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The attached package contains background information prepared by the Food and Drug 
Administration (FDA) for the panel members of the advisory committee.  The FDA 
background package often contains assessments and/or conclusions and 
recommendations written by individual FDA reviewers.  Such conclusions and 
recommendations do not necessarily represent the final position of the individual 
reviewers, nor do they necessarily represent the final position of the Review Division or 
Office.  We have brought the discussion of the safety and efficacy of new drug 
application (NDA) 208583 insulin degludec and liraglutide injection, submitted by Novo 
Nordisk Inc., indicated as an adjunct to diet and exercise to improve glycemic control in 
the treatment of adults with type 2 diabetes mellitus, to this Advisory Committee in order 
to gain the Committee’s insights and opinions, and the background package may not 
include all issues relevant to the final regulatory recommendation and instead is intended 
to focus on issues identified by the Agency for discussion by the advisory committee.   
The FDA will not issue a final determination on the issues at hand until input from the 
advisory committee process has been considered and all reviews have been finalized.  
The final determination may be affected by issues not discussed at the advisory 
committee meeting. 
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1 Division Director Memorandum 

 
 
 

Department of Health and Human Services 
Public Health Service 
Food and Drug Administration 
Center for Drug Evaluation and Research 
 
M E M O R A N D U M 

 
 
Date: 24 April 2016 

 
From: Jean-Marc Guettier, MD 
 Division Director 
 Division of Metabolism and Endocrinology Products 
 Office of Drug Evaluation II, Office of New Drugs, CDER 

 
 
To: The Endocrinologic and Metabolic Drug Advisory    

Committee 
 

 
Subject: 24 May 2016 Meeting 
 

The committee will discuss the safety and efficacy of new drug application (NDA) 
208583 for insulin degludec and liraglutide injection, submitted by Novo Nordisk Inc., 
proposed for the treatment of adults with type 2 diabetes mellitus.  This memorandum 
provides background information to present the issues the advisory committee was 
convened to discuss. 

Regulatory Background 

The Food and Drug Administration's policy regarding fixed combination dosage form 
prescription drugs for humans is defined in Section 300.50 of Title 21 of the Code of 
Federal Regulations (CFR) (21 CFR 300.50) as follows: 
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“(a) Two or more drugs may be combined in a single dosage form when each component 
makes a contribution to the claimed effects and the dosage of each component (amount, 
frequency, duration) is such that the combination is safe and effective for a significant 
patient population requiring such concurrent therapy as defined in the labeling for the 
drug. Special cases of this general rule are where a component is added: 

(1) To enhance the safety or effectiveness of the principal active component; and 

(2) To minimize the potential for abuse of the principal active component.” 

The statement “…when each component makes a contribution to the claimed effects” is 
interpreted to mean that each drug product in the combination contributes to the claimed 
effect.   For an anti-diabetic drug, the claimed effect is improvement in glucose control 
(i.e., a surrogate for clinical benefit).  Thus, combining an effective product (i.e., one that 
contributes to the claimed effect) with an ineffective product (i.e., one that does not 
contribute to the claimed effect) would not be an acceptable combination product even 
though the product as a whole could be demonstrated to have the effect claimed because 
of one of the two components.   A special case to this rule is made when one component 
is added for the specific purpose of enhancing the safety [e.g., combining a drug to 
prevent gastrointestinal ulcers with a non-steroidal anti-inflammatory drug (NSAID)] or 
effectiveness (e.g., combining a beta-lactamase inhibitor with an anti-bacterial drug) of 
the principal active component or to minimize the potential for abuse of the principal 
active component.   

The statement “…and the dosage of each component (amount, frequency, duration) is 
such that the combination is safe and effective for a significant patient population 
requiring such concurrent therapy” is self-explanatory.  For the majority of combination 
products, the safe and effective dosage of each individual component (amount, frequency, 
duration) is established in the development program submitted to support an application 
for that individual drug (e.g., generally the dose studied in phase 3 that is or will be 
recommended in the product label).  If there is a recommended safe starting dose for one 
of the component in the combination for example, the combination product should 
include this dosage (i.e., the combination would not be “safe and effective” otherwise). 
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Combinations Indicated for the Treatment of Type 2 Diabetes Mellitus 
 
The majority of marketed anti-diabetic combinations combine the widely used oral 
antidiabetic drug metformin with another oral anti-diabetic product. 
 
Combining two products into one dosage form can reduce daily pill or injection burden 
(e.g., pre-mixed insulins) but the Agency does not require that potential benefits derived 
from enhanced convenience be demonstrated for combination product approval.   The 
enhanced convenience that derives from combining two products into one dosage form 
generally comes at the cost of loss of dosing flexibility.  Although individual component 
titration could be desired for the purpose of optimizing clinical benefit or tolerability, 
individual product titration is made more complex or may not be possible at all (e.g., pre-
mixed insulins) with a combination product.  In general, a new proposed combination 
product should offer doses for all the possible combinations that would be available when 
using individual product components so as to least burden prescribing flexibility.  
Absence of a specific dosage combination has to be justified based on solid grounds (e.g., 
generally use data showing that that specific combination would have very limited use 
because it addresses the need of a small minority of patients requiring the two drugs).    
 
The approach to the development of fixed combination drug products for the treatment of 
type 2 diabetes, as laid out in the diabetes guidance document1, is consistent with the 
above regulations and states;  
 

“A fixed-dose combination of a new agent and an established agent should be 
studied in a manner that demonstrates that each of the individual components 
makes a contribution to the claimed effects…and that the combination is 
acceptably safe.” 
 

The development program for an antidiabetic combination product is designed to provide 
substantial evidence that each drug in the combination would contribute to the claimed 
effect of “improving glycemic control”.  Improvement in glycemic control, as captured 
by measuring the six month change in hemoglobin A1c (i.e., HbA1c) concentration from 
baseline, is used as a surrogate for full approval of antidiabetic products to establish the 
clinical benefit of antidiabetic drugs; including combination products.   

