Symptomatic Hypoglycemia on Insulin Background 
Therapy in Phase 3 Controlled Studies: Main Treatment Period - Safety Population 

 
Source: Table 95, ISS-page 300 
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Figure 15: Forest Plot of Patients with Symptomatic Hypoglycemia (Relative Risk) on 
Basal Insulin Background Therapy in Phase 3 Controlled Studies: Main Treatment 
Period - Safety Population 

 
Source Figure 26, ISS page 299 
 
The applicant’s forest plot shows increased relative risk for hypoglycemia with 
lixisenatide compared to placebo on patients with background insulin therapy consistent 
with class. The majority of the first events of symptomatic hypoglycemia occurred by 
about eight weeks after start of IP in both treatment groups followed by an almost 
constant difference between lixisenatide and placebo (ISS Figure 27-page-303).  
 
Entire treatment period: 
Only EFC6016 had a long term treatment period of at least 76 weeks (which only used 
basal insulin ± metformin as background therapy). When this study is considered alone, 
symptomatic hypoglycemia overall and patients with recurrent episodes were 
comparable between lixisenatide and placebo. 
 
After the main 24-week treatment period in study EFC6016, where patients had basal 
insulin ± metformin as background therapy, there were three additional lixisenatide 
patients in this study who had severe events of symptomatic hypoglycemia (one of 
whom was receiving rapid acting insulin as rescue therapy, Patient No. 840635018) and 
one additional placebo patient. Thus, over the entire treatment period in this study, 
seven (2.1%) lixisenatide patients and one (0.6%) placebo patient reported severe 
symptomatic hypoglycemia.  
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Table 37: Number (%) of Patients with Symptomatic Hypoglycemia on Insulin 
Background Therapy in Phase 3 Controlled Long Term Study: Entire Treatment Period - 
Safety Population 

 
Source Table 98-ISS page 304 
 

Table 38: Number of Episodes of Symptomatic Hypoglycemia on Insulin Background 
Therapy in Phase 3 Controlled Long Term Studies: Entire Treatment Period - Safety 
Population 

 
Source Table 99-ISS page 304 
 
The incidence of symptomatic hypoglycemia in the lixisenatide group over the entire 
treatment period was 42.1% (EAIR of 47.86 per 100 patient-years) versus 38.9% (EAIR 
of 41.10 per 100 patient-years) for placebo. Events per 100 patient-years of exposure 
were similar. 
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Table 39: Symptomatic hypoglycemia: Rate per 100 Patient-years by Background 
Therapy (Basal Insulin +/- Metformin) in Phase 3 Controlled Long Term Study - Safety 
Population 

 

 
Source: Appendix 1.2.5.2.28-ISS page-3712 
 
For any severe symptomatic hypoglycemia (Appendix 1.2.5.2.30-ISS page 3716):  

 EAIR (incidence rate per 100 patient-years) was 1.6 for lixisenatide, 0.43 for 
placebo. Number of events per 100 patient-years of exposure- 1.81 for 
lixisenatide, 0.43 for placebo. 

 For severe hypoglycemia with blood glucose <36 mg/dL- EAIR (incidence rate 
per 100 patient-years) was 1.14 for lixisenatide vs. 0.43 for placebo. Number of 
events per 100 patient-years of exposure was 1.36 for lixisenatide vs. 0.43 for 
placebo. 

 
Basal insulin + sulfonylurea study EFC 10887: 
Any symptomatic hypoglycemia- EAIR 176.53 for lixisenatide vs. 57.86 for placebo. 
Number of events per 100 patient-years of exposure- 353.47 for lixisenatide vs. 147.79 
for placebo (ISS Appendix 1.2.5.2.29-page 3714). 
 
Evaluation for time dependence: 
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Plots of symptomatic hypoglycemic events over time by background treatment are 
presented below using JMP software and the adshypo.xpt dataset. As shown in the 
graphs, the events tend to occur more frequently initially but are still present at later 
time periods, although in the background sulfonylurea and insulin ±sulfonylurea studies, 
the event rate becomes comparable to placebo at later time periods. In addition, as 
discussed earlier, in the long-term insulin + metformin ± TZD study (EFC6016) 
symptomatic hypoglycemia overall was very comparable between the 2 groups. 
 
Figure 16: Symptomatic Hypoglycemia over Time by Background Therapy 
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Severe symptomatic hypoglycemia patient details: 
 
Of the 17 events (14 lixisenatide, three placebo), four events occurred pre-treatment 
(three lixisenatide, one placebo). On treatment there were 11 events in patients on 
lixisenatide versus two in placebo patients and two occurred in the same patient (6016-
124-607-016). Five events (four lixisenatide, one placebo) were reported as SAEs; two 
patients on lixisenatide had loss of consciousness; all events occurred on the 
background insulin and/or sulfonylurea studies.  
Table 40: Patients with Severe Symptomatic Hypoglycemia 

USUBJID Arm Day AE 
SER 

Gluc 
result

Units Treatment Symptoms Cause 
Reported 

010781-
152-203-
006 

LIXI -19 N   oral carb sweating, 
anxiety and 
palpitations 

meal skipped 
or change in 
food intake 

010781-
250-201-
001 

LIXI -9 N 28 mg/dL oral carb sweating, 
vertigo; 
diplopia; 
malaise 

 

010781-
348-203-
020 

LIXI -22 N 1 mmol/l glucagon shaky, 
lightheaded, 
sweating, 
weakness, 
increased 
appetite, 
nervousness 

wrong dosing 
of antidiabetic 
medication 

010781-
642-201-
011 

LIXI 6 Y   oral carb loss of 
knowledge 
(uncons- 
ciousness) 

delay of meal 

006015-
356-503-
016 

LIXI 313 N  mg/dL oral carb erratic 
behavior 

meal skipped 
or change in 
food intake 
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006015-
642-502-
027 

LIXI 140 Y   oral carb shaky, 
sweating, 
weakness, 
dizziness, 
blurred 
vision, 
headache 

meal skipped 
or change in 
food intake 

006016-
076-604-
007 

LIXI 46 N   oral carb weakness, 
dizziness,  
fall 

meal skipped 
or change in 
food intake 

006016-
076-607-
002 

LIXI 7 Y 25 mg/dL iv glucose loss of 
conscious 
ness 

probably 
investigational 
product 

006016-
124-607-
016 

LIXI 230 N 1.6 mmol/l iv glucose lightheaded, 
sweating 

meal skipped 
or change in 
food intake 

006016-
124-607-
016 

LIXI 478 N 1.8 mmol/l oral carb shaky, 
sweating, 
fatigue, 
flashing 
lights, unable 
to walk 

meal skipped 
or change in 
food intake 

006016-
124-610-
004 

LIXI 259 Y  mmol/l oral carb weakness, 
visual 
disturbances 

upon waking 
in fasting 
state 

006016-
826-604-
001 

LIXI 139 N 1.1 mmol/l oral carb shaky, 
lightheaded, 
sweating, felt 
generally 
unwell and 
recognized 
hypoglycemic 
symptoms 

meal skipped 
or change in 
food intake, 
flare up of 
pre-existing 
condition 

006016-
840-635-
018 

LIXI 267 N 30 mg/dL oral carb confusion none 

006016-
840-643-
001 

LIXI 93 N 23 mg/dL oral carb  weakness none 

010781-
376-202-
002 

PBO -12 N 27 mg/dL oral carb lightheaded, 
sweating, 
weakness, 
increased 
appetite, 
palpitation 
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006015-
392-520-
003 

PBO 358 N 35 mg/dL iv glucose articulation 
difficulty 

meal skipped 
or change in 
food intake 

006016-
484-607-
009 

PBO 326 Y 29 mg/dL oral carb lightheaded, 
weakness 

meal skipped 
or change in 
food intake 

 
Discontinuations due to hypoglycemia patient details: 
 
Of the twelve patients, four patients were from background metformin study 6014 and 
one patient from the sulfonylurea study 6015; the remaining patients were all from the 
insulin studies. Except for the patients with hypoglycemic unconsciousness (reported 
earlier) none were reported as severe hypoglycemia. Two patients had blood glucose 
results of 39 and 37 mg/dL. One patient had five episodes on consecutive days. 
Table 41: Discontinuations due to Hypoglycemia 

USUBJID ARMCODE AEDECOD Gluc 
result 

Treatment Sev-
ere 

SYMPTOM Cause 
reported 

010743-
170-304-
002 

LIXI Hypoglycemia 39 
mg/dL 

oral carb N  vertigo meal skipped 
or  
change in 
food  
intake 

010781-
642-201-
011 

LIXI Hypoglycemic 
unconscious-
ness 

 oral carb Y loss of 
knowledge 

delay of meal 

010887-
158-101-
002 

LIXI Hypoglycemia 37 
mg/dL 

iv glucose N sweating, 
weakness 
 

“the subject’s 
life  
is not 
change”. 

010887-
392-102-
005 

LIXI Hypoglycemia
(5 episodes) 

 oral carb N shaky, 
lightheaded, 
sweating, 
weakness 

because of  
investiga-
tional  
product  
administration

010887-
392-113-
003 

LIXI Hypoglycemia  oral carb N lightheaded, 
sweating, 
weakness, 
nausea 

meal skipped  
or change in  
food intake 

006014-
124-406-
001 

LIXI Hypoglycemia 3.1 
Mmol/L

oral carb N nervous-
ness 

unknown 

006014-
203-409-
002 

LIXI Hypoglycemia 3 
Mmol/L

oral carb N sweating, 
weakness 

unknown 
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006014-
642-405-
011 

LIXI Hypoglycemia 57 
mg/dL 

oral carb N weakness, 
numbness, 
nausea, 
tongue 
thickness, 
fainting 
feeling 

meal skipped  
or change  
in food intake 

006014-
643-408-
008 

LIXI Hypoglycemia 3.2 
Mmol/L

oral carb N sweating, 
weakness, 
increased 
appetite 

specific  
physical  
activity 

006015-
410-509-
010 

LIXI Hypoglycemia 46 
mg/dL 

oral carb N weakness meal skipped  
or change  
in food intake 

006016-
076-607-
002 

LIXI Hypoglycemic 
unconscious-
ness 

25 
mg/dL 

iv glucose Y loss of 
conscious-
ness 

probably  
investigational 
product 

006016-
484-601-
005 

LIXI Hypoglycemia 43 
mg/dL 

oral carb N weakness meal skipped  
or change  
in food intake 

 
Reviewer’s Conclusion: 
 
Labeling recommendations for risk of hypoglycemia should be consistent with drug 
class i.e. to consider lowering the dose of insulin or sulfonylurea when used with these 
agents. The EAIR for symptomatic hypoglycemia was consistently increased in the 
background insulin trials for lixisenatide versus placebo patients, and there were more 
cases of severe hypoglycemia with lixisenatide. 
 
There were numerical imbalances not favoring lixisenatide for rate of symptomatic 
hypoglycemia seen with background metformin and TZD. Small imbalances not favoring 
active drug with background TZD treatments were also seen in the exenatide (10.7% 
with exenatide versus 7.1% with placebo) and liraglutide (7.6 % with liraglutide vs. 4.1% 
with placebo) clinical programs.  
There was less hypoglycemia versus active control in the exenatide comparator trial, 
where background metformin was used, although these findings should be assessed 
keeping the efficacy results for HbA1c reduction in perspective. That is, lixisenatide 
exhibited less HbA1c lowering than exenatide in this study, and thus could be expected 
to have a somewhat lower rate of hypoglycemia. 
 
 
Immunogenicity assessments: 
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The immunogenicity assessment is based on anti-lixisenatide antibody data collected in 
the Phase 3 placebo-controlled study pool (EFC6014, EFC6015, EFC6016, EFC6017, 
EFC6018, EFC10743, EFC10781, EFC10887, and EFC11321). 
 
For the Phase 2/3 program, the following anti-lixisenatide antibody data were collected 
for safety analyses: 
1) Anti-lixisenatide antibody status (positive or negative) and concentration data using a 
Biacore–based competition assay for all Phase 3 studies except Study EFC6019. 
2) Anti-lixisenatide antibody status (positive or negative) and titer data using a 
radioimmuno-precipitation assay for Phase 2 Studies DRI6012, PDY6797, and 
ACT6011. LLOQ-3.21nmol/L 
3) The cross-reactivity of the antibodies with endogenous GLP-1 and glucagon was 
determined in three Phase 3 studies (EFC6015, EFC10781, and EFC11321) using 
Biacore method and in Study DRI6012 using radioimmuno-precipitation assay. The 
applicant reports that no integrated summary of cross-reactivity data was performed, as 
cross-reactivity of the antibodies with endogenous GLP-1 as well as glucagon was not 
seen in any of the patients in these studies. 
 
As some patients did not have enough blood samples to measure both anti-lixisenatide 
antibody status and antibody concentration, some patients had antibody concentration 
data without the associated antibody status data (i.e., the antibody status was not 
defined). For a similar reason, some patients whose anti-lixisenatide antibody status 
was classified as positive did not have the associated anti-lixisenatide concentration 
values from the same samples. In addition, there were two patients (both from 
EFC10887) whose anti-lixisenatide antibody status was determined to be negative while 
the associated concentration values from the same samples were measured as <LLOQ 
(Subject 410107008 at Visit 6 [Week 4] and Subject 410110005 at Visit 5 [Week 2]). 
Thus, as a sensitivity analysis, a similar summary of anti-lixisenatide by antibody status 
is also provided by the applicant at each scheduled visit by assuming patients who have 
anti-lixisenatide concentration data (including those with <LLOQ), regardless of the 
associated antibody status data, are anti-lixisenatide antibody-positive at a visit. 
 
A patient was defined as being anti-lixisenatide antibody-positive during the main/entire 
treatment period if the patient was anti-lixisenatide antibody-positive at any visit during 
the respective period (main treatment period or entire treatment period) in AE analysis 
by the antibody status. 
 
At baseline 5.1 % of lixisenatide patients vs. 3.5% of placebo patients were antibody-
positive. By Week 4 over 37% of patients on lixisenatide were antibody-positive 
compared to 5% of placebo patients; 58% at Week 12 and 70% at Weeks 24, 76 and 
100 (Table 148, ISS page 445).  
 
There were 65/2869 lixisenatide patients for whom an evaluable antibody concentration 
was available at baseline in the Phase 3 placebo-controlled studies, and of these 90.8% 
were <LLOQ (Table 149 ISS pg 446). Among those patients with an evaluable antibody 
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concentration during the study, the proportion of patients with a concentration ≥ LLOQ 
increased to 35% at Week 2, around 57% at Weeks 4 and 12 and then stabilized at 
32.4% at Week 24, 44.7% at Week 76 and 43.5% at Week 100. In the placebo group, 
among those patients with an evaluable antibody concentration, 96.6% of patients were 
classified as <LLOQ at baseline and the incidence of those patients who had an 
antibody concentration <LLOQ remained stable up to the end of the treatment; 
concentration levels of ≥ LLOQ fluctuated between 0% and 7% of patients over the 
entire treatment period. 
 
Treatment-emergent AEs and antibody status:  
 
Injection site reactions at HLT level (only accounting for PTs coded from the Investigator 
verbatim and not the ARAC diagnoses) were reported more frequently in the anti-
lixisenatide antibody-positive group patients) than in the antibody-negative group 
patients. They were clearly increased in patients with antibody concentrations ≥LLOQ 
(ISS Appendix 1.3.3.6.2.13, page 5872). 

Table 42: Common TEAEs ( ≥  2% HLT) by Anti-lixisenatide Antibody Status in Phase 3 
Placebo-Controlled Studies: Entire Treatment Period- Safety Population 

 

 

 

 
Source: Appendix 1.3.3.6.2.1, ISS page 5820-5821 
 
On review of Appendix 1.3.3.6.2.1 for common TEAEs (≥  2% HLT) by antibody status 
in Phase 3 placebo control studies (ISS, starting page 5805) and the sensitivity analysis 
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(Appendix 1.3.3.6.2.3, ISS, starting page 5840) slightly increased percentages of events 
in antibody-positive patients for some common TEAEs were noted; these are outlined 
briefly below. An exception was the gastrointestinal HLT for nausea and vomiting. 
 

Table 43: Select Common TEAEs ( ≥  2% HLT) by Anti-Lixisenatide Antibody Status in 
Phase 3 Placebo-Controlled Studies: Entire Treatment Period- Safety Population: 

Placebo Lixisenatide HLT 
(N=1639) Positive 

N=2032 
Negative 
N=768 

Upper respiratory infections 335 (20.4%) 516 (25.4%) 126 (16.4%) 
Urinary tract infections 57 (3.5%) 120 (5.9%) 32 (4.2%) 
Influenza viral infections  79 (5%) 157 (7.7%) 29 (3.8%) 
Abdominal and gastrointestinal 
infections 

45 (2.7%) 83 (4.1%) 11 (1.4%) 

METABOLISM AND NUTRITION DISORDERS 
Hypoglycemic conditions NEC 243 (14.8%) 396 (19.5%) 128 (16.7%) 
PSYCHIATRIC DISORDERS 
Depressive disorders 23 (1.4%) 48 (2.4%) 11 (1.4%) 
Anxiety symptoms 30 (1.8%) 44 (2.2%) 11 (1.4%) 
NERVOUS SYSTEM DISORDERS 
Headaches NEC 132 (8.1%) 240 (11.8%) 81 (10.5%) 
Neurological signs and symptoms 
NEC 

101 (6.2%) 177 (8.7%) 64 (8.3%) 

Dizziness (PT) 99 (6.0%) 171 (8.4%) 64 (8.3%) 
Tremor (excl congenital) 24 (1.5%) 61 (3.0%) 17 (2.2%) 
RESPIRATORY, THORACIC AND MEDIASTINAL DISORDERS 
Upper respiratory tract signs and 
symptoms 

28 (1.7%) 70 (3.4%) 20 (2.6%) 

Coughing and associated symptoms 53 (3.2%) 79 (3.9%) 15 (2.0%) 
GASTROINTESTINAL DISORDERS 
Nausea and vomiting symptoms 146 (8.9%) 599 (29.5%) 260 (33.9%) 
Nausea (PT) 146 (8.9%) 599 (29.5%) 260 (33.9%) 
Vomiting (PT) 43 (2.6%) 213 (10.5%) 103 (13.4%) 
Diarrhea (excl infective) 117 (7.1%) 226 (11.1%) 68 (8.9%) 
Gastrointestinal and abdominal pains 
(excl oral and throat) 

63 (3.8%) 129 (6.3% 40 (5.2%) 

Dyspeptic signs and symptoms 16 (1.0%) 86 (4.2%) 32 (4.2%) 
Gastrointestinal atonic and 
hypomotility disorders  

45 (2.7%) 113 (5.6%) 31 (4.0%) 

Flatulence, bloating and distension 20 (1.2%) 72 (3.5%) 25 (3.3%) 
Gastritis (excl infective) 23 (1.4%) 53 (2.6%) 12 (1.6%) 
SKIN AND SUBCUTANEOUS TISSUE DISORDERS 
Apocrine and eccrine gland disorders 34 (2.1%) 52 (2.6%) 13 (1.7%) 
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Placebo Lixisenatide HLT 
(N=1639) Positive 

N=2032 
Negative 
N=768 

MUSCULOSKELETAL AND CONNECTIVE TISSUE DISORDERS 
Musculoskeletal and connective tissue 
pain and discomfort 

135 (8.2%) 262 (12.9%) 64 (8.3%) 

Joint related signs and symptoms 63 (3.8%) 97 (4.8%)  26 (3.4%) 
GENERAL DISORDERS AND ADMINISTRATION SITE CONDITIONS 
Asthenic conditions 77 (4.7%) 172 (8.5%) 53 (6.9%) 
 
There were 13 narratives provided for lixisenatide patients who were antidrug antibody 
outliers (Table 5, 5.3.5.3- list narr). Of these, two subjects had dermatitis and urticaria. 
Three subjects had reported AEs of benign brain neoplasm, CAD/ paresthesias and 
overdose not suggestive of relationship to antibody status and the remaining subjects 
had no reported AEs. 
 
Antibody status and symptomatic hypoglycemia: 
 
Variable imbalances were noted during the main treatment period with non-insulin or 
insulin background therapy. Increased symptomatic hypoglycemia with antibody-
positive patients was noted in add-on to pioglitazone Study 6017 and in Study EFC6016 
(basal insulin with or without metformin) in which 117 (49.4%) of antibody-positive 
patients reported symptomatic hypoglycemia compared to 21 (26.9%) of antibody-
negative patients over the entire treatment period. This was also confirmed in the 
applicant’s sensitivity analysis (ISS Appendix 1.3.3.6.2.10 and 1.3.3.6.2.11). 
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Table 44: Symptomatic Hypoglycemia by Anti-Lixisenatide Antibody on Non-Insulin 
Background Therapy in Phase 3 Placebo-Controlled Studies: Main Treatment Period - 
Safety Population 

 
 

Table 45: Symptomatic Hypoglycemia by Anti-Lixisenatide antibody on Basal Insulin 
background therapy in Phase 3 Placebo-Controlled Studies: Main Treatment Period - 
Safety Population 

Source: ISS Appendix 1.3.3.6.2.5-pg 5864 
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Table 46: Symptomatic Hypoglycemia by Anti-Lixisenatide Antibody on Non-Insulin 
Background Therapy in Phase 3 Placebo-Controlled Long Term Studies: Entire 
Treatment Period - Safety Population 

Source: ISS Appendix 1.3.3.6.2.6-pg 5865 
 
Table 47: Symptomatic Hypoglycemia by Anti-Lixisenatide Antibody on Basal Insulin 
Background Therapy in Phase 3 Placebo-Controlled Long Term Study: Entire 
Treatment Period - Safety Population 

 
Source: ISS Appendix 1.3.3.6.2.7-pg 5866 
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Reviewer’s Comment: Based on the data above, development of antibodies may be 
associated with increased occurrence of symptomatic hypoglycemia over longer time 
periods, although this may also be a chance finding. 
 
Antibody status and allergic reactions: 
 
In the Phase 3 placebo-controlled studies entire treatment period, 53 (1.6%) lixisenatide 
patients versus 18 (1.1%) placebo patients had AEs adjudicated as an allergic reaction 
by the ARAC. Of these, 51 lixisenatide patients had evaluable antibody status. (ISS 
Table 152, page 458). The incidence was 2.0% for antibody-positive patients and 1.4% 
for antibody-negative patients. In patients whose antibody concentrations were <LLOQ 
the incidence was 1.3% (13/994), in patients with antibody concentration ≥ LLOQ to 
≤ 100 nmol/L the incidence was 2.3% (19/823), and in patients who had antibody 
concentrations >100 nmol/L, the incidence was 5.9% (8/135) 
Among the patients with ARAC adjudicated allergic reactions, 17 (0.6%) lixisenatide 
patients versus two (0.1%) placebo patients had AEs adjudicated as an allergic reaction 
by the ARAC related to the investigational product. Of these, 15 lixisenatide patients 
had evaluable antibody status. (ISS Appendix 1.3.3.6.2.17, page 5876). The incidence 
was 0.5% for both antibody-positive and -negative patients. In patients whose antibody 
concentrations were <LLOQ the incidence was 0.3% (3/994), in patients with antibody 
concentration ≥ LLOQ to ≤ 100 nmol/L the incidence was 0.4% (3/823), and in patients 
who had antibody concentrations >100 nmol/L, the incidence was 3.7% (5/135). These 
analyses are limited due to the small number of patients with allergic reactions 
adjudicated as possibly related to IP. 
 
In addition to classifying patients into antibody categories using their highest available 
antibody assessment (positive status or maximum concentration) during the treatment 
period in question, antibody assessments available within a time window of ±90 days 
from the onset date of the allergic reaction during the on-treatment period in question 
were also used to categorize a patient. The analyses were repeated, also taking into 
account the timely coincidence of the antibody measurements and the AE onset data 
(±90-day window) with similar results.  
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Table 48: Number of Patients with AEs Adjudicated as Allergic Reaction Possibly 
Related to IP by ARAC by Anti-Lixisenatide Antibody in Phase 3 Placebo-Controlled 
Studies: Entire Treatment Period- Safety Population 

 
Source ISS Table 156- page 462 
 
The applicant conducted an analysis of events in lixisenatide patients with AEs 
adjudicated as allergic reaction by ARAC by baseline medical history of allergy and by 
anti-lixisenatide antibody in Phase 3 placebo-controlled studies (Table 157, 158-ISS 
erratum submitted August 12, 2013, page-41-42). The analyses showed that patients 
with a history of allergies are more prone to develop allergic reactions whatever their 
antibody status. In the category of patients with a baseline allergy history and in those 
without a baseline history of allergy, neither the antibody status nor the antibody 
concentration had a clear influence on the incidence of allergic reactions. This 
conclusion seems reasonable. The analysis was conducted for patients with AEs 
adjudicated as allergic reaction, irrespective of relationship to IP. 
 
Reviewer’s Conclusion: A higher percentage of subjects with an allergic reaction 
possibly related to IP had an antibody concentration over the LLOQ. In patients who 
had antibody concentrations >100 nmol/L, the incidence was 3.7% (5/135). This 
conclusion is limited due to the small number of patients with allergic reactions related 
to the IP. 
 
Pancreatic Cancer: 
(Other Neoplasms are discussed in Section 7.3.3) 
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f 

ists and 
. 

There have been recent concerns about possible associations between DPP4 
inhibitors/GLP-1 agonists and pancreatic cancer8. In addition, based on nonclinical data 
(research publications, not carcinogenicity studies conducted for the marketed products 
by applicants) and a study examining the pancreata from age-matched organ donors 
with type 2 diabetes mellitus (DM) treated by incretin therapy or other therapy, there is 
concern that incretin therapy in humans may result in expansion of the exocrine and 
endocrine pancreatic compartments, the former being accompanied by duct metaplasia 
and dysplasia and the latter by α-cell hyperplasia9. At this point the Agency is 
evaluating these data, and has asked the researchers to provide the methodology used
to collect and study these specimens and to provide the tissue samples so the Agency 
can further investigate potential pancreatic toxicity associated with the incretin 
mimetics10. The EMA-CHMP also issued a press release after completing a review o
this data. The committee concluded that presently available data do not confirm recent 
concerns about an increased risk of pancreatic adverse events with GLP-1 agon
DPP4 inhibitors11

 
Given this concern, pancreatic cancer cases in the completed Phase 2/3 program and 
from the ELIXA interim analysis report were reviewed. Any additional cases in the 120 
day safety update were also unblinded. The summary of cases of pancreatic cancer is 
as follows: 
Table 49: Pancreatic Cancer in Ongoing Studies-ELIXA and Study 12261: 

Case Number Treatment and 
Days on IP at 
diagnosis 

Details 

 EFC12261: 
 subject ID: 
250105001 
81 yr old Male 

Lixisenatide 
with main meal; 
IP was 
discontinued 
due to nausea 
on Day 47. 

Former smoker, 1-2 drinks alcohol daily. An abdominal 
ultrasound showed multi-metastatic liver and a pancreatic 
tumor of 3.5 cm. (Preferred term [PT]: Pancreatic carcinoma). 
However, previous abdominal ultrasound performed about 40 
days prior to investigational product (IP) initiation showed only 
hepatic steatosis 

ELIXA: subject 
ID: 380010001 
63 yr old male 

Placebo 
Day 389 

The IP had been discontinued about a month before onset of 
this SAE due to other reason. CT scan with contrast medium 
showed a solid growth consistent with a tumor. 

                                            
8 Pancreatitis, Pancreatic, and Thyroid Cancer With Glucagon-Like Peptide-1–Based Therapies; Michael 
Elashoff, Aleksey v. Matveyenko, Belinda Gier, Robert Elashoff, and Peter C. Butler; 
GASTROENTEROLOGY 2011;141:150–156 
9 Marked Expansion of Exocrine and Endocrine Pancreas With Incretin Therapy in Humans With 
Increased Exocrine Pancreas Dysplasia and the Potential for Glucagon-Producing Neuroendocrine 
Tumors; Alexandra E. Butler, Martha Campbell-Thompson, Tatyana Gurlo, David W. Dawson, Mark 
Atkinson, and Peter C. Butler. Diabetes 62:2595–2604, 2013 
10 http://www.fda.gov/Drugs/DrugSafety/ucm343187.htm 
11http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2013/07/news_detail_00
1856.jsp&mid=WC0b01ac058004d5c1 
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Case Number Treatment and 
Days on IP at 
diagnosis 

Details 

ELIXA: subject 
ID: 643029002 
53 yr old Male 

Placebo; 6 
weeks 

The patient was hospitalized with sudden onset of jaundice, 
and was diagnosed with pancreatic cancer (PT: Pancreatic 
carcinoma) confirmed by CT scan; the patient underwent 
pancreaticoduodenal resection, drainage of abdominal cavity 
and cholecystectomy. Histological examination revealed 
moderately differentiated adenocarcinoma of head of 
pancreas. 
On statin, ACEI, B-blocker, dipyridamole, insulin aspart 

ELIXA: subject 
ID: 840346001 
74 yr old Asian 
Male 

Lixisenatide; 
465 days 

The patient went to the emergency room with complaints of 
diffuse intermittent abdominal pain for the past 2 weeks. A CT 
scan showed metastatic pancreatic cancer (PT: Pancreatic 
carcinoma metastatic) involving liver and bones, died 1 month 
later 

ELIXA: subject 
ID: 840046013 
89 yr old male 

Lixisenatide: 
Treatment 
reported 
discontinued at 
13 days for 
“transportation 
issues”. Dx-409 
days after last 
dose 

CT scan showed a 3.87 cm mass in the pancreas head with 
some possible focal necrosis and extension to the adjacent fat, 
with pancreatic duct dilatation and liver metastasis. The patient 
died about 6 months after the diagnosis. 

ELIXA: subject 
ID: 643036004 
58 yr old male 

Placebo; 109 
days 

Smoker for 42 yrs (15 cigarettes/day). ALP 156 IU/L at 
baseline. Vomiting since Day 66. Ultrasound of the abdomen 
showed isoechogenic lesions 2.5 x 4.2 cm viewed in the 
projection of pancreas head. Histology report showed 
pancreatic adenocarcinoma, died in 7 months 
 

Source-120 day safety update and applicant’s response to information request-May 2, 
2013 
 
Completed Program: 
 
Table 50: Pancreatic Cancer in Completed Program 

Case 
Number 

Treatment and 
Days on IP at 
diagnosis 

Details 
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Case 
Number 

Treatment and 
Days on IP at 
diagnosis 

Details 

208903014 
Study 
EFC6019 
58 yr old 
Male 

Exenatide;  
Day 385 

On Day 380, the patient developed RUQ pain, associated with 
icteric eyes and skin. There was history of heavy intake of alcohol 
in the preceding 2 weeks. On Day 385, he was hospitalized for 
jaundice, corroborated by elevated levels of aspartate 
aminotransferase (AST, value not specified), alkaline phosphatase 
(ALP, value not specified) and bilirubin (total 192 μmol/L [3-21 
μmol/L normal range], conjugated 75 μmol/L 0-7 μmol/L normal 
range]). His lipase levels, which were persistently high since Day 
86, indicated suspected pancreatitis. On Day 385, a sonography 
showed a tumor of the head of the pancreas, endoscopic 
aspiration biopsy confirmed pancreatic cancer (pancreatic 
carcinoma). 

276407001 
Study 
EFC6014 
72 yr Male 

Lixisenatide; 
Day 256 

28 yr smoking history.  On Day 268, the patient was diagnosed 
with moderately differentiated ductal adenocarcinoma of the 
pancreas with desmoplastic tumor stroma, grade 2 – head of the 
pancreas (histology report from Whipple surgery). Metastases 
were found in one of 11 peripancreatic lymphatic nodes. Died on 
Day 538 

380602002, 
Study 
EFC6016 
65 yr old 
female 

Lixisenatide; 
Day 612 

On Day 613, the patient was diagnosed with a 3.5 centimeter 
tumor in the head of the pancreas on CT scan. It was associated 
with a sclerotic-atrophic appearance of the body and tail of the 
pancreas with moderate ectasia of the Wirsung pancreatic duct. 
Moderate dilation of the intra- and extra-hepatic bile ducts was 
also present. The patient had no reported occupational or familial 
risks factors and never smoked. 

233304006 
Study 
EFC10743 
64 yr old F 

Lixisenatide; 
Day 363 

Developed abdominal pain and vomiting 11 months after initiating 
IP. On Day 363, the patient was diagnosed with a 47 x 66 
millimeter mass in the pancreatic body and pancreatic tail 
of irregular contour and less contrasted than the rest of the 
pancreatic tissue via CT scan. There were several lymph nodes, 
sized up to 9 millimeters, in the surrounding tissue. The patient 
had no reported occupational or familial risk factors and never 
smoked. On Day 372, IP was discontinued due to the event. On 
Day 610, the patient died due to complications from the 
malignancy 

Total pancreatic Cancer cases:-lixisenatide 6 (4 with IP exposure > 6 months), 
exenatide-1, placebo-3 
 
Reviewer’s assessment:  
Patient-years of exposure 
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 In completed Phase 2/3 program is as follows: 3958 patient-yrs for lixisenatide, 
2170.6 for all comparators, 1642.4 for placebo and 416.6 patient-years for 
exenatide 

 In ongoing studies: 
o CV outcome study-ELIXA as of July 25, 2012: 786 patient-years for 

lixisenatide vs. 810 patient-yrs for placebo 
o EFC 12261-451 subjects have been randomized since 15 Feb 2012 to 25 

Jan 2013  
 
Approximate total estimate for exposure: 5144 patient-years for lixisenatide, 2452.4 
patient-yrs for placebo). 
 
While the available patient exposure is too small to assess risk for pancreatic cancer, 
based on total exposure it seems reasonable to conclude that the incidence in clinical 
programs (available data) was comparable to placebo. 
 
AEs related to potential thyroid C-cell proliferation: 
 
As mentioned earlier, the long acting GLP-1 analogues (exenatide LAR and liraglutide) 
have a box warning in the PI and a Risk Evaluation and Mitigation Strategy (REMS) for 
increased risk of thyroid C-cell tumors noted in nonclinical carcinogenicity studies.  
 
An expert panel was set up for discussion of selected cases from the development 
program, and for advice in case of specific findings. The algorithm for measuring and 
monitoring calcitonin elevations was discussed with this panel. This included also 
routine screening for reasons of false positive increase of calcitonin such as kidney 
impairment, smoking habits, calcium disorders, autoimmune thyroiditis, and use of 
Histamine 2 (H2) receptor antagonists or proton pump inhibitors. 
 
Analysis of AEs related to potential thyroid C-cell proliferation was made for the ISS on 
all completed Phase 2/3 studies. Adverse events related to potential thyroid C-cell 
proliferation were defined and summarized as the following PTs (MedDRA version 
14.1): Biopsy thyroid gland abnormal, Gamma radiation therapy to thyroid, Photon 
radiation therapy to thyroid, Radioactive iodine therapy, Radiotherapy to thyroid, Thyroid 
electron radiation therapy, Thyroid gland scan abnormal, Thyroidectomy, X-ray therapy 
to thyroid, Thyroid cancer, Thyroid cancer metastatic, Thyroid cancer stage 0, Thyroid 
cancer stage I, Thyroid cancer stage II, Thyroid cancer stage III, Thyroid cancer stage 
IV, Thyroid neoplasm, Goitre, Thyroid C-cell hyperplasia, Thyroid mass, Thyroid cyst, 
Benign neoplasm of thyroid gland, Thyroid adenoma, Thyroid adenoma removal, 
Thyroid nodule removal, and Thyroid operation (also defined in 5.3.5.3 iss-sap-
ph2[Appendix N, pg 98]) 
 
Both TEAEs and post-treatment AEs were included in the analyses for the Phase 2/3 
studies. In the Phase 1 studies included in the integrated safety database, the same AE 
terms were used for defining AEs related to potential thyroid C-cell proliferation as for 
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the Phase 2/3 program. For TDR11215, for which data were not integrated, no events of 
increased calcitonin were reported on the specific AE CRF page. 
 
Completed program: 
 
In all controlled Phase 2/3 studies during the on- and post-treatment periods, the overall 
percentage of patients with AEs potentially related to thyroid C-cell proliferation was 
lixisenatide (27 [0.8%]) and placebo (12 [0.7%]), and between the lixisenatide 
(30 [0.8%]) and all comparators (14 [0.6%]) as shown in the table below: 
 

Table 51: Number (%) of Patients with AEs Related to Potential Thyroid C-cell 
Proliferation in Phase 2/3 Studies: On- and Post-Treatment – Safety Population 

 
Source: ISS-Table 121, page 365 
 
Review of narratives for patients with on/post-treatment events of thyroid cancer, thyroid 
C-cell hyperplasia and thyroid neoplasms (from listing in Table 123 of the ISS, starting 
page 367 with review of available patient narratives): 
Table 52: Narratives-Thyroid Cancer and C-cell Hyperplasia: 

Subject ID 
Age/Sex 

Diagnosis, study 
treatment and 
onset after IP 

Details 

EFC6019 
170904015; 
41/F 

Papillary 
carcinoma 
thyroid follicular, 
exenatide, 500 
days 

This patient had a history of diffuse thyroid growth 
(2005) and dysphonia (2008) but never had 
calcitonin elevation. Thyroidectomy was done which 
revealed a multi-centric papillary carcinoma (follicular 
and papillary pattern) with involvement of both lobes 
and the isthmus. IP was continued as planned until 
study end. 
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Subject ID 
Age/Sex 

Diagnosis, study 
treatment and 
onset after IP 

Details 

EFC10743 
276302003; 
71/M 

Medullary thyroid 
cancer left with 
lymph gland 
metastases, 
placebo, 222 days 

On Day 169 this patient had significantly elevated 
calcitonin values of 100.8 X ULN. Further evaluation 
led to surgery and permanent discontinuation of IP. 
Analyses of baseline frozen samples showed 
elevated calcitonin values prior to randomization. He 
was diagnosed with medullary thyroid cancer. 

EFC6015 
276501006; 
57/M 

Medullary C-cell 
hyperplasia 
(Thyroid C-cell 
hyperplasia), 
lixisenatide, I Day 

This patient had elevated calcitonin values (2.8 x 
ULN) on Day 1 of dosing. IP was permanently 
discontinued 2 months later. A pentagastrin test 
revealed pathological calcitonin values; patient 
underwent total thyroidectomy. 
Histopathology showed multifocal hyperplasia of C-
cells, no malignancy. Post-surgery patient recovered 
with normal calcitonin values and at 1 year follow-up 
visit 

 
Table 53: Narratives- Thyroid Neoplasm and Benign Neoplasm of Thyroid Gland- 
Lixisenatide Patients: 

Subject ID 
Age/Sex 

Diagnosis; 
Latency Onset 
after IP (days) 

Details 

EFC10743 
076310002; 
64/M 

Thyroid 
nodules; 121 

Patient was diagnosed with elevated calcitonin (range 
0.8 – 1.1 X ULN) and thyroid nodules. Fine needle 
aspiration (FNA) did not reveal any malignancy. On Day 
542, he recovered from both events. Patient continued 
with IP until the end of the study. 

EFC10743 
380304003; 
52/M 

Thyroid 
nodules; 217 

This patient had calcitonin values within normal ranges 
except for one value of 1.1 X ULN at Day 168. On Day 
217 of treatment diagnosed with thyroid nodules (less 
than 10 mm in size). No pathology reported and patient 
is being monitored annually. IP was discontinued on Day 
427 due to “other” reason. No narrative is available 

EFC10743 
804305010; 
71/F 

Suspected 
solitary 
calcinated 
colloid nodule 
at the inferior 
third of left 
lobe (Thyroid 
neoplasm), 
418 

After approximately 417 days of IP therapy, this patient 
was diagnosed with autoimmune thyroiditis and 
suspected solitary calcinated colloid nodule by 
ultrasound. Calcitonin values were within normal ranges. 
She did not consent to a biopsy; therefore no histology 
report is available. IP was continued as planned until 
study end 
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Subject ID 
Age/Sex 

Diagnosis; 
Latency Onset 
after IP (days) 

Details 

EFC6014 
036412010; 
65/M 

Right Thyroid 
Nodule 
Neoplasm 
(Thyroid 
neoplasm), 
263  

The patient was followed-up for mild elevation of 
calcitonin (1.3 X ULN at baseline, 1.5 - 1.7 X ULN during 
study treatment). IP was continued throughout the study) 
–First ultrasound and FNA approximately 9 months after 
start of IP revealed heterogeneous thyroid nodules 
without malignancy. Ten months later a second FNA 
revealed suspicion of neoplasm of either Hurtle cell or 
medullary cell that made the event medically important 
and therefore serious. Consecutively a thyroidectomy 
was performed. Histological report stated a Hurthle cell 
adenoma, and the cellular colloid nodule was benign. IP 
was continued as planned until study end. 

EFC6014 
124413013;  
62/M 

Thyroid 
Nodule 
(Thyroid 
neoplasm), 
368 

Diagnosed after approximately 1 year without further 
pathological finding, calcitonin normal range, IP 
continued until study end. 

EFC6014 
152404019; 
58/F 

Solid nodules- 
thyroid 
(Thyroid 
neoplasm), 
520 

17 months after randomization diagnosed, without 
further pathological finding, calcitonin normal range, IP 
continued until study end 

EFC6014 
152407001; 
55/F 

Solid and 
hypoechogenic 
thyroid 
nodules 
(Thyroid 
neoplasm), 
286 

This was a post-treatment AE. This was diagnosed via 
ultrasound (right round solid thyroid nodule, 47 x 15 mm 
diameter, with aspect of colloid nodule, right cervical 
lymph nodes of reactive aspect) during the evaluation of 
increased calcitonin (4.8 - 5.5 X ULN) that triggered IP 
discontinuation on Day 273. The patient was diagnosed 
with thyroiditis 433 days post-treatment based on FNA. 

EFC6014 
642407007; 
54/M 

Benign thyroid 
nodules 
(benign 
neoplasm of 
thyroid gland), 
22 

Diagnosed approximately 1 month after baseline without 
further pathological finding, calcitonin slightly elevated 
since randomization (1.3 - 1.7 X ULN), 
diagnosed via ultrasound. FNA: “rich hematic 
background with rare lymphocytes, no follicular cells”, IP 
continued until study end. 

EFC6014 
804403024 
54/F 

Nodule in left 
lobe of 
thyroid gland 
(Thyroid 
neoplasm), 
409 

Thyroid nodule (24 x 18 mm) diagnosed via ultrasound. 
Calcitonin mildly elevated (up to 2 X ULN). IP continued 
until study end. No narrative is available. 
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Subject ID 
Age/Sex 

Diagnosis; 
Latency Onset 
after IP (days) 

Details 

EFC6015 
840507003 
71/M 

Thyroid 
nodules 
benign (Benign 
neoplasm of 
thyroid), 198 

Patient with a history of Graves’ disease since 1990 had 
elevated calcitonin of 3.0 X ULN on Day 170 of 
treatment. Further work-up revealed bilateral benign 
thyroid nodules confirmed by FNA. The patient 
continued with IP until the end of the study. He has not 
recovered from both events. Around 51 days after last 
dose of IP, his calcitonin value was still elevated at 4.0 X 
ULN 

EFC6016 
124607015 
50/F 

Right thyroid 
nodule 
(thyroid 
neoplasm), 
522 

Diagnosed after approximately 17 months since start of 
IP. Calcitonin in normal range, IP was continued until 
study end. 

EFC6016 
410605002 
57/F 

Thyroid tumor 
(thyroid 
neoplasm, 169 

Diagnosed by medical examination. During further 
evaluation acute thyroiditis was diagnosed. Calcitonin in 
normal range, IP continued until study end. 

EFC6017 
642706001 
58/M 

Left thyroid 
lobe 
nodule (thyroid 
neoplasm), 
865 

Calcitonin throughout entire study was 1.4 – 2.0 X ULN 
(BL: 2.0 X ULN). At end of treatment visit (after 
approximately 2.3 yrs of treatment), calcitonin was 2.6 x 
ULN, and at baseline levels after 1 week 2.2 x ULN. 
During further follow-up the patient was diagnosed with 
chronic thyroiditis and left thyroid nodule. IP was 
stopped as planned. Goiter nodule confirmed via thyroid 
puncture (? FNA) post- treatment 

EFC6017 
840738004 
62/M/ 

6 mm Thyroid 
nodule left 
lobe 
(thyroid 
neoplasm), 39 

Former smoker. History of bladder cancer, during study 
a SAE of Bladder Cancer was reported. Calcitonin 
ranged from 1.9 X ULN (2.3 X ULN at baseline) to 2.4 X 
ULN, triggering an additional TEAE of “Increased 
calcitonin” on Day 262. Left thyroid nodule confirmed 
with ultrasound, no further evaluation was done. 

EFC6019 
032904029 
52/F 

Thyroid nodule 
(thyroid 
neoplasm), 7 

Six days after randomization this patient was diagnosed 
with a thyroid nodule. She did not have any calcitonin 
elevations throughout the study. She completed the 
study treatment and no further details are available. 

EFC6019 
840942004 
38/F 

Benign thyroid 
nodule (Benign 
neoplasm of 
thyroid), 143  

On Day 142 she was diagnosed with a moderate benign 
thyroid nodule with no calcitonin elevations throughout 
the study. She has not recovered and completed the 
study treatment. No further details are available. IP was 
continued as planned until study end. 

Reviewer’s Conclusion: Relationship to study drug is unlikely in the case for thyroid C-
cell hyperplasia given the onset after 1 day. Based on review of available information for 
thyroid neoplasms, while further w/u might have provided additional information for 
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The collection of serum calcitonin data and monitoring of increased calcitonin values as 
a marker of thyroid C-cell neoplasms were implemented via protocol amendments 
during the course of all Phase 3 studies that had a duration >3 months. As a result, 
baseline calcitonin values were not collected for most of the patients in those studies. 
Calcitonin data were also not collected routinely in studies with ≤ 3-month duration or 
studies completed prior to 2009 (Phase 2 studies-ACT6011, PDY6797, DRI6012, 
PDY10931, and EFC6018). A specific CRF (“increased calcitonin” AE form) was used to 
collect information and document cases of AEs related to increased calcitonin. 
Management of subjects and patients who were found to have a calcitonin value ≥20 
pg/mL was as follows:-  
Upon follow-up testing for elevated calcitonin, the study treatment was permanently 
discontinued if the repeat measurement was ≥50 pg/mL. Confirmed calcitonin increases 
≥20 pg/mL were to be reported as an AE on a specific AE Form (“increased calcitonin 
≥20 pg/mL”) with all appropriate clinical and laboratory documentations; if the increase 
was >50 pg/mL patients were to be discontinued, referred to a specialist, and calcitonin 
levels were to be measured one to two weeks after IP discontinuation. These AEs were 
to be reported with the PT “blood calcitonin increased”. 
 
Completed program: 
 
As shown in the table below: 
In the controlled Phase 2/3 studies, ten patients (0.4%) in the lixisenatide group and two 
patients (0.1%) in the placebo group reported values ≥ 50 pg/mL. Seven of them had 
missing baseline values, one patient already had a baseline value ≥ 50 pg/mL, one had 
a baseline value between ≥ 20 to <50 pg/mL (elevated calcitonin values were not 
confirmed at retest), and one had a baseline value ≤ ULN. Of two patients (0.1%) in the 
placebo group, one of them had a missing baseline value and the other had an elevated 
baseline level of between ≥ 20 to <50 pg/mL.  A total of 38 patients (1.4%) in the 
lixisenatide group and 29 patients (1.6%) in all comparator groups reported on-
treatment calcitonin values in the range ≥ 20 to 50 pg/mL.  
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Source: ISS, Appendix 1.3.2.6, starting page 4508 
 
A total of 13 patients with a calcitonin on-treatment value ≥ 20 pg/mL (ten [0.3%] in the 
lixisenatide group and three [0.1%] in the all comparators group from study EFC6019) 
discontinued treatment due to a TEAE of blood calcitonin increased (seven lixisenatide 
patients from Phase 3 placebo-controlled studies and three from the active-controlled 
study EFC6019). In the placebo-controlled pool, the discontinuations were comparable 
(seven [0.2%] vs. three [0.2%]- ISS Appendix-1.2.5.1.3, page 3439). During post-
treatment, two additional patients in the lixisenatide group and two patients in the all 
comparators group newly reported calcitonin values in the range ≥ 20 to 50 pg/mL. One 
lixisenatide patient (Patient No. 642302022 in Study EFC10743) had an on-treatment 
PCSA calcitonin value who reported a serious TEAE of “blood calcitonin increased” but 
did not discontinue from treatment. 
 
In the active-controlled study versus exenatide (EFC6019), five patients (1.8%) in the 
lixisenatide group and seven patients (2.6%) in the exenatide group had an on-
treatment value of calcitonin ≥ 20 to<50 pg/mL. Of the five patients with a calcitonin 
level of ≥ 20 to <50 pg/mL in the lixisenatide group, three discontinued treatment due to 
a TEAE of blood calcitonin increased (none were reported as serious). One additional 
lixisenatide patient reported an abnormal calcitonin value in the range ≥ 20 to 50 pg/mL 
during the post-treatment period. 
 
Narratives for the 10 lixisenatide patients with calcitonin values ≥ 50 pg/mL or 
discontinued due to AE of blood calcitonin increased: 
 
Three patients in the lixisenatide group discontinued IP due to “blood calcitonin 
increased”, and are briefly summarized below: 
 
Patient No. 642504006, Study EFC6015: This 64-year old non-smoking female patient, 
on Day 85 of treatment, had elevated calcitonin value 31.7 pg/mL (6.4 x ULN), that 
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patient did not have follow-up visits. There was an imbalance not favoring lixisenatide 
(10 [0.4%] for lixisenatide; 2 [0.1%] for comparator) in the number of patients with 
calcitonin elevation over 50 pg/ml. However several of these patients (7/10) had missing 
baseline values. Otherwise there were no cases with concern for potential C-cell 
proliferation.  

7.3.3 Significant Adverse Events (by SOC) 

Hepatobiliary disorders: 
 
As part of the overall evaluations for risk of pancreatitis, the applicant performed a study 
to evaluate gallbladder ejection fraction (study PDY11431). In this study, subcutaneous 
administration of a single 20 μg dose of lixisenatide in healthy subjects significantly 
reduced the gallbladder emptying at 30 and 60 minutes. The estimate of the mean 
difference in gallbladder ejection fraction (placebo minus lixisenatide) was 45.8% (95% 
CI: 29.92% to 61.68%) at 60 minutes and 41.43% (95% CI: 28.64% to 54.23%) at 30 
minutes. 
 
The applicant conducted an SMQ search for hepatic TEAEs and hepatobiliary disorders 
for all completed Phase 2/3 studies and the Phase 3 placebo-controlled study pool. 
Hepatic, biliary, and renal AEs were evaluated and summarized by using search terms 
to identify these events from the integrated AE dataset of the completed Phase 2/3 
studies. The MedDRA 14.1 PTs used for this are listed in iss-sap-ph2-3 [Appendix O-pg 
99] for the hepatic AEs and [Appendix Q pg 108] for the biliary AEs. This list was 
reviewed and appeared to be adequately extensive. 
 
The results for the Phase 2/3 pool are shown below. Overall there were no imbalances 
in AEs in this System Organ Class (SOC). 
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Table 55: Number (%) of Patients experiencing Hepatic TEAE(s) by Primary SOC and 
PT in Phase 2-3 studies: Entire Treatment Period – Safety Population 

 

 

 
Source Appendix 1.2.5.7.1, ISS pg4190-4192 
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Table 56: Number (%) of Patients experiencing Biliary TEAE(s) by Primary SOC and PT 
in Phase 2-3 studies: Entire Treatment Period – Safety Population 

 

 
Source: Appendix 1.2.5.7.2, ISS-pg 4193-4194 
 
In all Phase 2/3 studies, four on-treatment SAEs (one in the lixisenatide group and three 
in the placebo group) were reported in the “Hepatic and hepatobiliary disorders” High 
Level Group Term (HLGT) group (Appendix 1.2.4.3, ISS pg 2976-2977). 
 
Patient No. 356503003, Study EFC6015 – lixisenatide: Drug-induced hepatitis (PT 
Hepatitis): This 44 year old male Asian patient in India with no relevant medical history 
and baseline LFTs within normal ranges developed hepatitis of moderate intensity on 
Day 87 of study treatment. The patient was asymptomatic and had elevations of ALT 
(20.1 x ULN), AST (16.4 x ULN), and gamma glutamyl transferase (GGT) (2.0 x ULN) 
with normal total bilirubin and alkaline phosphatase values (refer to Figure 17). On Day 
91, IP was permanently discontinued. Liver function tests were not repeated prior to 
treatment discontinuation On Day 97, ALT level decreased to 4.8 x ULN and AST level 
normalized. Lab results by visit are shown in table below.  
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four (0.2%) all comparator patients. There were four patients (three placebo and one 
lixisenatide) who fulfilled Hy’s law criteria in the Phase 2/3 placebo-controlled studies 
and five patients in all controlled Phase 2/3 studies (an additional patient in the 
comparator group). 
Hy’s law is a finding of ALT elevation, usually substantial, seen concurrently with bilirubin 
>2 x ULN.  It identifies a drug likely to cause severe drug-induced liver injury (fatal or 
requiring transplant) at a rate roughly 1/10 the rate of Hy’s Law cases12. 

 
12  FDA Guidance for industry, Drug –Induced liver injury: pre-marketing evaluation; July 2009 
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LFT Patient Profiles – Lixisenatide and Placebo 04152013 / Pool of 16 Phase 2 and 3 studies 
(WebSDM) 
 
The narratives for Hy’s law cases were reviewed and summarized as follows; all the 
cases had alternative etiologies: 
 
Lixisenatide: 
 
EFC6014-276407001- This 73-year-old male in Germany developed jaundice on Day 
227. On Day 255, the patient was hospitalized for increased cholestasis parameters 
(ALT 13.8 x ULN, AST 4.6 x ULN, ALP 2.1 x ULN, GGT 42.5 x ULN, total bilirubin 6.8 x 
ULN, conjugated bilirubin 15.6 x ULN) and jaundice. IP was discontinued on the same 
day. On Day 267, the patient was diagnosed with moderately differentiated ductal 
adenocarcinoma of the pancreas with desmoplastic tumor stroma, grade 2 – head of the 
pancreas (histology report from Whipple surgery). Metastases were found in 1 of 11 
peripancreatic lymphatic nodes (3 millimeters in size). The patient had a prior history of 
smoking for 28 years. On Day 355, the patient tried to commit suicide due to the 
situation. On Day 537, the patient died due to complications from the malignancy. 
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EFC11319 (ongoing ELIXA CV outcome study): 
  
Subject 643014004- 62 yr old male received amiodarone on Day 170. On Day 171 of 
the study , the second day of a hospitalization for an SAE of atrial 
fibrillation, the patient experienced acute hepatitis which was reported as an SAE. The 
patient presented with clinical signs and symptoms of asthenia, jaundice and 
hepatomegaly, as well as a rise in serum alanine aminotransferase (ALT) of 3701 U/L, 
aspartate aminotransferase (AST) of 5660 U/L, lactic dehydrogenase (LDG) of 7174 
U/L, and total bilirubin of 67 µmol/L.(local laboratory assessment, 3.9 mg/dL). A CT 
scan of the abdomen (performed the same day, ) revealed: hydrothorax in 
the right region, abdomen effusion, chronic cholecystitis progression, pericholecystitis, 
and acute pancreatitis in the region of head of the pancreas (this asymptomatic 
pancreatitis was reported as a separate AE). Laboratory investigations for hepatitis C, B 
and human immunodeficiency virus were negative. A hepatology consultation confirmed 
acute hepatitis with an unclear etiology. The clinical presentation of the acute hepatitis 
subsided within a week. Further laboratory investigations were undertaken on 

: anti-HAV (hepatitis A virus) IgM, anti- HB (hepatitis B) core IgM, anti-HCV 
(hepatitis C virus) total, anti-CMV (anticytomegalovirus) IgM and autoantibody against 
hepatorenal microsoma were negative; hepatitis C virus was not detected; antibodies 
against nuclear antigens (ANA's. EIA) were positive; anti-Toxoplasma gondii antibody - 
39.2 IU/m (norm range 0.0-1.6); anti-HSV (herpes simplex virus) (Types 1, 2) antibody - 
29.6 unit (norm range 0.0-0.9). A follow-up CT scan dated  showed 
ascites, pericholecystitis and an additional spleen lobe. The patient recovered from the 
event on Day 203. At that time, liver transaminase concentrations had returned to 
normal levels (ALT 40 U/L, AST 38 U/L); total bilirubin concentration remained elevated 
(44 UMOL/L). The IP was interrupted, with the last recorded dose on  (Day 
169). 
(Reviewer’s Comment: While relationship to study drug cannot be excluded, this case 
had more temporal relationship to amiodarone administration, and multiple other 
potential contributing factors.) 
 
Comparators with positive Hy’s law: 
 
EFC10780-152003003 (sitagliptin)-bile duct stone 
EFC10743-642305001 (placebo)-Hepatitis B 
EFC10887 -392101005 (placebo)-primary sclerosing cholangitis 
EFC6017-320704023 (placebo)- bile duct cancer 
 
For subjects with ALT elevations over 10 X ULN on lixisenatide, the following additional 
narratives were reviewed: 
 
EFC6014-Subject 840-426-002- On  (Day 1), the patient (48, F) was 
randomized to evening injection arm of lixisenatide 10 μg per day. The investigational 
product was permanently discontinued due to poor compliance to the protocol, the 
patient receiving the last dose of the investigational product on Day 70. On Day 1, at 
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In addition the following information was obtained from dataset review (WebSDM) for 
subjects without narratives who completed the trials 

 Subject 6016-124-608-004-had ALT elevations over 5X ULN-over the trial related 
to lixisenatide exposure. Concomitant medications included aspirin, atorvastatin 
and ramipril. 

 Subject 6016-252-602-020 had a single ALT elevation prior to randomization that 
normalized. 

 Subject 6015-203-504-004 had a temporary elevation of ALT and AST coinciding 
with AEs of upper abdominal pain and cholelithiasis. 

 
Reviewer’s Conclusion: The Hy’s law cases do appear to have alternate etiologies. 
There was one case diagnosed as drug induced hepatitis with asymptomatic elevation 
of ALT and AST over 15 X ULN but normal bilirubin and ALT values, which resolved on 
lixisenatide discontinuation. Among patients with elevated ALT on active treatment, 
three subjects reviewed above (6014-840-426-002, 6015-356-503-003, EFC10780-484-
010-004- confounded by azithromycin) appear to have had lixisenatide associated ALT 
elevations. However given the overall balance in enzyme elevations between drug and 
comparator (ISS Table 142 and WebSDM graph) and similar association patterns in the 
placebo/comparator groups, there does not seem to be an apparent signal for 
hepatobiliary toxicity.  
 
Renal AEs: 
 
Although not directly nephrotoxic based on nonclinical data, GLP-1 agonists may induce 
nausea and vomiting with transient hypovolemia thereby worsening renal function. 
Acute renal failure and worsening of chronic renal failure have been reported post-
marketing with approved agents, usually in association with nausea, vomiting, diarrhea, 
or dehydration, and sometimes requiring hemodialysis. 
 
The applicant conducted a pharmacokinetic study (POP6053) to assess the PK and 
safety of lixisenatide in subjects with different degrees of renal impairment following a 
single 5 μg dose and study POP11814, that compared the PK of lixisenatide between 
elderly subjects (≥ 65 years of age, with at least 30% of subjects ≥ 75 years of age) 
and young subjects after administration of lixisenatide at a single dose of 20 μg. Based 
on these study results and their pooled population-PK analysis the applicant proposes 
no dose adjustment in patients with mild renal impairment, use with caution in patients 
with moderate renal impairment at the same dose, and recommends against use for 
patients with several renal impairment or end-stage-renal disease due to limited 
experience.  The clinical pharmacology review for this study is discussed in Section 
4.4.3. 
 
Renal AEs were evaluated and summarized by using search terms to identify these 
events from the integrated AE dataset of the completed Phase 2/3 studies. The 
MedDRA 14.1 PTs used for this are listed in iss-sap-ph2-3 (Appendix P, pg 106).  
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Renal TEAEs in the all controlled Phase 2/3 studies were as follows: 
Table 58: Number (%) of Patients experiencing Renal TEAE(s) by Primary SOC and PT 
in Phase 2-3 studies: Entire Treatment Period – Safety Population 

 

 
Source: ISS-Appendix-1.2.5.7.3, pg 4195-4196 
 
One patient on lixisenatide reported a serious TEAE of renal failure (ISS-appendix 
1.2.4.3) 
Patient No. 840523019, Study EFC6015 – lixisenatide: acute renal failure secondary to 
cocaine abuse (PT renal failure acute): This 46-year-old male was hospitalized 
on Day 112 due to a severe panic attack secondary to cocaine abuse. On 
hospitalization, the serum creatinine level was 3.6 mg/dL and the patient was diagnosed 
with severe acute renal failure. The IP was temporarily interrupted from Day 113 to 126, 
and restarted on Day 127. On Day 113, his creatinine was decreasing, the event was 
considered as resolved, and he was discharged from the hospital.  
 
Reviewer’s Comment: In the all-controlled Phase 2/3 study pool, there were four 
placebo patients and no lixisenatide patients with severe renal impairment at baseline 
who were enrolled into the studies (ISS Table 24, pg 105). There were only 43 patients 
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on lixisenatide with moderate renal impairment versus 26 on comparator (creatinine 
clearance value was derived using the equation of Cockcroft and Gault). Hence the 
completed study pool provides very limited information on efficacy and safety in these 
sub-populations. Hence data from ongoing CV outcome trial (ELIXA) was used to make 
assessments on efficacy and safety in renal sub-populations. 
 
Serum Creatinine and creatinine clearance: 
 
No relevant mean changes were reported for renal function (creatinine, creatinine 
clearance, and uric acid) over time compared to baseline values in both treatment 
groups during the entire treatment period for the placebo-controlled Phase 3 pool. The 
box plot of creatinine clearance over time is shown below. 
Figure 18: Creatinine Clearance over Time 

 
(Phase 3 placebo-controlled pool, values over 120mL/minute excluded to display lower 
outliers- JReview output) 
 
Shifts from baseline were reviewed for the Phase 2/3 pool. 
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Source: Appendix 1.3.3.3.8, ISS-pg 5544-5552 
 
As shown above:  

 Among patients with a normal or missing serum creatinine at baseline, 1.1% of 
lixisenatide patients versus 0.8% of comparator patients had a change from 
baseline > 1.7mg/dL at least once in the all controlled Phase 2/3 pool. A total of 
11.8% of lixisenatide patients had a ≥30% change from baseline vs. 9.6% of 
comparator patients. Comparable percentages (0.4% vs. 0.3%) had a ≥ 100% 
change from baseline.  

 None of the patients with a serum creatinine over 1.7 mg/dL had a ≥100% 
change from baseline.  

 Among patients with normal creatinine clearance at baseline, 13.8% of 
lixisenatide patients vs. 13.1% of comparator patients shifted to mild renal 
impairment. A total of 0.3% of patients in each group shifted to moderate renal 
impairment. No subject shifted to severe renal impairment.  

 Among patients with mild renal impairment at baseline, 9.6% of lixisenatide 
patients versus 8.9% of comparator patients shifted to moderate renal 
impairment. A total of 0.4% of lixisenatide vs. 0.3% of comparator patients shifted 
to severe renal impairment.  

 Two patients each from the lixisenatide and comparator groups shifted from 
moderate to severe renal impairment. 

  
Reviewer’s Comment: The shifts from baseline for serum creatinine and creatinine 
clearance seem comparable. For albumin (urine)/creatinine ratio, data were collected 
and calculated only in three Phase 3 studies (EFC10781, EFC11321 and EFC10780 
[active-controlled versus sitagliptin]). Only individual study data were reported in the 
respective CSRs; these data were reviewed (Study EFC10780, efc10780-16-2-8-clin-
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lab-data [Appendix 14.2.8.10], Study EFC10781, efc10781-16-2-8-clin-lab-data 
[Appendix 16.2.8.10], and Study EFC11321, efc11321-16-2-8-clin-lab-data [Appendix 
16.2.8.10]). Development of microalbuminuria or macroalbuminuria seemed balanced, 
but limited conclusions can be drawn from these studies due to their short duration (24 
weeks) and lack of pooled data. 
 
Adverse events in subjects with renal impairment: 
 
In the completed Phase 2/3 program, the imbalance in TEAEs between the lixisenatide 
group and placebo group was slightly more pronounced in patients with mild renal 
impairment (creatinine clearance 50-80 mL/min-Cockcroft and Gault) than in patients 
with normal renal function (creatinine clearance >80 mL/min) (73.0% in lixisenatide 
group and 61.5% in placebo group versus 69.4% in lixisenatide group and 62.2% in 
placebo group, respectively-ISS Table 53, starting page 199). This was primarily due to 
imbalances in the TEAEs of nausea (30.5% in the lixisenatide group and 4.7% in the 
placebo group vs. 24.1% in patients on lixisenatide vs. 6.3% on placebo); vomiting 
(14.4% in the lixisenatide group and 2.5% in the placebo group vs. 8.8% in patients on 
lixisenatide vs. 1.6% on placebo), and hypoglycemia (21.8% in the lixisenatide group 
and 12.8% in the placebo group vs. 11.9% in patients on lixisenatide vs. 9.5% on 
placebo).  This is suggestive of increased likelihood of nausea, vomiting and 
hypoglycemia with lixisenatide in patients with renal impairment, compared to patients 
with normal renal function, potentially related to increased exposure. The sample size 
for the moderate renal impairment subgroup was very small to draw any meaningful 
conclusions. 
Table 60: Common TEAEs by Baseline Renal Function using Creatinine Clearance 
(mL/min) categories in Phase 3 Placebo-Controlled Studies: Main Treatment Period - 
Safety Population 

 

 

 
Source: ISS Table 53: starting Page 199 
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Data from ELIXA study: 
 
As mentioned earlier, the completed program had very limited number of subjects with 
moderate renal impairment (RI). Hence additional information and analyses were 
requested from the applicant from the ELIXA study. In this study renal function was 
classified based on glomerular filtration rate-modified diet in renal disease (GFR-MDRD) 
equation.  
 

Baseline GFR by renal subgroups in the ELIXA study was as follows. Number of 
subjects in each subgroup was balanced on comparing the lixisenatide and placebo 
subgroups. 
Table 61: Baseline Glomerular Filtration Rate (GFR) in ELIXA - ITT Population 

 
Source: Table 1, applicant’s response to Information request dated April 23, 2013 
 
The applicant was also asked to submit an analysis (ANCOVA, LOCF, ITT population) 
of change in HbA1c from baseline to week 24 in each subgroup. This is shown below. It 
is interesting to note that although confidence limits overlap, mean effects increase 
progressively with renal impairment from normal to moderate. Specifically the difference 
in LS mean for the ≥ 30– <45 mL/min/1.73m2 subgroup was -0.62 versus -0.4 for the 
≥ 45 – <60 mL/min/1.73m2 subgroup. Although the placebo effects in the moderate 
renal impairment subgroups were less than in the mild subgroup, this is suggestive of 
greater exposure with increasing renal impairment. This trend was also noted in the 
Phase-3 placebo-controlled studies primary efficacy endpoint subgroup analyses, 
although sample size for the moderate renal impairment group was small. 
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Table 62: Analysis of Change from Baseline in HbA1c at Week 24 (ANCOVA, LOCF) by 
Renal Group and Subgroup - ITT Population, ELIXA  

 
Source: Table 1, applicant’s response to Information request dated May 3, 2013 
 
Adverse events:  
 
In general, SAEs were higher in the moderate RI subgroup with both lixisenatide and 
placebo compared to the normal and mild RI subgroups (see below). However, 
lixisenatide did not have a significantly higher incidence of SAEs than placebo, by any 
particular category of renal impairment.  
 

Table 63: Number (%) of Patients Experiencing Serious TEAE(s) in ELIXA Presented by 
Primary SOC and PT During the On-Study Period by Renal Subgroup - ITT Population 

 
Source: Table 3, applicant’s response to information request dated April 23, 2013 
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The percentage of patients who discontinued treatment due to a TEAE was greater with 
lixisenatide overall compared with the placebo group. Although the numbers are small 
and the subgroups were not of same size to make definitive conclusions, in the 
subgroup with GFR 30-45 mL/min/m2 (CKD-stage-3b), 10.8% of patients (10/93) 
discontinued due to AEs, and of these 6/93 discontinued due to GI side effects as 
shown in the tables below. When the entire moderate renal subgroup is considered, a 
slightly higher percentage discontinued, compared to the mild renal impairment and 
normal subgroups.  
 

Table 64: Number (%) of Patients Experiencing TEAE(s) in ELIXA Leading to 
Permanent Treatment Discontinuation Presented by Primary SOC and PT During the 
On-Study Period by Renal Subgroup -ITT Population 

 
Source: Source: Table 4, applicant’s response to information request dated April 23, 
2013 
 

Table 65: Number (%) of Patients Experiencing Gastrointestinal TEAE(s) in ELIXA 
Leading to Permanent Treatment Discontinuation Presented by Primary SOC and PT 
during the On-Study Period by Renal Subgroup -ITT Population 
 

 

 
Source: Table 4, applicant’s response to information request dated April 23, 2013 
 
The applicant had only presented SAEs, AEs of special interest and AEs leading to 
discontinuation in the ELIXA interim analysis report. Treatment-emergent adverse 
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events overall (datasets) were reviewed, and to assess for any increase in AEs with 
renal impairment, frequent TEAEs by HLTs (with relative risk assessments) are 
presented below using MedDRA adverse event diagnostic service (MAED) software, 
overall and by renal subgroup.  
 
Table 66: TEAEs by HLT, Overall and for Mild and Moderate Renal Impairment 
Subgroups, ELIXA: 

 Lixisenatide (N=1334) Placebo (N=1333)   

HLT Events 

Number 
of 
Subjects

Proportion
(%) Events

Number 
of 
Subjects

Propor 
-tion 
(%) RR 

RR C.I. 
(lower 
bound) 

All Subjects: 
Nausea and 
vomiting 
symptoms 495 299 22.41 127 74 5.55 4.038 3.167 
Appetite 
disorders 44 42 3.15 8 6 0.45 6.995 2.984 
Asthenic 
conditions 110 85 6.37 57 41 3.08 2.072 1.438 
Vascular 
hypotensive 
disorders 34 29 2.17 13 12 0.9 2.415 1.238 
Injection site 
reactions 100 31 2.32 41 15 1.13 2.065 1.12 
Neurological 
signs and 
symptoms 
NEC 328 88 6.6 228 61 4.58 1.442 1.049 
Dyspeptic 
signs and 
symptoms 36 29 2.17 18 16 1.2 1.811 0.988 
CRI stage 3 (eGFR 30-60 mL/min/m2)(Lixisenatide-296, placebo-346) 
Nausea and 
vomiting 
symptoms 159 80 27.03 43 26 7.51 3.597 2.377 
Appetite 
disorders 11 11 3.72 3 2 0.58 6.429 1.436 
Asthenic 
conditions 35 27 9.12 16 14 4.05 2.254 1.205 
Disturbances 
in 
consciousness 
NEC 40 11 3.72 18 4 1.16 3.215 1.034 
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 Lixisenatide (N=1334) Placebo (N=1333)   

HLT Events 

Number 
of 
Subjects

Proportion
(%) Events

Number 
of 
Subjects

Propor 
-tion 
(%) RR 

RR C.I. 
(lower 
bound) 

Injection site 
reactions 34 11 3.72 10 4 1.16 3.215 1.034 
Vascular 
hypotensive 
disorders 13 12 4.05 7 6 1.73 2.338 0.888 
CRI stage 2 (eGFR 60-90 mL/minute /m2)(Lixisenatide-727, placebo-730) 
Nausea and 
vomiting 
symptoms 237 154 21.18 70 38 5.21 4.069 2.897 
Appetite 
disorders 27 26 3.58 1 1 0.14 26.107 3.552 
Asthenic 
conditions 54 39 5.36 31 21 2.88 1.865 1.108 
Dyspeptic 
signs and 
symptoms 23 18 2.48 9 7 0.96 2.582 1.085 
Neurological 
signs and 
symptoms 
NEC 210 52 7.15 114 33 4.52 1.582 1.036 
Injection site 
reactions 64 19 2.61 31 11 1.51 1.734 0.831 
Normal- eGFR >90 mL/min/m2)(Lixisenatide-305, placebo-249) 
Nausea and 
vomiting 
symptoms 98 64 20.98 13 9 3.61 5.805 2.949 
Neurological 
signs and 
symptoms 
NEC 40 13 4.26 18 6 2.41 1.769 0.682 
Asthenic 
conditions 20 18 5.9 10 6 2.41 2.449 0.987 
Vascular 
hypotensive 
disorders 7 7 2.3 1 1 0.4 5.715 0.708 
Injection site 
reactions 2 1 0.33 0 0 0 2.451 0.1 
Appetite 
disorders 6 5 1.64 4 3 1.2 1.361 0.328 
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Preferred terms under select SOCs for frequent AEs were also compared using the 
JReview software program: 
 
Table 67: TEAEs by Renal Subgroup for Select SOCs, ELIXA 
Gastrointestinal disorders: 

Treatment 

 Dictionary-
Derived 
Term 

eGFR<30 
mL/min/m2 

eGFR30-
45 
mL/min/m2 

eGFR45-
60 
mL/min/m2 

eGFR60-
90 
mL/min/m2 

eGFR>90 
mL/min/m2 

 Total 
Subjects 

Lixi 
Nausea 

    1 
(0.08%) 

   28  
( 2.10%) 

   40  
( 3.01%) 

  144 
(10.82%) 

   60  
( 4.51%) 

  273  
( 7.68%) 

Pl 
Nausea 

    0  
( 0.00%) 

    6  
( 0.45%) 

   20  
( 1.50%) 

   33  
( 2.48%) 

    8  
( 0.60%) 

   67  
( 1.88%) 

Lixi 
Vomiting 

    0  
( 0.00%) 

   16  
( 1.20%) 

   15  
( 1.13%) 

   34  
( 2.55%) 

   11  
( 0.83%) 

   76  
( 2.14%) 

Pl 
Vomiting 

    1  
( 0.08%) 

    1  
( 0.08%) 

    6 ( 
0.45%) 

   13  
( 0.98%) 

    2  
( 0.15%) 

   23  
( 0.65%) 

Lixi 
Diarrhea 

    0  
( 0.00%) 

   12 ( 
0.90%) 

   12  
( 0.90%) 

   32  
( 2.40%) 

   16  
( 1.20%) 

   72  
( 2.02%) 

Pl 
Diarrhea 

    0  
( 0.00%) 

    4  
( 0.30%) 

   13  
( 0.98%) 

   35  
( 2.63%) 

   10  
( 0.75%) 

   62  
( 1.74%) 

Lixi 
Constipation 

    0  
( 0.00%) 

    4  
( 0.30%) 

    6  
( 0.45%) 

   14  
( 1.05%) 

    2  
( 0.15%) 

   26  
( 0.73%) 

Pl 
Constipation 

    0  
( 0.00%) 

    0  
( 0.00%) 

    6  
( 0.45%) 

   11  
( 0.83%) 

    1  
( 0.08%) 

   18  
( 0.51%) 

Lixi 
Dyspepsia 

    0  
( 0.00%) 

    2  
( 0.15%) 

    2  
( 0.15%) 

   17  
( 1.28%) 

    4  
( 0.30%) 

   25  
( 0.70%) 

Pl 
Dyspepsia 

    0  
( 0.00%) 

    0  
( 0.00%) 

    4  
( 0.30%) 

    6  
( 0.45%) 

    5  
( 0.38%) 

   15  
( 0.42%) 

Lixi Abdominal 
pain 

    0  
( 0.00%) 

    6  
( 0.45%) 

    2  
( 0.15%) 

   11  
( 0.83%) 

    4  
( 0.30%) 

   23  
( 0.65%) 

Pl Abdominal 
pain 

    0  
( 0.00%) 

    2  
( 0.15%) 

    4  
( 0.30%) 

    7  
( 0.53%) 

    1  
( 0.08%) 

   14  
( 0.39%) 

Lixi Abdominal 
pain upper 

    0  
( 0.00%) 

    1  
( 0.08%) 

    5  
( 0.38%) 

   12  
( 0.90%) 

    2  
( 0.15%) 

   20  
( 0.56%) 

Pl Abdominal 
pain upper 

    0  
( 0.00%) 

    1  
( 0.08%) 

    5  
( 0.38%) 

    7  
( 0.53%) 

    1  
( 0.08%) 

   14  
( 0.39%) 

 
Nervous system SOC: 

Treatment 

 Dictionary-
Derived 
Term 

eGFR<30 
mL/min/ 
m2 

eGFR30-
45 
mL/min/m2 

eGFR45-
60 
mL/min/m2 

eGFR60-
90 
mL/min/m2 

eGFR>90 
mL/min/m2 

Total 
Subjects 

Lixi 
Dizziness 

    1  
( 0.07%) 

    9  
( 0.67%) 

   13 ( 
0.97%) 

   48  
( 3.60%) 

   12  
( 0.90%) 

   83  
( 2.33%) 

Pl 
Dizziness 

    1  
( 0.08%) 

    6  
( 0.45%) 

   14  
( 1.05%) 

   32  
( 2.40%) 

    6  
( 0.45%) 

   59  
( 1.66%) 

Lixi 
Headache 

    0  
( 0.00%) 

    5  
( 0.37%) 

    9 ( 
0.67%) 

   34  
( 2.55%) 

   13  
( 0.97%) 

   61  
( 1.71%) 

Pl 
Headache 

    1  
( 0.08%) 

    2  
( 0.15%) 

   12  
( 0.90%) 

   26  
( 1.95%) 

   11  
( 0.83%) 

   52  
( 1.46%) 
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Treatment 

 Dictionary-
Derived 
Term 

eGFR<30 
mL/min/ 
m2 

eGFR30-
45 
mL/min/m2 

eGFR45-
60 
mL/min/m2 

eGFR60-
90 
mL/min/m2 

eGFR>90 
mL/min/m2 

Total 
Subjects 

Lixi 
Tremor 

    0  
( 0.00%) 

    1  
( 0.07%) 

    2  
( 0.15%) 

   15 
 ( 1.12%) 

    4  
( 0.30%) 

   22  
( 0.62%) 

Pl 
Tremor 

    0  
( 0.00%) 

    0  
( 0.00%) 

    4  
( 0.30%) 

    9  
( 0.68%) 

    1  
( 0.08%) 

   14  
( 0.39%) 

Lixi 
Insomnia 

    0  
( 0.00%) 

    1  
( 0.07%) 

    5  
( 0.37%) 

    5  
( 0.37%) 

    3  
( 0.22%) 

   14  
( 0.39%) 

Pl 
Insomnia 

    0  
( 0.00%) 

    0 
 ( 0.00%) 

    3  
( 0.23%) 

    5 
 ( 0.38%) 

    0  
( 0.00%) 

    8  
( 0.22%) 

Lixi 
Syncope 

    0  
( 0.00%) 

    4  
( 0.30%) 

    4  
( 0.30%) 

    5  
( 0.37%) 

    1  
( 0.07%) 

   14  
( 0.39%) 

Pl 
Syncope 

    0  
( 0.00%) 

    0  
( 0.00%) 

    4  
( 0.30%) 

    6  
( 0.45%) 

    0 
 ( 0.00%) 

   10  
( 0.28%) 

Lixi Vision 
blurred 

    0  
( 0.00%) 

    1  
( 0.07%) 

    2  
( 0.15%) 

    8  
( 0.60%) 

    3  
( 0.22%) 

   14  
( 0.39%) 

Pl Vision 
blurred 

    0  
( 0.00%) 

    1  
( 0.08%) 

    1  
( 0.08%) 

    7  
( 0.53%) 

    0  
( 0.00%) 

    9  
( 0.25%) 

Lixi 
Somnolence 

    0  
( 0.00%) 

    1  
( 0.07%) 

    1  
( 0.07%) 

    7  
( 0.52%) 

    1  
( 0.07%) 

   10  
( 0.28%) 

Pl 
Somnolence 

    0  
( 0.00%) 

    0  
( 0.00%) 

    0  
( 0.00%) 

    2  
( 0.15%) 

    1  
( 0.08%) 

    3  
( 0.08%) 

 
General disorders and administration site conditions: 

Treatment 
 Dictionary-
Derived Term 

eGFR<30 
mL/min/ 
m2 

eGFR30-
45 
mL/min/m2 

eGFR45-
60 
mL/min/m2 

eGFR60-
90 
mL/min/m2 

eGFR>90 
mL/min/m2 

Total 
Subjects 

Lixi Non-cardiac 
chest pain 

    0  
( 0.00%) 

    7  
( 0.52%) 

    5  
( 0.37%) 

   24  
( 1.80%) 

    8  
( 0.60%) 

   44  
( 1.24%) 

Pl Non-cardiac 
chest pain 

0     2  
( 0.15%) 

    5  
( 0.38%) 

   32  
( 2.40%) 

   13  
( 0.98%) 

   52  
( 1.46%) 

Lixi 
Fatigue 

    1  
( 0.07%) 

    3  
( 0.22%) 

    7  
( 0.52%) 

   16  
( 1.20%) 

   12  
( 0.90%) 

   39  
( 1.10%) 

Pl 
Fatigue 

0     1  
( 0.08%) 

    3  
( 0.23%) 

   11  
( 0.83%) 

    3  
( 0.23%) 

   18  
( 0.51%) 

Lixi 
Asthenia 

    0  
( 0.00%) 

    3  
( 0.22%) 

    9  
( 0.67%) 

   18  
( 1.35%) 

    5  
( 0.37%) 

   35  
( 0.98%) 

Pl 
Asthenia 

0     3  
( 0.23%) 

    7  
( 0.53%) 

    8  
( 0.60%) 

    3  
( 0.23%) 

   21  
( 0.59%) 

Lixi 
Hyperhidrosis 

    0  
( 0.00%) 

    0  
( 0.00%) 

    3 
 ( 0.22%) 

   13 
 ( 0.97%) 

    6  
( 0.45%) 

   22  
( 0.62%) 

Pl 
Hyperhidrosis 

0     0  
( 0.00%) 

    2  
( 0.15%) 

   12  
( 0.90%) 

    4  
( 0.30%) 

   18  
( 0.51%) 

Lixi 
Malaise 

    0  
( 0.00%) 

    4  
( 0.30%) 

    5 
 ( 0.37%) 

    7  
( 0.52%) 

    2  
( 0.15%) 

   18  
( 0.51%) 

Pl 
Malaise 

0     1  
( 0.08%) 

    2  
( 0.15%) 

    1  
( 0.08%) 

    4  
( 0.11%) 

    1  
( 0.08%) 

Lixi Injection site 
pain 

    0  
( 0.00%) 

    1  
( 0.07%) 

    1 
 ( 0.07%) 

    9  
( 0.67%) 

    1  
( 0.07%) 

   12  
( 0.34%) 

Pl Injection site 
pain 

0     0  
( 0.00%) 

    1  
( 0.08%) 

    2  
( 0.15%) 

    0  
( 0.00%) 

    3  
( 0.08%) 
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Metabolism and nutrition disorders 

Treatment 
 Dictionary-
Derived Term 

eGFR<30 
mL/min/ 
m2 

eGFR30-
45 
mL/min/m2

eGFR45-
60 
mL/min/m2

eGFR60-
90 
mL/min/m2

eGFR>90 
mL/min/m2 

Total 
Subjects 

Lixi 
Hypoglycemia 

    1  
( 0.07%) 

   18  
( 1.35%) 

   32  
( 2.40%) 

   80  
( 6.00%) 

   37  
( 2.77%) 

  168  
( 4.72%) 

Pl 
Hypoglycemia 0 

   17  
( 1.28%) 

   31  
( 2.33%) 

   75  
( 5.63%) 

   17 
 ( 1.28%) 

  140  
( 3.94%) 

Lixi Decreased 
appetite 

    0  
( 0.00%) 

    3  
( 0.22%) 

    8  
( 0.60%) 

   25 
 ( 1.87%) 

    5  
( 0.37%) 

   41  
( 1.15%) 

Pl Decreased 
appetite 0 

    0  
( 0.00%) 

    2  
( 0.15%) 

    1  
( 0.08%) 

    3  
( 0.23%) 

    6  
( 0.17%) 

 
 
Reviewer’s Conclusion: 
In the completed program, exaggerated differences between lixisenatide and control 
groups were noted in subjects with mild renal impairment (creatinine clearance 50-
80mL/min) for the PTs of nausea, vomiting and hypoglycemia when compared to 
subjects with normal renal function (creatinine clearance > 80 mL/min). This is 
suggestive of increased likelihood of nausea and vomiting in patients with renal 
impairment when compared to patients with normal renal function, potentially related to 
increased exposure.  
In the ELIXA study, increased number and proportion of AEs seem to occur in the 
subgroup with mild renal impairment compared to the other renal subgroups. Increased 
frequency relative to placebo occurred only for the PTs of nausea and vomiting.  
 