It is important to emphasize that clinical studies carried out for the express purpose of 
establishing that  each drug component in the combination contributes to improving 
glycemic control are not designed to provide substantial evidence to establish that use of 

                                                 
1 http://www.fda.gov/downloads/Drugs/.../Guidances/ucm071624.pdf 
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the combination would be “clinically safer” or “better tolerated” than use of each 
component individually.  Secondary endpoints assessing and comparing specific product 
related risks versus specific comparators are considered exploratory in these studies.  In 
fact, combination products by their very nature are expected to carry two sets of product-
related risks (i.e., risks associated with each one of the two components in the 
combination) and some risks associated with the combination product will, as result, not 
be associated with one or the other of the two components (e.g., compared to an insulin 
product used alone, a GLP-1/insulin combination product would be expected to have 
increased gastro-intestinal associated risks due the GLP-1 component and compared to a 
GLP-1 product used alone, the combination would be expected to have increased 
hypoglycemia risks).  Interpreting the overall clinical meaningfulness of a purported 
safety/tolerability advantage of a combination over individual components is difficult 
since what may appear to be a “safer” option based on consideration of a single risk and a 
single comparison could be counterbalanced by other risks pertinent to the combination 
product that are not associated with the single component comparator and not considered.  
In other words, would the gains afforded by meaningful reduction in one risk be offset by 
the losses that arise due to the increase in another risk? 

Trial Design to Demonstrate Contribution to Claimed Effect for Combinations 
Indicated for the Treatment of Type 2 Diabetes Mellitus 

For antidiabetic products, substantial evidence that each drug in the combination 
contributes to improvement in glycemic control is established either, in a trial enrolling 
patients who are not at goal on a maximally effective fixed dose of one of the agent in the 
combination (i.e., a sequential “add-on” trial design) or in a factorial design study 
comparing various fixed doses. 

The sequential “add-on” trial design more closely mimics standard clinical care where 
addition of a second glucose lowering agent is recommended if, after some period of time 
(usually 3 to 6 months), glycemia remains inadequately controlled on a maximally 
effective/tolerated fixed dose of the first agent. 
 
The factorial trial design on the other hand compares the glucose lowering effect 
achieved by initiating two agents, at once, at a fixed dose to the glucose lowering effect 
achieved by initiating each agent individually at a fixed dose over some defined time 
period.   In a full factorial design, the combination at various effective doses is compared 
to individual components at these same doses (e.g., low dose of the combination are 
compared to the low dose of the individual component etc...). 
 
Although a factorial study design allows one to establish that initiating two agents at once 
will result, on average, in greater glucose lowering than initiating each agent separately, 
the factorial trial design does not address more fundamental clinical questions such as: 
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Does a strategy that relies on initiating two drugs at once (dual therapy) confer an 
advantage in the long-run over a strategy that relies on sequential addition of drugs 
(sequential add-on)? Do the long-term benefits gained by more rapid achievement of 
glucose control outweigh the potential added risks that come with being exposed to two 
drugs compared to one?  Put in another way, if a patient is able to get to the desired 
therapeutic goal with a single agent (an unknown when deciding to initiate dual therapy), 
are risks associated with a second agent justified?   
 
Therapeutic guidelines issued by professional societies recommend “considering” 
initiating dual therapy in patients with particularly poor control at baseline (i.e., HbA1c > 
9%).  The arguments used to justify a role for initiating dual, or even initial triple therapy, 
are usually based on pathophysiology (i.e., it is better to address multiple metabolic 
abnormalities at once, two drugs are usually needed to get to goal when the disease is 
poorly controlled) or logic [i.e., additional glucose lowering gained by starting two agents 
at once will translate to better long term outcomes, more rapid glucose lowering is better 
because it results in increased adherence, fewer office visits (e.g., “therapeutic inertia”) 
etc.].  While some of these arguments may be on their face valid, there are really no 
robust empiric data to inform the question of whether a strategy that consists of starting 
multiple products at once will offer clinically meaningful long-term benefits to patients 
compare to a strategy that relies on a sequential add-on paradigm.   
 
While these uncertainties remain, the indication that has been granted to currently 
marketed combination products that demonstrate a “contribution to the claimed effect” 
through a factorial study has been; “to improve glycemic control in adults with type 2 
diabetes mellitus when both drugs are indicated”.  The currently marketed combination 
products themselves are amenable to be used in either a sequential add-on paradigm or a 
dual therapy paradigm and the indication does not expressly prohibit initiating the two 
agents at once in patients who have not been previously treated with either.  The 
Agency’s approach is internally consistent with our current policy of considering 
glycemic reduction a valid surrogate for clinical benefit.   
 
Specific Issues with the Proposed Combination Product 
 
The combination proposed in this application combines a product that, when 
administered alone, is a fixed dose product (the GLP-1 agonist) with another product that 
is a titratable product dosed on a close to continuous scale (the insulin).  All antidiabetic 
combinations approved and marketed to date have combined either two individual fixed 
dose products (.e.g., two oral anti-diabetics) or two individual titratable products (e.g., 
mixed insulin products).   
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In the proposed combination, the GLP-1 component is in essence “transformed” into a 
titratable product.  To establish that the insulin component in the combination product 
contributes to the claimed effect (i.e., improvement in glycemic control), the applicant 
compared the combination product titrated to a target fasting glucose goal to the fixed 
dose of the GLP-1 marketed or recommended as the safe and effective dose.  To establish 
that the GLP-1 component in the combination product contributes to the claimed effect, 
the applicant compared the combination product titrated to a target fasting glucose goal to 
doses of the insulin in the combination also titrated to a target fasting glucose goal.   Most 
trials relied on a single algorithm to dose both the insulin and the combination product 
and in many trials the dose in the insulin arm was capped so as not to exceed the highest 
insulin dose of insulin that can be delivered in the combination.  This is different from the 
care setting as insulin dose increase is not constrained by an algorithm, the maximum 
insulin dose is not capped and the time to achieve glycemic control goal is not limited to 
six months. 
 
Issues that relate to the interpretability of the study findings and practical utility of the 
combination are listed below. 
 

1. The proposed dosage for the GLP-1 component in the combination (a variable 
close to continuous dose range) is not the dosage recommended and established as 
effective when the GLP-1 product is used alone (i.e., a discrete  fixed dose range).  
In fact, the dose range proposed for the GLP-1 component in the combination 
product includes doses that were not effective when used alone.  Although these 
low doses may be useful to ensure safe titration of one or both of the components, 
it is possible that specific patient populations (i.e., insulin sensitive individuals 
who require low doses of the combination for control) could be exposed to one 
component that provides no therapeutic benefit and causes specific adverse 
reactions.  Making a determination of contribution to the claimed effects in the 
low-dose part of the range based on a retrospective analysis of a post-
randomization event (i.e., subgroups of patients who ended up on a specific dose 
of insulin) is subject to the limitations of such analyses and provides only limited 
useful information to address the question.   