There was a higher percentage of discontinuations in the moderate renal impairment 
subgroup with lixisenatide (specifically GFR 30-45 mL/min/m2), although there does not 
appear to be an increase in AEs overall in this subgroup. These conclusions are limited 
due to the smaller sample size in this subgroup compared to the mild renal impairment 
subgroup. 
 
Overall, advising caution in patients with mild or moderate renal impairment and not 
recommending use in patients with severe renal impairment due to limited experience 
seems to be a reasonable approach. 
 
 
Neoplasms: 
 
Pancreatic and thyroid cancer were discussed in detail under submission specific 
primary safety concerns. 
  
Benign and malignant neoplasms in the Phase 2/3 pool and in ELIXA were reported as 
in the tables below.  
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Table 69: Malignancies reported in ELIXA as of Cut-off date of July 25, 2012   

 
Reviewer’s Comment: Overall malignancies seemed balanced between treatment and 
comparators except for lung cancer. This was assessed further and additional 
information was requested from the applicant. 
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Table 70: Neoplasms Reported as SAE in Lixisenatide  Patients - Completed Program: 
(Pancreatic, thyroid and lung cancer are discussed separately) 
Subject ID Type of malignancy, 

exposure duration 
Action taken with IP, status 

EFC 6015-39251001 
74 yr old male, 

Left carcinoma-glottis, Day 
646 

Continued, recovering 

EFC10743-642302022 
41 yr old male 

Renal neoplasm, Day 644 Continued, recovered with 
sequelae 

EFC10743-642302038 
48 yr old female 

Right ovarian tumor 
(malignant stage 3C), Day-
588 

Continued, recovered with 
sequelae 

EFC10743-440305001 
60 yr old male 

Renal neoplasm (clear cell 
carcinoma with low 
differentiation, PT3A, G3. 
N0, M0, III ST.), Day 594 

Continued, recovered. 

EFC6014-203411014 
59yr old male 

Renal cell carcinoma, Day 
560 

Continued, recovered 

EFC10743-484302001 
42 yr old female 

Breast cancer (infiltrating 
ductal adenocarcinoma 
grade 2), Day 451  

Discontinued, recovered 

EFC10781, 616205004 
62 yr old female 

Metastatic breast cancer, 
Day 126 

Continued, not recovered 

EFC6016-076601011 
39 yr old female 

Anogenital warts, 
carcinoma of cervix, Day 
539 

Continued, recovered 

DRI6012-616004042 
68 yr old female 

Acute myeloid leukemia, 
Day 68 

Discontinued, unknown 

EFC6019-840934002 
54 yr old male 

Metastatic carcinoma, Day 
49 

Discontinued, fatal 

EFC6015-158504011 
75 yr old female 

Brain neoplasm benign, 
Day 701 

Continued, recovered 

EFC6019-724904002 
60 yr old male 

Mid brain tumor, Day 579 
(reported post-treatment)  

Continued, not recovered 

EFC 6015-158501007 
49 yr old male 

Rectal cancer, Day 180 Discontinued, recovered 

EFC6015-158502005 
52 yr old male 

Rectosigmoid cancer, Day 
197 

Continued, not recovered 

EFC10887-392109009 
78 yr old male 

Renal cell carcinoma, Day 
56 

Continued, Recovered 

EFC6015-203510005 
61 yr old male 

Carcinoma prostate, Day 
561 

Continued, not recovered 

Reviewer’s assessment: Most subjects were exposed to lixisenatide for long periods at 
diagnosis making association to study drug possible. However, given the balanced 
number of events compared to placebo and similar patterns of exposure duration to 
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Source: Applicant’s response to IR dated June 6, 2013 
 
The Division of Oncology products (DOP2) was consulted about this adverse event (Dr. 
Khozin’s review dated 7/26/13).  Dr. Khozin included all 8 cases.  Points from his review 
are noted below. 
 
“The median time to diagnosis in the eight reported cases of lung cancer was 407 days 
(range 41 to 743) and median reported age was 58 years (range 45 to 80). There were 
more females (60%) than males.  
 
Two patients were diagnosed with lung cancer on days 41 and 52, making it very 
unlikely drug-related. However, the median age at diagnosis was only 58 (range 45 to 
80), which is less than the reported median age of lung cancer diagnosis in the general 
population. According to the information obtained from the Surveillance Epidemiology 
and End Results (SEER) database, from 2006-2010, the median age at diagnosis for 
cancer of the lung and bronchus in the United States was 70 years of age with 
approximately 21.3% diagnosed between 55 and 64 years of age. The age-adjusted 
incidence rate was about 61 per 100,000 men and women per year. These statistics 
can be considered similar to that of most developed countries.  
 
Assuming 3958 patient-years of exposure for lixisenatide, the non-adjusted incidence of 
lung cancer in this population would be about 200 per 100,000 patient-years. The 
incidence of lung cancer in high risk individuals can be estimated at about 600 cases 
per 100,000 person-years based on the results of the National Lung Screening Trial 
(NLST). Therefore, the incidence rate of lung cancer in the lixisenatide-exposed group 
is higher than the general population but lower than the rate in high risk individuals. 
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In conclusion, it is not clear if the reported cases of lung cancer in the lixisenatide 
exposed individuals represent a true signal or a chance finding.” 
 
The Oncology consultant recommended that the applicant collect data on the relative 
risk and risk difference of lung cancer in patients exposed to lixisenatide versus placebo 
with a median duration of follow up of at least 5 years, preferably in the ongoing 
cardiovascular outcome study (ELIXA) in which smoking history and other risk factors 
are collected.  On August 28, 2013, DMEP requested these data from the applicant. 
The Oncology consultant also recommended collecting detailed information on the 
histopathological diagnosis and molecular characteristics of all observed cases of lung 
cancer in this study.  They also recommended ongoing pharmacovigilance in 
consultation with the office of surveillance and epidemiology (OSE) A consult has been 
generated and the review is pending.  
 
On August 19, 2013, the applicant submitted a response to an IR for an integrated 
assessment of AEs of interest in the completed Phase2/3 program and ELIXA. In this 
integrated analyses, the applicant has a cut-off date of January 25, 2013 for neoplasms. 
The applicant reports ten cases of lung cancer with lixisenatide versus five with placebo 
in this update.  Based on data submitted in these analyses, it seems likely that the 
imbalance observed with lixisenatide for lung cancer is a chance finding.  
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Figure 19: Forest Plot of Malignancies by Type for the Pooled Data of Completed Phase 
2 and 3 Controlled Studies and ELIXA (Day 120 SUR cutoff date of Jan 25, 2013): 
Lixisenatide versus All Comparators - Safety Population 

 
 
All Cardiac AEs: 
 
Meta-analysis of CAC adjudicated major CV events will be discussed separately with 
the ELIXA study interim analysis. The ELIXA study has met non-inferiority criterion 
requirements (upper bound of 96% CI less than 1.8 compared to comparator) to support 
regulatory submission 

Reference ID: 3364935Reference ID: 3954238

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

188 

Table 72: Non-MACE Cardiac TEAE(s) by Primary SOC, HLGT, HLT and PT in 100 
Patient-years in Phase 3 Placebo-Controlled Studies: Entire Treatment Period, Safety 
Population  

 

 

 

 
 
Source: ISS-Appendix 1.2.2.19, Pg 1443-1445 
 
For the vascular disorders SOC, except for the imbalance in hypertensive crisis/urgency 
events reported as SAEs with lixisenatide and discussed in section 7.3.4, there were no 
unusual imbalances in AEs in this SOC (I.S.S. Appendix 1.2.2.19) 
 
Numerically, but not statistically significantly, more events occurred in lixisenatide-
treated patients compared to the placebo group for supraventricular arrhythmias HLT 
(1.0% versus 0.6%; 0.9 versus 0.6 per 100 patient-years of total exposure), cardiac 
conduction disorders HLT (0.6% versus 0.1%; 0.5 versus 0.1 per 100 patient-years of 
total exposure), palpitations PT (1.4% versus 0.6%; 1.2 versus 0.6 per 100 patient-
years of total exposure), and tachycardia PT (0.6% versus 0.1%; 0.5 versus 0.1 per 100 
patient-years of total exposure). 
 
The applicant reports that none of the events under the supraventricular arrhythmias 
HLT were serious or led to treatment discontinuation (ISS-appendix 1.2.4.2 and 
1.2.5.1.2). The most frequently reported PT was atrioventricular block first degree, 
which was reported at a rate of 0.2% in lixisenatide-treated patients and 0.1% in the 
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placebo group. All events reported in the Phase 3 placebo-controlled studies over the 
entire treatment period with the PT term palpitations and the PT term tachycardia, were 
reported as non-serious. One single event of palpitations reported in a lixisenatide-
treated patient (Patient No. 410510033 in Study EFC6015) led to treatment 
discontinuation. This patient experienced dizziness, palpitation, and tremor (? 
symptomatic hypoglycemia) on study Day 09 while receiving lixisenatide 15 μg/day. The 
event resolved on the same day without treatment. The same symptoms were reported 
again on Day 25 after which IP was discontinued. The outcome was reported as 
recovered. 
 
Serious events in the cardiac conduction disorders HLT with lixisenatide (complete AV 
block and Stokes-Adams syndrome) are discussed below: 
Complete heart block: Two subjects on lixisenatide developed complete AV block 
reported as serious adverse events. In addition, another subject developed Stokes-
Adam syndrome. Subject 276503001, Study EFC6015 – lixisenatide: this 73-year-old 
male was receiving lixisenatide 10 μg/day. On study Day 8, the patient experienced 
vertigo and dyspnea and was hospitalized with grade 3 atrioventricular block. IP was 
temporarily discontinued. Treatment included pacemaker placement and the event 
resolved. IP was re-started on Day 16 
Subject 528506001, Study EFC6015 – lixisenatide: this 65-year-old male was receiving 
lixisenatide 20 μg/day. On study Day 331, the patient experienced chest pain. IP was 
discontinued on study Day 334 due to patient’s request. On study Day 335, the patient 
was hospitalized and diagnosed with myocardial infarction. Upon admission, mitral 
valve insufficiency and 3rd degree atrioventricular block were also noted requiring a 
temporary external pacemaker. Ten days post-treatment, the patient underwent 
coronary artery bypass graft surgery with placement of a mitral ring as corrective 
treatment for mitral valve insufficiency. The events resolved and pacemaker was 
discontinued.  
Subject 804305006, Study EFC10743 – lixisenatide: this 73-year-old female with a 
medical history of diabetes mellitus since 1995, hypertension, dyslipidemia, 
sinoauricular block and congestive heart failure was receiving lixisenatide 20 μg/day. On 
study day 398, the patient experienced angina pectoris and was hospitalized with 
ischemic heart disease and Wolff Parkinson- White syndrome. On study Day 403, the 
patient was diagnosed with worsening of sinoauricular conduction (Adams-Stokes 
syndrome) and had frequent episodes of Morgagni-Adams-Stokes attacks with asystole 
up to 5 seconds identified in Holter monitoring. The patient received clinical treatment 
for the myocardial ischemia and on Day 409 a pacemaker was implanted. The events 
resolved. IP was not discontinued due to the adverse events. 
 
In both active control studies (EFC 6019 and EFC 10780), the number of patients with a 
TEAE in the cardiac disorders SOC was similar in both treatment groups. 
 
To investigate if there was an impact of heart rate (HR) on the occurrence of selected 
cardiac disorders TEAEs (palpitations [PT] or tachycardia [PT] or supraventricular 
arrhythmias [HLT] or cardiac conduction disorders [HLT]), the applicant compared HR 
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data for patients with these selected cardiac disorders TEAEs versus patients without 
such an event using box plots over time for actual values and change from baseline. 
There appears to be no trends for median HR or outliers, but this data is limited by the 
fact that only HR at selected visits is available. Quantitative effect on HR was evaluated 
in the thorough QT study. 
Figure 20: HR Change from Baseline- Subjects with Tachycardia, Supraventricular 
Arrhythmias or Conduction disorders. 

Box plot of heart rate change from baseline at 
selected visits in lixisenatide patients with 
selected PT or HLT in cardiac disorders SOC in 
Phase 3controlled studies - safety population 

Box plot of heart rate change from baseline 
at selected visits in lixisenatide patients 
without selected PT or HLT in cardiac 
disorders SOC in Phase 3 controlled studies 
- safety population 

Studies included: Phase 3 placebo-controlled studies (EFC6014, EFC6015, EFC6016, EFC6017, EFC6018, 
EFC10743, EFC10781, EFC10887 and EFC11321) and active-controlled studies (EFC6019 and EFC10780). 
Selected PTs or HLTs: palpitations (PT) or tachycardia (PT) or supraventricular arrhythmias (HLT) or cardiac 
conduction disorders (HLT). 
BL: baseline. 
Source: Appendix 1.2.6.18 and 1.2.6.19, ISS-pg 4222-4223 
 
Neurological disorders: 
Table 73: Non-MACE Neurologic TEAE(s) by Primary SOC, HLGT, HLT and PT in 100 
Patient-years in Phase 3 Placebo-controlled Studies: Entire Treatment Period Safety 
Population 
Preferred Term  Lixisenatide (N=3623) All Comparators (N=2336) 
 n Crude 

rate% 
Incidence 
per 100 
PY 

n Crude 
rate (%) 

Incidence 
per 100 PY 

Somnolence  37  1.0%  1.0  12  0.5%  0.5 
Dizziness  283  7.8%  7.4  147  6.3%  6.7 
Presyncope 5  0.1%  0.1  2  0.1%  0.1 
Lethargy  14  0.4%  0.4  3  0.1%  0.1 
Headache  422  11.6% 11.0  207  8.9%  9.5 
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Preferred Term  Lixisenatide (N=3623) All Comparators (N=2336) 
 n Crude 

rate% 
Incidence 
per 100 
PY 

n Crude 
rate (%) 

Incidence 
per 100 PY 

Tension headache  10  0.3%  0.3  1  0.0%  0.0 
Tremor 89 2.5%  2.3  32  1.4%  1.5 
 
Source: Appendix 1.2.2.19-ISS, page 1420-1432 
 
As listed above there was a numerical imbalance with higher number of events with 
lixisenatide for the PTs-dizziness/presyncope, headache, tremor, (discussed under 
common AEs), somnolence and lethargy.  
 
There was an imbalance in the HLT seizure and seizure disorders (4 vs. 0). Hence 
narratives were requested from the applicant since they were not reported as SAEs 
(safety response dated June 10, 2013).  
 
Subject ID: 124407008; EFC6014 (PT: Epilepsy) involves a 56 year-old 
Caucasian/White female patient. This patient with no prior history of epilepsy was 
reported with the event on Day 335. Concomitant medications included paroxetine and 
temazepam. No action was taken with IP; the outcome was reported as not recovered. 
No events of symptomatic hypoglycemia were reported. 
 
Subject ID: 804405016; EFC6014 (PT: Partial seizures) involves a 58 year-old 
Caucasian/While female patient. On  (Day 316) an event of partial seizure 
of feet was reported. No further details regarding this event were provided. The 
outcome for the event was reported as not recovered. No action was taken with the IP. 
No events of symptomatic hypoglycemia were reported. 
 
Subject ID: 840864003; EFC6017 (PT: Convulsion) involves a 49-year-old 
Caucasian/White male patient randomized to lixisenatide. On Day 526, the patient 
experienced a seizure. On that day, at approximately 11:00 AM and soon following the 
injection of lixisenatide, the patient experienced a witnessed complex tonic-clonic 
epileptic seizure lasting 2.5 minutes with minor trauma to the right elbow and biting of 
the inner lip and tongue. After the event he was tired and confused without focal 
neurological deficits. He then slept for an hour, got up for a period of time and then went 
back to sleep for another 3 hours. Blood sugar readings were 115 mg/dL at 08:03 AM, 
115 mg/dL at 13:32 (after the event) and 154 mg/dL at 17:12. The patient and his sister 
reported postictal-like episodes approximately once a week for the past 4-5 months. 
The assessment did not disclose any personal history or personal risk factor for 
epilepsy, but revealed a positive familial history of seizure disorders in both of his 
sisters. The neurologist considered that the seizure was related to chronic arterial 
insufficiency in the brain, possible hypoglycemia (although not confirmed at the time) 
since the patient had not eaten for approximately 15 hours and a lower genetic epileptic 
threshold. 
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Subject ID: 764502006; EFC6015 (PT: Epilepsy) involves a 56 year-old Asian/Oriental 
Male. On  Day 424, the patient experienced seizure due to known epilepsy. The event 
required corrective treatment (unspecified). The patient was receiving lixisenatide 20 μg 
daily at the time of the event and no action was taken with the IP. During the study, the 
patient had three episodes of hypoglycemia reported on  (Day 84),  

(Day 94) and  (Day 230). Blood glucose levels were 57, 58, and 
47 mg/dL respectively. Symptoms included palpitations in two episodes and feeling 
shaky in one episode. All events had prompt recovery with oral carbohydrates and were 
assessed as non-serious. Contributing factors for all events of hypoglycemia were 
reported as patient skipped meal or changed diet intake. No events of hypoglycemia 
had been reported around the time of the above described event of seizure. 
 
Reviewer’s assessment: Except for one patient with a known history of epilepsy, 
hypoglycemia playing a contributory role to seizures in the other patients cannot be 
excluded. It is to be noted that Subject 840864003 (EFC6017) reported multiple 
episodes over 4-5 months while on study drug. Except Study 6015, all the other trials 
were not add-on to insulin or sulfonylurea studies. 
 
Other than the events discussed under serious adverse events and AEs leading to 
discontinuation, there were no significant AE imbalances in the Psychiatric Disorders 
SOC (ISS- Appendix 1.2.2.18 and 1.2.2.19) in the Phase 3 placebo-controlled studies or 
controlled Phase 2/3 studies. 

7.3.4 Nonfatal Serious Adverse Events 

Non-fatal serious adverse events over the entire treatment period in placebo-controlled 
studies are discussed below. I chose the entire treatment period over the main 
treatment period of 24 weeks since, except for early discontinuation due to nausea and 
vomiting, the discontinuation rate was comparable between both groups over time 
(section 7.2.1) and at least 50% of subjects were exposed to study treatment over 52 
weeks. The incidence rate of serious TEAEs was 8.5% in the lixisenatide group 
compared with 7.8% in the placebo group. The listing below compares serious TEAEs 
in the entire treatment period in the pivotal Phase 3 placebo-controlled studies. In the 
controlled Phase 2/3 studies, the incidence of serious TEAEs in the lixisenatide group 
was 7.6% compared to 6.7% in the all comparators group (Table 37 and Appendix 
1.2.4.3 in the ISS). 
 
In general, given the subject population demographics with median diabetes duration of 
8 yrs, percentage of insulin-dependent subjects, percentage of subjects with 
microvascular and macrovascular complications, and co-morbid illness at baseline, 
most of the serious adverse events reported can be expected to occur. 
 
Numerical imbalances are highlighted in which an event occurred in at least two more 
lixisenatide-treated patients than in comparator-treated patients. Narratives for these 

Reference ID: 3364935Reference ID: 3954238

(b) (6) (b) (6)

(b) (6)

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

193 

events are briefly discussed in this section, excluding serious adverse events in the 
neoplasms (excluding pancreatic and medullary thyroid cancer), hepatic, renal and 
neurological categories. These were discussed in the significant adverse events Section 
7.3.3.  Adverse events of special interest (hypersensitivity, pancreatitis, medullary 
thyroid and pancreatic cancer, hypoglycemia, injection site reactions, and 
immunogenicity were discussed in Section 7.3.2. Serious adverse events related to 
delayed gastric emptying (nausea, vomiting, gastroesophageal reflux disease [GERD] 
symptoms) will also be discussed in Section 7.3.5.  
Table 74: Non-MACE Serious Adverse Events in Phase 3 Placebo- Controlled Studies; 
Entire Treatment Period, Safety Population 

High level term (HLT) or Preferred Term (PT) Placebo Lixisenatide 
HLT: Cardiac conduction disorders  1 (<0.1%)  3 (0.1%) 
Atrioventricular block complete  0  2 (<0.1%) 
Sudden hearing loss 0  2 (<0.1%) 
EYE DISORDERS  1 (<0.1%)  11 (0.4%) 
HLGT: Retina, choroid and vitreous haemorrhages 
and vascular disorders  

1 (<0.1%)  6 (0.2%) 

Vitreous hemorrhage  0  3 (0.1%) 
HLT: Cataract conditions  0  3 (0.1%) 
Cataract  0  2 (<0.1%) 
Retinal detachment  0  2 (<0.1%) 
Hemorrhoids  0  3 (0.1%) 
Umbilical hernia  0  2 (<0.1%) 
HLT: Nausea and vomiting symptoms  0  3 (0.1%) 
Appendicitis  0  2 (<0.1%) 
Urinary tract infection 1 (<0.1%)  5 (0.2%) 
Pyelonephritis  0  1 (<0.1%) 
Pyelonephritis acute 0  1 (<0.1%) 
Urosepsis 0  1(<0.1%) 
Road traffic accident  0  3 (0.1%) 
Fall  0  2 (<0.1%) 
Multiple injuries 0  2 (<0.1%) 
Rib fracture 0  3 (0.1%) 
HLT: Upper limb fractures and dislocations  2 (0.1%) 5 (0.2%) 
Osteoarthritis 2 (0.1%)  7 (0.2%) 
Pancreatic enzymes increased  0  2 (<0.1%) 
Hypoglycemic unconsciousness 0  2 (<0.1%) 
Pancreatic carcinoma  0  3 (0.1%) 
Depression  0  2 (<0.1%) 
HLT: Schizophrenia NEC  0  3 (0.1%) 
Hypertensive crisis  0  4 (0.1%) 
Peripheral arterial occlusive disease  0  2 (<0.1%) 
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Source:  ISS listing-Appendix 1.2.4.2  
 
 
 
Sudden hearing loss: 
 
Subject 392519001; EFC6015) experienced tinnitus and right sudden deafness (sudden 
hearing loss) of moderate severity on Day 631. On Day 633, he presented with tinnitus 
and hoarseness, and an otorhinolaryngological examination revealed a left vocal cord 
tumor which was later diagnosed as left carcinoma glottis (glottis carcinoma). 
 
Subject 392534004; EFC6015: On Day 65, the patient developed sudden moderate 
deafness of the right ear, attributed to stress and fatigue. At the time of this event, the 
patient was receiving lixisenatide 20 μg per day. On Day 70, he complained of vertigo, 
vomiting, right tinnitus, and blocking sensation in the ear. He was treated 
symptomatically for presumably peripheral (labyrinthine) vertigo/ Meniere’s disease and 
seen by an otorhinolaryngologist. On Day 71, the patient’s hypoacusis became severe 
and he was hospitalized. The IP was withheld from Day 66 through Day 86. The exact 
diagnosis was not reported in the narrative. The event of right sudden deafness (sudden 
hearing loss) was ongoing at the time of the last available report. 
 
Eye disorder imbalance:  
 
Since there 11 SAEs in this class for lixisenatide versus 1 for placebo, the narratives 
were reviewed. 
These included  

 cataract -EFC6015- Subjects 410503003 and 410504003. Both patients had 
documented cataracts pre-treatment and had surgery during the study; Study 
6016- Subject 250607001, had microvascular complications but no prior history 
of cataract, diagnosed on Day 100 

 lens dislocation-EFC6016- Subject 276606003. The patient had a history of 
artificial lens implant in the left eye secondary to cataract. 

 diabetic retinopathy and macular edema- EFC6017- Subject 040704004. The 
patient had a history of multiple microvascular complications. 

 retinal detachment- EFC6017- Subject 642711011- associated with vitreous 
hemorrhage and diabetic retinopathy; EFC6017- Subject 484304018-developed 
left retinal detachment with retinal hemorrhage, no history of microvascular 
complications reported but history of diabetes over 15 years. 

 retinal hemorrhage- EFC6016,Subject 792602001- had a history of diabetic 
retinopathy 

 hemorrhagic retinopathy- EFC6016, Subject 630625003- had history of 
retinopathy 

 vitreous hemorrhage— EFC6014, Subject 642403007- no prior microvascular 
complications reported; EFC6015- Subject 392527012- had a history of diabetic 
retinopathy 
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Seven patients on lixisenatide versus one on placebo (ratio of 3.5 : 1 based on 
exposure) had complications secondary to retinopathy reported as SAEs. Two of these 
patients had no reported prior microvascular disease. 
 
Urinary tract infection (UTI), pyelonephritis and urosepsis (eight patients on lixisenatide 
total vs. one UTI in a placebo patient, ratio of 4:1 based on exposure): 

 study 6016- Subject 152601003- female patient developed a complicated UTI 
requiring IV antibiotics  

 EFC 6016- Subject 250602009- developed UTI/pyelonephritis secondary to renal 
calculus and required a left ureteric stent  

 study 6016- Subject 250602023- male patient hospitalized for UTI secondary to 
prostatic hypertrophy  

 EFC 6017- Subject 604705016- developed UTI requiring IV antibiotics secondary 
to bilateral nephrolithiasis  

 EFC6019- Subject 170904008- patient was hospitalized with recurrent episodes 
of urosepsis/septic shock (X3) secondary to obstructive kidney stones. 
Investigational product was temporarily withheld for up to 60 days during each 
episode and she required a nephrostomy/lithotripsy. 

 EFC 6015- Subject  410508005- patient hospitalized for UTI secondary to 
ureteric calculus 

 EFC 6015- Subject  40532001- female patient developed UTI and abdominal 
pain requiring IV antibiotics. Abdominal CT scan was negative for pancreatitis. IP 
was discontinued by subject on day 294. She was diagnosed with cystocele post-
treatment requiring surgical repair. 

 EFC 6019-Subject 348902009- male patient hospitalized for acute pyelonephritis, 
required an indwelling catheter a year earlier (reason not reported). 

Of the eight patients with complicated UTI, four developed it secondary to renal 
calculus; the rest were due to other etiologies.  
 
Appendicitis: 
In the placebo-controlled studies two patients (EFC10743- Subject-  440304002, EFC 
6017- Subject- 8400707008) had acute appendicitis reported as SAE. In the Phase 2/3 
pool, there were three cases with lixisenatide versus one with comparator, including one 
case of perforated appendicitis in study DRI6012 in a patient on placebo. 
 
Umbilical hernia: 
Two patients (040704002, 276701002) on lixisenatide from EFC6017 versus none on 
placebo had umbilical hernia reported as SAE. Both underwent surgery for obstructed 
hernia. One patient had the condition reported in their medical history. 
 
Hemorrhoids: 
Three patients on lixisenatide versus none on placebo had hemorrhoids reported as an 
SAE. 
EFC10781-Subject  356206011- hospitalized for rectal bleeding due to hemorrhoids and 
had a hemorrhoidectomy during same hospitalization. 
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EFC6014- Subject 484402010 & EFC6015- Subject 410508003- hospitalized for 
proctitis/hemorrhoids and underwent surgical treatment. 
 
Hypertensive crisis (4 subjects on lixisenatide versus none on placebo-all reported from 
same study [EFC6014]) 

 Subjects 276404007, 608403004 and 608404016 had hypertensive urgencies 
 Subject-804402008- hypertensive encephalopathy due to hypertensive crisis 

 
Peripheral arterial occlusive disease: 
Both patients (EFC 6014- Subjects-276405001, 6015-276503004) had prior history of 
PAD and experienced an on-treatment exacerbation. 
 
Schizophrenia and Depression: 
Three patients (EFC 6015- Subjects-276503002 and 840520010; EFC 10781- Subject- 
233202001) had paranoid schizophrenia (Two subjects) and simple schizophrenia (one) 
reported as SAE. All subjects had a prior medical history of the condition. 
Depression-related SAEs (depression, suicidal attempt, completed suicide) appeared 
balanced when considered together (three with lixisenatide versus two with placebo). 
 
Osteoarthritis: 
Seven subjects on lixisenatide vs. two placebo subjects had this reported as an SAE. 
On review of the narratives (EFC10743- Subject 276306002; EFC6014- Subjects 
276405005, 036401003, 191401007and  203413006; EFC6016- Subject 840647005; 
EFC6017- Subject 840709005), except one patient who was hospitalized for pain 
control, all the others were for meniscal resection or joint arthroplasties.  
 
Falls, fracture and injury imbalances reported as SAEs: 
There were three rib fractures reported as SAEs and associated with multiple trauma. 
On reviewing the incidence rate per 100 patient-years of exposure in Phase 2/3 studies 
(ISS appendix 1.2.2.20 starting on page 1757), fractures overall seem balanced except 
for rib fractures (13 with lixisenatide, two with comparator) and there does not seem to 
be a signal that has to be further explored since these are not associated with increased 
bone fragility.  
 
Table 75: Fracture TEAEs by HLT in Phase 2/3 Controlled Studies- Safety Population 
including Incidence per 100 Patient-Years of Exposure: 
PRIMARY SYSTEM ORGAN 
CLASS 
HLT: High Level Term 

Lixisenatide (n=3623) All Comparators (n=2336) 

 n Crude 
Rate 
(%) 

Incidence 
(100PY) 

n Crude 
Rate (%)

Incidence
(100PY) 

Upper limb fractures and 
dislocations  

18 0.5% 0.5 11 0.5% 0.5 
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PRIMARY SYSTEM ORGAN 
CLASS 
HLT: High Level Term 

Lixisenatide (n=3623) All Comparators (n=2336) 

 n Crude 
Rate 
(%) 

Incidence 
(100PY) 

n Crude 
Rate (%)

Incidence
(100PY) 

Lower limb fractures and 
dislocations 

16 0.4% 0.4 13 0.6% 0.6 

Thoracic cage fractures 
and dislocations 

14 0.4% 0.4 2 0.1% 0.1 

Spinal fractures and 
dislocations  

4 0.1% 0.1 2 0.1% 0.1 

Fractures and 
dislocations NEC 

3 0.1% 0.1 3 0.1% 0.1 

Skull fractures, facial 
bone fractures and 
dislocations 

2 0.1% 0.1 1 0.0% 0 

Source: ISS Appendix 1.2.2.20, starting page 1757 

7.3.5 Dropouts and/or Discontinuations 

Applicant’s Tables 16 and 17 in the ISS outline subject disposition in the Phase 3 
placebo-controlled studies and all Phase 2/3 studies respectively. Overall, the rates of 
treatment discontinuations during both the main and entire treatment periods were 
higher in the lixisenatide group when compared with the placebo group, with the main 
reason for discontinuation being adverse events in both treatment periods (4.6% vs. 1.8 
% for main period; 9.4% vs. 5.1% for entire treatment period). This was followed by 
“other reasons” and poor compliance to protocol. A similar pattern was observed when 
all Phase 2/3 studies were considered (Table 17-ISS). 
 
When “other reason” was given as the reason for treatment discontinuation, the 
applicant reports that a statement describing the patient’s reported reasons was entered 
into the eCRF in order to ensure the reason did not involve an AE. These statements 
were reviewed by the clinical study team at the time of the Data Review and 
Surveillance meetings, and queries were sent to the sites to confirm that these did not 
involve AEs that led to treatment discontinuation. 
 
Some of the most common reasons given in this category were moving to another 
location or extended travel, no longer wants to perform injections, unspecified personal 
reasons, family related issues, lack of time to attend site visits, and tired of study visits 
and procedures.  
 
The applicant reports a greater difference between lixisenatide and placebo K-M curves 
earlier in the study, which is reflective of the effects of nausea and vomiting after 
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initiating treatment in the lixisenatide group (Figure 2 and 3-ISS, page 86/87). This will 
be discussed in section 7.3.5.  
Table 76: Patient Disposition in Phase 3 Placebo-Controlled Studies - Randomized 
Population 

 
Source-Table 16, ISS 
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Table 77: Patient Disposition in Phase 2/3 Studies - Randomized Population 

 
Source: Table 17- ISS 
 
In the active-controlled study versus exenatide (EFC6019), a total of 639 patients were 
randomized; the applicant excluded five randomized and treated patients from a 
noncompliant German site (Site No. 276-905) from all efficacy analyses and reported 
only safety data separately in the study report (no deaths or SAEs reported for these 
patients). All 634 patients (318 in the lixisenatide and 316 in the exenatide groups) 
included in the analysis were exposed to the study treatment. The percentages of 
patients who discontinued the treatment during the whole study were similar between 
treatment groups (32.1% for lixisenatide, 30.4% for exenatide) as well as the 
percentage of patients who discontinued treatment due to AEs (14.2% in each group). 
There were eight deaths reported in the study, four in each treatment group. 
 
In the 24-week active-controlled study versus sitagliptin (EFC10780), a higher rate of 
treatment discontinuation was observed in the lixisenatide group (16/158- 10.1%) when 
compared to the sitagliptin group (11/161- 6.8%) (5.3.5.1 Study EFC10780, efc10780-1-
15-body [Table 3]). This difference was reported to be due to a higher incidence in the 
lixisenatide group for discontinuations due to poor compliance, loss to follow-up and 
other reasons. 
 
Reported adverse events leading to discontinuation: 
 
During the entire treatment period in the Phase 3 placebo-controlled study pool, the rate 
of treatment discontinuation due to TEAEs was higher in the lixisenatide group (9.3%) 
when compared with the placebo group (4.8%) (Appendix 1.2.5.1.2-ISS). On comparing 
the main treatment period with the entire treatment period, most GI AEs such as nausea 
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and vomiting leading to treatment discontinuation appeared to have occurred earlier in 
the main treatment period. Since overall, the AE imbalances occurred for the same PT 
and SOC in both treatment periods, applicant’s Table 87 from the ISS showing TEAEs 
leading to discontinuation in two or more subjects in the main treatment period is shown 
below and discussed. Cardiac disorders are discussed in a separate review/briefing 
document. Individual narratives for TEAEs leading to discontinuation, that were 
increased with lixisenatide treatment and not covered under primary safety concerns, 
adverse events of special interest and SAEs, were reviewed and briefly discussed here. 
Nausea and vomiting will be discussed in Section 7.3.5.   
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Table 78: TEAEs leading to Treatment Discontinuation (PTs with Two or more Patients 
in any Treatment Group) by Primary SOC and PT in Phase 3 Placebo-Controlled 
Studies: Main Treatment Period - Safety Population 

 

 

 

Reference ID: 3364935Reference ID: 3954238

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

202 

 

 
Source: Table 87-ISS 
 
Narrative reviews: 
 
Table 79: Discontinuations due to Dizziness- Entire treatment period, Placebo-
Controlled Phase 3 Studies 

USUBJID Associated Events Reported as SAE 
or Severe 

006014-484-409-019 diagnosed as peripheral 
dizziness 

Y (with syncope) 

006015-158-511-013 abdominal distension and 
nausea 

N 

006015-356-507-015 nausea, fatigue and gastritis N 
006015-410-509-009 nausea, asthenia and 

decreased appetite 
N 

006015-410-509-010 Symptomatic hypoglycemia 
X4 

N 

006015-410-510-033 Palpitations and tremor 
(hypoglycemia not reported) 

N 

006015-840-503-006 None reported N 
006016-410-603-004 Nausea and dyspepsia N 
006017-484-704-005 Nausea and bilateral hearing 

loss 
N 

006017-604-703-007 Vomiting X1, intermittent 
headache 

N 

006017-604-703-012 Nausea and headache N 
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USUBJID Associated Events Reported as SAE 
or Severe 

010743-276-302-009 Nausea, abdominal distention, 
dyspepsia, left eye vitreous 
hemorrhage 

N 

010743-804-304-015 Nausea and dysuria N 
010781-124-209-014 Fatigue, abnormal 

coordination, flushing, tremor 
and headache after injections 
(?hypoglycemia) 

N 

010887-392-104-020 None reported, recovered with 
dechallenge 

N 

011321-156-013-025 Nausea severe 
011321-156-037-019
(placebo) 

Somnolence and nausea severe 

Reviewer’s Comment- except for three events probably related to hypoglycemia and 
one event of possible labyrinthine etiology, almost all the other events seem to be 
related to GI side effects. 
 

Table 80: Discontinuations Due to Headache 

USUBJID Associated Events 
011321-156-009-010 
(placebo) 

None reported, persistent headache not resolved with 
dechallenge. 

006014-484-406-019 Nausea, vomiting, eye irritation 
006014-710-405-007 Nausea 
006016-840-626-002 General body aches 
006017-604-703-012 Nausea, dizziness 
006017-840-795-003 Dyspnea, pain in extremity, non-cardiac chest pain 
Reviewer’s Comment: All events were reported as mild to moderate except for one 
subject. Three of the patients on lixisenatide had headache associated with GI side 
effects and two possibly with a viral illness. 
 
Table 81: Discontinuations Due to Diarrhea: 

USUBJID AESEV Associated events 
010743-484-305-003 MILD None reported, event resolved 32 days post-

withdrawal 
010781-124-215-005 SEVERE Abdominal distension, nausea and upper 

abdominal pain. 
010887-392-113-013 MILD Nausea, recovered with dechallenge  
011321-156-012-017 MODERATE Vomiting, recovered with dechallenge 
006014-036-403-006 MODERATE None reported, resolved ten days post- 

withdrawal 
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USUBJID AESEV Associated events 
006015-276-502-001 MODERATE Recurrent diarrhea, did not resolve until 84 days 

post-withdrawal. 
006015-410-503-012 MODERATE 

(SAE) 
Dyspepsia and anorexia,? infectious- treated 
with nifuroxazide, resolved with dechallenge 

006015-410-510-021 MILD Nausea and vomiting, duodenal ulcer and colon 
polyp. Resolved post-dechallenge 

006015-840-505-010 MILD Nausea, resolved with dechallenge 
006016-076-606-006 MODERATE Abdominal distension, nausea, vomiting, 

decreased appetite (recurrent until Day 212, 
dose reduced to 15 mcg. Treated for last 
episode with trimethoprim/sulfamethoxazole 
and ciprofloxacin. 

006016-124-605-001 MILD Nausea, resolved with dechallenge 
006016-826-604-002 MILD Dyspepsia, diarrhea ongoing post-withdrawal 
006017-840-762-005 SEVERE Decreased appetite, flank pain. Resolved with 

dechallenge. 
006015-158-508-002 
(placebo) 

MODERATE  
(SAE) 

Complicated UTI treated with multiple antibiotics

 
Reviewer’s Comment: Except for two subjects for whom there was some confounding 
due to treatments administered, all the cases of diarrhea were non-infectious. Ten of 
these cases appear to be drug-related, since the symptoms resolved with dechallenge. 
 
Table 82: Discontinuations Due to Vertigo: 

USUBJID Associated Events, Etiology 
006015-764-502-008 Nausea, possibly labyrinthine vertigo based on treatment 

given 
006016-250-602-019 Nausea and tinnitus- labyrinthine vertigo 
Reviewer’s comment- both cases appear to labyrinthine vertigo. Although unlikely, 
relationship to study drug cannot be excluded.  
 
 Table 83: Discontinuations Due to Asthenia and Fatigue: 

USUBJID AESEV: Associated events 
010781-032-205-008 MODERATE None reported (glucose not reported) 
010887-410-103-007 SEVERE Vomiting (Day 2) 
006015-410-502-004 MODERATE None reported (glucose not reported) 
006015-410-509-009 MODERATE Nausea, decreased appetite, dizziness 
006016-250-607-003 SEVERE None reported (glucose not reported), resolved 

on dechallenge- Day 86 
006016-380-603-003 MODERATE None reported (glucose not reported), resolved 

on dechallenge- Day 88) 
006017-840-854-010 MODERATE Weight gain- Day 56, bloating/abdominal 
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USUBJID AESEV: Associated events 
distension- day256 

010887-392-113-003 MILD Nausea, abdominal distension, hypoglycemia 
006014-036-401-006 MILD None reported (glucose not reported), resolved 

on dechallenge 
006015-356-507-015 MILD Dizziness, nausea, gastritis 
006015-840-534-001 MILD Nausea 
006017-840-795-004 MODERATE Exertional dyspnea and orthopnea (likely CHF 

related in this add-on to pioglitazone study).  
 
 
Reviewer’s Comment: Some of the asthenia events were associated with GI side 
effects. 
 
Depression- Subject 6014-036408008 discontinued due to recurrent depression and 
subject 6015-410503011 discontinued due to depression with alopecia and weight loss 
on Day 1. Both were not reported to be SAEs. 
 
Panic attacks- Subjects 840709006 and 840763004 in study 6017 were both 
discontinued due to panic attacks reported as SAEs. Both subjects had prior history of 
anxiety and panic attacks. 
 

7.4 Supportive Safety Results 

 
7.4.1 Common Adverse Events 
The applicant presented risk differences (95% CI) for common AEs in Phase 3 placebo-
controlled studies, main treatment period in Table 41 of the ISS (page 130). The most 
commonly reported TEAE (PT) was nausea with a higher incidence in the lixisenatide 
group compared with the placebo group (25.3% versus 6.0%; risk difference 19.3%). 
Vomiting also occurred with a higher rate in the lixisenatide group (9.8% versus 1.8%). 
Other PTs for which the lower bound of the 95% CI of the associated risk difference 
greater than zero and had a higher rate in the lixisenatide group included cystitis, 
hypoglycemia, decreased appetite, headache, dizziness, tremor, diarrhea, abdominal 
pain upper, constipation, dyspepsia, flatulence, abdominal distension, fatigue, asthenia, 
injection site erythema, and injection site pruritis. 
 
Table 84: Common TEAEs in Phase 3 Placebo-Controlled studies: (HLT> 2% and More 
Frequent with Lixisenatide than in Placebo) Main Treatment Period - Safety Population  
 
PRIMARY SYSTEM ORGAN CLASS 
HLT: High Level Term 

Placebo Lixisenatide 

Preferred Term n (%) (N=1639) (N=2869) 
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PRIMARY SYSTEM ORGAN CLASS 
HLT: High Level Term 

Placebo Lixisenatide 

Preferred Term n (%) (N=1639) (N=2869) 
GASTROINTESTINAL DISORDERS 310 (18.9%)  1143 (39.8%) 
HLT: Nausea and vomiting symptoms 116 (7.1%)  802 (28.0%) 
Nausea 99 (6.0%)  725 (25.3% 
Vomiting  30 (1.8%)  282 (9.8%) 
Regurgitation 0 3 (0.1%) 
Retching  0 2 (<0.1%) 
HLT: Diarrhea (excl infective)  90 (5.5%)  223 (7.8%) 
Diarrhea 90 (5.5%)  221 (7.7% 
Diarrhea hemorrhagic  1 (<0.1%)  2 (<0.1%) 
HLT: Gastrointestinal and abdominal pains (excl oral and 
throat)  

42 (2.6%)  118 (4.1% 

Abdominal pain upper  14 (0.9%)  62 (2.2%) 
Abdominal pain  24 (1.5%)  56 (2.0%) 
Abdominal tenderness 1 (<0.1%)  2 (<0.1%) 
HLT: Gastrointestinal atonic and hypomotility disorders NEC 36 (2.2%)  105 (3.7%) 
Constipation 30 (1.8%)  79 (2.8%) 
HLT: Dyspeptic signs and 
symptoms 

4 (0.2%)  97 (3.4%) 

Dyspepsia 3 (0.2%)  91 (3.2%) 
Eructation 0 8 (0.3%) 
Epigastric discomfort 1 (<0.1%) 2 (<0.1%) 
HLT: Flatulence, bloating and distension 17 (1.0%)  82 (2.9% 
METABOLISM AND NUTRITION DISORDERS 253 (15.4%)  533 (18.6%) 
HLT: Hypoglycemic conditions NEC  175 (10.7%)  393 (13.7%) 
Hypoglycemia 172 (10.5%)  390 (13.6%) 
HLT: Appetite disorders 24 (1.5%)  107 (3.7%) 
Decreased appetite 20 (1.2%) 101 (3.5%) 
NERVOUS SYSTEM DISORDERS  223 (13.6%) 542 (18.9% 
HLT: Headaches NEC  99 (6.0%)  248 (8.6%) 
Headache 99 (6.0%)  245 (8.5%) 
HLT: Neurological signs and 
symptoms NEC  

73 (4.5%)  195 (6.8%) 

Dizziness  71 (4.3%)  193 (6.7%) 
HLT: Tremor (excl congenital)  18 (1.1%)  64 (2.2%) 
Tremor 18 (1.1%) 64 (2.2%) 
GENERAL DISORDERS AND ADMINISTRATION SITE 
CONDITIONS  

148 (9.0%)  372 (13.0%) 

HLT: Asthenic conditions 55 (3.4%)  173 (6.0% 
Asthenia  30 (1.8%)  85 (3.0%) 
Fatigue 23 (1.4%)  76 (2.6%) 
Malaise 4 (0.2%)  19 (0.7%) 
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PRIMARY SYSTEM ORGAN CLASS 
HLT: High Level Term 

Placebo Lixisenatide 

Preferred Term n (%) (N=1639) (N=2869) 
HLT: Injection site reactions 26 (1.6%)  108 (3.8%) 
INFECTIONS AND INFESTATIONS  389 (23.7%)  650 (22.7%) 
HLT: Urinary tract infections  33 (2.0%)  81 (2.8%) 
Urinary tract infection  29 (1.8%)  59 (2.1%) 
Cystitis  3 (0.2%)  20 (0.7%) 
Pyelonephritis  0  4 (0.1%) 
Kidney infection  1 (<0.1%) 1 (<0.1%) 
MUSCULOSKELETAL AND CONNECTIVE TISSUE 
DISORDERS  

162 (9.9%)  340 (11.9%) 

HLT: Musculoskeletal and connective tissue pain and 
discomfort 

69 (4.2%) 169 (5.9%) 

Back pain  32 (2.0%)  87 (3.0%) 
Musculoskeletal pain  14 (0.9%)  35 (1.2%) 
Neck pain  4 (0.2%) 12 (0.4%) 
Flank pain 2 (0.1%) 9 (0.3%) 
Source: From Table 41, ISS-page 130 
 
During the entire treatment period of the Phase 3 placebo-controlled studies, the risk 
differences (95% CIs) from placebo for common TEAEs were generally consistent with 
the findings from the main treatment period (ISS Table 42, page 137). In addition to the 
events identified during the main treatment period, other events with a higher incidence 
rate in the lixisenatide group included: upper respiratory tract infection (6.7% vs. 5.1% in 
placebo), influenza (6.4% vs. 4.8%), back pain (6.1 vs. 4.2%), sinusitis (2.3% vs. 1.2%), 
oropharyngeal pain (2% vs. 1%), gastroesophageal reflux disease (1.5% vs. 0.7%) and 
gastritis (2.2% vs. 1.4%). 
 
When compared to exenatide, fewer patients on lixisenatide had gastrointestinal side 
effects, hypoglycemia and dizziness.  More subjects on lixisenatide had injection site 
reactions.  Also there was an increased frequency of headache, depression, 
hypertension and upper respiratory infections in patients on lixisenatide. Again these 
results should be interpreted keeping the efficacy results in perspective. Although non-
inferiority to exenatide was established at Week 24 for LS mean difference of change 
from baseline HbA1c at Week 24, it was not preserved over the entire extension phase. 
 
Table 85: Number (%) of Patients experiencing Common TEAE(s) with HLT term> 2 % 
and Increased Frequency in Either Group during the 24-Week Treatment Period -Study 
EFC6019 – Safety Population 

PRIMARY SYSTEM ORGAN CLASS 
HLT: High Level Term 
Preferred Term 

Lixisenatide 
(N=318) 

Exenatide 
(N=316) 

HLT: Nausea and vomiting symptoms 91 (28.6%)  120 (38.0%) 
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Nausea  78 (24.5%)  111 (35.1%) 
Vomiting  32 (10.1%)  42 (13.3%) 
HLT: Flatulence, bloating and distension 11 (3.5%)  16 (5.1%) 
HLT: Dyspeptic signs and symptoms 19 (6.0%)  20 (6.3%) 
HLT: Diarrhea (excl infective) 33 (10.4%)  42 (13.3%) 
Decreased appetite 4 (1.3%)  11 (3.5%) 
HLT: Hypoglycemic conditions NEC  10 (3.1%)  26 (8.2%) 
Hypoglycemia  9 (2.8%)  26 (8.2%) 
HLT: Headaches  NEC 30 (9.4%)  25 (7.9%) 
Headache 29 (9.1%)  25 (7.9%) 
HLT: Neurological signs and symptoms NEC 16 (5.0%)  26 (8.2%) 
Dizziness  16 (5.0%)  26 (8.2%) 
HLT: Injection site reactions  23 (7.2%)  5 (1.6%) 
HLT: Asthenic conditions  18 (5.7%)  20 (6.3%) 
HLT: Depressive disorders  7 (2.2%)  2 (0.6%) 
HLT: Upper respiratory tract infections  48 (15.1%)  31 (9.8%) 
HLT: Vascular hypertensive disorders NEC  13 (4.1%)  7 (2.2%) 
Hypertension 13 (4.1%)  7 (2.2%) 
Source: Appendix-14.2.7.1.12-CSR for study EFC 6019-page 222 
 
 
Gastrointestinal side effects: 
 
Nausea and vomiting are the most frequent side effects of the GLP-1 agonist class and 
hence severity and time-dependence of these side effects was assessed. It is to be 
noted that patients with clinically significant gastroparesis or GERD were excluded from 
the studies. 
 
Time dependence: 
 
As, shown in the applicant’s figure below, the percentage of patients with nausea and 
vomiting by weekly intervals peaked during the first three weeks of treatment and 
decreased thereafter through the rest of the main treatment period as shown in the 
figures below and the entire treatment period (ISS figures 12 and 14-page 221 and 
223). 
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Figure 21: Incidence (%) of patients with nausea and vomiting by week in Phase 3 
placebo-controlled studies: main treatment period - safety population 

Studies included EFC6014, EFC6015, EFC6016, EFC6017, EFC6018, EFC10743, EFC10781, EFC11321 and 
EFC10887. 
PGM=PRODOPS/AVE0010/OVERALL/CTD_2012_01/REPORT/PGM/ae_nv_bar_g.sas 
OUT=REPORT/OUT UT/i_ae_nv_bar_g_nausea_i.rtf P
(10SEP2012 - 15:34) 
Source: ISS figures 9 and 11-page 220 and 222 
 
While the majority of patients only had one episode, recurrent episodes were reported 
by a small proportion of patients as shown in the applicant’s tables below for the entire 
treatment period. 
Table 86: Summary of Occurrence of Nausea (PT) in Phase 3 Placebo-Controlled 
Studies: Entire Treatment Period - Safety Population 

 
Source-Table 56, ISS- page 211 
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Table 87: Summary of Occurrence of Vomiting (PT) in Phase 3 Placebo-Controlled 
Studies: Entire Treatment Period - Safety Population 

 
Source-Table 58, ISS-page 211 
 
A total of 16 (0.6%) lixisenatide-treated patients and 3 placebo patients (0.2%) reported 
nausea of severe intensity during the main treatment period. Nine (0.3%) lixisenatide 
patients and one placebo patient reported vomiting of severe intensity. 
 
Table 88: Summary of Nausea and Vomiting by Maximum Severity in Phase 3 Placebo-
Controlled Studies: Main Treatment Period - Safety Population 

 
Source: Table 63, ISS page 226 
 
Three patients on lixisenatide (0.1%) reported serious TEAEs related to nausea 
and/or vomiting versus none on placebo: 

 EFC10887- Subject-  410113006 experienced severe nausea and was 
hospitalized due to a concern that the patient might develop hypoglycemia. She 
was discontinued from the study. 

 EFC10887-Subject-  608103004 experienced vomiting with hypertensive urgency 
(BP 200/80), electrolyte imbalance and was hospitalized after repeated episodes 
of vomiting. In EFC10743- Subject- 076308003 experienced severe nausea and 
vomiting; the patient was hospitalized due to dehydration from vomiting. The 
investigational product was temporarily withheld from Day 16 to Day 25. 

Reference ID: 3364935Reference ID: 3954238

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

211 

 
In the main treatment period, nausea led to discontinuation in 80 (2.8%) lixisenatide 
patients versus no placebo patients and vomiting led to discontinuation in 35 (1.2%) 
lixisenatide patients versus no placebo patients (discussed in section 7.3.4). Based on 
the applicant’s time to event analysis for discontinuations due to nausea and vomiting,  
most of the patients discontinued within 20 weeks of starting treatment (Figures 15 and 
16 in the ISS-page 227-228). Over the entire treatment period, 50% of the patients who 
discontinued did so within 14 days after the onset of nausea or vomiting (Figures 17 and 
18, ISS page 229-230).  
 
Impact of dose increase regimen on gastrointestinal tolerability: 
 
In studies EFC6018, EFC10743, and LTS10888, a one-step dose increase regimen was 
tested in addition to the two-step dose increase regimen to evaluate the impact of this 
simplified regimen on GI tolerability. The proportion of patients who were able to reach 
and maintain the target dose of 20 μg was similar in both dose increase groups in all 
three studies. Overall the incidence of nausea, vomiting and of any GI TEAEs was 
slightly lower in the one-step titration compared to the two-step titration regimen, except 
for the uncontrolled study LTS10888, where increased nausea was noted. 
 
Table 89: Summary of Nausea and Vomiting in Studies Comparing 1-step and 2-step 
Dose Titrations: Main Treatment Period - Safety Population 

 
Source: Table 75- ISS page 244 
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7.4.2 Laboratory Findings 

Effects on pancreatic enzymes, liver function tests, calcitonin, serum creatinine, 
creatinine clearance and immunogenicity issues have been discussed in the relevant 
sections.  
 
Hematology: 
 
During the entire treatment period, the overall incidence of PCSA changes related to red 
blood cell (RBC), white blood cell (WBC) and platelet counts were comparable between 
both treatment groups in the Phase 2/3 studies (ISS Appendix 1.3.3.1.10, starting page 
4879; and Appendix 1.3.3.1.25, starting page 5148). One patient in the lixisenatide 
group discontinued treatment due to leucopenia and neutropenia. 
 
Serum lipids: 
 
Mean changes, standard deviation (SD), median, minimum and maximum values over 
time were reported for total cholesterol, high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C), and triglycerides (placebo-controlled Phase 
3 studies- ISS Appendix 1.3.3.4.1- starting page 5565; Appendix 1.3.3.4.4). No relevant 
mean or median changes were noted. 
PCSAs were reported only for total cholesterol and triglycerides (ISS appendix 
1.3.3.4.10- starting page 5723). No specific trends were noted. 
 
Electrolytes: 
 
No electrolyte abnormalities were reported as TEAEs leading to treatment 
discontinuations.  
 
One patient each in the lixisenatide and placebo groups reported sodium values ≥ 160 
mEq/L during the entire treatment period. Elevations in potassium (≥ 5.5 mEq/L) were 
reported in both treatment groups with a minimal increased percentage of lixisenatide 
patients in both the placebo-controlled and all-controlled pool.  
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Table 90: Electrolytes: Number (%) of Patients with Abnormalities (PCSA) for 
Potassium in Phase 2-3 Studies: Entire Treatment Period – Safety Population 

 

 
Source: ISS appendix 1.3.3.7.10- starting page 6033 

7.4.3 Vital Signs 

There were no significant mean differences in supine systolic blood pressure over the 
entire treatment period in both treatment groups in the Phase 3 placebo-controlled 
studies (ISS Appendix 1.4.1, starting page 6089).  Mean changes ranged from -0.7 to -
2.2 mmHg in the lixisenatide group and 0.8 to -1.7 mmHg in the placebo group. There 
were mean decreases in diastolic blood pressure (DBP)  values over time compared to 
baseline values in both treatment groups over the entire treatment period; mean 
changes ranged from -0.6 to 2.1 mm Hg for lixisenatide and -0.3 to 1.6 mm Hg for 
placebo. (ISS Appendix 1.4.3, starting page 6133).  
 
Mean HR remained relatively constant over time compared to baseline values in the 
lixisenatide group (mean changes ranged from 0.9 to -0.2 beats per minute [bpm]) and 
in the placebo group (mean changes ranged from 2.5 to -0.3 bpm) over the entire 
treatment period in the Phase 3 placebo-controlled study pool (ISS Appendix 1.4.5 
starting page 6177). Median values were consistent with the mean. 
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The percentage of patients with at least one post baseline PCSA value for any of the 
vital signs parameters in the Phase 2/3 pool is shown below. A slightly higher 
percentage of lixisenatide subjects in the placebo-controlled and all controlled pools had  
an elevation in SBP ≥160 mm Hg and an increase from baseline ≥ 20 mmHg) or a 
systolic pressure ≤95 mm Hg with a decrease from baseline ≥20 mm Hg.  This was not 
observed with diastolic BP.  Slightly higher percentages of subjects in the placebo-
controlled pool had PCSA for tachycardia or bradycardia. Heart rate changes in 
subjects with cardiac arrhythmias and conduction disorders were discussed in Section 
7.3.3. Effects on heart rate are further discussed in the next section. 
 

Table 91: Vital signs: Number (%) of Patients with at least one Post-Baseline PCSA in 
Phase 2/3 Studies: Entire Treatment Period - Safety Population 
 

 

 
Source: Table 163, ISS page 478 

7.4.4 Electrocardiograms (ECGs) 

Routine screening ECGs were collected in the Phase 2/3 clinical program.  Since 
quantitative ECG interval effects are accurately assessed only in the thorough QT 
(TQT) study, this section focuses on the same. 
 
The applicant initially conducted TQT study TES6865. The QT interdisciplinary review 
team (QT-IRT) reviewed the study report and concluded that the study was inconclusive 
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because assay sensitivity could not be demonstrated. Hence another TQT study 
(TES11807) was conducted.  This was also reviewed by the QT-IRT. 
 
TES 11807: 
 
This was a single center, randomized, double-blind, double-dummy, multiple dose, 
placebo-controlled study, and was conducted in four parallel groups in 91 subjects. 
 
Primary objective: 
 
“To assess the effect of a standard therapeutic and a supra-therapeutic dose regimen of 
lixisenatide administered as a repeated dose (14 days dose escalation + 14 days 
maintenance dose of 20 μg QD and 30 μg BID) on QTcF interval compared to placebo” 
 
QT-IRT summary of findings: 
 
“The largest upper bounds of the 2-sided 90% CI for the mean difference between 
lixisenatide (20 μg QD and 30 μg BID) and placebo were below 10 ms, the threshold for 
regulatory concern as described in ICH E14 guidelines. The largest lower bound of the 
two-sided 90% CI for the ΔΔQTcF (baseline and placebo-corrected difference for QT, 
Fridericia’s correction for heart rate) for moxifloxacin was higher than 5 ms, and the 
moxifloxacin profile over time indicated that assay sensitivity was established.  
 

Table 92: The Point Estimates and the 90% CIs Corresponding to the Largest Upper 
Bounds for AVE0010 (20 μg and 30 μg) and the Largest Lower Bound for Moxifloxacin 
(FDA Analysis) 

 
Source: Table 1 – QT-IRT review dated June 6, 2012 
 
There were no clinically relevant effects on the baseline and placebo-corrected QTc, PR 
and QRS intervals based on the QT-IRT review. 
 
EFFECT on heart rate: The point estimates and the 90% CI from the QT-IRT review are 
shown below. The mean and largest upper limits of 90% CI for the heart rate (HR) mean 
differences between lixisenatide 20 μg and placebo was 7.3 bpm (upper bound [UB] 
90% CI- 9.5 bpm). 
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Table 93: Analysis Results of ΔHR and ΔΔHR for Lixisenatide 20 μg QD 

 
Source: Table-13; QT-IRT review dated June 6, 2012. (baseline and placebo corrected 
difference) 
 
At the supra-therapeutic dose of 30 µg the maximum heart rate effect was also noted at 
four hours post-treatment with the baseline placebo-corrected difference of 8.6 bpm and 
UB of the 90% CI of 10.7 bpm (Table 14, QT-IRT review). 
 
Reviewer’s Comment: There were no clinically relevant effects on the ECG intervals. 
Heart rate increases did occur in healthy subjects. This is seen with all GLP-1 agonists 
and is typically not seen to the same degree in Type 2 DM patients, possibly because 
it’s partly secondary to hypoglycemia13.  As discussed in Section 7.4.3, in the phase 3 
placebo- controlled study pool, mean heart rate remained relatively constant over time 
compared to baseline values in the lixisenatide group (mean changes ranged from 0.9 
to -0.2 beats per minute [bpm]) and placebo group. Median changes were consistent 
with the mean. 
 
In the Phase 2/3 studies, a comparable number of patients discontinued due to 
arrhythmia/ tachycardia or bradycardia (Appendix 1.4.10- Page 6225) although a higher 
percentage of patients on lixisenatide had AEs in the supraventricular arrhythmias and 
cardiac conduction disorders HLT. Hence effects on HR will have to be included in the 
PI. 
 

                                            
13 Laitinen T HH, Vauhkonen I, Camaro C, Hartikainen J, Laakso M, Nishkanen L. Effects of 
euglycaemic and hypoglycaemic hyperinsulinaemia on sympathetic and parasympathetic regulation of 
haemodynamics in healthy subjects. Clin Sci (Lond) 2003;105:315-322. 
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7.4.5 Special Safety Studies/Clinical Trials 

The 3-month and 12-month toxicology studies in dogs treated with lixisenatide at high 
doses (>500 fold human dose of 20 μg once daily [QD] ~0.3 μg/kg QD) showed a 
microscopically increased incidence of hypospermatogenesis with focal and multifocal 
vacuolation, atrophy and dilatation of the seminiferous tubules, and focal sperm stasis in 
various testes.  Due to these findings the sponsor was asked to conduct a clinical study 
to assess the effect of repeat subcutaneous doses of lixisenatide of at least 6 months 
duration. This study (TDR11215) was reviewed by the Division of Bone, Reproductive 
and Urology Products (DBRUP) (Review by Dr. Donald McNellis dated July 9, 2013). 
 
Study TDR11215 (the Study) was a randomized, double-blind, placebo-controlled, 
parallel group, multicenter, multinational study with once-daily dosing during a 26-week 
treatment period. Two-hundred and seventy-five healthy overweight/obese men (BMI 
27-37kg/m2) were randomized 1:1 to receive a once daily subcutaneous injection of 20 
μg of lixisenatide or of a saline placebo. Two-hundred and seventeen subjects 
completed the study and were evaluated for efficacy. The safety evaluation included all 
275 subjects who were randomized and received at least one dose of study medication 
The primary objective of this study was to assess the effect of repeated subcutaneous 
doses of 20 μg lixisenatide once daily on sperm concentration. The secondary 
objectives of the study were to evaluate the effects of this treatment on: 

 Total sperm count, motility, morphology 
 Reproductive hormones 
 Clinical and laboratory safety 
 Pharmacokinetics 

 
DBRUP had no concerns regarding the design and conduct of the trial. 
 
Study results: 
 
The pre-specified primary analysis showed that lixisenatide was non-inferior compared 
to placebo because the upper limit of the two-sided 95% confidence interval for the 
difference in proportions of lixisenatide and placebo subjects with ≥ 50% reduction in 
sperm concentration was 12.44% and thus lower than the pre-specified non-inferiority 
margin of % (p = ). 
 
Semen sperm concentration: 
 
The results of the sperm concentration showed that there was no statistically significant 
difference in sperm concentration between the lixisenatide group and placebo group at 
week 26 (ratio of lixisenatide versus placebo = 1.017, unadjusted 95% CI of the ratio = 
[0.9126, 1.1331], unadjusted p-value=0.7608, adjusted 98.75% CI of the ratio = [0.8856, 
1.1677], adjusted p-value = 1.0000). 
 

Reference ID: 3364935Reference ID: 3954238

(b) 
(4)

(b) (4)

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

218 

Two subjects had a confirmed very low sperm concentration at the end of the study: 
Subject No. 840017013 who received lixisenatide had a 100% reduction in sperm 
concentration at the end of treatment on Week 26 and Subject 840006012 who received 
placebo was noted to have a 98.9% reduction in sperm concentration after 29 days of 
treatment. The DBRUP reviewer notes that “the cause of this azoospermia is 
confounded by his use of known (OxyElitePro muscle enhancer) and suspected 
concomitant medications. The markedly elevated testosterone levels on follow-up, in 
conjunction with subnormal levels of FSH and LH, raise the suspicion of the use of 
exogenous testosterone. Exogenous testosterone use would explain this hormonal 
profile as well as provide an alternative explanation for the azoospermia. Lixisenatide, in 
nonclinical studies, had toxic effects on the testes of dogs. A direct toxic effect on 
human testes would be expected to be accompanied by elevated FSH and LH levels.” 
 
Three out of the four subjects in the placebo group and 9/10 subjects in the lixisenatide 
group with a ≥ 50% reduction in sperm concentration entered the 3 month treatment-
free follow-up period. Among these 12 subjects, no subject in the placebo group (0%) 
and 4/9 subjects (44%) in the lixisenatide group still had a reduction in sperm 
concentration ≥ 50% at the follow-up visit compared to baseline in sperm concentration. 
Of the four lixisenatide-exposed subjects who had a persistent > 50% decrease from 
baseline in sperm concentration three months following drug discontinuation, two had 
semen parameters that are within normal limits per DBRUP assessment. One of the two 
remaining subjects, Subject No. 840017013, who became azoospermic, was discussed 
previously. For the fourth subject (840012005), all semen parameters other than sperm 
concentration were within the normal range as were reproductive hormones. Per 
DBRUP assessment “There is no information provided regarding concomitant 
medication use or other illnesses that might explain the persistent change. This subject 
could be reasonably considered to possibly have had a drug effect resulting in a mildly 
abnormal semen sperm concentration”. All of these patients were antibody-positive with 
one subject testing positive before starting treatment. Three out of 4 patients, including 
subject 840012005 had antibody concentrations below LLOQ.  
 
DBRUP overall assessment: 
“The study has adequately shown that lixisenatide generally does not have a clinically 
significant effect on human spermatogenesis, although we are not able to absolutely 
rule out a drug effect in a small subgroup of men. We do not recommend any additional 
studies of the effect of lixisenatide on spermatogenesis.” 
 
Reviewer’s Comment: This information may have to be included in the package insert 
since drug effects on a small subgroup have not been excluded. 
 

7.4.6 Immunogenicity 

Discussed in section 7.3.1 
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7.5 Other Safety Explorations 

 

7.5.1 Dose Dependency for Adverse Events 

Not applicable since only a single dose was evaluated for efficacy in the Phase 3 trials. 

7.5.2 Time Dependency for Adverse Events 

Time dependency for nausea/.vomiting, injection reactions, allergic reactions and 
hypoglycemia has been discussed in the individual sections. 
 

7.5.3 Drug-Demographic Interactions 

Overall the imbalance in the incidence of TEAEs between the lixisenatide group and the 
placebo group was slightly more pronounced in elderly patients (≥ 65 years) than in 
adult patients (<65 years): 72.1% in lixisenatide group and 60.9% in placebo group in 
elderly patients versus 69.7% in lixisenatide group and 62.7% in placebo group in adult 
patients. This was especially observed in the GI Disorders and in the Metabolism and 
Nutrition Disorders SOCs (Table 44, ISS, starting on page 153). In the GI Disorders 
SOC, among the lixisenatide-treated patients, the difference between age groups was 
mainly related to the events reported for the PT vomiting (9.0% in patients <65 years 
and 13.5% in patients ≥ 65 years) and for the PT nausea (24.7% in patients <65 years 
and 27.7% in patients ≥ 65 years). In the Metabolism and Nutrition Disorders SOC, 
among the lixisenatide-treated patients, the difference was mainly related to the events 
reported for the PT hypoglycemia (12.7% in patients <65 years and 17.6% in patients 
≥ 65 years).  
  
The imbalance between the lixisenatide group and placebo group in TEAEs from the GI 
Disorders SOC was more pronounced in Asian/Oriental patients (46.6% lixisenatide 
versus 14.8% placebo) and in the “Other” category (50.9% lixisenatide versus 27.3% 
placebo) than in Caucasian/White patients (36.5% lixisenatide versus 21.0% placebo) 
(Table 46-ISS-starting page- 163). 

7.5.4 Drug-Disease Interactions 

(Tables 49-54 in the ISS, starting page 182)- The applicant performed subgroup 
analyses, main treatment period, for the following medical history conditions and 
concomitant medications: hypertension, dyslipidemia, history of CV events, hepatic 
disease history, renal impairment, and use of statins/statin combinations. A similar 
analysis was also conducted for the entire treatment period. 
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More TEAEs were observed in both treatment groups in patients with a medical history 
of dyslipidemia compared to those without dyslipidemia. A similar frequency of TEAEs 
was observed in both treatment groups in patients with a history of CV events compared 
to those without a history of CV events, and in patient with hypertension compared to 
those without hypertension. 
  
Patients with concomitant use of statins/statin combination reported slightly more 
TEAEs as compared to the patients with no concomitant statin use during the main 
treatment period of the Phase 3, placebo-controlled studies (Table 54, ISS). However, 
this was observed in both the lixisenatide (75.4% with statins versus 66.7% without 
statins) and placebo groups (68.9% with statins versus 57.9% without statins). A slight 
exaggerated difference was noted in the statin subgroup in lixisenatide subjects 
compared to placebo for nausea (lixisenatide 29.8% vs. placebo 7.7& on statin, 
lixisenatide 22.4% vs. placebo 5.1% without statin) and vomiting (lixisenatide 12% vs. 
placebo 2.2% on statin, lixisenatide 8.5% vs. placebo 1.6% without statin). 
 
The imbalance in TEAEs between the lixisenatide group and placebo group by renal 
subgroups is discussed in Section 7.3.3. 
 

7.5.5 Drug-Drug Interactions 

On review of the sponsor’s reports, the main drug interactions expected are due to the 
effect of lixisenatide on gastric emptying which may reduce the rate of absorption of oral 
medications. This would affect drugs which are dependent on threshold concentrations 
for efficacy, such as antibiotics, or medications with narrow therapeutic index.  
 
This section will be re-addressed after review of the final clinical pharmacology review in 
DAARTS. 

7.6 Additional Safety Evaluations 

 

7.6.1 Human Carcinogenicity 

Discussed in Section 7.3.2 and 7.3.3. 
 

7.6.2 Human Reproduction and Pregnancy Data 

Clinical study to assess effects of lixisenatide on spermatogenesis was discussed in 
section 7.4.5. 
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There were five confirmed pregnancies that were diagnosed while patients were on 
active treatment that occurred in the clinical program. One pregnancy occurred in each 
of the lixisenatide, exenatide, and sitagliptin groups and two pregnancies occurred in 
the placebo group. 
 
Narrative for pregnancy on lixisenatide: 
“EFC6015 (Patient No. 158510001 - on lixisenatide treatment): A 27 year-old female 
Asian patient had been exposed to approximately 30 days of lixisenatide treatment 
while pregnant (first pregnancy) before IP was permanently discontinued (249 days of 
total lixisenatide treatment). She was hospitalized due to lack of amniotic fluid 
(oligohydramnios) and went into preterm labor. She delivered a healthy male baby 
about 40 days before her expected due date.” 
 
Outcome for other pregnancies: placebo patients- spontaneous abortion and healthy 
delivery by C-section; exenatide- elective abortion; sitagliptin- stillborn male infant by C-
section (history of ruptured membranes and uterine infection). 

7.6.3 Pediatrics and Assessment of Effects on Growth 

Not applicable (NA) since pediatric studies have been deferred 

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound 

There were two patients on lixisenatide who reported accidental overdose (30 µg) in the 
Phase 2/3 studies. No serious AEs were reported. Examination of post-treatment 
adverse effects in the pooled Phase 2/3 studies did not reveal a difference in adverse 
events profiles suggestive of withdrawal effects. Lixisenatide would not be expected to 
cause psychological dependence. There is the potential for off-label use for weight loss. 
Off-label use of drugs for the purpose of weight loss is sometimes associated with 
features of drug abuse, such as drug-seeking behavior and continuation of the drug 
despite undesirable adverse effects. 
 

7.7 Additional Submissions / Safety Issues 

NA 

8 Postmarket Experience 
NA 
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9 Executive Summary: 
Lixisenatide is a selective glucagon-like peptide-1 (GLP-1) receptor agonist with a 
proposed indication of glycemic control as an adjunct to diet and exercise in patients 
with Type 2 diabetes. The proposed dose is 20µg QD by subcutaneous injection.  
 
Key Efficacy issues:  

 Lixisenatide resulted in a statistically significant decrease in HbA1c compared 
with placebo, demonstrating superiority to placebo in all Phase 3 placebo-
controlled studies. The reduction in HbA1c was generally sustained over time 
through the entire treatment period. The LS mean difference versus placebo 
ranged from -0.32% (Study EFC10781) to -0.88% (Study EFC10887). 

 Lixisenatide resulted in a statistically significant reduction in body weight 
compared to placebo in the pooled add-on to metformin (EFC6014 + EFC10743), 
sulfonylurea (EFC6015) and background insulin studies EFC 6016 and EFC 
10781.  Most of the effect on body weight was observed during the main 24-week 
treatment period. Mean body weight then remained relatively stable over 76 
weeks. 

 HbA1c difference between lixisenatide and placebo was similar across 
subgroups, except when considering subgroups of  baseline HbA1c level ≥ 8% 
vs. < 8%. For this subgroup analysis, LS mean difference (95%CI) versus 
placebo was  -0.4 (-0.47, -0.34) in the subgroup with baseline HbA1c < 8% vs. -
0.63 (-0.73,  -0.54) in the subgroup with baseline HbA1c ≥ 8%. 

 Overall the LS mean change in HbA1c from baseline was similar regardless of 
antibody status, except for in the group of patients with a quantifiable antibody 
concentration ≥ 100 nmol/L. The pre-specified analysis is suggestive of potential 
attenuation of glucose lowering effect with antibody concentrations over 100 
nmol/L.  This was not seen at 76 weeks; the interpretation of the results is also 
limited by the small sample size in this group. 

 Although the pre-specified non-inferiority margin for difference in HbA1C 
reduction at 24 weeks was met in active comparator study EFC6019, non-
inferiority was not demonstrated over the entire extension phase from Week 36 
to Week 76.  

 
Safety Issues: 

 
 The most common adverse events in the Phase 3 placebo-controlled studies 

over the main treatment period were nausea (lixisenatide- 25% vs. placebo- 6%) 
and vomiting (lixisenatide 10% vs. placebo- 2%), consistent with the GLP-1 
agonist class.  

 Deaths were balanced in the clinical program between lixisenatide and all 
comparators. 

 There were more discontinuations due to adverse events with lixisenatide 
compared to placebo. 
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Primary safety concerns: 

 Post-marketing reports of anaphylaxis for all three approved drug products 
confirm that severe hypersensitivity reactions are a GLP-1 agonist class effect.  
Lixisenatide is allergenic with a calculated anaphylaxis frequency in the clinical 
program of 0.17% or 7 cases per 3958 patient-years. The number of anaphylaxis 
cases appears to be greater than what was seen in the development programs of 
the three approved GLP-1 analogue comparator drugs, although the comparison 
is limited because the other programs did not prospectively assess for 
hypersensitivity reactions. 

 There were no cases of fatal, hemorrhagic or necrotizing pancreatitis. However, 
given the small numerical imbalances for cases of pancreatitis (lixisenatide-9 
[0.2%], comparators-3 [0.1%]) or potentially related to pancreatitis (lixisenatide 
47 [1.2%], comparators-19 [0.8%]) , and small but consistent differences in 
potentially clinically significant abnormalities (PCSA) for laboratory results related 
to pancreatitis, lixisenatide appears to be associated with a risk for pancreatitis 
consistent with other drugs in class. 

 
 While the available patient exposure is too small to assess risk for pancreatic 

cancer, it seems reasonable to conclude that the incidence in clinical programs 
(available data) was comparable to placebo. 

 
 In both the Phase 2/3 and placebo-controlled study pools, lixisenatide was 

associated with a higher rate of injection site reactions. Lixisenatide was also 
associated with a higher rate of injection site reactions compared to exenatide in 
study EFC 6019. 

 
Hypoglycemia: 

 Labeling recommendations for risk of hypoglycemia should be consistent with 
drug class, i.e. to consider lowering the dose of insulin or sulfonylurea when used 
with these agents. The exposure adjusted incidence rate (EAIR) for symptomatic 
hypoglycemia was consistently increased in the trials with background insulin 
and/or sulfonylurea for lixisenatide versus placebo patients, and there were more 
cases of severe hypoglycemia with lixisenatide. 

 There were numerical imbalances not favoring lixisenatide for rate of 
symptomatic hypoglycemia versus placebo with background metformin and TZD 
therapies. Small imbalances not favoring active drug with background TZD 
treatments were also seen in the exenatide (10.7% with exenatide versus 7.1% 
with placebo) and liraglutide (7.6 % with liraglutide vs. 4.1% with placebo) clinical 
programs.  

 There was less hypoglycemia versus active control in the exenatide comparator 
trial, where background metformin was used, although these findings should be 
assessed keeping the efficacy results for HbA1c reduction in perspective. That is, 
lixisenatide exhibited less HbA1c lowering than exenatide in this study, and thus 
could be expected to have a somewhat lower rate of hypoglycemia. 
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 Based on review of narratives for calcitonin elevations reported as AEs there is 

some uncertainty regarding patient 642504006 in study EFC6015 since the 
biopsy results reported possible parafollicular morphologic differentiation with 
elevated calcitonin and the patient did not have follow-up visits. There was an 
imbalance not favoring lixisenatide in the number of patients with calcitonin 
elevation over 50 pg/ml (Lixisenatide-10 [0.4%], placebo—2 [0.1%]). However 
several of these patients (7/10) had missing baseline values. Otherwise there 
were no cases with concern for potential C-cell proliferation.  

 
 Up to seventy percent of subjects on lixisenatide were antibody-positive by week 

24.  
o Antibody-positive status was associated with increased injection site 

reactions.  
o Based on the data reviewed, development of antibodies was associated 

with a trend for increased occurrence of symptomatic hypoglycemia over 
the entire treatment period but not in the main treatment period, although 
this could be a chance finding. 

o A higher percentage of subjects with an allergic reaction deemed to be 
possibly related to investigational product (IP) had an antibody 
concentration over the LLOQ. In patients who had antibody concentrations 
>100 nmol/L, the incidence was 3.7% (5/135). This conclusion is limited 
due to the small number of patients with allergic reactions deemed to be 
possibly related to the IP. 

 
 

 Hepatobiliary AEs and liver enzyme elevations seemed balanced between 
placebo and comparator groups. The cases that fulfilled biochemical Hy’s law 
had alternative etiologies. However there was one patient on lixisenatide (patient 
356503003, study EFC6015) who had asymptomatic elevation of AST and ALT 
with normal total bilirubin and alkaline phosphatase that resolved with drug 
discontinuation. 

 
Renal AEs: 
 

 In the completed phase 2/3 program, exaggerated differences between 
lixisenatide and control groups were noted in subjects with mild renal impairment 
(creatinine clearance 50-80mL/min) for the PTs of nausea, vomiting and 
hypoglycemia when compared to subjects with normal renal function (creatinine 
clearance > 80 mL/min). This is suggestive of increased likelihood of nausea, 
vomiting and hypoglycemia in patients with renal impairment when compared to 
patients with normal renal function, potentially related to increased exposure.  

 In the ELIXA study, increased number and proportion of common AEs seem to 
occur in the subgroup with mild renal impairment compared to the other renal 
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subgroups. Increased frequency relative to placebo occurred only for the PTs of 
nausea and vomiting.  

 There was a higher percentage of discontinuations in the moderate renal 
impairment subgroup with lixisenatide (specifically GFR 30-45 mL/min/m2) in 
ELIXA, although there does not appear to be an increase in AEs overall in this 
subgroup. These conclusions are limited due to the smaller sample size in this 
subgroup compared to the mild renal impairment subgroup. 

 Overall, advising caution in patients with mild or moderate renal impairment and 
not recommending use in patients with severe renal impairment due to limited 
experience seems to be a reasonable approach. 
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10 Appendices 

10.1 Literature Review/References 

Articles referenced are cited in the individual sections. 
 

10.2 Labeling Recommendations 

Will be addressed in addendum after advisory committee meeting 

10.3 Advisory Committee Meeting 

Will be addressed in addendum after advisory committee meeting 
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11  Cardiovascular Safety 
 
Regulatory issues related to CV safety data: 
 
On July 29th, 2009, sanofi-aventis submitted a briefing package containing the plan to 
assess the CV risk of lixisenatide in accordance with the FDA Guidance for Evaluating 
CV Risk in New Anti-diabetic Therapies (2008). The sponsor indicated that the number 
of CV events expected in their overall Phase 3 program (nine trials ongoing at that time) 
would likely be insufficient to meet the statistical criteria outlined in the Type 2 diabetes 
CV Guidance to rule out unacceptable risk. Therefore, the sponsor proposed to conduct 
a dedicated placebo-controlled CV outcome study. 
 
There was ongoing correspondence between the Agency and the sponsor regarding the 
statistical analysis plan to rule out unacceptable CV risk and design of ongoing CV 
outcome study EFC11319. The Agency and the sponsor agreed that if the non-
inferiority (NI) criterion (upper bound of the 96% CI of the hazard ratio for lixisenatide vs. 
placebo) is less than 1.8 in the first interim analysis after 122 CV events, submission for 
regulatory approval would be supported.  
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informed by clinical guidelines. For patients with a screening HbA1c <8.5% and treated 
with either insulin, glinide or a sulfonylurea (SU), the dose should be decreased at 
baseline (Visit 2, randomization) in order to prevent possible hypoglycemia by a pre-
specified algorithm. 
 
Objectives: 
 
The primary objective of this study is to demonstrate that lixisenatide can reduce CV 
morbidity and mortality (composite endpoint as described below) compared with 
placebo in type 2 diabetic patients who recently experienced an ACS event. 
 
Secondary Objectives: 

 To demonstrate that when compared to placebo, lixisenatide can reduce: 
o Composite endpoint of cardiovascular death, non-fatal MI, non-fatal 

stroke, hospitalization for unstable angina, or hospitalization for heart 
failure 

o Composite endpoint of cardiovascular death, non-fatal MI, non-fatal 
stroke, hospitalization for unstable angina, hospitalization for heart failure, 
or coronary revascularization procedure 

o Urinary albumin excretion (based on the urinary albumin/creatinine ratio) 
at 108 weeks (i.e., approximately 2 years). 

 To assess the safety and tolerability of lixisenatide. 
 
Study Population: 

 Men and women who experienced a spontaneous, Acute Coronary Syndrome 
(ACS) event (i.e., ST-segment elevation myocardial infarction [STEMI] or non-
ST-segment elevation myocardial infarction [NSTEMI] or unstable angina [USA]) 
with the following requirements:  

o There must have been a documented elevation above the normal 
reference range of a cardiac biomarker (Troponin or CK-MB), 

AND 
o The presentation of the event must be consistent with an acute coronary 

syndrome which leads to admission to an acute care facility (e.g., 
emergency room [ER], coronary care unit CCU, cardiac catheterization 
laboratory, hospital). If the qualifying ACS event follows a 
revascularization procedure, it must have occurred more than 15 days 
after a percutaneous coronary intervention (PCI) and more than 45 days 
after a coronary artery bypass graft (CABG), 

AND 
o Patients should be approached about the study as soon as possible 

following their admission for the qualifying ACS event, including signing of 
the informed consent form, where permitted by local regulations. However, 
the screening visit must occur only after the patient is discharged from the 
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acute care facility, and must take place within 180 days following the date 
of admission for the qualifying ACS event. 

Note: In cases where emergent coronary angiography is performed during the 
ACS event, which demonstrates occlusion of at least one epicardial coronary 
artery, and which is accompanied by an attempt at reperfusion, the biomarker 
requirement may be waived. 
 

 Patients with history of type 2 diabetes (for patients newly diagnosed, diagnosis 
will be based on the WHO criteria: i.e., either a fasting venous plasma glucose 
concentration ≥ 7.0 mmol/L [126 mg/dL] or 2-hour post glucose load venous 
plasma glucose ≥ 11.1 mmol/L [200 mg/dL] prior to screening visit).  

 
Relevant exclusion criteria specific to EFC 11319: 

 HbA1c <5.5 % or >11% measured at screening visit 
 Patients who have undergone CABG surgery following the qualifying ACS event. 
 Patients who have undergone PCI within 15 days prior to screening. 
 Patients with planned revascularization procedure (PCI or CABG) or coronary 

angiogram within 90 days after screening visit. 
 
Primary Endpoint: 
 
The primary efficacy endpoint is the time to the first occurrence, over the duration of the 
study (randomization to the common study end date inclusive), of the composite 
outcome consisting of any of the following clinical events positively adjudicated by the 
cardiovascular events adjudication committee (CAC): 

 CV death, 
 Nonfatal MI, 
 Nonfatal stroke, or 
 Hospitalization for unstable angina. 

 
The CAC was the Brigham and Women’s Hospital Clinical Endpoint center. Based on 
review of the DMC document (EFC11319-16.1.9-dmc.pdf, page 54), the draft 
standardized end-point definitions14 were not followed, but this document was in 
evolution during trial initiation.  
 
 
Statistical Plan: 
Source: protocol amendment 3, EFC 11319 dated July 27, 2011 and SAP dated July 
19, 2012. 

 
14 Draft Definitions for Testing November 9, 2012.  Standardized Definitions for Cardiovascular and 
Stroke End Point Events in Clinical Trials. Karen A. Hicks, H. M. James Hung, Kenneth W. Mahaffey, 
Roxana Mehran, Steven E. Nissen, Norman L. Stockbridge, Shari L. Targum, Robert Temple; on behalf 
of the Standardized Data Collection for Cardiovascular Trials Initiative 
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analysis. The same Cox model as described above will be used to estimate the hazard 
ratio along with the two-sided 96% CI (first interim analysis, α=0.020, one-sided) and 
99% CI (second interim analysis, α=0.005, one sided). 
 
Additional information from SAP dated July 19, 2012: 
 
The interim analysis will be based on all the positively-adjudicated primary CV outcome 
events occurring from randomization to the data cut-off date inclusive. Any CV outcome 
event occurring after the cut-off date will not be included in the analysis, regardless 
whether the event was adjudicated or not. The time to the first occurrence of the primary 
composite CV event is defined as the time from randomization to the first occurrence of 
CV death, non-fatal MI, nonfatal stroke, or hospitalization for unstable angina, which is 
positively adjudicated by the CAC, before or on the cut-off date for the interim analysis. 
Patients will be considered as censored if they have not experienced any component of 
the primary composite CV event, positively adjudicated by the CAC, by the cut-off date. 
The censoring time for this interim analysis is defined as the last contact/visit date by 
the cut-off date. 
 
In addition, the time to the first occurrence of each of the individual components of the 
primary composite CV events occurring from randomization to the data cut-off date 
inclusive will be analyzed using a similar Cox proportional hazards model with treatment 
(lixisenatide, placebo), and region as the covariates. Kaplan-Meier plots for the 
individual components of the primary composite CV outcome will also be presented. 
 
Sensitivity Analyses: 
 
Two sensitivity analyses will be performed for the primary composite CV endpoint in the 
interim analysis using the Mantel-Haenszel method and the exact method based on the 
assumption of Poisson distribution. 
 
The data cut-off date for the interim analysis submitted is 25 July 2012. As discussed 
earlier, an update to this interim analysis with all additional adjudicated events was 
submitted in early May 2013. The cut-off date for this analysis was January 25, 2013. 
The statistical review focuses mainly on the pre-specified first analyses submitted 
earlier and not the update. 
  
11.2 Interim ELIXA results (cut-off date July 25, 2012) 
Only CV safety i.e. the primary efficacy endpoint will be discussed here. Other safety 
issues are discussed with the main review. 
 
Exposure: 
 
At the time of this interim analysis, a total of 2668 patients were randomized in 645 
centers of 43 countries across 6 regions worldwide (North America, South and Central 
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America, Western Europe, Eastern Europe, Africa/Near East, and Asia/Pacific). Patient 
No. 840285001 was randomized in the Interactive Voice Response System (IVRS) and 
then lost to follow-up. This patient did not sign the study-specific Health Insurance 
Portability and Accountability Act (HIPAA) consent form, so all of the CRF pages were 
deleted. Of the 2667 patients in the ITT population, 2663 patients were exposed to 
double-blind treatment. Four patients (two in the lixisenatide group and two in the 
placebo group) did not receive investigational product, but they were included in the ITT 
population for analyses. 
 
As of July 25, 2012, there were 786 patient-years of exposure for lixisenatide vs. 810 
patient-years for placebo. Median exposure to lixisenatide was shorter than placebo 
(176 days and 184 days, respectively). A total of 574 patients were exposed to 
investigational product for ≥ 52 weeks (lixisenatide: 281 patients [21%]; placebo: 293 
patients [22%]) (Table 6-ELIXA interim report page 24). 
 
Patient disposition: 
 
A higher percentage of patients discontinued study treatment in the lixisenatide group 
compared with the placebo group. As of the cut-off date for this interim analysis, 130 
(10%) lixisenatide-treated patients and 98 (7%) placebo-treated patients prematurely 
discontinued the study treatment. The reasons for treatment discontinuation were 
“adverse event” (73 patients [5%] for lixisenatide and 32 patients [2%] for placebo) 
and “other reasons” (57 patients [4%] for lixisenatide and 66 patients [5%] for 
placebo). 
 
Fifty patients (27 patients [2%] from the lixisenatide group and 23 patients [2%] from the 
placebo group) died during the study, and 35 patients were alive at last contact and 
either withdrew their consent to continue study participation or were lost to follow-up (17 
patients [1%] from the lixisenatide group and 18 patients [1%] from the placebo group). 
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Table 94: Patient Disposition - ITT Population- ELIXA 

 
Source: Table 1, ELIXA interim study report- page 16 
 
Demographics and baseline characteristics: 
 
The demographic and patient baseline characteristics were generally similar between 
treatment groups for the ITT population (Table 2- ELIXA interim analysis report page 
18). The median age of the study population was 61 years for both the lixisenatide 
group and the placebo group. The majority of the patients were Caucasian (78% for the 
lixisenatide group and 80% for the placebo group). More male patients (68%) than 
female patients (32%) were enrolled in the study. The median body mass index (BMI) 
was 30 kg/m2 for both the lixisenatide group and the placebo group. Baseline median 
glycosylated hemoglobin (HbA1c: lixisenatide-7.59, placebo-7.68) and median fasting 
plasma glucose (FPG) were similar between treatment groups. 
 
Disease characteristics: 
 
Baseline diabetic history presented by median duration of diabetes and age of onset 
was similar between the treatment groups. The treatment groups were similar with 
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respect to incidence of albuminuria and mild, moderate and severe renal impairment at 
baseline. Only three patients in each group had severe renal impairment. At the time 
of screening, more than one third of patients required insulin treatment in both treatment 
groups. The characteristics of the qualifying ACS event were similar between the 
treatment groups, with most patients (84%) having had a qualifying ACS within 90 days 
prior to screening. The most common qualifying ACS event was ST-segment elevation 
MI in both treatment groups (42% for the lixisenatide group and 44% for the placebo 
group). More than 55% of the patients underwent a percutaneous coronary intervention 
(PCI) procedure for treatment of the ACS before entering the study. 
Table 95: Disease Characteristics at Screening or Baseline - ITT Population 
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Source: Table 3 ELIXA Interim report- page19 
 
Prior cardiovascular and glucose lowering medications and concomitant medications in 
the same class during the on-study period were reviewed (Tables 4-5, ELIXA study 
report pages 21-22). All patients reported the use of at least one prior cardiovascular 
medication or prior glucose lowering medication. Similarly, all but five patients reported 
the use of concomitant CV medication or concomitant glucose-lowering medication. The 
most common prior and concomitant CV medications were aspirin (95%), statins (93%), 
beta blocking agents (87%), clopidogrel (72%), and ACE inhibitors (lixisenatide-65%, 
placebo-67%) (Table 5, ELIXA interim report, page 22). These commonly used 
medications were taken by a similar percentage of patients in both treatment groups.  
Most common prior and concomitant glucose-lowering medications were metformin 
(63%) and insulin (lixisenatide- 38%, placebo- 40%), used by a similar percentage of 
patients in both treatment groups. A similar percentage of patients were on 
thiazolidinediones (1-2%). 
 
EFFICACY RESULTS 
These results may be updated after the final safety statistics review is in DAARTs 
Primary efficacy endpoint: 
A total of 358 potential primary CV endpoint events were reported in 264 patients and 
sent to CAC for adjudication. Of these, 181 events (51%) in 144 patients were positively 
adjudicated as a component of the primary CV composite endpoint by the CAC.  
The number (%) of patients with a primary CV event (MACE+- CV death, nonfatal MI, 
nonfatal stroke, or hospitalization for unstable angina) that was positively adjudicated by 
the CAC is provided below. A total of 77 (6%) patients in the lixisenatide group 
compared with 67 (5%) patients in the placebo group experienced a primary outcome 
event. The hazard ratio was 1.15 with a 96% CI of (0.82, 1.62) for lixisenatide compared 
to placebo. For MACE (CV death, nonfatal MI, nonfatal stroke) events alone, the point 
estimate was 1.17 with an upper bound of 1.66. The pre-specified non-inferiority margin 
was achieved but the results were suggestive of an increased CV risk with lixisenatide. 
The results of the Cox Proportional Hazards Model analyses for the individual CV 
endpoint events, CV death, MI, and stroke are also shown. Lixisenatide was associated 
with excess percentage of events for MI and CV death compared to placebo. 
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Table 96: Number (%) of Patients with Primary Cardiovascular Events as Positively 
Adjudicated by CAC- ITT Population 

 
 
Source-ELIXA Interim report-page 25 
 

Table 97: Number (%) of Patients with MACE events as Positively Adjudicated by CAC 
– ITT Population 
 

 
Source: Update to ELIXA analysis-Table 2, submission dated April 29, 2013 
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The statistical reviewer and sponsor also performed an analysis of on-treatment events 
on ITT population. On-treatment events are those events adjudicated by CAC which 
occurred within 30 days of the end of treatment. The results show more similarity 
between lixisenatide and placebo compared to the pre-specified analyses: 
Table 98: On- treatment MACE and MACE + events as Adjudicated by CAC-ITT 
Population 

 Placebo 
N=1333 

n(%) 

Lixisenatide 
N=1334 

n(%) 
HR(CI)* 

MACE+ 62 (4.7) 65 (4.9) 1.05 (0.74, 1.49) 
MACE 60 (4.5) 64 (4.8) 1.07 (0.75, 1.53) 
*95% confidence interval derived from Cox proportional hazard model with treatment 
and region as factors 
Source: Reviewer’s table analyses, Table 10-Dr. Rima Izem’s review 
 
 
A Kaplan-Meier plot of time from randomization to first primary CV event by treatment is 
presented (applicant’s Figure 1 - ELIXA interim report- page 26). Again, over time it 
appears that a small but consistent excess number of patients on lixisenatide have 
events with separation of the curves.  This is specifically noted in Dr. Izem’s K-M plot 
which was truncated at month 12 since few subjects were followed longer than 12 
months. Dr. Izem also produced box plots of time to MACE or time to censoring and 
they were similar (Figures 2 and 3, Dr. Izem’s safety statistical review). 
Eventually, an upper-bound of the 95% confidence Interval of 1.3 has to be excluded to 
meet post-approval regulatory requirements to exclude CV risk. Since the point estimate 
of the interim analysis was 1.15 with an upper bound of 1.62, the applicant was asked to 
provide an update to this interim analysis (cut-off date of January 25, 2013).  The 
statistical review focuses only on the pre-specified interim analysis.  
In the update, the point estimate for the primary composite was 1.14 with a 96% CI of 
0.89-1.47. The HR of the individual components of CV death and MI was below 1.8 but 
HR for stroke increased compared to previous results. The number of individual 
endpoint events is too small to make meaningful conclusions. The results for MACE 
(excluding unstable angina) were identical to the primary CV events results (Table 4, 
Sponsor’s submission dated April 29, 2013) 
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Table 99: Number (%) of patients with Primary Cardiovascular Events as Positively 
Adjudicated by CAC- ITT population 

 
Source: Update to ELIXA analysis-Table 3, submission dated April 29, 2013 
 
Review of CV events: 
 
Deaths: 
 
The CAC-adjudicated causes of death for the 50 patients (27 lixisenatide, 23 placebo) 
were as follows:  
Table 100: Deaths-ELIXA: (Source: addeath.xpt): 

USUBJID AGE Death 
day 

AEDECOD LOCATION CAUSEADJ Death type  
(CAC) 

Lixisenatide 
076-002-
014 

65 38 Cardiogenic 
shock 

In hospital/ ER Heart failure CV Death 

076-003-
011 

79 82 Sudden death At home Sudden death: 
Last seen alive >= 
1 hr and < 24 hrs 

CV Death 

076-016-
001 

74 142 Acute myocardial 
infarction 

In hospital/ ER Fatal myocardial 
infarction 

CV Death 

124-002-
005 

80 155 Pneumonia- 
aspiration 

In hospital/ ER Malignancy Non-CV 
Death 

152-001-
001 

59 173 Acute myocardial 
infarction 

In hospital/ ER Fatal myocardial 
infarction 

CV Death 
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USUBJID AGE Death 
day 

AEDECOD LOCATION CAUSEADJ Death type  
(CAC) 

152-004-
011 

49 84 Hemiplegia In hospital/ ER Fatal stroke: 
ischemic with 
hemorrhagic 
conversion 

CV Death 

170-002-
003 

75 170 Death At home Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

170-017-
001 

70 225 Sepsis In hospital/ ER Heart failure CV Death 

208-002-
001 

66 516 Sudden death At home Sudden death: 
Last seen alive >= 
1 hr and < 24 hrs 

CV Death 

233-002-
008 

43 33 Myocardial 
infarction 

In hospital/ ER Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

320-001-
005 

68 239 Sepsis In hospital/ ER Presumed CV 
death 

CV Death 

320-004-
004 

73 57 Ventricular 
fibrillation 

In hospital Fatal myocardial 
infarction 

CV Death 

320-006-
006 

61 382 Bronchial 
carcinoma 

At home Malignancy Non-CV 
Death 

392-005-
003 

55 198 Ventricular 
tachyarrhythmia 

In hospital/ ER CV procedural: 
CABG 

CV Death 

428-004-
001 

64 157 Sudden death At home Sudden death: 
Last seen alive >= 
1 hr and < 24 hrs 

CV Death 

484-011-
010 

55 140 Sudden death At home Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

604-009-
004 

60 182 Cardiac failure In hospital/ ER Heart failure CV Death 

604-010-
007 

70 197 Cardiac failure 
congestive 

At home Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

616-006-
001 

54 218 Myocardial 
infarction 

Other: Long-
term care 

Fatal myocardial 
infarction 

CV Death 

643-011-
001 

60 76 Coronary artery 
disease 

At work Sudden death: 
Last seen alive >= 
1 hr and < 24 hrs 

CV Death 

643-024-
002 

75 285 Cardiac failure At home Presumed CV 
death 

CV Death 
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USUBJID AGE Death 
day 

AEDECOD LOCATION CAUSEADJ Death type  
(CAC) 

724-001-
013 

78 128 Broncho- 
pneumonia 

In hospital/ ER Infection Non-CV 
Death 

804-003-
010 

60 72 Sudden cardiac 
death 

At home Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

840-310-
001 

66 184 Prostate cancer 
metastatic 

Other: Nursing 
home 

Malignancy Non-CV 
Death 

840-337-
004 

87 402 Arteriosclerosis 
coronary artery 

At home Sudden death: 
Last seen alive >= 
1 hr and < 24 hrs 

CV Death 

840-346-
001 

73 501 Pancreatic 
carcinoma 
metastatic 

At home Malignancy Non-CV 
Death 

840-471-
002 

53 451 Sepsis Unknown Unknown Unknown 

Placebo: 
032-033-
002 

48 215 Acute pulmonary 
edema 

In hospital/ ER Heart failure CV Death 

076-002-
006 

56 130 Acute pulmonary 
edema 

In hospital/ ER Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

076-002-
007 

72 163 Sepsis In hospital/ ER Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

076-018-
018 

73 182 Myocardial 
infarction 

In hospital/ ER CV procedural: 
Other CV 
procedural: CABG 
and mitral valve 
replacement 

CV Death 

152-011-
002 

71 231 Cardiac failure At home Sudden death: 
Last seen alive >= 
1 hr and < 24 hrs 

CV Death 

152-011-
011 

64 313 Atrioventricular 
block complete 
Myocardial 
infarction 

In hospital/ ER Fatal Myocardial 
Infarction 

CV Death 

246-005-
001 

76 288 Sudden death At home Presumed sudden 
death 

CV Death 

276-017-
001 

72 57 Pulmonary 
embolism 

In hospital/ ER Fatal pulmonary 
embolism 

CV Death 
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USUBJID AGE Death 
day 

AEDECOD LOCATION CAUSEADJ Death type  
(CAC) 

Cardiac failure 
chronic 

376-002-
004 

75 296 Septic shock In hospital/ ER Infection Non-CV 
Death 

440-004-
002 

71 80 Coronary artery 
bypass 

In hospital/ ER CV procedural: 
CABG 

CV Death 

484-005-
008 

56 61 Myocardial 
infarction 

In hospital/ ER Presumed CV 
death 

CV Death 

484-007-
003 

78 90 Hemorrhagic 
stroke 

In hospital/ ER Fatal stroke: 
Hemorrhagic 

CV Death 

484-023-
002 

61 313 Sepsis In hospital/ ER Fatal Myocardial 
Infarction 

CV Death 

484-023-
006 

69 351 Cardiogenic 
shock 
Myocardial 
infarction 

In hospital/ ER Heart failure CV Death 

604-005-
009 

76 145 Sudden death In hospital/ ER Infection Non-CV 
Death 

616-008-
004 

63 179 Acute respiratory 
failure 

At home Pulmonary Non-CV 
Death 

643-024-
001 

58 28 Sudden death At home Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

643-025-
013 

64 127 Peritoneal 
sarcoma 

At home Malignancy Non-CV 
Death 

643-047-
001 

48 8 Sudden death In hospital/ ER Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

710-006-
005 

73 175 Cardiac failure At home Heart failure CV Death 

804-004-
007 

69 318 Sudden cardiac 
death 

In hospital/ ER Presumed CV 
death 

CV Death 

840-047-
005 

57 30 Aortic dissection In hospital/ ER Other 
cardiovascular: 
Aortic dissection 

CV Death 

840-459-
002 

82 46 Respiratory 
failure 

 Pulmonary Non-CV 
Death 

 
The causes of death adjudicated seemed balanced between lixisenatide and placebo 
except for numerical increases in sudden death (total), fatal MI and malignancies with 
lixisenatide and pulmonary causes with placebo: 
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Table 101: CAC Adjudicated Causes of Death- Lixisenatide vs. Placebo 

CAUSE ADJ N 
LIXI 

N 
PBO 

CV Procedural: CABG 1 1 
CV Procedural: Other CV Procedural: CABG and mitral valve 
replacement 

0 1 

Fatal myocardial infarction 4 2 
Fatal pulmonary embolism 0 1 
Fatal stroke: hemorrhagic 0 1 
Fatal stroke: ischemic with hemorrhagic conversion 1 0 
Heart failure 3 3 
Infection 1 2 
Malignancy 4 1 
Other cardiovascular: Aortic dissection 0 1 
Presumed CV death 2 2 
Presumed sudden death 0 1 
Pulmonary 0 2 
Sudden death: Last seen alive >= 1 hr and < 24 hrs 5 1 
Sudden death: Witnessed or last seen alive < 1 hr 5 4 
Unknown 1 0 
 
Endpoint adjudication review: 
Key differences between the DMC document and the standardized definition of CV endpoints 
document were as follows. 
Unstable angina (USA) is defined as follows in the DMC document: 
“HospUSA: 

 Hospitalization* for ischemic symptoms: 
o Rest or accelerated symptoms (pain, dyspnea, pressure) consistent with myocardial ischemia. 

 AND 
o Cardiac markers (CK-MB or Troponin): 
Suggestive of myocardial injury but not meeting MI criteria. 
 
Note: if abnormal troponin, value must be in the suggestive (middle) range and below the threshold 
for MI.” 
 
Reviewer’s Comment: In the latest standardized definition of CV endpoints document, one of 
the criteria for Unstable angina is “negative cardiac biomarkers and no evidence of acute MI” 
along with rest or escalating anginal pain, hospitalization within 24 hours of symptoms and 
Ischemic changes on resting ECG or inducible ischemia in stress tests or angiographic 
evidence. For acute MI, biomarker elevations should be above the Upper reference limit (URL). 
Hence it is possible that the CAC was more restrictive in their definition of MI or USA (more 
cases which were potentially MI being diagnosed as USA and some cases not adjudicated as 
Unstable angina since they had normal biomarkers). However, adjudication was blinded, and 
the definitions were pre-specified. Narratives for select cases not meeting adjudication criteria 
were reviewed. 
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Transient ischemic attack (TIA)-DMC document: 
“A focal neurological deficit of central origin lasting < 24hrs without documented 
ischemia, hemorrhage or acute treatment with thrombolytics/directed intervention.” 
 
This seems consistent with the draft definitions for testing document. Recent stroke 
guidelines15 suggest that evidence of new infarct by imaging even if symptoms have 
resolved is suggestive of stroke rather than TIA. Advice by e-mail was obtained from 
FDA neurologist Dr. Billy Dunn (standardized endpoints task force member) about this 
issue. On select narrative review, some patients adjudicated as TIA had imaging 
evidence of new infarct although symptoms had resolved. He advised that the most 
important issue is that the approach is pre-specified in the protocol and that consistency 
with said approach is maintained during adjudication.  
 
 
Coronary Events which were not adjudicated by the CAC (ITT population, adcoro2.xpt), 
as an MI or hospitalization for USA were reviewed, focusing on those with ECG 
changes consistent with infarction (MIAECG), any cardiac markers above the ULN 
(MIAULN), concurrent heart failure episode (MIAHFE), concurrent coronary 
revascularization (MIAREVAS) or IP was interrupted. The patient listing is shown below 
(12 lixisenatide patients with 13 events, 13 placebo patients). In addition, four patients 
(two each on lixisenatide and placebo) had a fatal outcome and were adjudicated as CV 
deaths (233002008, 484005008, 484023006 and 643011001). All patients except one 
(840350001) were symptomatic. 
 
Table 102: Review of Select Coronary Events Which were not Adjudicated by the CAC 
(ITT population, adcoro2.xpt), as an MI or Hospitalization for USA: 

SUBJID Age Sex Day AE Action ECG changes; Cardiac 
markers; Associated heart 
failure or revascularization 
procedure 
 

LIXISENATIDE 
032028003 79 f 55 angina 

unstable 
none ECG- inferior ST elevation, 

normal cardiac markers, PCI 
on same day 

                                            
15 AHA/ASA stroke guidelines 2013- Stroke. published online January 31, 2013 
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SUBJID Age Sex Day AE Action ECG changes; Cardiac 
markers; Associated heart 
failure or revascularization 
procedure 
 

616008001 53 m 79 angina 
pectoris 

none Depression of ST segment in 
V5-V6- no new changes in 
contiguous leads 
documented, troponin I 
above ULN, recovered the 
same day 
 

642013002 64 f 44 angina 
unstable 

none No new ECG changes, 
normal cardiac markers, 
associated with acute heart 
failure 

643017007 72 f 341 angina 
unstable 

none ST-segment depression V2-
V6 
Cardiac markers not drawn. 

643020002 62 m 95 myocardial 
infarction 

none ST segment elevation in 
leads V1-V5 
Cardiac markers normal 

643024015 57 f 44 acute 
myocardial 
infarction 

none ST segment elevation II, III, 
aVF 
Cardiac markers normal.  
Had a CAC-adjudicated 
spontaneous MI on Day 111 

643027001 67 f 16 myocardial 
infarction 

none ST-segment elevation in 
contiguous leads, cardiac 
markers not drawn, 
associated with 
acute heart failure 

643027001 67 f 33 myocardial 
infarction 

none ST-segment elevation in 
contiguous leads, cardiac 
markers not drawn, 
associated with 
acute heart failure 

643027003 71 f 26 angina 
unstable 

none No new ECG changes, 
cardiac markers not drawn. 
Revasc procedure (CABG) 
17 days later 
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SUBJID Age Sex Day AE Action ECG changes; Cardiac 
markers; Associated heart 
failure or revascularization 
procedure 
 

710007001 50 m 64 angina 
pectoris 

none Ischemic changes on ECG, 
troponin I > ULN-attributed to 
unrecovered heart failure for 
over 2 weeks.  
CAC-adjudicated MI 7 days 
later. 
 

804010002 52 m 246 myocardial 
infarction 

none ECG- pathologic Q, T 
inversion 
Cardiac markers were not 
drawn 

804012004 59 m 60 angina 
unstable 

interrupted No new ECG changes, 
cardiac markers normal, PCI 
7 days later 

840350001 74 f 59 angina 
pectoris 

none Asymptomatic, no new ECG 
changes, cardiac markers 
normal 

PLACEBO 
032012002 49 m 175 angina 

unstable 
interrupted ST elevations in lead-V1, 2, 

3. 
Cardiac markers normal. PCI 
4 days later 

032033015 76 m 19 angina 
unstable 

none T wave inversion V1-V4 
Cardiac markers normal. 
CABG 10 days later 

152002010 61 m 17 angina 
unstable 

none No new ECG changes. CK-
MB above ULN. PCI one 
month later. 

208001001 75 m 115 angina 
unstable 

none No new ECG changes, 
cardiac markers normal. 
Associated with acute heart 
failure 

376006002 41 m 33 angina 
unstable 

interrupted No new ECG changes. 
Cardiac markers normal. 
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SUBJID Age Sex Day AE Action ECG changes; Cardiac 
markers; Associated heart 
failure or revascularization 
procedure 
 

616014002 65 m 280 angina 
pectoris 

interrupted No new ECG changes, 
troponin T was above ULN. 
Had 2 spontaneous MIs 
(NSTEMI) on Day 222 and 
Day 248 

642012005 55 f 135 angina 
unstable 

none T wave inversion (T 
negative) in d1 territory- aVL, 
V1-V3 
Cardiac markers not drawn. 
PCI 5 days later. 

643004007 56 f 8 myocardial 
infarction 

none ECG- signs of ischemia in 
the anterior septal and apical 
region, cardiac markers 
normal, associated with 
acute heart failure 

643017002 56 m 89 angina 
unstable 

none ST-segment elevation, T-
wave inversion V3-V6 
Cardiac markers not drawn 

710005001 37 m 10 angina 
unstable 

none ST-depression in the lateral 
leads V5 and V6 
CK-MB and troponin T 
above ULN; CAC-
adjudicated spontaneous MI 
(STEMI) 4 days later. 

804004012 57 m 142 myocardial 
infarction 

none ECG-“cicatrical changes in 
myocardial posterior-lateral 
wall of the left ventricle. 
Changes in the final part of 
the ventricular complex” 
Cardiac markers were not 
drawn. 

826009001 72 m 161 myocardial 
infarction 

none No new ECG changes 
troponin I above ULN 

840368001 63 f 311 angina 
unstable 

none lateral ST and T-wave 
changes 
Cardiac markers normal 

 
Reviewer’s Assessment: There were cases that did not meet the study specific criteria 
but would have met criteria for USA by the new standardized CV endpoint definition or 
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were probably NSTEMI (cases with elevated biomarkers). However, there were 
lixisenatide and placebo patients with these presentations. Hence this should not affect 
final CV endpoint results. 
 
Strokes adjudicated by the CAC were predominantly ischemic. Two patients were 
adjudicated as having ischemic stroke with hemorrhagic conversion. Three events in 
placebo patients were adjudicated as primary intracranial hemorrhage and one patient 
on lixisenatide was adjudicated as having a stroke of unknown etiology. 
 
Table 103: Listing of Events Adjudicated by the CAC as not Meeting Criteria for Stroke: 

SUBJID AGE SEX DAY AEDECOD Out 
come 

Stroke symptoms; 
Workup (if reported) 

Lixisenatide 
032020002 71 M 241 VIIth nerve 

paralysis 
recovered  

616011004 74 F 1 Carotid artery 
stenosis 

not 
recovered 

 

642015009 68 M 73 Carotid 
arteriosclerosis 

not 
recovered 

Recurrent morning 
dizziness; 
Day-273 on CT scan- 
“abnormal/ 11mm 
area on right frontal 
subcortical region”. 
Neurology consult-
“carotid 
atheromatosis”. 
Hx of carotid 
stenosis>=50% 

643049005 58 F 40 Vertebral and 
carotid artery 
stenosis 

recovering 

643049005 58 F 40 Carotid artery 
stenosis 

not 
recovered 

 

826002008 73 F 248 Transient 
ischemic attack 

not 
recovered 

cognitive deterioration 
for <24h 
Day 347- CT scan 
and carotid Doppler 
normal 

826009004 70 F 31 Cerebrovascular 
accident 

recovering Weakness in limbs. 
CT scan on Day 32 
and MRI on Day 36 
were normal 
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SUBJID AGE SEX DAY AEDECOD Out 
come 

Stroke symptoms; 
Workup (if reported) 

28 Cerebrovascular 
accident  

Recovered 
with 
sequelae 

840008005 53 M 

29 Carotid artery 
stenosis 

recovered  

Cognitive 
deterioration, 
depressed level of 
consciousness, visual 
disorder, facial 
weakness, weakness 
in limbs and gait 
disorder <24h. CT on 
Day 28- normal; 
abnormal carotid 
Doppler angiogram (> 
70% stenosis). 
Patient had bil. carotid 
endarterectomy. 

840400004 67 M 12 Carotid artery 
disease 

not 
recovered 

 

Placebo 
076001002 69 F 170 Cerebrovascular 

accident 
recovered Dysarthria and gait 

disorder over 24 
hours, sudden onset 
unknown 
CT scan on Day 170- 
“abnormal findings of 
intracranial 
atheromatous, 
periventricular 
microangiopathy and 
left cerebellar lesion 
with old aspect” and 
MRI on Day 173 –
“may correspond to 
areas of gliosis/old 
infarct”. Neurology 
consult-“suspect 
posterior circulation 
ischemic stroke” 

320006013 70 F 141 VIIth nerve 
paralysis 

recovering  
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SUBJID AGE SEX DAY AEDECOD Out 
come 

Stroke symptoms; 
Workup (if reported) 

376006001 71 M 306 Transient 
ischemic attack 

recovered Weakness in limbs > 
24 hr and dysarthria 
<24h. CT- old infarct 
Hx of CAC 
adjudicated ischemic 
stroke on Day 157 
with residual left 
hemiparesis. 

484023003 54 M 141 VIIth nerve 
paralysis 

recovered  

604005011 69 M 2 VIIth nerve 
paralysis 

recovered 
with 
sequelae 

 

616005007 66 F 100 Carotid artery 
stenosis 

not 
recovered 

 

642030002 56 M 35 Carotid 
arteriosclerosis 

not 
recovered 

 

643017019 43 M 341 Cerebrovascular 
disorder 

not 
recovered 

Headaches, difficulty 
with movement in the 
cervical spine and 
numbness of the 
upper and lower 
extremities. Doppler- 
right carotid and 
vertebral artery 
atherosclerosis 

710001002 63 F 124 Cerebrovascular 
accident 
(TIA- per CAC) 

recovered Symptoms with non-
sudden-onset; facial 
weakness, weakness 
in limbs, sensory 
disturbance and gait 
disorder. MRI-chronic 
ischemia, neurology- 
reversible ischemic 
neurovasc deficit 
(RIND) 

826027001 53 F 241 Dysarthria recovered No procedures or 
medical attention 
received. 

Reference ID: 3364935Reference ID: 3954238

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

251 

SUBJID AGE SEX DAY AEDECOD Out 
come 

Stroke symptoms; 
Workup (if reported) 

840360001 72 M 47 Transient 
ischemic attack 

recovered 
with 
sequelae 

Weakness in limbs 
<24h and orthostasis. 
MRI performed on 
Day 52- chronic 
changes. Carotid 
Doppler on day 85- 
“no flow limiting 
stenosis” 

  
Reviewer’s Conclusion: CAC adjudication seems appropriate. Cases 840008005 and 
076001002 probably had strokes but did not meet pre-specified study criteria 
 
Interpretation of final ELIXA results 
 
As specified in the diabetes cardiovascular evaluation guidance for assessment of 
cardiovascular risk at the time of NDA submission, ELIXA’s interim analysis excluded an 
upper bound of the 95% confidence interval of 1.8 for the hazard ratio for MACE, for 
lixisenatide compared to placebo. At interim analysis, there were 144 events for the 
primary composite endpoint (MACE+), 77 in lixisenatide arm and 67 in placebo arm. 
The 96% confidence interval for MACE+ is 1.15 (0.82, 1.62). For MACE events alone, 
the point estimate was 1.17 with an upper bound of 1.66.  Three components of 
MACE+, CV death, myocardial infarction and stroke numerically favor the placebo arm. 
In the update to the interim analyses (cut-off date of January 25, 2013) the point 
estimate for the primary composite (MACE+ and MACE) was 1.14 with the upper bound 
of the 96% CI of 1.47. There was still a numerical excess of MI and stroke events in 
lixisenatide patients, although the upper bound and point estimate had decreased 
compared to the pre-specified interim analyses. Therefore, until the ELIXA trial is 
complete, there is still an element of uncertainty about exclusion of excess CV risk with 
lixisenatide, which will have to be included when weighing risk-benefit considerations for 
approval. 
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DIVISION OF PULMONARY, ALLERGY, AND RHEUMATOLOGY 
PRODUCTS

MEDICAL OFFICER CONSULTATION

Date: April 5, 2016
To: Suchitra Balakrishnan, M.D, Ph.D., Medical Officer, Division of 

Metabolic and Endocrine Products (DMEP)
From: Stacy Chin, M.D., Medical Reviewer
Through: Anthony Durmowicz, M.D., Medical Team Leader
Through: Badrul Chowdhury, M.D., Ph.D., Division Director
Subject: anaphylaxis in the lixisenatide clinical development program

General Information

NDA/IND#: NDA 208-471 (initial submission NDA 204-961)
Sponsor: Sanofi Aventis
Drug Product: Lixisenatide
Request From: Martin White, M.S., Regulatory Project Manager, DMEP
Date of Request: December 15, 2015
Date Received: January 4, 2016
Date Due: March 16, 2016
Materials 
Reviewed:

NDA 208-471: module 2.7.4 Clinical Summary of Safety; module 
5.3.5.1 study reports, case narratives, and CRFs for EFC12261, 
EFC12626, EFC11319; module 5.3.5.3 ISS sections 2, 3.6.3, and 4, 
120-Day Safety Update, White paper

Introduction
This is a Division of Pulmonary, Allergy, and Rheumatology (DPARP) medical officer review in 
response to a consultation request from the Division of Metabolic and Endocrine Products 
(DMEP) regarding lixisenatide and severe hypersensitivity reactions that have been reported in 
the clinical development program. Lixisenatide is a glucagon-like peptide 1 (GLP-1) receptor 
agonist currently under review for the proposed indication of an adjunct to diet and exercise to 
improve glycemic control in adults with Type 2 diabetes mellitus. Because this is the second 
consultation for severe hypersensitivity reactions in the pre-marketing clinical development 
program, the following review will serve as an addendum to include additional anaphylaxis cases 
identified from several recently completed trials that have been incorporated into the lixisenatide 
safety database. This review will not repeat information covered in the initial consultation, dated 
August 26, 2013, which may be referenced for details regarding the Applicant’s process for 
identifying allergic reactions, a discussion of the diagnostic criteria for anaphylaxis, and 
previously reviewed case narratives of potential anaphylaxis reactions. 
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Background
In response to a glucose load, incretin hormones, such as native human GLP-1, stimulate insulin 
release from pancreatic islet cells, suppress glucagon secretion, and delay gastric emptying to 
promote glucose uptake. The endogenous, active form of GLP-1 has a circulating half-life of 90-
120 seconds due to rapid N-terminal cleavage and inactivation by the common dipeptidyl 
peptidase-4 (DPP-4) enzyme. Lixisenatide is a GLP-1 receptor agonist resistant to enzymatic 
cleavage by DPP-4 resulting in longer duration of action and allowing for once daily dosing. 
Lixisenatide received marketing approval from the European Medicines Agency on February 1, 
2013; however, the Applicant withdrew the NDA submission on September 12, 2013, during the 
initial review cycle and prior to any regulatory action by the FDA.  In the U.S., there are now 
five approved GLP-1 agonists on the market: exenatide (Byetta), liraglutide (Victoza), exenatide 
long-acting release (Bydureon), albiglutide (Tanzeum), and dulaglutide (Trulicity). Significant 
hypersensitivity reactions including anaphylaxis and angioedema have been reported post-
marketing for these products and are likely a class effect. With this in mind, possible 
hypersensitivity reactions were evaluated prospectively during the lixisenatide clinical program, 
and DMEP has requested that DPARP review additional hypersensitivity reactions identified in 
the lixisenatide clinical safety database since the resubmission. 

Updated Lixisenatide Safety Database 
For the current NDA submission, the Applicant provided additional safety data from three new 
trials: EFC11319, EFC12261, and EFC12626. Trial EFC11319 (ELIXA study) was a placebo-
controlled, long-term cardiovascular outcome study (median treatment duration 22-23 months) in 
6063 patients while EFC122621 was a 24-week. open-label, lixisenatide only study in 451 
patients and EFC12626 was a 26-week, open-label, active control study in 893 patients. When 
combined with the studies previously submitted and reviewed, the lixisenatide safety database 
now consists of 20 Phase 2/3 studies in patients with Type 2 diabetes mellitus and 17 Phase 1 
studies in healthy volunteers and patients with Type 2 diabetes mellitus, totaling 8478 subjects 
who received at least 1 dose of lixisenatide and 6403 subjects who received either placebo or an 
active comparator drug. Focusing on the pooled Phase 2/3 studies, 7874 patients received at least 
one dose of lixisenatide (6455 of those were in placebo controlled studies) resulting in a 
cumulative exposure to lixisenatide of 10,035.9 patient years with a median exposure of 526.0 
days. 

Case Identification
During clinical development, the Applicant identified allergic reactions as an adverse event of 
special interest and created an Allergic Reaction Adjudication Committee (ARAC) to evaluate 
potential hypersensitivity reactions. Refer to the initial DPARP consult for a discussion of the 
adjudication process and definition of anaphylaxis used by ARAC and by the Agency. 

ARAC Adjudication Results
Adverse events consistent with anaphylaxis and drug hypersensitivity occurred during the 
clinical development program for lixisenatide. In the integrated safety summary (ISS), the 
assessment of AEs adjudicated as allergic reactions by ARAC focuses on the controlled Phase 
2/3 studies with the exception of study ACT6011 which was completed prior to ARAC being 
established. In these studies, investigators were to flag adverse events that included prespecified 
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signs and symptoms that could be consistent with those caused by allergies (allergic-like events) 
which would then be reviewed by the ARAC for final determination as allergic events or not.

In the Phase 2/3 program1, 372 possible allergic-like events were reported in 302 lixisenatide-
treated patients, 21 events were reported in 14 patients treated with active comparator drugs 
(exenatide, sitagliptin, liraglutide or insulin glulisine), and 162 events were reported in 132 
placebo-treated patients. Of these, 121 treatment-emergent events in 106 patients in the 
lixisenatide treated group, 53 events in 45 patients in the placebo-treated group and 6 events in 5 
patients in the active comparator group (1 sitagliptin, 1 insulin, 4 exenatide) were determined to 
be consistent with allergic reactions by the ARAC. In addition to the 16 cases of anaphylaxis 
which are described in detail below, ARAC identified 27 events of urticaria, 19 events of allergic 
rhinitis, 8 events of angioedema, and 7 events of allergic conjunctivitis in lixisenatide-treated 
patients in the combined Phase 2/3 studies. As mentioned in the initial consult, as part of the 
adjudication process, ARAC supplied a single diagnosis for each event even if multiple 
symptoms were present; for example, a patient with hives and swelling would receive a 
diagnosis of either urticaria or angioedema. While this method could be a limitation by 
underestimating the frequency of certain allergic adverse events, it did not affect the 
identification of life-threatening hypersensitivity reactions such as anaphylaxis. 
 
Anaphylaxis Case Identification from Clinical Trial Database
The Applicant’s ARAC identified a total of 17 cases of anaphylactic reaction/anaphylactic shock 
adverse reactions temporally associated with lixisenatide treatment in the clinical development 
program. DPARP’s review of allergic-like reactions reported for the Phase 2/3 studies did not 
reveal any additional potential anaphylaxis cases. Narratives for 12 cases were provided in the 
initial consult. An additional 5 cases were identified in this submission, all from trial EFC11319. 
Of note, the initial consult listed two cases from the 120-day safety update, but both cases are 
provided here again because study EFC11319 was ongoing and blinded at the time. 
Consequently, neither case was included in the previous frequency calculation for anaphylaxis. 
Following are case narratives as well as an assessment by DPARP as to whether the adverse 
reactions meet the established criteria used by the FDA to define anaphylaxis. 

Lixisenatide-treated patients
Case 076018043: This is a 62 year old male with Type 2 diabetes and no allergic history 
who received lixisenatide 20 mcg daily. On Days 20 and 21, he experienced mild pruritis 
at the injection site within 5 minutes of administration; however, the itching self-resolved 
so no action was taken with the study drug. On Day 27, he developed generalized pruritis 
eventually followed by facial angioedema, rhinitis and nasal itching, wheezing, dyspnea, 
cough, nausea, vomiting, and dizziness; he presented to the ED and was treated there (no 
vital signs or specific treatments available). The next day (Day 28), he again presented to 
the ED with the same symptoms (no vital signs available) after lixisenatide 
administration and was treated with nimodipine, salbutamol, loratadine, oxygen, and IV 
fluids. His symptoms improved, but lixisenatide treatment was permanently discontinued 
due to this event.

1 Excludes Study ACT6011 which was not adjudicated by ARAC. Includes phase 2 studies DRI6012, PDY6797, 
PDY10931, PDY12625, and phase 3 studies EFC6014, EFC6015, EFC6016, EFC6017, EFC6018, EFC6019, 
EFC10743, EFC10780, EFC10781, EFC10887, EFC11321, LST10888, EFC11319, EFC12261, and EFC12626.
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FDA Comment: This case was reported as generalized itch by the investigator 
(adjudicated as an anaphylactic reaction by ARAC) and meets NIAID/FAAN anaphylaxis 
criterion 1 due to skin/mucosal (itching, facial edema) and respiratory (wheeze, cough, 
dyspnea) involvement. The immediate onset after dosing and reproducibility of symptoms 
makes lixisenatide the most probable cause of the anaphylactic reactions in this patient. 

Case 076007028: The patient is 66 year old white female with Type 2 diabetes and no 
allergic history who received lixisenatide 20 mcg daily. On Day 540 of the study, she 
experienced an internal carotid artery occlusion while hospitalized for unstable angina 
which began on Day 535. As a result, the lixisenatide dose was temporarily discontinued 
on Day 540 and resumed the following day at a lower dose of 15 mcg daily. One Day 
548, she underwent coronary artery bypass (CABG) for unstable angina, and lixisenatide 
was permanently discontinued with the last dose taken on Day 547.  During the CABG 
procedure, she developed anaphylactic shock in the operating room (no vital signs 
recorded in the CRF) believed to be secondary to protamine. No rash, angioedema, 
respiratory, or systemic signs/symptoms were reported. She was treated with epinephrine 
and norepinephrine and recovered from the event. 
FDA Comment: This case was reported as “anaphylactic shock” by the investigator and 
treated as such. Therefore, even though the narrative and CRF contain too few details to 
apply NIAID/FAAN criteria or assess multi-organ system involvement, the event is 
considered anaphylaxis.  Even though there is no information available to provide a 
timeline of events such as drugs administered and corresponding vital sign changes or 
physical exam findings to implicate protamine as the cause, with the last dose of 
lixisenatide being administered the day prior to onset of the event, the most plausible 
etiology for this anaphylactic reaction is an inciting event/drug in the operating room.

Case 392020004: The patient is a 61 year old Asian male with Type 2 diabetes and 
history of seasonal and food allergies who received lixisenatide 20 mcg daily. He 
experienced anaphylactic shock following a bee sting on Day 118 while mowing the 
grass. His symptoms included generalized erythema, urticaria, itching, eye swelling, 
wheezing, and hypotension (58/48). He was hospitalized and treated with oxgyen, IV 
fluids, methylprednisolone, and epinephrine. He recovered from the event and continued 
in the study completing 975 days of treatment. 
FDA Comment: This case was reported as anaphylactic shock and meets NIAID/FAAN 
anaphylaxis criterion 1 due to skin/mucosal (urticaria, itching, erythema), respiratory 
(wheezing), and cardiovascular (hypotension) involvement. From the information 
provided, the reaction is likely due to a stinging insect hypersensitivity and unrelated to 
lixisenatide treatment. This case was included in the initial DPARP consult from the 120-
day safety update, but the treatment was blinded at that time. 

Case 208011004: This is a 64 year old white male with Type 2 diabetes and no allergic 
history who received lixisenatide 20 mcg daily.  On Day 398, he developed severe 
urticaria and hypotension after starting a synthetic penicillin (mecillinam) to treat 
pyelonephritis. He had received pivmecillinam hydrochloride with no problem while 
hospitalized for pyelonephritis on Days 395-397. After taking mecillinam, he developed 
urticaria and truncal/upper limb erythema; his vital signs were HR 96, BP 91/61, RR 16. 
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He was hospitalized and treated with clemastine, glucocorticoids, solumedrol, cetirizine, 
IV fluids, ciprofloxacin and ceftriaxone. Vital signs after recovery were reported as HR 
65, BP 140/85, RR 14. As drug hypersensitivity to mecillinam was suspected, his 
antibiotic regimen was switched to pivmecillinam hydrochloride and later ceftriaxone 
with no further issues. No action was taken with the study drug, and he completed the 
study with 844 days of treatment.
FDA Comment: This case was reported as drug hypersensitivity and meets NIAID/FAAN 
criterion 1 for anaphylaxis due to skin (urticaria, flushing) and cardiovascular 
(hypotension) involvement. Anaphylaxis triggered by hypersensitivity to mecillinam 
appears to be the most likely cause since the patient was able to continue treatment with 
lixisenatide with no further hypersensitivity reactions. However, it is interesting that the 
patient was able to tolerate pivmecillinam which is the pivaloyloxymethyl ester prodrug 
of mecillinam. Both drugs are extended spectrum synthetic penicillins. 

Case 616014003: The patient is a 57 year old male with Type 2 diabetes and no allergic 
history who received lixisenatide 20 mcg daily.  On Day 338 prior to his daily injection 
of study drug, he experienced swelling of his mouth, tongue, hands, eyes, and face with 
urticaria and generalized itching. Over the course of 2.5 hours, he developed dyspnea and 
dizziness with BP 60/30 mmHg, heart rate 100 bpm, and respiratory rate 25 breaths/min 
when he presented to the study site for a scheduled visit. He was treated with 
epinephrine, hydrocortisone, and phenazoline with improvement of vital signs (HR 86, 
BP 140/80, RR 20) and hospitalized for further observation and treatment.  Lab tests 
revealed exacerbation of his chronic kidney disease with elevated BUN and serum 
creatinine for which he received IV fluids and furosemide. The investigator reported the 
event as anaphylactic shock and an SAE. ARAC adjudicated the event as anaphylactic 
shock unrelated to treatment because the event occurred more than 1 year after drug 
initiation and more than 24 hours after the most recent dose. Treatment was permanently 
discontinued due to this event.. 
FDA Comment: This case was reported as anaphylactic shock and meets NIAID/FAAN 
anaphylaxis criterion 1 based on skin/mucosal (angioedema, urticaria, itching), 
cardiovascular (hypotension, tachycardia), and respiratory (dyspnea, tachypnea) 
involvement. While ARAC felt the event was unrelated to lixisenatide treatment, without a 
plausible alternative cause for the reaction, regardless of the timing, lixisenatide cannot 
be ruled out as the cause of this life-threatening event. 

Placebo-treated patients
Case 380016005: This is a 40 year old white male with Type 2 diabetes and no allergic 
history who received placebo. On Day 330, he developed hives, wheezing, syncope and 
acute respiratory failure after taking amoxicillin and nimesulide (COX-2 inhibitor). Vital 
signs were not reported, but he was hospitalized for the event and treated with 
epinephrine and corticosteroids. No action was taken with the study drug, and he 
continued in the study through Day 535.  
FDA Comment: This case was reported as drug hypersensitivity and meets NIAID/FAAN 
criterion 1 for anaphylaxis due to skin (urticaria), respiratory (wheeze, acute respiratory 
failure), and cardiovascular (syncope) involvement. Penicillins such as amoxicillin and 
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NSAIDs are common causes of drug-induced hypersensitivity reactions and either one 
could be responsible for triggering anaphylaxis in this case. 

Case 840413001: This is a 57 year old white male with Type 2 diabetes and history of 
allergic rhinitis and drug hypersensitivity. On Day 590, he took two tablets (440 mg total) 
of naproxen for body aches resulting from a motor vehicle accident 4 days prior. Within 
10 minutes, he experienced headache and difficulty breathing. His wife called 911, and 
he was transported to the ED and hospitalized. He developed flushing without hives, 
wheezing, chest tightness and hypotension for which he received epinephrine as well as 
diphenhydramine, famotidine, IV fluids, oxygen, and methylprednisolone. His vital signs 
were reported as HR 124, BP 104/57, RR 24, O2 sat 94% on 4L NC at the onset and 
during the event. No action was taken with the study drug, and he continued through Day 
866.
FDA Comment: This case was reported as anaphylactic reaction and meets NIAID/FAAN 
criterion 1 for anaphylaxis due to skin (flushing/erythema), respiratory (wheeze, chest 
tightness, difficulty breathing), and cardiovascular (hypotension) involvement. NSAIDs 
are a common cause of drug-induced hypersensitivity reactions. Given the immediate 
onset of symptoms after administration, naproxen is the most probable cause of 
anaphylaxis in this case. 

Case 233002010: This is a 57 year old white male with Type 2 diabetes and no allergic 
history who received placebo.  On Day 257, he developed angioedema of the eyes, face, 
pharynx and larynx (“lump in the throat”) as well as respiratory symptoms (difficulty 
breathing and wheeze) after eating nuts. Vital signs at onset were not reported, however, 
during the event were as follows: HR 82, BP 153/73, and RR 13. He was treated in the 
ED with clemastine, IV fluids, epinephrine, prednisolone, and desloratidine. He 
recovered from the event, and no action was taken with the study drug. On Day 623, he 
developed swelling, tingling, and redness around his eyes after eating carrots. He 
presented to the ED, and his vital signs were HR 81, BP 156/76, and RR 13. He was 
treated with clemastine, desloratidine, dexamethasone, prednisolone, and IV fluids. 
Again, he recovered, and no action taken with the study drug. He completed the study 
after 626 days of treatment. 
FDA Comment: This case was reported as laryngeal edema and food allergy. The first 
event on Day 257 meets NIAID/FAAN criterion 1 due to skin/mucosal (angioedema) and 
respiratory (wheeze, difficulty breathing) involvement. While the second event does not 
qualify as anaphylaxis, both events are probably due to food-induced hypersensitivity as 
nuts are a common cause of food allergy (carrots less so, but the second event could 
possibly be due to cross-contamination with nuts rather than carrots themselves). 

Case 643049008: This is a 66 year old white female with Type 2 diabetes and history of 
drug allergy who received placebo. On Day 420, she developed edema of the face, 
tongue, and pharynx, difficulty swallowing, and wheeze. She reported symptom onset  
following consumption of citrus fruit/juice with immediate relief and gradual resolution 
after taking prednisolone and antihistamines. She was treated in the ED where vital signs 
were HR 86 and BP 160/90. No action was taken with the study drug, and she completed 
the study. 
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FDA Comment: This case was reported as food allergy and meets NIAID/FAAN criterion 
1 due to skin/mucosal involvement (angioedema) and respiratory (wheeze) involvement. 
With the limited information provided, the event appears to be triggered by a food 
allergen, although citrus fruits are an infrequent cause of food allergy.  

Case 643012001: This is a 63 year old white female with Type 2 diabetes and history of 
allergic dermatitis who received placebo.  On Day 88, she underwent leech therapy; the 
following day (Day 89), she experienced an exacerbation of her chronic severe eczema 
with generalized itching, flushing, and hives. On Day 90, she presented to the ED and 
was hospitalized in the chronic dermatosis department. Tests performed included CBC, 
skin culture, C-reactive protein, stool for parasites, anti-streptolysin O, rheumatoid factor, 
skin biopsy, and immunogram. She was diagnosed with aggravation of advanced chronic 
eczema and treated with IV fluids, aminophylline, cetirizine, tofisopam, 
methylprednisolone, Grandoxine, Cryospray, vitamins A and E, Zyncterol, and origanum 
vulgare + peppermint oil + phenobarbital. Study drug was permanently discontinued on 
Day 89 per patient request. 
FDA Comment: ARAC classified this case as an anaphylactic reaction, not related to 
treatment; however, with only cutaneous symptoms reported and lack of evidence for 
multi-organ system involvement, this case would not meet any NIAID/FAAN criteria for 
anaphylaxis.

Summary
The Applicant’s independent ARAC identified a total of 17 cases of anaphylactic 
reaction/anaphylactic shock temporally associated with lixisenatide treatment in the clinical 
development program. A single case occurred in Phase 1 study TES11807, which is not included 
in the Applicant’s Integrated Summary of Safety, while the remainder occurred in Phase 2/3. Of 
the 16 cases in phase 2/3 trials, five were discounted as not lixisenatide-related because an 
alternative likely cause was apparent (2 bee stings and 3 alternate drugs – cefazolin, mecillinam, 
protamine) and a sixth case submitted by the investigator as “anaphylactic shock” was deemed 
unrelated by ARAC because the event occurred after 1 year of lixisenatide treatment and more 
than 24 hours after the last dose. The calculated frequency for ARAC-identified lixisenatide-
associated anaphylaxis, based on the 7874 unique patients exposed to at least one dose of 
lixisenatide patients from the ARAC adjudicated pooled Phase 2/3 studies is 0.13% (10/7874). 

DPARP’s review of the allergic-like reactions reported by the study investigators including the 
16 anaphylaxis cases in phase 2/3 studies based on the Applicant’s ARAC classification and 
submitted in this NDA submission, identified 13 cases of anaphylaxis in lixisenatide-treated 
patients as defined by the NIAID/FAAN (criterion 1), a clinical definition of anaphylaxis that 
FDA has adopted to assess for anaphylaxis in clinical trials and post-marketing reports since 
their publication in 2006. Five cases, as noted above, were clearly triggered by other inciting 
agents (2 bee stings, cefazolin, mecillinam and protamine/OR-related polypharmacy) reducing 
the number to 8. Using the same denominator (7874 unique patients from the pooled Phase 2/3 
studies) as used above, we arrived at a calculated frequency of lixisenatide-associated 
anaphylaxis of 0.10 % (8/7874 patients). 
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The difference in frequency between our determination and that using the number of anaphylaxis 
cases identified by the ARAC can be accounted for in 2 ways. First, in reviewing the cases, as is 
our general policy, we utilized a more conservative application of the NIAID/FAAN definition 
(criterion 1 only) rather than a more inclusive estimate that employs both criteria 1 and 2 to 
define anaphylaxis (see initial consult). This difference in the application of the NIAID/FAAN 
anaphylaxis criteria was the primary reason for our lower determination of anaphylaxis cases. On 
the other hand, we included one case from study EFC11319 (subject 616014003) that was 
considered unrelated to lixisenatide by ARAC because we felt there was insufficient information 
available to provide a plausible alternative etiology, thus making it impossible to rule out 
lixisenatide as the cause. 

In a departure from the prior NDA submission, the Applicant reclassified a case (subject 
156029017 from study EFC11321) as “related to lixisenatide treatment” that was initially 
categorized by ARAC as an “anaphylactoid reaction unrelated to lixisenatide treatment”.  This 
case, which occurred with the first exposure, was considered lixisenatide-related in our initial 
consult because in our determination the NIAID/FAAN criteria, by definition, are clinical-based 
and not dependent on known mechanism of action or history of pre-exposure. 

Although the occurrence of anaphylaxis in the pre-marketing setting is relatively rare, it appears 
that hypersensitivity reactions, including anaphylaxis, are a shared side effect of the GLP-1 
receptor agonist drug class. Fewer anaphylactic reactions were identified in the clinical 
development programs of the approved GLP-1 receptor agonists; however, due to differences in 
the identification of allergic reactions in the various clinical programs, a direct comparison of 
anaphylaxis or other severe hypersensitivity reactions cannot be made between lixisenatide and 
other marketed drugs in this class. In addition, as mentioned in our initial consult, the 
immunogenicity of lixisenatide as measured by anti-drug antibody (ADA) formation is higher 
(~70%) in the lixisenatide program compared to the marketed GLP-1 agonists. While ARAC-
adjudicated hypersensitivity reactions occurred more frequently in lixisenatide-treated patients 
who were ADA positive (~2%) than in those who were ADA negative (~1%), hypersensitivity 
reactions only occurred in a small fraction of ADA positive patients overall. Thus, the clinical 
relevance of ADA to lixisenatide with regard to hypersensitivity reactions and anaphylaxis is 
unclear.  Ultimately, the decision regarding the relative risk of potential anaphylactic reactions 
compared to the relative benefit of hyperglycemic control with lixisenatide when there is no 
shortage of alternative available therapies will need to be made by the primary review division 
DMEP.  
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File name: 5_Clinical Filing Checklist for NDA_BLA or Supplement 010908 

1 

NDA/BLA Number: 208471 Applicant: Sanofi Stamp Date: July 27, 2015 

Drug Name: Lixisenatide NDA/BLA Type: NME NDA  

 
On initial overview of the NDA/BLA application for filing: 
 
 Content Parameter Yes No NA Comment 
FORMAT/ORGANIZATION/LEGIBILITY 
1.  Identify the general format that has been used for this 

application, e.g. electronic CTD. 
x    

2.  On its face, is the clinical section organized in a manner to 
allow substantive review to begin? 

x    

3.  Is the clinical section indexed (using a table of contents) 
and paginated in a manner to allow substantive review to 
begin?  

x    

4.  For an electronic submission, is it possible to navigate the 
application in order to allow a substantive review to begin 
(e.g., are the bookmarks adequate)? 

x    

5.  Are all documents submitted in English or are English 
translations provided when necessary? 

x    

6.  Is the clinical section legible so that substantive review can 
begin? 

x    

LABELING 
7.  Has the applicant submitted the design of the development 

package and draft labeling in electronic format consistent 
with current regulation, divisional, and Center policies? 

x    

SUMMARIES 
8.  Has the applicant submitted all the required discipline 

summaries (i.e., Module 2 summaries)? 
x    

9.  Has the applicant submitted the integrated summary of 
safety (ISS)? 

x    

10.  Has the applicant submitted the integrated summary of 
efficacy (ISE)? 

x    

11.  Has the applicant submitted a benefit-risk analysis for the 
product? 

x    

12.  Indicate if the Application is a 505(b)(1) or a 505(b)(2).  If 
Application is a 505(b)(2) and if appropriate, what is the 
reference drug? 

  x  

DOSE 
13.  If needed, has the applicant made an appropriate attempt to 

determine the correct dosage and schedule for this product 
(i.e., appropriately designed dose-ranging studies)? 
Study Number: DRI6012 
Study Title: A 13-week Multinational, Randomized, 
Double-Blind, Placebo-Controlled, Dose-Response Trial 
Assessing the Safety, Tolerability and Efficacy of 
AVE0010 in Metformin-Treated Subjects with Type 2 
Diabetes Mellitus 
  Sample Size:   433 lixisenatide, 109 placebo                                     
Arms: 5 μg, 10 μg, 20 μg, or 30 μg, either QD or BID, 
before breakfast and before dinner (BID only) 
Location in submission: 5.3.5.1 

x   The Applicant has 
proposed once daily 
dosing of 20 mcg as 
therapeutic dose with a 
titration dose of 10 
mcg. 
 
Though question was 
raised during the 
previous NDA review 
with regard to once 
daily vs. twice daily 
dosing, the Applicant 
chose once daily 
dosing for the 

Reference ID: 3820811



CLINICAL FILING CHECKLIST FOR NDA/BLA or Supplement 

File name: 5_Clinical Filing Checklist for NDA_BLA or Supplement 010908 

2 

 Content Parameter Yes No NA Comment 
recommended dosing 
regimen.  This is the 
dosing schedule 
utilized in the phase 3 
program.  

EFFICACY 
14.  Do there appear to be the requisite number of adequate and 

well-controlled studies in the application?  
 
Fifteen phase 3 studies submitted in this NDA, 12 for 
inclusion in section 14 of the prescribing information.  
 
Three phase 3 studies are new since the previous NDA 
application (withdrawn in 2012): EFC11319 (CVOT) 
completed, EFC 12626 (comparison to insulin glulisine), 
and  EFC12261 (lixisenatide before breakfast vs before the 
main meal of the day) 
 

x   See attachment for 
details on pivotal 
studies 

15.  Do all pivotal efficacy studies appear to be adequate and 
well-controlled within current divisional policies (or to the 
extent agreed to previously with the applicant by the 
Division) for approvability of this product based on 
proposed draft labeling? 

x    

16.  Do the endpoints in the pivotal studies conform to previous 
Agency commitments/agreements?  Indicate if there were 
not previous Agency agreements regarding 
primary/secondary endpoints. 

x    

17.  Has the application submitted a rationale for assuming the 
applicability of foreign data to U.S. population/practice of 
medicine in the submission? 

 x   

SAFETY 
18.  Has the applicant presented the safety data in a manner 

consistent with Center guidelines and/or in a manner 
previously requested by the Division? 

x    

19.  Has the applicant submitted adequate information to assess 
the arythmogenic potential of the product (e.g., QT interval 
studies, if needed)? 

  x  

20.  Has the applicant presented a safety assessment based on all 
current worldwide knowledge regarding this product? 

x    

21.  For chronically administered drugs, have an adequate 
number of patients (based on ICH guidelines for exposure1) 
been exposed at the dose (or dose range) believed to be 
efficacious? 

x    

22.  For drugs not chronically administered (intermittent or 
short course), have the requisite number of patients been 
exposed as requested by the Division? 

  x  

                                                 
1 For chronically administered drugs, the ICH guidelines recommend 1500 patients overall, 300-600 
patients for six months, and 100 patients for one year. These exposures MUST occur at the dose or dose 
range believed to be efficacious. 
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23.  Has the applicant submitted the coding dictionary2 used for 

mapping investigator verbatim terms to preferred terms? 
x    

24.  Has the applicant adequately evaluated the safety issues that 
are known to occur with the drugs in the class to which the 
new drug belongs? 

x    

25.  Have narrative summaries been submitted for all deaths and 
adverse dropouts (and serious adverse events if requested 
by the Division)? 

 

x    

OTHER STUDIES 
26.  Has the applicant submitted all special studies/data 

requested by the Division during pre-submission 
discussions? 

  x  

27.  For Rx-to-OTC switch and direct-to-OTC applications, are 
the necessary consumer behavioral studies included (e.g., 
label comprehension, self selection and/or actual use)? 

  x  

PEDIATRIC USE 
28.  Has the applicant submitted the pediatric assessment, or 

provided documentation for a waiver and/or deferral? 
x   Agreed iPSP letter 

dated May 29, 2015 
ABUSE LIABILITY 
29.  If relevant, has the applicant submitted information to 

assess the abuse liability of the product? 
  x  

FOREIGN STUDIES 
30.  Has the applicant submitted a rationale for assuming the 

applicability of foreign data in the submission to the U.S. 
population? 

 x   

DATASETS 
31.  Has the applicant submitted datasets in a format to allow 

reasonable review of the patient data?  
x    

32.  Has the applicant submitted datasets in the format agreed to 
previously by the Division? 

  x  

33.  Are all datasets for pivotal efficacy studies available and 
complete for all indications requested? 

x    

34.  Are all datasets to support the critical safety analyses 
available and complete? 

x    

35.  For the major derived or composite endpoints, are all of the 
raw data needed to derive these endpoints included?  

x    

CASE REPORT FORMS 
36.  Has the applicant submitted all required Case Report Forms 

in a legible format (deaths, serious adverse events, and 
adverse dropouts)? 

x    

37.  Has the applicant submitted all additional Case Report 
Forms (beyond deaths, serious adverse events, and adverse 
drop-outs) as previously requested by the Division? 

x    

FINANCIAL DISCLOSURE 
38.  Has the applicant submitted the required Financial 

Disclosure information? 
x   103 investigators with 

relevant financial 

                                                 
2 The “coding dictionary” consists of a list of all investigator verbatim terms and the preferred terms to 
which they were mapped. It is most helpful if this comes in as a SAS transport file so that it can be sorted 
as needed; however, if it is submitted as a PDF document, it should be submitted in both directions 
(verbatim -> preferred and preferred -> verbatim). 
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disclosures, 16 with 
missing information 

GOOD CLINICAL PRACTICE 
39.  Is there a statement of Good Clinical Practice; that all 

clinical studies were conducted under the supervision of an 
IRB and with adequate informed consent procedures? 

x    

 
IS THE CLINICAL SECTION OF THE APPLICATION FILEABLE? ____Yes____ 
 
If the Application is not fileable from the clinical perspective, state the reasons and provide 
comments to be sent to the Applicant. 
 
 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 

- We note that there were 103 investigators with relevant financial disclosures.  To assist in 
our consideration of the impact of these investigators on study conduct and findings, 
submit tables for each of the individual pivotal phase 3 studies as well as for your 
cardiovascular outcomes study containing the following: (1) total number of 
investigators, (2) number of investigators with relevant financial disclosures including the 
name of the investigator along with the associated site number and the number of patients 
enrolled by each corresponding site. 

 
 
 
 
 
 
 
 
 
 
Andreea O Lungu                                                                                    9/10/2015 
Reviewing Medical Officer      Date 
 
William H Chong                                                                                     9/10/2015 
Clinical Team Leader       Date 
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1 Recommendations/Risk Benefit Assessment 

This section will be addressed in an addendum to the review after the advisory 
committee meeting  

1.1 Recommendation on Regulatory Action 

 

1.2 Risk Benefit Assessment 

 

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies 

 

1.4 Recommendations for Postmarket Requirements and Commitments 

 

2 Introduction and Regulatory Background 

2.1 Product Information 

Lixisenatide (molecular weight 4.9 kDa, Product code-AVE0010) is a peptide containing 
44 amino acids, which is amidated at the C-terminal amino acid showing structural 
similarities to exenatide. The structure of lixisenatide is based on a hormone found in 
the saliva of the Gila monster, Exendin-4 that displays biological properties similar to 
glucagon-like peptide-1 (GLP-1). Lixisenatide has a modified C-terminal with six lysine 
residues which makes it more able to withstand physiological degradation by dipeptidyl 
peptidase IV (DPP4).  
 
Lixisenatide is a selective glucagon-like peptide-1 (GLP-1) receptor agonist.  The GLP-1 
receptor is the target for native GLP-1, an endogenous incretin hormone that 
potentiates glucose-dependent insulin secretion from beta cells and suppresses 
glucagon from alpha cells in the pancreas. The applicant’s rationale for this therapeutic 
intervention includes:  

 Native GLP-1 is reported to stimulate insulin release from the pancreatic islets, 
suppress glucagon secretion, delay gastric emptying, and reduce body weight.  
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 Although GLP-1 levels are reduced in patients with type 2 diabetes mellitus 
(T2DM), their response to exogenous GLP-1 remains intact.  

 The pancreatic effects are glucose-dependent (at glucose concentrations below 
approximately 4.5 mM [81 mg/dL], insulin secretion is not influenced), minimizing 
the risk of clinically relevant hypoglycemia.  

 Non-pancreatic effects of GLP-1 include slowing of gastric emptying, reduction of 
food intake, and an increase in satiety, all of which contribute to improving 
glucose control and decreasing body weight.  

 Animal studies showed that GLP-1 increases β-cell mass, maintains β-cell 
efficiency and reduces β-cell apoptosis. 

Lixisenatide is supplied as a solution for subcutaneous (s.c.) injection to be taken once 
daily within one hour prior to  the first meal of the day . It is 
supplied in two strengths: 10 μg as an initiation dose and 20 μg as a maintenance dose. 
Two disposable fixed-dose pen injectors will be available (10 μg for dose initiation; 20 
μg for maintenance dose). 
The proposed indication is as an adjunct to diet and exercise to improve glycemic 
control in adults with type 2 diabetes mellitus.  

2.2 Tables of Currently Available Treatments for Proposed Indications 

Table 1: Currently Approved GLP-1 Agonists  

Drug Dose and Route Indication 
Exenatide 
(ByettaTM) 
(short-acting) 

Initiate at 5 mcg s.c. per dose twice daily 60 
minutes prior to main meal; increase to 10 mcg 
twice daily after 1 month based on clinical 
response  
 

Adjunct to diet and 
exercise to improve 
glycemic control in 
adults with type 2 
diabetes mellitus. 

Exenatide 
extended-
release for 
injectable 
suspension 
(BydureonTM). 