 
2. Interpreting the clinical meaningfulness of the results of a study designed to 

demonstrate “contribution to the claimed effects” when one of the comparator is a 
titratable product is problematic.  Factorial studies generally compare fixed doses 
and some comparisons generally include the maximally effective doses of all 
products.   In this application one of the comparators (i.e., the insulin) has no 
maximally effective dose and insulin dosing in the trial is artificially constrained 
compared to the clinical care setting (i.e., starting dose of the insulin is 
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standardized to that the combination product, the dose adjustment for the insulin 
is fixed and standardized to that of the combination, the maximum allowable dose 
of the insulin is capped in some studies and the final determination of benefit is 
fixed and made at 6 months).  While the study can address a within trial question 
of “contribution to claimed effect”, use of insulin in these studies bears little 
resemblance to the clinical care setting where dosing of insulin use is not 
artificially constrained.  In the clinical care setting insulin dose can continue to be 
titrated beyond 6 months,  there is no “one-size fits all” cap for allowable insulin 
dose increment,  and there is no cap on overall insulin dose.  

 
3. Dosing algorithms for the titratable products in the trial were utilized to ensure 

adequate dosing of each product.  Actual dosing adequacy can only be examined 
retrospectively (i.e., after the trial is completed by reviewing the proportion of 
individuals who reached the intended goal fasting glucose targeted by the 
algorithm).  The majority of participants in studies never reached the intended 
plasma glucose target (for reasons that were not captured) suggesting product 
dosing may have been inadequate.  Inadequate dosing of the insulin in the studies 
could have biased the estimate of efficacy in favor of the combination product.  
This would further confound interpretability of a clinical superiority claim for the 
combination against the insulin comparator. 

 
4. With regards to practical utility, patients currently treated with one of the two 

products in the proposed combination cannot be easily switched to the 
combination product without a significant reduction in dose of the component 
they were previously on.  This is a unique problem inherent to this specific 
antidiabetic combination. For other marketed fixed dose combinations, no dose 
reduction in either component is needed when making the switch.   In the 
combination proposed in this application, a patient who is inadequately controlled 
on a maximally effective dose of the GLP-1 agonist, for example, would be 
receiving a substantially lower dose of the GLP-1 agonist (perhaps an ineffective 
dose) when initiating use of the combination because of the risk of hypoglycemia 
associated with starting insulin at a high dose.  A reduction in the dose of the 
GLP-1 agonist is generally not required when initiating insulin in a patient not 
optimally controlled on this therapy.  Similarly, a patient who is inadequately 
controlled on basal insulin would have to reduce the dose of the basal insulin to 
start the combination.  Again this is not currently recommended when using the 
products independently.  As a result of this inflexibility in dosing, switching to the 
combination product may translate to a loss of glycemic control compared to 
addition of the second component administered independently. 
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5. For patients not using either components (i.e., patients naïve to insulin and GLP-

1), initiating the combination product commits patient to two products, each 
associated with independent product-related adverse reactions when at least some 
of the patients initiated on the drug could have been controlled on a single agent 
(an unknown when the decision is taken to initiate the combination product). 

 
6. Medication errors in the clinical care setting may result due to the complex nature 

of the proposed combination.  The two active components in the combination do 
not share a common measure term for dosing.  The measure term for insulin is 
units and the measure term for the GLP-1 is milligrams or micrograms.  A dose of 
the combination is neither an accurate representation of an insulin unit nor an 
accurate representation of a weight based measure term but a combination of the 
two.  This may not be obvious or readily apparent to prescribers and may lead to 
confusion and medication errors in the clinical care setting [e.g., prescribing a 
GLP-1 twice “medication duplication”, or overdosing on the GLP-1 component 
by using the combination product as they would a titratable product with no upper 
dose limit (i.e., an insulin)].   Recognition that the combination contains two 
components will also be needed to prevent medication errors and to safely 
transition patients to alternative products between the home care and 
institutionalized care setting. 
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2 Draft Points to Consider  

1. Discuss the role for use of a basal insulin with a GLP-1 agonist in the overall 
approach to the treatment of patients with type 2 diabetes mellitus (i.e., 
population, disease stage etc.) 

2. Discuss the role for simultaneous initiation of dual therapy with a basal insulin 
and a GLP-1 agonist in the treatment of patients with type 2 diabetes mellitus 
previously naïve to these therapies (i.e., population, disease stage etc.). 

3. Discuss the benefits of the combination product. 
4. Discuss the risks of the combination product. 
5. Discuss your level of concern with limitations of the product presentation (a pen 

device) in light of the issues discussed in draft points 1-4.
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3 Clinical Introduction and Executive Summary 

1.1 Introduction 

This document provides the briefing material for the May 24, 2016, meeting of the 
Endocrinologic and Metabolic Drugs Advisory Committee (EMDAC) to discuss the findings in 
new drug application (NDA) 208583 for an insulin degludec and liraglutide combination 
product. 

1.2 Executive Summary  

The Applicant is seeking approval of an NDA for insulin degludec and liraglutide (IDegLira), a 
fixed-ratio combination of a glucagon-like peptide 1 receptor agonist and a basal insulin. The 
proposed indication is ‘as an adjunct to diet and exercise to improve glycemic control in adults 
with type 2 diabetes mellitus. Insulin degludec and liraglutide are both approved and marketed 
products. As such the clinical development program for IDegLira was primarily designed to meet 
the requirements of 21 CFR 300.50, the Agency’s ‘combination drug rule’. In support of the 
NDA the Applicant submitted five phase 3 trials that evaluated the safety and the glucose 
lowering effect of IDegLira.  Two of the trials specifically addressed the combination drug rule 
and tested for superiority of IDegLira over IDeg (in a trial with a dose cap for the IDeg arm) and 
IDegLira over GLP-1 therapy alone. Three other trials, a factorial study with three arms 
comparing IDegLira to each of the individual components, a placebo controlled trial, and an 
active comparator trial against insulin glargine were also submitted.  
 