Administer 2 mg s.c. once every seven days 
(weekly), at any time of day and with or without 
meals 

Same as above but 
not recommended as 
first line therapy due 
to medullary thyroid 
carcinoma risk 

Liraglutide 
[rDNA origin] 
injection 
(Victoza®), 

Initiate at 0.6 mg once daily for one week. This 
dose is intended to reduce gastrointestinal 
symptoms during initial titration, and is not 
effective for glycemic control. After one week, 
increase the dose to 1.2 mg. If the 1.2 mg dose 
does not result in acceptable glycemic control, 
the dose can be increased to 1.8 mg 

Same as above but 
not recommended as 
first line therapy due 
to medullary thyroid 
carcinoma risk 
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function has been reversed in many of the reported cases with supportive treatment 
and discontinuation of potentially causative agents.  

 There is limited clinical experience with liraglutide in patients with mild, moderate, 
and severe renal impairment, including end-stage renal disease. No dose 
adjustment of liraglutide is recommended for patients with renal impairment based 
on pharmacokinetics. Caution is advised when initiating or escalating doses of 
liraglutide in patients with renal impairment.  

 Exenatide and exenatide LAR are not recommended for patients with severe 
renal impairment or end-stage renal disease. In patients with end-stage renal 
disease receiving dialysis, single doses of exenatide 5 mcg were not well-tolerated 
due to gastrointestinal side effects and mean exenatide exposure increased by 3.37-
fold compared to that of patients with normal renal function. Use with caution is 
advised in patients with renal transplantation or moderate renal impairment.  

 
There are postmarketing reports of serious hypersensitivity reactions (e.g., anaphylactic 
reactions and angioedema) with liraglutide and exenatide.  
 
Serious hypoglycemia: Can occur when these agents are used with an insulin 
secretagogue (e.g. a sulfonylurea) or insulin. Lowering the dose of the insulin 
secretagogue or insulin to reduce the risk of hypoglycemia is advised. 
 
Macrovascular outcomes: clinical trials to establish conclusive evidence of 
macrovascular risk reduction for exenatide and liraglutide are ongoing (EXSCEL and 
LEADER). 
 

2.5 Summary of Presubmission Regulatory Activity Related to Submission 

Regulatory issues related to cardiovascular (CV) safety are discussed separately. 
The End-of-Phase 2 meeting between the applicant and the FDA occurred on 
December 19, 2007. Key clinical safety and regulatory issues discussed included the 
design of the Phase 3 pivotal efficacy studies including plan for AVE0010 antibody 
monitoring to assess for neutralizing activity, total exposure and enrollment of US 
patients in the Phase 3 trials, safety monitoring for pancreatitis, anaphylaxis, and 
assessment of hypoglycemia. In addition, due to the hypo-spermatogenesis effect in 
dogs, the applicant was advised to conduct a clinical study to assess male reproductive 
system effects. Safety issues related to the pen device from incorrect dosing and use in 
inappropriate patients (visually impaired, patients with neuropathy) were also discussed 
(refer to review of the minutes dated September 9, 2008 for details). The pre-NDA 
meeting was held on December 11, 2012. In general, the applicant has complied with all 
Agency recommendations with the exception of submission of a risk-evaluation-
mitigation-strategy for medullary carcinoma of the thyroid. The applicant’s rationale for 
this is a large margin of safety in the 2-year rodent carcinogenicity studies in 
comparison to liraglutide and exenatide LAR. This is a review issue and is discussed 
further in Section 7. 
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3.2 Compliance with Good Clinical Practices 

The applicant states that the clinical studies in this application were conducted as part 
of a global clinical program in compliance with GCP, as required by the International 
Conference on Harmonization (ICH) E6 Guideline for GCP. The studies also meet with 
requirements of the Declaration of Helsinki, standard operating procedures for clinical 
investigations and documentation of the applicant, and applicable national laws and 
regulations. Clinical study protocols and amendments were subjected to health authority 
and ethics committee approvals prior to initiation as applicable and adverse events 
(AEs) were reported according to local laws (section 1.2.4 –page 16-clinical overview-
eCTD 2.5). 
 
A total of 811 investigators participated in the pivotal efficacy trials related to this IND in 
1038 sites, based on review of the dataset clinsite.xpt. In study DR6012, investigators 
were not listed for ten subjects; seven in site 840021 and three in site 120018. Since 
this was the dose-response study, it should not have any significant implications on 
submission evaluation. 
Research activities were terminated at five sites due to ongoing noncompliance with the 
clinical protocol and violations of Good Clinical Practice (GCP) in three pivotal Phase 3 
studies: Study EFC6016 (Site No. 840-608), Study EFC6019 (Sites No. 276-905, 840-
910, and 630-924 [this site also participated in Study EFC6016 as Site No. 630-625 and 
was also closed in this study]), and Study EFC6017 (Site No. 840-726). It was decided 
prior to database lock to exclude data for five patients from Study EFC6019 (Site No. 
276-905) from all efficacy and safety analyses in the clinical study report (CSR). For the 
other sites mentioned above all subjects treated were included in the analyses, and the 
applicant also performed a sensitivity analysis for the primary efficacy endpoint (HbA1c 
change from baseline to Week 24) excluding these sites. 
Based on review of the dataset clinsite.xpt, the maximum number of protocol violations 
by site was four (site760020) and by investigator was five (Pieniazek, in sites 616004 
and 616807). Overall, due to the wide distribution of subjects over multiple sites 
involved in the studies, and since only three sites had over 20 subjects enrolled 
(410103, 410510 and 348902), there do not appear to be major issues with trial conduct 
that would affect evaluation of the NDA. 
For clinical sites selected for inspections refer to consult to Office of Scientific 
Investigation (OSI) in DAARTs dated February 5, 2013. 
 

3.3 Financial Disclosures 

The applicant submitted documentation indicating that that there were no reported 
investigator financial disclosures that would affect data or trial integrity. Sixteen Phase 2 
and 3 studies considered are “covered” clinical studies for the purpose of 21 CFR 54.2 
requiring financial disclosure; these include all the pivotal trials. Clinical investigators 
with disclosable financial interests, including equity interests in the applicant as defined 
by 21 CFR 54.2(b) and significant payments of other sorts as defined by 21 CFR 54.2(f) 
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compendial limits for non-sterile components of sterile drug products 
 
Drug product: 

 The container closure studies were consistent with industry standards and 
confirm the adequacy of the proposed cartridge system. The preservative 
effectiveness tests demonstrate the microbiological control of this multi dose 
product 

 The proposed manufacturing process and controls are consistent with industry 
standards and adequate to support the drug product 

 The process validation studies were conducted to support the production 
processing conditions. The submitted data are acceptable and consistent with 
industry standards and Agency Guidance. 

 The proposed test methods (analytical procedures [endotoxin and sterility] for 
control of drug product) were validated for use with the drug product. Both 
methods are compendial and are adequate for use. 

 The stability program is consistent with industry standards and the information 
provided supports the stability of the proposed commercial product” 

4.3 Preclinical Pharmacology/Toxicology 

This section will be updated in an addendum after review of the final pharmacology-
toxicology review in DAARTs. 
 

4.4 Clinical Pharmacology 

This section will be updated with an addendum after review of the final clinical 
pharmacology review in DAARTs. 

4.4.1 Mechanism of Action 

Glucagon-like peptide 1 is secreted from the L-cells of the lower gastrointestinal tract 
(mainly, from the ileum and colon) following the ingestion of a carbohydrate- or fat-
containing meal. GLP-1 is known to regulate nutrient metabolism via stimulating effects 
on insulin release from the pancreatic islets (insulinotropic release), which also affects 
glucagon secretion (suppressive effect), gastric motility (slowing of gastric emptying), 
and stomach acid secretion. 
 
 All these pharmacodynamic (PD) effects have been demonstrated in clinical studies 
employing exogenous GLP-1. The insulinotropic effect is glucose dependent; at glucose 
concentrations below approximately 4.5 mM, insulin secretion is not stimulated, thus 
minimizing the risk of relevant hypoglycemia.  The slowing of gastric emptying together 
with a GLP-1 related increase in satiety (mediated through the central nervous system) 
may decrease body weight despite the insulinotropic effects. 
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In vitro pharmacology studies in Chinese hamster ovary (CHO) cells transfected with 
the human GLP-1 receptor showed that lixisenatide had a binding affinity ~4 times 
greater than native human GLP-1.  The IC50 of lixisenatide was 1.43 nmol/L vs. a GLP-
1 IC50 of 5.48 nmol/L, which corresponds to Ki values of 1.33 and 5.09 nmol/L, 
respectively.  Lixisenatide is also resistant to degradation by DPP4. 
 
 

4.4.2 Pharmacodynamics 

The applicant  evaluated lixisenatide’s insulinotropic effects by assessing (a) change 
from baseline to Day 4 in the postprandial blood glucose AUC, (b) change from baseline 
to Day 4 in fasting blood glucose, (c) change from baseline to Day 4 in average 7-point 
blood glucose profile, (d) change from baseline to Day 29 in HbA1c,(e) change from 
baseline to Day 4 in the homeostasis model assessment (HOMA) insulin sensitivity 
parameters – beta cell function, and insulin resistance in a pharmacodynamic safety 
and tolerability study in T2DM patients (study ACT6011). In addition, gastric emptying 
time (from a 13C-octanoic acid breath test) for the test breakfast meal on the fourth day 
of the 10 μg dose level and on Day 28 was also evaluated. 
 
The primary analysis variable in this trial was the area under the blood glucose 
concentration time curve from 0:14 h after the morning injection (administered just 
before standardized breakfast intake) until 4:55 h after the morning injection 
(AUC[0:14h-4:55h]) on the 4th day of the highest individually well-tolerated dose. 
Significant differences in postprandial glucose were observed compared to placebo in 
the lixisenatide QD and BID dose groups. The mean baseline blood glucose AUC was 
highest in the placebo group (1007.4 h.mg/dL), which then increased slightly by 3.0 
h.mg/dL by the fourth day of treatment.  In contrast, in the lixisenatide groups, which 
had lower baseline AUC values (974.6 h.mg/dL in the QD group, and 863.6 h.mg/dL in 
the BID group), decreases of -378.3 and -360.0 h.mg/dL were observed, respectively, 
by the 4th day of treatment.  There were no statistically significant differences in the 
blood glucose AUC values for the postprandial change relative to the pre-meal value 
between the lixisenatide QD and BID groups at either of the administered doses, at 
breakfast or lunch.  However, at dinner, differences between the lixisenatide QD and 
BID groups were significant at each dose level, with the AUC values in the BID group 
being much lower than in the QD group. 
 
The other results- AUC[0:14h-4:55h] after breakfast on the 4th day of treatment for the 
postprandial change in insulin, C-peptide and glucagon relative to the pre-breakfast 
value are discussed in detail in the clinical pharmacology review. 
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4.4.3 Pharmacokinetics 

Table 2: Highlights of Pharmacokinetics 

 
Proposed dose Starting dose of 10 µg for 14 days; 

Maintenance dose of 20 µg from Day 15 
Absorption Median Tmax – 1-3.5 h in patients with type 2 diabetes 

Dose-proportional PK in the 10 µg-20 µg dose range 
Absolute bioavailability reported to be about 32% 
Unchanged lixisenatide is the main drug-related component 
in plasma 

 
Distribution 

Approximately 55% bound to human plasma protein 
Mean Vz/F: Approximately 100L following subcutaneous 
administration, indicating extensive tissue distribution 

 
 
 
Metabolism 
and  
Elimination 

Lixisenatide being a peptide, is eliminated through 
glomerular filtration, followed by tubular reabsorption and 
subsequent metabolic degradation, resulting in smaller 
peptides and amino acids, which are reintroduced in the 
protein metabolism. 
Apparent terminal half-life: Approximately 3 hours after 
multiple-dose administration 
Apparent clearance (CL/F) is about 35 L/h 

Source: Table 1, clinical pharmacology review 
 

 The presence of anti-lixisenatide antibodies increases the concentrations of total 
lixisenatide measured in plasma as well as the variability in derived PK 
parameters. 

 Based on population PK analysis, age, gender, race and body weight have no 
clinically meaningful effect on pharmacokinetics of lixisenatide. 

 The relative bioavailability is not affected by different injection sites (thigh, upper 
arm and abdomen).  

 No dose adjustment is recommended in patients with hepatic impairment since 
drug clearance is primarily by the kidney. In addition, lixisenatide exhibits only a 
moderate degree of protein binding (~55%) to human plasma proteins. There is 
therefore no relevant binding of lixisenatide to albumin, the plasma content of 
which is affected by hepatic impairment. 

 
Pharmacokinetics in Subjects with Renal Impairment: 
 
The sponsor conducted a renal impairment study as a single-center, single-dose, 
parallel group, open-label trial investigating the pharmacokinetic profiles of lixisenatide 
in four groups of subjects (n=8/group) with normal, mild, moderate and severe renal 
impairment (Study POP6053).  Lixisenatide was administered as a single dose of 5 μg.   
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In subjects with mild renal impairment, Cmax was about 66% higher and AUC was up to 
48% higher in contrast to healthy subjects. No dose adjustment is recommended in 
these patients. 
 
In subjects with moderate renal impairment, Cmax was about 35% higher and AUC was 
up to 65% higher. In subjects with severe renal impairment, Cmax was about 82% 
higher and AUC was up to 123% higher in contrast to healthy subjects. The sponsor 
has proposed not to use lixisenatide in patients with severe renal impairment.  
 

5 Sources of Clinical Data 

At the time of the primary data cut-off date for this submission (01 June 2012), 40 
clinical studies were completed, including 24 Phase 1 studies, 4 Phase 2 studies, and 
12 Phase 3 studies. In addition, there were 5 studies under the lixisenatide 
Investigational New Drug application (IND) that were ongoing at the secondary data cut-
off date (25 July 2012). This includes the ongoing CV outcome trial (EFC 11319-ELIXA).  
The studies are listed in Section 5.1 below. The NDA was submitted in the electronic 
Common Technical Document format, with the following path:  
\\cdsesub1\EVSPROD\NDA204961\0000 
The CV outcome study including the interim analysis report with key safety data was 
submitted separately by the firewalled team in sanofi with the following path: 
\\cdsesub1\EVSPROD\NDA204961\0001 
Listings of serious adverse events (SAEs) from the 4 ongoing studies (excluding 
EFC11319) as of 25 July 2012 (secondary data cut-off date for safety reporting) are 
included in a blinded manner in the main application ISS. 
Several additional submissions (35 to date) have been submitted to the electronic 
Common Technical Document (eCTD) in response to information requests from various 
disciplines. 

5.1 Tables of Studies/Clinical Trials 

The efficacy and safety of lixisenatide in patients with T2DM has been assessed in four 
Phase 2 studies and 12 Phase 3 studies. These studies evaluated the efficacy of 
lixisenatide either as monotherapy or in combination with the most widely used 
antidiabetic treatments (metformin, sulfonylurea [SU], pioglitazone and basal insulin).  

 The change in HbA1c from baseline was assessed as the primary endpoint in ten 
pivotal Phase 3 studies that included nine double-blind, placebo-controlled 
studies (EFC6014, EFC6015, EFC6016, EFC6017, EFC6018, EFC10743, 
EFC10781, EFC10887, and EFC11321) and one active-controlled study 
(EFC6019).  

 In the active-controlled Study EFC10780, the primary endpoint was a composite 
endpoint of reduction in both HbA1c and body weight in obese, T2DM, younger 
than 50; this study is therefore considered as supportive of the claim of efficacy. 
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 Study LTS10888 was an uncontrolled monotherapy Phase 3 study designed 
primarily to assess safety in a limited number of Japanese patients. 

 Change in HbA1c was also the primary endpoint of placebo-controlled dose-
ranging Phase 2 Study DRI6012, which was used to determine the dose of 
lixisenatide for the Phase 3 program.  

 Three Phase 2 studies of shorter duration (ACT6011, PDY6797, and PDY10931) 
primarily assessed the effect of lixisenatide on postprandial blood glucose (PPG). 

 
The key features of the 16 Phase 2 & 3 studies are included in the Table  below: 
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Table 3: Key Study Information of Completed Phase 2/3 Studies 
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Phase 3: 
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Source: eCTD 5.2-Tabular listing of clinical studies. 
 
The completed Phase 1 clinical studies at the primary cut-off date (see table below) 
included: 
Nineteen Phase 1 studies with the intended formulation: 

 Two single-dose studies in subjects with T2DM (AVE0010/01-016 and 
PDY10433) 

 Nine single-dose studies in healthy (nondiabetic) subjects (BEQ11094, 
BDR6864, POP11814, POP6053, INT6052, INT6863, PDY11431, PDY11941, 
and PDY11824) 
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 Eight multiple-dose studies in healthy (nondiabetic) subjects (POP11320, 
INT10408, INT10409, INT10782, INT10783, TES6865, TDR11215, and 
TES11807). 

Five Phase 1 studies with other formulations: 
 One single dose study in healthy subjects with a prolonged-release formulation of 

lixisenatide (TDU10121) 
 Four single dose studies with a combination of lixisenatide and insulin glargine in 

type 1 diabetic patients (BDR10880, BDR11038, and BDR11578) or healthy 
subjects (BDR11540). 
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Table 4: Overview of the Phase 1 Lixisenatide Clinical Studies Completed at Primary 
Data Cut-off Date 

 

 
Source: Table 1 Clinical Overview, pg 12 and 13 
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The ongoing clinical studies at the secondary cut-off date were as follows: 

Table 5: Overview of the Lixisenatide Clinical Studies Ongoing at Secondary Data Cut-
off Date 

 
Source: Table 2-Clinical Overview, pg 14 
In the 120 day safety update the applicant indicated that they initiated another 24 week 
placebo-controlled study (EFC 12382) after 25 July 2012, to compare efficacy and 
safety in patients with Type 2 DM inadequately controlled with basal insulin ± metformin. 
A total of 432 patients is planned.  

5.2 Review Strategy 

My general strategy was primarily review of the common technical document 
summaries including the integrated summary of safety and efficacy with reference to the 
individual studies, including CSRs, individual subject data listings and datasets as 
required. Detailed review was done for individual Phase III studies for exploration of 
different efficacy and safety issues as felt appropriate.  
The general trial designs, study population and analyses methods with any individual 
study differences will be discussed in Section 5.3. Subject pools and study populations 
for specific efficacy and safety analyses will be described in the respective sections.  
All issues related to cardiovascular (CV) safety, including the CV safety completed 
meta-analysis and the CV outcome trial ELIXA, will be discussed in a separate section. 
Data from ELIXA which were used to assess issues other than CV safety will be 
discussed in the main review 
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5.3 Discussion of Clinical Trial Designs  

5.3.1 Completed clinical trials 

As outlined in section 5.1, the efficacy and safety of lixisenatide in patients with T2DM 
has been assessed in four Phase 2 studies and 12 Phase 3 studies with ten studies 
designated as pivotal efficacy trials. It is to be noted that among the pivotal studies, 
EFC10887 and EFC11321 were conducted only in Asia. The applicant has presented 
these results separately in the efficacy summary. 
Objectives of the studies: 

 The objective of Phase 2 dose-ranging Study DRI6012 was to explore the dose-
response relationship of lixisenatide in the reduction in HbA1c in order to 
determine the dose and the regimen to be used in Phase 3 studies. In this study, 
eight dose/regimen combinations of lixisenatide (5, 10, 20, and 30 μg QD and 5, 
10, 20, and 30 μg twice daily [BID]) versus placebo were administered in patients 
with T2DM treated with metformin. 

 The primary objective of the ten pivotal Phase 3 studies was to demonstrate the 
efficacy of lixisenatide on glycemic control as evaluated by the reduction in 
HbA1c at Week 12 as monotherapy in Study EFC6018 or at Week 24 as add-on 
treatment in the other studies. The aim was to demonstrate the superiority of 
lixisenatide in the placebo-controlled studies (Studies EFC6014, EFC6015, 
EFC6016, EFC6017, EFC6018, EFC10743, EFC10781, EFC10887 and 
EFC11321) and non-inferiority in active-controlled Study EFC6019. 

 The main objective of active-controlled Study EFC10780 was to assess the 
superiority of lixisenatide on a composite endpoint of the percentage of 
responders for HbA1c (<7.0%) with body weight loss ≥5% from baseline, in 
comparison with sitagliptin in obese patients younger than 50 with T2DM treated 
with metformin. Changes in HbA1c and body weight analyzed separately were 
secondary endpoints in this study. 

 Reduction of the area under the curve (AUC) of postprandial plasma glucose 
(PPG) during a standardized breakfast test was the main objective of 3 out of 4 
Phase 2 studies (Studies ACT6011, PDY6797, and PDY10931). 

Other efficacy objectives: 
 The effect of lixisenatide on other parameters of glycemic control, such as fasting 

plasma glucose (FPG) or PPG after a standardized breakfast, was evaluated as 
a secondary objective in most studies. 

 For the nine Phase 3 placebo-controlled studies the following were assessed: 
antibody status (positive or negative), concentration of anti-lixisenatide 
antibodies, as well as the active concentration of lixisenatide. The applicant did 
assess for potential neutralizing effect of these antibodies on the efficacy of 
lixisenatide antibody-positive patients. 

 
Study Design: 
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All studies (except Study LTS10888) were parallel-group, controlled, and randomized. A 
double-blind design was used in ten out of 11 Phase 3 controlled studies and three out 
of four Phase 2 controlled studies. Studies EFC6019 and PDY10931 were open-label, 
because placebos of the active comparators were not available. Study EFC10780 was a 
double-blind double-dummy study. 
The randomization ratios of lixisenatide to placebo varied within the pivotal Phase 3 
studies were: 1:1 for EFC10887, EFC11321, and EFC10781; 2:1 for EFC6015, 
EFC6016, EFC6017, EFC6018, and EFC10743; and 3:1 for EFC6014. 
 
Dose: 

 A dose of 20 μg QD was used in all Phase 2 and 3 studies and was the 
maintenance dose in Phase 3 studies.  

 Doses other than 20 μg QD were evaluated in the 13-week, dose-ranging study 
DRI6012 (5, 10, and 30 μg QD; 5, 10, 20, and 30 μg BID). In Study PDY6797 QD 
and BID regimens were evaluated in weekly 5 μg dose increments from a starting 
dose of 5 or 10 μg up to a maximum dose of 30 μg, QD or BID. In Study 
ACT6011, the starting dose was 5 μg QD or BID and was then to be increased 
every fifth day in increments of 2.5 μg up to a maximum dose of 20 μg QD or 
BID. PDY6797, ACT6011 and PDY10931 were of short duration (4-6 weeks) and 
efficacy was assessed on plasma glucose effects. 

 
Overall, the study designs were similar in all Phase 3 studies and usually included the 
following: 
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Figure 2: Representative Design of Phase 3 studies (1-Step and/or 2-Step Dose 
Increase) (Study EFC10743) 

 
Source:  Figure 1, Summary of Clinical Efficacy (SCE)- page 17 
Study observation periods: 

 A One-week single-blind placebo-controlled run-in period was performed in most 
studies to assess baseline status and to train patients on self-injection. No run-in 
was included in Study EFC6019 because a placebo for exenatide was not 
available. In study EFC10781 a 12-week run-in (without placebo) was performed 
in order to initiate and titrate insulin glargine and control FPG before 
randomization (patients were insulin naïve at the time of enrollment in the study). 

o The pre-treatment period is defined as the time between the dates of the 
informed consent and the start of double-blind (or open-label for 
EFC6019, PDY10931, and LTS10888) study medication. 

 In all Phase 3 studies, except the 12-week Study EFC6018, the maintenance 
period was composed of a main 24-week controlled treatment period, which was 
used for the main efficacy analysis. In Studies EFC6014, EFC6015, EFC6016, 
EFC6017, EFC6019, and EFC10743, the main treatment period was followed by 
a long-term controlled treatment period, which ended when the last randomized 
patient completed the Week 76 visit. 

 
o The on-treatment period for the entire study (also called entire treatment 

period) is defined as the time from the first dose of double-blind (or open-
label for EFC6019, PDY10931, and LTS10888) study medication up to 
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three days after the last dose of study medication regardless of initiation of 
rescue medication. The three-day interval was chosen based on the half-
life of the investigational product (approximately five times the half-life).  

o The main treatment period (24 weeks of treatment for all studies except 
Study EFC6018, which had 12 weeks of treatment) for the Phase 3 
placebo-controlled study pool is defined as the time from the first dose of 
the double-blind treatment (or open-label for EFC6019) up to three days 
after the last dose of study medication on or before Week 24 visit (or Day 
169 if Week 24 visit is missing or three days after the last dose of study 
medication for Studies EFC6018 with 12 weeks of treatment, or 
EFC10887, EFC11321, and EFC10781, with 24 weeks of treatment), 
regardless of initiation of rescue medication.  

 A three-day safety follow-up after the last visit was conducted. In Study 
EFC6014, a longer follow-up was performed in some patients from the morning 
injection groups to evaluate the effect on glycemic control and insulin secretion 
four weeks after the last injection of the investigational product. 

o The post-treatment period is defined as the time starting four days after 
last dose of study medication (after the on-treatment period).   

 Antibody assessments were performed at baseline, Week 2, Week 4 and the end 
of the main treatment period in all studies. Assessments were also performed at 
Week 76 and Week 100 in Studies EFC6014, EFC6015, EFC6016, EFC6017 
and EFC10743.  

 
Dosing initiation and maintenance: 
 In all Phase 3 studies lixisenatide (or matching placebo when appropriate) was 

self-administered QD in the morning within one hour before breakfast. Study 
EFC6014 also evaluated the efficacy of QD administration in the evening. In 
Study EFC6019, exenatide was self-injected within one hour before breakfast 
and dinner. In Study EFC10780, sitagliptin or matching placebo was orally 
administered QD in the morning with or without food at approximately the same 
time each day. 

 In general, the injected volume (corresponding to doses of 10, 15, or 20 μg) and 
the dose increase regimen (i.e., 2-step or 1-step) were not blinded. 

 A 2-week stepwise dose increase of lixisenatide (or placebo when applicable): a 
2-step dose increase regimen was implemented in most Phase 3 studies (10 μg 
QD for one week, then 15 μg QD for one week, followed by 20 μg QD as a 
maintenance dose). In addition to the 2-step dose increase regimen, Studies 
EFC6018, EFC10743, and LTS10888 also had a simplified one-step dose 
increase regimen (10 μg for two weeks followed by 20 μg QD as a maintenance 
dose). Only the one-step dose increase regimen was used in Study EFC11321.  

 Regarding the active control studies, in Study EFC6019, exenatide was initiated 
at 5 μg BID for 4 weeks, then increased to 10 μg BID as a maintenance dose. In 
Study EFC10780, sitagliptin (or matching placebo) was administered at the dose 
of 100 mg QD. In Study PDY10931, liraglutide was initiated at 0.6 mg QD for one 
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week, followed by 1.2 mg QD for 1 week, then 1.8 mg QD as a maintenance 
dose. 

 Patients in the active treatment group were maintained on a stable dose of 20 μg 
QD of lixisenatide. In the event of poor gastrointestinal tolerability, the dose could 
be decreased to 15 μg and then 10 μg in the 2-step dose increase regimen or to 
10 μg in the 1-step dose increase regimen. Although another attempt to reach 
the maintenance dose was to be made, a patient was allowed to remain at the 10 
or 15 μg dose if the maintenance dose of 20 μg could not be achieved. The same 
rule applied for exenatide (down to 5 μg BID) in Study EFC6019.  

 
Choice of active-control groups: 
The applicant states that exenatide was utilized in Phase 3 active-control study 
EFC6019 because it was the only GLP-1 agonist registered at the time of study initiation 
(early 2008). Liraglutide was the active control in the 4-week Phase 2 study PDY10931 
to demonstrate the superiority of lixisenatide over liraglutide in controlling PPG after a 
standard breakfast.  
Study EFC10780 was an active-controlled study versus sitagliptin, a DPP4 inhibitor. 
The applicant’s rationale for use of sitagliptin was that DPP4 inhibitors are orally 
administered incretin-based drugs that significantly improve glycemic control with limited 
or no effect on body weight, and the main objective of this study was to evaluate a 
composite endpoint that combined a decrease in HbA1c and a reduction in body weight. 
 
Study population: 
For most studies, the population included adults (no upper age limit in the pivotal Phase 
3 studies); with T2DM as defined by World Health Organization (WHO) criteria (i.e., 
FPG ≥7 mmol/L [126 mg/dL] or 2-hour PPG ≥11.1 mmol/L [200 mg/dL]) for at least 1 
year); HbA1c between 7 and 10% inclusive and FPG ≤ 250 mg/dL (13.9 mmol/L) at 
screening; and body mass index (BMI) > 20 kg/m2  with no change in weight >5 kg 
during the 3 months preceding the screening visit. Exceptions to these inclusion criteria 
were as follows 

 Study EFC10780 evaluated a specific population of young (<50 years old) obese 
(BMI≥30 kg/m²) patients with T2DM 

 Different age ranges were used in Phase 2 studies (18 to 70 years in Study 
ACT6011; 18 to 74 years in Study PDY10931, 20 to 75 years in Study PDY6797; 
30 to 75 years in Study DRI6012). 

 Different HbA1c ranges were used in some Phase 2 studies (7 to 9% in Study 
DRI6012; 6.5 to 9% in Study PDY10931). In Study EFC10781 HbA1c had to be 
between 7 and 10% inclusive at screening; and between 7 and 9% inclusive with 
fasting Self-Monitored Plasma Glucose (SMPG) calculated from the self-
measurements for the 7 days prior to visit 12 (1 week before randomization) ≤ 
126 mg/dL (7.0 mmol/l). 

 In Phase 2 studies, patients with a BMI above an upper limit were not eligible 
(i.e., 35 kg/m2 in Studies ACT6011 and PDY6797, 37 kg/m2 in Study PDY10931, 
and 40 kg/m2 in Study DRI6012). 
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Relevant exclusion criteria: 
Common criteria: 

 Patients with a recent (within six months of study entry) history of myocardial 
infarction, stroke, or heart failure. Patients with uncontrolled hypertension (i.e., 
resting supine systolic blood pressure >180 mmHg or diastolic blood pressure 
>95 mmHg in most studies) were also excluded. 

 Hemoglobinopathy and hemolytic anemia, 
 End-stage renal disease defined by a serum Creatinine clearance of <15 mL/min 

(calculated by the Cockcroft and Gault formula) and/or patients on dialysis, 
unless a tighter limit was imposed by the use of metformin as background 
treatment. In these specific studies, plasma creatinine >1.4 mg/dL in women or 
>1.5 mg/dL in men was an exclusion. Studies using alternate criteria are listed 
below. 

 Women of childbearing potential with no effective contraception method, or who 
were pregnant or lactating,  

 Patients with type 1 diabetes or history of metabolic acidosis, including diabetic 
ketoacidosis, 

 Patients with any major systemic disease,  
 History of unexplained pancreatitis, chronic pancreatitis, pancreatectomy, 

stomach/gastric surgery, inflammatory bowel disease,  
 Clinically relevant history of gastrointestinal disease associated with prolonged 

nausea and vomiting, including, but not limited to gastroparesis and 
gastroesophageal reflux disease requiring medical treatment, within six months 
prior to the time of screening, 

 Patients with any contraindication to the investigational product or the 
background treatment,  

 Use of drugs affecting insulin secretion, except beta blockers (e.g., phenytoin, 
diazoxide, somatostatin) within the past six months, Use of drugs affecting 
gastrointestinal motility (including metoclopramide, cisapride, and chronic 
macrolide antibiotics) within the past six months. Non-stimulant laxatives were 
permitted prior to and during the study. 

 Use of systemic glucocorticoids for one week or more within the last three 
months, or anticipated need for systemic glucocorticoids during the study.  

 Laboratory criteria: 
o Aspartate aminotransferase (AST), alanine aminotransferase (ALT) or 

alkaline phosphatase (ALP): > 2 times the upper limit of the normal 
laboratory range, 

o Amylase and/or lipase > 3 times the upper limit of the normal laboratory 
range, 

o Total bilirubin: > 1.5 times the upper limit of the normal laboratory range 
(except in case of Gilbert’s syndrome). 

 
Studies with additional or alternative exclusion criteria: 
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 History of hypoglycemia unawareness (add -on to basal insulin and/or SU 
studies-EFC6015, 6016, 10781, 10887 and 11321), 

 Type 2 diabetes treated by an antidiabetic pharmacological agent within the three 
months preceding the screening (monotherapy-EFC6018), 

 Patients with cardiac failure or history of cardiac failure (New York Heart 
Association class I to IV) (add-on to pioglitazone study EFC6017), 

 Alternate exclusion criteria based on serum creatinine, creatinine clearance or 
ALT: 

o Moderate or severe renal impairment defined as creatinine clearance 
inferior to 50 mL/min-EFC10780, 

o Creatinine > 1.2 times the upper limit of the normal laboratory range- 
PDY6797, ACT6011, PDY10931, 

o Renal impairment defined as creatinine clearance < 60 mL/min -
PDY10931, 

o ALT > 3 x ULN (EFC10781, DRI6012). 
 
Background antidiabetic medications and rescue therapy: 
The use of any oral or injectable antidiabetic or hypoglycemic agents (e.g., metformin, 
SU, basal insulin, alpha glucosidase inhibitors, thiazolidinediones, DPP4 inhibitors, 
GLP-1 receptor agonists, fast-acting insulin for one week or more) other than the 
background treatment or the active-controlled treatment when applicable, within three 
months prior to screening was an exclusion criteria in all Phase 2 and Phase 3 studies. 
These medications were also prohibited during the studies, but a rescue algorithm was 
implemented if HbA1c and/or FPG were above a predefined threshold. 
In the add-on treatment studies, patients were included with a mandatory background 
antidiabetic medication at a stable dose (for at least three months in most studies) 
before screening.  In Study EFC10781, patients were included with an oral background 
antidiabetic medication stable for at least three months, and insulin glargine was 
initiated and titrated during a 12-week run-in period. In most studies the dose of the 
background treatment had to be the optimal or near-optimal dose according to the local 
Product Information and had to remain stable during the study unless a possible change 
was specified by the protocol. The background treatment was to be continued during 
the study.  
 
Background treatments were as follows 

 Metformin alone was mandatory in Studies EFC6014, EFC10743, EFC6019, 
EFC10780, and PDY10931 (≥1500 mg/day) and Study DRI6012 (≥1000 mg/day). 

 Sulfonylurea alone or combined with metformin (Studies EFC6015 and 
PDY6797): In Study EFC6015, SU at the maximum effective dose according to 
the local Product Information was an inclusion criterion. To reduce the risk of 
hypoglycemia, the dose was to be reduced by 25 to 50% at the randomization 
visit if HbA1c was <8% at screening. The dose could also be reduced during the 
study if a patient experienced recurrent or severe hypoglycemia. Subsequently, 
the SU dose was to be gradually increased between Weeks 4 and 12 in order to 
reach the dose received at screening, based on fasting self-measured plasma 
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glucose (SMPG) measurements. Additional treatment with metformin (≥1500 
mg/day) was also allowed (a lower dose of ≥750 mg/day was allowed in Japan 
and ≥1000 mg/day in South Korea). 

 Metformin alone or combined with SU (Study EFC11321): In this study metformin 
had to be taken at a dose ≥1000 mg/day but ≤1500 mg/day. In case of treatment 
by SU, it had to be taken at the maximum effective dose, and the same rule of 
SU dose reduction applied to prevent hypoglycemia. 

 Metformin alone, SU alone, or metformin with SU in Study ACT6011. 
 Pioglitazone (≥30 mg/day) alone or combined with metformin (≥1500 mg/day) in 

Study EFC6017. 
 Basal insulin alone or in combination with metformin: In Study EFC6016, basal 

insulin (≥30 U/day) at stable dose (±20%) was mandatory. The dose of basal 
insulin was to be reduced by 20% if HbA1c was ≤7.5% at screening. The dose 
could also be reduced during the study if a patient experienced recurrent or 
severe hypoglycemia. Thereafter the daily basal insulin dose was to be 
progressively increased by the investigator between Week 4 and Week 12 up to 
the daily dose at screening visit according to SMPG values unless occurrence of 
hypoglycemia prevented this. Additional treatment with metformin (≥1500 
mg/day) was allowed (a lower dose of ≥1000 mg/day was allowed in South 
Korea). 

 Basal insulin alone or in combination with a SU: In Study EFC10887, basal 
insulin (≥10 U/day) at stable dose (±20%) was mandatory. Sulfonylurea at the 
maximum effective dose according to the local Product Information was also 
allowed. To reduce the risk of hypoglycemia in patients with HbA1c values ≤7.5% 
at screening, the daily basal insulin dose was to be reduced by 20% at 
randomization. Thereafter the daily basal insulin dose was to be progressively 
increased by the investigator between Week 4 and Week 12 up to the daily dose 
at screening visit according to SMPG values unless occurrence of hypoglycemia 
prevented this. In patients with screening HbA1c <8% using SU, the dose of SU 
was to be decreased by at least 25% (or stopped if the patient was receiving 
minimum dose) at randomization. Thereafter, on condition that a dose increase 
did not lead to hypoglycemia, it was to be progressively increased (or restarted if 
had been stopped) between Weeks 4 and 12 up to the dose received at 
screening. If a patient experienced two or more symptomatic hypoglycemia 
episodes, or one severe hypoglycemia episode during the study, the dose of SU 
was to be reduced by at least 25% or stopped if the patient was receiving 
minimum dose, then the basal insulin dose could be reduced, as appropriate. 

 In Study EFC10781, patients were to be insulin-naïve and had to be treated by 
metformin (≥1500 mg/day) at screening, and possibly with SU/glinides and/or 
thiazolidinediones (TZDs). Sulfonylurea/glinides had to be stopped and 
metformin (and TZDs if applicable) continued at stable dose during the entire 
study. After screening, insulin glargine was newly initiated and optimally titrated 
during the entire study according to a predefined algorithm, seeking a target 
fasting SMPG between 80 and 100 mg/dL (4.4 and 5.6 mmol/L). 
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Rescue therapy: 
In order to avoid unacceptable deterioration of glycemic control, especially in patients 
randomized to placebo, a therapeutic rescue policy was implemented in Phase 3 
studies if HbA1c and/or FPG were above predefined thresholds. In most studies, the 
thresholds were defined as follows: 

 From baseline visit (Visit 3, Day 1) to Visit 8 (week 8) (including value at Visit 8): 
FPG > 270 mg/dL (15.0 mmol/L) 

 From Visit 8 (week 8) to Visit 9 (week 12) (including value at Visit 9): FPG > 240 
mg/dL (13.3 mmol/L) 

 From Visit 9 (week 12) up to Visit 12 (week 24) (including values at Visit 12): 
FPG > 200 mg/dL (11.1 mmol/L) OR HbA1c > 8.5%. 

 During the extension period: FPG > 180 mg/dL (10.0 mmol/L) OR HbA1c > 8.0%. 
 
If one fasting SMPG value exceeded the specific glycemic limit on one day, the patient 
was instructed to check it again during the two following days. If all the values in three 
consecutive days exceeded the specific limit, the patient was to contact the investigator 
and a central laboratory FPG measurement (and HbA1c after week 12) was performed. 
In case of FPG/HbA1c above the threshold values, the investigator had to ensure that 
no reasonable explanation existed for insufficient glucose control, including treatment 
compliance. The investigator was then to up-titrate investigational product according to 
protocol (if tolerance allowed). All assessments for primary and secondary efficacy and 
safety parameters planned in final on-treatment assessment were to be performed 
before adding the rescue medication. Then the patient was to continue the study 
treatment and stay in the study in order to collect safety information. The planned visits 
and assessments were to occur until the last scheduled visit. 

 Sulfonylurea was added first in studies where it was not a background 
medication (10743, 6019, 10780). In case of contraindication to sulfonylurea, 
another rescue medication could be added which was up to the investigator’s 
decision (no other GLP-1 agonist or DPP4 inhibitor was to be used as rescue 
medication). 

 In EFC11321, for patients who are treated by metformin alone, sulfonylurea was 
added first (unless there is a contraindication to sulfonylurea treatment). In 
patients already treated by sulfonylurea or in case of contraindication, another 
rescue medication was added which was up to the investigator’s decision.  

 In EFC6016 and EFC10887 short-acting insulin was added first (unless there 
was a contraindication to short-acting insulin treatment) with a single starting 
dose at the most prominent meal-related increase of glucose. Further prandial 
doses could be added as deemed appropriate. 

 In study EFC6015, for patients who are treated with sulfonylurea alone, the first 
choice was the addition of metformin unless contraindicated. 

 In study EFC6017 patients were rescued with metformin or sulfonylurea if 
already on metformin. 

 In study EFC6018 patients were rescued with metformin unless contraindicated. 
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Study 10781 had different glycemic threshold values due to the insulin titration phase in 
naïve patients, defined as follows, depending on study period: 

 During the run-in phase ( from visit 8 until visit 13) (week -6 to week 
0=randomization): FPG > 240 mg/dL (13.3 mmol/L). 

 During the 24-week double-blind randomized treatment period: −from visit 13 
(week 0) until visit 18 (week 8): FPG > 200 mg/dL (11.1 mmol/L) OR HbA1c > 
9%. 

 From visit 18 (week 8) until visit 22 (week 24): FPG > 180 mg/dL (10.0 mmol/L) 
OR HbA1c > 8.5%. 

During the run-in phase, the patient was to stop participating and not be randomized. 
During the 24-week double-blind randomized treatment period: rescue medication could 
be introduced. Short-acting insulin was to be added first with a single-starting dose at 
the most prominent meal-related increase of plasma glucose.  
 
Glucose monitoring: 
Blood glucose values were to be measured by the patient using the applicant-provided 
blood glucose meter, and recorded in the patient diary.  

 In most Phase 3 trials, fasting SMPG recording was to take place at least three 
times per week on three separate days, each week during the run-in and the 
main double-blind period. Fasting SMPG was to take place at least once a week, 
on one day per week during the extension period. The investigator could decide 
to request more frequent fasting SMPG measurements if he/she considered 
necessary for the patient. The fasting SMPG values higher than the pre-specified 
rescue limits, as recorded in the patient’s diary, were to be transferred into the e-
Case Report Form when rescue medication was decided. Scheduled central lab 
glucose values were recorded on multiple visits, with increased frequency 
initially. 

 In the intensive titration trial EFC10781, the patient was instructed to perform 
fasting SMPG measurements once a day, each day from week 12 to week 2 and 
then three times a week until week 24, or as medically indicated, as well as 
during episodes of symptomatic hypoglycemia. Patients were also asked to 
measure 7-point blood glucose profiles (seven values: pre-prandial and two 
hours postprandial for breakfast, lunch, dinner and at bedtime) over a single day 
once in the week before each visit from week -12 to week 2 and then in the week 
before visits 18 (week 8), 20 (week 16) and 22 (week 24). 

 In the other insulin trials (EFC10887 and 6016) self-measuring of fasting plasma 
glucose was to take place at least once a day. The investigator could decide to 
request more frequent self-monitoring of plasma glucose if he/she considered it 
necessary for the patient (e.g. twice a day, postprandial, nocturnal etc.). In 
addition, once in the week before Day 1, and then for each visit during the main 
treatment period, patients were requested to measure a 7- point plasma glucose 
profile, performed over a single 24-hour period. In study EFC 6016, 7- point self-
monitored plasma glucose profiles were obtained every 8 weeks in the extension 
period. 
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Reviewer’s Assessment regarding clinical study design: Overall the clinical program is 
as outlined in the draft diabetes guidance1 except the monotherapy study EFC 6018 
which was only 12 weeks duration. As per the guidance, a longer duration of treatment 
(up to 6 months) would be required. Other approved GLP agonists had longer 
monotherapy studies; a 24 week placebo-controlled study for exenatide2 and a 52 week 
active-controlled study for liraglutide3.  
 
Statistical analysis 
Analysis Population: 
The applicant’s primary efficacy analyses in all Phase 2 (except Study PDY6797) and 
Phase 3 studies are based on the modified-intent-to-treat (mITT) population. In all 
Phase 2 (except ACT6011) and Phase 3 studies (except EFC10780), the mITT 
population was defined as all randomized patients who received at least one dose of 
double-blind (or open-label for Study EFC6019) investigational product and who had 
both a baseline assessment and at least one post-baseline assessment of the primary 
or secondary efficacy variables, irrespective of compliance with the study protocol and 
procedures. In supportive Studies EFC10780 and ACT6011, the mITT population 
consisted of all randomized patients who received at least one dose of double-blind 
investigational product. For Study PDY10931, the pharmacodynamic population was 
defined based on the mITT population as described above and was used for the 
efficacy analyses. 
 
The safety population was the treated population, defined as all patients randomized 
and exposed to at least one dose of the double-blind investigational product, regardless 
of the amount of treatment administered. 
 
Primary and secondary efficacy endpoints in Phase 3 studies: 
The primary efficacy endpoint in pivotal Phase 3 studies was the change from baseline 
in HbA1c at the end of the main treatment period (Week 12 in Study EFC6018 or Week 
24 in the other studies).  
 
The percentage of patients with HbA1c <7% or ≤6.5% at the end of the main treatment 
period was also assessed in all Phase 3 controlled studies as categorical variables. 
In supportive Study EFC10780, the primary efficacy assessment was performed on a 
composite endpoint of the percentage of patients with both HbA1c <7% at Week 24 and 
weight loss of at least 5% from baseline body weight at Week 24. The changes in 
HbA1c and in body weight at Week 24 were assessed as secondary endpoints in this 
study. 
 
The key secondary efficacy endpoints from the ten pivotal studies are presented in the 
table below. In the nine placebo-controlled studies, the applicant used a step-down 

                                            
1 Guidance for Industry, Diabetes mellitus: developing drugs and therapeutic biologics for treatment and 
prevention 
2 Table 6, Section 14.1, exenatide (Byetta) PI 
3 Table 6, Section 14.1, liraglutide PI 
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procedure described by Hochberg and Tamhane to control the type I error; the table 
also includes the pre-specified order of priority used in this procedure. The applicant 
indicates that since formal inferential testing was not performed in Study EFC6019, no 
multiplicity adjustment was applied 

Table 6: Key Secondary Efficacy Variables in Pivotal Phase 3 Studies 

 
Source-Table 3, Summary of Clinical Efficacy, eCTD 2.7.3 
 
If a patient prematurely discontinued the investigational product, received rescue 
therapy during the main treatment period, or did not have a value for the efficacy 
variable at the Week 24 visit (or Week 12 for Study EFC6018), the last post-baseline 
on-treatment measurement during the main treatment period was used as the endpoint 
value at Week 24/Week 12 (last observation carried forward [LOCF] procedure). The 
on-treatment measurements for the main treatment period were defined for efficacy 
parameters as those values collected from the first dosing date of the investigational 
product up to the following days after the last dosing date, at or before the Week 24 visit 
(Week 12 for Study EFC6018), or before the introduction of the rescue therapy, 
whichever was earliest: 

 3-day (five times the half-life) for body weight and HbA1c. The exception was 
study EFC10781, for which it was updated during a protocol amendment to 14-
day for HbA1c, per clinical judgment. 

 1-day for fasting plasma glucose and fasting plasma insulin that were not from 
meal challenge test 

 0-day for insulin dose, 7-point SMPG, and variables from meal challenge test. 
 
Sample size calculations: 
The applicant calculated sample size for the nine pivotal Phase 3 placebo-controlled 
studies to ensure at least 90% power to detect differences of 0.5% in the change in 
HbA1c from baseline to Week 24 (Week 12 for Study EFC6018) between lixisenatide 
and placebo. This calculation assumed a common standard deviation of 1.3% (1.2% at 
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Week 12 for Study EFC6018) with a 2-sided test at the 5% significance level. The 
applicant reports that the standard deviation was estimated in a conservative manner 
based on previously conducted diabetes studies, taking early dropouts into account. 
In Study EFC6019, the sample size was calculated to ensure that the upper limit of the 
2-sided 95% confidence interval (CI) for the adjusted mean difference between 
lixisenatide and exenatide for the mean change in HbA1c from baseline to Week 24 
would not exceed 0.4% with 96% power, assuming the true difference between 
lixisenatide and exenatide was zero in HbA1c and a common standard deviation of 
1.3% with a 1-sided test at the 2.5% significance level. 
 
Analysis: 
 
For the efficacy analysis of primary and key secondary endpoints, except for a meta-
analysis of the add-on to metformin studies EFC6014 and 10743, the applicant reported 
the results for primary and secondary endpoints by individual studies. This also included 
the sensitivity analyses.  
 
Primary analysis: 
 
In all ten pivotal Phase 3 studies, a parametric analysis of covariance (ANCOVA) model 
was the pre-specified primary analysis approach for the primary efficacy endpoint, i.e., 
change from baseline in HbA1c at Week 24 (Week 12 in Study EFC6018). For the 
primary efficacy analysis, missing HbA1c values at Week 24/Week 12 were imputed 
using the LOCF procedure for the on-treatment period before initiation of rescue 
medication. The ANCOVA model had terms for the treatment group, randomization 
stratum, and country as fixed effects and the baseline HbA1c value as a covariate. For 
placebo-controlled studies, mean and least squares (LS) mean values in the placebo 
and the lixisenatide groups were provided. In addition, the 95% CI and the p-values for 
the LS mean differences between the lixisenatide and placebo groups were calculated 
from the ANCOVA model to assess the superiority of lixisenatide compared with 
placebo.  
 
For Study EFC6019, the same ANCOVA model was used to evaluate the non-inferiority 
of lixisenatide versus exenatide in reducing HbA1c from baseline to Week 24. Non-
inferiority was demonstrated if the upper bound of the 2-sided 95% CI of the LS mean 
difference between lixisenatide and exenatide was below the predefined non-inferiority 
margin of 0.4%. 
 
For Study EFC10780, the primary efficacy endpoint (the percentage of patients with 
both HbA1c <7.0% at Week 24 and weight loss of at least 5% of baseline body weight 
at Week 24) was analyzed using a Cochran Mantel-Haenszel (CMH) method stratified 
on randomization stratum (screening HbA1c [<8.0%, ≥8.0%] and screening BMI [<35 
kg/m2, ≥35 kg/m2]). The point estimate of the treatment difference (lixisenatide 
compared with sitagliptin) in proportion, as well as the associated 95% CI, was 
computed based on the weighted average of treatment differences from each stratum. 
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For the LOCF procedure, if there was a missing value at Week 24, the last available 
post-baseline on-treatment values for HbA1c and body weight (before the introduction 
of rescue therapy) that were no more than 30 days apart were used for the composite 
endpoint at Week 24. Patients who did not have such values were counted as non-
responders for the composite primary endpoint. 
 
Supportive and sensitivity analyses: 
 
The applicant examined the underlying assumptions for the primary efficacy endpoints 
ANCOVA model with statistical tests pre-specified in the statistical analysis plan (SAP) 
of the individual studies. 

 A nonparametric analysis using Tukey’s normalized rank transformation 
approach to the same ANCOVA model was performed (without Tukey’s rank 
transformation for the baseline covariate) as necessary in order to corroborate 
the primary analysis 

 To assess the impact of rescue medication, a sensitivity analysis was conducted 
using a multilevel model with random slopes and intercepts including HbA1c data 
after the initiation of rescue medication. This model included fixed-effect factors 
for treatment, visit, treatment-by visit interaction, randomization strata, country, 
baseline HbA1c-by-visit interaction, and the number of days spent on rescue 
medications. 

 In response to a recommendation received from the FDA, two additional 
supportive analyses for the primary endpoint were conducted in ten out of 12 
Phase 3 studies (excluding EFC10780 and LTS10888)  

o Mixed-effect model with repeated measures (MMRM) under the missing at 
random framework, 

o ANCOVA analysis in the 24-week completers population (patients who 
completed the 24-week main treatment period and who had not been 
rescued during this period) using the same ANCOVA model for the 
primary analysis.  

o The MMRM model included the fixed-effects factors for treatment 
(lixisenatide or placebo), visit, the treatment-by-visit interaction, 
randomization strata, and country, and the covariate baseline HbA1c 
value-by-visit interaction. This MMRM model used only scheduled HbA1c 
measurements obtained during the on-treatment period. 

 
Analysis of secondary efficacy endpoints: 
All continuous efficacy variables were analyzed using a similar ANCOVA model with 
terms for treatment groups, randomization stratum, and country as fixed effects and the 
corresponding baseline value as a covariate. The categorical secondary efficacy 
variables were analyzed using a CMH method stratified on randomization strata 
variables. 
 
Multiplicity adjustment: 
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The mean change in HbA1c from baseline to Week 24 (or Week 12 in Study EFC6018) 
was the only primary efficacy endpoint in all of the ten pivotal Phase 3 studies. No 
multiplicity adjustment was needed for the primary efficacy endpoint in Studies 
EFC6015, EFC6016, EFC6017, EFC10781, EFC10887 and EFC11321 because there 
was only one between-group comparison. As pre-specified in the individual SAPs of 
Studies EFC6014, EFC6018 and EFC10743, a stepwise testing procedure was 
performed to adjust for multiplicity for the primary efficacy endpoint because of multiple 
treatment comparisons. The morning lixisenatide group (Study EFC6014) or the 2-step 
dose increase lixisenatide group (Studies EFC6018 and EFC10743) was first compared 
with the combined placebo group (primary comparison). If the between-group difference 
was statistically significant, the evening lixisenatide group (Study EFC6014) or the 1-
step dose increase lixisenatide group (Studies EFC6018 and EFC10743) was 
compared with the combined placebo group. 
 
For Study EFC6019, a stepwise testing procedure was used for the primary efficacy 
endpoint by testing first the non-inferiority, followed by the superiority test only after non-
inferiority was satisfied. 
 
Meta-analysis of pooled data for subgroups: 
For HbA1c (both change from baseline and responder analysis), subgroup analysis of 
HbA1c change by baseline factors, FPG change, body weight change, and subgroup 
analysis of body weight change by nausea/vomiting and by baseline BMI category, data 
from the two studies with metformin as the only background therapy (Studies EFC6014 
and EFC10743) were combined to assess the treatment effect at Week 24.  For 
analysis of change from baseline in efficacy variables, a fixed effect meta-analysis was 
performed using the inverse of the variance as the weights. For responder analysis, 
CMH method stratified by study and randomization strata within a study was used for 
the weight average of treatment difference between treatment groups and the 
associated 95% CIs. 
 
Subgroup analyses of change in HbA1c from baseline to Week 24 (Week 12 for Study 
EFC6018) were performed for the pooled data from the nine pivotal Phase 3 placebo-
controlled studies via a fixed-effects meta-analysis using the inverse of variance as 
weights (i.e., stratified by study) for the following factors: age group (<65, ≥ 65 years of 
age; <75, ≥ 75 years of age), gender, race (Caucasian/White, Black, Asian/Oriental, 
Other), ethnicity (Hispanic, Not Hispanic), baseline BMI (<30, ≥30 kg/m2), baseline 
HbA1c (<8.0, ≥8.0%), duration of diabetes (<10, ≥ 10 years), region (North America, 
Australia, Western Europe, Eastern Europe, Central and South America, Asia, Middle 
East, India and Africa), and baseline renal function status by creatinine clearance 
categories (>80 mL/min [no renal impairment], ≥50 - ≤80 mL/min [mild renal 
impairment], ≥30 - <50 mL/min [moderate renal impairment]; a total of 4 patients had 
severe renal impairment and thus only an unadjusted mean along with the 
corresponding standard deviation values were provided for the severe category). For a 
given subgroup category, data from studies where there were patients in both treatment 
groups for this category were combined for the meta-analysis. For subgroup analysis of 
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ethnicity (Hispanic, Not Hispanic), two studies conducted in Asian patients (Studies 
EFC10887 and EFC11321) were excluded from the pooled data. LS Mean and 
difference in LS Mean from meta-analyses were provided for categories where at least 
one study had ≥ 5 patients in each treatment group. For studies with two lixisenatide 
groups due to different regimens (Studies EFC6014, EFC6018 and EFC10743), 
lixisenatide groups were first pooled and analyzed within a study before obtaining the 
estimates from meta-analyses. 
 
To facilitate easier review and since the statistical methods were mainly descriptive, 
study pools and analysis methods specific to safety will be discussed in Section 7 in the 
relevant sub-sections.  
 

6 Review of Efficacy 

 
Efficacy Summary 

 Lixisenatide resulted in a statistically significant decrease in HbA1c compared 
with placebo, demonstrating superiority to placebo in all Phase 3 placebo-
controlled studies, independent of dose titration or morning vs. evening injection. 
The reduction in HbA1c was generally sustained over time through the entire 
treatment period. 

 Lixisenatide resulted in a statistically significant reduction in body weight 
compared to placebo in the pooled add-on to metformin studies (LS mean 
treatment difference in kg [95% CI] was -0.68 [-1.083, -0.282]), add-on to 
sulfonylurea study EFC6015  (LS mean treatment difference in kg [95% CI] was -
0.84 [-1.25, -0.421]) and background insulin studies EFC 6016 (LS mean 
treatment difference in kg [95% CI] was -1.28 [-1.803, -0.747]) and EFC 10781  
(LS mean treatment difference in kg [95% CI] was -0.89 [-1.423, -0.353]). Most of 
the effect on body weight was observed during the main 24-week treatment 
period. Mean body weight then remained relatively stable over 76 weeks. 

 HbA1c difference between lixisenatide and placebo was similar across 
subgroups except for baseline HbA1c level ≥ 8% vs. < 8%. 

 Overall the LS mean change in HbA1c from baseline was similar regardless of 
antibody status, except for in the group of patients with a quantifiable antibody 
concentration ≤ 100 nmol/L The pre-specified analysis is suggestive of potential 
attenuation of glucose lowering effect with antibody concentrations over 100 
nmol/L.  This was not seen at 76 weeks; the interpretation of the results is also 
limited by the small sample size in this group 

 Although the pre-specified non-inferiority margin at 24 weeks was met in active 
comparator study EFC6019, from a clinical perspective, exenatide demonstrated 
greater efficacy compared to lixisenatide, for both reduction in HbA1c and body 
weight from baseline over the entire treatment period of 76 weeks. 
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6.1 Indication 

The proposed indication is for the treatment of adults with T2DM as an adjunct to diet 
and exercise to improve glycemic control 

6.1.1 Methods 

This was discussed in section 5.3 
 

6.1.2 Demographics 

In both the Phase 3 placebo-controlled study pool and the all-controlled Phase 2/3 pool, 
demographic and baseline characteristics were generally comparable in terms of age, 
age group, sex, race, ethnicity, region, and baseline BMI across both treatment groups. 
The percentage of US patients is 12.6% in placebo and 14.0% in lixisenatide group. The 
majority of patients were Caucasian, followed by Asian (22-37%). Only around 3% of 
the population was black.  

Table 7: Demographics- Phase 3 Placebo-Controlled and All-Controlled Study Pool. 
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Source: Table 2-ISS page 99 
Reviewer’s Comment: There is an overrepresentation of Asian and underrepresentation 
of Black patients in these trials with respect to applicability of results to the US 
population with diabetes. All patients were Asian in Studies EFC10887 and EFC11321, 
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and 16.8% to 44.7% of patients included in Studies EFC6015, EFC6016 and EFC6018 
were Asians. In the “add-on to metformin alone” studies (EFC6014, EFC10743, and 
EFC6019), the patients were predominantly Caucasian and fewer than 10% of patients 
were Asian.  An information request was sent to the applicant to justify applicability of 
results to the US population, given the small number of black patients in the trial. The 
applicant’s response (Table 7, applicant’s response to information request dated April 3, 
2013) was that the percentage of black patients included in the U.S. in the Phase 3 
placebo controlled studies (12.7% in the lixisenatide group and 16.0% in the placebo 
group) was similar to the percentage in the overall U.S. population with diabetes 4.  
 
Medical history and disease status at baseline: 
In both the Phase 3 placebo-controlled and all-controlled study pool, the duration and 
age at onset of diabetes, prior use of GLP-1 agonist and microalbuminuria at baseline 
were generally comparable between the 2 treatment groups. 

 
4 http://www.cdc.gov/diabetes/statistics/prevalence_national.htm. 
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Table 8: Diabetic History in Phase 2/3 Studies - Safety Population 

 

Reference ID: 3364935

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

53 

 
 
Source: ISS Table 22- page 101 
 
The percentage of patients with baseline microvascular complications in the placebo-
controlled Phase 3 studies was higher in the placebo group compared to the lixisenatide 
group for diabetic autonomic neuropathy (placebo: 3.0%, lixisenatide: 1.7%) and 
diabetic nephropathy (placebo: 9.0%, lixisenatide: 6.4%) (ISS Table 23, page 103). A 
similar percentage of patients at baseline reported diabetic retinopathy (placebo: 11.4%, 
lixisenatide: 10.9%) or diabetic sensory or motor neuropathy (placebo: 19.7%, 
lixisenatide: 20.7%). In all controlled Phase 2/3 studies the incidence of baseline 
diabetic microvascular complications was similar between the lixisenatide and all 
comparators groups. 
 
In the Phase 3 placebo-controlled study pool and all controlled Phase 2/3 studies, of the 
co-morbidities assessed at baseline that are relevant in patients with T2DM (see table 
below), a similar percentage of patients in both treatment groups reported hypertension,  
dyslipidemia and ongoing hepatic disease. Approximately 80% of the patients had 
normal baseline renal function based on their creatinine clearance (only Cockcroft and 
Gault equation was reported), around 15-17% had mild and 1-1.3% had moderate renal 
impairment based on their calculated creatinine clearance. Severe renal impairment at 
baseline was not observed in any lixisenatide-treated patient. The majority of the 
patients were non-smokers. 
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Table 9: Baseline Co-morbid Illness Status, Renal Function Status, and Habits in Phase 
2/3 Studies- Safety Population  

 
 
Source: ISS Table 24, page 105 
 
The proportion of patients in the Phase 3 placebo-controlled study pool with a history of 
CV events was 9.9% in the lixisenatide group and 10.3% in the placebo group. Among 
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them, myocardial infarction (MI) (lixisenatide: 4.0%, placebo: 3.7%) and coronary 
revascularization (lixisenatide: 2.3%, placebo: 2.8%) were the most commonly reported 
events in the CV history at baseline, with similar percentages reported in both treatment 
groups (Table 25-ISS page 106). A similar trend was seen in the all controlled study 
pool. 
 
Concomitant medications: 
Background antidiabetic therapies: 
Studies with one background treatment: 
All patients in the mITT population were treated with metformin at doses ≥ 1500 mg/day 
in Studies EFC6014, EFC6019, EFC10743, and EFC10780 (metformin alone), as 
planned in the protocols. The mean dose ranged between 1961 mg/day and 2042 
mg/day at baseline. Median duration of treatment ranged from 2.05 to 2.74 years. The 
appendices in the individual CSRs were reviewed to check for imbalances between 
treatment groups (eCTD5.3.5.1, Study EFC6014, efc6014-16-2-4-demo-data [Appendix 
14.2.4.2.2], Study EFC6019, efc6019-16-2-4-demo-data [Appendix 14.2.4.2.2], Study 
EFC10743, efc10743-16-2-4-demo-data [Appendix 14.2.4.2.2], and Study EFC10780, 
efc10780-16-2-4-demo-data [Appendix 14.2.4.2.1]). 
 
Studies with one or two background treatments:  
For all the studies listed below, the appendices of the individual CSRs listed were 
reviewed to check for any relevant imbalances between treatment groups. 
In Study EFC6015, 722 patients (84.3%) were treated with SU and metformin and 134 
(15.7%) were treated with SU alone at baseline in the mITT population. The median 
duration of treatment with SU was 4.24 years. Most patients received glimepiride 
(42.3%) at a mean dose of 5.1 mg/day or glibenclamide (24.9%) at 12.9 mg/day. The 
median duration of treatment with metformin was 4.36 years (5.17 in placebo and 4.09 
in lixisenatide) and the mean dose was 1827 mg/day -eCTD 5.3.5.1 Study EFC6015, 
efc6015-16-2-4-demo-data [Appendix 14.2.4.2.4] and [Appendix 14.2.4.2.6]. 
 
In Study EFC6016, 392 patients (79.5%) were treated with basal insulin and metformin 
and 101 (20.5%) were treated with basal insulin alone at baseline in the mITT 
population. The median duration of treatment with basal insulin was 1.77 years at 
randomization. Most patients received insulin glargine (50.1%) at a mean dose of 58.0 
U/day, insulin NPH (40.2%) at a mean dose of 46.6 U/day, and then insulin detemir 
(8.7%) at a mean dose of 62.4 U/day. The median duration of treatment with metformin 
was 5.40 years (5.74 in lixisenatide and 4.84 in placebo) and the mean dose was 1977 
mg/day-eCTD-5.3.5.1 Study EFC6016, efc6016-16-2-4-demo-data [Appendix 
14.2.4.2.6] and [Appendix 14.2.4.2.12]. 
 
In Study EFC6017, 388 patients (81.0%) were treated with pioglitazone and metformin 
and 91 (19.0%) were treated with pioglitazone alone at baseline in the mITT population. 
The mean daily dose of pioglitazone was 33.7 mg, and the median duration of treatment 
was 0.83 years. The median duration of treatment with metformin was 3.37 years and 
the mean dose was 1886 mg/day- eCTD-5.3.5.1 Study EFC6017, 
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efc6017-16-2-4-demo-data [Appendix 14.2.4.2.2]. 
 
In Study EFC10887, 219 patients (70.4%) were treated with basal insulin and SU and 
92 (29.6%) with basal insulin alone at baseline. The median duration of treatment with 
basal insulin was 1.33 years at randomization. Most patients received insulin glargine 
(60.5%) at a mean dose of 24.2 U/day, insulin detemir (26.4%) at a mean dose of 20.3 
U/day, or insulin NPH (12.5%) at a mean dose of 31.5 U/day. The median duration of 
treatment with SU was 5.39 years (4.04 in lixisenatide and 6.21 in placebo). Most 
patients received glimepiride (80.8%); 46.1% of patients received a dose ≥ 3 mg/day. –
eCTD- 5.3.5.1 Study EFC10887, efc10887-16-2-4-demo-data [Appendix 14.2.4.2.6] and 
[Appendix 14.2.4.2.12]. 
 
In Study EFC10781 all patients were insulin naïve at screening, and treated by 
metformin and possibly SU or glinides and/or TZD at screening (SU or glinides had to 
be stopped at run-in entry). Insulin glargine was initiated at the beginning of the run-in 
period and optimally titrated for 12 weeks; the mean dose at randomization was 44.51 
U. All patients were treated with metformin at doses ≥ 1500 mg/day as planned in the 
protocol; median duration of treatment was 4.40 years. In addition TZD was used in 72 
patients (16.1%) at screening and 54 patients (12.1%) at baseline (rosiglitazone in 20 
patients [mean dose 5.6 mg] and pioglitazone in 34 patients [mean dose 29.6 mg])- 
eCTD-5.3.5.1 Study EFC10781, efc10781-16-2-4-demo-data [Appendix 16.2.4.2.4], 
[16.2.4.2.6] and [16.2.4.2.8]. 
 
In Study EFC11321 all patients in the mITT population were treated with metformin at 
doses ≥ 1000 mg/day and ≤ 1500 mg/day as planned in the protocol at the specific 
request of the Chinese regulatory agency. Median duration of treatment was 2.77 years. 
In addition 174 patients (44.8%) were using SU (mainly gliclazide and glimepiride) for a 
median duration of 1.65 years. Daily SU dose was ≥ 50% and <75% of the maximal 
recommended dose according to local labeling in 79.9% of patients and ≥ 75% and 
≤ 100% in 14.9% of patients. –eCTD 5.3.5.1 Study EFC11321, efc11321-16-2-4-demo-
data [Appendix 16.2.4.2.5] and [16.2.4.2.7]. 
 
Non-diabetic concomitant medications: 
In the Phase 3 placebo-controlled study pool, the use of common cardiovascular (CV) 
medications was generally balanced between treatment groups (Table 26, ISS page 
109. The most common CV concomitant medications used during the entire treatment 
period were statins and statin combinations (37.9% in the lixisenatide group and 38.4% 
in the placebo group) (Table 26, ISS page 109). This was followed by antithrombotic 
agents (36.9% in the lixisenatide group and 36.2% in the placebo group) and 
angiotensin-converting enzyme inhibitors (ACEI) (37.4% in the lixisenatide group and 
32.8% in the placebo group). A similar trend was also noted in the all controlled Phase 
2/3 pool (Table 27, ISS page 110). There also appeared to be no relevant imbalances in 
the use of other non-diabetic concomitant medications (Table 28 and 29-ISS page 113 
and 114).  The most common non-antidiabetic concomitant medications used during the 
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entire treatment period were musculoskeletal system treatments (around 50% of 
patients). 
 
 

6.1.3 Subject Disposition 

Disposition in the pivotal efficacy studies is briefly discussed here; the safety population 
and reasons for discontinuation are elaborated further in Section 7. Overall, in pivotal 
Phase 3 studies regardless of background therapy, more than 85% of randomized 
patients in any treatment group completed the main treatment period.  The completion 
rate for the whole treatment period regardless of background therapy was 76.3% in the 
lixisenatide morning injection group, 72.5% in the lixisenatide evening injection group 
and 81.3% in the placebo group. In studies lasting at least 76 weeks, the completion 
rate for the whole treatment period ranged from 64.7% to 81.4% in the lixisenatide 
group and from 67.7% to 78.4% in the placebo group. In all the add-on to basal insulin, 
add-on to sulfonylurea or metformin + sulfonylurea studies, there was a higher 
completion rate with placebo although differences were small (2-7%-Table 6 ISE page 
67).  

6.1.3 Analysis of Primary Endpoint(s) 

Change in HbA1c from baseline was the primary endpoint (mITT, ANCOVA. LOCF) in 
the 10 Phase 3 pivotal studies, assessed at Week 12 in Study EFC6018 and at Week 
24 in the 9 other studies. The primary objective was to demonstrate the superiority of 
lixisenatide over placebo in the 9 placebo-controlled studies and non-inferiority versus 
exenatide in the active-controlled Study EFC6019. Superiority to placebo will be 
reviewed in this section and non-inferiority to exenatide will be discussed separately in 
section 6.1.10 
 
Lixisenatide resulted in a statistically significant decrease in HbA1c compared with 
placebo, demonstrating superiority to placebo in all Phase 3 placebo-controlled studies 
based on the pre-specified primary analysis (p=0.0002 for Study EFC6016; p=0.0004 
for Study EFC11321; p<0.0001 in all other studies) (Table 10 and Figure 3). The LS 
mean difference versus placebo ranged from -0.32% (Study EFC10781) to -0.88% 
(Study EFC10887). 
In Studies EFC6018 and EFC10743, separate statistical analyses were performed for 
the one-step and two-step dose increase groups and showed similar results (LS mean 
changes: -0.73% for the two-step group and -0.85% for the one-step group in Study 
EFC6018; -0.83% for the two-step group and -0.92% for the one-step group in Study 
EFC10743). In both Studies EFC6018 (at Week 12) and EFC10743 (at Week 24), there 
was a numerically larger reduction in HbA1c from baseline between lixisenatide and 
placebo using the one-step titration as compared to that using the two-step titration. 
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In Study EFC6014, an evening QD regimen (within one hour before dinner) was also 
evaluated. The superiority over placebo in term of HbA1c reduction was demonstrated 
in both groups (LS mean differences versus placebo: -0.48% in the morning group and -
0.37% in the evening group, p<0.0001 in both groups).  In Study EFC6014, there was a 
larger reduction in HbA1c from baseline between lixisenatide and placebo at Week 24 
with the morning injection as compared to that with the evening injection. 

 Table 10: Mean Change in HbA1c (%) from Baseline to Week 24 in Phase 3 Placebo-
Controlled studies - mITT Population. 
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Source: Table 7: Summary of Clinical Efficacy (SCE), page-75 
 
Sensitivity analyses were conducted by the applicant and the statistical reviewer for the 
primary endpoint. These included:  

 Completers analyses (Completers: All mITT patients who completed the main 24-
week [12-week in EFC6018] double-blind treatment period and who had not been 
rescued during this main 24-week treatment period).  

 Change from baseline in HbA1c was analyzed using mixed model repeated 
measures (MMRM) in observed patients whose data prior to initiation of rescue 
therapy before the main treatment period or a specified visit were used for 
imputation. 

 Sensitivity analyses including HbA1cs collected after rescue therapy (discussed 
below). 

All analyses results were consistent with the primary analysis. 
 
Effects of rescue therapy on primary endpoint at Week 24: 
 
During the main treatment period, 103 (3.6%) of patients on lixisenatide required rescue 
therapy versus 126 (7.7%) of patients on placebo. The most commonly used rescue 
therapy was sulfonylurea (3.2% -placebo, lixisenatide-1.6%) followed by metformin and 
basal insulin (ISS Appendix 1.1.2.9-page 676).  
The number of patients requiring rescue therapy by study is shown below. Except for 
equal numbers in study EFC10781, greater percentages of patients on placebo required 
rescue in the main treatment period. 
 

Table 11: Number (%) of Patients Requiring Rescue Therapy during the Main 
Treatment Period in Phase 3 Placebo-Controlled studies - mITT Population 
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Source: ISE-1.4.2.45-page312 
 
As mentioned earlier, the applicant conducted a sensitivity analyses, based on all 
scheduled HbA1c on-treatment measurements including those collected after the 
initiation of rescue therapy during the main treatment period. The results were similar 
and consistent with the findings from the primary endpoint (Table 11, SCE-page-86). 
 
 
Primary endpoint in study EFC10780: 
In supportive Phase 3 Study EFC10780, the primary objective was to demonstrate 
superiority at Week 24 of lixisenatide over sitagliptin on a composite endpoint that 
combined the percentage of responders for HbA1c and for body weight in a young (<50 
years) obese population. Mean change from baseline in HbA1c was assessed as a 
secondary endpoint.  Percentage of patients demonstrating both HbA1c <7% and a 
weight loss of at least 5% from baseline body weight at Week 24 (primary endpoint) was 
12.0% in the lixisenatide group compared with 7.5% in the sitagliptin group, with no 
statistically significant difference between the two groups per the pre-specified primary 
analysis. The LS mean change in HbA1c from baseline to Week 24 was -0.66% in the 
lixisenatide group and -0.72% in the sitagliptin group. No significant treatment difference 
was observed between the two treatment groups in the mean change from baseline to 
Week 24 in HbA1c (least squares [LS] mean difference versus sitagliptin 
was 0.06%; 95% CI: -0.179, 0.308). This will be discussed further with other active 
comparators in Section 6.1.10. 
 

6.1.5 Analysis of Secondary Endpoints(s) 

Fasting plasma glucose (FPG): 
Mean change in fasting plasma glucose from baseline to week 24 was assessed in all 
the Phase 3 studies as a secondary endpoint. The results are shown below 
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Table 12: Mean Change in Fasting Plasma Glucose (mg/dL) from Baseline at Week 24 
in Phase 3 Placebo-Controlled Studies - mITT Population 

 

 
Source: Table 15, SCE- page 100 
Note -multiplicity adjustment per step down testing strategy was not done in studies 
EFC10887 and study EFC6018. 
 
In the basal insulin studies EFC10781 and 6016, the difference versus placebo for 
change in FPG from baseline was not statistically significant. EFC10781 was conducted 
in insulin naive patients who were initiated on basal insulin and titrated for 12 weeks 
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prior to randomization.  Therefore FPG did not decrease compared to baseline in both 
groups. In study EFC10887 the difference versus placebo was statistically significant 
but statistical analyses were performed without multiplicity adjustment per the step-
down testing strategy for multiplicity adjustment.  In all the other studies there was a 
statistically significant difference compared to placebo. 
 
Mean change in 2-hour PPG from baseline to Week 24: 
Consistent with class effect, lixisenatide reduces glucose increase after a meal. Meal 
tests were performed in Studies EFC6014 (morning group only), EFC6015, EFC6016, 
EFC6018, EFC10781, EFC10887 and EFC11321. In these studies, 2-hour PPG and 
glucose excursion were assessed at baseline and Week 12/Week 24 after a 
standardized liquid breakfast. Decrease from baseline in 2-hour PPG in the lixisenatide 
groups was consistent among these Phase 3 studies (Table 13, ISE page 93). 
However, this test measured the first post-prandial glucose after the lixisenatide 
injection and may be reflective of the pharmacokinetic-pharmacodynamic (PK-PD) 
characteristics of lixisenatide-maximum PD effect in the first 4-5 hours following 
injection. This will be further discussed in Section 6.1.10. 
 
Mean change in body weight from baseline to Week 24: 
The effect of lixisenatide on the reduction in body weight was assessed in all Phase 3 
studies as a secondary endpoint. 

 In monotherapy study EFC 6018 (12 week duration) the difference versus 
placebo was not statistically significant. 

 In the add-on to metformin ± SU studies, The LS mean decrease from baseline 
to Week 24 ranged from -1.50 kg (Study EFC11321) to -2.68 kg (Study 
EFC10743, 2-step dose increase) The between-group difference was statistically 
significant in Study EFC10743 and in the pooled “add-on to metformin alone” 
studies (EFC6014 and EFC10743 pooled data), as well as in Study EFC6015.  In 
Studies EFC6014 and EFC11321 the LS mean difference versus placebo was 
not statistically significant. 

 In Study EFC6017 in which lixisenatide was administered in combination with 
pioglitazone with or without metformin, there was no clinically relevant decrease 
in body weight in the lixisenatide group. 

 In the placebo-controlled study EFC6016 in which lixisenatide was administered 
in combination with basal insulin, a decrease in body weight of -1.80 kg from 
baseline was observed in the lixisenatide group. Similarly, in Study EFC10781 
performed as add-on to optimally titrated insulin glargine, body weight remained 
stable in the lixisenatide group (LS mean change of 0.28 kg) as compared with a 
LS mean increase of 1.16 kg in the placebo group and the LS mean difference 
versus placebo (-0.89 kg) was statistically significant. In Study EFC10887 
(performed in Asian patients only who had a median baseline BMI of 24.78 
kg/m², with 70% of them also treated with SU) the LS mean difference versus 
placebo was not statistically significant. 
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Table 13: Mean Change in Body Weight (kg) from Baseline to Week 24 in Phase 3 
Placebo-Controlled Studies - mITT Population 

 

 
Source: Table 16, SCE- page 106 
 
HbA1c Responders: 
The percentage of patients achieving commonly agreed HbA1c targets <7% and 
≤ 6.5% was analyzed as a secondary endpoint in all Phase 3 studies. In all placebo-
controlled studies, the percentages of responders at Week 12 (Study EFC6018) or 
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Week 24 (other studies) were statistically higher for both targets in the lixisenatide 
groups than in the placebo groups (Table 9- SCE-starting page- 82). 

6.1.6 Other Endpoints 

Mean change in total and basal insulin doses from baseline to Week 24: 
The change in basal insulin daily doses was assessed as a secondary endpoint in 
Studies EFC6016, EFC10781 and EFC10887, in which basal insulin was a mandatory 
background treatment. In studies EFC6016 and EFC10887, these analyses were done 
without multiplicity adjustment as pre-specified in the individual SAPs. Results from the 
CSRs were reviewed (eCTD- 5.3.5.1, Study EFC6016, efc6016-1-15-body [Section 
8.1.2.8]; Study EFC10781, efc10781-1-15-body [Section 10.2.5]; Study EFC10887, 
efc10887-1-15-body [Section 8.1.2.7])  

 In Study EFC6016, the LS mean changes from baseline to Week 24 were -5.62 
U in the lixisenatide group compared with -1.93 U in the placebo group (LS mean 
difference: -3.69 U, 95% CI: -6.568 to -0.815 U).  