In the IDegLira clinical development program, treatment scenarios studied included add-on to 
metformin (±pioglitazone and/or sulfonylurea), add-on to metformin (±pioglitazone and/or 
sulfonylurea) and GLP-1 (IDegLira replacing the GLP-1 agonist), and add-on to metformin and 
basal insulin (IDegLira replacing basal insulin) in patients needing additional glycemic control. 
The product was not studied to assess the benefits of adding the combination to patients already 
on a GLP-1 and insulin as there were no trials that converted patients already using both a GLP-1 
analog and a basal insulin to IDegLira. This product is clearly intended for patients to initiate 
both GLP-1 therapy and basal insulin at once. Note that the labeled limitation of use that 
liraglutide is not recommended for first-line therapy (due to concerns over thyroid C-cell tumors) 
would necessitate IDegLira be used as add-on to some other agent.  
 
Efficacy 
All phase 3 trials met their pre-specified primary endpoint, in fact, all trials showed superiority 
of IDegLira to comparator, even when non-inferiority was pre-specified. However, the 
interpretation of the efficacy findings in the basal insulin comparator trials was complicated by 
the protocol specified starting dose and titration algorithm used for the studies.  Evaluations of 
the proportion of subjects who reached titration targets and the relative time needed to reach dose 
stabilization demonstrated that the titration algorithm resulted in a lag in both the proportion of 
subjects reaching glycemic targets and the time to reach dose stabilization in the comparator 
insulin arms of the trials, such that the HbA1c comparison between study arms was biased. 
Further, 26-week comparator HbA1c did not reflect a period of preceding glycemic stability. 
Due to these trial design concerns we are not able to conclude that IDegLira is superior to IDeg, 
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as the Applicant has concluded. To reach such a conclusion, a trial in which both arms were 
dosed and titrated in a maximally effective and balanced manner would be needed. Note, 
however, that in pre-submission meetings the Agency agreed that an ‘artificial’ trial design 
limiting the maximal insulin degludec dose to 50 units once daily so that the superiority of 
IDegLira over IDeg could be tested would be acceptable.  Demonstration of superiority of 
IDegLira over IDeg in a trial that studied the products the way that they would be used in clinical 
practice, i.e. with no dose cap, was not a requirement. 
 
Safety 
Overall, there were no new safety issues identified for IDegLira that were not already known for 
IDeg and liraglutide. However, it is important to note that use of IDegLira would expose patients 
to safety risks associated with both products.  As was seen in the IDegLira program, subjects 
randomized to IDegLira experienced adverse events caused by both of its components, namely 
subjects experienced gastrointestinal adverse events (liraglutide) and hypoglycemia (insulin 
degludec).  Further, the use of IDegLira allows for doses of liraglutide lower that that approved 
for glycemic lowering (i.e. doses less than 1.2 mg), and a patient may be exposed to a dose of 
liraglutide that has not been studied in phase 3 trials and determined to be efficacious while 
incurring safety risks associated with liraglutide use. 
 
Discussion of Type 2 Diabetes Management and the Role of IDegLira in the Armamentarium of 
Antidiabetic Therapies 
The principles of management of type 2 diabetes stem from the concept that lowering HbA1c 
can reduce microvascular complications of diabetes. Professional societies including AACE 
(American Association of Clinical Endocrinologists) 2  and ADA (American Diabetes 
Association)3 publish recommended guidelines for the approach to glycemic lowering based on 
data available at the time of publication.  Most relevant for this Advisory Committee meeting are 
recommendations regarding when and in whom to start dual (or triple) anti-diabetic therapy at 
once (Table 1).  Note that these recommendations vary somewhat, in part, because the basis for 
many of the recommendations is derived from expert consensus, since clinical trials evaluating 
the merit of different treatment approaches are lacking. The guidelines suggest that dual 
combination or triple combination therapy should be considered when HbA1c is relatively high 
to more expeditiously achieve the target HbA1c level. However, the clinical implications of the 
rapidity in achievement of the target HbA1c level remains an area of uncertainty in diabetes 
management, and the clinical benefit of sequential vs. initial dual/triple therapy is unclear. 
 

                                                 
2 Garber AJ, Abrahamson MJ, Barzilay JI, et al. Consensus Statement by the American Association of Clinical 
Endocrinologists and American College of Endocrinology on the Comprehensive Type 2 Diabetes Management 
Algorithm - 2016 Executive Summary. Endocr Pract 2016;22:84-113. 
 
3 Professional Practice Committee for the Standards of Medical Care in Diabetes-2016. Diabetes Care 2016;39 
Suppl 1:S107-8. 





21 
 

degludec) and a glucagon-like-peptide-1 receptor agonist (liraglutide) administered 
subcutaneously via a pre-filled pen injector.   
 

2.1.1 Insulin Degludec 

 
Insulin degludec injection (IDeg) was approved in 2015 under the trade name Tresiba. IDeg is a 
long-acting insulin analog that is indicated to improve glycemic control in adults with diabetes 
mellitus. IDeg is produced by a process that includes expression of recombinant DNA in 
Saccharomyces cerevisiae followed by chemical modification. IDeg, like all insulins, regulates 
glucose metabolism by stimulating peripheral glucose uptake and by inhibiting hepatic glucose 
production, lipolysis and proteolysis.   IDeg is to be used as a basal insulin with once daily 
administration. The half-life of insulin degludec, at steady state, is 25 hours independent of dose. 
As with all basal insulin products, the dose of insulin degludec is individualized based on the 
subjects metabolic needs, blood glucose monitoring results and glycemic goal4. 
 

2.1.2 Liraglutide 

 
Liraglutide injection was approved in 2010 under the trade name Victoza.  Liraglutide is a 
glucagon-like peptide-1 (GLP-1) receptor agonist indicated as an adjunct to diet and exercise to 
improve glycemic control in adults with type 2 diabetes mellitus.  Liraglutide is 97% 
homologous to native human GLP-1. Liraglutide is made by attaching a C-16 fatty acid (palmitic 
acid) with a glutamic acid spacer on the remaining lysine residue at position 26 of the peptide 
precursor. The mechanism of action for glucose lowering consists of glucose-dependent insulin 
secretion from pancreatic beta cells, decrease in glucagon concentration and a delay in gastric 
emptying.  The half-life of liraglutide is 13 hours after subcutaneous injection.  For all patients, 
liraglutide is initiated at 0.6 mg per day for one week; titration of liraglutide can continue by 0.6 
mg increments to a maximum dose of 1.8 mg per day. In 2014 liraglutide injection at a higher 
dose (3.0 mg per day) was approved for weight management (Tradename Saxenda, NDA 
206321). 
 