 In Study EFC10887, the LS mean changes from screening to Week 24 were -
1.39 U in the lixisenatide group compared with -0.11 U in the placebo group (LS 
mean difference: -1.29 U, 95% CI: -2.097 to -0.477 U).  

 In Study EFC10781 the daily insulin glargine dose in both groups increased 
gradually (LS mean change from baseline was 3.10 U in the lixisenatide group 
and 5.34 U in the placebo group), which was required by the protocol to maintain 
FPG between 80 and 100 mg/dL (4.4 and 5.6 mmol/L). However, patients in the 
lixisenatide group showed a statistically significant lower increase in daily insulin 
glargine dose (lower increase in daily insulin glargine dose (LS mean difference 
for lixisenatide versus placebo was -2.24 U; 95% CI: -4.264 to -0.218; p 
=0.0300). 

 
7-point SMPG: 
The change in 7-point SMPG (mean of 7 values) was assessed as a secondary 
endpoint in Studies EFC6016, EFC10781 and EFC10887 in which lixisenatide was used 
as an add-on therapy to basal insulin. The analysis excluded measurements obtained 
after the introduction of rescue medication and/or after the treatment cessation. 
For Week 24 (LOCF) the analysis included measurements obtained up to the date of 
the last dose of the double-blind investigational product injection on or before Visit 12 
(Week 24) or Day 169 if Visit 12 (Week 24) is not available. Consistent with PK-PD 
profile, the greatest reduction in post-prandial glucose seems to occur in the AM after 
the lixisenatide injection). 
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Figure 3: Self Monitored Plasma Glucose (SMPG) Profiles (mg/dL) at Week 24, 
Lixisenatide versus Placebo–each Time Point- mITT Population 

EFC 6016                                                         EFC 10781                     EFC 10887                                

Source 14.2.6.2.16-CSR for study EFC6016, page-165; 16.2.6.2.11-CSR for study EFC 
10781-page 174 and 14.2.6.2.15- CSR for study EFC 10887-page 79. 

6.1.7 Subpopulations 

Subgroup analyses (stratified by study) of HbA1c were conducted by the applicant and 
statistical reviewer based on pooled patient populations from the eight Phase 3 placebo-
controlled studies with the primary endpoint at Week 24.  Subgroups were defined by 
sex, age category (< 65, ≥ 65 years of age, and < 75, ≥ 75 years of age), race (white, 
black, others), country (USA, non-USA), baseline HbA1c level (<8.0%, ≥8.0%), baseline 
BMI (<30 Kg/m2, ≥30 Kg/m2), duration of diabetes (<10 years, ≥10 years), baseline level 
of creatinine clearance (moderate renal impairment: ≥30 to <50 mL/min, mild renal 
impairment: ≥50 to ≤80 mL/min, and normal: >80 mL/min), anti-lixisenatide antibody 
status (positive, negative), and  anti-lixisenatide antibody concentration (antibody 
negative, antibody concentration <3.21 nmol/L, either of them). This was an ANCOVA 
analysis using LOCF method for dealing with missing values.  

The statistical reviewer’s results are shown in the forest plot below. They are similar to 
the applicant’s results (Summary of Clinical Efficacy Table 17) based on the pooled nine 
placebo-controlled studies, including EFC6018 of which the primary endpoint was at 
Week 12.  

Per the statistical reviewer’s results, HbA1c difference between lixisenatide and placebo 
was similar across subgroups except for the baseline HbA1c level. Significant 
treatment-baseline HbA1c levels interactions were observed at alpha=0.10 (p<0.001) 
level. Patients with higher HbA1c at baseline (>8%) had a greater HbA1c reduction with 
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lixisenatide than those with lower baseline HbA1c. Although confidence limits overlap, 
the point estimate of the response increases with increasing renal impairment  
The applicant also verified efficacy by background antidiabetic therapy, including insulin 
(Table 18, SCE-page 123). The statistical reviewer also performed an integrated 
analysis of the insulin studies and confirmed the applicant’s results.  

Figure 4: Forest Plot of HbA1c Changes from Baseline to Week 24 between 
Lixisenatide and Placebo Treatments Based on the Pooled Data of eight Phase 3 
Placebo-Controlled Studies (mITT, LOCF). 

 
Source: Figure 4.1-Biometrics review (Dr. Wei Liu) 
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Antibody effect on the primary efficacy endpoint: 
(Other immunogenicity issues are discussed in Section 7.3.2.) 
The analysis of change in HbA1c from baseline to Week 24 (with LOCF for missing 
on-treatment HbA1c values) by anti-lixisenatide antibody status (positive or negative) 
and antibody concentrations was performed in the lixisenatide group using a meta-
analysis method (weighted average using inverse of variance from each study as 
weights) based on the pooled data from pivotal Phase 3 studies with at least 24-week 
treatment that collected the antibody data (Studies EFC6014, EFC6015, EFC6016, 
EFC6017, EFC10743, EFC10781, EFC10887 and EFC11321). 
A total of 237 patients with antibody-positive status had missing antibody concentration 
and 173 patients with measured antibody concentration had missing antibody status. At 
the end of the main treatment period (Week 24), anti-lixisenatide antibody status along 
with a concomitant HbA1c value was available for 1954 patients from the lixisenatide 
group, including 1333 (68.2%) patients assessed as antibody-positive in the mITT 
population, and 621 (31.8%) assessed as antibody-negative.  In the lixisenatide group 
at the end of the main treatment period (Week 24), 1890 patients had either anti-
lixisenatide antibody-negative status or antibody concentration assessment along with a 
concomitant HbA1c value available. 
 
Overall the LS mean change in HbA1c from baseline was similar regardless of the 
antibody status, except for in the group of patients with a quantifiable antibody 
concentration ≤ 100 nmol/L, it was -0.64% (95% CI -0.751, -0.528), while in the group 
of 45 patients (2.4%) with antibody concentration >100 nmol/L, it was -0.16% (95% CI: -
0.418 to 0.096) as shown below. This suggests that in patients with the highest levels of 
antibodies, there may be some attenuation of glucose-lowering effect. 
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Table 14: Meta-analysis of Change in HbA1c (%) from Baseline to Week 24 by Anti-
Lixisenatide Antibody Status and Concentration Based on Pooled Data of Eight Pivotal 
Phase 3 Placebo-Controlled studies - mITT Population 

 
Source: SCE-Table 19, page- 126 
 
In the lixisenatide group at Week 76, 957 patients had either anti-lixisenatide antibody-
negative status or antibody concentration assessment along with a concomitant HbA1c 
value. Overall 678 (70.8%) of these patients were either assessed as antibody-negative 
or had an antibody concentration < the lower limit of quantitation (LLOQ) (3.21 nmol/L); 
and the LS mean change in HbA1c from baseline was -0.91% (95% CI: -1.002 to -
0.827) in these patients. Least squares mean change in HbA1c from baseline was -
0.50% (95% CI: -0.617 to -0.380) in the group of patients with a quantifiable antibody 
concentration (> LLOQ), showing similar results regardless of the concentration 
category (≤ 100 nmol/L or >100 nmol/L (Table 20, SCE page 128).  
 
The pre-specified analysis is suggestive of potential attenuation of glucose lowering 
effect with antibody concentrations over 100 nmol/L.  This was not seen at 76 weeks; 
the interpretation of the results is also limited by the small sample size in this group. In 
addition, the pharmacometrics reviewer’s antibody concentration response analysis on 
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efficacy suggests that no correlation was observed between week 4 and week 24 
antibody data (Figure 8, pharmacometrics review).  Since the Week 4 antibody data are 
not predictive of Week 24 antibody data, the analysis of antibody concentration to 
efficacy is exploratory in nature and cannot identify non-responders early on with the 
drug treatment. 

6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations 

The dose of 20 μg QD was selected as the maintenance dose for the Phase 3 program 
by the applicant based on the dose-ranging Study DRI6012, because the applicant felt 
that this regimen demonstrated the optimal combination of benefit-risk ratio and patient 
convenience in this study.  Eight different active groups were evaluated in Study 
DRI6012 (5, 10, 20, and 30 μg QD; 5, 10, 20, and 30 μg BID); compared with 
matched placebo, the results are shown below. Greater reduction with HbA1c was seen 
with the 10 µg BID regimen compared to 20 µg QD although responder rates were 
comparable (Figure 11, SCE, page 132).  
 

Figure 5: Mean change in HbA1c at Endpoint (ITT population) (Study DRI6012) 

 
Source Figure 10- SCE page 131 
Overall, the discontinuation rate due to an adverse event was in the 20 μg BID group 
compared with 3.6% in the 20 μg QD group, which was the same as in the 10μg BID 
group CSR for study DRI 6012-eCTD (5.3.5.1 Study DRI6012 [Section 9.3.3]). AEs 
overall (20 µg qd-67.3%, 10 µg BID-57.1%) and injection reactions (1 patient each) 
were comparable. Gastrointestinal AEs were lower with the 10 µg BID dose (26.8% vs. 
41.8%) (Table 28, page-121, CSR for DRI 6012).  
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Reviewer’s Comment: Based on the PK parameters and PD profile (post-prandial 
glucose effects) of the drug, it is plausible that BID dosing would result in more optimal 
efficacy.  

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects 

Long term effect on HbA1c: 
After the main treatment period, HbA1c was measured at Week 36 then every eight 
weeks and at the end-of-treatment visit in Studies EFC6014, EFC6015, EFC6016, 
EFC6017, EFC6019, and EFC10743.In all the Phase 3 placebo-controlled studies, 
HbA1c mainly decreased during the first eight weeks (approximately 80% of the overall 
effect observed during the main period). Then an additional smaller decrease was 
observed between Weeks 8 and 12, followed by a plateau up to Week 24 (Appendix 
Figures 12-20, SCE- starting page 144). The reduction in HbA1c was generally 
sustained over time beyond the main treatment period as illustrated in the applicant’s 
figures for the 76 week studies (Appendix Figures 12-15 and Figure 17, SCE- starting 
page 144). 
 

Figure 6: Mean Change in HbA1c (%) from Baseline by Visit– mITT population 

Study 6014 Study 6015 
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Study 6016 Study 6017 

 
 
Study 10743 

 
(Lixi = Lixisenatide, 24 LOCF = Last observation carried forward before the initiation of 
rescue therapy on or before week 24, EOT = Last on treatment value. Analysis based 
on measurements obtained before the initiation of rescue therapy on or before the 
treatment cessation plus 3 days.) 
Source: Figure 12-17, SCE Appendix, starting page 144 
 
Rescue therapy over the entire treatment period: 
During the entire treatment period, a total of 511 patients (17.8%) in the lixisenatide 
group and 377 patients (23.0%) in the placebo group required rescue medication. The 
most frequently used rescue medication overall was SU in both treatment groups (8.5% 
in lixisenatide patients and 10.0% in the placebo group). This was followed by 
metformin (2.3% in lixisenatide patients and 3.1% in the placebo group), TZD alone 
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(2.2% in lixisenatide patients and 2.4% in the placebo group), short acting insulin (1.9% 
in lixisenatide patients and 2.9% in the placebo group), and basal insulin (1.7% in 
lixisenatide patients and 3.4% in the placebo group). Overall, a higher percentage of 
placebo patients were rescued, but the differences were smaller compared to the main 
treatment period.  

Table 15: Summary of Antidiabetic Concomitant Medications (Rescue Therapy) in 
Phase 3 Placebo-Controlled Studies, Entire Treatment Period, Safety Population 

 
Source Table 31, ISS page 117 
 
For all 76 week Phase 3 placebo-controlled studies, Kaplan-Meier plots of time to 
rescue therapy during the entire treatment period showed that the requirement for 
rescue therapy increased gradually over time at a lower rate in the lixisenatide groups 
than in the placebo groups (plots in individual CSRs reviewed- eCTD-5.3.5.1, Study 
EFC6014, efc6014-1-15-body [Section 8.1.2.7], Study EFC6015, efc6015-1-15-body 
[Section 8.1.2.6], Study EFC6016, efc6016-1-15-body [Section 8.1.2.7], Study 
EFC6017, efc6017-1-15-body [Section 8.1.2.5] and Study EFC10743, efc10743-1-15-
body [Section 8.1.2.4]). 
 
Persistence of effect on body weight: 
Most of the effect on body weight was observed during the main 24-week treatment 
period. Mean body weight then remained relatively stable over 76 weeks -eCTD 5.3.5.3 
ISE [Figure 1.4.2.36] - [Figure 1.4.2.40] and [Figure 1.4.2.42], starting page 302. 
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6.1.10 Additional Efficacy Issues/Analyses 

Results from studies versus active comparators: 
EFC10780: 
A total of 319 patients were randomized (158 in the lixisenatide group and 161 in the 
sitagliptin group). All randomized patients were exposed to the investigational product 
and were included in the mITT population. Of 319 patients, 292 completed the 24-week 
double-blind treatment period (142 [89.9%] in the lixisenatide group and 150 [93.2%] in 
the sitagliptin group). 

 As discussed earlier, the study failed to demonstrate statistical superiority for 
lixisenatide for the primary endpoint (the percentage of patients with HbA1c<7% 
at Week 24 and a weight loss of at least 5% of baseline body weight at Week 
24).   

 Mean changes in HbA1c were similar in the lixisenatide group (-0.66%) and in 
the sitagliptin group (-0.72%) 

 In Study EFC10780, lixisenatide resulted in a greater decrease in body weight 
from baseline to Week 24 than sitagliptin. The LS mean (SE) changes in body 
weight from baseline were -2.51 (0.294) kg in the lixisenatide group compared 
with -1.17 (0.304) kg in the sitagliptin group (LS mean difference versus 
sitagliptin: -1.34 kg, 95% CI: -2.101 to -0.575 kg). More patients in the 
lixisenatide group (28 [18.4%]) had a weight loss ≥ 5% from baseline to Week 24 
than in the sitagliptin group (19 [11.9%]). 

 
PDY10931: 
Study PDY10931 was a randomized, open-label, parallel-group Phase 2 study 
comparing the effects on post-prandial glucose (PPG) of lixisenatide 20 μg QD (1-step 
dose increase regimen) with liraglutide (starting dose of 0.6 mg QD followed by 1.2 mg 
QD for one week, then a maintenance dose of 1.8 mg QD), as an add-on treatment to 
metformin, in patients with T2DM not adequately controlled with metformin. The study 
duration per patient was approximately four weeks. The reduction in postprandial 
glucose (GLU_AUC0:30-4:30h) from baseline to Day 28 was significantly greater in the 
lixisenatide group than in the liraglutide group. However, the results for the 24-hour 
plasma glucose profiles for lixisenatide and liraglutide treatments on Day 28 
compared to Day -1, are suggestive that this is mainly due to the differences in PK-PD 
profiles. From T0h30 to T4h30, glucose levels were much lower with lixisenatide than 
with liraglutide; after T4h30, glucose levels were lower for liraglutide than for lixisenatide 
at all time points. 
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Figure 7: Mean ±SEM of Raw Data for 24-hour Postprandial Plasma Glucose Profiles 
on Day -1 and Day 28-Pharmacodynamic Population 

 
Source: Figure 2, CSR for study PDY10931- page 65 
 
Reviewer’s Comment: 
It is to be noted that effect on HbA1C compared to liraglutide has not been evaluated. In 
a 26–week, open-label trial, 464 patients on a background of metformin monotherapy, 
sulfonylurea monotherapy or a combination of metformin and sulfonylurea were randomized 
to once daily liraglutide 1.8 mg or exenatide 10 mcg twice daily. Treatment with liraglutide 
1.8 mg resulted in statistically significant reductions in HbA1C and FPG relative to exenatide 
and sitagliptin although liraglutide was associated with more gastroenterological (GI) side 
effects5. Similarly, in a 24 week, randomized, open-label trial to compare the safety and 
efficacy of exenatide LAR vs. exenatide BID, treatment with exenatide LAR resulted in 
statistically significant reductions in HbA1C and FPG relative to exenatide6.  
 
EFC6019: 
EFC6019 was a randomized, open-label, active-controlled, 2-arm, parallel-group study 
comparing the efficacy and safety of lixisenatide (QD) to exenatide (BID), as an add-on 
treatment to metformin in patients with T2DM of 76 weeks duration. 
 
Primary endpoint results: 
The LS mean changes from baseline to Week 24 in HbA1c were -0.79% for the 
lixisenatide group and -0.96% for the exenatide group (LS mean difference: 0.17%, 95% 
CI: 0.033 to 0.297%). The non-inferiority of lixisenatide compared with exenatide was 

                                            
5 Tables 3, 4,  8 and 12, Section 14.2, Victoza PI 
6 Table 4, Section 14.1, Bydureon PI 
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demonstrated, as the upper bound of the 2 -sided 95% CI of the LS mean difference 
was below the predefined non-inferiority margin of 0.4%. This was confirmed by the 
ANCOVA analysis of the 24 week completers (LS mean difference: 0.18%, 95% CI: 
0.037 to 0.315%). However, as indicated in the statistical review, in Study EFC6019, 
lixisenatide was also shown to be statistically worse than exenatide during the entire 
treatment period; the mean treatment difference was 0.17% at Week 24 and 0.29 at 
Week 76, respectively.  Non-inferiority was no longer preserved after 36 weeks of 
treatment.  At Week 36, the treatment difference from exenatide based on the changes 
of HbA1c from baselines was 0.30 (95% CI: 0.17 to 0.44). At Weeks 52 and 76, the 
treatment difference from exenatide based on the changes of HbA1c from baselines 
was 0.27 (95% CI: 0.13 to 0.42) and 0.29 (95% CI: 0.12 to 0.46), respectively. 

Figure 8: Time Course of HbA1c Changes from Baseline by Visit (mITT Population) -
Study EFC6019. 

 
Source: Figure 21-SCE-page 153 
 
 
There was also a numerically higher number of patients on exenatide with a HbA1c of < 
6.5%. 
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Table 16: Number (%) of Patients with HbA1c Value ≤ 6.5% or <7% Respectively at 
Week 24 in Study EFC6019 - mITT Population 

 
Source: Table 10-SCE page 84. 
 
In Study EFC6019, the percentage of patients who received rescue therapy during the 
24-week main treatment period was 2.2% in the lixisenatide group and 3.8% in the 
exenatide group. The Kaplan-Meier (KM) plot of time to rescue therapy is also indicative 
of increased rescue rate for lixisenatide patients at later time periods. 
 

Figure 9: Kaplan-Meier Plot of Time to Rescue Therapy during the Whole Treatment 
Period – mITT Population, Study EFC6019 

Population 

 
Source: Figure 7- CSR for EFC6019- page 21 
 
There was greater weight loss with exenatide. The LS mean changes in body weight 
from baseline to Week 24 were -2.96 kg in the lixisenatide group and -3.98 kg in the 
exenatide group (LS mean difference versus exenatide: 1.02 kg, 95% CI: 0.456 to 1.581 
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kg) (5.3.5.3 ISE [Table 1.4.2.28]). The percentage of patients with weight loss ≥ 5% 
from baseline was 25.1% in the lixisenatide group and 31.4% in the exenatide group. 
 

Figure 10: Mean Change in Body Weight (kg) from Baseline by Visit in EFC6019- mITT 
Population. 

 
Source: 1.4.2.42, ISE-page 308. 
Reviewer’s Conclusion-Although the pre-specified non-inferiority margin was met, from 
a clinical perspective, exenatide demonstrated greater efficacy compared to lixisenatide, 
for both reduction in HbA1c and body weight from baseline. 

7 Review of Safety 

Safety Summary 

 The most common adverse events in the Phase 3 placebo-controlled studies 
over the main treatment period were nausea (lixisenatide- 28% vs. placebo-
7%)and vomiting (lixisenatide 10% vs. placebo- 2%), consistent with the GLP-1 
agonist class.  

 Deaths were balanced in the clinical program between lixisenatide and all 
comparators. 

 There were more discontinuations due to adverse events with lixisenatide 
compared to placebo. 

 
Primary safety concerns: 

 Post-marketing reports of anaphylaxis for all three approved drug products 
confirm that severe hypersensitivity reactions are a GLP-1 agonist class effect.  
Lixisenatide is allergenic with a calculated anaphylaxis frequency in the clinical 
program of 0.17% or 7 cases per 3958 patient-years. The number of anaphylaxis 
cases appears to be greater than what was seen in the development programs of 
the three approved GLP-1 analogue comparator drugs, although the comparison 
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is limited because the other programs did not prospectively assess for 
hypersensitivity reactions. 

 There were no cases of fatal, hemorrhagic or necrotizing pancreatitis. However, 
given the small numerical imbalances for cases of pancreatitis or potentially 
related to pancreatitis, and small but consistent differences in potentially clinically 
significant abnormalities (PCSA) for laboratory results related to pancreatitis, 
lixisenatide appears to be associated with a risk for pancreatitis consistent with 
other drugs in class. 

 
 While the available patient exposure is too small to assess risk for pancreatic 

cancer, it seems reasonable to conclude that the incidence in clinical programs 
(available data) was comparable to placebo. 

 
 

 In both the Phase 2/3 and placebo-controlled study pools, lixisenatide was 
associated with a higher rate of injection site reactions. Lixisenatide was also 
associated with a higher rate of injection site reactions compared to exenatide in 
study EFC 6019. 

 
Hypoglycemia: 

 Labeling recommendations for risk of hypoglycemia should be consistent with 
drug class i.e. to consider lowering the dose of insulin or sulfonylurea when used 
with these agents. The exposure adjusted incidence rate (EAIR) for symptomatic 
hypoglycemia was consistently increased in the trials with background insulin 
and/or sulfonylurea for lixisenatide versus placebo patients, and there were more 
cases of severe hypoglycemia with lixisenatide. 

 There were numerical imbalances not favoring lixisenatide for rate of 
symptomatic hypoglycemia versus placebo with background metformin and TZD 
therapies. Small imbalances not favoring active drug with background TZD 
treatments were also seen in the exenatide (10.7% with exenatide versus 7.1% 
with placebo) and liraglutide (7.6% with liraglutide vs. 4.1% with placebo) clinical 
programs.  

 There was less hypoglycemia versus active control in the exenatide comparator 
trial, where background metformin was used, although these findings should be 
assessed keeping the efficacy results for HbA1c reduction in perspective. That is, 
lixisenatide exhibited less HbA1c lowering than exenatide in this study, and thus 
could be expected to have a somewhat lower rate of hypoglycemia. 

 
 Based on review of narratives for calcitonin elevations reported as AEs there is 

some uncertainty regarding patient 642504006 in study EFC6015 since the 
biopsy results reported possible parafollicular morphologic differentiation with 
elevated calcitonin and the patient did not have follow-up visits. There was an 
imbalance not favoring lixisenatide in the number of patients with calcitonin 
elevation over 50 pg/ml. However several of these patients (7/10) had missing 
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baseline values. Otherwise there were no cases with concern for potential C-cell 
proliferation.  

 
 Up to seventy percent of subjects on lixisenatide were antibody-positive by week 

24.  
o Antibody-positive status was associated with increased injection site 

reactions.  
o Based on the data reviewed, development of antibodies was associated 

with a trend for increased occurrence of symptomatic hypoglycemia over 
the entire treatment period but not in the main treatment period, although 
this could be a chance finding. 

o A higher percentage of subjects with an allergic reaction possibly related 
to investigational product (IP) had an antibody concentration over the 
LLOQ. In patients who had antibody concentrations >100 nmol/L, the 
incidence was 3.7% (5/135). This conclusion is limited due to the small 
number of patients with allergic reactions related to the IP. 

 
 

 Hepatobiliary AEs and liver enzyme elevations seemed balanced between 
placebo and comparator groups. The cases that fulfilled biochemical Hy’s law 
had alternative etiologies. However there was one patient on lixisenatide (patient 
356503003, study EFC6015) who had asymptomatic elevation of AST and ALT 
with normal total bilirubin and alkaline phosphatase that resolved with drug 
discontinuation. 

 
 
Renal AEs: 
 

 In the completed phase 2/3 program, exaggerated differences between 
lixisenatide and control groups were noted in subjects with mild renal impairment 
(creatinine clearance 50-80mL/min) for the PTs of nausea, vomiting and 
hypoglycemia when compared to subjects with normal renal function (creatinine 
clearance > 80 mL/min). This is suggestive of increased likelihood of nausea and 
vomiting in patients with renal impairment when compared to patients with 
normal renal function, potentially related to increased exposure.  

 In the ELIXA study, increased number and proportion of common AEs seem to 
occur in the subgroup with mild renal impairment compared to the other renal 
subgroups. Increased frequency relative to placebo occurred only for the PTs of 
nausea and vomiting.  

 There was a higher percentage of discontinuations in the moderate renal 
impairment subgroup with lixisenatide (specifically GFR 30-45 mL/min/m2), 
although there does not appear to be an increase in AEs overall in this subgroup. 
These conclusions are limited due to the smaller sample size in this subgroup 
compared to the mild renal impairment subgroup. 
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 Overall, advising caution in patients with mild or moderate renal impairment and 
not recommending use in patients with severe renal impairment due to limited 
experience seems to be a reasonable approach. 

 
 

7.1 Methods 

The applicant’s safety assessment of the completed Phase 2/3 program was based on 
the monitoring of AEs, including special AEs of interest (symptomatic hypoglycemia, 
events adjudicated as allergic reactions by the Allergic Reaction Assessment 
Committee [ARAC], injection site reactions, events potentially related to pancreatitis or 
events related to potential thyroid C-cell proliferation) and systematically-evaluated AEs 
(hepatic AEs, biliary AEs, and renal AEs), as well as major CV events positively 
adjudicated by the Cardiovascular Events Adjudication Committee (CAC), clinical 
laboratory parameters, vital signs, and electrocardiogram (ECG) parameters. The safety 
assessment also includes an analysis of ECG data from the two thorough ECG studies 
(TES6865 and TES11807). In addition, anti-lixisenatide antibody status (positive or 
negative) and antibody concentration data were collected in most studies, and the 
cross-reactivity of the antibodies with endogenous GLP-1 or glucagon were assessed in 
4 studies with 2 different assay formats (radioimmuno-precipitation assay in Phase 2 
study DRI6012, and Biacore in the Phase 3 studies EFC6015, EFC10781, EFC11321). 
 
The integrated summary and analyses of AEs were mostly descriptive, e.g., crude 
incidence rate (n [%]) of treatment-emergent adverse events [TEAEs]). The risk 
difference and/or risk ratio in incidence rates and associated 95% CIs via meta-analysis 
or stratified analysis (by study) are provided. No multiplicity adjustment was made for 
safety analyses. 
 

7.1.1 Studies/Clinical Trials Used to Evaluate Safety 

The Phase 2/3 clinical trials, Phase 1 studies and ongoing studies at the secondary cut-
off date have been described in Section 5. 
 
In addition the 120-day safety update with cut–off date of January 25, 2013 was also 
reviewed. This update contained blinded data from ongoing Phase 3 and Phase 2 
studies EFC11319, EFC12261 EFC12832 (initiated after 25 July 2012-efficacy and 
safety of lixisenatide in patients with type 2 diabetes insufficiently controlled with basal 
insulin with or without metformin) and PDY12625. Unblinding of cases for key safety 
issue evaluation was requested as determined necessary. 

Reference ID: 3364935

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

81 

7.1.2 Categorization of Adverse Events 

The applicant states that all AEs, regardless of their seriousness or relationship to the 
investigational product (IP), were collected by open questioning at the time of signing of 
the informed consent through the end of the study and were recorded in the AE pages 
of the case report form (CRF). Several successive versions of Medical Dictionary for 
Regulatory Activities (MedDRA) were used for the individual CSRs. All AEs were 
recoded in accordance with MedDRA version 14.1 in the integrated safety database. 
For the completed Phase 2/3 studies, any updates on the outcomes of SAEs and 
expedited AEs of special interest after the study database locks were followed up by the 
applicant’s pharmacovigilance group and entered into the pharmacovigilance database. 
The integrated analysis dataset of AEs for Phase 2/3 studies of this dossier 
incorporated these updates, while the original AE datasets of the individual studies 
remained intact. 
 
Applicant’s definitions for adverse events (from Table 8, ISS-pg 43) 

 Treatment–emergent adverse events (TEAE): For the Phase 2/3 program, those 
AEs that developed or worsened during each observation period  If the treatment 
status for an AE was unclear due to missing or incomplete onset date, it was 
always considered as treatment-emergent, unless otherwise shown by data. In 
case of missing/incomplete AE start/worsening date, the derivation rules of 
defining “period of observation” are described in detail in 5.3.5.3 iss-sap-ph2-3 
[Section 3.2]. For AEs with multiple occurrences for a patient, the patient will be 
counted only once (the first occurrence will be used for time-to-onset analysis 
and the worst intensity will be counted for severity summary) unless otherwise 
specified. For the Phase 1 program, the same TEAE definition used in the 
individual study reports was kept in the integrated safety analysis. 

 Common TEAEs: For the Phase 2/3 program, those TEAEs with high level terms 
(HLTs) ≥ 2% in any treatment group.  

 
The applicant’s definitions and assessments for AEs of special interest will be described 
in the relevant sections. 
 

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence 

All analyses in the ISS, except the CV analysis, were based on the safety population 
defined as all patients randomized and exposed to at least one dose of the IP, 
regardless of the amount of IP administered. Patients who were exposed only during 
the run-in period were not considered to be part of the safety population. 
Randomized patients were excluded from the safety population only when there was 
documented evidence that the patient did not take the double-blind (or open-label) IP. 
For controlled studies, any patients who were lost to follow-up after the randomization 
visit and who did not have any dosing information were considered exposed unless 
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there was documented evidence that they did not take any study medication. These 
patients were therefore included in the treatment group assigned by the randomization 
system. 
 
For the integrated safety analysis from Phase 2/3 studies, 2 pooling strategies were 
defined; the Phase 3 placebo-controlled study pool and the Phase 2/3 study pool as 
defined in applicant’s Table 12 in the ISS. The main differences between the Phase 2/3 
study pool and the Phase 3 placebo-controlled studies have been discussed in Section 
5.  
 

Table 17: Pooled Data Presentations for Phase 2/3 Studies 

 
Source: Table 12, ISS, page-56 
 
There are nine completed clinical pharmacology studies presented as stand-alone 
studies in the NDA. The applicant’s rationale for not including these studies in the 
integrated safety database is as follows: 

 Four stand-alone studies in special/different populations with longer treatment 
duration: 

a) Special population: POP6053 (patients with renal impairment), POP11814 (elderly 
patients), and POP11320 (healthy Chinese subjects) 
b) Different population and longer treatment duration: TDR11215 (spermatogenesis 
study in overweight or obese subjects for 26 weeks) 

 studies with different formulations: 
a) BDR10880, BDR11038 (in T1DM patients), BDR11540, and BDR11578 (in healthy 
subjects): premixed or simultaneous injections of lixisenatide and insulin glargine 
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b) TDU10121: prolonged release formulation of lixisenatide. 

7.2 Adequacy of Safety Assessments 

 

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of 
Target Populations 

As mentioned in Section 5, the applicant chose to evaluate only a single dose (20 µg 
QD) in the Phase 3 program. Total exposure by patient-years in all completed Phase 
2/3 studies was 3958.1 patient-years for lixisenatide (3875.3 from controlled studies), 
2170.6 for all comparators, and 1642.4 for placebo. The median duration of study 
treatment was 259 days for lixisenatide and 173 days for all comparators. Total 
exposure in the Phase 3 placebo-controlled studies was 3258.7 patient-years for 
lixisenatide and 1642.4 for placebo. The median duration of study treatment was 533 
days for lixisenatide versus 196 for placebo. The information is presented in the Table 
18 below. The data were verified by review of dataset ades.xpt. 
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Table 18: Exposure in Placebo-Controlled Phase 3 and All Controlled Studies 

 

 

 
a Studies included EFC6014, EFC6015, EFC6016, EFC6017, EFC6018, EFC10743, EFC10781, EFC10887 and 
EFC11321. b Studies included Phase 3 placebo-controlled studies plus ACT6011, PDY6797, DRI6012, PDY10931, 
EFC6019 and EFC10780. c LTS10888. 
All lixisenatide dose groups were included. All comparators included placebo, exenatide, liraglutide and sitagliptin. 
Main treatment period: 12 weeks for EFC6018 and 24 weeks for other studies. 
For patients whose treatment duration was missing due to missing end of treatment date in EOT CRF, their exposure 
was calculated using the last available dosing date. 
One patient was randomized to placebo in study EFC6015 but was treated with lixisenatide for the whole study and 
is thus counted in the lixisenatide-treated group in the safety population. 
PGM=PRODOPS/AVE0010/OVERALL/CTD_2012_01/REPORT/PGM/cdc_exposure_t.sas 
OUT=REPORT/OUTPUT/i_cdc_exposure_t_p23_i.rtf (10SEP2012 - 16:49). 
 

Source: Table 18, ISS, page 92-93 
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The plot summarizing exposure over time for all Phase 2/3 studies is shown below. 
Overall exposure over time appears comparable with an approximate 2:1 ratio for 
lixisenatide vs. placebo being maintained throughout. 
 

Figure 11: Exposure over Time- Phase 2/3 Pool 

 

 
http://empiricastudy.fda.gov/websdm/exposurePlotDisplay.jsp?whoami=SafetyReview_27... 
5/22/2013 
Demographics of target population was discussed in section 6.1.2 
In the CV outcome study ELIXA, as of July 25, 2012, there were 786 patient-years of 
exposure for lixisenatide vs. 810 patient-years for placebo.  

7.2.2 Explorations for Dose Response 

The applicant chose to study a single dose in the Phase 3 program. In dose-finding 
study DRI6012, 10 µg BID dosing showed greater HbA1c reduction when compared to 
20 µg QD dosing. Compared to 20 µg QD dosing 10 µg BID dose have fewer GI related 
side effects and similar injection reactions (Table 82-ISS and Appendix 14.2.7.1.2- CSR 
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for study DRI6012) and Appendix table. However, the applicant proposed only the 20 g 
QD dose, because “the added benefit with BID dosing needs to be counterbalanced 
with the inconvenience of co-administration of other drugs.”  
 

7.2.3 Special Animal and/or In Vitro Testing 

This will be re-addressed in an addendum after review of the pharmacology/toxicology 
assessment in DAARTs. 

7.2.4 Routine Clinical Testing 

Overall, clinical assessments including prospective evaluations for adverse events of 
special interest seemed adequate. The major limitation noted in clinical testing 
adequacy is implementation of calcitonin monitoring. The collection of serum calcitonin 
data and monitoring of increased calcitonin values as a marker of thyroid C-cell 
neoplasms was implemented via protocol amendments during the course of all Phase 3 
studies that had a duration >3 months. As a result, baseline calcitonin values were not 
collected for most of the patients in those studies.  This limits interpretation of calcitonin 
elevation in subjects without baseline data. 

7.2.5 Metabolic, Clearance, and Interaction Workup 

The non-clinical pharmacokinetics/toxicokinetics, the clinical pharmacokinetics and 
drug- interaction workup seems adequate. This section will be re-addressed in an 
addendum after the clinical pharmacology review is in DAARTs. 
 

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class 

Will be discussed in Section 7.3. 

7.3 Major Safety Results 

7.3.1 Deaths 

Completed Phase 1 Program: 
There were 2 homicide deaths reported in the Phase 1 program, both in Study 
TDR11215 

 Subject No. 840006012, a 45-year-old healthy male Caucasian subject was early 
terminated due to a TEAE (fatigue) after 29 days of treatment with placebo. Five 
months after treatment discontinuation, the subject was found dead in a pond 
with significant blunt force trauma to the body (suspected homicide). 
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 Subject No. 840006008, a 33-year-old healthy male Hispanic subject who 
received lixisenatide for 97 days from  to , 
was shot on . The subject died at the scene. The police ruled 
this to be a homicide by drive-by shooting. 

 
Completed Phase 2/3 program (safety population): 
 
There were 17 deaths in the lixisenatide program compared to 15 in all comparators 
(see applicant’s table below). The number of deaths overall were comparable between 
lixisenatide and comparators. 
 

Table 19: Overall Mortality in Phase 2/3 Studies - Safety Population 
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Source: Table 83, ISS-page- 259 
 
The table below summarizes the deaths in each treatment group including applicant-
reported Preferred Term (PT) (AEDECOD), cardiac adjudication committee (CAC) 
adjudicated death type (CVDTHTYP) and adjudicated cause of death (ADCDTH) from 
adcv.xpt. The narratives were also reviewed, specifically the non-CV death adjudicated 
causes and post-treatment events with lixisenatide. Overall the events were comparable 
between lixisenatide and placebo. 

Table 20: Deaths- Completed Phase 2/3 Program 

STUDYID USUBJID ARMA AEDECOD CVDTHTYP ADCDTH 
EFC10743 233-304-

006 
Lixisenatide Pancreatic 

carcinoma 
Non-CV 
Event 

malignancy 

Hypertension 
Coma 

EFC10743 642-305-
019 

Lixisenatide 

Cerebrovascular 
accident 

CV Event presumed cv death 

EFC10743 804-304-
012 

Lixisenatide Hemorrhagic 
stroke 

CV Event fatal stroke: 
ischemic with 
hemorrhagic 
conversion 

EFC10781 356-206-
008 

Lixisenatide 
 

Myocardial 
infarction (6 
days post-
treatment) 

CV Event presumed cv death-
no ECG changes or 
cardiac markers 
drawn 

EFC6014 276-404-
001 

Lixisenatide Hemothorax 
(86 days post-
treatment) 

CV Event heart failure 

EFC6014 276-407-
001 

Lixisenatide Pancreatic 
carcinoma 

Non-CV 
Event 

malignancy 

EFC6014 840-432-
001 

Lixisenatide Lymphoma 
(20 days post-
treatment) 

Non-CV 
Event 

malignancy 

EFC6015 392-507-
008 

Lixisenatide Multi-organ 
failure (293 
days post-
treatment) 

Non-CV 
Event 

pulmonary 

EFC6015 643-507-
010 

Lixisenatide Myocardial 
infarction 

CV Event sudden death: 
witnessed or last 
seen alive < 1 hr 

EFC6015 840-520-
011 

Lixisenatide Sudden cardiac 
death 

CV Event sudden death: 
witnessed or last 
seen alive < 1 hr 

EFC6016 356-601-
019 

Lixisenatide Pulmonary 
tuberculosis 

Unknown unknown-
diagnosed with 
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(143 days post-
treatment) 

CAD, left ventricular 
dysfunction and 
pulmonary 
tuberculosis on Day 
238, drug 
discontinued on 
Day 253, cardiac 
markers not drawn 

EFC6016 484-601-
013 

Lixisenatide Myocardial 
infarction 

CV Event presumed sudden 
death 

EFC6016 826-601-
004 

Lixisenatide Sudden cardiac 
death 

CV Event sudden death: last 
seen alive >= 1 hr 
and < 24 hrs 

EFC6019 246-907-
007 

Lixisenatide Sepsis Non-CV 
Event 

infection 

EFC6019 643-903-
001 

Lixisenatide Myocardial 
ischemia 

CV Event sudden death: 
witnessed or last 
seen alive < 1 hr 

EFC6019 840-905-
005 

Lixisenatide Completed 
suicide (259 
days post-
treatment) 

Non-CV 
Event 

suicide 

EFC6019 840-934-
002 

Lixisenatide Metastatic 
neoplasm 

Non-CV 
Event 

malignancy 

EFC6019 208-903-
014 

Other 
Comparator-
exenatide 

Pancreatic 
carcinoma 
Operative 
hemorrhage 

Non-CV 
Event 

malignancy 

EFC6019 348-908-
014 

Other 
Comparator-
exenatide 

Cardiac failure 
congestive 

CV Event heart failure 

EFC6019 578-905-
008 

Other 
Comparator-
exenatide 

Myocardial 
infarction 

CV Event fatal myocardial 
infarction 

EFC6019 643-905-
006 

Other 
Comparator-
exenatide 

Acute 
myocardial 
infarction 

CV Event fatal myocardial 
infarction 

EFC10743 233-305-
003 

Placebo Cerebrovascular 
accident 

CV Event fatal stroke: 
ischemic 

EFC10743 458-303-
014 

Placebo Myocardial 
infarction 

CV Event sudden death: 
witnessed or last 
seen alive < 1 hr 
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EFC10743 484-306-
014 

Placebo 
(post-
treatment) 

Chest injury 
Abdominal 
injury 
Road traffic 
accident 

Non-CV 
Event 

accidental 

EFC10781 616-201-
003 

Placebo Myocardial 
infarction 

CV Event fatal myocardial 
infarction-
cardiogenic shock 

EFC10781 710-202-
004 

Placebo Multiple 
myeloma 

Non-CV 
Event 

malignancy 

EFC10887 392-114-
001 

Placebo Completed 
suicide 

Non-CV 
Event 

suicide 

EFC6015 203-503-
005 

Placebo Respiratory 
failure 

Non-CV 
Event 

other non-cv 

EFC6016 840-636-
006 

Placebo Respiratory 
failure 

Non-CV 
Event 

infection 

EFC6016 840-636-
007 

Placebo Glioma Non-CV 
Event 

malignancy 

EFC6017 320-702-
010 

Placebo Acute 
myocardial 
infarction 

CV Event sudden death: 
witnessed or last 
seen alive < 1 hr 

EFC6017 840-866-
002 

Placebo General 
physical health 
deterioration 

Non-CV 
Event 

pulmonary 

7.3.2 Submission-specific Primary Safety Concerns 

Allergic reactions: 
 
An allergic reactions adjudication committee (ARAC) was set up during the Phase 2 
Study DRI6012 in April 2007 and reviewed and adjudicated all potential allergic-like 
TEAEs reported by the investigators in this study and all subsequent Phase 1, Phase 2, 
and Phase 3 studies. ARAC members were independent from the applicant and the 
investigators, and were blinded on the actual IP received by the patients. 
For the Phase 2/3 program (except ACT6011) and for the Phase 1 program (except six 
studies [01-016, BDR6864, INT6052, INT6863, POP6053, and TDU10121] which were 
conducted before the ARAC was established), all events reported on the specific AE 
form for allergic reaction were sent by the applicant to the ARAC periodically while 
studies were ongoing. The same ARAC performed adjudication evaluation across these 
studies and the ARAC adjudication was made in a blinded manner. For ACT6011 (the 
first Phase 2 study completed in 2004 before ARAC was implemented), no formal 
adjudication was performed; only suspected events related to allergic reactions are 
described in case narratives in the ACT6011 study report. All events adjudicated as 
allergic reactions were further classified by the ARAC as possibly related to the 
investigational product (IP) or not. 
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The ARAC had to determine if the reported event constituted an allergic reaction. In 
case the event was adjudicated as an allergic reaction, they proposed a diagnosis and 
had to assess possible relationship to the IP. Pre-specified diagnoses were based on 
the following criteria:  

 Urticaria (hives): papillary or dermal lesion, strictly located to skin, transitory (<24 
hours) 

 Angioedema: papillary or dermal lesion possibly involving mucosae, transitory 
(24 to 48 hours) 

 Anaphylactic reaction: skin or mucosal lesion of acute onset associated with at 
least one other organ involved (respiratory, GI, vascular, etc.) 

 Anaphylactic shock: a diagnosis of anaphylaxis had been made and a 
symptomatic drop in blood pressure had occurred 

 Other (diagnosis to be given as free text). 
 
An alternative diagnosis had to be provided in case the event did not constitute an 
allergic reaction. 
  
They also had to classify the severity of the event based on a pre-specified scale: 

 Grade 1: No systemic treatment administered or only antihistamines 
administered 

 Grade 2: Treatment with systemic catecholamines or systemic corticosteroids 
 Grade 3: Treatment with both systemic catecholamines and systemic 

corticosteroids 
 Grade 4: Hospitalization without airway compromise (no mechanical airway 

protection) 
 Grade 5: Hospitalization and airway compromise (no mechanical airway 

protection) 
 Grade 6: Airway protection or death. 

 
DMEP consulted the Division of Pulmonary, Allergy and Rheumatology products 
(DPARP). Based on their review, the ARAC criteria for diagnosis were consistent with 
the National Institute of Allergy and Infectious Disease (NIAID) and the Food Allergy 
and Anaphylaxis Network (FAAN) criteria published in 2006. The ARAC further 
classified the event by severity based on a pre-specified scale. DPARP advises that that 
the NIAID/FAAN diagnostic criteria do not grade the severity of anaphylaxis. Further, 
DPARP does not make a distinction between “anaphylactic reaction” and “anaphylactic 
shock”, but rather uses the term “anaphylaxis” to identify cases meeting criteria.  By 
virtue of multi-organ, multi-system involvement and the unpredictable nature of 
anaphylaxis, all events are considered severe and potentially life-threatening. 
 
In the controlled Phase 2/3 studies, 259 possible allergic-like events reported by 202 
(5.1%) patients in the lixisenatide group and 97 events reported by 73 (3.1%) patients in 
the all comparators group (placebo + active) were sent to ARAC for adjudication over 
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the entire treatment period. Of these, 82 events in 69 (1.8%) patients in the lixisenatide-
treated group and 30 events in 24 (1.0%) patients in the all comparators group were 
adjudicated as allergic reactions during the entire treatment period. In 24 (0.6%) 
lixisenatide-treated patients and four (0.2%) in the all comparators group, the events 
were adjudicated as possibly related to the IP by the ARAC. This is summarized in the 
applicant’s tables below. 

Table 21: Summary of Possible Allergic Reaction AEs sent to ARAC for Adjudication in 
Phase 2/3 Studies: Entire Treatment Period – Safety Population 

 
Source: Revised Table 108, ISS erratum page-8, applicant’s submission dated August 
7, 2013 
 
In the pooled Phase 2/3 studies, “urticaria” was the most common allergic reaction 
diagnosis provided by ARAC followed by allergic rhinitis, anaphylactic reaction and 
angioedema (Table 109, ISS page 326).  
DPARP did evaluate the narratives for on-treatment possible allergic-like events sent to 
the ARAC for adjudication.  While the adjudication process ascribed to ARAC appears 
capable of identifying significant hypersensitivity reactions, DPARP believes that 
investigators witness to the adverse event are in the best position to provide a diagnosis 
and to make a determination of severity and relatedness to treatment.  
 
The listing of AEs adjudicated as not allergic reactions by the ARAC for the Phase 2/3 
studies safety population was reviewed (Appendix 1.2.5.4.15). Most of the events were 
reclassified as injection site reactions, viral illness, gastroenteritis, dermatitis, rash, 
urticaria attributed to another cause/cause unclear or unknown but not due to study 
drug based on presentation, fungal infections, carbuncle, gastritis, nausea etc. 
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Number and type of allergic reactions adjudicated by the ARAC as allergic and related 
to the investigational product were as follows: 
 

Table 22: Patients with AEs adjudicated as Allergic Reaction by ARAC and related to 
the IP in Phase 2/3 Studies: Entire Treatment Period – Safety Population 

 

 

 
Source: Table 109, ISS, page-328-329 
 
In general, when applicants provide their assessments of relationship to the study 
product, DMEP views them very cautiously. Any event which occurs after exposure to 
the study product is considered potentially related. 
 
Anaphylactic reactions/shock: 
 
ARAC identified eight cases of anaphylactic reactions and three cases of anaphylactic 
shock in the clinical development program. Of these 11 cases in total, the ARAC 
associated nine cases with lixisenatide treatment. The remaining two cases occurred 
following a bee sting and during a surgical operation following cefazolin administration, 
respectively. DPARP agrees with this ARAC assessment. The single event of 
anaphylactic shock was considered to be an “anaphylactoid reaction” since it occurred 
following the first injection of the IP, per the ARAC assessment. This patient did not 
report any previous allergic reactions or previous GLP-1 receptor agonist intake. 
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However DPARP includes this patient with the cases which meet NIAID/FAAN 
diagnostic criteria, since the criteria do not make a distinction based on the underlying 
etiology (i.e. IgE versus non-IgE-mediated). DPARP also identified 1 case of 
anaphylaxis in a healthy volunteer who received placebo in the control group. Summary 
narratives for these cases are described in detail in the DPARP review. DPARP 
identified 7 cases on lixisenatide and 1 case on placebo that met diagnostic criteria for 
anaphylaxis. 
 

Table 23: Subjects Meeting NIAID/FAAN criteria for Anaphylaxis per DPARP Review: 

Subject ID Brief description and action taken with IP 
DRI6012-
840020001 

52 yr old male, developed pruritis on Day 20 and anaphylactic reaction 
on Day 23, recovered with diphenhydramine, discontinued study 
treatment 

EFC6016- 
840635031 

52 yr old female with medical history of drug allergies, hives, and 
angioedema, anaphylaxis on Day 22 treated with diphenhydramine, 
discontinued study treatment 

EFC10743-
642307010 

53 yr old female, anaphylactic reaction on Day 165 requiring loratidine 
and intravenous (IV) steroid, discontinued study treatment 

EFC 10780-
320001015 

45 yr old female, anaphylaxis on Day 2 treated with chlorpheniramine, IV 
steroid and epinephrine s.c., discontinued study treatment 

EFC11321-
156029017 

66 year old male, anaphylactic shock on Day 1 (10 minutes after first 
dose) with loss of consciousness, later diagnosed with acute MI and 
lacunar infarct, discontinued study treatment  

EFC10743 
276303004 

52 year old female; on Day 1, approximately 30 minutes after the 
injection, she developed localized itching and flushing of the skin, 
swelling beneath both arms, headache, dizziness, lump sensation in her 
throat, and hoarseness (? laryngeal edema). She was treated with 
hydrocortisone IV, clemastine, and IV fluids. Study treatment was 
permanently discontinued 

TES 11807 
276001263 

44 year old female volunteer on lixisenatide experienced numbness, 
rash, swelling of lips/eyes/ hands/feet, palpitations, faintness, hot flushes. 
Treated with oral antihistamines. Adjudicated by ARAC as anaphylactic 
reaction. 

TES11807- 
276001256 

24 yr old healthy volunteer on placebo, anaphylaxis on Day 4 treated 
with antihistamines, adjudicated by ARAC as urticaria, IP discontinued. 

Based on case review, DPARP indicates there are seven clear cases of anaphylaxis in 
lixisenatide-treated subjects compared to one case of anaphylaxis in placebo/active 
comparator control-treated subjects resulting in a calculated frequency of 0.17 % or 7 
cases per 3958 patient-years.  
 
The remaining three cases on lixisenatide (study EFC6014-124410018, EFC6017-
642701006, EFC6016-840635033) that were adjudicated as anaphylactic reactions by 
ARAC but per DPARP assessment did not meet NAIAD/FAAN criteria; however DPARP 
noted they were notable for acute onset of symptoms suggestive of mediator-release 
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and drug hypersensitivity following lixisenatide administration. It is also noted that these 
cases involved angioedema, although breathing difficulties/laryngeal edema were not 
reported. 
 

Table 24: Remaining ARAC Adjudicated Cases of Anaphylaxis 

EFC6014- 
124411018 

53 year old male, swelling at the injection site and pruritic maculopapular 
rash on his extremities and abdomen on Day 13, worse on Day 14 with 
numbness and swelling of his upper lip and dizziness, treated with 
diphenhydramine IV, prednisone, ranitidine hydrochloride IV, cetirizine, 
and IV fluids after which his condition improved; study treatment was 
permanently discontinued  

EFC6017- 
642701006 

54 year old male who presented with itching and redness of eyes on Day 
163 which resolved. On Day 169, 25 minutes after study drug 
administration, he developed generalized itching and swelling of the eyes, 
tongue, and injection site. He was treated with loratadine, and his 
symptoms resolved 9 hours later. On Day 170, immediately after injection, 
he complained of swelling at the injection site, generalized itching and 
flushing, swelling of the eyes and tongue, nausea, and abdominal pain. 
He was treated with loratadine, and study treatment was permanently 
discontinued 

EFC6016- 
840635033 

58 year old female, who had severe pruritis, generalized urticaria, nasal 
congestion and itching, and nausea following injection. She was treated 
with diphenhydramine with rapid improvement. Study treatment was 
permanently discontinued. 

  
 
Among the lixisenatide patients who had ARAC-adjudicated anaphylactic reactions (8), 
one patient was reported to have had previous intake of a GLP-1 receptor agonist 
(exenatide BID) and three patients had a known history of allergy or drug 
hypersensitivity. Antibody status and allergic reactions will be further discussed in the 
Immunogenicity assessment section.  
 
In the ongoing CV outcome study ELIXA, there were two cases of anaphylaxis which 
were reported in the 120 day safety update. Both cases were adjudicated by the ARAC 
as unrelated to IP. One was a bee sting hypersensitivity reaction and IP was continued. 
Summary narrative for the second case for which unblinding was requested is as 
follows: 
 
“Case 2012SA056034 (subject ID: 616014003): The patient is a 58 year old male with 
Type 2 diabetes treated with lixisenatide. On Day 338 prior to his daily injection of IP, he 
experienced swelling of his mouth, tongue, hands, eyes, and face with urticaria and 
generalized itching. Over the course of 2.5 hours, he developed dyspnea and dizziness 
with BP 60/30 mmHg, heart rate 100 beats per minute (bpm), and respiratory rate 25 
breaths/min. He was treated with IV epinephrine, hydrocortisone, and phenazoline with 
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improvement of vital signs and admitted for further observation and treatment.  Lab 
tests revealed exacerbation of his chronic kidney disease with elevated BUN and serum 
creatinine for which he received IV fluids and furosemide. The investigator reported the 
event as anaphylactic shock and an SAE. ARAC adjudicated the event as anaphylactic 
shock unrelated to the IP because the event occurred more than 1 year after IP initiation 
and more than 24 hours after the most recent dose. The IP was permanently 
discontinued due to this event. Blinding was broken per the Agency’s request.” 
The DPARP reviewer felt that lixisenatide cannot be excluded as the underlying cause 
in the absence of a plausible alternative cause for the reaction, even if the reaction did 
not occur immediately.  
 
There were 13 cases of angioedema adjudicated by the ARAC of which six were 
adjudicated to be related to the IP. Of these cases, dyspnea involving treatment with IV 
steroid and antihistamine was reported only for a placebo patient after first injection of 
IP (EFC6016-076605006). The seven remaining cases, and cases adjudicated as “not 
allergic” are discussed below. Select narratives for cases sent to ARAC that were SAEs 
or resulted in lixisenatide discontinuation were also reviewed: 

Table 25: Review of Cases of Angioedema Adjudicated by ARAC as Unrelated to IP or 
“Not Allergic”. 

Subject ID Treatment Description Action Taken 
with IP 

EFC10743 
484302024/ 

Lixisenatide Angioedema- skin itching and swelling 
of lips attributed to pentoxyphilline 

continued 

EFC 10743 
458303003/ 

Lixisenatide Angioedema- patient had an episode 
of food poisoning and took cimetidine 
and loperamide-subsequently 
developed facial and periorbital 
edema. 

continued 

EFC6014 
840403006 

Placebo Angioedema following cephalexin continued 

EFC6015 
840526010 

Lixisenatide Angioedema- swelling of face/lips 
occurred after eating a banana 

continued 

EFC6016 
410605003 

Placebo Angioedema- swelling of face and 
hands after taking aceclofenac 

continued 

EFC6017 
840868002 

Placebo Angioedema- lip swelling after taking 
wine 

continued 

EFC6019 
380901002 

exenatide Angioedema- swelling of face on day 
552 and day 583 of unknown etiology 
that resolved with treatment 

continued 

Angioedema adjudicated as “not allergic” 
EFC10781 
840225003 

Placebo Angioedema due to lisinopril 
adjudicated as non-allergic since 
bradykinin-mediated 

continued 

EFC6014 Placebo Angioedema of unknown origin- patient continued 
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203412013 observed lower lid and facial swelling, 
and throat and neck pain responding to 
desloratidine. 

EFC6014- 
152403012 

Lixisenatide Idiopathic angioedema- swelling of 
lower lip of no known etiology 

continued 

EFC6017 
484701003 

Lixisenatide Non-allergic angioedema to 
radiocontrast agent- presented with 
itch, eyes and face swelling 

continued 

EFC6019 
752907028 

Lixisenatide Angioedema due to enalapril- swollen 
face with hives treated for 3 days with 
steroids 

continued 

 
Reviewer’s Comment: While it’s unclear why some cases of angioedema were reported 
as “not allergic” they had alternative etiologies and study treatment was continued. 

Table 26: Select Narrative Review of Cases sent to ARAC that were SAEs or Resulted 
in Lixisenatide Discontinuation, Adjudicated as Not Due to IP or Not Allergic 

006015158501007 Anaphylactic shock due to IV cefazolin 
006015356503015 Folliculitis, IP discontinued due to nausea 
006015392528003 Bee sting hypersensitivity 
006015410504007 Rash (not allergic) on Day 6- resolved, IP discontinued due to 

nausea and dyspepsia- Day 283 
006015410509009 Generalized pruritis not related to IP, IP discontinued due to 

asthenia, dizziness, nausea 
006015840504001 Urticaria not related to IP on Day 381, IP discontinued later due 

to acute MI on Day 746 
006015840505010 Urticaria- not related to IP Day 13, IP discontinued on Day 135 

due to nausea and diarrhea 
006015840505014 Neutropenia/leucopenia- not allergic reaction per ARAC 
006016076607015 Not allergic per ARAC- generalized itching and erythematous 

lesions on trunk and upper limbs Day 18, IP discontinued on Day 
99  

006016356601001 Not allergic per ARAC- dysphagia, IP discontinued due to 
diabetic nephropathy. 

006016840607001 Allergic rhinitis- not related to IP 
006017040701003 Allergic reaction to bee sting 
006017040704002 Exanthem right abdomen- not allergic per ARAC, IP continued 
006017276701002 Rash and allergic rhinitis not related to IP per ARAC from Day 

209-217, IP discontinued due to increasing edema on Day 285 
010781124209014 Not allergic per ARAC- flushing after injection, dizziness tremor 

and headache causing IP discontinuation 
010781642206002 Not allergic per ARAC- injection site swelling, nausea causing IP 

discontinuation 
010781752203001 Injection site reaction leading to IP discontinuation 
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006012840034005 Not allergic per ARAC- rash in armpit on Day 15, IP discontinued 
on Day 31 due to fatigue. 

006014203403005 Allergic dermatitis- itching, swelling at the site of injection, and 
flushing leading to IP discontinuation on Day 57, ARAC 
diagnosis- injection site local reaction 

006014152404014 Rosacea per ARAC- flushing with inflammatory lesions and 
erosions on the face starting Day 93, IP discontinued on Day 308

006019752903003 Large local reaction (swelling and itching) at injection site per 
ARAC (not drug hypersensitivity) leading to IP discontinuation on 
Day 20 

006019752905007 SAE of URI and urticaria, not related to IP per ARAC. IP 
continued 

006019752908013 Dermatitis recoded as injection site local reaction by ARAC 
causing IP discontinuation 

006019752907028 Drug hypersensitivity due to enalapril on Day 110, IP continued, 
adjudicated as not allergic by ARAC. 

Reviewer’s Comment: As also indicated by DPARP, ARAC adjudications seem 
reasonable so far as identification of significant hypersensitivity reactions. 
 
Allergic AEs from studies not adjudicated by ARAC: 
  
ACT 6011: 
 
Subject 0001/0120, a 36-year-old white female, had a systemic allergic reaction 
(generalized urticaria with itching and hives) on Day 20 while being treated with 
AVE0010 15 μg QD. The event, which was moderate in intensity and was treated with 
concomitant medication (cetirizine HCl), lasted for three days. Study medication was 
permanently discontinued. This patient tested negative for AVE0010 antibodies at all 
visits. 
 
Phase 1: 
In the studies in healthy subjects, six subjects reported TEAEs adjudicated as an 
allergic reaction by the ARAC, all in multiple-dose studies and all events were assessed 
as related to the IP: five (1.0%) lixisenatide subjects and one (0.4%) placebo subjects. 
Of the five lixisenatide subjects with TEAEs adjudicated as an allergic reaction by the 
ARAC, four were positive for anti-lixisenatide antibodies.  
 
In the spermatogenesis effects study TDR11215, six subjects had TEAEs reported as 
suspected allergic events by investigators during the on-treatment period and sent to 
ARAC for adjudication. Of these six subjects, three were adjudicated as allergic 
reactions by the ARAC (two [1.4%] lixisenatide subjects and one [0.7%] placebo 
subject) and all of these events were adjudicated as possibly related to IP. In the 
lixisenatide group the two events were urticaria and allergic dermatitis and in the 
placebo group the event was urticaria. 
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Time dependence: 
 
Based on the applicant’s K-M plot of time to first onset of AE s adjudicated as allergic 
reaction possibly related to IP by ARAC in Phase 2-3 controlled studies, a higher 
cumulative rate of events was seen with lixisenatide, with an initial increase in event 
rate followed by a steady difference compared to comparator.  
 

Figure 12: Kaplan-Meier plot of Time to First Onset of AEs Adjudicated as Allergic 
Reaction Possibly Related to IP by ARAC in Phase 2-3 Controlled Studies: Entire 
Treatment Period – Safety Population 

 
Source: Appendix 1.2.5.4.10, ISS pg 3792) 
 
Comparator drugs: 
 
Post marketing cases of anaphylaxis and angioedema have been reported with these 
agents resulting in labeling updates. It is to be noted that none of the clinical 
development programs for the approved GLP-1 analogues prospectively assessed for 
hypersensitivity or identified allergic reactions as an AE of special interest. Two events 
of anaphylaxis in one patient were reported in the Victoza® (liraglutide) program (this 
patient continued liraglutide therapy) over 2434 patient-years of exposure. 

 In the exenatide clinical program (NDA21773- combination therapy, 21919- 
monotherapy) up to 40% of patients developed antidrug antibodies (ADA’s). 
Pruritis, injection site reactions and urticaria occurred more frequently in ADA 
positive patients. However there were no cases of anaphylaxis reported. 

 In the exenatide-LAR clinical program (NDA 22200), a similar pattern was 
observed.  
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 In the liraglutide clinical program (NDA 22341) 4655 patients were exposed to 
liraglutide with a cumulative exposure of 2434 patient-years. Urticaria comprised 
40% of the immunogenicity-related events. There were two reports of urticaria 
and lower lip swelling which resulted in study drug withdrawal. Also, there was 
one patient on liraglutide who had two episodes of “anaphylaxis reaction” who 
continued study treatment and one control patient with circulatory collapse. In 
addition, there were two reports of hypersensitivity with liraglutide resulting in 
drug withdrawal. In the five double-blind clinical trials of 26 weeks duration or 
longer, anti-liraglutide antibodies were detected in 8.6% of these liraglutide-treated 
patients. Sampling was not performed uniformly across all patients in the clinical 
trials, and this may have resulted in an underestimate of the actual percentage of 
patients who developed antibodies.   No increased frequency of immune-related 
TEAEs occurred in ADA positive patients.  

 
 DPARP has also been consulted for hypersensitivity reactions associated with an 

unapproved GLP-1 analogue, taspoglutide . At the time of 
consultation, the observed anaphylaxis rate in the clinical program was 4.3%, 
comprised of 15 cases in 345 patients in Phase 2 trials. Subsequently, Phase 3 
development was halted due to the high frequency of severe hypersensitivity 
reactions. 

 
Reviewer’s Conclusion: Post-marketing reports of anaphylaxis for all three approved 
drug products confirm that severe hypersensitivity reactions are a GLP-1 agonist class 
effect.  Lixisenatide is allergenic and the number of anaphylaxis cases appears to be 
greater than what was seen in the development programs of the three approved GLP-1 
analogue comparator drugs, although the comparison is limited because the other 
programs did not prospectively assess for hypersensitivity reactions. 
 
Pancreatitis: 
 
All of the approved GLP-1 agonists are labeled for risk of pancreatitis. In addition, GLP-
1 based therapies (exenatide and sitagliptin) were associated with increased odds of 
acute pancreatitis relative to non-users after adjusting for confounders in a recently 
published population-based matched case-control study7. 
 
For Phase 3 studies, serum amylase and lipase concentrations were monitored 
routinely at screening, baseline, and periodically during the study treatment period. In 
the presence of clinical signs and/or symptoms evocative of pancreatitis, further 
measurement of amylase and lipase was performed following a specific algorithm as 
described in the individual study protocols. A specific CRF (“suspected pancreatitis” AE 
form) was used to collect information and document cases of potential pancreatitis.  

 
7 Sonal Singh, MD, MPH; Hsien-Yen Chang, PhD; Thomas M. Richards, MS; Jonathan P. Weiner, DrPH; Jeanne M. 
Clark, MD, MPH; Jodi B. Segal, MD, MPH. Glucagon like Peptide 1–Based Therapies and Risk of Hospitalization for 
Acute Pancreatitis in Type 2 Diabetes Mellitus. A Population-based Matched Case-Control Study. JAMA Intern Med. 
Published online February 25, 2013. 
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In cases where amylase and/or lipase was >2 x ULN without clinical signs and/or 
symptoms, a retest (centrally assessed as far as possible) was performed within seven 
days (if values >2 to 3 x ULN) or within 48 hours (if values >3 x ULN). If values 
remained >2 x ULN upon retesting, amylase and/or lipase were retested weekly until 
values were <2 x ULN. In case a retest confirmed values >2 x ULN, a 
gastroenterological evaluation and imaging (ultrasound and/or CT or MRI was 
performed). In asymptomatic patients, temporary discontinuation of the IP was 
considered if deemed necessary by the Investigator. 
In cases where amylase and/or lipase was >2 x ULN in the presence of clinical signs 
and/or symptoms suggestive of pancreatitis, treatment with the IP was promptly and at 
least temporarily discontinued pending further clinical evaluation and diagnosis 
confirmation. A retest was performed within 48 hours or earlier as clinically indicated 
If values remain >2 x ULN, then amylase and/or lipase levels were retested weekly until 
values were <2 x ULN and gastroenterologic evaluation and imaging (ultrasound and/or 
CT or MRI with contrast, as appropriate) was performed. If diagnosis of pancreatitis was 
confirmed, IP was permanently discontinued. The patient was to complete all study 
procedures according to the protocol, up to the scheduled end of the study. 
 
For the analyses made in the ISS of the completed Phase 2/3 studies, AEs potentially 
related to pancreatitis were defined and identified using the search criteria Class 1, 
Class 2, and Class 3 (as defined below) with selected PTs of the acute pancreatitis 
standardized MedDRA query (SMQ) from MedDRA 14.1, and the elevated amylase or 
lipase data (one of the conditions for the Class 2 criterion): 

 Class 1- Patients having a PT in Category A (SMQ narrow search for 
pancreatitis); Class 2 - Patients having a PT in “abdominal pain” class in 
Category C AND amylase ≥ 3 x ULN or lipase ≥ 3 x ULN; Class 3 – Patients 
having a PT in Category B AND C. 

 The categories A, B, and C as defined by MedDRA are each a specific set of PTs 
from the acute pancreatitis SMQ, where category A is a narrow search and 
categories B and C are broad searches. The lists of the PTs used for each SMQ 
search are provided for each category in 5.3.5.3 iss-sap-ph2-3 (Appendix M-pg 
96). 

 For the Phase 1 studies included in the integrated safety database, AEs 
potentially related to pancreatitis were defined and identified using the same 
classifications as described above for Phase 2/3 studies. For TDR11215, whose 
data were not integrated, no event was reported on the specific AE CRF page of 
suspected pancreatitis. 

 
The results of the applicant’s analyses for Phase 2/3 studies as specified above are as 
follows 
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Table 27: Number (%) of Patients with AEs Potentially Related to Pancreatitis in Phase 
2/3 Studies: Entire Treatment Period - Safety Population 

 

 
Source: ISS Table 115- page 350-351 
 
The AEs reported under the Class 2 and 3 search criteria are suggestive of increased 
AEs potentially related to pancreatitis with lixisenatide. However there is confounding 
from gastrointestinal AEs related to delayed gastric emptying.  
 
As noted above there were two cases of acute pancreatitis (PT) with lixisenatide versus 
one case with placebo. For the PT chronic pancreatitis there were two cases with 
lixisenatide vs. none in all comparators. For the pancreatitis PT there were five with 
lixisenatide vs. two with all comparators. When considered together there were nine 
cases (0.3%) when considering the PTs under the narrow SMQ for pancreatitis versus 
three (0.2%) with comparators. The narratives are summarized below briefly: 
 
Acute pancreatitis: 
1) 006015100505015 (79, F, lixisenatide): On Day 363, the patient was diagnosed with 
pylorospasm.  She complained of epigastric pain (not influenced by food) and 
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tinued due to a TEAE of pancreatic carcinoma 

 the 
lated to delayed gastric 

mptying, there were patients with AEs potentially related to pancreatitis with 

exenatide treated patient discon
(208903014). 

 
ELIXA study: 
 
As of the July 25, 2012 cut-off date the ELIXA results for AEs potentially related to 
pancreatitis are as follows Again, although there is confounding in the PTs under
Class 2 and Class 3 criteria from gastrointestinal side effects re
e
lixisenatide. 
 

Table 29: Number (%) of Patients with AEs Potentially Related to Pancreatitis During 
the On-Study Period – ITT Population, ELIXA 

 
Source: EFC11319 Interim analysis report, page-42 
 
Narratives for pancreatitis: 
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biochemical Hy’s law following amiodarone. The narrative is also discussed under 
hepatobiliary AEs. Amylase and lipase were within the normal range. The patient 
recovered from the event on Day 203. 
 
Subject 840326001- On Day 748 of the study, the patient experienced suspected 
pancreatitis (coded as Pancreatitis). Laboratory data showed: amylase at 703 IU/L 
(normal range: 28 - 150 IU/L), which was significantly increased from baseline values at 
229 and 223 IU/L (Visit 1 and Visit 2). The patient presented with nausea and vomiting 
on Day 750. Abdominal ultrasound and CT scan were performed and gastroenterologic 
consultation was performed on Day 768 with a conclusion of pancreatitis awaiting 
results of endoscopic ultrasound; the result was not available at the time of this report. 
 
Reviewer’s Conclusion: There were no cases of fatal, hemorrhagic or necrotizing 
pancreatitis. However, given the small numerical imbalances for cases of pancreatitis, 
potentially related to pancreatitis and small but consistent differences in lab PCSA 
abnormalities, lixisenatide appears to be associated with a risk for pancreatitis 
consistent with other drugs in class. 
 
Injection site reactions: 
 
Injection site reaction AEs: 
 
For the Phase 2/3 and Phase 1 programs, injection site reactions were defined by 
searching the PT of all AEs including the term “injection site”. The related term search 
was performed by the applicant for PTs coded from investigator-reported terms and also 
for PTs coded from the ARAC diagnosis terms (for the events sent to the ARAC). 
 

urred within the first ten weeks of 
eatment. This is illustrated below in the applicant’s KM plot of time to onset of injection 

 the entire treatment period (5% lixisenatide vs. 2.1% 
lacebo) were similar to those in the main treatment period (4% lixisenatide vs. 1.8% 

Subject 643014004– This patient had acute asymptomatic pancreatitis on day 171 
based on CT scan of the abdomen associated with acute hepatitis and fulfilled

As anticipated, most of the injection site reactions occ
tr
site reactions. The rates for
p
placebo) in Phase 3 placebo-controlled studies (Table 101-ISS, page 311). 
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hase Figure 13: Kaplan-Meier plot of Time to First Onset of Injection Site Reactions in P
3 Placebo-Controlled Studies: Entire Treatment Period - Safety Population 

 
Source; Figure 29, ISS-page 312 
 
The most frequently reported injection site reactions (>0.5% incidence) with lixisenatide 
during the entire treatment period in the Phase 3 placebo-controlled studies were 
injection site pain (1.1% lixisenatide, 0.9% placebo), injection site pruritis (1% 
lixisenatide, 0% placebo), injection site erythema (0.7% lixisenatide, <0.1% placebo), 
injection site hematoma (0.9% lixisenatide, 0.5% placebo) and injection site reaction 
(0.6% lixisenatide, 0.1% placebo) (Appendix 1.2.5.3.4, ISS page 3757). 
None of the injection site reaction TEAEs were reported as serious or severe (Table 
102-ISS page 313). Five patients on lixisenatide versus none on placebo had injection 
site reactions leading to treatment discontinuation (Appendix 1.2.5.1.2, ISS page 3384). 
While recurrent injection site reactions were infrequent they did occur in a few patients: 
0.8% of lixisenatide patients vs. 0.1% of placebo patients had two episodes; 0.4% of 
lixisenatide patients vs. < 0.1% of placebo patients had > 2 episodes (Appendix 
1.2.5.3.8, ISS page 3762). 
 
In the individual studies, the incidence of injection site reactions in the lixisenatide group 
ranged from 1.3% (EFC10887) to 10.1% (LTS10888) as shown in the table below: 
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able 30: Injection Site Reactions by Study T

 
Source: Table-104, ISS page 315 
 
A lower rate of AEs in the studies with patients on insulin (EFC6016 and 10887) is 
expected, although a higher rate relative to placebo was noted in 76 week study 
EFC6016. By contrast, in the insulin study conducted on naïve patients (EFC10781), a 
higher rate was noted (6.7% vs. 2.2% in placebo). A higher rate was also noted in the 
sitagliptin active control study (10780) where placebo patients received dummy 
injections. In the pivotal active control study (EFC6019) a higher rate was seen 
(lixisenatide 29 (9.1%) vs. exenatide 7(2.2%).  
 
Reviewer’s Conclusion: In both the Phase 2/3 and Phase 3 placebo-controlled study 
pools, lixisenatide was associated with a higher rate of injection site reactions. 
Lixisenatide was also associated with a higher rate of injection site reactions in the 
active comparator study EFC 6019. 
 
Hypoglycemia: 
 
Symptomatic hypoglycemia: 
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AE 
ted in 

ical 
ting, 

ue, irritability, headache, loss of 
oncentration, somnolence, psychiatric or visual disorders, transient sensory or motor 

 

 
 associated plasma glucose ≥ 60 mg/dL (3.3 

mol/L) were not considered as symptomatic hypoglycemia.  

n event for which the patient required the assistance of another person along with 
 <36 mg/dL (2.0 mmol/L) or associated with prompt 

 

ypoglycemic events in patients with non-insulin background therapy: 

des 

he 

s of symptomatic 
ypoglycemia occurred by about five weeks after start of IP in both treatment groups in 

 

reater increase in the rate of first onset of symptomatic hypoglycemia in the 
 until 

pproximately ten weeks, after which the difference appeared to be relatively constant 

d to 

mic episodes and recurrent episodes were noted with patients on 
xenatide in Study EFC6019, these results should be evaluated in the context of the 

efficacy results for HbA1C reduction.  

For the Phase 2/3 program, symptomatic hypoglycemia was reported on a specific 
form along with an associated complementary form, according to the definition sta
study protocols. 
 
Symptomatic hypoglycemia in Phase 3 studies was defined as an event with clin
symptoms that are considered to result from a hypoglycemic episode (e.g., swea
palpitations, hunger, restlessness, anxiety, fatig
c
defects, confusion, convulsions, or coma) with an accompanying plasma glucose <60
mg/dL (3.3 mmol/L) or associated with prompt recovery after oral carbohydrate 
administration, intravenous glucose, or glucagon administration if no plasma glucose
value is available. Symptoms with an
m
 
A
either a plasma glucose level
recovery after oral carbohydrate, intravenous glucose, or glucagon administration in the
absence of a plasma glucose level was classified as severe symptomatic hypoglycemia. 
 
H
 
As noted in the following tables, symptomatic hypoglycemia at higher frequency 
compared to placebo with more patients on lixisenatide having two or more episo
was noted in patients on background metformin, sulfonylurea ± metformin and 
pioglitazone ± metformin. Severe hypoglycemia was reported only with one patient in 
the sulfonylurea studies. Increased numbers of episodes were also reported in t
same studies.  
 
During the main treatment period, the majority of the first event
h
Phase 3 placebo-controlled studies in which only metformin was used as background
therapy (ISS Figure 21-page 286).  
 
Similarly in the sulfonylurea ± metformin background therapy studies, there was a 
g
lixisenatide group compared to placebo over the main treatment period
a
(ISS figure 24- page 295). 
 
More episodes of hypoglycemia were noted with patients on sitagliptin compare
lixisenatide in the sitagliptin control study. 
 
More hypoglyce
e
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ptomatic hypoglycemia reported as an SAE and 

ne patient (0.2%) discontinued due to the event. In study EFC6019, one patient on 
able 

 
Five patients discontinued (0.5%) due to symptomatic hypoglycemia versus none on 
placebo in the background metformin studies. In background sulfonylurea ± metformin
studies, one patient (0.2%) had sym
o
exenatide (0.3%) discontinued due to hypoglycemia versus none on lixisenatide (T
91-ISS page 283). 
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Table 31: Number (%) of Patients with Symptomatic Hypoglycemia on Non-Insulin 
Background Therapy in Phase 3 Controlled Studies: Main Treatment Period - Safety 
Population 

 
Source: ISS Table 89, page 280 
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Table 32: Number of Episodes of Symptomatic Hypoglycemia on Non-Insulin 
Background Therapy in Phase 3 Controlled studies: Main Treatment Period - Safety 
Population 

 
Source: ISS Table 89, page 282 
 
In the monotherapy study, events were equal but two patients in lixisenatide vs. none on 
placebo had two recurrent episodes. For the 12 week monotherapy study the applicant 
reports an exposure-adjusted incidence rate (EAIR) per 100 patient-years of 7.31 for 
lixisenatide and 7.14 for placebo (ISS- Appendix 1.2.5.2.25 –page 3705). The event rate 
per 100 patient-years of exposure was 10.86 in the lixisenatide group compared to 7.10 
in the placebo group (ISS-Appendix 1.2.5.2.25). 
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The applicant’s Forest plot is suggestive of increased relative risk with lixisenatide in all 
the placebo-controlled studies except the monotherapy study. The metformin-all 
controlled data is favorable since it includes the exenatide and sitagliptin studies.  
 

Figure 14: Forest Plot of Patients with Symptomatic Hypoglycemia (Relative Risk) on 
Non-insulin Background Therapy in Phase 3 Controlled Studies: Main Treatment Period 
- Safety Population 

 
Source: Figure 19, ISS- page 281 
 
Entire treatment period: 
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Studies with at-least 76 weeks of treatment duration are included. Results were similar 
to the main treatment period. Severe symptomatic hypoglycemia was noted only in the 
sulfonylurea ± metformin studies.  
 

Table 33: Number (%) of Patients with Symptomatic Hypoglycemia on Non-Insulin 
Background therapy in Phase 3 Controlled Long Term Studies: Entire Treatment Period 
- Safety Population 

 
Source: ISS Table 92-page 288 
 
Similar to the main treatment period more patients on lixisenatide relative to placebo 
had two or more episodes of hypoglycemia (Table 93, ISS page-289). More patients on 
exenatide had hypoglycemic episodes (total and recurrent) compared to lixisenatide 
 
Hypoglycemia rates: 
 
Metformin-only background therapy (Appendix 1.2.5.2.26, ISS page 3707) 

Reference ID: 3364935

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

119 

 The applicant reports an exposure-adjusted incidence rate (EAIR-incidence rate 
per 100 patient-years) by background therapy (metformin only) in Phase 3 long 
term controlled studies of 5.02 for lixisenatide vs. 3.3 for placebo for any 
symptomatic hypoglycemia. Number of events per 100 patient-years of exposure 
was 9.17 with lixisenatide vs. 4.63 with placebo.  

 A total of 55 (6.6%) of patients had symptomatic hypoglycemia and reported 
blood glucose < 60 mg/dL with lixisenatide compared to 14 (4.2%) with placebo. 
For this group the EAIR per 100 patient-years of exposure was 4.75 for 
lixisenatide vs. 2.87 for placebo. Number of events per 100 patient-years of 
exposure was 7.85 vs. 3.62 

 
Rates for other non-insulin background therapies: 
 
For the sulfonylurea ± metformin and the pioglitazone ± metformin studies, EAIR was 
higher consistently with lixisenatide compared to metformin. Only for the sulfonylurea 
studies, events per 100 patient-years of exposure were reported to be higher with 
placebo except in the sub-group of patients with symptomatic hypoglycemia but no 
reported blood glucose.  
 

Table 34: Symptomatic Hypoglycemia: Rate per 100 Patient-Years by Background 
Therapy (Sulfonylurea +/- Metformin and Pioglitazone +/- Metformin) in Phase 3 Long 
Term Controlled Studies: Entire Treatment Period - Safety Population 
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Source Appendix 1.2.5.2.27, ISS page 3710-11 
 
Insulin background therapies: 
 
Main treatment period: 
 
During the main treatment period in studies with basal insulin ± metformin ± TZD or 
basal insulin ± sulfonylurea as background therapy, more patients on lixisenatide had 
recurrent episodes. A severe (per protocol definition) event of symptomatic 
hypoglycemia was reported by five (0.8%) lixisenatide patients and no placebo patients 
Severe symptomatic hypoglycemia was reported by two (0.3%) lixisenatide patients 
(Patient No. 642201011 in EFC10781and 076607002 in EFC6016) during the main 
treatment period, both of whom discontinued treatment due to the event, and the events 
were reported as serious TEAEs. Three lixisenatide patients on insulin ± sulfonylurea 
background therapy discontinued due to symptomatic hypoglycemia (ISS Table 97- 
page 302). No placebo patients had SAEs or discontinuations due to this event.  
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Table 35: Number (%) of Patients with Symptomatic Hypoglycemia on Basal Insulin 
Background Therapy in Phase 3 Controlled Studies: Main Treatment Period - Safety 
Population 

 
Source: Table 94, ISS page- 298 

Table 36: Number of Episodes of Symptomatic Hypoglycemia on Insulin Background 
Therapy in Phase 3 Controlled Studies: Main Treatment Period - Safety Population 

 
Source: Table 95, ISS-page 300 
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Figure 15: Forest Plot of Patients with Symptomatic Hypoglycemia (Relative Risk) on 
Basal Insulin Background Therapy in Phase 3 Controlled Studies: Main Treatment 
Period - Safety Population 

 
Source Figure 26, ISS page 299 
 
The applicant’s forest plot shows increased relative risk for hypoglycemia with 
lixisenatide compared to placebo on patients with background insulin therapy consistent 
with class. The majority of the first events of symptomatic hypoglycemia occurred by 
about eight weeks after start of IP in both treatment groups followed by an almost 
constant difference between lixisenatide and placebo (ISS Figure 27-page-303).  
 
Entire treatment period: 
Only EFC6016 had a long term treatment period of at least 76 weeks (which only used 
basal insulin ± metformin as background therapy). When this study is considered alone, 
symptomatic hypoglycemia overall and patients with recurrent episodes were 
comparable between lixisenatide and placebo. 
 
After the main 24-week treatment period in study EFC6016, where patients had basal 
insulin ± metformin as background therapy, there were three additional lixisenatide 
patients in this study who had severe events of symptomatic hypoglycemia (one of 
whom was receiving rapid acting insulin as rescue therapy, Patient No. 840635018) and 
one additional placebo patient. Thus, over the entire treatment period in this study, 
seven (2.1%) lixisenatide patients and one (0.6%) placebo patient reported severe 
symptomatic hypoglycemia.  

Reference ID: 3364935

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

123 

 

Table 37: Number (%) of Patients with Symptomatic Hypoglycemia on Insulin 
Background Therapy in Phase 3 Controlled Long Term Study: Entire Treatment Period - 
Safety Population 

 
Source Table 98-ISS page 304 
 

Table 38: Number of Episodes of Symptomatic Hypoglycemia on Insulin Background 
Therapy in Phase 3 Controlled Long Term Studies: Entire Treatment Period - Safety 
Population 

 
Source Table 99-ISS page 304 
 
The incidence of symptomatic hypoglycemia in the lixisenatide group over the entire 
treatment period was 42.1% (EAIR of 47.86 per 100 patient-years) versus 38.9% (EAIR 
of 41.10 per 100 patient-years) for placebo. Events per 100 patient-years of exposure 
were similar. 
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Table 39: Symptomatic hypoglycemia: Rate per 100 Patient-years by Background 
Therapy (Basal Insulin +/- Metformin) in Phase 3 Controlled Long Term Study - Safety 
Population 

 

 
Source: Appendix 1.2.5.2.28-ISS page-3712 
 
For any severe symptomatic hypoglycemia (Appendix 1.2.5.2.30-ISS page 3716):  

 EAIR (incidence rate per 100 patient-years) was 1.6 for lixisenatide, 0.43 for 
placebo. Number of events per 100 patient-years of exposure- 1.81 for 
lixisenatide, 0.43 for placebo. 

 For severe hypoglycemia with blood glucose <36 mg/dL- EAIR (incidence rate 
per 100 patient-years) was 1.14 for lixisenatide vs. 0.43 for placebo. Number of 
events per 100 patient-years of exposure was 1.36 for lixisenatide vs. 0.43 for 
placebo. 

 
Basal insulin + sulfonylurea study EFC 10887: 
Any symptomatic hypoglycemia- EAIR 176.53 for lixisenatide vs. 57.86 for placebo. 
Number of events per 100 patient-years of exposure- 353.47 for lixisenatide vs. 147.79 
for placebo (ISS Appendix 1.2.5.2.29-page 3714). 
 
Evaluation for time dependence: 
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Plots of symptomatic hypoglycemic events over time by background treatment are 
presented below using JMP software and the adshypo.xpt dataset. As shown in the 
graphs, the events tend to occur more frequently initially but are still present at later 
time periods, although in the background sulfonylurea and insulin ±sulfonylurea studies, 
the event rate becomes comparable to placebo at later time periods. In addition, as 
discussed earlier, in the long-term insulin + metformin ± TZD study (EFC6016) 
symptomatic hypoglycemia overall was very comparable between the 2 groups. 
 

Figure 16: Symptomatic Hypoglycemia over Time by Background Therapy 
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Severe symptomatic hypoglycemia patient details: 
 
Of the 17 events (14 lixisenatide, three placebo), four events occurred pre-treatment 
(three lixisenatide, one placebo). On treatment there were 11 events in patients on 
lixisenatide versus two in placebo patients and two occurred in the same patient (6016-
124-607-016). Five events (four lixisenatide, one placebo) were reported as SAEs; two 
patients on lixisenatide had loss of consciousness; all events occurred on the 
background insulin and/or sulfonylurea studies.  

Table 40: Patients with Severe Symptomatic Hypoglycemia 

USUBJID Arm Day AE 
SER 

Gluc 
result

Units Treatment Symptoms Cause 
Reported 

010781-
152-203-
006 

LIXI -19 N   oral carb sweating, 
anxiety and 
palpitations 

meal skipped 
or change in 
food intake 

010781-
250-201-
001 

LIXI -9 N 28 mg/dL oral carb sweating, 
vertigo; 
diplopia; 
malaise 

 

010781-
348-203-
020 

LIXI -22 N 1 mmol/l glucagon shaky, 
lightheaded, 
sweating, 
weakness, 
increased 
appetite, 
nervousness 

wrong dosing 
of antidiabetic 
medication 

010781-
642-201-
011 

LIXI 6 Y   oral carb loss of 
knowledge 
(uncons- 
ciousness) 

delay of meal 

006015-
356-503-
016 

LIXI 313 N  mg/dL oral carb erratic 
behavior 

meal skipped 
or change in 
food intake 
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006015-
642-502-
027 

LIXI 140 Y   oral carb shaky, 
sweating, 
weakness, 
dizziness, 
blurred 
vision, 
headache 

meal skipped 
or change in 
food intake 

006016-
076-604-
007 

LIXI 46 N   oral carb weakness, 
dizziness,  
fall 

meal skipped 
or change in 
food intake 

006016-
076-607-
002 

LIXI 7 Y 25 mg/dL iv glucose loss of 
conscious 
ness 

probably 
investigational 
product 

006016-
124-607-
016 

LIXI 230 N 1.6 mmol/l iv glucose lightheaded, 
sweating 

meal skipped 
or change in 
food intake 

006016-
124-607-
016 

LIXI 478 N 1.8 mmol/l oral carb shaky, 
sweating, 
fatigue, 
flashing 
lights, unable 
to walk 

meal skipped 
or change in 
food intake 

006016-
124-610-
004 

LIXI 259 Y  mmol/l oral carb weakness, 
visual 
disturbances 

upon waking 
in fasting 
state 

006016-
826-604-
001 

LIXI 139 N 1.1 mmol/l oral carb shaky, 
lightheaded, 
sweating, felt 
generally 
unwell and 
recognized 
hypoglycemic 
symptoms 

meal skipped 
or change in 
food intake, 
flare up of 
pre-existing 
condition 

006016-
840-635-
018 

LIXI 267 N 30 mg/dL oral carb confusion none 

006016-
840-643-
001 

LIXI 93 N 23 mg/dL oral carb  weakness none 

010781-
376-202-
002 

PBO -12 N 27 mg/dL oral carb lightheaded, 
sweating, 
weakness, 
increased 
appetite, 
palpitation 
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006015-
392-520-
003 

PBO 358 N 35 mg/dL iv glucose articulation 
difficulty 

meal skipped 
or change in 
food intake 

006016-
484-607-
009 

PBO 326 Y 29 mg/dL oral carb lightheaded, 
weakness 

meal skipped 
or change in 
food intake 

 
Discontinuations due to hypoglycemia patient details: 
 
Of the twelve patients, four patients were from background metformin study 6014 and 
one patient from the sulfonylurea study 6015; the remaining patients were all from the 
insulin studies. Except for the patients with hypoglycemic unconsciousness (reported 
earlier) none were reported as severe hypoglycemia. Two patients had blood glucose 
results of 39 and 37 mg/dL. One patient had five episodes on consecutive days. 

Table 41: Discontinuations due to Hypoglycemia 

USUBJID ARMCODE AEDECOD Gluc 
result 

Treatment Sev-
ere 

SYMPTOM Cause 
reported 

010743-
170-304-
002 

LIXI Hypoglycemia 39 
mg/dL 

oral carb N  vertigo meal skipped 
or  
change in 
food  
intake 

010781-
642-201-
011 

LIXI Hypoglycemic 
unconscious-
ness 

 oral carb Y loss of 
knowledge 

delay of meal 

010887-
158-101-
002 

LIXI Hypoglycemia 37 
mg/dL 

iv glucose N sweating, 
weakness 
 

“the subject’s 
life  
is not 
change”. 

010887-
392-102-
005 

LIXI Hypoglycemia
(5 episodes) 

 oral carb N shaky, 
lightheaded, 
sweating, 
weakness 

because of  
investiga-
tional  
product  
administration

010887-
392-113-
003 

LIXI Hypoglycemia  oral carb N lightheaded, 
sweating, 
weakness, 
nausea 

meal skipped  
or change in  
food intake 

006014-
124-406-
001 

LIXI Hypoglycemia 3.1 
Mmol/L

oral carb N nervous-
ness 

unknown 

006014-
203-409-
002 

LIXI Hypoglycemia 3 
Mmol/L

oral carb N sweating, 
weakness 

unknown 
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006014-
642-405-
011 

LIXI Hypoglycemia 57 
mg/dL 

oral carb N weakness, 
numbness, 
nausea, 
tongue 
thickness, 
fainting 
feeling 

meal skipped  
or change  
in food intake 

006014-
643-408-
008 

LIXI Hypoglycemia 3.2 
Mmol/L

oral carb N sweating, 
weakness, 
increased 
appetite 

specific  
physical  
activity 

006015-
410-509-
010 

LIXI Hypoglycemia 46 
mg/dL 

oral carb N weakness meal skipped  
or change  
in food intake 

006016-
076-607-
002 

LIXI Hypoglycemic 
unconscious-
ness 

25 
mg/dL 

iv glucose Y loss of 
conscious-
ness 

probably  
investigational 
product 

006016-
484-601-
005 

LIXI Hypoglycemia 43 
mg/dL 

oral carb N weakness meal skipped  
or change  
in food intake 

 
Reviewer’s Conclusion: 
 
Labeling recommendations for risk of hypoglycemia should be consistent with drug 
class i.e. to consider lowering the dose of insulin or sulfonylurea when used with these 
agents. The EAIR for symptomatic hypoglycemia was consistently increased in the 
background insulin trials for lixisenatide versus placebo patients, and there were more 
cases of severe hypoglycemia with lixisenatide. 
 
There were numerical imbalances not favoring lixisenatide for rate of symptomatic 
hypoglycemia seen with background metformin and TZD. Small imbalances not favoring 
active drug with background TZD treatments were also seen in the exenatide (10.7% 
with exenatide versus 7.1% with placebo) and liraglutide (7.6 % with liraglutide vs. 4.1% 
with placebo) clinical programs.  
There was less hypoglycemia versus active control in the exenatide comparator trial, 
where background metformin was used, although these findings should be assessed 
keeping the efficacy results for HbA1c reduction in perspective. That is, lixisenatide 
exhibited less HbA1c lowering than exenatide in this study, and thus could be expected 
to have a somewhat lower rate of hypoglycemia. 
 
 
Immunogenicity assessments: 
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The immunogenicity assessment is based on anti-lixisenatide antibody data collected in 
the Phase 3 placebo-controlled study pool (EFC6014, EFC6015, EFC6016, EFC6017, 
EFC6018, EFC10743, EFC10781, EFC10887, and EFC11321). 
 
For the Phase 2/3 program, the following anti-lixisenatide antibody data were collected 
for safety analyses: 
1) Anti-lixisenatide antibody status (positive or negative) and concentration data using a 
Biacore–based competition assay for all Phase 3 studies except Study EFC6019. 
2) Anti-lixisenatide antibody status (positive or negative) and titer data using a 
radioimmuno-precipitation assay for Phase 2 Studies DRI6012, PDY6797, and 
ACT6011. LLOQ-3.21nmol/L 
3) The cross-reactivity of the antibodies with endogenous GLP-1 and glucagon was 
determined in three Phase 3 studies (EFC6015, EFC10781, and EFC11321) using 
Biacore method and in Study DRI6012 using radioimmuno-precipitation assay. The 
applicant reports that no integrated summary of cross-reactivity data was performed, as 
cross-reactivity of the antibodies with endogenous GLP-1 as well as glucagon was not 
seen in any of the patients in these studies. 
 
As some patients did not have enough blood samples to measure both anti-lixisenatide 
antibody status and antibody concentration, some patients had antibody concentration 
data without the associated antibody status data (i.e., the antibody status was not 
defined). For a similar reason, some patients whose anti-lixisenatide antibody status 
was classified as positive did not have the associated anti-lixisenatide concentration 
values from the same samples. In addition, there were two patients (both from 
EFC10887) whose anti-lixisenatide antibody status was determined to be negative while 
the associated concentration values from the same samples were measured as <LLOQ 
(Subject 410107008 at Visit 6 [Week 4] and Subject 410110005 at Visit 5 [Week 2]). 
Thus, as a sensitivity analysis, a similar summary of anti-lixisenatide by antibody status 
is also provided by the applicant at each scheduled visit by assuming patients who have 
anti-lixisenatide concentration data (including those with <LLOQ), regardless of the 
associated antibody status data, are anti-lixisenatide antibody-positive at a visit. 
 
A patient was defined as being anti-lixisenatide antibody-positive during the main/entire 
treatment period if the patient was anti-lixisenatide antibody-positive at any visit during 
the respective period (main treatment period or entire treatment period) in AE analysis 
by the antibody status. 
 
At baseline 5.1 % of lixisenatide patients vs. 3.5% of placebo patients were antibody-
positive. By Week 4 over 37% of patients on lixisenatide were antibody-positive 
compared to 5% of placebo patients; 58% at Week 12 and 70% at Weeks 24, 76 and 
100 (Table 148, ISS page 445).  
 
There were 65/2869 lixisenatide patients for whom an evaluable antibody concentration 
was available at baseline in the Phase 3 placebo-controlled studies, and of these 90.8% 
were <LLOQ (Table 149 ISS pg 446). Among those patients with an evaluable antibody 
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concentration during the study, the proportion of patients with a concentration ≥ LLOQ 
increased to 35% at Week 2, around 57% at Weeks 4 and 12 and then stabilized at 
32.4% at Week 24, 44.7% at Week 76 and 43.5% at Week 100. In the placebo group, 
among those patients with an evaluable antibody concentration, 96.6% of patients were 
classified as <LLOQ at baseline and the incidence of those patients who had an 
antibody concentration <LLOQ remained stable up to the end of the treatment; 
concentration levels of ≥ LLOQ fluctuated between 0% and 7% of patients over the 
entire treatment period. 
 
Treatment-emergent AEs and antibody status:  
 
Injection site reactions at HLT level (only accounting for PTs coded from the Investigator 
verbatim and not the ARAC diagnoses) were reported more frequently in the anti-
lixisenatide antibody-positive group patients) than in the antibody-negative group 
patients. They were clearly increased in patients with antibody concentrations ≥LLOQ 
(ISS Appendix 1.3.3.6.2.13, page 5872). 

Table 42: Common TEAEs ( ≥  2% HLT) by Anti-lixisenatide Antibody Status in Phase 3 
Placebo-Controlled Studies: Entire Treatment Period- Safety Population 

 

 

 

 
Source: Appendix 1.3.3.6.2.1, ISS page 5820-5821 
 
On review of Appendix 1.3.3.6.2.1 for common TEAEs (≥  2% HLT) by antibody status 
in Phase 3 placebo control studies (ISS, starting page 5805) and the sensitivity analysis 
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(Appendix 1.3.3.6.2.3, ISS, starting page 5840) slightly increased percentages of events 
in antibody-positive patients for some common TEAEs were noted; these are outlined 
briefly below. An exception was the gastrointestinal HLT for nausea and vomiting. 
 

Table 43: Select Common TEAEs ( ≥  2% HLT) by Anti-Lixisenatide Antibody Status in 
Phase 3 Placebo-Controlled Studies: Entire Treatment Period- Safety Population: 

Placebo Lixisenatide HLT 
(N=1639) Positive 

N=2032 
Negative 
N=768 

Upper respiratory infections 335 (20.4%) 516 (25.4%) 126 (16.4%) 
Urinary tract infections 57 (3.5%) 120 (5.9%) 32 (4.2%) 
Influenza viral infections  79 (5%) 157 (7.7%) 29 (3.8%) 
Abdominal and gastrointestinal 
infections 

45 (2.7%) 83 (4.1%) 11 (1.4%) 

METABOLISM AND NUTRITION DISORDERS 
Hypoglycemic conditions NEC 243 (14.8%) 396 (19.5%) 128 (16.7%) 
PSYCHIATRIC DISORDERS 
Depressive disorders 23 (1.4%) 48 (2.4%) 11 (1.4%) 
Anxiety symptoms 30 (1.8%) 44 (2.2%) 11 (1.4%) 
NERVOUS SYSTEM DISORDERS 
Headaches NEC 132 (8.1%) 240 (11.8%) 81 (10.5%) 
Neurological signs and symptoms 
NEC 

101 (6.2%) 177 (8.7%) 64 (8.3%) 

Dizziness (PT) 99 (6.0%) 171 (8.4%) 64 (8.3%) 
Tremor (excl congenital) 24 (1.5%) 61 (3.0%) 17 (2.2%) 
RESPIRATORY, THORACIC AND MEDIASTINAL DISORDERS 
Upper respiratory tract signs and 
symptoms 

28 (1.7%) 70 (3.4%) 20 (2.6%) 

Coughing and associated symptoms 53 (3.2%) 79 (3.9%) 15 (2.0%) 
GASTROINTESTINAL DISORDERS 
Nausea and vomiting symptoms 146 (8.9%) 599 (29.5%) 260 (33.9%) 
Nausea (PT) 146 (8.9%) 599 (29.5%) 260 (33.9%) 
Vomiting (PT) 43 (2.6%) 213 (10.5%) 103 (13.4%) 
Diarrhea (excl infective) 117 (7.1%) 226 (11.1%) 68 (8.9%) 
Gastrointestinal and abdominal pains 
(excl oral and throat) 

63 (3.8%) 129 (6.3% 40 (5.2%) 

Dyspeptic signs and symptoms 16 (1.0%) 86 (4.2%) 32 (4.2%) 
Gastrointestinal atonic and 
hypomotility disorders  

45 (2.7%) 113 (5.6%) 31 (4.0%) 

Flatulence, bloating and distension 20 (1.2%) 72 (3.5%) 25 (3.3%) 
Gastritis (excl infective) 23 (1.4%) 53 (2.6%) 12 (1.6%) 
SKIN AND SUBCUTANEOUS TISSUE DISORDERS 
Apocrine and eccrine gland disorders 34 (2.1%) 52 (2.6%) 13 (1.7%) 
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Placebo Lixisenatide HLT 
(N=1639) Positive 

N=2032 
Negative 
N=768 

MUSCULOSKELETAL AND CONNECTIVE TISSUE DISORDERS 
Musculoskeletal and connective tissue 
pain and discomfort 

135 (8.2%) 262 (12.9%) 64 (8.3%) 

Joint related signs and symptoms 63 (3.8%) 97 (4.8%)  26 (3.4%) 
GENERAL DISORDERS AND ADMINISTRATION SITE CONDITIONS 
Asthenic conditions 77 (4.7%) 172 (8.5%) 53 (6.9%) 
 
There were 13 narratives provided for lixisenatide patients who were antidrug antibody 
outliers (Table 5, 5.3.5.3- list narr). Of these, two subjects had dermatitis and urticaria. 
Three subjects had reported AEs of benign brain neoplasm, CAD/ paresthesias and 
overdose not suggestive of relationship to antibody status and the remaining subjects 
had no reported AEs. 
 
Antibody status and symptomatic hypoglycemia: 
 
Variable imbalances were noted during the main treatment period with non-insulin or 
insulin background therapy. Increased symptomatic hypoglycemia with antibody-
positive patients was noted in add-on to pioglitazone Study 6017 and in Study EFC6016 
(basal insulin with or without metformin) in which 117 (49.4%) of antibody-positive 
patients reported symptomatic hypoglycemia compared to 21 (26.9%) of antibody-
negative patients over the entire treatment period. This was also confirmed in the 
applicant’s sensitivity analysis (ISS Appendix 1.3.3.6.2.10 and 1.3.3.6.2.11). 
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Table 44: Symptomatic Hypoglycemia by Anti-Lixisenatide Antibody on Non-Insulin 
Background Therapy in Phase 3 Placebo-Controlled Studies: Main Treatment Period - 
Safety Population 

 

 

Table 45: Symptomatic Hypoglycemia by Anti-Lixisenatide antibody on Basal Insulin 
background therapy in Phase 3 Placebo-Controlled Studies: Main Treatment Period - 
Safety Population 

Source: ISS Appendix 1.3.3.6.2.5-pg 5864 
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Table 46: Symptomatic Hypoglycemia by Anti-Lixisenatide Antibody on Non-Insulin 
Background Therapy in Phase 3 Placebo-Controlled Long Term Studies: Entire 
Treatment Period - Safety Population 

Source: ISS Appendix 1.3.3.6.2.6-pg 5865 
 

Table 47: Symptomatic Hypoglycemia by Anti-Lixisenatide Antibody on Basal Insulin 
Background Therapy in Phase 3 Placebo-Controlled Long Term Study: Entire 
Treatment Period - Safety Population 

 
Source: ISS Appendix 1.3.3.6.2.7-pg 5866 
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Reviewer’s Comment: Based on the data above, development of antibodies may be 
associated with increased occurrence of symptomatic hypoglycemia over longer time 
periods, although this may also be a chance finding. 
 
Antibody status and allergic reactions: 
 
In the Phase 3 placebo-controlled studies entire treatment period, 53 (1.6%) lixisenatide 
patients versus 18 (1.1%) placebo patients had AEs adjudicated as an allergic reaction 
by the ARAC. Of these, 51 lixisenatide patients had evaluable antibody status. (ISS 
Table 152, page 458). The incidence was 2.0% for antibody-positive patients and 1.4% 
for antibody-negative patients. In patients whose antibody concentrations were <LLOQ 
the incidence was 1.3% (13/994), in patients with antibody concentration ≥ LLOQ to 
≤ 100 nmol/L the incidence was 2.3% (19/823), and in patients who had antibody 
concentrations >100 nmol/L, the incidence was 5.9% (8/135) 
Among the patients with ARAC adjudicated allergic reactions, 17 (0.6%) lixisenatide 
patients versus two (0.1%) placebo patients had AEs adjudicated as an allergic reaction 
by the ARAC related to the investigational product. Of these, 15 lixisenatide patients 
had evaluable antibody status. (ISS Appendix 1.3.3.6.2.17, page 5876). The incidence 
was 0.5% for both antibody-positive and -negative patients. In patients whose antibody 
concentrations were <LLOQ the incidence was 0.3% (3/994), in patients with antibody 
concentration ≥ LLOQ to ≤ 100 nmol/L the incidence was 0.4% (3/823), and in patients 
who had antibody concentrations >100 nmol/L, the incidence was 3.7% (5/135). These 
analyses are limited due to the small number of patients with allergic reactions 
adjudicated as possibly related to IP. 
 
In addition to classifying patients into antibody categories using their highest available 
antibody assessment (positive status or maximum concentration) during the treatment 
period in question, antibody assessments available within a time window of ±90 days 
from the onset date of the allergic reaction during the on-treatment period in question 
were also used to categorize a patient. The analyses were repeated, also taking into 
account the timely coincidence of the antibody measurements and the AE onset data 
(±90-day window) with similar results.  
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Table 48: Number of Patients with AEs Adjudicated as Allergic Reaction Possibly 
Related to IP by ARAC by Anti-Lixisenatide Antibody in Phase 3 Placebo-Controlled 
Studies: Entire Treatment Period- Safety Population 

 
Source ISS Table 156- page 462 
 
The applicant conducted an analysis of events in lixisenatide patients with AEs 
adjudicated as allergic reaction by ARAC by baseline medical history of allergy and by 
anti-lixisenatide antibody in Phase 3 placebo-controlled studies (Table 157, 158-ISS 
erratum submitted August 12, 2013, page-41-42). The analyses showed that patients 
with a history of allergies are more prone to develop allergic reactions whatever their 
antibody status. In the category of patients with a baseline allergy history and in those 
without a baseline history of allergy, neither the antibody status nor the antibody 
concentration had a clear influence on the incidence of allergic reactions. This 
conclusion seems reasonable. The analysis was conducted for patients with AEs 
adjudicated as allergic reaction, irrespective of relationship to IP. 
 
Reviewer’s Conclusion: A higher percentage of subjects with an allergic reaction 
possibly related to IP had an antibody concentration over the LLOQ. In patients who 
had antibody concentrations >100 nmol/L, the incidence was 3.7% (5/135). This 
conclusion is limited due to the small number of patients with allergic reactions related 
to the IP. 
 
Pancreatic Cancer: 
(Other Neoplasms are discussed in Section 7.3.3) 
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ists and 
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There have been recent concerns about possible associations between DPP4 
inhibitors/GLP-1 agonists and pancreatic cancer8. In addition, based on nonclinical data 
(research publications, not carcinogenicity studies conducted for the marketed products 
by applicants) and a study examining the pancreata from age-matched organ donors 
with type 2 diabetes mellitus (DM) treated by incretin therapy or other therapy, there is 
concern that incretin therapy in humans may result in expansion of the exocrine and 
endocrine pancreatic compartments, the former being accompanied by duct metaplasia 
and dysplasia and the latter by α-cell hyperplasia9. At this point the Agency is 
evaluating these data, and has asked the researchers to provide the methodology used
to collect and study these specimens and to provide the tissue samples so the Agency 
can further investigate potential pancreatic toxicity associated with the incretin 
mimetics10. The EMA-CHMP also issued a press release after completing a review o
this data. The committee concluded that presently available data do not confirm recent 
concerns about an increased risk of pancreatic adverse events with GLP-1 agon
DPP4 inhibitors11

 
Given this concern, pancreatic cancer cases in the completed Phase 2/3 program and 
from the ELIXA interim analysis report were reviewed. Any additional cases in the 120 
day safety update were also unblinded. The summary of cases of pancreatic cancer is 
as follows: 

Table 49: Pancreatic Cancer in Ongoing Studies-ELIXA and Study 12261: 

Case Number Treatment and 
Days on IP at 
diagnosis 

Details 

 EFC12261: 
 subject ID: 
250105001 
81 yr old Male 

Lixisenatide 
with main meal; 
IP was 
discontinued 
due to nausea 
on Day 47. 

Former smoker, 1-2 drinks alcohol daily. An abdominal 
ultrasound showed multi-metastatic liver and a pancreatic 
tumor of 3.5 cm. (Preferred term [PT]: Pancreatic carcinoma). 
However, previous abdominal ultrasound performed about 40 
days prior to investigational product (IP) initiation showed only 
hepatic steatosis 

ELIXA: subject 
ID: 380010001 
63 yr old male 

Placebo 
Day 389 

The IP had been discontinued about a month before onset of 
this SAE due to other reason. CT scan with contrast medium 
showed a solid growth consistent with a tumor. 

                                            
8 Pancreatitis, Pancreatic, and Thyroid Cancer With Glucagon-Like Peptide-1–Based Therapies; Michael 
Elashoff, Aleksey v. Matveyenko, Belinda Gier, Robert Elashoff, and Peter C. Butler; 
GASTROENTEROLOGY 2011;141:150–156 
9 Marked Expansion of Exocrine and Endocrine Pancreas With Incretin Therapy in Humans With 
Increased Exocrine Pancreas Dysplasia and the Potential for Glucagon-Producing Neuroendocrine 
Tumors; Alexandra E. Butler, Martha Campbell-Thompson, Tatyana Gurlo, David W. Dawson, Mark 
Atkinson, and Peter C. Butler. Diabetes 62:2595–2604, 2013 
10 http://www.fda.gov/Drugs/DrugSafety/ucm343187.htm 
11http://www.ema.europa.eu/ema/index.jsp?curl=pages/news_and_events/news/2013/07/news_detail_00
1856.jsp&mid=WC0b01ac058004d5c1 
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Case Number Treatment and 
Days on IP at 
diagnosis 

Details 

ELIXA: subject 
ID: 643029002 
53 yr old Male 

Placebo; 6 
weeks 

The patient was hospitalized with sudden onset of jaundice, 
and was diagnosed with pancreatic cancer (PT: Pancreatic 
carcinoma) confirmed by CT scan; the patient underwent 
pancreaticoduodenal resection, drainage of abdominal cavity 
and cholecystectomy. Histological examination revealed 
moderately differentiated adenocarcinoma of head of 
pancreas. 
On statin, ACEI, B-blocker, dipyridamole, insulin aspart 

ELIXA: subject 
ID: 840346001 
74 yr old Asian 
Male 

Lixisenatide; 
465 days 

The patient went to the emergency room with complaints of 
diffuse intermittent abdominal pain for the past 2 weeks. A CT 
scan showed metastatic pancreatic cancer (PT: Pancreatic 
carcinoma metastatic) involving liver and bones, died 1 month 
later 

ELIXA: subject 
ID: 840046013 
89 yr old male 

Lixisenatide: 
Treatment 
reported 
discontinued at 
13 days for 
“transportation 
issues”. Dx-409 
days after last 
dose 

CT scan showed a 3.87 cm mass in the pancreas head with 
some possible focal necrosis and extension to the adjacent fat, 
with pancreatic duct dilatation and liver metastasis. The patient 
died about 6 months after the diagnosis. 

ELIXA: subject 
ID: 643036004 
58 yr old male 

Placebo; 109 
days 

Smoker for 42 yrs (15 cigarettes/day). ALP 156 IU/L at 
baseline. Vomiting since Day 66. Ultrasound of the abdomen 
showed isoechogenic lesions 2.5 x 4.2 cm viewed in the 
projection of pancreas head. Histology report showed 
pancreatic adenocarcinoma, died in 7 months 
 

Source-120 day safety update and applicant’s response to information request-May 2, 
2013 
 
Completed Program: 
 

Table 50: Pancreatic Cancer in Completed Program 

Case 
Number 

Treatment and 
Days on IP at 
diagnosis 

Details 
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Case 
Number 

Treatment and 
Days on IP at 
diagnosis 

Details 

208903014 
Study 
EFC6019 
58 yr old 
Male 

Exenatide;  
Day 385 

On Day 380, the patient developed RUQ pain, associated with 
icteric eyes and skin. There was history of heavy intake of alcohol 
in the preceding 2 weeks. On Day 385, he was hospitalized for 
jaundice, corroborated by elevated levels of aspartate 
aminotransferase (AST, value not specified), alkaline phosphatase 
(ALP, value not specified) and bilirubin (total 192 μmol/L [3-21 
μmol/L normal range], conjugated 75 μmol/L 0-7 μmol/L normal 
range]). His lipase levels, which were persistently high since Day 
86, indicated suspected pancreatitis. On Day 385, a sonography 
showed a tumor of the head of the pancreas, endoscopic 
aspiration biopsy confirmed pancreatic cancer (pancreatic 
carcinoma). 

276407001 
Study 
EFC6014 
72 yr Male 

Lixisenatide; 
Day 256 

28 yr smoking history.  On Day 268, the patient was diagnosed 
with moderately differentiated ductal adenocarcinoma of the 
pancreas with desmoplastic tumor stroma, grade 2 – head of the 
pancreas (histology report from Whipple surgery). Metastases 
were found in one of 11 peripancreatic lymphatic nodes. Died on 
Day 538 

380602002, 
Study 
EFC6016 
65 yr old 
female 

Lixisenatide; 
Day 612 

On Day 613, the patient was diagnosed with a 3.5 centimeter 
tumor in the head of the pancreas on CT scan. It was associated 
with a sclerotic-atrophic appearance of the body and tail of the 
pancreas with moderate ectasia of the Wirsung pancreatic duct. 
Moderate dilation of the intra- and extra-hepatic bile ducts was 
also present. The patient had no reported occupational or familial 
risks factors and never smoked. 

233304006 
Study 
EFC10743 
64 yr old F 

Lixisenatide; 
Day 363 

Developed abdominal pain and vomiting 11 months after initiating 
IP. On Day 363, the patient was diagnosed with a 47 x 66 
millimeter mass in the pancreatic body and pancreatic tail 
of irregular contour and less contrasted than the rest of the 
pancreatic tissue via CT scan. There were several lymph nodes, 
sized up to 9 millimeters, in the surrounding tissue. The patient 
had no reported occupational or familial risk factors and never 
smoked. On Day 372, IP was discontinued due to the event. On 
Day 610, the patient died due to complications from the 
malignancy 

Total pancreatic Cancer cases:-lixisenatide 6 (4 with IP exposure > 6 months), 
exenatide-1, placebo-3 
 
Reviewer’s assessment:  
Patient-years of exposure 
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 In completed Phase 2/3 program is as follows: 3958 patient-yrs for lixisenatide, 
2170.6 for all comparators, 1642.4 for placebo and 416.6 patient-years for 
exenatide 

 In ongoing studies: 
o CV outcome study-ELIXA as of July 25, 2012: 786 patient-years for 

lixisenatide vs. 810 patient-yrs for placebo 
o EFC 12261-451 subjects have been randomized since 15 Feb 2012 to 25 

Jan 2013  
 
Approximate total estimate for exposure: 5144 patient-years for lixisenatide, 2452.4 
patient-yrs for placebo). 
 
While the available patient exposure is too small to assess risk for pancreatic cancer, 
based on total exposure it seems reasonable to conclude that the incidence in clinical 
programs (available data) was comparable to placebo. 
 
AEs related to potential thyroid C-cell proliferation: 
 
As mentioned earlier, the long acting GLP-1 analogues (exenatide LAR and liraglutide) 
have a box warning in the PI and a Risk Evaluation and Mitigation Strategy (REMS) for 
increased risk of thyroid C-cell tumors noted in nonclinical carcinogenicity studies.  
 
An expert panel was set up for discussion of selected cases from the development 
program, and for advice in case of specific findings. The algorithm for measuring and 
monitoring calcitonin elevations was discussed with this panel. This included also 
routine screening for reasons of false positive increase of calcitonin such as kidney 
impairment, smoking habits, calcium disorders, autoimmune thyroiditis, and use of 
Histamine 2 (H2) receptor antagonists or proton pump inhibitors. 
 
Analysis of AEs related to potential thyroid C-cell proliferation was made for the ISS on 
all completed Phase 2/3 studies. Adverse events related to potential thyroid C-cell 
proliferation were defined and summarized as the following PTs (MedDRA version 
14.1): Biopsy thyroid gland abnormal, Gamma radiation therapy to thyroid, Photon 
radiation therapy to thyroid, Radioactive iodine therapy, Radiotherapy to thyroid, Thyroid 
electron radiation therapy, Thyroid gland scan abnormal, Thyroidectomy, X-ray therapy 
to thyroid, Thyroid cancer, Thyroid cancer metastatic, Thyroid cancer stage 0, Thyroid 
cancer stage I, Thyroid cancer stage II, Thyroid cancer stage III, Thyroid cancer stage 
IV, Thyroid neoplasm, Goitre, Thyroid C-cell hyperplasia, Thyroid mass, Thyroid cyst, 
Benign neoplasm of thyroid gland, Thyroid adenoma, Thyroid adenoma removal, 
Thyroid nodule removal, and Thyroid operation (also defined in 5.3.5.3 iss-sap-
ph2[Appendix N, pg 98]) 
 
Both TEAEs and post-treatment AEs were included in the analyses for the Phase 2/3 
studies. In the Phase 1 studies included in the integrated safety database, the same AE 
terms were used for defining AEs related to potential thyroid C-cell proliferation as for 
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the Phase 2/3 program. For TDR11215, for which data were not integrated, no events of 
increased calcitonin were reported on the specific AE CRF page. 
 
Completed program: 
 
In all controlled Phase 2/3 studies during the on- and post-treatment periods, the overall 
percentage of patients with AEs potentially related to thyroid C-cell proliferation was 
lixisenatide (27 [0.8%]) and placebo (12 [0.7%]), and between the lixisenatide 
(30 [0.8%]) and all comparators (14 [0.6%]) as shown in the table below: 
 

Table 51: Number (%) of Patients with AEs Related to Potential Thyroid C-cell 
Proliferation in Phase 2/3 Studies: On- and Post-Treatment – Safety Population 

 
Source: ISS-Table 121, page 365 
 
Review of narratives for patients with on/post-treatment events of thyroid cancer, thyroid 
C-cell hyperplasia and thyroid neoplasms (from listing in Table 123 of the ISS, starting 
page 367 with review of available patient narratives): 

Table 52: Narratives-Thyroid Cancer and C-cell Hyperplasia: 

Subject ID 
Age/Sex 

Diagnosis, study 
treatment and 
onset after IP 

Details 

EFC6019 
170904015; 
41/F 

Papillary 
carcinoma 
thyroid follicular, 
exenatide, 500 
days 

This patient had a history of diffuse thyroid growth 
(2005) and dysphonia (2008) but never had 
calcitonin elevation. Thyroidectomy was done which 
revealed a multi-centric papillary carcinoma (follicular 
and papillary pattern) with involvement of both lobes 
and the isthmus. IP was continued as planned until 
study end. 
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Subject ID 
Age/Sex 

Diagnosis, study 
treatment and 
onset after IP 

Details 

EFC10743 
276302003; 
71/M 

Medullary thyroid 
cancer left with 
lymph gland 
metastases, 
placebo, 222 days 

On Day 169 this patient had significantly elevated 
calcitonin values of 100.8 X ULN. Further evaluation 
led to surgery and permanent discontinuation of IP. 
Analyses of baseline frozen samples showed 
elevated calcitonin values prior to randomization. He 
was diagnosed with medullary thyroid cancer. 

EFC6015 
276501006; 
57/M 

Medullary C-cell 
hyperplasia 
(Thyroid C-cell 
hyperplasia), 
lixisenatide, I Day 

This patient had elevated calcitonin values (2.8 x 
ULN) on Day 1 of dosing. IP was permanently 
discontinued 2 months later. A pentagastrin test 
revealed pathological calcitonin values; patient 
underwent total thyroidectomy. 
Histopathology showed multifocal hyperplasia of C-
cells, no malignancy. Post-surgery patient recovered 
with normal calcitonin values and at 1 year follow-up 
visit 

 

Table 53: Narratives- Thyroid Neoplasm and Benign Neoplasm of Thyroid Gland- 
Lixisenatide Patients: 

Subject ID 
Age/Sex 

Diagnosis; 
Latency Onset 
after IP (days) 

Details 

EFC10743 
076310002; 
64/M 

Thyroid 
nodules; 121 

Patient was diagnosed with elevated calcitonin (range 
0.8 – 1.1 X ULN) and thyroid nodules. Fine needle 
aspiration (FNA) did not reveal any malignancy. On Day 
542, he recovered from both events. Patient continued 
with IP until the end of the study. 

EFC10743 
380304003; 
52/M 

Thyroid 
nodules; 217 

This patient had calcitonin values within normal ranges 
except for one value of 1.1 X ULN at Day 168. On Day 
217 of treatment diagnosed with thyroid nodules (less 
than 10 mm in size). No pathology reported and patient 
is being monitored annually. IP was discontinued on Day 
427 due to “other” reason. No narrative is available 

EFC10743 
804305010; 
71/F 

Suspected 
solitary 
calcinated 
colloid nodule 
at the inferior 
third of left 
lobe (Thyroid 
neoplasm), 
418 

After approximately 417 days of IP therapy, this patient 
was diagnosed with autoimmune thyroiditis and 
suspected solitary calcinated colloid nodule by 
ultrasound. Calcitonin values were within normal ranges. 
She did not consent to a biopsy; therefore no histology 
report is available. IP was continued as planned until 
study end 
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Subject ID 
Age/Sex 

Diagnosis; 
Latency Onset 
after IP (days) 

Details 

EFC6014 
036412010; 
65/M 

Right Thyroid 
Nodule 
Neoplasm 
(Thyroid 
neoplasm), 
263  

The patient was followed-up for mild elevation of 
calcitonin (1.3 X ULN at baseline, 1.5 - 1.7 X ULN during 
study treatment). IP was continued throughout the study) 
–First ultrasound and FNA approximately 9 months after 
start of IP revealed heterogeneous thyroid nodules 
without malignancy. Ten months later a second FNA 
revealed suspicion of neoplasm of either Hurtle cell or 
medullary cell that made the event medically important 
and therefore serious. Consecutively a thyroidectomy 
was performed. Histological report stated a Hurthle cell 
adenoma, and the cellular colloid nodule was benign. IP 
was continued as planned until study end. 

EFC6014 
124413013;  
62/M 

Thyroid 
Nodule 
(Thyroid 
neoplasm), 
368 

Diagnosed after approximately 1 year without further 
pathological finding, calcitonin normal range, IP 
continued until study end. 

EFC6014 
152404019; 
58/F 

Solid nodules- 
thyroid 
(Thyroid 
neoplasm), 
520 

17 months after randomization diagnosed, without 
further pathological finding, calcitonin normal range, IP 
continued until study end 

EFC6014 
152407001; 
55/F 

Solid and 
hypoechogenic 
thyroid 
nodules 
(Thyroid 
neoplasm), 
286 

This was a post-treatment AE. This was diagnosed via 
ultrasound (right round solid thyroid nodule, 47 x 15 mm 
diameter, with aspect of colloid nodule, right cervical 
lymph nodes of reactive aspect) during the evaluation of 
increased calcitonin (4.8 - 5.5 X ULN) that triggered IP 
discontinuation on Day 273. The patient was diagnosed 
with thyroiditis 433 days post-treatment based on FNA. 

EFC6014 
642407007; 
54/M 

Benign thyroid 
nodules 
(benign 
neoplasm of 
thyroid gland), 
22 

Diagnosed approximately 1 month after baseline without 
further pathological finding, calcitonin slightly elevated 
since randomization (1.3 - 1.7 X ULN), 
diagnosed via ultrasound. FNA: “rich hematic 
background with rare lymphocytes, no follicular cells”, IP 
continued until study end. 

EFC6014 
804403024 
54/F 

Nodule in left 
lobe of 
thyroid gland 
(Thyroid 
neoplasm), 
409 

Thyroid nodule (24 x 18 mm) diagnosed via ultrasound. 
Calcitonin mildly elevated (up to 2 X ULN). IP continued 
until study end. No narrative is available. 
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Subject ID 
Age/Sex 

Diagnosis; 
Latency Onset 
after IP (days) 

Details 

EFC6015 
840507003 
71/M 

Thyroid 
nodules 
benign (Benign 
neoplasm of 
thyroid), 198 

Patient with a history of Graves’ disease since 1990 had 
elevated calcitonin of 3.0 X ULN on Day 170 of 
treatment. Further work-up revealed bilateral benign 
thyroid nodules confirmed by FNA. The patient 
continued with IP until the end of the study. He has not 
recovered from both events. Around 51 days after last 
dose of IP, his calcitonin value was still elevated at 4.0 X 
ULN 

EFC6016 
124607015 
50/F 

Right thyroid 
nodule 
(thyroid 
neoplasm), 
522 

Diagnosed after approximately 17 months since start of 
IP. Calcitonin in normal range, IP was continued until 
study end. 

EFC6016 
410605002 
57/F 

Thyroid tumor 
(thyroid 
neoplasm, 169 

Diagnosed by medical examination. During further 
evaluation acute thyroiditis was diagnosed. Calcitonin in 
normal range, IP continued until study end. 

EFC6017 
642706001 
58/M 

Left thyroid 
lobe 
nodule (thyroid 
neoplasm), 
865 

Calcitonin throughout entire study was 1.4 – 2.0 X ULN 
(BL: 2.0 X ULN). At end of treatment visit (after 
approximately 2.3 yrs of treatment), calcitonin was 2.6 x 
ULN, and at baseline levels after 1 week 2.2 x ULN. 
During further follow-up the patient was diagnosed with 
chronic thyroiditis and left thyroid nodule. IP was 
stopped as planned. Goiter nodule confirmed via thyroid 
puncture (? FNA) post- treatment 

EFC6017 
840738004 
62/M/ 

6 mm Thyroid 
nodule left 
lobe 
(thyroid 
neoplasm), 39 

Former smoker. History of bladder cancer, during study 
a SAE of Bladder Cancer was reported. Calcitonin 
ranged from 1.9 X ULN (2.3 X ULN at baseline) to 2.4 X 
ULN, triggering an additional TEAE of “Increased 
calcitonin” on Day 262. Left thyroid nodule confirmed 
with ultrasound, no further evaluation was done. 

EFC6019 
032904029 
52/F 

Thyroid nodule 
(thyroid 
neoplasm), 7 

Six days after randomization this patient was diagnosed 
with a thyroid nodule. She did not have any calcitonin 
elevations throughout the study. She completed the 
study treatment and no further details are available. 

EFC6019 
840942004 
38/F 

Benign thyroid 
nodule (Benign 
neoplasm of 
thyroid), 143  

On Day 142 she was diagnosed with a moderate benign 
thyroid nodule with no calcitonin elevations throughout 
the study. She has not recovered and completed the 
study treatment. No further details are available. IP was 
continued as planned until study end. 

Reviewer’s Conclusion: Relationship to study drug is unlikely in the case for thyroid C-
cell hyperplasia given the onset after 1 day. Based on review of available information for 
thyroid neoplasms, while further w/u might have provided additional information for 
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The collection of serum calcitonin data and monitoring of increased calcitonin values as 
a marker of thyroid C-cell neoplasms were implemented via protocol amendments 
during the course of all Phase 3 studies that had a duration >3 months. As a result, 
baseline calcitonin values were not collected for most of the patients in those studies. 
Calcitonin data were also not collected routinely in studies with ≤ 3-month duration or 
studies completed prior to 2009 (Phase 2 studies-ACT6011, PDY6797, DRI6012, 
PDY10931, and EFC6018). A specific CRF (“increased calcitonin” AE form) was used to 
collect information and document cases of AEs related to increased calcitonin. 
Management of subjects and patients who were found to have a calcitonin value ≥20 
pg/mL was as follows:-  
Upon follow-up testing for elevated calcitonin, the study treatment was permanently 
discontinued if the repeat measurement was ≥50 pg/mL. Confirmed calcitonin increases 
≥20 pg/mL were to be reported as an AE on a specific AE Form (“increased calcitonin 
≥20 pg/mL”) with all appropriate clinical and laboratory documentations; if the increase 
was >50 pg/mL patients were to be discontinued, referred to a specialist, and calcitonin 
levels were to be measured one to two weeks after IP discontinuation. These AEs were 
to be reported with the PT “blood calcitonin increased”. 
 
Completed program: 
 
As shown in the table below: 
In the controlled Phase 2/3 studies, ten patients (0.4%) in the lixisenatide group and two 
patients (0.1%) in the placebo group reported values ≥ 50 pg/mL. Seven of them had 
missing baseline values, one patient already had a baseline value ≥ 50 pg/mL, one had 
a baseline value between ≥ 20 to <50 pg/mL (elevated calcitonin values were not 
confirmed at retest), and one had a baseline value ≤ ULN. Of two patients (0.1%) in the 
placebo group, one of them had a missing baseline value and the other had an elevated 
baseline level of between ≥ 20 to <50 pg/mL.  A total of 38 patients (1.4%) in the 
lixisenatide group and 29 patients (1.6%) in all comparator groups reported on-
treatment calcitonin values in the range ≥ 20 to 50 pg/mL.  
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Table 54: Serum Calcitonin: Number (%) of Patients with Abnormalities (PCSA) in 
Phase 2-3 Studies: Entire Treatment Period – Safety Population 
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Source: ISS, Appendix 1.3.2.6, starting page 4508 
 
A total of 13 patients with a calcitonin on-treatment value ≥ 20 pg/mL (ten [0.3%] in the 
lixisenatide group and three [0.1%] in the all comparators group from study EFC6019) 
discontinued treatment due to a TEAE of blood calcitonin increased (seven lixisenatide 
patients from Phase 3 placebo-controlled studies and three from the active-controlled 
study EFC6019). In the placebo-controlled pool, the discontinuations were comparable 
(seven [0.2%] vs. three [0.2%]- ISS Appendix-1.2.5.1.3, page 3439). During post-
treatment, two additional patients in the lixisenatide group and two patients in the all 
comparators group newly reported calcitonin values in the range ≥ 20 to 50 pg/mL. One 
lixisenatide patient (Patient No. 642302022 in Study EFC10743) had an on-treatment 
PCSA calcitonin value who reported a serious TEAE of “blood calcitonin increased” but 
did not discontinue from treatment. 
 
In the active-controlled study versus exenatide (EFC6019), five patients (1.8%) in the 
lixisenatide group and seven patients (2.6%) in the exenatide group had an on-
treatment value of calcitonin ≥ 20 to<50 pg/mL. Of the five patients with a calcitonin 
level of ≥ 20 to <50 pg/mL in the lixisenatide group, three discontinued treatment due to 
a TEAE of blood calcitonin increased (none were reported as serious). One additional 
lixisenatide patient reported an abnormal calcitonin value in the range ≥ 20 to 50 pg/mL 
during the post-treatment period. 
 
Narratives for the 10 lixisenatide patients with calcitonin values ≥ 50 pg/mL or 
discontinued due to AE of blood calcitonin increased: 
 
Three patients in the lixisenatide group discontinued IP due to “blood calcitonin 
increased”, and are briefly summarized below: 
 
Patient No. 642504006, Study EFC6015: This 64-year old non-smoking female patient, 
on Day 85 of treatment, had elevated calcitonin value 31.7 pg/mL (6.4 x ULN), that 
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patient did not have follow-up visits. There was an imbalance not favoring lixisenatide 
(10 [0.4%] for lixisenatide; 2 [0.1%] for comparator) in the number of patients with 
calcitonin elevation over 50 pg/ml. However several of these patients (7/10) had missing 
baseline values. Otherwise there were no cases with concern for potential C-cell 
proliferation.  

7.3.3 Significant Adverse Events (by SOC) 

Hepatobiliary disorders: 
 
As part of the overall evaluations for risk of pancreatitis, the applicant performed a study 
to evaluate gallbladder ejection fraction (study PDY11431). In this study, subcutaneous 
administration of a single 20 μg dose of lixisenatide in healthy subjects significantly 
reduced the gallbladder emptying at 30 and 60 minutes. The estimate of the mean 
difference in gallbladder ejection fraction (placebo minus lixisenatide) was 45.8% (95% 
CI: 29.92% to 61.68%) at 60 minutes and 41.43% (95% CI: 28.64% to 54.23%) at 30 
minutes. 
 
The applicant conducted an SMQ search for hepatic TEAEs and hepatobiliary disorders 
for all completed Phase 2/3 studies and the Phase 3 placebo-controlled study pool. 
Hepatic, biliary, and renal AEs were evaluated and summarized by using search terms 
to identify these events from the integrated AE dataset of the completed Phase 2/3 
studies. The MedDRA 14.1 PTs used for this are listed in iss-sap-ph2-3 [Appendix O-pg 
99] for the hepatic AEs and [Appendix Q pg 108] for the biliary AEs. This list was 
reviewed and appeared to be adequately extensive. 
 
The results for the Phase 2/3 pool are shown below. Overall there were no imbalances 
in AEs in this System Organ Class (SOC). 
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Table 55: Number (%) of Patients experiencing Hepatic TEAE(s) by Primary SOC and 
PT in Phase 2-3 studies: Entire Treatment Period – Safety Population 

 

 

 
Source Appendix 1.2.5.7.1, ISS pg4190-4192 
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Table 56: Number (%) of Patients experiencing Biliary TEAE(s) by Primary SOC and PT 
in Phase 2-3 studies: Entire Treatment Period – Safety Population 

 

 
Source: Appendix 1.2.5.7.2, ISS-pg 4193-4194 
 
In all Phase 2/3 studies, four on-treatment SAEs (one in the lixisenatide group and three 
in the placebo group) were reported in the “Hepatic and hepatobiliary disorders” High 
Level Group Term (HLGT) group (Appendix 1.2.4.3, ISS pg 2976-2977). 
 
Patient No. 356503003, Study EFC6015 – lixisenatide: Drug-induced hepatitis (PT 
Hepatitis): This 44 year old male Asian patient in India with no relevant medical history 
and baseline LFTs within normal ranges developed hepatitis of moderate intensity on 
Day 87 of study treatment. The patient was asymptomatic and had elevations of ALT 
(20.1 x ULN), AST (16.4 x ULN), and gamma glutamyl transferase (GGT) (2.0 x ULN) 
with normal total bilirubin and alkaline phosphatase values (refer to Figure 17). On Day 
91, IP was permanently discontinued. Liver function tests were not repeated prior to 
treatment discontinuation On Day 97, ALT level decreased to 4.8 x ULN and AST level 
normalized. Lab results by visit are shown in table below.  
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four (0.2%) all comparator patients. There were four patients (three placebo and one 
lixisenatide) who fulfilled Hy’s law criteria in the Phase 2/3 placebo-controlled studies 
and five patients in all controlled Phase 2/3 studies (an additional patient in the 
comparator group). 
Hy’s law is a finding of ALT elevation, usually substantial, seen concurrently with bilirubin 
>2 x ULN.  It identifies a drug likely to cause severe drug-induced liver injury (fatal or 
requiring transplant) at a rate roughly 1/10 the rate of Hy’s Law cases12. 

 
12  FDA Guidance for industry, Drug –Induced liver injury: pre-marketing evaluation; July 2009 
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Table 57: Liver Serum Alanine Aminotransferase (ALT elevations and Hy’s Law Cases: 
Incidence Rate per 100 Patient-Years in all Phase 2/3 Controlled Studies: Entire 
Treatment Period- Safety Population) 

 
Source: Table 142-ISS- page 431 
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Figure 17: Liver Function Test Profiles for Patients with ALT > 5 X ULN (from WebSDM) 
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LFT Patient Profiles – Lixisenatide and Placebo 04152013 / Pool of 16 Phase 2 and 3 studies 
(WebSDM) 
 
The narratives for Hy’s law cases were reviewed and summarized as follows; all the 
cases had alternative etiologies: 
 
Lixisenatide: 
 
EFC6014-276407001- This 73-year-old male in Germany developed jaundice on Day 
227. On Day 255, the patient was hospitalized for increased cholestasis parameters 
(ALT 13.8 x ULN, AST 4.6 x ULN, ALP 2.1 x ULN, GGT 42.5 x ULN, total bilirubin 6.8 x 
ULN, conjugated bilirubin 15.6 x ULN) and jaundice. IP was discontinued on the same 
day. On Day 267, the patient was diagnosed with moderately differentiated ductal 
adenocarcinoma of the pancreas with desmoplastic tumor stroma, grade 2 – head of the 
pancreas (histology report from Whipple surgery). Metastases were found in 1 of 11 
peripancreatic lymphatic nodes (3 millimeters in size). The patient had a prior history of 
smoking for 28 years. On Day 355, the patient tried to commit suicide due to the 
situation. On Day 537, the patient died due to complications from the malignancy. 
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EFC11319 (ongoing ELIXA CV outcome study): 
  
Subject 643014004- 62 yr old male received amiodarone on Day 170. On Day 171 of 
the study , the second day of a hospitalization for an SAE of atrial 
fibrillation, the patient experienced acute hepatitis which was reported as an SAE. The 
patient presented with clinical signs and symptoms of asthenia, jaundice and 
hepatomegaly, as well as a rise in serum alanine aminotransferase (ALT) of 3701 U/L, 
aspartate aminotransferase (AST) of 5660 U/L, lactic dehydrogenase (LDG) of 7174 
U/L, and total bilirubin of 67 µmol/L.(local laboratory assessment, 3.9 mg/dL). A CT 
scan of the abdomen (performed the same day, ) revealed: hydrothorax in 
the right region, abdomen effusion, chronic cholecystitis progression, pericholecystitis, 
and acute pancreatitis in the region of head of the pancreas (this asymptomatic 
pancreatitis was reported as a separate AE). Laboratory investigations for hepatitis C, B 
and human immunodeficiency virus were negative. A hepatology consultation confirmed 
acute hepatitis with an unclear etiology. The clinical presentation of the acute hepatitis 
subsided within a week. Further laboratory investigations were undertaken on 

: anti-HAV (hepatitis A virus) IgM, anti- HB (hepatitis B) core IgM, anti-HCV 
(hepatitis C virus) total, anti-CMV (anticytomegalovirus) IgM and autoantibody against 
hepatorenal microsoma were negative; hepatitis C virus was not detected; antibodies 
against nuclear antigens (ANA's. EIA) were positive; anti-Toxoplasma gondii antibody - 
39.2 IU/m (norm range 0.0-1.6); anti-HSV (herpes simplex virus) (Types 1, 2) antibody - 
29.6 unit (norm range 0.0-0.9). A follow-up CT scan dated  showed 
ascites, pericholecystitis and an additional spleen lobe. The patient recovered from the 
event on Day 203. At that time, liver transaminase concentrations had returned to 
normal levels (ALT 40 U/L, AST 38 U/L); total bilirubin concentration remained elevated 
(44 UMOL/L). The IP was interrupted, with the last recorded dose on  (Day 
169). 
(Reviewer’s Comment: While relationship to study drug cannot be excluded, this case 
had more temporal relationship to amiodarone administration, and multiple other 
potential contributing factors.) 
 
Comparators with positive Hy’s law: 
 
EFC10780-152003003 (sitagliptin)-bile duct stone 
EFC10743-642305001 (placebo)-Hepatitis B 
EFC10887 -392101005 (placebo)-primary sclerosing cholangitis 
EFC6017-320704023 (placebo)- bile duct cancer 
 
For subjects with ALT elevations over 10 X ULN on lixisenatide, the following additional 
narratives were reviewed: 
 
EFC6014-Subject 840-426-002- On  (Day 1), the patient (48, F) was 
randomized to evening injection arm of lixisenatide 10 μg per day. The investigational 
product was permanently discontinued due to poor compliance to the protocol, the 
patient receiving the last dose of the investigational product on Day 70. On Day 1, at 
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In addition the following information was obtained from dataset review (WebSDM) for 
subjects without narratives who completed the trials 

 Subject 6016-124-608-004-had ALT elevations over 5X ULN-over the trial related 
to lixisenatide exposure. Concomitant medications included aspirin, atorvastatin 
and ramipril. 

 Subject 6016-252-602-020 had a single ALT elevation prior to randomization that 
normalized. 

 Subject 6015-203-504-004 had a temporary elevation of ALT and AST coinciding 
with AEs of upper abdominal pain and cholelithiasis. 

 
Reviewer’s Conclusion: The Hy’s law cases do appear to have alternate etiologies. 
There was one case diagnosed as drug induced hepatitis with asymptomatic elevation 
of ALT and AST over 15 X ULN but normal bilirubin and ALT values, which resolved on 
lixisenatide discontinuation. Among patients with elevated ALT on active treatment, 
three subjects reviewed above (6014-840-426-002, 6015-356-503-003, EFC10780-484-
010-004- confounded by azithromycin) appear to have had lixisenatide associated ALT 
elevations. However given the overall balance in enzyme elevations between drug and 
comparator (ISS Table 142 and WebSDM graph) and similar association patterns in the 
placebo/comparator groups, there does not seem to be an apparent signal for 
hepatobiliary toxicity.  
 
Renal AEs: 
 
Although not directly nephrotoxic based on nonclinical data, GLP-1 agonists may induce 
nausea and vomiting with transient hypovolemia thereby worsening renal function. 
Acute renal failure and worsening of chronic renal failure have been reported post-
marketing with approved agents, usually in association with nausea, vomiting, diarrhea, 
or dehydration, and sometimes requiring hemodialysis. 
 
The applicant conducted a pharmacokinetic study (POP6053) to assess the PK and 
safety of lixisenatide in subjects with different degrees of renal impairment following a 
single 5 μg dose and study POP11814, that compared the PK of lixisenatide between 
elderly subjects (≥ 65 years of age, with at least 30% of subjects ≥ 75 years of age) 
and young subjects after administration of lixisenatide at a single dose of 20 μg. Based 
on these study results and their pooled population-PK analysis the applicant proposes 
no dose adjustment in patients with mild renal impairment, use with caution in patients 
with moderate renal impairment at the same dose, and recommends against use for 
patients with several renal impairment or end-stage-renal disease due to limited 
experience.  The clinical pharmacology review for this study is discussed in Section 
4.4.3. 
 
Renal AEs were evaluated and summarized by using search terms to identify these 
events from the integrated AE dataset of the completed Phase 2/3 studies. The 
MedDRA 14.1 PTs used for this are listed in iss-sap-ph2-3 (Appendix P, pg 106).  
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Renal TEAEs in the all controlled Phase 2/3 studies were as follows: 

Table 58: Number (%) of Patients experiencing Renal TEAE(s) by Primary SOC and PT 
in Phase 2-3 studies: Entire Treatment Period – Safety Population 

 

 
Source: ISS-Appendix-1.2.5.7.3, pg 4195-4196 
 
One patient on lixisenatide reported a serious TEAE of renal failure (ISS-appendix 
1.2.4.3) 
Patient No. 840523019, Study EFC6015 – lixisenatide: acute renal failure secondary to 
cocaine abuse (PT renal failure acute): This 46-year-old male was hospitalized 
on Day 112 due to a severe panic attack secondary to cocaine abuse. On 
hospitalization, the serum creatinine level was 3.6 mg/dL and the patient was diagnosed 
with severe acute renal failure. The IP was temporarily interrupted from Day 113 to 126, 
and restarted on Day 127. On Day 113, his creatinine was decreasing, the event was 
considered as resolved, and he was discharged from the hospital.  
 
Reviewer’s Comment: In the all-controlled Phase 2/3 study pool, there were four 
placebo patients and no lixisenatide patients with severe renal impairment at baseline 
who were enrolled into the studies (ISS Table 24, pg 105). There were only 43 patients 
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on lixisenatide with moderate renal impairment versus 26 on comparator (creatinine 
clearance value was derived using the equation of Cockcroft and Gault). Hence the 
completed study pool provides very limited information on efficacy and safety in these 
sub-populations. Hence data from ongoing CV outcome trial (ELIXA) was used to make 
assessments on efficacy and safety in renal sub-populations. 
 
Serum Creatinine and creatinine clearance: 
 
No relevant mean changes were reported for renal function (creatinine, creatinine 
clearance, and uric acid) over time compared to baseline values in both treatment 
groups during the entire treatment period for the placebo-controlled Phase 3 pool. The 
box plot of creatinine clearance over time is shown below. 

Figure 18: Creatinine Clearance over Time 

 
(Phase 3 placebo-controlled pool, values over 120mL/minute excluded to display lower 
outliers- JReview output) 
 
Shifts from baseline were reviewed for the Phase 2/3 pool. 
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Table 59: Renal function: Number (%) of Patients with Abnormalities (PCSA) in Phase 
2-3 studies: Entire Treatment Period – Safety Population 
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Source: Appendix 1.3.3.3.8, ISS-pg 5544-5552 
 
As shown above:  

 Among patients with a normal or missing serum creatinine at baseline, 1.1% of 
lixisenatide patients versus 0.8% of comparator patients had a change from 
baseline > 1.7mg/dL at least once in the all controlled Phase 2/3 pool. A total of 
11.8% of lixisenatide patients had a ≥30% change from baseline vs. 9.6% of 
comparator patients. Comparable percentages (0.4% vs. 0.3%) had a ≥ 100% 
change from baseline.  

 None of the patients with a serum creatinine over 1.7 mg/dL had a ≥100% 
change from baseline.  

 Among patients with normal creatinine clearance at baseline, 13.8% of 
lixisenatide patients vs. 13.1% of comparator patients shifted to mild renal 
impairment. A total of 0.3% of patients in each group shifted to moderate renal 
impairment. No subject shifted to severe renal impairment.  

 Among patients with mild renal impairment at baseline, 9.6% of lixisenatide 
patients versus 8.9% of comparator patients shifted to moderate renal 
impairment. A total of 0.4% of lixisenatide vs. 0.3% of comparator patients shifted 
to severe renal impairment.  

 Two patients each from the lixisenatide and comparator groups shifted from 
moderate to severe renal impairment. 

  
Reviewer’s Comment: The shifts from baseline for serum creatinine and creatinine 
clearance seem comparable. For albumin (urine)/creatinine ratio, data were collected 
and calculated only in three Phase 3 studies (EFC10781, EFC11321 and EFC10780 
[active-controlled versus sitagliptin]). Only individual study data were reported in the 
respective CSRs; these data were reviewed (Study EFC10780, efc10780-16-2-8-clin-
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lab-data [Appendix 14.2.8.10], Study EFC10781, efc10781-16-2-8-clin-lab-data 
[Appendix 16.2.8.10], and Study EFC11321, efc11321-16-2-8-clin-lab-data [Appendix 
16.2.8.10]). Development of microalbuminuria or macroalbuminuria seemed balanced, 
but limited conclusions can be drawn from these studies due to their short duration (24 
weeks) and lack of pooled data. 
 
Adverse events in subjects with renal impairment: 
 
In the completed Phase 2/3 program, the imbalance in TEAEs between the lixisenatide 
group and placebo group was slightly more pronounced in patients with mild renal 
impairment (creatinine clearance 50-80 mL/min-Cockcroft and Gault) than in patients 
with normal renal function (creatinine clearance >80 mL/min) (73.0% in lixisenatide 
group and 61.5% in placebo group versus 69.4% in lixisenatide group and 62.2% in 
placebo group, respectively-ISS Table 53, starting page 199). This was primarily due to 
imbalances in the TEAEs of nausea (30.5% in the lixisenatide group and 4.7% in the 
placebo group vs. 24.1% in patients on lixisenatide vs. 6.3% on placebo); vomiting 
(14.4% in the lixisenatide group and 2.5% in the placebo group vs. 8.8% in patients on 
lixisenatide vs. 1.6% on placebo), and hypoglycemia (21.8% in the lixisenatide group 
and 12.8% in the placebo group vs. 11.9% in patients on lixisenatide vs. 9.5% on 
placebo).  This is suggestive of increased likelihood of nausea, vomiting and 
hypoglycemia with lixisenatide in patients with renal impairment, compared to patients 
with normal renal function, potentially related to increased exposure. The sample size 
for the moderate renal impairment subgroup was very small to draw any meaningful 
conclusions. 

Table 60: Common TEAEs by Baseline Renal Function using Creatinine Clearance 
(mL/min) categories in Phase 3 Placebo-Controlled Studies: Main Treatment Period - 
Safety Population 

 

 

 
Source: ISS Table 53: starting Page 199 
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Data from ELIXA study: 
 
As mentioned earlier, the completed program had very limited number of subjects with 
moderate renal impairment (RI). Hence additional information and analyses were 
requested from the applicant from the ELIXA study. In this study renal function was 
classified based on glomerular filtration rate-modified diet in renal disease (GFR-MDRD) 
equation.  
 

Baseline GFR by renal subgroups in the ELIXA study was as follows. Number of 
subjects in each subgroup was balanced on comparing the lixisenatide and placebo 
subgroups. 

Table 61: Baseline Glomerular Filtration Rate (GFR) in ELIXA - ITT Population 

 
Source: Table 1, applicant’s response to Information request dated April 23, 2013 
 
The applicant was also asked to submit an analysis (ANCOVA, LOCF, ITT population) 
of change in HbA1c from baseline to week 24 in each subgroup. This is shown below. It 
is interesting to note that although confidence limits overlap, mean effects increase 
progressively with renal impairment from normal to moderate. Specifically the difference 
in LS mean for the ≥ 30– <45 mL/min/1.73m2 subgroup was -0.62 versus -0.4 for the 
≥ 45 – <60 mL/min/1.73m2 subgroup. Although the placebo effects in the moderate 
renal impairment subgroups were less than in the mild subgroup, this is suggestive of 
greater exposure with increasing renal impairment. This trend was also noted in the 
Phase-3 placebo-controlled studies primary efficacy endpoint subgroup analyses, 
although sample size for the moderate renal impairment group was small. 
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Table 62: Analysis of Change from Baseline in HbA1c at Week 24 (ANCOVA, LOCF) by 
Renal Group and Subgroup - ITT Population, ELIXA  

 
Source: Table 1, applicant’s response to Information request dated May 3, 2013 
 
Adverse events:  
 
In general, SAEs were higher in the moderate RI subgroup with both lixisenatide and 
placebo compared to the normal and mild RI subgroups (see below). However, 
lixisenatide did not have a significantly higher incidence of SAEs than placebo, by any 
particular category of renal impairment.  
 

Table 63: Number (%) of Patients Experiencing Serious TEAE(s) in ELIXA Presented by 
Primary SOC and PT During the On-Study Period by Renal Subgroup - ITT Population 

 
Source: Table 3, applicant’s response to information request dated April 23, 2013 
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The percentage of patients who discontinued treatment due to a TEAE was greater with 
lixisenatide overall compared with the placebo group. Although the numbers are small 
and the subgroups were not of same size to make definitive conclusions, in the 
subgroup with GFR 30-45 mL/min/m2 (CKD-stage-3b), 10.8% of patients (10/93) 
discontinued due to AEs, and of these 6/93 discontinued due to GI side effects as 
shown in the tables below. When the entire moderate renal subgroup is considered, a 
slightly higher percentage discontinued, compared to the mild renal impairment and 
normal subgroups.  
 

Table 64: Number (%) of Patients Experiencing TEAE(s) in ELIXA Leading to 
Permanent Treatment Discontinuation Presented by Primary SOC and PT During the 
On-Study Period by Renal Subgroup -ITT Population 

 
Source: Source: Table 4, applicant’s response to information request dated April 23, 
2013 
 

Table 65: Number (%) of Patients Experiencing Gastrointestinal TEAE(s) in ELIXA 
Leading to Permanent Treatment Discontinuation Presented by Primary SOC and PT 
during the On-Study Period by Renal Subgroup -ITT Population 

 

 

 
Source: Table 4, applicant’s response to information request dated April 23, 2013 
 
The applicant had only presented SAEs, AEs of special interest and AEs leading to 
discontinuation in the ELIXA interim analysis report. Treatment-emergent adverse 
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events overall (datasets) were reviewed, and to assess for any increase in AEs with 
renal impairment, frequent TEAEs by HLTs (with relative risk assessments) are 
presented below using MedDRA adverse event diagnostic service (MAED) software, 
overall and by renal subgroup.  
 