2.1.3 IDegLira  

The liraglutide and the insulin degludec drug substances used for the IDegLira formulation are 
identical to the drug substances used for the commercial Victoza and Tresiba drug products, 
respectively.  IDegLira is packaged in a 3 mL cartridge that is assembled into a pre-filled 
disposable pen device using the PDS290 platform. The pre-filled pen contains an 
IDeg/liraglutide ratio of 100 units/3.6 mg per mL.  Note this is a fixed ratio in that as the dose of 
IDegLira increases or decreases, the ratio between the doses of the two components does not 

                                                 
4 Tresiba [package insert]. Bagsvaerd, Denmark: Novo Nordisk A/S; September 2015. 
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change (Figure 1).  Another consequence of this fixed ratio formulation is that one drug cannot 
be titrated without titration of the other drug. 
 
Figure 1 - Principle of adjustment of the IDeg and liraglutide dose levels in the IDegLira 
fixed ratio product 

 
Source: 2.5 Clinical overview; Adapted from Figure 1-1, page 10.  Figure was modified by the FDA reviewer to 
show the respective doses of liraglutide for 32, and 16 units of degludec.  
 
During the development of IDegLira the FDA expressed concerns to the Applicant regarding its 
development program. In a pre-submission discussion, there were differing opinions regarding 
who would be the patient population that would benefit from IDegLira. The Applicant stated that 
IDegLira is intended for patients who are naïve to both insulin and GLP-1 analogs. The FDA  
stated that IDegLira would be an attractive option for patients treated with either basal insulin or 
a GLP-1 analog and who required intensification of anti-diabetic therapy or patients seeking the 
convenience of one daily injection  (with IDegLira instead of two/three daily injections with a 
co-administered basal insulin and a GLP-1 analog). 
 
FDA recommended that the primary objective of the pivotal trial(s) should be to demonstrate 
superiority on HbA1c for the combination (IDegLira) over each of the individual components in 
order to satisfy the ’combination drug rule’ 5  as described previously. The Applicant was 
concerned that it would be difficult to show superiority of IDegLira to insulin degludec alone 
since the upper limit of the daily insulin dose in IDegLira is 50 units whereas insulin degludec 
alone has no upper dose limit.  FDA agreed that for the purposes of addressing the combination 
rule it would be acceptable to limit the maximal degludec dose to 50 units, i.e. impose a dose 
cap.  By limiting the degludec dose, the superiority of IDegLira to both individual drug 
constituents could be tested.  The Agency noted however that instituting an insulin degludec 
dose limit in a clinical trial would not be reflective of a real-world scenario, in which prescribers 
would be expected to titrate insulin to glycemic goals and that the clinical relevance of the 
findings from such a study would be limited.  

                                                 
5 21 CFR 300.50, “fixed-combination prescription drugs for humans”. 
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FDA also expressed concern that subjects receiving less than the minimum established clinically 
effective dose (i.e., <1.2 mg) of liraglutide would not be expected to derive any clinical benefit 
from the liraglutide in the combination but would be potentially exposed to risks associated with 
liraglutide use.  It was clear at the time that the proposed pivotal trial was designed to mostly 
assess the average IDeg/Lira glucose lowering effect of the drug and could not robustly address 
this issue.  

5 Overview of Clinical Trials Used to Support Efficacy and Safety 

The clinical trials conducted during the development program of IDegLira are identified by the 
project number NN9068 followed by a unique four-digit trial ID. In this document, the clinical 
trials will be referred to by their unique ID. 
 
Throughout the IDegLira development program, the Applicant refers to the IDegLira dosing unit 
as a “dose step.” Although this terminology does not reflect established regulatory terminology, 
it is used in this document in order to ensure consistency across documents.  

3.1 Study Design of Phase 3 clinical trials 

The Applicant submitted 5 new phase 3 trials conducted in patients with type 2 diabetes mellitus 
(T2DM) as evidence of efficacy: 2 pivotal trials (3697 and 3912) and 3 other supportive studies 
that evaluated IDegLira in other T2DM populations (3851, 3951, and 3952).    
 

3.1.1 Phase 3 trial design overview 

The designs of the five trials are summarized in Table 2 and  
Figure 2. The individual trial designs are also discussed in the Statistical Summary. 
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Table 2- Summary of trial design: phase 3 studies 

Trial Number 3697  (pivotal) 3912 (pivotal ) 3851 3951 3952 
Objective IDegLira vs. IDeg vs. 

lira (3 arm factorial 
study) 

IDegLira vs. IDeg 
with dose cap 

IDegLira vs. GLP-
1 analog alone 

IDegLira vs. 
placebo 

IDegLira vs. 
insulin glargine 

HbA1c entry criteria 7-10% 7.5-10% 7-9% 7-9% 7-10% 
Blinding Open  Blind Open  Blind  Open  
Control  Active (IDeg and 

lira) 
Active (IDeg) Active  

(exenatide and lira) 
Placebo  Active 

(glargine) 
Duration 26 weeks + 26 week 

extension 
26 weeks 26 weeks 26 weeks 26 weeks 

Background therapy Met ± Pio Met Met ± SU ± pio Met ± SU Met 
Randomization ratio 
 

2:1:1 
(IDegLira:IDeg:lira) 
 

1:1 
 
 

2:1 
 
 

2:1 
 
 

1:1 
 
 

Population  Add on to OAD 
Insulin naive 

Previous insulin 
users 

Previous GLP1 
analog users 

Add on to OAD 
Insulin naive 

Previous insulin 
users 

Hypothesis test 
 

NI to IDeg and  
Superiority to lira 

Superiority Superiority  Superiority  NI 

Met= metformin ≥1500 mg/day or maximum tolerated dose, Pio=pioglitazone ≥ 30 mg/day, SU= sulfonylurea at (1/2 max of approved dose), IDegLira= 
insulin degludec and liraglutide, lira=liraglutide, IDeg=insulin degludec, OADs=oral antidiabetic drugs, FAS=Full analysis set, NI=non-inferiority 
 

 
IDegLira was evaluated in adult subjects with established type 2 diabetes mellitus.  Trials had 
HbA1c entry criteria ranging from 7-10%.  Detailed study-specific inclusion and exclusion 
criteria are presented in the Appendix. 
 
All trials were randomized controlled and had a parallel-group design. Three trials were open-
labeled (3697, 3851, and 3952); two trials, one pivotal trial, (3912) and a placebo controlled trial, 
(3951) were double-blinded trials in which visually identical cartons and pen devices for 
investigational drug products were used.  
 
The comparators varied. The pivotal trial 3697 was a factorial 3-arm study in which IDeg with 
no dose cap was compared to both individual components alone. Trial 3912 had the comparator 
IDeg capped at a maximum dose of 50 units per day, trial 3951 was a placebo-controlled trial, 
3851 compared IDegLira to a GLP-1 analog, and trial 3952 compared IDegLira to insulin 
glargine. 
 
The randomization ratio varied in the IDegLira program.  Two trials had 1:1 randomization 
(3912 and 3952) of IDegLira to comparator. The remaining trials had 2:1 randomization ratio for 
IDegLira: to comparator with the exception of trial 3697, which had 3 arms and a ratio of 2:1:1 
of IDegLira: IDeg: liraglutide.  
 
All five trials were 26 weeks in duration, with an additional 26-week controlled extension for 
trial 3697.   
 
The IDegLira program evaluated the product under differing treatment scenarios, i.e. different 
background therapies. Two trials were conversion from pre-trial basal insulin (3912 and 3952) - 
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thus non-insulin naïve; two trials were add on to OADs, other than metformin (3697 and 3951) 
in insulin naïve subjects, and one trial was a conversion from GLP-1 analog (3851).  
 
The phase 3 trials had similar withdrawal criteria: 

• The subject could withdraw at any time without explanation 
• The subject could be withdrawn at the discretion of the investigator due to safety 

concerns or if judged non-compliant with trial procedures.  
• Pregnancy or intention of becoming pregnant 
• If the investigator suspected acute pancreatitis. 
• If the fasting SMPG values taken on three consecutive days or if any of the FPG samples 

analyzed by the central laboratory exceeded: 
Baseline - week 6: >270 mg/dL 
Week 7- week 12: >240 mg/dL  
Week 13 - week 26 (to week 52 in trial 3697): >200 mg/dl 

 

Figure 2 – Schematic of IDegLira phase 3 studies 

 
Source: Trial (s) 3697, 3912, 3951, 3951, and 3952: trial Clinical Trial Report, Figure 9-1.  FDA Clinical Reviewer 
generated figure 

3.1.2 Dosing and titration of investigational drugs 
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Starting Dose 
The starting dose of IDegLira varied in each trial reflecting the population enrolled (Table 3).  
 
Table 3– Summary of dosing procedures: phase 3 studies 

 3697  (pivotal) 3912 (pivotal ) 3851 3951 3952 
Objective IDegLira vs. 

IDeg vs. lira (3 
arm factorial 
study) 

IDegLira vs. 
IDeg with dose 
cap 

IDegLira vs. 
GLP-1 analog 
alone 

IDegLira vs. 
placebo 

IDegLira vs. 
insulin glargine 

Starting dose  
IDegLira (insulin 
units) [liraglutide] 
 
Comparator Insulin  
 
Comparator GLP-1  

 
10 [0.36 mg lira] 
 
 
10 units 
 
0.6 mg 

 
16 [0.6 mg lira] 
 
 
16 units 
 

 
16 [0.6 mg lira] 
 
 
 
 
Same as pre-trial 

 
10 [0.36 mg lira] 
 

 
16 [0.6 mg lira] 
 
 
Same as pretrial 

Maximum dose 
IDegLira  
 
Comparator insulin 
 
Comparator GLP-1  

 
50 dose steps 
 
No limit 
 
1.8 mg lira 

 
50 dose steps 
 
50 units 

 
50 dose steps 
 
 
 
Kept at pretrial 
dose 

 
50 dose steps 
 

 
50 dose steps 
 
No limit 

 
 
In 3697 and 3951 (insulin naïve subjects) the starting dose of IDegLira was 10 dose steps (10 
units of IDeg and 0.36 mg of liraglutide).  In non-insulin naïve subjects (3912 and 3952) and 
previous GLP-1 analog users (3851), the starting dose of IDegLira was 16 dose steps (16 units of 
IDeg and 0.6 mg of liraglutide).  
 
A notable difference between the two trials that evaluated patients who had been using insulin 
pre-trial (3912 and 3952) is that in trial 3912 the comparator (IDeg) was started at a lower dose 
than the pre-trial dose but at the same dose as IDegLira insulin dose; while in trial 3952 the 
starting dose of the comparator (glargine) remained equal to the pre-trial daily dose (i.e., a unit to 
unit switch). 
 
Maximum dose 
The maximum dose (Table 3) for all IDegLira treated subjects was 50 dose steps which is the 
maximum dose that can be delivered by the prefilled pen device. The pivotal trial 3912 which 
was intended to demonstrate superiority of IDegLira over IDeg alone had a dose cap of 50 units 
of IDeg. In other trials, IDeg was to be titrated to glycemic goals. 
 
Titration schedule and algorithm for IDegLira and comparator insulin 
For all trials, the adjustment of IDegLira and comparator insulin (or placebo) was performed 
twice weekly. Adjustments were based on the mean of the 3 preceding fasting SMPG (self-
monitored plasma glucose) values obtained prior to dosing. In all studies, if SMPG value was 
above the pre-specified goal, a dose step upward of 2 was recommended, and if SMPG value was 
below the pre-specified goal, a dose step downward of 2 was recommended (Table 3).   Of note, 
the same titration targets were maintained for the 26 week extension period of trial 3697. 
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The fasting SMPG goals for IDegLira were the same for 3 trials (3697, 3912, and 3851), with a 
goal of fasting SMPG 72-90 mg/dL.  Trial 3952 had a goal of fasting SMPG 71-90 mg/dL.  Trial 
3951 had a goal of fasting SMPG 72-108 mg/dL. 
  
Table 3 – Titration algorithm for IDegLira, comparator insulin, and placebo 

SMPG (MG/DL) DOSE CHANGE 
(DOSE UNITS) 

Below goal  -2 
Goal a 0 
Above goal  +2 
a 72-90 mg/dL- goal for 3697, 3912 and 3851 
 71-90 mg/dL- goal for 3952 
 72-108 mg/dL- goal for 3951 
Titration was performed twice weekly 

 
Titration of non-insulin (GLP-1 analog) comparators 
In trial 3851 the dose of non-insulin comparator (pre-trial GLP-1 agonist) was to remain constant 
throughout the duration of the trial. In 3697, the dose of liraglutide was titrated to a maximum 
dose of 1.8 mg, as per the Victoza label.   
 