Table 66: TEAEs by HLT, Overall and for Mild and Moderate Renal Impairment 
Subgroups, ELIXA: 

 Lixisenatide (N=1334) Placebo (N=1333)   

HLT Events 

Number 
of 
Subjects

Proportion
(%) Events

Number 
of 
Subjects

Propor 
-tion 
(%) RR 

RR C.I. 
(lower 
bound) 

All Subjects: 
Nausea and 
vomiting 
symptoms 495 299 22.41 127 74 5.55 4.038 3.167 
Appetite 
disorders 44 42 3.15 8 6 0.45 6.995 2.984 
Asthenic 
conditions 110 85 6.37 57 41 3.08 2.072 1.438 
Vascular 
hypotensive 
disorders 34 29 2.17 13 12 0.9 2.415 1.238 
Injection site 
reactions 100 31 2.32 41 15 1.13 2.065 1.12 
Neurological 
signs and 
symptoms 
NEC 328 88 6.6 228 61 4.58 1.442 1.049 
Dyspeptic 
signs and 
symptoms 36 29 2.17 18 16 1.2 1.811 0.988 
CRI stage 3 (eGFR 30-60 mL/min/m2)(Lixisenatide-296, placebo-346) 
Nausea and 
vomiting 
symptoms 159 80 27.03 43 26 7.51 3.597 2.377 
Appetite 
disorders 11 11 3.72 3 2 0.58 6.429 1.436 
Asthenic 
conditions 35 27 9.12 16 14 4.05 2.254 1.205 
Disturbances 
in 
consciousness 
NEC 40 11 3.72 18 4 1.16 3.215 1.034 
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 Lixisenatide (N=1334) Placebo (N=1333)   

HLT Events 

Number 
of 
Subjects

Proportion
(%) Events

Number 
of 
Subjects

Propor 
-tion 
(%) RR 

RR C.I. 
(lower 
bound) 

Injection site 
reactions 34 11 3.72 10 4 1.16 3.215 1.034 
Vascular 
hypotensive 
disorders 13 12 4.05 7 6 1.73 2.338 0.888 
CRI stage 2 (eGFR 60-90 mL/minute /m2)(Lixisenatide-727, placebo-730) 
Nausea and 
vomiting 
symptoms 237 154 21.18 70 38 5.21 4.069 2.897 
Appetite 
disorders 27 26 3.58 1 1 0.14 26.107 3.552 
Asthenic 
conditions 54 39 5.36 31 21 2.88 1.865 1.108 
Dyspeptic 
signs and 
symptoms 23 18 2.48 9 7 0.96 2.582 1.085 
Neurological 
signs and 
symptoms 
NEC 210 52 7.15 114 33 4.52 1.582 1.036 
Injection site 
reactions 64 19 2.61 31 11 1.51 1.734 0.831 
Normal- eGFR >90 mL/min/m2)(Lixisenatide-305, placebo-249) 
Nausea and 
vomiting 
symptoms 98 64 20.98 13 9 3.61 5.805 2.949 
Neurological 
signs and 
symptoms 
NEC 40 13 4.26 18 6 2.41 1.769 0.682 
Asthenic 
conditions 20 18 5.9 10 6 2.41 2.449 0.987 
Vascular 
hypotensive 
disorders 7 7 2.3 1 1 0.4 5.715 0.708 
Injection site 
reactions 2 1 0.33 0 0 0 2.451 0.1 
Appetite 
disorders 6 5 1.64 4 3 1.2 1.361 0.328 
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Preferred terms under select SOCs for frequent AEs were also compared using the 
JReview software program: 
 

Table 67: TEAEs by Renal Subgroup for Select SOCs, ELIXA 

Gastrointestinal disorders: 

Treatment 

 Dictionary-
Derived 
Term 

eGFR<30 
mL/min/m2 

eGFR30-
45 
mL/min/m2 

eGFR45-
60 
mL/min/m2 

eGFR60-
90 
mL/min/m2 

eGFR>90 
mL/min/m2 

 Total 
Subjects 

Lixi 
Nausea 

    1 
(0.08%) 

   28  
( 2.10%) 

   40  
( 3.01%) 

  144 
(10.82%) 

   60  
( 4.51%) 

  273  
( 7.68%) 

Pl 
Nausea 

    0  
( 0.00%) 

    6  
( 0.45%) 

   20  
( 1.50%) 

   33  
( 2.48%) 

    8  
( 0.60%) 

   67  
( 1.88%) 

Lixi 
Vomiting 

    0  
( 0.00%) 

   16  
( 1.20%) 

   15  
( 1.13%) 

   34  
( 2.55%) 

   11  
( 0.83%) 

   76  
( 2.14%) 

Pl 
Vomiting 

    1  
( 0.08%) 

    1  
( 0.08%) 

    6 ( 
0.45%) 

   13  
( 0.98%) 

    2  
( 0.15%) 

   23  
( 0.65%) 

Lixi 
Diarrhea 

    0  
( 0.00%) 

   12 ( 
0.90%) 

   12  
( 0.90%) 

   32  
( 2.40%) 

   16  
( 1.20%) 

   72  
( 2.02%) 

Pl 
Diarrhea 

    0  
( 0.00%) 

    4  
( 0.30%) 

   13  
( 0.98%) 

   35  
( 2.63%) 

   10  
( 0.75%) 

   62  
( 1.74%) 

Lixi 
Constipation 

    0  
( 0.00%) 

    4  
( 0.30%) 

    6  
( 0.45%) 

   14  
( 1.05%) 

    2  
( 0.15%) 

   26  
( 0.73%) 

Pl 
Constipation 

    0  
( 0.00%) 

    0  
( 0.00%) 

    6  
( 0.45%) 

   11  
( 0.83%) 

    1  
( 0.08%) 

   18  
( 0.51%) 

Lixi 
Dyspepsia 

    0  
( 0.00%) 

    2  
( 0.15%) 

    2  
( 0.15%) 

   17  
( 1.28%) 

    4  
( 0.30%) 

   25  
( 0.70%) 

Pl 
Dyspepsia 

    0  
( 0.00%) 

    0  
( 0.00%) 

    4  
( 0.30%) 

    6  
( 0.45%) 

    5  
( 0.38%) 

   15  
( 0.42%) 

Lixi Abdominal 
pain 

    0  
( 0.00%) 

    6  
( 0.45%) 

    2  
( 0.15%) 

   11  
( 0.83%) 

    4  
( 0.30%) 

   23  
( 0.65%) 

Pl Abdominal 
pain 

    0  
( 0.00%) 

    2  
( 0.15%) 

    4  
( 0.30%) 

    7  
( 0.53%) 

    1  
( 0.08%) 

   14  
( 0.39%) 

Lixi Abdominal 
pain upper 

    0  
( 0.00%) 

    1  
( 0.08%) 

    5  
( 0.38%) 

   12  
( 0.90%) 

    2  
( 0.15%) 

   20  
( 0.56%) 

Pl Abdominal 
pain upper 

    0  
( 0.00%) 

    1  
( 0.08%) 

    5  
( 0.38%) 

    7  
( 0.53%) 

    1  
( 0.08%) 

   14  
( 0.39%) 

 
Nervous system SOC: 

Treatment 

 Dictionary-
Derived 
Term 

eGFR<30 
mL/min/ 
m2 

eGFR30-
45 
mL/min/m2 

eGFR45-
60 
mL/min/m2 

eGFR60-
90 
mL/min/m2 

eGFR>90 
mL/min/m2 

Total 
Subjects 

Lixi 
Dizziness 

    1  
( 0.07%) 

    9  
( 0.67%) 

   13 ( 
0.97%) 

   48  
( 3.60%) 

   12  
( 0.90%) 

   83  
( 2.33%) 

Pl 
Dizziness 

    1  
( 0.08%) 

    6  
( 0.45%) 

   14  
( 1.05%) 

   32  
( 2.40%) 

    6  
( 0.45%) 

   59  
( 1.66%) 

Lixi 
Headache 

    0  
( 0.00%) 

    5  
( 0.37%) 

    9 ( 
0.67%) 

   34  
( 2.55%) 

   13  
( 0.97%) 

   61  
( 1.71%) 

Pl 
Headache 

    1  
( 0.08%) 

    2  
( 0.15%) 

   12  
( 0.90%) 

   26  
( 1.95%) 

   11  
( 0.83%) 

   52  
( 1.46%) 
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Treatment 

 Dictionary-
Derived 
Term 

eGFR<30 
mL/min/ 
m2 

eGFR30-
45 
mL/min/m2 

eGFR45-
60 
mL/min/m2 

eGFR60-
90 
mL/min/m2 

eGFR>90 
mL/min/m2 

Total 
Subjects 

Lixi 
Tremor 

    0  
( 0.00%) 

    1  
( 0.07%) 

    2  
( 0.15%) 

   15 
 ( 1.12%) 

    4  
( 0.30%) 

   22  
( 0.62%) 

Pl 
Tremor 

    0  
( 0.00%) 

    0  
( 0.00%) 

    4  
( 0.30%) 

    9  
( 0.68%) 

    1  
( 0.08%) 

   14  
( 0.39%) 

Lixi 
Insomnia 

    0  
( 0.00%) 

    1  
( 0.07%) 

    5  
( 0.37%) 

    5  
( 0.37%) 

    3  
( 0.22%) 

   14  
( 0.39%) 

Pl 
Insomnia 

    0  
( 0.00%) 

    0 
 ( 0.00%) 

    3  
( 0.23%) 

    5 
 ( 0.38%) 

    0  
( 0.00%) 

    8  
( 0.22%) 

Lixi 
Syncope 

    0  
( 0.00%) 

    4  
( 0.30%) 

    4  
( 0.30%) 

    5  
( 0.37%) 

    1  
( 0.07%) 

   14  
( 0.39%) 

Pl 
Syncope 

    0  
( 0.00%) 

    0  
( 0.00%) 

    4  
( 0.30%) 

    6  
( 0.45%) 

    0 
 ( 0.00%) 

   10  
( 0.28%) 

Lixi Vision 
blurred 

    0  
( 0.00%) 

    1  
( 0.07%) 

    2  
( 0.15%) 

    8  
( 0.60%) 

    3  
( 0.22%) 

   14  
( 0.39%) 

Pl Vision 
blurred 

    0  
( 0.00%) 

    1  
( 0.08%) 

    1  
( 0.08%) 

    7  
( 0.53%) 

    0  
( 0.00%) 

    9  
( 0.25%) 

Lixi 
Somnolence 

    0  
( 0.00%) 

    1  
( 0.07%) 

    1  
( 0.07%) 

    7  
( 0.52%) 

    1  
( 0.07%) 

   10  
( 0.28%) 

Pl 
Somnolence 

    0  
( 0.00%) 

    0  
( 0.00%) 

    0  
( 0.00%) 

    2  
( 0.15%) 

    1  
( 0.08%) 

    3  
( 0.08%) 

 
General disorders and administration site conditions: 

Treatment 
 Dictionary-
Derived Term 

eGFR<30 
mL/min/ 
m2 

eGFR30-
45 
mL/min/m2 

eGFR45-
60 
mL/min/m2 

eGFR60-
90 
mL/min/m2 

eGFR>90 
mL/min/m2 

Total 
Subjects 

Lixi Non-cardiac 
chest pain 

    0  
( 0.00%) 

    7  
( 0.52%) 

    5  
( 0.37%) 

   24  
( 1.80%) 

    8  
( 0.60%) 

   44  
( 1.24%) 

Pl Non-cardiac 
chest pain 

0     2  
( 0.15%) 

    5  
( 0.38%) 

   32  
( 2.40%) 

   13  
( 0.98%) 

   52  
( 1.46%) 

Lixi 
Fatigue 

    1  
( 0.07%) 

    3  
( 0.22%) 

    7  
( 0.52%) 

   16  
( 1.20%) 

   12  
( 0.90%) 

   39  
( 1.10%) 

Pl 
Fatigue 

0     1  
( 0.08%) 

    3  
( 0.23%) 

   11  
( 0.83%) 

    3  
( 0.23%) 

   18  
( 0.51%) 

Lixi 
Asthenia 

    0  
( 0.00%) 

    3  
( 0.22%) 

    9  
( 0.67%) 

   18  
( 1.35%) 

    5  
( 0.37%) 

   35  
( 0.98%) 

Pl 
Asthenia 

0     3  
( 0.23%) 

    7  
( 0.53%) 

    8  
( 0.60%) 

    3  
( 0.23%) 

   21  
( 0.59%) 

Lixi 
Hyperhidrosis 

    0  
( 0.00%) 

    0  
( 0.00%) 

    3 
 ( 0.22%) 

   13 
 ( 0.97%) 

    6  
( 0.45%) 

   22  
( 0.62%) 

Pl 
Hyperhidrosis 

0     0  
( 0.00%) 

    2  
( 0.15%) 

   12  
( 0.90%) 

    4  
( 0.30%) 

   18  
( 0.51%) 

Lixi 
Malaise 

    0  
( 0.00%) 

    4  
( 0.30%) 

    5 
 ( 0.37%) 

    7  
( 0.52%) 

    2  
( 0.15%) 

   18  
( 0.51%) 

Pl 
Malaise 

0     1  
( 0.08%) 

    2  
( 0.15%) 

    1  
( 0.08%) 

    4  
( 0.11%) 

    1  
( 0.08%) 

Lixi Injection site 
pain 

    0  
( 0.00%) 

    1  
( 0.07%) 

    1 
 ( 0.07%) 

    9  
( 0.67%) 

    1  
( 0.07%) 

   12  
( 0.34%) 

Pl Injection site 
pain 

0     0  
( 0.00%) 

    1  
( 0.08%) 

    2  
( 0.15%) 

    0  
( 0.00%) 

    3  
( 0.08%) 
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Metabolism and nutrition disorders 

Treatment 
 Dictionary-
Derived Term 

eGFR<30 
mL/min/ 
m2 

eGFR30-
45 
mL/min/m2

eGFR45-
60 
mL/min/m2

eGFR60-
90 
mL/min/m2

eGFR>90 
mL/min/m2 

Total 
Subjects 

Lixi 
Hypoglycemia 

    1  
( 0.07%) 

   18  
( 1.35%) 

   32  
( 2.40%) 

   80  
( 6.00%) 

   37  
( 2.77%) 

  168  
( 4.72%) 

Pl 
Hypoglycemia 0 

   17  
( 1.28%) 

   31  
( 2.33%) 

   75  
( 5.63%) 

   17 
 ( 1.28%) 

  140  
( 3.94%) 

Lixi Decreased 
appetite 

    0  
( 0.00%) 

    3  
( 0.22%) 

    8  
( 0.60%) 

   25 
 ( 1.87%) 

    5  
( 0.37%) 

   41  
( 1.15%) 

Pl Decreased 
appetite 0 

    0  
( 0.00%) 

    2  
( 0.15%) 

    1  
( 0.08%) 

    3  
( 0.23%) 

    6  
( 0.17%) 

 
 
Reviewer’s Conclusion: 
In the completed program, exaggerated differences between lixisenatide and control 
groups were noted in subjects with mild renal impairment (creatinine clearance 50-
80mL/min) for the PTs of nausea, vomiting and hypoglycemia when compared to 
subjects with normal renal function (creatinine clearance > 80 mL/min). This is 
suggestive of increased likelihood of nausea and vomiting in patients with renal 
impairment when compared to patients with normal renal function, potentially related to 
increased exposure.  
In the ELIXA study, increased number and proportion of AEs seem to occur in the 
subgroup with mild renal impairment compared to the other renal subgroups. Increased 
frequency relative to placebo occurred only for the PTs of nausea and vomiting.  
 
There was a higher percentage of discontinuations in the moderate renal impairment 
subgroup with lixisenatide (specifically GFR 30-45 mL/min/m2), although there does not 
appear to be an increase in AEs overall in this subgroup. These conclusions are limited 
due to the smaller sample size in this subgroup compared to the mild renal impairment 
subgroup. 
 
Overall, advising caution in patients with mild or moderate renal impairment and not 
recommending use in patients with severe renal impairment due to limited experience 
seems to be a reasonable approach. 
 
 
Neoplasms: 
 
Pancreatic and thyroid cancer were discussed in detail under submission specific 
primary safety concerns. 
  
Benign and malignant neoplasms in the Phase 2/3 pool and in ELIXA were reported as 
in the tables below.  
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Table 68: Phase 2/3 Program-Neoplasms 

 

 

 
Source: Table 132, ISS-pg 393-396 
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Table 69: Malignancies reported in ELIXA as of Cut-off date of July 25, 2012   

 
Reviewer’s Comment: Overall malignancies seemed balanced between treatment and 
comparators except for lung cancer. This was assessed further and additional 
information was requested from the applicant. 
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Table 70: Neoplasms Reported as SAE in Lixisenatide  Patients - Completed Program: 

(Pancreatic, thyroid and lung cancer are discussed separately) 
Subject ID Type of malignancy, 

exposure duration 
Action taken with IP, status 

EFC 6015-39251001 
74 yr old male, 

Left carcinoma-glottis, Day 
646 

Continued, recovering 

EFC10743-642302022 
41 yr old male 

Renal neoplasm, Day 644 Continued, recovered with 
sequelae 

EFC10743-642302038 
48 yr old female 

Right ovarian tumor 
(malignant stage 3C), Day-
588 

Continued, recovered with 
sequelae 

EFC10743-440305001 
60 yr old male 

Renal neoplasm (clear cell 
carcinoma with low 
differentiation, PT3A, G3. 
N0, M0, III ST.), Day 594 

Continued, recovered. 

EFC6014-203411014 
59yr old male 

Renal cell carcinoma, Day 
560 

Continued, recovered 

EFC10743-484302001 
42 yr old female 

Breast cancer (infiltrating 
ductal adenocarcinoma 
grade 2), Day 451  

Discontinued, recovered 

EFC10781, 616205004 
62 yr old female 

Metastatic breast cancer, 
Day 126 

Continued, not recovered 

EFC6016-076601011 
39 yr old female 

Anogenital warts, 
carcinoma of cervix, Day 
539 

Continued, recovered 

DRI6012-616004042 
68 yr old female 

Acute myeloid leukemia, 
Day 68 

Discontinued, unknown 

EFC6019-840934002 
54 yr old male 

Metastatic carcinoma, Day 
49 

Discontinued, fatal 

EFC6015-158504011 
75 yr old female 

Brain neoplasm benign, 
Day 701 

Continued, recovered 

EFC6019-724904002 
60 yr old male 

Mid brain tumor, Day 579 
(reported post-treatment)  

Continued, not recovered 

EFC 6015-158501007 
49 yr old male 

Rectal cancer, Day 180 Discontinued, recovered 

EFC6015-158502005 
52 yr old male 

Rectosigmoid cancer, Day 
197 

Continued, not recovered 

EFC10887-392109009 
78 yr old male 

Renal cell carcinoma, Day 
56 

Continued, Recovered 

EFC6015-203510005 
61 yr old male 

Carcinoma prostate, Day 
561 

Continued, not recovered 

Reviewer’s assessment: Most subjects were exposed to lixisenatide for long periods at 
diagnosis making association to study drug possible. However, given the balanced 
number of events compared to placebo and similar patterns of exposure duration to 
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Source: Applicant’s response to IR dated June 6, 2013 
 
The Division of Oncology products (DOP2) was consulted about this adverse event (Dr. 
Khozin’s review dated 7/26/13).  Dr. Khozin included all 8 cases.  Points from his review 
are noted below. 
 
“The median time to diagnosis in the eight reported cases of lung cancer was 407 days 
(range 41 to 743) and median reported age was 58 years (range 45 to 80). There were 
more females (60%) than males.  
 
Two patients were diagnosed with lung cancer on days 41 and 52, making it very 
unlikely drug-related. However, the median age at diagnosis was only 58 (range 45 to 
80), which is less than the reported median age of lung cancer diagnosis in the general 
population. According to the information obtained from the Surveillance Epidemiology 
and End Results (SEER) database, from 2006-2010, the median age at diagnosis for 
cancer of the lung and bronchus in the United States was 70 years of age with 
approximately 21.3% diagnosed between 55 and 64 years of age. The age-adjusted 
incidence rate was about 61 per 100,000 men and women per year. These statistics 
can be considered similar to that of most developed countries.  
 
Assuming 3958 patient-years of exposure for lixisenatide, the non-adjusted incidence of 
lung cancer in this population would be about 200 per 100,000 patient-years. The 
incidence of lung cancer in high risk individuals can be estimated at about 600 cases 
per 100,000 person-years based on the results of the National Lung Screening Trial 
(NLST). Therefore, the incidence rate of lung cancer in the lixisenatide-exposed group 
is higher than the general population but lower than the rate in high risk individuals. 
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In conclusion, it is not clear if the reported cases of lung cancer in the lixisenatide 
exposed individuals represent a true signal or a chance finding.” 
 
The Oncology consultant recommended that the applicant collect data on the relative 
risk and risk difference of lung cancer in patients exposed to lixisenatide versus placebo 
with a median duration of follow up of at least 5 years, preferably in the ongoing 
cardiovascular outcome study (ELIXA) in which smoking history and other risk factors 
are collected.  On August 28, 2013, DMEP requested these data from the applicant. 
The Oncology consultant also recommended collecting detailed information on the 
histopathological diagnosis and molecular characteristics of all observed cases of lung 
cancer in this study.  They also recommended ongoing pharmacovigilance in 
consultation with the office of surveillance and epidemiology (OSE) A consult has been 
generated and the review is pending.  
 
On August 19, 2013, the applicant submitted a response to an IR for an integrated 
assessment of AEs of interest in the completed Phase2/3 program and ELIXA. In this 
integrated analyses, the applicant has a cut-off date of January 25, 2013 for neoplasms. 
The applicant reports ten cases of lung cancer with lixisenatide versus five with placebo 
in this update.  Based on data submitted in these analyses, it seems likely that the 
imbalance observed with lixisenatide for lung cancer is a chance finding.  
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Figure 19: Forest Plot of Malignancies by Type for the Pooled Data of Completed Phase 
2 and 3 Controlled Studies and ELIXA (Day 120 SUR cutoff date of Jan 25, 2013): 
Lixisenatide versus All Comparators - Safety Population 

 
 
All Cardiac AEs: 
 
Meta-analysis of CAC adjudicated major CV events will be discussed separately with 
the ELIXA study interim analysis. The ELIXA study has met non-inferiority criterion 
requirements (upper bound of 96% CI less than 1.8 compared to comparator) to support 
regulatory submission 
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Table 72: Non-MACE Cardiac TEAE(s) by Primary SOC, HLGT, HLT and PT in 100 
Patient-years in Phase 3 Placebo-Controlled Studies: Entire Treatment Period, Safety 
Population  

 

 

 

 
 
Source: ISS-Appendix 1.2.2.19, Pg 1443-1445 
 
For the vascular disorders SOC, except for the imbalance in hypertensive crisis/urgency 
events reported as SAEs with lixisenatide and discussed in section 7.3.4, there were no 
unusual imbalances in AEs in this SOC (I.S.S. Appendix 1.2.2.19) 
 
Numerically, but not statistically significantly, more events occurred in lixisenatide-
treated patients compared to the placebo group for supraventricular arrhythmias HLT 
(1.0% versus 0.6%; 0.9 versus 0.6 per 100 patient-years of total exposure), cardiac 
conduction disorders HLT (0.6% versus 0.1%; 0.5 versus 0.1 per 100 patient-years of 
total exposure), palpitations PT (1.4% versus 0.6%; 1.2 versus 0.6 per 100 patient-
years of total exposure), and tachycardia PT (0.6% versus 0.1%; 0.5 versus 0.1 per 100 
patient-years of total exposure). 
 
The applicant reports that none of the events under the supraventricular arrhythmias 
HLT were serious or led to treatment discontinuation (ISS-appendix 1.2.4.2 and 
1.2.5.1.2). The most frequently reported PT was atrioventricular block first degree, 
which was reported at a rate of 0.2% in lixisenatide-treated patients and 0.1% in the 
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placebo group. All events reported in the Phase 3 placebo-controlled studies over the 
entire treatment period with the PT term palpitations and the PT term tachycardia, were 
reported as non-serious. One single event of palpitations reported in a lixisenatide-
treated patient (Patient No. 410510033 in Study EFC6015) led to treatment 
discontinuation. This patient experienced dizziness, palpitation, and tremor (? 
symptomatic hypoglycemia) on study Day 09 while receiving lixisenatide 15 μg/day. The 
event resolved on the same day without treatment. The same symptoms were reported 
again on Day 25 after which IP was discontinued. The outcome was reported as 
recovered. 
 
Serious events in the cardiac conduction disorders HLT with lixisenatide (complete AV 
block and Stokes-Adams syndrome) are discussed below: 
Complete heart block: Two subjects on lixisenatide developed complete AV block 
reported as serious adverse events. In addition, another subject developed Stokes-
Adam syndrome. Subject 276503001, Study EFC6015 – lixisenatide: this 73-year-old 
male was receiving lixisenatide 10 μg/day. On study Day 8, the patient experienced 
vertigo and dyspnea and was hospitalized with grade 3 atrioventricular block. IP was 
temporarily discontinued. Treatment included pacemaker placement and the event 
resolved. IP was re-started on Day 16 
Subject 528506001, Study EFC6015 – lixisenatide: this 65-year-old male was receiving 
lixisenatide 20 μg/day. On study Day 331, the patient experienced chest pain. IP was 
discontinued on study Day 334 due to patient’s request. On study Day 335, the patient 
was hospitalized and diagnosed with myocardial infarction. Upon admission, mitral 
valve insufficiency and 3rd degree atrioventricular block were also noted requiring a 
temporary external pacemaker. Ten days post-treatment, the patient underwent 
coronary artery bypass graft surgery with placement of a mitral ring as corrective 
treatment for mitral valve insufficiency. The events resolved and pacemaker was 
discontinued.  
Subject 804305006, Study EFC10743 – lixisenatide: this 73-year-old female with a 
medical history of diabetes mellitus since 1995, hypertension, dyslipidemia, 
sinoauricular block and congestive heart failure was receiving lixisenatide 20 μg/day. On 
study day 398, the patient experienced angina pectoris and was hospitalized with 
ischemic heart disease and Wolff Parkinson- White syndrome. On study Day 403, the 
patient was diagnosed with worsening of sinoauricular conduction (Adams-Stokes 
syndrome) and had frequent episodes of Morgagni-Adams-Stokes attacks with asystole 
up to 5 seconds identified in Holter monitoring. The patient received clinical treatment 
for the myocardial ischemia and on Day 409 a pacemaker was implanted. The events 
resolved. IP was not discontinued due to the adverse events. 
 
In both active control studies (EFC 6019 and EFC 10780), the number of patients with a 
TEAE in the cardiac disorders SOC was similar in both treatment groups. 
 
To investigate if there was an impact of heart rate (HR) on the occurrence of selected 
cardiac disorders TEAEs (palpitations [PT] or tachycardia [PT] or supraventricular 
arrhythmias [HLT] or cardiac conduction disorders [HLT]), the applicant compared HR 
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data for patients with these selected cardiac disorders TEAEs versus patients without 
such an event using box plots over time for actual values and change from baseline. 
There appears to be no trends for median HR or outliers, but this data is limited by the 
fact that only HR at selected visits is available. Quantitative effect on HR was evaluated 
in the thorough QT study. 

Figure 20: HR Change from Baseline- Subjects with Tachycardia, Supraventricular 
Arrhythmias or Conduction disorders. 

Box plot of heart rate change from baseline at 
selected visits in lixisenatide patients with 
selected PT or HLT in cardiac disorders SOC in 
Phase 3controlled studies - safety population 

Box plot of heart rate change from baseline 
at selected visits in lixisenatide patients 
without selected PT or HLT in cardiac 
disorders SOC in Phase 3 controlled studies 
- safety population 

Studies included: Phase 3 placebo-controlled studies (EFC6014, EFC6015, EFC6016, EFC6017, EFC6018, 
EFC10743, EFC10781, EFC10887 and EFC11321) and active-controlled studies (EFC6019 and EFC10780). 
Selected PTs or HLTs: palpitations (PT) or tachycardia (PT) or supraventricular arrhythmias (HLT) or cardiac 
conduction disorders (HLT). 
BL: baseline. 
Source: Appendix 1.2.6.18 and 1.2.6.19, ISS-pg 4222-4223 
 
Neurological disorders: 
Table 73: Non-MACE Neurologic TEAE(s) by Primary SOC, HLGT, HLT and PT in 100 
Patient-years in Phase 3 Placebo-controlled Studies: Entire Treatment Period Safety 
Population 
Preferred Term  Lixisenatide (N=3623) All Comparators (N=2336) 
 n Crude 

rate% 
Incidence 
per 100 
PY 

n Crude 
rate (%) 

Incidence 
per 100 PY 

Somnolence  37  1.0%  1.0  12  0.5%  0.5 
Dizziness  283  7.8%  7.4  147  6.3%  6.7 
Presyncope 5  0.1%  0.1  2  0.1%  0.1 
Lethargy  14  0.4%  0.4  3  0.1%  0.1 
Headache  422  11.6% 11.0  207  8.9%  9.5 
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Preferred Term  Lixisenatide (N=3623) All Comparators (N=2336) 
 n Crude 

rate% 
Incidence 
per 100 
PY 

n Crude 
rate (%) 

Incidence 
per 100 PY 

Tension headache  10  0.3%  0.3  1  0.0%  0.0 
Tremor 89 2.5%  2.3  32  1.4%  1.5 
 
Source: Appendix 1.2.2.19-ISS, page 1420-1432 
 
As listed above there was a numerical imbalance with higher number of events with 
lixisenatide for the PTs-dizziness/presyncope, headache, tremor, (discussed under 
common AEs), somnolence and lethargy.  
 
There was an imbalance in the HLT seizure and seizure disorders (4 vs. 0). Hence 
narratives were requested from the applicant since they were not reported as SAEs 
(safety response dated June 10, 2013).  
 
Subject ID: 124407008; EFC6014 (PT: Epilepsy) involves a 56 year-old 
Caucasian/White female patient. This patient with no prior history of epilepsy was 
reported with the event on Day 335. Concomitant medications included paroxetine and 
temazepam. No action was taken with IP; the outcome was reported as not recovered. 
No events of symptomatic hypoglycemia were reported. 
 
Subject ID: 804405016; EFC6014 (PT: Partial seizures) involves a 58 year-old 
Caucasian/While female patient. On  (Day 316) an event of partial seizure 
of feet was reported. No further details regarding this event were provided. The 
outcome for the event was reported as not recovered. No action was taken with the IP. 
No events of symptomatic hypoglycemia were reported. 
 
Subject ID: 840864003; EFC6017 (PT: Convulsion) involves a 49-year-old 
Caucasian/White male patient randomized to lixisenatide. On Day 526, the patient 
experienced a seizure. On that day, at approximately 11:00 AM and soon following the 
injection of lixisenatide, the patient experienced a witnessed complex tonic-clonic 
epileptic seizure lasting 2.5 minutes with minor trauma to the right elbow and biting of 
the inner lip and tongue. After the event he was tired and confused without focal 
neurological deficits. He then slept for an hour, got up for a period of time and then went 
back to sleep for another 3 hours. Blood sugar readings were 115 mg/dL at 08:03 AM, 
115 mg/dL at 13:32 (after the event) and 154 mg/dL at 17:12. The patient and his sister 
reported postictal-like episodes approximately once a week for the past 4-5 months. 
The assessment did not disclose any personal history or personal risk factor for 
epilepsy, but revealed a positive familial history of seizure disorders in both of his 
sisters. The neurologist considered that the seizure was related to chronic arterial 
insufficiency in the brain, possible hypoglycemia (although not confirmed at the time) 
since the patient had not eaten for approximately 15 hours and a lower genetic epileptic 
threshold. 
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Subject ID: 764502006; EFC6015 (PT: Epilepsy) involves a 56 year-old Asian/Oriental 
Male. On  Day 424, the patient experienced seizure due to known epilepsy. The event 
required corrective treatment (unspecified). The patient was receiving lixisenatide 20 μg 
daily at the time of the event and no action was taken with the IP. During the study, the 
patient had three episodes of hypoglycemia reported on  (Day 84),  

(Day 94) and  (Day 230). Blood glucose levels were 57, 58, and 
47 mg/dL respectively. Symptoms included palpitations in two episodes and feeling 
shaky in one episode. All events had prompt recovery with oral carbohydrates and were 
assessed as non-serious. Contributing factors for all events of hypoglycemia were 
reported as patient skipped meal or changed diet intake. No events of hypoglycemia 
had been reported around the time of the above described event of seizure. 
 
Reviewer’s assessment: Except for one patient with a known history of epilepsy, 
hypoglycemia playing a contributory role to seizures in the other patients cannot be 
excluded. It is to be noted that Subject 840864003 (EFC6017) reported multiple 
episodes over 4-5 months while on study drug. Except Study 6015, all the other trials 
were not add-on to insulin or sulfonylurea studies. 
 
Other than the events discussed under serious adverse events and AEs leading to 
discontinuation, there were no significant AE imbalances in the Psychiatric Disorders 
SOC (ISS- Appendix 1.2.2.18 and 1.2.2.19) in the Phase 3 placebo-controlled studies or 
controlled Phase 2/3 studies. 

7.3.4 Nonfatal Serious Adverse Events 

Non-fatal serious adverse events over the entire treatment period in placebo-controlled 
studies are discussed below. I chose the entire treatment period over the main 
treatment period of 24 weeks since, except for early discontinuation due to nausea and 
vomiting, the discontinuation rate was comparable between both groups over time 
(section 7.2.1) and at least 50% of subjects were exposed to study treatment over 52 
weeks. The incidence rate of serious TEAEs was 8.5% in the lixisenatide group 
compared with 7.8% in the placebo group. The listing below compares serious TEAEs 
in the entire treatment period in the pivotal Phase 3 placebo-controlled studies. In the 
controlled Phase 2/3 studies, the incidence of serious TEAEs in the lixisenatide group 
was 7.6% compared to 6.7% in the all comparators group (Table 37 and Appendix 
1.2.4.3 in the ISS). 
 
In general, given the subject population demographics with median diabetes duration of 
8 yrs, percentage of insulin-dependent subjects, percentage of subjects with 
microvascular and macrovascular complications, and co-morbid illness at baseline, 
most of the serious adverse events reported can be expected to occur. 
 
Numerical imbalances are highlighted in which an event occurred in at least two more 
lixisenatide-treated patients than in comparator-treated patients. Narratives for these 
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events are briefly discussed in this section, excluding serious adverse events in the 
neoplasms (excluding pancreatic and medullary thyroid cancer), hepatic, renal and 
neurological categories. These were discussed in the significant adverse events Section 
7.3.3.  Adverse events of special interest (hypersensitivity, pancreatitis, medullary 
thyroid and pancreatic cancer, hypoglycemia, injection site reactions, and 
immunogenicity were discussed in Section 7.3.2. Serious adverse events related to 
delayed gastric emptying (nausea, vomiting, gastroesophageal reflux disease [GERD] 
symptoms) will also be discussed in Section 7.3.5.  

Table 74: Non-MACE Serious Adverse Events in Phase 3 Placebo- Controlled Studies; 
Entire Treatment Period, Safety Population 

High level term (HLT) or Preferred Term (PT) Placebo Lixisenatide 
HLT: Cardiac conduction disorders  1 (<0.1%)  3 (0.1%) 
Atrioventricular block complete  0  2 (<0.1%) 
Sudden hearing loss 0  2 (<0.1%) 
EYE DISORDERS  1 (<0.1%)  11 (0.4%) 
HLGT: Retina, choroid and vitreous haemorrhages 
and vascular disorders  

1 (<0.1%)  6 (0.2%) 

Vitreous hemorrhage  0  3 (0.1%) 
HLT: Cataract conditions  0  3 (0.1%) 
Cataract  0  2 (<0.1%) 
Retinal detachment  0  2 (<0.1%) 
Hemorrhoids  0  3 (0.1%) 
Umbilical hernia  0  2 (<0.1%) 
HLT: Nausea and vomiting symptoms  0  3 (0.1%) 
Appendicitis  0  2 (<0.1%) 
Urinary tract infection 1 (<0.1%)  5 (0.2%) 
Pyelonephritis  0  1 (<0.1%) 
Pyelonephritis acute 0  1 (<0.1%) 
Urosepsis 0  1(<0.1%) 
Road traffic accident  0  3 (0.1%) 
Fall  0  2 (<0.1%) 
Multiple injuries 0  2 (<0.1%) 
Rib fracture 0  3 (0.1%) 
HLT: Upper limb fractures and dislocations  2 (0.1%) 5 (0.2%) 
Osteoarthritis 2 (0.1%)  7 (0.2%) 
Pancreatic enzymes increased  0  2 (<0.1%) 
Hypoglycemic unconsciousness 0  2 (<0.1%) 
Pancreatic carcinoma  0  3 (0.1%) 
Depression  0  2 (<0.1%) 
HLT: Schizophrenia NEC  0  3 (0.1%) 
Hypertensive crisis  0  4 (0.1%) 
Peripheral arterial occlusive disease  0  2 (<0.1%) 
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Source:  ISS listing-Appendix 1.2.4.2  
 
 
 
Sudden hearing loss: 
 
Subject 392519001; EFC6015) experienced tinnitus and right sudden deafness (sudden 
hearing loss) of moderate severity on Day 631. On Day 633, he presented with tinnitus 
and hoarseness, and an otorhinolaryngological examination revealed a left vocal cord 
tumor which was later diagnosed as left carcinoma glottis (glottis carcinoma). 
 
Subject 392534004; EFC6015: On Day 65, the patient developed sudden moderate 
deafness of the right ear, attributed to stress and fatigue. At the time of this event, the 
patient was receiving lixisenatide 20 μg per day. On Day 70, he complained of vertigo, 
vomiting, right tinnitus, and blocking sensation in the ear. He was treated 
symptomatically for presumably peripheral (labyrinthine) vertigo/ Meniere’s disease and 
seen by an otorhinolaryngologist. On Day 71, the patient’s hypoacusis became severe 
and he was hospitalized. The IP was withheld from Day 66 through Day 86. The exact 
diagnosis was not reported in the narrative. The event of right sudden deafness (sudden 
hearing loss) was ongoing at the time of the last available report. 
 
Eye disorder imbalance:  
 
Since there 11 SAEs in this class for lixisenatide versus 1 for placebo, the narratives 
were reviewed. 
These included  

 cataract -EFC6015- Subjects 410503003 and 410504003. Both patients had 
documented cataracts pre-treatment and had surgery during the study; Study 
6016- Subject 250607001, had microvascular complications but no prior history 
of cataract, diagnosed on Day 100 

 lens dislocation-EFC6016- Subject 276606003. The patient had a history of 
artificial lens implant in the left eye secondary to cataract. 

 diabetic retinopathy and macular edema- EFC6017- Subject 040704004. The 
patient had a history of multiple microvascular complications. 

 retinal detachment- EFC6017- Subject 642711011- associated with vitreous 
hemorrhage and diabetic retinopathy; EFC6017- Subject 484304018-developed 
left retinal detachment with retinal hemorrhage, no history of microvascular 
complications reported but history of diabetes over 15 years. 

 retinal hemorrhage- EFC6016,Subject 792602001- had a history of diabetic 
retinopathy 

 hemorrhagic retinopathy- EFC6016, Subject 630625003- had history of 
retinopathy 

 vitreous hemorrhage— EFC6014, Subject 642403007- no prior microvascular 
complications reported; EFC6015- Subject 392527012- had a history of diabetic 
retinopathy 
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Seven patients on lixisenatide versus one on placebo (ratio of 3.5 : 1 based on 
exposure) had complications secondary to retinopathy reported as SAEs. Two of these 
patients had no reported prior microvascular disease. 
 
Urinary tract infection (UTI), pyelonephritis and urosepsis (eight patients on lixisenatide 
total vs. one UTI in a placebo patient, ratio of 4:1 based on exposure): 

 study 6016- Subject 152601003- female patient developed a complicated UTI 
requiring IV antibiotics  

 EFC 6016- Subject 250602009- developed UTI/pyelonephritis secondary to renal 
calculus and required a left ureteric stent  

 study 6016- Subject 250602023- male patient hospitalized for UTI secondary to 
prostatic hypertrophy  

 EFC 6017- Subject 604705016- developed UTI requiring IV antibiotics secondary 
to bilateral nephrolithiasis  

 EFC6019- Subject 170904008- patient was hospitalized with recurrent episodes 
of urosepsis/septic shock (X3) secondary to obstructive kidney stones. 
Investigational product was temporarily withheld for up to 60 days during each 
episode and she required a nephrostomy/lithotripsy. 

 EFC 6015- Subject  410508005- patient hospitalized for UTI secondary to 
ureteric calculus 

 EFC 6015- Subject  40532001- female patient developed UTI and abdominal 
pain requiring IV antibiotics. Abdominal CT scan was negative for pancreatitis. IP 
was discontinued by subject on day 294. She was diagnosed with cystocele post-
treatment requiring surgical repair. 

 EFC 6019-Subject 348902009- male patient hospitalized for acute pyelonephritis, 
required an indwelling catheter a year earlier (reason not reported). 

Of the eight patients with complicated UTI, four developed it secondary to renal 
calculus; the rest were due to other etiologies.  
 
Appendicitis: 
In the placebo-controlled studies two patients (EFC10743- Subject-  440304002, EFC 
6017- Subject- 8400707008) had acute appendicitis reported as SAE. In the Phase 2/3 
pool, there were three cases with lixisenatide versus one with comparator, including one 
case of perforated appendicitis in study DRI6012 in a patient on placebo. 
 
Umbilical hernia: 
Two patients (040704002, 276701002) on lixisenatide from EFC6017 versus none on 
placebo had umbilical hernia reported as SAE. Both underwent surgery for obstructed 
hernia. One patient had the condition reported in their medical history. 
 
Hemorrhoids: 
Three patients on lixisenatide versus none on placebo had hemorrhoids reported as an 
SAE. 
EFC10781-Subject  356206011- hospitalized for rectal bleeding due to hemorrhoids and 
had a hemorrhoidectomy during same hospitalization. 
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EFC6014- Subject 484402010 & EFC6015- Subject 410508003- hospitalized for 
proctitis/hemorrhoids and underwent surgical treatment. 
 
Hypertensive crisis (4 subjects on lixisenatide versus none on placebo-all reported from 
same study [EFC6014]) 

 Subjects 276404007, 608403004 and 608404016 had hypertensive urgencies 
 Subject-804402008- hypertensive encephalopathy due to hypertensive crisis 

 
Peripheral arterial occlusive disease: 
Both patients (EFC 6014- Subjects-276405001, 6015-276503004) had prior history of 
PAD and experienced an on-treatment exacerbation. 
 
Schizophrenia and Depression: 
Three patients (EFC 6015- Subjects-276503002 and 840520010; EFC 10781- Subject- 
233202001) had paranoid schizophrenia (Two subjects) and simple schizophrenia (one) 
reported as SAE. All subjects had a prior medical history of the condition. 
Depression-related SAEs (depression, suicidal attempt, completed suicide) appeared 
balanced when considered together (three with lixisenatide versus two with placebo). 
 
Osteoarthritis: 
Seven subjects on lixisenatide vs. two placebo subjects had this reported as an SAE. 
On review of the narratives (EFC10743- Subject 276306002; EFC6014- Subjects 
276405005, 036401003, 191401007and  203413006; EFC6016- Subject 840647005; 
EFC6017- Subject 840709005), except one patient who was hospitalized for pain 
control, all the others were for meniscal resection or joint arthroplasties.  
 
Falls, fracture and injury imbalances reported as SAEs: 
There were three rib fractures reported as SAEs and associated with multiple trauma. 
On reviewing the incidence rate per 100 patient-years of exposure in Phase 2/3 studies 
(ISS appendix 1.2.2.20 starting on page 1757), fractures overall seem balanced except 
for rib fractures (13 with lixisenatide, two with comparator) and there does not seem to 
be a signal that has to be further explored since these are not associated with increased 
bone fragility.  
 

Table 75: Fracture TEAEs by HLT in Phase 2/3 Controlled Studies- Safety Population 
including Incidence per 100 Patient-Years of Exposure: 

PRIMARY SYSTEM ORGAN 
CLASS 
HLT: High Level Term 

Lixisenatide (n=3623) All Comparators (n=2336) 

 n Crude 
Rate 
(%) 

Incidence 
(100PY) 

n Crude 
Rate (%)

Incidence
(100PY) 

Upper limb fractures and 
dislocations  

18 0.5% 0.5 11 0.5% 0.5 
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PRIMARY SYSTEM ORGAN 
CLASS 
HLT: High Level Term 

Lixisenatide (n=3623) All Comparators (n=2336) 

 n Crude 
Rate 
(%) 

Incidence 
(100PY) 

n Crude 
Rate (%)

Incidence
(100PY) 

Lower limb fractures and 
dislocations 

16 0.4% 0.4 13 0.6% 0.6 

Thoracic cage fractures 
and dislocations 

14 0.4% 0.4 2 0.1% 0.1 

Spinal fractures and 
dislocations  

4 0.1% 0.1 2 0.1% 0.1 

Fractures and 
dislocations NEC 

3 0.1% 0.1 3 0.1% 0.1 

Skull fractures, facial 
bone fractures and 
dislocations 

2 0.1% 0.1 1 0.0% 0 

Source: ISS Appendix 1.2.2.20, starting page 1757 

7.3.5 Dropouts and/or Discontinuations 

Applicant’s Tables 16 and 17 in the ISS outline subject disposition in the Phase 3 
placebo-controlled studies and all Phase 2/3 studies respectively. Overall, the rates of 
treatment discontinuations during both the main and entire treatment periods were 
higher in the lixisenatide group when compared with the placebo group, with the main 
reason for discontinuation being adverse events in both treatment periods (4.6% vs. 1.8 
% for main period; 9.4% vs. 5.1% for entire treatment period). This was followed by 
“other reasons” and poor compliance to protocol. A similar pattern was observed when 
all Phase 2/3 studies were considered (Table 17-ISS). 
 
When “other reason” was given as the reason for treatment discontinuation, the 
applicant reports that a statement describing the patient’s reported reasons was entered 
into the eCRF in order to ensure the reason did not involve an AE. These statements 
were reviewed by the clinical study team at the time of the Data Review and 
Surveillance meetings, and queries were sent to the sites to confirm that these did not 
involve AEs that led to treatment discontinuation. 
 
Some of the most common reasons given in this category were moving to another 
location or extended travel, no longer wants to perform injections, unspecified personal 
reasons, family related issues, lack of time to attend site visits, and tired of study visits 
and procedures.  
 
The applicant reports a greater difference between lixisenatide and placebo K-M curves 
earlier in the study, which is reflective of the effects of nausea and vomiting after 
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initiating treatment in the lixisenatide group (Figure 2 and 3-ISS, page 86/87). This will 
be discussed in section 7.3.5.  

Table 76: Patient Disposition in Phase 3 Placebo-Controlled Studies - Randomized 
Population 

 
Source-Table 16, ISS 
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Table 77: Patient Disposition in Phase 2/3 Studies - Randomized Population 

 
Source: Table 17- ISS 
 
In the active-controlled study versus exenatide (EFC6019), a total of 639 patients were 
randomized; the applicant excluded five randomized and treated patients from a 
noncompliant German site (Site No. 276-905) from all efficacy analyses and reported 
only safety data separately in the study report (no deaths or SAEs reported for these 
patients). All 634 patients (318 in the lixisenatide and 316 in the exenatide groups) 
included in the analysis were exposed to the study treatment. The percentages of 
patients who discontinued the treatment during the whole study were similar between 
treatment groups (32.1% for lixisenatide, 30.4% for exenatide) as well as the 
percentage of patients who discontinued treatment due to AEs (14.2% in each group). 
There were eight deaths reported in the study, four in each treatment group. 
 
In the 24-week active-controlled study versus sitagliptin (EFC10780), a higher rate of 
treatment discontinuation was observed in the lixisenatide group (16/158- 10.1%) when 
compared to the sitagliptin group (11/161- 6.8%) (5.3.5.1 Study EFC10780, efc10780-1-
15-body [Table 3]). This difference was reported to be due to a higher incidence in the 
lixisenatide group for discontinuations due to poor compliance, loss to follow-up and 
other reasons. 
 
Reported adverse events leading to discontinuation: 
 
During the entire treatment period in the Phase 3 placebo-controlled study pool, the rate 
of treatment discontinuation due to TEAEs was higher in the lixisenatide group (9.3%) 
when compared with the placebo group (4.8%) (Appendix 1.2.5.1.2-ISS). On comparing 
the main treatment period with the entire treatment period, most GI AEs such as nausea 
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and vomiting leading to treatment discontinuation appeared to have occurred earlier in 
the main treatment period. Since overall, the AE imbalances occurred for the same PT 
and SOC in both treatment periods, applicant’s Table 87 from the ISS showing TEAEs 
leading to discontinuation in two or more subjects in the main treatment period is shown 
below and discussed. Cardiac disorders are discussed in a separate review/briefing 
document. Individual narratives for TEAEs leading to discontinuation, that were 
increased with lixisenatide treatment and not covered under primary safety concerns, 
adverse events of special interest and SAEs, were reviewed and briefly discussed here. 
Nausea and vomiting will be discussed in Section 7.3.5.   
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Table 78: TEAEs leading to Treatment Discontinuation (PTs with Two or more Patients 
in any Treatment Group) by Primary SOC and PT in Phase 3 Placebo-Controlled 
Studies: Main Treatment Period - Safety Population 
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Source: Table 87-ISS 
 
Narrative reviews: 
 

Table 79: Discontinuations due to Dizziness- Entire treatment period, Placebo-
Controlled Phase 3 Studies 

USUBJID Associated Events Reported as SAE 
or Severe 

006014-484-409-019 diagnosed as peripheral 
dizziness 

Y (with syncope) 

006015-158-511-013 abdominal distension and 
nausea 

N 

006015-356-507-015 nausea, fatigue and gastritis N 
006015-410-509-009 nausea, asthenia and 

decreased appetite 
N 

006015-410-509-010 Symptomatic hypoglycemia 
X4 

N 

006015-410-510-033 Palpitations and tremor 
(hypoglycemia not reported) 

N 

006015-840-503-006 None reported N 
006016-410-603-004 Nausea and dyspepsia N 
006017-484-704-005 Nausea and bilateral hearing 

loss 
N 

006017-604-703-007 Vomiting X1, intermittent 
headache 

N 

006017-604-703-012 Nausea and headache N 
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USUBJID Associated Events Reported as SAE 
or Severe 

010743-276-302-009 Nausea, abdominal distention, 
dyspepsia, left eye vitreous 
hemorrhage 

N 

010743-804-304-015 Nausea and dysuria N 
010781-124-209-014 Fatigue, abnormal 

coordination, flushing, tremor 
and headache after injections 
(?hypoglycemia) 

N 

010887-392-104-020 None reported, recovered with 
dechallenge 

N 

011321-156-013-025 Nausea severe 
011321-156-037-019
(placebo) 

Somnolence and nausea severe 

Reviewer’s Comment- except for three events probably related to hypoglycemia and 
one event of possible labyrinthine etiology, almost all the other events seem to be 
related to GI side effects. 
 

Table 80: Discontinuations Due to Headache 

USUBJID Associated Events 
011321-156-009-010 
(placebo) 

None reported, persistent headache not resolved with 
dechallenge. 

006014-484-406-019 Nausea, vomiting, eye irritation 
006014-710-405-007 Nausea 
006016-840-626-002 General body aches 
006017-604-703-012 Nausea, dizziness 
006017-840-795-003 Dyspnea, pain in extremity, non-cardiac chest pain 
Reviewer’s Comment: All events were reported as mild to moderate except for one 
subject. Three of the patients on lixisenatide had headache associated with GI side 
effects and two possibly with a viral illness. 
 

Table 81: Discontinuations Due to Diarrhea: 

USUBJID AESEV Associated events 
010743-484-305-003 MILD None reported, event resolved 32 days post-

withdrawal 
010781-124-215-005 SEVERE Abdominal distension, nausea and upper 

abdominal pain. 
010887-392-113-013 MILD Nausea, recovered with dechallenge  
011321-156-012-017 MODERATE Vomiting, recovered with dechallenge 
006014-036-403-006 MODERATE None reported, resolved ten days post- 

withdrawal 
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USUBJID AESEV Associated events 
006015-276-502-001 MODERATE Recurrent diarrhea, did not resolve until 84 days 

post-withdrawal. 
006015-410-503-012 MODERATE 

(SAE) 
Dyspepsia and anorexia,? infectious- treated 
with nifuroxazide, resolved with dechallenge 

006015-410-510-021 MILD Nausea and vomiting, duodenal ulcer and colon 
polyp. Resolved post-dechallenge 

006015-840-505-010 MILD Nausea, resolved with dechallenge 
006016-076-606-006 MODERATE Abdominal distension, nausea, vomiting, 

decreased appetite (recurrent until Day 212, 
dose reduced to 15 mcg. Treated for last 
episode with trimethoprim/sulfamethoxazole 
and ciprofloxacin. 

006016-124-605-001 MILD Nausea, resolved with dechallenge 
006016-826-604-002 MILD Dyspepsia, diarrhea ongoing post-withdrawal 
006017-840-762-005 SEVERE Decreased appetite, flank pain. Resolved with 

dechallenge. 
006015-158-508-002 
(placebo) 

MODERATE  
(SAE) 

Complicated UTI treated with multiple antibiotics

 
Reviewer’s Comment: Except for two subjects for whom there was some confounding 
due to treatments administered, all the cases of diarrhea were non-infectious. Ten of 
these cases appear to be drug-related, since the symptoms resolved with dechallenge. 
 

Table 82: Discontinuations Due to Vertigo: 

USUBJID Associated Events, Etiology 
006015-764-502-008 Nausea, possibly labyrinthine vertigo based on treatment 

given 
006016-250-602-019 Nausea and tinnitus- labyrinthine vertigo 
Reviewer’s comment- both cases appear to labyrinthine vertigo. Although unlikely, 
relationship to study drug cannot be excluded.  
 

 Table 83: Discontinuations Due to Asthenia and Fatigue: 

USUBJID AESEV: Associated events 
010781-032-205-008 MODERATE None reported (glucose not reported) 
010887-410-103-007 SEVERE Vomiting (Day 2) 
006015-410-502-004 MODERATE None reported (glucose not reported) 
006015-410-509-009 MODERATE Nausea, decreased appetite, dizziness 
006016-250-607-003 SEVERE None reported (glucose not reported), resolved 

on dechallenge- Day 86 
006016-380-603-003 MODERATE None reported (glucose not reported), resolved 

on dechallenge- Day 88) 
006017-840-854-010 MODERATE Weight gain- Day 56, bloating/abdominal 

Reference ID: 3364935

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

205 

USUBJID AESEV: Associated events 
distension- day256 

010887-392-113-003 MILD Nausea, abdominal distension, hypoglycemia 
006014-036-401-006 MILD None reported (glucose not reported), resolved 

on dechallenge 
006015-356-507-015 MILD Dizziness, nausea, gastritis 
006015-840-534-001 MILD Nausea 
006017-840-795-004 MODERATE Exertional dyspnea and orthopnea (likely CHF 

related in this add-on to pioglitazone study).  
 
 
Reviewer’s Comment: Some of the asthenia events were associated with GI side 
effects. 
 
Depression- Subject 6014-036408008 discontinued due to recurrent depression and 
subject 6015-410503011 discontinued due to depression with alopecia and weight loss 
on Day 1. Both were not reported to be SAEs. 
 
Panic attacks- Subjects 840709006 and 840763004 in study 6017 were both 
discontinued due to panic attacks reported as SAEs. Both subjects had prior history of 
anxiety and panic attacks. 
 

7.4 Supportive Safety Results 

 
7.4.1 Common Adverse Events 
The applicant presented risk differences (95% CI) for common AEs in Phase 3 placebo-
controlled studies, main treatment period in Table 41 of the ISS (page 130). The most 
commonly reported TEAE (PT) was nausea with a higher incidence in the lixisenatide 
group compared with the placebo group (25.3% versus 6.0%; risk difference 19.3%). 
Vomiting also occurred with a higher rate in the lixisenatide group (9.8% versus 1.8%). 
Other PTs for which the lower bound of the 95% CI of the associated risk difference 
greater than zero and had a higher rate in the lixisenatide group included cystitis, 
hypoglycemia, decreased appetite, headache, dizziness, tremor, diarrhea, abdominal 
pain upper, constipation, dyspepsia, flatulence, abdominal distension, fatigue, asthenia, 
injection site erythema, and injection site pruritis. 
 

Table 84: Common TEAEs in Phase 3 Placebo-Controlled studies: (HLT> 2% and More 
Frequent with Lixisenatide than in Placebo) Main Treatment Period - Safety Population  

 
PRIMARY SYSTEM ORGAN CLASS 
HLT: High Level Term 

Placebo Lixisenatide 

Preferred Term n (%) (N=1639) (N=2869) 
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PRIMARY SYSTEM ORGAN CLASS 
HLT: High Level Term 

Placebo Lixisenatide 

Preferred Term n (%) (N=1639) (N=2869) 
GASTROINTESTINAL DISORDERS 310 (18.9%)  1143 (39.8%) 
HLT: Nausea and vomiting symptoms 116 (7.1%)  802 (28.0%) 
Nausea 99 (6.0%)  725 (25.3% 
Vomiting  30 (1.8%)  282 (9.8%) 
Regurgitation 0 3 (0.1%) 
Retching  0 2 (<0.1%) 
HLT: Diarrhea (excl infective)  90 (5.5%)  223 (7.8%) 
Diarrhea 90 (5.5%)  221 (7.7% 
Diarrhea hemorrhagic  1 (<0.1%)  2 (<0.1%) 
HLT: Gastrointestinal and abdominal pains (excl oral and 
throat)  

42 (2.6%)  118 (4.1% 

Abdominal pain upper  14 (0.9%)  62 (2.2%) 
Abdominal pain  24 (1.5%)  56 (2.0%) 
Abdominal tenderness 1 (<0.1%)  2 (<0.1%) 
HLT: Gastrointestinal atonic and hypomotility disorders NEC 36 (2.2%)  105 (3.7%) 
Constipation 30 (1.8%)  79 (2.8%) 
HLT: Dyspeptic signs and 
symptoms 

4 (0.2%)  97 (3.4%) 

Dyspepsia 3 (0.2%)  91 (3.2%) 
Eructation 0 8 (0.3%) 
Epigastric discomfort 1 (<0.1%) 2 (<0.1%) 
HLT: Flatulence, bloating and distension 17 (1.0%)  82 (2.9% 
METABOLISM AND NUTRITION DISORDERS 253 (15.4%)  533 (18.6%) 
HLT: Hypoglycemic conditions NEC  175 (10.7%)  393 (13.7%) 
Hypoglycemia 172 (10.5%)  390 (13.6%) 
HLT: Appetite disorders 24 (1.5%)  107 (3.7%) 
Decreased appetite 20 (1.2%) 101 (3.5%) 
NERVOUS SYSTEM DISORDERS  223 (13.6%) 542 (18.9% 
HLT: Headaches NEC  99 (6.0%)  248 (8.6%) 
Headache 99 (6.0%)  245 (8.5%) 
HLT: Neurological signs and 
symptoms NEC  

73 (4.5%)  195 (6.8%) 

Dizziness  71 (4.3%)  193 (6.7%) 
HLT: Tremor (excl congenital)  18 (1.1%)  64 (2.2%) 
Tremor 18 (1.1%) 64 (2.2%) 
GENERAL DISORDERS AND ADMINISTRATION SITE 
CONDITIONS  

148 (9.0%)  372 (13.0%) 

HLT: Asthenic conditions 55 (3.4%)  173 (6.0% 
Asthenia  30 (1.8%)  85 (3.0%) 
Fatigue 23 (1.4%)  76 (2.6%) 
Malaise 4 (0.2%)  19 (0.7%) 
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PRIMARY SYSTEM ORGAN CLASS 
HLT: High Level Term 

Placebo Lixisenatide 

Preferred Term n (%) (N=1639) (N=2869) 
HLT: Injection site reactions 26 (1.6%)  108 (3.8%) 
INFECTIONS AND INFESTATIONS  389 (23.7%)  650 (22.7%) 
HLT: Urinary tract infections  33 (2.0%)  81 (2.8%) 
Urinary tract infection  29 (1.8%)  59 (2.1%) 
Cystitis  3 (0.2%)  20 (0.7%) 
Pyelonephritis  0  4 (0.1%) 
Kidney infection  1 (<0.1%) 1 (<0.1%) 
MUSCULOSKELETAL AND CONNECTIVE TISSUE 
DISORDERS  

162 (9.9%)  340 (11.9%) 

HLT: Musculoskeletal and connective tissue pain and 
discomfort 

69 (4.2%) 169 (5.9%) 

Back pain  32 (2.0%)  87 (3.0%) 
Musculoskeletal pain  14 (0.9%)  35 (1.2%) 
Neck pain  4 (0.2%) 12 (0.4%) 
Flank pain 2 (0.1%) 9 (0.3%) 
Source: From Table 41, ISS-page 130 
 
During the entire treatment period of the Phase 3 placebo-controlled studies, the risk 
differences (95% CIs) from placebo for common TEAEs were generally consistent with 
the findings from the main treatment period (ISS Table 42, page 137). In addition to the 
events identified during the main treatment period, other events with a higher incidence 
rate in the lixisenatide group included: upper respiratory tract infection (6.7% vs. 5.1% in 
placebo), influenza (6.4% vs. 4.8%), back pain (6.1 vs. 4.2%), sinusitis (2.3% vs. 1.2%), 
oropharyngeal pain (2% vs. 1%), gastroesophageal reflux disease (1.5% vs. 0.7%) and 
gastritis (2.2% vs. 1.4%). 
 
When compared to exenatide, fewer patients on lixisenatide had gastrointestinal side 
effects, hypoglycemia and dizziness.  More subjects on lixisenatide had injection site 
reactions.  Also there was an increased frequency of headache, depression, 
hypertension and upper respiratory infections in patients on lixisenatide. Again these 
results should be interpreted keeping the efficacy results in perspective. Although non-
inferiority to exenatide was established at Week 24 for LS mean difference of change 
from baseline HbA1c at Week 24, it was not preserved over the entire extension phase. 
 

Table 85: Number (%) of Patients experiencing Common TEAE(s) with HLT term> 2 % 
and Increased Frequency in Either Group during the 24-Week Treatment Period -Study 
EFC6019 – Safety Population 

PRIMARY SYSTEM ORGAN CLASS 
HLT: High Level Term 
Preferred Term 

Lixisenatide 
(N=318) 

Exenatide 
(N=316) 

HLT: Nausea and vomiting symptoms 91 (28.6%)  120 (38.0%) 
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Nausea  78 (24.5%)  111 (35.1%) 
Vomiting  32 (10.1%)  42 (13.3%) 
HLT: Flatulence, bloating and distension 11 (3.5%)  16 (5.1%) 
HLT: Dyspeptic signs and symptoms 19 (6.0%)  20 (6.3%) 
HLT: Diarrhea (excl infective) 33 (10.4%)  42 (13.3%) 
Decreased appetite 4 (1.3%)  11 (3.5%) 
HLT: Hypoglycemic conditions NEC  10 (3.1%)  26 (8.2%) 
Hypoglycemia  9 (2.8%)  26 (8.2%) 
HLT: Headaches  NEC 30 (9.4%)  25 (7.9%) 
Headache 29 (9.1%)  25 (7.9%) 
HLT: Neurological signs and symptoms NEC 16 (5.0%)  26 (8.2%) 
Dizziness  16 (5.0%)  26 (8.2%) 
HLT: Injection site reactions  23 (7.2%)  5 (1.6%) 
HLT: Asthenic conditions  18 (5.7%)  20 (6.3%) 
HLT: Depressive disorders  7 (2.2%)  2 (0.6%) 
HLT: Upper respiratory tract infections  48 (15.1%)  31 (9.8%) 
HLT: Vascular hypertensive disorders NEC  13 (4.1%)  7 (2.2%) 
Hypertension 13 (4.1%)  7 (2.2%) 
Source: Appendix-14.2.7.1.12-CSR for study EFC 6019-page 222 
 
 
Gastrointestinal side effects: 
 
Nausea and vomiting are the most frequent side effects of the GLP-1 agonist class and 
hence severity and time-dependence of these side effects was assessed. It is to be 
noted that patients with clinically significant gastroparesis or GERD were excluded from 
the studies. 
 
Time dependence: 
 
As, shown in the applicant’s figure below, the percentage of patients with nausea and 
vomiting by weekly intervals peaked during the first three weeks of treatment and 
decreased thereafter through the rest of the main treatment period as shown in the 
figures below and the entire treatment period (ISS figures 12 and 14-page 221 and 
223). 
 

Reference ID: 3364935

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

209 

Figure 21: Incidence (%) of patients with nausea and vomiting by week in Phase 3 
placebo-controlled studies: main treatment period - safety population 

Studies included EFC6014, EFC6015, EFC6016, EFC6017, EFC6018, EFC10743, EFC10781, EFC11321 and 
EFC10887. 
PGM=PRODOPS/AVE0010/OVERALL/CTD_2012_01/REPORT/PGM/ae_nv_bar_g.sas 
OUT=REPORT/OUT UT/i_ae_nv_bar_g_nausea_i.rtf P
(10SEP2012 - 15:34) 
Source: ISS figures 9 and 11-page 220 and 222 
 
While the majority of patients only had one episode, recurrent episodes were reported 
by a small proportion of patients as shown in the applicant’s tables below for the entire 
treatment period. 

Table 86: Summary of Occurrence of Nausea (PT) in Phase 3 Placebo-Controlled 
Studies: Entire Treatment Period - Safety Population 

 
Source-Table 56, ISS- page 211 
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Table 87: Summary of Occurrence of Vomiting (PT) in Phase 3 Placebo-Controlled 
Studies: Entire Treatment Period - Safety Population 

 
Source-Table 58, ISS-page 211 
 
A total of 16 (0.6%) lixisenatide-treated patients and 3 placebo patients (0.2%) reported 
nausea of severe intensity during the main treatment period. Nine (0.3%) lixisenatide 
patients and one placebo patient reported vomiting of severe intensity. 
 

Table 88: Summary of Nausea and Vomiting by Maximum Severity in Phase 3 Placebo-
Controlled Studies: Main Treatment Period - Safety Population 

 
Source: Table 63, ISS page 226 
 
Three patients on lixisenatide (0.1%) reported serious TEAEs related to nausea 
and/or vomiting versus none on placebo: 

 EFC10887- Subject-  410113006 experienced severe nausea and was 
hospitalized due to a concern that the patient might develop hypoglycemia. She 
was discontinued from the study. 

 EFC10887-Subject-  608103004 experienced vomiting with hypertensive urgency 
(BP 200/80), electrolyte imbalance and was hospitalized after repeated episodes 
of vomiting. In EFC10743- Subject- 076308003 experienced severe nausea and 
vomiting; the patient was hospitalized due to dehydration from vomiting. The 
investigational product was temporarily withheld from Day 16 to Day 25. 
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In the main treatment period, nausea led to discontinuation in 80 (2.8%) lixisenatide 
patients versus no placebo patients and vomiting led to discontinuation in 35 (1.2%) 
lixisenatide patients versus no placebo patients (discussed in section 7.3.4). Based on 
the applicant’s time to event analysis for discontinuations due to nausea and vomiting,  
most of the patients discontinued within 20 weeks of starting treatment (Figures 15 and 
16 in the ISS-page 227-228). Over the entire treatment period, 50% of the patients who 
discontinued did so within 14 days after the onset of nausea or vomiting (Figures 17 and 
18, ISS page 229-230).  
 
Impact of dose increase regimen on gastrointestinal tolerability: 
 
In studies EFC6018, EFC10743, and LTS10888, a one-step dose increase regimen was 
tested in addition to the two-step dose increase regimen to evaluate the impact of this 
simplified regimen on GI tolerability. The proportion of patients who were able to reach 
and maintain the target dose of 20 μg was similar in both dose increase groups in all 
three studies. Overall the incidence of nausea, vomiting and of any GI TEAEs was 
slightly lower in the one-step titration compared to the two-step titration regimen, except 
for the uncontrolled study LTS10888, where increased nausea was noted. 
 

Table 89: Summary of Nausea and Vomiting in Studies Comparing 1-step and 2-step 
Dose Titrations: Main Treatment Period - Safety Population 

 
Source: Table 75- ISS page 244 
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7.4.2 Laboratory Findings 

Effects on pancreatic enzymes, liver function tests, calcitonin, serum creatinine, 
creatinine clearance and immunogenicity issues have been discussed in the relevant 
sections.  
 
Hematology: 
 
During the entire treatment period, the overall incidence of PCSA changes related to red 
blood cell (RBC), white blood cell (WBC) and platelet counts were comparable between 
both treatment groups in the Phase 2/3 studies (ISS Appendix 1.3.3.1.10, starting page 
4879; and Appendix 1.3.3.1.25, starting page 5148). One patient in the lixisenatide 
group discontinued treatment due to leucopenia and neutropenia. 
 
Serum lipids: 
 
Mean changes, standard deviation (SD), median, minimum and maximum values over 
time were reported for total cholesterol, high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C), and triglycerides (placebo-controlled Phase 
3 studies- ISS Appendix 1.3.3.4.1- starting page 5565; Appendix 1.3.3.4.4). No relevant 
mean or median changes were noted. 
PCSAs were reported only for total cholesterol and triglycerides (ISS appendix 
1.3.3.4.10- starting page 5723). No specific trends were noted. 
 
Electrolytes: 
 
No electrolyte abnormalities were reported as TEAEs leading to treatment 
discontinuations.  
 
One patient each in the lixisenatide and placebo groups reported sodium values ≥ 160 
mEq/L during the entire treatment period. Elevations in potassium (≥ 5.5 mEq/L) were 
reported in both treatment groups with a minimal increased percentage of lixisenatide 
patients in both the placebo-controlled and all-controlled pool.  
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Table 90: Electrolytes: Number (%) of Patients with Abnormalities (PCSA) for 
Potassium in Phase 2-3 Studies: Entire Treatment Period – Safety Population 

 

 
Source: ISS appendix 1.3.3.7.10- starting page 6033 

7.4.3 Vital Signs 

There were no significant mean differences in supine systolic blood pressure over the 
entire treatment period in both treatment groups in the Phase 3 placebo-controlled 
studies (ISS Appendix 1.4.1, starting page 6089).  Mean changes ranged from -0.7 to -
2.2 mmHg in the lixisenatide group and 0.8 to -1.7 mmHg in the placebo group. There 
were mean decreases in diastolic blood pressure (DBP)  values over time compared to 
baseline values in both treatment groups over the entire treatment period; mean 
changes ranged from -0.6 to 2.1 mm Hg for lixisenatide and -0.3 to 1.6 mm Hg for 
placebo. (ISS Appendix 1.4.3, starting page 6133).  
 
Mean HR remained relatively constant over time compared to baseline values in the 
lixisenatide group (mean changes ranged from 0.9 to -0.2 beats per minute [bpm]) and 
in the placebo group (mean changes ranged from 2.5 to -0.3 bpm) over the entire 
treatment period in the Phase 3 placebo-controlled study pool (ISS Appendix 1.4.5 
starting page 6177). Median values were consistent with the mean. 
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The percentage of patients with at least one post baseline PCSA value for any of the 
vital signs parameters in the Phase 2/3 pool is shown below. A slightly higher 
percentage of lixisenatide subjects in the placebo-controlled and all controlled pools had  
an elevation in SBP ≥160 mm Hg and an increase from baseline ≥ 20 mmHg) or a 
systolic pressure ≤95 mm Hg with a decrease from baseline ≥20 mm Hg.  This was not 
observed with diastolic BP.  Slightly higher percentages of subjects in the placebo-
controlled pool had PCSA for tachycardia or bradycardia. Heart rate changes in 
subjects with cardiac arrhythmias and conduction disorders were discussed in Section 
7.3.3. Effects on heart rate are further discussed in the next section. 
 

Table 91: Vital signs: Number (%) of Patients with at least one Post-Baseline PCSA in 
Phase 2/3 Studies: Entire Treatment Period - Safety Population 

 

 

 
Source: Table 163, ISS page 478 

7.4.4 Electrocardiograms (ECGs) 

Routine screening ECGs were collected in the Phase 2/3 clinical program.  Since 
quantitative ECG interval effects are accurately assessed only in the thorough QT 
(TQT) study, this section focuses on the same. 
 
The applicant initially conducted TQT study TES6865. The QT interdisciplinary review 
team (QT-IRT) reviewed the study report and concluded that the study was inconclusive 
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because assay sensitivity could not be demonstrated. Hence another TQT study 
(TES11807) was conducted.  This was also reviewed by the QT-IRT. 
 
TES 11807: 
 
This was a single center, randomized, double-blind, double-dummy, multiple dose, 
placebo-controlled study, and was conducted in four parallel groups in 91 subjects. 
 
Primary objective: 
 
“To assess the effect of a standard therapeutic and a supra-therapeutic dose regimen of 
lixisenatide administered as a repeated dose (14 days dose escalation + 14 days 
maintenance dose of 20 μg QD and 30 μg BID) on QTcF interval compared to placebo” 
 
QT-IRT summary of findings: 
 
“The largest upper bounds of the 2-sided 90% CI for the mean difference between 
lixisenatide (20 μg QD and 30 μg BID) and placebo were below 10 ms, the threshold for 
regulatory concern as described in ICH E14 guidelines. The largest lower bound of the 
two-sided 90% CI for the ΔΔQTcF (baseline and placebo-corrected difference for QT, 
Fridericia’s correction for heart rate) for moxifloxacin was higher than 5 ms, and the 
moxifloxacin profile over time indicated that assay sensitivity was established.  
 

Table 92: The Point Estimates and the 90% CIs Corresponding to the Largest Upper 
Bounds for AVE0010 (20 μg and 30 μg) and the Largest Lower Bound for Moxifloxacin 
(FDA Analysis) 

 
Source: Table 1 – QT-IRT review dated June 6, 2012 
 
There were no clinically relevant effects on the baseline and placebo-corrected QTc, PR 
and QRS intervals based on the QT-IRT review. 
 
EFFECT on heart rate: The point estimates and the 90% CI from the QT-IRT review are 
shown below. The mean and largest upper limits of 90% CI for the heart rate (HR) mean 
differences between lixisenatide 20 μg and placebo was 7.3 bpm (upper bound [UB] 
90% CI- 9.5 bpm). 
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Table 93: Analysis Results of ΔHR and ΔΔHR for Lixisenatide 20 μg QD 

 
Source: Table-13; QT-IRT review dated June 6, 2012. (baseline and placebo corrected 
difference) 
 
At the supra-therapeutic dose of 30 µg the maximum heart rate effect was also noted at 
four hours post-treatment with the baseline placebo-corrected difference of 8.6 bpm and 
UB of the 90% CI of 10.7 bpm (Table 14, QT-IRT review). 
 
Reviewer’s Comment: There were no clinically relevant effects on the ECG intervals. 
Heart rate increases did occur in healthy subjects. This is seen with all GLP-1 agonists 
and is typically not seen to the same degree in Type 2 DM patients, possibly because 
it’s partly secondary to hypoglycemia13.  As discussed in Section 7.4.3, in the phase 3 
placebo- controlled study pool, mean heart rate remained relatively constant over time 
compared to baseline values in the lixisenatide group (mean changes ranged from 0.9 
to -0.2 beats per minute [bpm]) and placebo group. Median changes were consistent 
with the mean. 
 
In the Phase 2/3 studies, a comparable number of patients discontinued due to 
arrhythmia/ tachycardia or bradycardia (Appendix 1.4.10- Page 6225) although a higher 
percentage of patients on lixisenatide had AEs in the supraventricular arrhythmias and 
cardiac conduction disorders HLT. Hence effects on HR will have to be included in the 
PI. 
 

                                            
13 Laitinen T HH, Vauhkonen I, Camaro C, Hartikainen J, Laakso M, Nishkanen L. Effects of 
euglycaemic and hypoglycaemic hyperinsulinaemia on sympathetic and parasympathetic regulation of 
haemodynamics in healthy subjects. Clin Sci (Lond) 2003;105:315-322. 
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7.4.5 Special Safety Studies/Clinical Trials 

The 3-month and 12-month toxicology studies in dogs treated with lixisenatide at high 
doses (>500 fold human dose of 20 μg once daily [QD] ~0.3 μg/kg QD) showed a 
microscopically increased incidence of hypospermatogenesis with focal and multifocal 
vacuolation, atrophy and dilatation of the seminiferous tubules, and focal sperm stasis in 
various testes.  Due to these findings the sponsor was asked to conduct a clinical study 
to assess the effect of repeat subcutaneous doses of lixisenatide of at least 6 months 
duration. This study (TDR11215) was reviewed by the Division of Bone, Reproductive 
and Urology Products (DBRUP) (Review by Dr. Donald McNellis dated July 9, 2013). 
 
Study TDR11215 (the Study) was a randomized, double-blind, placebo-controlled, 
parallel group, multicenter, multinational study with once-daily dosing during a 26-week 
treatment period. Two-hundred and seventy-five healthy overweight/obese men (BMI 
27-37kg/m2) were randomized 1:1 to receive a once daily subcutaneous injection of 20 
μg of lixisenatide or of a saline placebo. Two-hundred and seventeen subjects 
completed the study and were evaluated for efficacy. The safety evaluation included all 
275 subjects who were randomized and received at least one dose of study medication 
The primary objective of this study was to assess the effect of repeated subcutaneous 
doses of 20 μg lixisenatide once daily on sperm concentration. The secondary 
objectives of the study were to evaluate the effects of this treatment on: 

 Total sperm count, motility, morphology 
 Reproductive hormones 
 Clinical and laboratory safety 
 Pharmacokinetics 

 
DBRUP had no concerns regarding the design and conduct of the trial. 
 
Study results: 
 
The pre-specified primary analysis showed that lixisenatide was non-inferior compared 
to placebo because the upper limit of the two-sided 95% confidence interval for the 
difference in proportions of lixisenatide and placebo subjects with ≥ 50% reduction in 
sperm concentration was 12.44% and thus lower than the pre-specified non-inferiority 
margin of % (p = ). 
 
Semen sperm concentration: 
 
The results of the sperm concentration showed that there was no statistically significant 
difference in sperm concentration between the lixisenatide group and placebo group at 
week 26 (ratio of lixisenatide versus placebo = 1.017, unadjusted 95% CI of the ratio = 
[0.9126, 1.1331], unadjusted p-value=0.7608, adjusted 98.75% CI of the ratio = [0.8856, 
1.1677], adjusted p-value = 1.0000). 
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Two subjects had a confirmed very low sperm concentration at the end of the study: 
Subject No. 840017013 who received lixisenatide had a 100% reduction in sperm 
concentration at the end of treatment on Week 26 and Subject 840006012 who received 
placebo was noted to have a 98.9% reduction in sperm concentration after 29 days of 
treatment. The DBRUP reviewer notes that “the cause of this azoospermia is 
confounded by his use of known (OxyElitePro muscle enhancer) and suspected 
concomitant medications. The markedly elevated testosterone levels on follow-up, in 
conjunction with subnormal levels of FSH and LH, raise the suspicion of the use of 
exogenous testosterone. Exogenous testosterone use would explain this hormonal 
profile as well as provide an alternative explanation for the azoospermia. Lixisenatide, in 
nonclinical studies, had toxic effects on the testes of dogs. A direct toxic effect on 
human testes would be expected to be accompanied by elevated FSH and LH levels.” 
 
Three out of the four subjects in the placebo group and 9/10 subjects in the lixisenatide 
group with a ≥ 50% reduction in sperm concentration entered the 3 month treatment-
free follow-up period. Among these 12 subjects, no subject in the placebo group (0%) 
and 4/9 subjects (44%) in the lixisenatide group still had a reduction in sperm 
concentration ≥ 50% at the follow-up visit compared to baseline in sperm concentration. 
Of the four lixisenatide-exposed subjects who had a persistent > 50% decrease from 
baseline in sperm concentration three months following drug discontinuation, two had 
semen parameters that are within normal limits per DBRUP assessment. One of the two 
remaining subjects, Subject No. 840017013, who became azoospermic, was discussed 
previously. For the fourth subject (840012005), all semen parameters other than sperm 
concentration were within the normal range as were reproductive hormones. Per 
DBRUP assessment “There is no information provided regarding concomitant 
medication use or other illnesses that might explain the persistent change. This subject 
could be reasonably considered to possibly have had a drug effect resulting in a mildly 
abnormal semen sperm concentration”. All of these patients were antibody-positive with 
one subject testing positive before starting treatment. Three out of 4 patients, including 
subject 840012005 had antibody concentrations below LLOQ.  
 
DBRUP overall assessment: 
“The study has adequately shown that lixisenatide generally does not have a clinically 
significant effect on human spermatogenesis, although we are not able to absolutely 
rule out a drug effect in a small subgroup of men. We do not recommend any additional 
studies of the effect of lixisenatide on spermatogenesis.” 
 
Reviewer’s Comment: This information may have to be included in the package insert 
since drug effects on a small subgroup have not been excluded. 
 

7.4.6 Immunogenicity 

Discussed in section 7.3.1 
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7.5 Other Safety Explorations 

 

7.5.1 Dose Dependency for Adverse Events 

Not applicable since only a single dose was evaluated for efficacy in the Phase 3 trials. 

7.5.2 Time Dependency for Adverse Events 

Time dependency for nausea/.vomiting, injection reactions, allergic reactions and 
hypoglycemia has been discussed in the individual sections. 
 

7.5.3 Drug-Demographic Interactions 

Overall the imbalance in the incidence of TEAEs between the lixisenatide group and the 
placebo group was slightly more pronounced in elderly patients (≥ 65 years) than in 
adult patients (<65 years): 72.1% in lixisenatide group and 60.9% in placebo group in 
elderly patients versus 69.7% in lixisenatide group and 62.7% in placebo group in adult 
patients. This was especially observed in the GI Disorders and in the Metabolism and 
Nutrition Disorders SOCs (Table 44, ISS, starting on page 153). In the GI Disorders 
SOC, among the lixisenatide-treated patients, the difference between age groups was 
mainly related to the events reported for the PT vomiting (9.0% in patients <65 years 
and 13.5% in patients ≥ 65 years) and for the PT nausea (24.7% in patients <65 years 
and 27.7% in patients ≥ 65 years). In the Metabolism and Nutrition Disorders SOC, 
among the lixisenatide-treated patients, the difference was mainly related to the events 
reported for the PT hypoglycemia (12.7% in patients <65 years and 17.6% in patients 
≥ 65 years).  
  
The imbalance between the lixisenatide group and placebo group in TEAEs from the GI 
Disorders SOC was more pronounced in Asian/Oriental patients (46.6% lixisenatide 
versus 14.8% placebo) and in the “Other” category (50.9% lixisenatide versus 27.3% 
placebo) than in Caucasian/White patients (36.5% lixisenatide versus 21.0% placebo) 
(Table 46-ISS-starting page- 163). 

7.5.4 Drug-Disease Interactions 

(Tables 49-54 in the ISS, starting page 182)- The applicant performed subgroup 
analyses, main treatment period, for the following medical history conditions and 
concomitant medications: hypertension, dyslipidemia, history of CV events, hepatic 
disease history, renal impairment, and use of statins/statin combinations. A similar 
analysis was also conducted for the entire treatment period. 
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More TEAEs were observed in both treatment groups in patients with a medical history 
of dyslipidemia compared to those without dyslipidemia. A similar frequency of TEAEs 
was observed in both treatment groups in patients with a history of CV events compared 
to those without a history of CV events, and in patient with hypertension compared to 
those without hypertension. 
  
Patients with concomitant use of statins/statin combination reported slightly more 
TEAEs as compared to the patients with no concomitant statin use during the main 
treatment period of the Phase 3, placebo-controlled studies (Table 54, ISS). However, 
this was observed in both the lixisenatide (75.4% with statins versus 66.7% without 
statins) and placebo groups (68.9% with statins versus 57.9% without statins). A slight 
exaggerated difference was noted in the statin subgroup in lixisenatide subjects 
compared to placebo for nausea (lixisenatide 29.8% vs. placebo 7.7& on statin, 
lixisenatide 22.4% vs. placebo 5.1% without statin) and vomiting (lixisenatide 12% vs. 
placebo 2.2% on statin, lixisenatide 8.5% vs. placebo 1.6% without statin). 
 
The imbalance in TEAEs between the lixisenatide group and placebo group by renal 
subgroups is discussed in Section 7.3.3. 
 

7.5.5 Drug-Drug Interactions 

On review of the sponsor’s reports, the main drug interactions expected are due to the 
effect of lixisenatide on gastric emptying which may reduce the rate of absorption of oral 
medications. This would affect drugs which are dependent on threshold concentrations 
for efficacy, such as antibiotics, or medications with narrow therapeutic index.  
 
This section will be re-addressed after review of the final clinical pharmacology review in 
DAARTS. 

7.6 Additional Safety Evaluations 

 

7.6.1 Human Carcinogenicity 

Discussed in Section 7.3.2 and 7.3.3. 
 

7.6.2 Human Reproduction and Pregnancy Data 

Clinical study to assess effects of lixisenatide on spermatogenesis was discussed in 
section 7.4.5. 
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There were five confirmed pregnancies that were diagnosed while patients were on 
active treatment that occurred in the clinical program. One pregnancy occurred in each 
of the lixisenatide, exenatide, and sitagliptin groups and two pregnancies occurred in 
the placebo group. 
 
Narrative for pregnancy on lixisenatide: 
“EFC6015 (Patient No. 158510001 - on lixisenatide treatment): A 27 year-old female 
Asian patient had been exposed to approximately 30 days of lixisenatide treatment 
while pregnant (first pregnancy) before IP was permanently discontinued (249 days of 
total lixisenatide treatment). She was hospitalized due to lack of amniotic fluid 
(oligohydramnios) and went into preterm labor. She delivered a healthy male baby 
about 40 days before her expected due date.” 
 
Outcome for other pregnancies: placebo patients- spontaneous abortion and healthy 
delivery by C-section; exenatide- elective abortion; sitagliptin- stillborn male infant by C-
section (history of ruptured membranes and uterine infection). 