Titration monitoring committee   
A titration committee composed of Novo Nordisk members monitored patients’ adherence to the 
titration algorithm by monitoring and reviewing the titration doses in a blinded fashion.  
Deviations from the titration algorithm were discussed with the trial site, while keeping the 
treatment blinded. However the final decision of dose adjustment was based on clinical judgment 
at the discretion of the investigator.  
 

3.1.3 Study procedures and visits  

In all phase 3 trials the overall study procedures and visits were similar. Each trial consisted of a 
2-week screening period, a 26-week main treatment period and a follow-up visit-1 week after 
end of treatment. Weekly (or bi-weekly for the first 5 weeks in 3912) visits/phone contacts were 
scheduled to occur during the 26-week treatment period.  During all site visits, withdrawal 
criteria were reviewed, and patients were assessed for adverse events, and dose level and dosing 
frequency of OADs and investigational drug were evaluated.  At designated site visits, vital signs, 
blood work (including HbA1c, FPG and safety blood work) were measured.  In all trials, patients 
were to continue a stable dose of protocol-allowed OADs. 
 
Week 26 was the last treatment visit (with the exception of those who participated in the 
extension of trial 3697). For subjects continuing in the 3697 extension period subjects continued 
with weekly telephone or site visit contact until conclusion of the trial.  At the last treatment visit, 
subjects were instructed to transfer from the trial product to any kind of antidiabetic therapy.  If a 
subject was prematurely withdrawn from the trial, the investigator was to perform all procedures 
for the last visit and if possible, the follow-up visit. 
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6 Review of Efficacy  

4.1 Subject demographics and disease characteristics 

4.1.1 Overall baseline subject demographics and disease characteristics  

Baseline demographic and disease characteristics for the pool (N=3488) of subjects from all 5 
phase 3 trials who were randomized to IDegLira or comparator are shown in Table 4.  These data 
are intended to provide an overview of the subject characteristics for the efficacy evaluation in 
the IDegLira program.  Demographics by individual trial are presented subsequent to this 
overview.  
 
The mean age of subjects in the overall IDegLira program was 57 years, slightly more than half 
(52.7%) were male, and the mean BMI was 31.8 kg/m2. Close to 16% were Hispanic, 75% were 
White, 6.2% were Black or African American, and 17.3% were Asian.  The mean duration of 
diabetes was 8.7 years and the mean HbA1c at baseline was 8.2%.  A history of diabetic 
neuropathy, retinopathy and nephropathy was reported in 25.4%, 12% and 6.5% respectively.  
The mean eGFR was 88.3 mL/min/1.73m2and 6.2% of patients had an eGFR less than 60 
mL/min/1.73m2.    
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Table 4 – Baseline demographic and disease characteristics of phase 3 trials - FAS 

 IDegLira (N=1891) 
N(%) or mean SD 

Comparator a(N=1597) 
N(%) or mean SD 

Age (years) 57.0 (9.9) 56.7 (10.0) 
Male 997 (52.7 %) 795 (49.8 %) 
Body weight (Kg) 89.5 (18.7) 89.0 (18.3) 
BMI (kg/m2) 31.8 (5.0) 31.9 (5.0) 
Ethnicity   
   Hispanic or Latino 300 (15.9 %) 311 (19.5 %) 
Race   
   White 1418 (75.0 %) 1173 (73.5 %) 
   Black or African American  118 (6.2 %) 91 (5.7 %) 
   Asian b 328 (17.3 %) 303 (19.0 %) 
   American Indian or Alaska Native 3 (0.2 %) 2 (0.1 %) 
   Other 24 (1.3 %) 26 (1.6 %) 
Duration of Diabetes (years) 8.7 (6.1) 8.8 (6.4) 
HbA1c (%) 8.2 (0.8) 8.3 (0.9) 
FPG (mg/dL) 165.0 (43.9) 165.8 (48.3) 
Diabetes complications e (based on data from diabetes complications form) 
Any complication d 689 (36.4%) 515 (32.2%) 
   Diabetic neuropathy 481 (25.4%) 365 (22.9%) 
   Diabetic retinopathy 227 (12.0%) 169 (10.6%) 
   Diabetic nephropathy 122 (6.5%) 82 (5.1%) 
   Macroangiopathy 118 (6.2%) 82 (5.1%) 
Other commonly reported concomitant illnesses (i.e. reported in >10% of patients) 
   Hypertension  1320 (69.8%) 1102 (69.0%) 
   Hyperlipidemia 453 (24.0%) 361 (22.6%) 
   Dyslipidemia 433 (22.9%) 356 (22.3%) 
   Obesity 291 (15.4%) 255 (16.0%) 
   Osteoarthritis 226 (12.0%) 213 (13.3%) 
   Hypercholesterolemia 230 (12.2%) 179 (11.2%) 
   Depression  205 (10.8%) 137 (8.6%) 
   Menopause 190 (10.0%) 171 (10.7%) 
   Gastroesophageal reflux disease 194 (10.3%) 163 (10.2%) 
Pretrial anti-diabetic regimen    
3697 (main and ext) 1 OAD 

2 OADs 
>2 OADs 

693 (83.2%) 
140 (16.8%) 
0 (0.0%) 

684 (82.7%) 
143 (17.3%) 
0 (0.0%) 

3912      1 OAD 
     2 OADs 
      >2 OADs 
Total insulin dose (u/kg): 
Total insulin dose (u): 

95 (47.7%) 
104 (52.3%) 
0 (0.0%) 
0.3 (0.1%) 
29.0 (7.7%) 

98 (49.2%) 
101 (50.8%) 
0 (0.0%) 
0.3 (0.1%) 
29.2 (7.7%) 

3851      1 OAD 
     2 OADs 
     >2 OADs 

217 (74.3%) 
68 (23.3%) 
7 (2.4%) 

108 (74.0%) 
36 (24.7%) 
2 (1.4%) 

3951 1 OAD 
2 OADs 
>2 OADs 

30 (10.4%) 
259 (89.6%) 
0 (0.0%) 