7.6.3 Pediatrics and Assessment of Effects on Growth 

Not applicable (NA) since pediatric studies have been deferred 

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound 

There were two patients on lixisenatide who reported accidental overdose (30 µg) in the 
Phase 2/3 studies. No serious AEs were reported. Examination of post-treatment 
adverse effects in the pooled Phase 2/3 studies did not reveal a difference in adverse 
events profiles suggestive of withdrawal effects. Lixisenatide would not be expected to 
cause psychological dependence. There is the potential for off-label use for weight loss. 
Off-label use of drugs for the purpose of weight loss is sometimes associated with 
features of drug abuse, such as drug-seeking behavior and continuation of the drug 
despite undesirable adverse effects. 
 

7.7 Additional Submissions / Safety Issues 

NA 

8 Postmarket Experience 

NA 
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9 Executive Summary: 

Lixisenatide is a selective glucagon-like peptide-1 (GLP-1) receptor agonist with a 
proposed indication of glycemic control as an adjunct to diet and exercise in patients 
with Type 2 diabetes. The proposed dose is 20µg QD by subcutaneous injection.  
 
Key Efficacy issues:  

 Lixisenatide resulted in a statistically significant decrease in HbA1c compared 
with placebo, demonstrating superiority to placebo in all Phase 3 placebo-
controlled studies. The reduction in HbA1c was generally sustained over time 
through the entire treatment period. The LS mean difference versus placebo 
ranged from -0.32% (Study EFC10781) to -0.88% (Study EFC10887). 

 Lixisenatide resulted in a statistically significant reduction in body weight 
compared to placebo in the pooled add-on to metformin (EFC6014 + EFC10743), 
sulfonylurea (EFC6015) and background insulin studies EFC 6016 and EFC 
10781.  Most of the effect on body weight was observed during the main 24-week 
treatment period. Mean body weight then remained relatively stable over 76 
weeks. 

 HbA1c difference between lixisenatide and placebo was similar across 
subgroups, except when considering subgroups of  baseline HbA1c level ≥ 8% 
vs. < 8%. For this subgroup analysis, LS mean difference (95%CI) versus 
placebo was  -0.4 (-0.47, -0.34) in the subgroup with baseline HbA1c < 8% vs. -
0.63 (-0.73,  -0.54) in the subgroup with baseline HbA1c ≥ 8%. 

 Overall the LS mean change in HbA1c from baseline was similar regardless of 
antibody status, except for in the group of patients with a quantifiable antibody 
concentration ≥ 100 nmol/L. The pre-specified analysis is suggestive of potential 
attenuation of glucose lowering effect with antibody concentrations over 100 
nmol/L.  This was not seen at 76 weeks; the interpretation of the results is also 
limited by the small sample size in this group. 

 Although the pre-specified non-inferiority margin for difference in HbA1C 
reduction at 24 weeks was met in active comparator study EFC6019, non-
inferiority was not demonstrated over the entire extension phase from Week 36 
to Week 76.  

 
Safety Issues: 

 
 The most common adverse events in the Phase 3 placebo-controlled studies 

over the main treatment period were nausea (lixisenatide- 25% vs. placebo- 6%) 
and vomiting (lixisenatide 10% vs. placebo- 2%), consistent with the GLP-1 
agonist class.  

 Deaths were balanced in the clinical program between lixisenatide and all 
comparators. 

 There were more discontinuations due to adverse events with lixisenatide 
compared to placebo. 
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Primary safety concerns: 

 Post-marketing reports of anaphylaxis for all three approved drug products 
confirm that severe hypersensitivity reactions are a GLP-1 agonist class effect.  
Lixisenatide is allergenic with a calculated anaphylaxis frequency in the clinical 
program of 0.17% or 7 cases per 3958 patient-years. The number of anaphylaxis 
cases appears to be greater than what was seen in the development programs of 
the three approved GLP-1 analogue comparator drugs, although the comparison 
is limited because the other programs did not prospectively assess for 
hypersensitivity reactions. 

 There were no cases of fatal, hemorrhagic or necrotizing pancreatitis. However, 
given the small numerical imbalances for cases of pancreatitis (lixisenatide-9 
[0.2%], comparators-3 [0.1%]) or potentially related to pancreatitis (lixisenatide 
47 [1.2%], comparators-19 [0.8%]) , and small but consistent differences in 
potentially clinically significant abnormalities (PCSA) for laboratory results related 
to pancreatitis, lixisenatide appears to be associated with a risk for pancreatitis 
consistent with other drugs in class. 

 
 While the available patient exposure is too small to assess risk for pancreatic 

cancer, it seems reasonable to conclude that the incidence in clinical programs 
(available data) was comparable to placebo. 

 
 In both the Phase 2/3 and placebo-controlled study pools, lixisenatide was 

associated with a higher rate of injection site reactions. Lixisenatide was also 
associated with a higher rate of injection site reactions compared to exenatide in 
study EFC 6019. 

 
Hypoglycemia: 

 Labeling recommendations for risk of hypoglycemia should be consistent with 
drug class, i.e. to consider lowering the dose of insulin or sulfonylurea when used 
with these agents. The exposure adjusted incidence rate (EAIR) for symptomatic 
hypoglycemia was consistently increased in the trials with background insulin 
and/or sulfonylurea for lixisenatide versus placebo patients, and there were more 
cases of severe hypoglycemia with lixisenatide. 

 There were numerical imbalances not favoring lixisenatide for rate of 
symptomatic hypoglycemia versus placebo with background metformin and TZD 
therapies. Small imbalances not favoring active drug with background TZD 
treatments were also seen in the exenatide (10.7% with exenatide versus 7.1% 
with placebo) and liraglutide (7.6 % with liraglutide vs. 4.1% with placebo) clinical 
programs.  

 There was less hypoglycemia versus active control in the exenatide comparator 
trial, where background metformin was used, although these findings should be 
assessed keeping the efficacy results for HbA1c reduction in perspective. That is, 
lixisenatide exhibited less HbA1c lowering than exenatide in this study, and thus 
could be expected to have a somewhat lower rate of hypoglycemia. 
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 Based on review of narratives for calcitonin elevations reported as AEs there is 

some uncertainty regarding patient 642504006 in study EFC6015 since the 
biopsy results reported possible parafollicular morphologic differentiation with 
elevated calcitonin and the patient did not have follow-up visits. There was an 
imbalance not favoring lixisenatide in the number of patients with calcitonin 
elevation over 50 pg/ml (Lixisenatide-10 [0.4%], placebo—2 [0.1%]). However 
several of these patients (7/10) had missing baseline values. Otherwise there 
were no cases with concern for potential C-cell proliferation.  

 
 Up to seventy percent of subjects on lixisenatide were antibody-positive by week 

24.  
o Antibody-positive status was associated with increased injection site 

reactions.  
o Based on the data reviewed, development of antibodies was associated 

with a trend for increased occurrence of symptomatic hypoglycemia over 
the entire treatment period but not in the main treatment period, although 
this could be a chance finding. 

o A higher percentage of subjects with an allergic reaction deemed to be 
possibly related to investigational product (IP) had an antibody 
concentration over the LLOQ. In patients who had antibody concentrations 
>100 nmol/L, the incidence was 3.7% (5/135). This conclusion is limited 
due to the small number of patients with allergic reactions deemed to be 
possibly related to the IP. 

 
 

 Hepatobiliary AEs and liver enzyme elevations seemed balanced between 
placebo and comparator groups. The cases that fulfilled biochemical Hy’s law 
had alternative etiologies. However there was one patient on lixisenatide (patient 
356503003, study EFC6015) who had asymptomatic elevation of AST and ALT 
with normal total bilirubin and alkaline phosphatase that resolved with drug 
discontinuation. 

 
Renal AEs: 
 

 In the completed phase 2/3 program, exaggerated differences between 
lixisenatide and control groups were noted in subjects with mild renal impairment 
(creatinine clearance 50-80mL/min) for the PTs of nausea, vomiting and 
hypoglycemia when compared to subjects with normal renal function (creatinine 
clearance > 80 mL/min). This is suggestive of increased likelihood of nausea, 
vomiting and hypoglycemia in patients with renal impairment when compared to 
patients with normal renal function, potentially related to increased exposure.  

 In the ELIXA study, increased number and proportion of common AEs seem to 
occur in the subgroup with mild renal impairment compared to the other renal 
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subgroups. Increased frequency relative to placebo occurred only for the PTs of 
nausea and vomiting.  

 There was a higher percentage of discontinuations in the moderate renal 
impairment subgroup with lixisenatide (specifically GFR 30-45 mL/min/m2) in 
ELIXA, although there does not appear to be an increase in AEs overall in this 
subgroup. These conclusions are limited due to the smaller sample size in this 
subgroup compared to the mild renal impairment subgroup. 

 Overall, advising caution in patients with mild or moderate renal impairment and 
not recommending use in patients with severe renal impairment due to limited 
experience seems to be a reasonable approach. 
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10 Appendices 

10.1 Literature Review/References 

Articles referenced are cited in the individual sections. 
 

10.2 Labeling Recommendations 

Will be addressed in addendum after advisory committee meeting 

10.3 Advisory Committee Meeting 

Will be addressed in addendum after advisory committee meeting 
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informed by clinical guidelines. For patients with a screening HbA1c <8.5% and treated 
with either insulin, glinide or a sulfonylurea (SU), the dose should be decreased at 
baseline (Visit 2, randomization) in order to prevent possible hypoglycemia by a pre-
specified algorithm. 
 
Objectives: 
 
The primary objective of this study is to demonstrate that lixisenatide can reduce CV 
morbidity and mortality (composite endpoint as described below) compared with 
placebo in type 2 diabetic patients who recently experienced an ACS event. 
 
Secondary Objectives: 

 To demonstrate that when compared to placebo, lixisenatide can reduce: 
o Composite endpoint of cardiovascular death, non-fatal MI, non-fatal 

stroke, hospitalization for unstable angina, or hospitalization for heart 
failure 

o Composite endpoint of cardiovascular death, non-fatal MI, non-fatal 
stroke, hospitalization for unstable angina, hospitalization for heart failure, 
or coronary revascularization procedure 

o Urinary albumin excretion (based on the urinary albumin/creatinine ratio) 
at 108 weeks (i.e., approximately 2 years). 

 To assess the safety and tolerability of lixisenatide. 
 
Study Population: 

 Men and women who experienced a spontaneous, Acute Coronary Syndrome 
(ACS) event (i.e., ST-segment elevation myocardial infarction [STEMI] or non-
ST-segment elevation myocardial infarction [NSTEMI] or unstable angina [USA]) 
with the following requirements:  

o There must have been a documented elevation above the normal 
reference range of a cardiac biomarker (Troponin or CK-MB), 

AND 
o The presentation of the event must be consistent with an acute coronary 

syndrome which leads to admission to an acute care facility (e.g., 
emergency room [ER], coronary care unit CCU, cardiac catheterization 
laboratory, hospital). If the qualifying ACS event follows a 
revascularization procedure, it must have occurred more than 15 days 
after a percutaneous coronary intervention (PCI) and more than 45 days 
after a coronary artery bypass graft (CABG), 

AND 
o Patients should be approached about the study as soon as possible 

following their admission for the qualifying ACS event, including signing of 
the informed consent form, where permitted by local regulations. However, 
the screening visit must occur only after the patient is discharged from the 

Reference ID: 3364935

(b) (4)



Clinical Review 
Suchitra Balakrishnan, MD, PhD.  
NDA 204961 
, ; lixisenatide 
 

230 

                                           

acute care facility, and must take place within 180 days following the date 
of admission for the qualifying ACS event. 

Note: In cases where emergent coronary angiography is performed during the 
ACS event, which demonstrates occlusion of at least one epicardial coronary 
artery, and which is accompanied by an attempt at reperfusion, the biomarker 
requirement may be waived. 
 

 Patients with history of type 2 diabetes (for patients newly diagnosed, diagnosis 
will be based on the WHO criteria: i.e., either a fasting venous plasma glucose 
concentration ≥ 7.0 mmol/L [126 mg/dL] or 2-hour post glucose load venous 
plasma glucose ≥ 11.1 mmol/L [200 mg/dL] prior to screening visit).  

 
Relevant exclusion criteria specific to EFC 11319: 

 HbA1c <5.5 % or >11% measured at screening visit 
 Patients who have undergone CABG surgery following the qualifying ACS event. 
 Patients who have undergone PCI within 15 days prior to screening. 
 Patients with planned revascularization procedure (PCI or CABG) or coronary 

angiogram within 90 days after screening visit. 
 
Primary Endpoint: 
 
The primary efficacy endpoint is the time to the first occurrence, over the duration of the 
study (randomization to the common study end date inclusive), of the composite 
outcome consisting of any of the following clinical events positively adjudicated by the 
cardiovascular events adjudication committee (CAC): 

 CV death, 
 Nonfatal MI, 
 Nonfatal stroke, or 
 Hospitalization for unstable angina. 

 
The CAC was the Brigham and Women’s Hospital Clinical Endpoint center. Based on 
review of the DMC document (EFC11319-16.1.9-dmc.pdf, page 54), the draft 
standardized end-point definitions14 were not followed, but this document was in 
evolution during trial initiation.  
 
 
Statistical Plan: 
Source: protocol amendment 3, EFC 11319 dated July 27, 2011 and SAP dated July 
19, 2012. 

 
14 Draft Definitions for Testing November 9, 2012.  Standardized Definitions for Cardiovascular and 
Stroke End Point Events in Clinical Trials. Karen A. Hicks, H. M. James Hung, Kenneth W. Mahaffey, 
Roxana Mehran, Steven E. Nissen, Norman L. Stockbridge, Shari L. Targum, Robert Temple; on behalf 
of the Standardized Data Collection for Cardiovascular Trials Initiative 
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analysis. The same Cox model as described above will be used to estimate the hazard 
ratio along with the two-sided 96% CI (first interim analysis, α=0.020, one-sided) and 
99% CI (second interim analysis, α=0.005, one sided). 
 
Additional information from SAP dated July 19, 2012: 
 
The interim analysis will be based on all the positively-adjudicated primary CV outcome 
events occurring from randomization to the data cut-off date inclusive. Any CV outcome 
event occurring after the cut-off date will not be included in the analysis, regardless 
whether the event was adjudicated or not. The time to the first occurrence of the primary 
composite CV event is defined as the time from randomization to the first occurrence of 
CV death, non-fatal MI, nonfatal stroke, or hospitalization for unstable angina, which is 
positively adjudicated by the CAC, before or on the cut-off date for the interim analysis. 
Patients will be considered as censored if they have not experienced any component of 
the primary composite CV event, positively adjudicated by the CAC, by the cut-off date. 
The censoring time for this interim analysis is defined as the last contact/visit date by 
the cut-off date. 
 
In addition, the time to the first occurrence of each of the individual components of the 
primary composite CV events occurring from randomization to the data cut-off date 
inclusive will be analyzed using a similar Cox proportional hazards model with treatment 
(lixisenatide, placebo), and region as the covariates. Kaplan-Meier plots for the 
individual components of the primary composite CV outcome will also be presented. 
 
Sensitivity Analyses: 
 
Two sensitivity analyses will be performed for the primary composite CV endpoint in the 
interim analysis using the Mantel-Haenszel method and the exact method based on the 
assumption of Poisson distribution. 
 
The data cut-off date for the interim analysis submitted is 25 July 2012. As discussed 
earlier, an update to this interim analysis with all additional adjudicated events was 
submitted in early May 2013. The cut-off date for this analysis was January 25, 2013. 
The statistical review focuses mainly on the pre-specified first analyses submitted 
earlier and not the update. 
  
11.2 Interim ELIXA results (cut-off date July 25, 2012) 
Only CV safety i.e. the primary efficacy endpoint will be discussed here. Other safety 
issues are discussed with the main review. 
 
Exposure: 
 
At the time of this interim analysis, a total of 2668 patients were randomized in 645 
centers of 43 countries across 6 regions worldwide (North America, South and Central 
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America, Western Europe, Eastern Europe, Africa/Near East, and Asia/Pacific). Patient 
No. 840285001 was randomized in the Interactive Voice Response System (IVRS) and 
then lost to follow-up. This patient did not sign the study-specific Health Insurance 
Portability and Accountability Act (HIPAA) consent form, so all of the CRF pages were 
deleted. Of the 2667 patients in the ITT population, 2663 patients were exposed to 
double-blind treatment. Four patients (two in the lixisenatide group and two in the 
placebo group) did not receive investigational product, but they were included in the ITT 
population for analyses. 
 
As of July 25, 2012, there were 786 patient-years of exposure for lixisenatide vs. 810 
patient-years for placebo. Median exposure to lixisenatide was shorter than placebo 
(176 days and 184 days, respectively). A total of 574 patients were exposed to 
investigational product for ≥ 52 weeks (lixisenatide: 281 patients [21%]; placebo: 293 
patients [22%]) (Table 6-ELIXA interim report page 24). 
 
Patient disposition: 
 
A higher percentage of patients discontinued study treatment in the lixisenatide group 
compared with the placebo group. As of the cut-off date for this interim analysis, 130 
(10%) lixisenatide-treated patients and 98 (7%) placebo-treated patients prematurely 
discontinued the study treatment. The reasons for treatment discontinuation were 
“adverse event” (73 patients [5%] for lixisenatide and 32 patients [2%] for placebo) 
and “other reasons” (57 patients [4%] for lixisenatide and 66 patients [5%] for 
placebo). 
 
Fifty patients (27 patients [2%] from the lixisenatide group and 23 patients [2%] from the 
placebo group) died during the study, and 35 patients were alive at last contact and 
either withdrew their consent to continue study participation or were lost to follow-up (17 
patients [1%] from the lixisenatide group and 18 patients [1%] from the placebo group). 
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Table 94: Patient Disposition - ITT Population- ELIXA 

 
Source: Table 1, ELIXA interim study report- page 16 
 
Demographics and baseline characteristics: 
 
The demographic and patient baseline characteristics were generally similar between 
treatment groups for the ITT population (Table 2- ELIXA interim analysis report page 
18). The median age of the study population was 61 years for both the lixisenatide 
group and the placebo group. The majority of the patients were Caucasian (78% for the 
lixisenatide group and 80% for the placebo group). More male patients (68%) than 
female patients (32%) were enrolled in the study. The median body mass index (BMI) 
was 30 kg/m2 for both the lixisenatide group and the placebo group. Baseline median 
glycosylated hemoglobin (HbA1c: lixisenatide-7.59, placebo-7.68) and median fasting 
plasma glucose (FPG) were similar between treatment groups. 
 
Disease characteristics: 
 
Baseline diabetic history presented by median duration of diabetes and age of onset 
was similar between the treatment groups. The treatment groups were similar with 
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respect to incidence of albuminuria and mild, moderate and severe renal impairment at 
baseline. Only three patients in each group had severe renal impairment. At the time 
of screening, more than one third of patients required insulin treatment in both treatment 
groups. The characteristics of the qualifying ACS event were similar between the 
treatment groups, with most patients (84%) having had a qualifying ACS within 90 days 
prior to screening. The most common qualifying ACS event was ST-segment elevation 
MI in both treatment groups (42% for the lixisenatide group and 44% for the placebo 
group). More than 55% of the patients underwent a percutaneous coronary intervention 
(PCI) procedure for treatment of the ACS before entering the study. 

Table 95: Disease Characteristics at Screening or Baseline - ITT Population 
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Source: Table 3 ELIXA Interim report- page19 
 
Prior cardiovascular and glucose lowering medications and concomitant medications in 
the same class during the on-study period were reviewed (Tables 4-5, ELIXA study 
report pages 21-22). All patients reported the use of at least one prior cardiovascular 
medication or prior glucose lowering medication. Similarly, all but five patients reported 
the use of concomitant CV medication or concomitant glucose-lowering medication. The 
most common prior and concomitant CV medications were aspirin (95%), statins (93%), 
beta blocking agents (87%), clopidogrel (72%), and ACE inhibitors (lixisenatide-65%, 
placebo-67%) (Table 5, ELIXA interim report, page 22). These commonly used 
medications were taken by a similar percentage of patients in both treatment groups.  
Most common prior and concomitant glucose-lowering medications were metformin 
(63%) and insulin (lixisenatide- 38%, placebo- 40%), used by a similar percentage of 
patients in both treatment groups. A similar percentage of patients were on 
thiazolidinediones (1-2%). 
 
EFFICACY RESULTS 
These results may be updated after the final safety statistics review is in DAARTs 
Primary efficacy endpoint: 
A total of 358 potential primary CV endpoint events were reported in 264 patients and 
sent to CAC for adjudication. Of these, 181 events (51%) in 144 patients were positively 
adjudicated as a component of the primary CV composite endpoint by the CAC.  
The number (%) of patients with a primary CV event (MACE+- CV death, nonfatal MI, 
nonfatal stroke, or hospitalization for unstable angina) that was positively adjudicated by 
the CAC is provided below. A total of 77 (6%) patients in the lixisenatide group 
compared with 67 (5%) patients in the placebo group experienced a primary outcome 
event. The hazard ratio was 1.15 with a 96% CI of (0.82, 1.62) for lixisenatide compared 
to placebo. For MACE (CV death, nonfatal MI, nonfatal stroke) events alone, the point 
estimate was 1.17 with an upper bound of 1.66. The pre-specified non-inferiority margin 
was achieved but the results were suggestive of an increased CV risk with lixisenatide. 
The results of the Cox Proportional Hazards Model analyses for the individual CV 
endpoint events, CV death, MI, and stroke are also shown. Lixisenatide was associated 
with excess percentage of events for MI and CV death compared to placebo. 
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Table 96: Number (%) of Patients with Primary Cardiovascular Events as Positively 
Adjudicated by CAC- ITT Population 

 
 
Source-ELIXA Interim report-page 25 
 

Table 97: Number (%) of Patients with MACE events as Positively Adjudicated by CAC 
– ITT Population 

 

 
Source: Update to ELIXA analysis-Table 2, submission dated April 29, 2013 
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The statistical reviewer and sponsor also performed an analysis of on-treatment events 
on ITT population. On-treatment events are those events adjudicated by CAC which 
occurred within 30 days of the end of treatment. The results show more similarity 
between lixisenatide and placebo compared to the pre-specified analyses: 

Table 98: On- treatment MACE and MACE + events as Adjudicated by CAC-ITT 
Population 

 Placebo 
N=1333 

n(%) 

Lixisenatide 
N=1334 

n(%) 
HR(CI)* 

MACE+ 62 (4.7) 65 (4.9) 1.05 (0.74, 1.49) 
MACE 60 (4.5) 64 (4.8) 1.07 (0.75, 1.53) 
*95% confidence interval derived from Cox proportional hazard model with treatment 
and region as factors 
Source: Reviewer’s table analyses, Table 10-Dr. Rima Izem’s review 
 
 
A Kaplan-Meier plot of time from randomization to first primary CV event by treatment is 
presented (applicant’s Figure 1 - ELIXA interim report- page 26). Again, over time it 
appears that a small but consistent excess number of patients on lixisenatide have 
events with separation of the curves.  This is specifically noted in Dr. Izem’s K-M plot 
which was truncated at month 12 since few subjects were followed longer than 12 
months. Dr. Izem also produced box plots of time to MACE or time to censoring and 
they were similar (Figures 2 and 3, Dr. Izem’s safety statistical review). 
Eventually, an upper-bound of the 95% confidence Interval of 1.3 has to be excluded to 
meet post-approval regulatory requirements to exclude CV risk. Since the point estimate 
of the interim analysis was 1.15 with an upper bound of 1.62, the applicant was asked to 
provide an update to this interim analysis (cut-off date of January 25, 2013).  The 
statistical review focuses only on the pre-specified interim analysis.  
In the update, the point estimate for the primary composite was 1.14 with a 96% CI of 
0.89-1.47. The HR of the individual components of CV death and MI was below 1.8 but 
HR for stroke increased compared to previous results. The number of individual 
endpoint events is too small to make meaningful conclusions. The results for MACE 
(excluding unstable angina) were identical to the primary CV events results (Table 4, 
Sponsor’s submission dated April 29, 2013) 
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Table 99: Number (%) of patients with Primary Cardiovascular Events as Positively 
Adjudicated by CAC- ITT population 

 
Source: Update to ELIXA analysis-Table 3, submission dated April 29, 2013 
 
Review of CV events: 
 
Deaths: 
 
The CAC-adjudicated causes of death for the 50 patients (27 lixisenatide, 23 placebo) 
were as follows:  

Table 100: Deaths-ELIXA: (Source: addeath.xpt): 

USUBJID AGE Death 
day 

AEDECOD LOCATION CAUSEADJ Death type  
(CAC) 

Lixisenatide 
076-002-
014 

65 38 Cardiogenic 
shock 

In hospital/ ER Heart failure CV Death 

076-003-
011 

79 82 Sudden death At home Sudden death: 
Last seen alive >= 
1 hr and < 24 hrs 

CV Death 

076-016-
001 

74 142 Acute myocardial 
infarction 

In hospital/ ER Fatal myocardial 
infarction 

CV Death 

124-002-
005 

80 155 Pneumonia- 
aspiration 

In hospital/ ER Malignancy Non-CV 
Death 

152-001-
001 

59 173 Acute myocardial 
infarction 

In hospital/ ER Fatal myocardial 
infarction 

CV Death 
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USUBJID AGE Death 
day 

AEDECOD LOCATION CAUSEADJ Death type  
(CAC) 

152-004-
011 

49 84 Hemiplegia In hospital/ ER Fatal stroke: 
ischemic with 
hemorrhagic 
conversion 

CV Death 

170-002-
003 

75 170 Death At home Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

170-017-
001 

70 225 Sepsis In hospital/ ER Heart failure CV Death 

208-002-
001 

66 516 Sudden death At home Sudden death: 
Last seen alive >= 
1 hr and < 24 hrs 

CV Death 

233-002-
008 

43 33 Myocardial 
infarction 

In hospital/ ER Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

320-001-
005 

68 239 Sepsis In hospital/ ER Presumed CV 
death 

CV Death 

320-004-
004 

73 57 Ventricular 
fibrillation 

In hospital Fatal myocardial 
infarction 

CV Death 

320-006-
006 

61 382 Bronchial 
carcinoma 

At home Malignancy Non-CV 
Death 

392-005-
003 

55 198 Ventricular 
tachyarrhythmia 

In hospital/ ER CV procedural: 
CABG 

CV Death 

428-004-
001 

64 157 Sudden death At home Sudden death: 
Last seen alive >= 
1 hr and < 24 hrs 

CV Death 

484-011-
010 

55 140 Sudden death At home Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

604-009-
004 

60 182 Cardiac failure In hospital/ ER Heart failure CV Death 

604-010-
007 

70 197 Cardiac failure 
congestive 

At home Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

616-006-
001 

54 218 Myocardial 
infarction 

Other: Long-
term care 

Fatal myocardial 
infarction 

CV Death 

643-011-
001 

60 76 Coronary artery 
disease 

At work Sudden death: 
Last seen alive >= 
1 hr and < 24 hrs 

CV Death 

643-024-
002 

75 285 Cardiac failure At home Presumed CV 
death 

CV Death 
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USUBJID AGE Death 
day 

AEDECOD LOCATION CAUSEADJ Death type  
(CAC) 

724-001-
013 

78 128 Broncho- 
pneumonia 

In hospital/ ER Infection Non-CV 
Death 

804-003-
010 

60 72 Sudden cardiac 
death 

At home Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

840-310-
001 

66 184 Prostate cancer 
metastatic 

Other: Nursing 
home 

Malignancy Non-CV 
Death 

840-337-
004 

87 402 Arteriosclerosis 
coronary artery 

At home Sudden death: 
Last seen alive >= 
1 hr and < 24 hrs 

CV Death 

840-346-
001 

73 501 Pancreatic 
carcinoma 
metastatic 

At home Malignancy Non-CV 
Death 

840-471-
002 

53 451 Sepsis Unknown Unknown Unknown 

Placebo: 
032-033-
002 

48 215 Acute pulmonary 
edema 

In hospital/ ER Heart failure CV Death 

076-002-
006 

56 130 Acute pulmonary 
edema 

In hospital/ ER Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

076-002-
007 

72 163 Sepsis In hospital/ ER Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

076-018-
018 

73 182 Myocardial 
infarction 

In hospital/ ER CV procedural: 
Other CV 
procedural: CABG 
and mitral valve 
replacement 

CV Death 

152-011-
002 

71 231 Cardiac failure At home Sudden death: 
Last seen alive >= 
1 hr and < 24 hrs 

CV Death 

152-011-
011 

64 313 Atrioventricular 
block complete 
Myocardial 
infarction 

In hospital/ ER Fatal Myocardial 
Infarction 

CV Death 

246-005-
001 

76 288 Sudden death At home Presumed sudden 
death 

CV Death 

276-017-
001 

72 57 Pulmonary 
embolism 

In hospital/ ER Fatal pulmonary 
embolism 

CV Death 
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USUBJID AGE Death 
day 

AEDECOD LOCATION CAUSEADJ Death type  
(CAC) 

Cardiac failure 
chronic 

376-002-
004 

75 296 Septic shock In hospital/ ER Infection Non-CV 
Death 

440-004-
002 

71 80 Coronary artery 
bypass 

In hospital/ ER CV procedural: 
CABG 

CV Death 

484-005-
008 

56 61 Myocardial 
infarction 

In hospital/ ER Presumed CV 
death 

CV Death 

484-007-
003 

78 90 Hemorrhagic 
stroke 

In hospital/ ER Fatal stroke: 
Hemorrhagic 

CV Death 

484-023-
002 

61 313 Sepsis In hospital/ ER Fatal Myocardial 
Infarction 

CV Death 

484-023-
006 

69 351 Cardiogenic 
shock 
Myocardial 
infarction 

In hospital/ ER Heart failure CV Death 

604-005-
009 

76 145 Sudden death In hospital/ ER Infection Non-CV 
Death 

616-008-
004 

63 179 Acute respiratory 
failure 

At home Pulmonary Non-CV 
Death 

643-024-
001 

58 28 Sudden death At home Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

643-025-
013 

64 127 Peritoneal 
sarcoma 

At home Malignancy Non-CV 
Death 

643-047-
001 

48 8 Sudden death In hospital/ ER Sudden death: 
Witnessed or last 
seen alive < 1 hr 

CV Death 

710-006-
005 

73 175 Cardiac failure At home Heart failure CV Death 

804-004-
007 

69 318 Sudden cardiac 
death 

In hospital/ ER Presumed CV 
death 

CV Death 

840-047-
005 

57 30 Aortic dissection In hospital/ ER Other 
cardiovascular: 
Aortic dissection 

CV Death 

840-459-
002 

82 46 Respiratory 
failure 

 Pulmonary Non-CV 
Death 

 
The causes of death adjudicated seemed balanced between lixisenatide and placebo 
except for numerical increases in sudden death (total), fatal MI and malignancies with 
lixisenatide and pulmonary causes with placebo: 
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Table 101: CAC Adjudicated Causes of Death- Lixisenatide vs. Placebo 

CAUSE ADJ N 
LIXI 

N 
PBO 

CV Procedural: CABG 1 1 
CV Procedural: Other CV Procedural: CABG and mitral valve 
replacement 

0 1 

Fatal myocardial infarction 4 2 
Fatal pulmonary embolism 0 1 
Fatal stroke: hemorrhagic 0 1 
Fatal stroke: ischemic with hemorrhagic conversion 1 0 
Heart failure 3 3 
Infection 1 2 
Malignancy 4 1 
Other cardiovascular: Aortic dissection 0 1 
Presumed CV death 2 2 
Presumed sudden death 0 1 
Pulmonary 0 2 
Sudden death: Last seen alive >= 1 hr and < 24 hrs 5 1 
Sudden death: Witnessed or last seen alive < 1 hr 5 4 
Unknown 1 0 
 
Endpoint adjudication review: 
Key differences between the DMC document and the standardized definition of CV endpoints 
document were as follows. 
Unstable angina (USA) is defined as follows in the DMC document: 
“HospUSA: 
� Hospitalization* for ischemic symptoms: 
o Rest or accelerated symptoms (pain, dyspnea, pressure) consistent with myocardial ischemia. 
� AND 
o Cardiac markers (CK-MB or Troponin): 
Suggestive of myocardial injury but not meeting MI criteria. 
 
Note: if abnormal troponin, value must be in the suggestive (middle) range and below the threshold 
for MI.” 
 
Reviewer’s Comment: In the latest standardized definition of CV endpoints document, one of 
the criteria for Unstable angina is “negative cardiac biomarkers and no evidence of acute MI” 
along with rest or escalating anginal pain, hospitalization within 24 hours of symptoms and 
Ischemic changes on resting ECG or inducible ischemia in stress tests or angiographic 
evidence. For acute MI, biomarker elevations should be above the Upper reference limit (URL). 
Hence it is possible that the CAC was more restrictive in their definition of MI or USA (more 
cases which were potentially MI being diagnosed as USA and some cases not adjudicated as 
Unstable angina since they had normal biomarkers). However, adjudication was blinded, and 
the definitions were pre-specified. Narratives for select cases not meeting adjudication criteria 
were reviewed. 
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Transient ischemic attack (TIA)-DMC document: 
“A focal neurological deficit of central origin lasting < 24hrs without documented 
ischemia, hemorrhage or acute treatment with thrombolytics/directed intervention.” 
 
This seems consistent with the draft definitions for testing document. Recent stroke 
guidelines15 suggest that evidence of new infarct by imaging even if symptoms have 
resolved is suggestive of stroke rather than TIA. Advice by e-mail was obtained from 
FDA neurologist Dr. Billy Dunn (standardized endpoints task force member) about this 
issue. On select narrative review, some patients adjudicated as TIA had imaging 
evidence of new infarct although symptoms had resolved. He advised that the most 
important issue is that the approach is pre-specified in the protocol and that consistency 
with said approach is maintained during adjudication.  
 
 
Coronary Events which were not adjudicated by the CAC (ITT population, adcoro2.xpt), 
as an MI or hospitalization for USA were reviewed, focusing on those with ECG 
changes consistent with infarction (MIAECG), any cardiac markers above the ULN 
(MIAULN), concurrent heart failure episode (MIAHFE), concurrent coronary 
revascularization (MIAREVAS) or IP was interrupted. The patient listing is shown below 
(12 lixisenatide patients with 13 events, 13 placebo patients). In addition, four patients 
(two each on lixisenatide and placebo) had a fatal outcome and were adjudicated as CV 
deaths (233002008, 484005008, 484023006 and 643011001). All patients except one 
(840350001) were symptomatic. 
 

Table 102: Review of Select Coronary Events Which were not Adjudicated by the CAC 
(ITT population, adcoro2.xpt), as an MI or Hospitalization for USA: 

SUBJID Age Sex Day AE Action ECG changes; Cardiac 
markers; Associated heart 
failure or revascularization 
procedure 
 

LIXISENATIDE 
032028003 79 f 55 angina 

unstable 
none ECG- inferior ST elevation, 

normal cardiac markers, PCI 
on same day 

                                            
15 AHA/ASA stroke guidelines 2013- Stroke. published online January 31, 2013 
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SUBJID Age Sex Day AE Action ECG changes; Cardiac 
markers; Associated heart 
failure or revascularization 
procedure 
 

616008001 53 m 79 angina 
pectoris 

none Depression of ST segment in 
V5-V6- no new changes in 
contiguous leads 
documented, troponin I 
above ULN, recovered the 
same day 
 

642013002 64 f 44 angina 
unstable 

none No new ECG changes, 
normal cardiac markers, 
associated with acute heart 
failure 

643017007 72 f 341 angina 
unstable 

none ST-segment depression V2-
V6 
Cardiac markers not drawn. 

643020002 62 m 95 myocardial 
infarction 

none ST segment elevation in 
leads V1-V5 
Cardiac markers normal 

643024015 57 f 44 acute 
myocardial 
infarction 

none ST segment elevation II, III, 
aVF 
Cardiac markers normal.  
Had a CAC-adjudicated 
spontaneous MI on Day 111 

643027001 67 f 16 myocardial 
infarction 

none ST-segment elevation in 
contiguous leads, cardiac 
markers not drawn, 
associated with 
acute heart failure 

643027001 67 f 33 myocardial 
infarction 

none ST-segment elevation in 
contiguous leads, cardiac 
markers not drawn, 
associated with 
acute heart failure 

643027003 71 f 26 angina 
unstable 

none No new ECG changes, 
cardiac markers not drawn. 
Revasc procedure (CABG) 
17 days later 
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SUBJID Age Sex Day AE Action ECG changes; Cardiac 
markers; Associated heart 
failure or revascularization 
procedure 
 

710007001 50 m 64 angina 
pectoris 

none Ischemic changes on ECG, 
troponin I > ULN-attributed to 
unrecovered heart failure for 
over 2 weeks.  
CAC-adjudicated MI 7 days 
later. 
 

804010002 52 m 246 myocardial 
infarction 

none ECG- pathologic Q, T 
inversion 
Cardiac markers were not 
drawn 

804012004 59 m 60 angina 
unstable 

interrupted No new ECG changes, 
cardiac markers normal, PCI 
7 days later 

840350001 74 f 59 angina 
pectoris 

none Asymptomatic, no new ECG 
changes, cardiac markers 
normal 

PLACEBO 
032012002 49 m 175 angina 

unstable 
interrupted ST elevations in lead-V1, 2, 

3. 
Cardiac markers normal. PCI 
4 days later 

032033015 76 m 19 angina 
unstable 

none T wave inversion V1-V4 
Cardiac markers normal. 
CABG 10 days later 

152002010 61 m 17 angina 
unstable 

none No new ECG changes. CK-
MB above ULN. PCI one 
month later. 

208001001 75 m 115 angina 
unstable 

none No new ECG changes, 
cardiac markers normal. 
Associated with acute heart 
failure 

376006002 41 m 33 angina 
unstable 

interrupted No new ECG changes. 
Cardiac markers normal. 
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SUBJID Age Sex Day AE Action ECG changes; Cardiac 
markers; Associated heart 
failure or revascularization 
procedure 
 

616014002 65 m 280 angina 
pectoris 

interrupted No new ECG changes, 
troponin T was above ULN. 
Had 2 spontaneous MIs 
(NSTEMI) on Day 222 and 
Day 248 

642012005 55 f 135 angina 
unstable 

none T wave inversion (T 
negative) in d1 territory- aVL, 
V1-V3 
Cardiac markers not drawn. 
PCI 5 days later. 

643004007 56 f 8 myocardial 
infarction 

none ECG- signs of ischemia in 
the anterior septal and apical 
region, cardiac markers 
normal, associated with 
acute heart failure 

643017002 56 m 89 angina 
unstable 

none ST-segment elevation, T-
wave inversion V3-V6 
Cardiac markers not drawn 

710005001 37 m 10 angina 
unstable 

none ST-depression in the lateral 
leads V5 and V6 
CK-MB and troponin T 
above ULN; CAC-
adjudicated spontaneous MI 
(STEMI) 4 days later. 

804004012 57 m 142 myocardial 
infarction 

none ECG-“cicatrical changes in 
myocardial posterior-lateral 
wall of the left ventricle. 
Changes in the final part of 
the ventricular complex” 
Cardiac markers were not 
drawn. 

826009001 72 m 161 myocardial 
infarction 

none No new ECG changes 
troponin I above ULN 

840368001 63 f 311 angina 
unstable 

none lateral ST and T-wave 
changes 
Cardiac markers normal 

 
Reviewer’s Assessment: There were cases that did not meet the study specific criteria 
but would have met criteria for USA by the new standardized CV endpoint definition or 
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were probably NSTEMI (cases with elevated biomarkers). However, there were 
lixisenatide and placebo patients with these presentations. Hence this should not affect 
final CV endpoint results. 
 
Strokes adjudicated by the CAC were predominantly ischemic. Two patients were 
adjudicated as having ischemic stroke with hemorrhagic conversion. Three events in 
placebo patients were adjudicated as primary intracranial hemorrhage and one patient 
on lixisenatide was adjudicated as having a stroke of unknown etiology. 
 

Table 103: Listing of Events Adjudicated by the CAC as not Meeting Criteria for Stroke: 

SUBJID AGE SEX DAY AEDECOD Out 
come 

Stroke symptoms; 
Workup (if reported) 

Lixisenatide 
032020002 71 M 241 VIIth nerve 

paralysis 
recovered  

616011004 74 F 1 Carotid artery 
stenosis 

not 
recovered 

 

642015009 68 M 73 Carotid 
arteriosclerosis 

not 
recovered 

Recurrent morning 
dizziness; 
Day-273 on CT scan- 
“abnormal/ 11mm 
area on right frontal 
subcortical region”. 
Neurology consult-
“carotid 
atheromatosis”. 
Hx of carotid 
stenosis>=50% 

643049005 58 F 40 Vertebral and 
carotid artery 
stenosis 

recovering 

643049005 58 F 40 Carotid artery 
stenosis 

not 
recovered 

 

826002008 73 F 248 Transient 
ischemic attack 

not 
recovered 

cognitive deterioration 
for <24h 
Day 347- CT scan 
and carotid Doppler 
normal 

826009004 70 F 31 Cerebrovascular 
accident 

recovering Weakness in limbs. 
CT scan on Day 32 
and MRI on Day 36 
were normal 
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SUBJID AGE SEX DAY AEDECOD Out 
come 

Stroke symptoms; 
Workup (if reported) 

28 Cerebrovascular 
accident  

Recovered 
with 
sequelae 

840008005 53 M 

29 Carotid artery 
stenosis 

recovered  

Cognitive 
deterioration, 
depressed level of 
consciousness, visual 
disorder, facial 
weakness, weakness 
in limbs and gait 
disorder <24h. CT on 
Day 28- normal; 
abnormal carotid 
Doppler angiogram (> 
70% stenosis). 
Patient had bil. carotid 
endarterectomy. 

840400004 67 M 12 Carotid artery 
disease 

not 
recovered 

 

Placebo 
076001002 69 F 170 Cerebrovascular 

accident 
recovered Dysarthria and gait 

disorder over 24 
hours, sudden onset 
unknown 
CT scan on Day 170- 
“abnormal findings of 
intracranial 
atheromatous, 
periventricular 
microangiopathy and 
left cerebellar lesion 
with old aspect” and 
MRI on Day 173 –
“may correspond to 
areas of gliosis/old 
infarct”. Neurology 
consult-“suspect 
posterior circulation 
ischemic stroke” 

320006013 70 F 141 VIIth nerve 
paralysis 

recovering  
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SUBJID AGE SEX DAY AEDECOD Out 
come 

Stroke symptoms; 
Workup (if reported) 

376006001 71 M 306 Transient 
ischemic attack 

recovered Weakness in limbs > 
24 hr and dysarthria 
<24h. CT- old infarct 
Hx of CAC 
adjudicated ischemic 
stroke on Day 157 
with residual left 
hemiparesis. 

484023003 54 M 141 VIIth nerve 
paralysis 

recovered  

604005011 69 M 2 VIIth nerve 
paralysis 

recovered 
with 
sequelae 

 

616005007 66 F 100 Carotid artery 
stenosis 

not 
recovered 

 

642030002 56 M 35 Carotid 
arteriosclerosis 

not 
recovered 

 

643017019 43 M 341 Cerebrovascular 
disorder 

not 
recovered 

Headaches, difficulty 
with movement in the 
cervical spine and 
numbness of the 
upper and lower 
extremities. Doppler- 
right carotid and 
vertebral artery 
atherosclerosis 

710001002 63 F 124 Cerebrovascular 
accident 
(TIA- per CAC) 

recovered Symptoms with non-
sudden-onset; facial 
weakness, weakness 
in limbs, sensory 
disturbance and gait 
disorder. MRI-chronic 
ischemia, neurology- 
reversible ischemic 
neurovasc deficit 
(RIND) 

826027001 53 F 241 Dysarthria recovered No procedures or 
medical attention 
received. 
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SUBJID AGE SEX DAY AEDECOD Out 
come 

Stroke symptoms; 
Workup (if reported) 

840360001 72 M 47 Transient 
ischemic attack 

recovered 
with 
sequelae 

Weakness in limbs 
<24h and orthostasis. 
MRI performed on 
Day 52- chronic 
changes. Carotid 
Doppler on day 85- 
“no flow limiting 
stenosis” 

  
Reviewer’s Conclusion: CAC adjudication seems appropriate. Cases 840008005 and 
076001002 probably had strokes but did not meet pre-specified study criteria 
 
Interpretation of final ELIXA results 
 
As specified in the diabetes cardiovascular evaluation guidance for assessment of 
cardiovascular risk at the time of NDA submission, ELIXA’s interim analysis excluded an 
upper bound of the 95% confidence interval of 1.8 for the hazard ratio for MACE, for 
lixisenatide compared to placebo. At interim analysis, there were 144 events for the 
primary composite endpoint (MACE+), 77 in lixisenatide arm and 67 in placebo arm. 
The 96% confidence interval for MACE+ is 1.15 (0.82, 1.62). For MACE events alone, 
the point estimate was 1.17 with an upper bound of 1.66.  Three components of 
MACE+, CV death, myocardial infarction and stroke numerically favor the placebo arm. 
In the update to the interim analyses (cut-off date of January 25, 2013) the point 
estimate for the primary composite (MACE+ and MACE) was 1.14 with the upper bound 
of the 96% CI of 1.47. There was still a numerical excess of MI and stroke events in 
lixisenatide patients, although the upper bound and point estimate had decreased 
compared to the pre-specified interim analyses. Therefore, until the ELIXA trial is 
complete, there is still an element of uncertainty about exclusion of excess CV risk with 
lixisenatide, which will have to be included when weighing risk-benefit considerations for 
approval. 
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DIVISION OF PULMONARY, ALLERGY, AND RHEUMATOLOGY 
PRODUCTS 

MEDICAL OFFICER CONSULTATION 
 
 
Date:  August 26, 2013 
To: Pooja Dharia, Pharm.D., Regulatory Project Manager, Division of 

Metabolic and Endocrine Products (DMEP) 
From: Stacy Chin, M.D., Medical Reviewer 
Through: Anthony Durmowicz, M.D., Medical Team Leader 
Through: Badrul Chowdhury, M.D., Ph.D., Division Director 
Subject: hypersensitivity reactions in the lixisenatide clinical development 

program 
 
 
General Information 
 
NDA/IND#:  NDA 204-961 
Sponsor: Sanofi Aventis 
Drug Product: Lixisenatide 
Request From: Pooja Dharia, Pharm. D., Regulatory Project Manager, DMEP 
Date of Request: May 16, 2013 
Date Received: May 16, 2013 
Date Due: July 22, 2013 
Materials 
Reviewed: 

NDA 204-961: module 2.5 Clinical Overview, module 5.3.5.3 ISS 
section 3.1.6.2.3 and Legacy Clinical Study Report, 120-Day Safety 
Update 
NDA 21-773 (exenatide for combination therapy): Clinical reviews 
3/29/05 and 12/14/06 
NDA 21-919 (exenatide for monotherapy): Clinical review 8/20/09 
NDA 22-341 (liraglutide): Clinical safety review 7/22/09 
NDA 22-200 (exenatide LAR): Clinical reviews 2/22/10 and 
12/12/11 

 
 
 
Introduction 
This is a Division of Pulmonary, Allergy, and Rheumatology (DPARP) medical officer review in 
response to a consultation request from the Division of Metabolic and Endocrine Products 
(DMEP) regarding lixisenatide and severe hypersensitivity reactions that have been reported in 
the clinical development program. Lixisenatide is a glucagon-like peptide 1 (GLP-1) receptor 
agonist currently under review for the proposed indication of an adjunct to diet and exercise to 
improve glycemic control in adults with Type 2 diabetes mellitus. The following review covers a 
brief background on lixisenatide and other approved drugs in its class, a summary of the 
lixisenatide safety database and the Applicant’s process for identifying allergic reactions, a 
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discussion of the diagnostic criteria for anaphylaxis, and results from the review of potential 
allergy-related adverse event case narratives with a focus on severe cases of hypersensitivity 
reactions identified by the Applicant as anaphylaxis.  
 
Background 
In response to a glucose load, incretin hormones, such as native human GLP-1, stimulate insulin 
release from pancreatic islet cells, suppress glucagon secretion, and delay gastric emptying to 
promote glucose uptake. The endogenous, active form of GLP-1 has a circulating half-life of 90-
120 seconds due to rapid N-terminal cleavage and inactivation by the common dipeptidyl 
peptidase-4 (DPP-4) enzyme. Lixisenatide is a GLP-1 receptor agonist resistant to enzymatic 
cleavage by DPP-4 resulting in longer duration of action and allowing for once daily dosing. In 
the U.S., there are three approved GLP-1 agonists on the market: exenatide (Byetta), liraglutide 
(Victoza), and exenatide long-acting release (Bydureon). Significant hypersensitivity reactions 
including anaphylaxis and angioedema have been reported post-marketing for all three products. 
With this in mind, possible hypersensitivity reactions were evaluated during the lixisenatide 
clinical program. As such, DMEP has requested that DPARP review the hypersensitivity 
reactions identified in the lixisenatide clinical safety database and if possible, compare the 
immunogenicity of lixisenatide to that of other drugs in the same class.  
 
 
Lixisenatide Safety Database and Case Identification 
For the current NDA submission, the Applicant provided a clinical safety database that includes 
16 Phase 2/3 studies in patients with Type 2 diabetes mellitus and 15 Phase 1 studies in healthy 
volunteers and patients with Type 2 diabetes mellitus, totaling 4603 subjects who received at 
least 1 dose of lixisenatide and 2651 subjects who received either placebo or an active 
comparator drug. Focusing on the pooled Phase 2/3 studies, 4046 patients received at least one 
dose of lixisenatide resulting in a cumulative exposure to lixisenatide of 3958.1 patient years 
with a mean exposure of 336.2 days in all controlled studies.  
 
During clinical development, the Applicant identified allergic reactions as an adverse event of 
special interest and created an Allergic Reaction Adjudication Committee (ARAC) to evaluate 
potential hypersensitivity reactions. ARAC members were independent from both the Sponsor 
and the study investigators and were blinded to the actual investigational product (IP) received 
by the patients. Because ARAC was established during the Phase 2 Study DRI6012 in April 
2007, studies which had already been completed (Phase 2 study ACT6011 and Phase 1 studies 
01-016, BDR6864, INT6052, INT6863, POP6053, and TDU10121) were not reviewed. ARAC 
reviewed and retrospectively evaluated potential allergic-like treatment emergent adverse events 
(TEAEs) reported by the investigators from all subsequent studies. If the reported event was 
determined to be consistent with an allergic reaction, ARAC then assessed the possible 
relationship to the IP. Each event received one of the following prespecified diagnoses: 
 

• Urticaria – strictly located to skin and transitory (< 24 hours) 
• Angioedema – mucosal involvement, transitory (< 24 hours) 
• Anaphylactic reaction – skin or mucosal lesion of acute onset associated with at least 1 

other organ involved (respiratory, GI, vascular, etc.) 
• Anaphylactic shock – anaphylactic reaction with a drop in blood pressure 
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• Other – diagnosis given as free text 
 
The definition of anaphylaxis used by ARAC was generally based on the National Institute of 
Allergy and Infectious Disease (NIAID) and the Food Allergy and Anaphylaxis Network 
(FAAN) anaphylaxis diagnostic criteria published in 20061. If the event did not constitute an 
allergic reaction, an alternative diagnosis was provided by the committee. ARAC further 
classified the event by severity based on a prespecified scale according to treatments 
administered, hospitalization, and airway compromise.  
 
While the adjudication process ascribed to ARAC appears capable of identifying significant 
hypersensitivity reactions, DPARP believes that investigators who witnessed the adverse event 
are in the best position to provide a diagnosis and to make a determination of severity and 
relatedness to treatment. Furthermore, DPARP does not make a distinction between 
“anaphylactic reaction” and “anaphylactic shock”, but rather uses the term “anaphylaxis” to 
identify cases meeting our application of the NIAID/FAAN diagnostic criteria, all of which are 
considered severe and potentially life-threatening and, as such,severity grading does not apply.   
 
ARAC Adjudication Results 
Adverse events consistent with anaphylaxis and drug hypersensitivity occurred during the 
clinical development program for lixisenatide. In the integrated safety summary (ISS), the 
assessment of AEs adjudicated as allergic reactions by ARAC focuses on the controlled Phase 
2/3 studies with the exception of study ACT6011 noted above. In these studies, investigators 
were to flag adverse events that included prespecified signs and symptoms that could be 
consistent with those caused by allergies (allergic-like events) which would then be reviewed by 
the ARAC for final determination as allergic events or not. 
 
In the Phase 2/3 program2, 269 possible allergic-like events were reported in 4004 lixisenatide-
treated patients, 14 events were reported in 548 patients treated with active comparator drugs 
(exenatide, sitagliptin, or liraglutide), and 83 events were reported in 1788 placebo-treated 
patients. Of these, 87 treatment-emergent events in 74 patients in the lixisenatide treated group, 
25 events in 20 patients in the placebo-treated group and 5 events in 4 patients in the active 
comparator group (1 sitagliptin, 4 exenatide) were determined to be consistent with allergic 
reactions by the ARAC. In addition to the 12 cases of anaphylaxis which are described in detail 
below, ARAC identified 20 events of urticaria, 12 events of allergic rhinitis, 8 events of 
angioedema, and 5 events of allergic conjunctivitis in lixisenatide-treated patients in the 
combined Phase 2/3 studies. As mentioned previously, as part of the adjudication process, 
ARAC supplied a single diagnosis for each event even if multiple symptoms were present; for 
example, a patient with hives and swelling would receive a diagnosis of either urticaria or 
angioedema. While this method could be a limitation by underestimating the frequency of certain 

                                                 
1 Sampson HA, Munoz-Furlong A, Campbell RL, Adkinson NJ, Bock SA, Branum A, et al. Second symposium on 
the definition and management of anaphylaxis: Summary report – Second National Institute of Allergy and 
Infectious Disease/Food Allergy and Anaphylaxis Network Symposium. J Allergy Clin Immunol. 2006; 117:391-7 
 
2 Excludes Study ACT6011 which was not adjudicated by ARAC. Includes studies PDY6797, PDY10931, 
DRI6012, EFC6014, EFC6015, EFC6016, EFC6018, EFC6019, EFC10743, EFC10780, EFC10781, EFC10887, 
EFC11321, and LST10888. 
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allergic adverse events, it did not affect the identification of life-threatening hypersensitivity 
reactions such as anaphylaxis.  
  
Anaphylaxis – Definition 
Because it is a systemic, potentially life-threatening event, anaphylaxis is considered a severe 
type of hypersensitivity reaction. Historically, in the scientific community anaphylaxis has been 
defined as an IgE-mediated adverse reaction to a specific antigen or drug. This definition, while 
of interest scientifically, is problematic when trying to identify cases in the context of clinical 
study adverse event reporting. In 2006 the NIAID/FAAN criteria were developed to provide a 
clinical definition of anaphylaxis. Since its inception, DPARP has used this clinical definition of 
anaphylaxis to review adverse reaction case reports to identify cases consistent with anaphylaxis. 
 
The NIAID/FAAN criteria outline 3 diagnostic criteria as follows: 
 
Anaphylaxis is highly likely when any one of the following 3 criteria is fulfilled: 
1) Acute onset of an illness (minutes to several hours) with involvement of the skin, mucosal 

tissue, or both (e.g., generalized hives, pruritus or flushing, swollen lips-tongue- uvula), and 
at least one of the following: 
a) Respiratory compromise (e.g., dyspnea, wheeze-bronchospasm, stridor, reduced PEF, 

hypoxemia) 
b) Reduced BP or associated symptoms of end-organ dysfunction (e.g., hypotonia 

(collapse), syncope, incontinence) 
2) Two or more of the following that occur rapidly after exposure to a likely allergen for that 

patient (minutes to several hours): 
a) Involvement of the skin-mucosal tissue (e.g., generalized hives, itch-flush, swollen lips-

tongue-uvula) 
b) Respiratory compromise (e.g., dyspnea, wheeze-bronchospasm, stridor, reduced PEF, 

hypoxemia) 
c) Reduced BP or associated symptoms (e.g., hypotonia (collapse), syncope, incontinence) 
d) Persistent gastrointestinal symptoms (e.g., crampy abdominal pain, vomiting) 

3) Reduced BP after exposure to known allergen for that patient (minutes to several hours): 
a) Infants and children: low systolic BP (age specific) or greater than 30% decrease in 

systolic BP 
b) Adults: systolic BP of less than 90 mm Hg or greater than 30% decrease from that 

person's baseline 
 
DPARP has usually taken a conservative approach in the determination of anaphylaxis by 
limiting the identification to cases fulfilling criterion 1 in which skin and/or mucosal 
involvement must be present and accompanied by respiratory compromise and/or reduced blood 
pressure or accompanying end organ dysfunction such as collapse, syncope, or incontinence. It is 
worth noting that the NIAID/FAAN diagnostic criteria do not grade the severity of anaphylaxis.  
By virtue of multi-organ, multi-system involvement and the unpredictable nature of anaphylaxis, 
all anaphylactic reactions are considered severe and potentially life-threatening. 
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Anaphylaxis Case Identification from Clinical Trial Database 
The Applicant’s ARAC identified 12 cases of anaphylactic reaction/anaphylactic shock adverse 
reactions temporally associated with lixisenatide treatment in the clinical development program. 
DPARP’s review of allergic-like reactions reported for the Phase 2/3 studies did not reveal any 
additional potential anaphylaxis cases. Following are case narratives for each event including an 
assessment by DPARP as to whether the adverse reactions meet the established criteria used by 
the FDA to define anaphylaxis.  
 

Lixisenatide-treated patients 
 
Case 006012840020001 (Study DRI6012): The patient is 52 year old male with Type 2 
diabetes who received lixisenatide 10 mcg daily. On Day 20, he experienced moderate 
itching of his feet and subsequently his whole body 10 minutes after self-administration 
of lixisenatide. The itching lasted for 30 minutes. He stopped taking lixisenatide for 3 
days. On Day 23 of the study, he self-injected another dose of lixisenatide. Within 10 
minutes of injection, he developed generalized pruritus, swelling of the lips and tongue, 
numbness of the lips, and difficulty breathing. He self-administered 2 Tb of Benadryl, 
and an ambulance arrived within 5 minutes. He recovered within 1 hour. The event was 
reported as an anaphylactic reaction of severe intensity and as an SAE. Study treatment 
was permanently discontinued with the last dose taken on Day 23, and he withdrew from 
the study.   
FDA Comment: This case was reported as an “anaphylactic reaction” by the 
investigator and meets NIAID/FAAN anaphylaxis criterion 1 due to skin/mucosal 
involvement (pruritus, angioedema) and respiratory involvement (difficulty breathing). 

 
Case 006016840635031 (Study EFC6016): The patient is a 52 year old female with Type 
2 diabetes who received lixisenatide 10-20 mcg daily. She reported a medical history of 
drug allergies, hives, and angioedema (not otherwise specified). On Day 22, 5 minutes 
after injection of lixisenatide, she developed generalized itching, swelling and erythema 
at the injection site, hoarseness with change in voice, wheezing, chest tightness, and 
laryngeal swelling on exam. During the reaction, approximately 1 hour after injection, 
her vital signs were heart rate of 67 bpm, BP 129/62 mmHg, and respiratory rate 18 
breaths/minute. She was treated with diphenhydramine hydrochloride and recovered from 
the reaction. The event was reported as an “allergic reaction” by the investigator. Study 
treatment was permanently discontinued due to this event.  
FDA Comment: This case meets NIAID/FAAN anaphylaxis criterion 1 based on 
skin/mucosal involvement (generalized itching, laryngeal edema) and respiratory 
involvement (wheezing, chest tightness).   
 
Case 010743642307010 (Study EFC10743): This is a 53 year old female with Type 2 
diabetes who received lixisenatide up to 20 mcg daily. On Day 165, a few seconds after 
injection, she experienced nausea, dizziness, generalized itching, swelling at the injection 
site and palm erythrosis of severe intensity. Thirty minutes later, her BP was 90/60 
mmHg with a heart rate of 100 bpm and respiratory rate of 26 breaths/ minute. She was 
treated with loratadine and hydrocortisone hydrogen succinate IV. Following treatment 
and 1.5 hours after the onset of symptoms, her BP was 110/70 mmHg, heart rate 88 bpm, 
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and respiratory rate 16 breaths/minute. The event was reported as “allergic dermatitis” by 
the investigator. Study treatment was permanently discontinued due to this event. 
FDA Comment: This case meets NIAID/FAAN anaphylaxis criterion 1 based on skin 
(generalized itching, palm erythrosis), cardiovascular (hypotension, tachycardia), and 
respiratory (tachypnea) involvement. 
 
Case 010780320001015 (Study EFC10780): The patient is a 45 year old female with 
Type 2 diabetes who received lixisenatide 10 mcg daily. On Day 2 of the study, 10 
minutes after injection, she developed generalized itching, flushing, hives, swelling of her 
eyes, face, hands, feet, and injection site, and chest tightness. Approximately 1 hour after 
the injection, her vital signs were heart rate 92 bpm, BP 136/88 mmHg, and respiratory 
rate 18 breaths/minute. She was treated with chlorpheniramine and IV dexamethasone 
with no improvement. She was then transferred to the emergency room where she 
received dexamethasone, epinephrine SC, and oxygen. Three hours after the onset of 
symptoms, her vital signs were heart rate 82 bpm, BP 126/84 mmHg, and respiratory rate 
16 breaths/minute. The investigator reported the event as an “anaphylactic reaction”. 
Study treatment was permanently discontinued.  
FDA Comment: This case was reported as an anaphylactic reaction and meets 
NIAID/FAAN anaphylaxis criterion 1 based on skin/mucosal involvement (itching, 
flushing, hives, angioedema) and respiratory involvement (chest tightness).  
 
Case 011321156029017 (Study EFC11321): The patient is a 66 year old male with Type 
2 diabetes who received lixisenatide 10 mcg. Ten minutes after the first dose of 
lixisenatide on Day 1, he experienced generalized itching, cutaneous flushing, rhinorrhea, 
nausea, and vomiting followed by tachypnea and loss of consciousness. On initial 
assessment, his vital signs were heart rate 118 bpm, BP 60/40 mmHg, and respiratory rate 
22 breaths/minute. He immediately received treatment with IV fluids and dexamethasone 
as well as IM promethazine before transfer to the emergency room. An hour later, his 
vital signs were heart rate 100 bpm, BP 150/90 mmHg, and normal respiratory rate. On 
further evaluation, he was diagnosed with an acute myocardial infarction and lacunar 
cerebral infarction requiring further hospitalization. The investigator reported the event as 
“anaphylactic shock” and an SAE. Study treatment was permanently discontinued due to 
this event.  
FDA Comment: Although adjudicated as “anaphylactoid” by ARAC due to its 
occurrence after the 1st dose, this case was reported by the investigator as anaphylactic 
shock and meets NIAID/FAAN anaphylaxis criterion 1 based on skin (itching, flushing), 
cardiovascular (hypotension, tachycardia), respiratory (tachypnea), and end-organ 
involvement (loss of consciousness) involvement. The NIAID/FAAN anaphylaxis 
diagnostic criteria do not make a distinction based on the underlying etiology (i.e. IgE 
versus nonIgE-mediated or whether the reaction occurred after the first dose or after 
subsequent doses (see discussion below).  
 
Case 006015392528003 (Study EFC6015): The patient is a 57 year old male with Type 2 
diabetes who received lixisenatide 20 mcg daily. On Day 244, he experienced generalized 
urticaria, numbness in his feet, and loss of consciousness 30 minutes following a bee 
sting. He was hospitalized in an unconscious state with urticaria, hypotension (SBP 70 
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mmHg), and hypoxia (SpO2 92%). He was diagnosed with anaphylactic shock secondary 
to bee sting hypersensitivity and was treated with oxygen, oxatomide, IV fluids, IM 
epinephrine, and methylprednisolone. The patient recovered and was discharged from the 
hospital on Day 246. The investigator reported the event of bee sting hypersensitivity as 
an SAE. ARAC assessed the event as anaphylactic shock not related to the IP. The IP was 
temporarily withheld and restarted on Day 247.  
FDA Comment: This case meets NIAID/FAAN anaphylaxis criterion 1 based on skin 
(urticaria) and cardiovascular (hypotension, loss of consciousness) involvement. 
Although not listed in the patient’s relevant medical history, stinging insect 
hypersensitivity is the most likely explanation for anaphylaxis in this case given the close 
temporal relationship of symptom onset to the sting itself. However, the exact time of last 
lixisenatide administration prior to the onset of anaphylaxis was not provided.  

 
Case 010743276303004 (Study EFC10743): The patient is a 52 year old female with 
Type 2 diabetes who received lixisenatide 10 mcg. On Day 1, approximately 30 minutes 
after the injection, she developed localized itching and flushing of the skin, swelling 
beneath the arms, headache, dizziness, lump sensation in her throat, and hoarseness. On 
examination, her vital signs were heart rate 80 bpm, BP 120/80 mmHg, and respiratory 
rate 20 breaths/minute with a normal ECG. She was treated with hydrocortisone IV, 
clemastine, and IV fluids. Approximately 4 hours after the onset of symptoms, her vital 
signs were heart rate 67 bpm, BP 145/70 mmHg, and respiratory rate 12 breaths per 
minute. The investigator reported the event as allergic exanthema and as a serious, 
medically important event. Study treatment was permanently discontinued due to this 
event.  
FDA Comment: This case meets NIAID.FAAN anaphylaxis criterion 1 based on 
skin/mucosal (itching, flushing, swelling, hoarseness), cardiovascular (decreased blood 
pressure from baseline and tachycardia), and respiratory (tachypnea) involvement. 

 
Case 011807276001263 (Study TES11807): The patient is a 44 year old healthy female 
who received 30 mcg lixisenatide. On Day 24, five minutes after injection she 
experienced numbness, generalized itching and rash, hot flushes, swelling of lips, eyes, 
hands and feet, palpitations, faintness, and hot flushes of moderate severity. No treatment 
was received, and no vital signs were obtained. Her symptoms resolved after 3 hours. The 
investigator reported this event as hypersensitivity, and study treatment was permanently 
discontinued due to this event.  
FDA Comment: This case meets NIAID/FAAN anaphylaxis criterion 1 based on 
skin/mucosal (itching, rash, swelling) symptoms and cardiovascular (palpitations and 
faintness) symptoms without accompanying vital signs. Although the ARAC also 
adjudicated this event as an anaphylactic reaction, the case is not included in the NDA 
submission integrated safety summary.  
 
Case 006015158501007 (Study EFC6015): The patient is a 49 year old male with Type 2 
diabetes who received lixisenatide 20 mcg daily. On Day 170, he was diagnosed with 
rectal cancer which was considered medically important and led to hospitalization and 
discontinuation of lixisenatide on Day 180. Two days after his last dose of lixisenatide, 
he experienced anaphylactic shock while on the operating table prior to surgery. His 

Reference ID: 3363148



Consult, NDA 204-961, Lixisenatide, Sanofi Aventis 

 8

blood pressure was 60/40 mmHg with a heart rate of 70 bpm. He was treated with 
norepinephrine, hydrocortisone sodium succinate, calcium gluconate, IV fluids, oxygen, 
and chlorpheniramine with resolution of symptoms. The suspected cause for anaphylaxis 
was the concomitant medication cefazolin. The investigator reported the event of 
anaphylactic shock as an SAE. ARAC assessed the event as anaphylactic shock unrelated 
to IP.  
FDA Comment: This case describes symptoms from a single system (cardiovascular)and 
therefore does not strictly meet NIAID/FAAN anaphylaxis diagnostic criterion 1 for 
anaphylaxis. In addition, the fact that lixisenatide was discontinued 2 days prior to the 
anaphylactic reaction makes it highly improbable that lixisenatide was the underlying 
cause of this event. 

 
Case 006014124411018 (Study EFC6014): The patient is a 53 year old male with Type 2 
diabetes with a history of previous exposure to a GLP-1 receptor antagonist who received 
lixisenatide up to 15 mcg daily. On Day 13, he developed swelling at the injection site, 
and pruritic maculopapular rash on his extremities and abdomen. On Day 14, he 
experienced worsening of symptoms and presented to the emergency room with 
numbness and swelling of his upper lip and dizziness. His vital signs were heart rate 81 
bpm, BP 156/80 mmHg, and respiratory rate 18 breaths/minute. He was treated with 
diphenhydramine hydrochloride IV, prednisone, ranitidine hydrochloride IV, cetirizine, 
and IV fluids after which his condition improved. The investigator reported this event as 
maculopapular rash and angioedema which were considered medically important events.  
FDA Comment: This case does not clearly describe multi-organ system involvement. 
While skin/mucosal symptoms (lip swelling and pruritic rash) are present, dizziness in the 
absence of objective changes in heart rate or blood pressure does not obviously imply 
cardiovascular involvement.  
 
Case 006017642701006 (Study EFC6017): The patient is a 54 year old male with Type 2 
diabetes who received lixisenatide up to 20 mcg daily. On Day 163, approximately 30 
minutes after injection, he developed mild generalized itching and redness of the eyes 
which resolved without treatment. On Day 169, 25 minutes after study drug 
administration, he developed generalized itching and swelling of the eyes, tongue, and 
injection site. He was treated with loratadine, and his symptoms resolved 9 hours later. 
On Day 170, immediately after injection, he complained of swelling at the injection site, 
generalized itching and flushing, swelling of the eyes and tongue, nausea, and abdominal 
pain. He was treated with loratadine, and study treatment was permanently discontinued 
due to this event. The investigator reported this event as allergic dermatitis and 
hypersensitivity.  
FDA Comment: This case involves skin/mucosal symptoms (itching, flushing, 
angioedema) and gastrointestinal symptoms (nausea, abdominal pain) thus meeting 
NIAID/FAAN anaphylaxis criterion 2, but not the more conservative criterion 1.  
 
Case 006016840635033 (Study EFC6016): The patient is a 58 year old female with Type 
2 diabetes who received lixisenatide 10 mcg daily. On Day 26, she experienced severe 
pruritus, generalized urticaria, nasal congestion and itching, and nausea following 
injection. She was treated with diphenhydramine with rapid improvement. The 
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investigator reported this event as an allergic reaction, and study treatment was 
permanently discontinued.  
FDA Comment: This case involves skin/mucosal symptoms (pruritus, urticaria, nasal 
congestion and itching) and gastrointestinal symptoms (nausea) thus again meeting 
NIAID/FAAN anaphylaxis criterion 2, but not the more conservative criterion 1.  

 
Placebo-treated patient 
 

Following is a case reported for a patient who received placebo consistent with a hypersensitivity 
reaction classified as “urticaria” by the Applicant’s ARAC but on DPARPs review meets the 
NIAID/FAAN criteria for anaphylaxis. 
 

Case 011807276001256 (Study TES11807): The patient is a 24 year old healthy female 
volunteer who received placebo. On Day 4, she experienced an allergic reaction 
consisting of mild dyspnea, wheezing, throat and laryngeal symptoms, flushing, and 
macular rash on her back, chest, abdomen, and extremities. She received treatment with 
antihistamines and recovered on Day 5. She continued with the study, but received no 
further doses of the IP. The event was reported as an allergic reaction by the investigator. 
ARAC adjudicated the AE as an allergic reaction with a diagnosis of urticaria, possibly 
related to the IP. 
FDA Comment: This case meets NIAID/FAAN anaphylaxis criterion 1 based on 
skin/mucosal (flushing, rash, throat/laryngeal symptoms) and respiratory (dyspnea, 
wheezing) involvement.  
 

Reports of Anaphylaxis from Safety Update: 
 
In the 120-Day Safety Update submitted on April 19, 2013, which covered ongoing clinical trials 
through January 25, 2013, two additional cases of anaphylaxis were reported. Summary 
narratives with FDA commentary are provided below.  
 

Case 2012SA056034 (subject ID: 616014003): The patient is a 58 year old male with 
Type 2 diabetes treated with lixisenatide (blinding was broken per the Agency’s request). 
On Day 338 prior to his daily injection of IP, he experienced swelling of his mouth, 
tongue, hands, eyes, and face with urticaria and generalized itching. Over the course of 
2.5 hours, he developed dyspnea and dizziness with BP 60/30 mmHg, heart rate 100 bpm, 
and respiratory rate 25 breaths/min. He was treated with IV epinephrine, hydrocortisone, 
and phenazoline with improvement of vital signs and admitted for further observation and 
treatment.  Lab tests revealed exacerbation of his chronic kidney disease with elevated 
BUN and serum creatinine for which he received IV fluids and furosemide. The 
investigator reported the event as anaphylactic shock and an SAE. ARAC adjudicated the 
event as anaphylactic shock unrelated to treatment because the event occurred more than 
1 year after drug initiation and more than 24 hours after the most recent dose. Treatment 
was permanently discontinued due to this event..  
FDA Comment: This case was reported as anaphylactic shock and meets NIAID/FAAN 
anaphylaxis criterion 1 based on skin/mucosal (angioedema, urticaria, itching), 
cardiovascular (hypotension, tachycardia), and respiratory (dyspnea, tachypnea) 
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involvement. While ARAC felt the event was unrelated to lixisenatide treatment, without a 
plausible alternative cause for the reaction, regardless of the timing, lixisenatide cannot 
be ruled out as the cause of this life-threatening event.  

 
Case 2012SA054509 (subject ID: 392020004): The patient is a 61 year old male 
experienced anaphylactic shock following a bee sting on Day 117 of blinded IP 
treatment. He developed generalized redness, urticaria, itching, eye swelling, wheezing, 
and hypotension. He was hospitalized and treated with IV fluids, methylprednisolone, 
and epinephrine. The investigator reported the event as anaphylactic shock and an SAE. 
ARAC adjudicated the event as anaphylactic shock unrelated to the blinded IP. The IP 
was continued.  
FDA Comment: This case was reported as anaphylactic shock and meets NIAID/FAAN 
anaphylaxis criterion 1 due to skin/mucosal (urticaria, itching, erythema), respiratory 
(wheezing), and cardiovascular (hypotension) involvement. Although limited information 
is provided, the reaction appears to be due to stinging insect hypersensitivity unrelated to 
the IP.  

 
Potential for Immunogenicity 
Because of differences in the method of collection of drug hypersensitivity data between the 
development programs for other marketed GLP-1 receptor agonists and lixisenatide, a direct 
comparison of the incidence of life-threatening drug hypersensitivity reactions such as 
anaphylaxis between lixisenatide and currently marketed GLP-1 receptor agonists (Byetta, 
Victoza, and Bydureon) cannot be made. However, as an overall measure of immunogenic 
potential, the following table compares the frequency of anti-drug antibody (ADA) formation for 
each drug when measured between 24 to 30 weeks in the clinical trials. 
 
Table 1:  ADA Formation for Lixisenatide and other Marketed GLP-1 Receptor Agonists 
Drug % ADA formation at 24-30 weeks  
Exenatide  30-44* 
Liraglutide 9* 
Exenatide ER  57* 
Lixisenatide  70 ** 
*   Based on ADA information in Section 6 of product labels 
** Based on ADA data from Phase 3 trials (Section 4.3.6.1, NDA 204-961, Integrated Summary of Safety) 

 
Note that while there were no cases of anaphylaxis identified in the clinical programs for the 
currently approved products, anaphylaxis has been reported post-marketing for each of them and 
the occurrence of serious hypersensitivity reactions such as anaphylaxis and angioedema is 
included in Warnings and Precautions section of the product labels. 
 
Summary 
The Applicant’s independent ARAC identified 12 cases of anaphylactic reaction/anaphylactic 
shock temporally associated with lixisenatide treatment in the clinical development program. Of 
the 12 cases, two were discounted as not lixisenatide-related because an alternative likely cause 
was apparent (bee sting and IV administration of a cephalosporin antibiotic) and a third case 
submitted by the investigator as “anaphylactic shock” was re-classified as an “anaphylactoid” 
reaction by the ARAC because the event occurred after the first dose of lixisenatide. The 
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calculated frequency for ARAC-identified lixisenatide-associated anaphylaxis, based on the 4004 
unique patients exposed to at least one dose of lixisenatide patients from the ARAC adjudicated 
pooled Phase 2/3 studies is then  0.22 % (9/4004 patients). Since the NIAID/FAAN anaphylaxis 
diagnostic criteria do not make a distinction based on the underlying etiology (i.e. IgE versus 
nonIgE-mediated) or need for known pre-existing exposure to the inciting agent, DPARP would 
include the case termed as an “anaphylactoid” reaction resulting in a frequency of 0.25% 
(10/4004 patients). 
 
DPARP’s review of the allergic-like allergic reactions reported by the study investigators 
including the 12 anaphylaxis cases based on the Applicant’s ARAC classification and submitted 
in the original NDA submission, identified 8 cases of anaphylaxis as defined by the 
NIAID/FAAN (criterion 1), a clinical definition of anaphylaxis that FDA has adopted to assess 
for anaphylaxis in clinical trials and post-marketing reports since their publication in 2006. One 
case, noted above, was apparently the result of bee sting hypersensitivity reducing the number to 
7. Using the same denominator (the 4004 unique patients from the ARAC adjudicated pooled 
Phase 2/3 studies) as used above, we arrived at a calculated frequency of lixisenatide-associated 
anaphylaxis of 0.17 % (7/4004 patients). 
 
The difference in frequency between our determination and that using the number of anaphylaxis 
cases identified by the ARAC can be accounted for in 2 ways. First, in reviewing the cases, as is 
our general policy, we utilized a more conservative application of the NIAID/FAAN definition 
(criterion 1 only) rather than a more inclusive estimate that employs both criteria 1 and 2 to 
define anaphylaxis (see above). This difference in the application of the NIAID/FAAN 
anaphylaxis criteria was the primary reason for our lower determination of anaphylaxis cases. On 
the other hand, we included the case reclassified by the ARAC as an “anaphylactoid” reaction 
which occurred with the first exposure because in our determination the NIAID/FAAN criteria, 
by definition, are clinical-based and not dependent on known mechanism of action or history of 
pre-exposure. The mechanism for reaction with first exposure is unclear, but might be explained 
by nonspecific histamine release from drug, complement activation from the drug, or prior 
sensitization to a component of the drug product or another cross-reactive agent. It should be 
noted that drugs may cause anaphylaxis due to both IgE-mediated and non-IgE mediated 
etiologies. An example is vancomycin, which may produce both IgE-mediated and non-specific 
mast cell degranulation and anaphylaxis. Whether IgE-mediated or not, the underlying 
mechanism does not alter the clinical diagnosis of anaphylaxis and the risk for serious injury or 
even death. 
 
In addition to the cases identified in the clinical safety database submitted with the NDA, an 
additional 2 cases of anaphylaxis were identified in a safety update report which covered 
ongoing clinical trials through January 25, 2013. One of the cases was likely related to a bee 
sting while the other was associated with lixisenatide. 
 
Due to differences in the identification of allergic reactions in the clinical programs of the 
approved GLP-1 receptor agonists, a direct comparison of anaphylaxis or other severe 
hypersensitivity reactions cannot be made between lixisenatide and other marketed GLP-1 
receptor agonists. However, a comparison of ADA formation among the drugs can provide some 
insight into the immunogenic potential of each product. Table 1 above demonstrates that while 
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treatment with any GLP-1 receptor agonist can result in ADA formation, there appears to be a 
higher percentage of patients in the lixisenatide program who developed ADA formation than 
that of other marketed GLP-1 receptor agonists. 
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