17 (11.6%) 
129 (88.4%) 
0 (0.0%) 

3952    1 OAD 
   2 OADs 
   >2 OADs 
Total insulin dose (u/kg): 
Total insulin dose (u): 

278 (100%) 
0 (0.0%) 
0 (0.0%) 
0.4 (0.1%) 
31.2 (10.0%) 

279 (100%) 
0 (0.0%) 
0 (0.0%) 
0.4 (0.1%) 
31.9 (10.3%) 

Oral antidiabetic drug class    
     Biguanide n(%) 
        Metformin n (%) 

 
1858 (98.3%) 

 
1578 (98.8%) 



30 
 

 IDegLira (N=1891) 
N(%) or mean SD 

Comparator a(N=1597) 
N(%) or mean SD 

        Mean (SD) daily dosing in mg 1954.1 (469.0) 1943.0 (447.7) 
     Glinide n (%) 
       Repaglinide n (%) 
       Mean (SD) daily dosing in mg  

 
4 (0.2%) 
9.8 (2.9) 

 
2 (0.1%) 
9.0 (4.2) 

     Sulfonylurea n(%) 
Glibenclamide n (%) 
Mean (SD) daily dosing in mg 
Gliclazide n (%) 
Mean (SD) daily dosing in mg 
Glimepiride n (%) 
Mean (SD) daily dosing in mg 
Glipizide n (%) 
Mean (SD) daily dosing in mg 
Glyburide n (%) 
Mean (SD) daily dosing in mg 
Gliquidone n (%) 
Mean (SD) daily dosing in mg  

 
87 (4.6%) 
13.5 (4.5) 
104 (5.5%) 
105.6 (61.7) 
188 (9.9%) 
5.0 (4.4) 
76 (4.0%) 
18.0 (6.7) 
1 (0.1%) 
10.0 (−) 
0 (0.0%) 
0 

 
47 (2.9%) 
13.2 (4.5) 
59 (3.7%) 
117.1 (65.3) 
114 (7.1%) 
4.6 (1.9) 
56 (3.5%) 
18.1 (7.7) 
0 (0.0%) 
0 
2 (0.1%) 
120.0 (0.0) 

     Thiazolidinedione n(%) 
Pioglitazone n (%) 
Mean (SD) daily dosing in mg 

 
154 (8.1%) 
32.1 (6.8) 

 
148 (9.3%) 
32.9 (6.2) 

Insulin used at baseline f   
Insulin glargine n (%) 
Mean (SD) daily dosing in units  

363 (19.2%) 
30.6 (9.7) 

367 (23.0%) 
31.3 (9.8) 

Insulin detemir n (%) 
Mean (SD) daily dosing in units 

32 (1.7%) 
32.5 (7.2) 

35 (2.2%) 
31.3 (7.2) 

Insulin neutral protamine Hagedorn n (%) 
Mean (SD) daily dosing in units 

79 (4.2%) 
28.1 (7.2) 

71 (4.4%) 
28.2 (7.8) 

Biosynthetic human insulin (BHI) n (%) 
Mean (SD) daily dosing in units 

0 (0.0%) 
0 

1 (0.1%) 
30.0 (−) 

Human insulin (HI) n (%) 
Mean (SD) daily dosing in units 

0 (0.0%) 
0 

2 (0.1%) 
20.0 (0.0) 

Insulin aspart (IAsp) n (%) 
Mean (SD) daily dosing in units 

0 (0.0%) 
0 

1 (0.1%)g 

20.0 (−) 
Mean eGFR (mL/min/1.73 m2)   
   % of patients with  eGFR <60 mL/min/1.73m2 118 (6.24%) 108 (6.76%) 
   % of patients with  eGFR <30 mL/min/1.73 m2    1 (0.05%) 0 (0.00%) 
a: comparators comprise the pooled dataset containing all comparators used across the 5 trials (insulin degludec, insulin glargine, 
liraglutide, GLP-1 analog and placebo). 
b: in Trials 3851, 3951 and 3952, no data on Asian subclasses (Indian vs. non-Indian) were collected. Hence, only data for the 
race ‘Asian’ are presented in this table. 
d: subjects with one or more diabetes complication 
e: some of these subjects may also be included in the diabetes complications data presented above based on the medical history. 
f: in Trial 3912, the basal insulin was unknown for 5 subjects but follow-up has documented that these were 4 subjects on insulin 
glargine and 1 subject on NPH insulin. In Trial 3952, one subject was administered insulin detemir at screening and randomized 
in error. The dose was unknown. 
g: Subject 765003, Trial 3912, was randomized in error because he was administering IAsp at screening. The subject completed 
the trial. 
h: according to the CKD-EPI equation 
Source: information request received 12/21/15: \\cdsesub1\evsprod\NDA208583\0008\m1\us\111-info-amendment\re-fda-ir-
20151214.pdf 
 

4.1.2 Baseline demographics and disease characteristics by phase 3 trial 

For each individual trial, the treatment groups were well matched across treatment arms with 
respect to baseline demographic characteristics; see Table 5. Some small imbalances were noted; 
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however these are not likely to have affected the overall efficacy results. For example, in trial 
3951 a small imbalance was noted in the country of residence (41.8% in the placebo group were 
from the United States vs. 30.8% in the IDegLira group). There was also a slight difference in 
body weight between treatment groups.  The body weight at baseline was ~2kg lower for 
subjects in the IDegLira group compared to the placebo group.  However, the BMI was slightly 
higher in the placebo group (32 kg/m2) compared to the IDegLira group (31.2 kg/m2). See also 
the Statistical Summary. 
 
The baseline demographics and disease characteristics varied by trial consistent with enrollment 
criteria. These differences are summarized below. 
 
Trials enrolling Insulin naïve subjects:  
In trial 3697 (factorial study), subjects were slightly younger than in the other trials, with a mean 
age of 55 years. Subjects in trial 3951 (IDegLira vs. placebo) had the highest mean age (60.4 
years).  The duration of diabetes was also shorter for trial 3697 (mean 6.8 years) than for trial 
3951 (mean 9.12 years). In both trials, close to half of participants were male. The majority of 
patients were White (61.9% for 3697; 75.4% for 3951), with smaller representation of other 
races and ethnic groups. The mean BMI was similar in the two trials ~ 31 kg/m2. The average 
HbA1c was higher for trial 3697 at 8.3%, compared to trial 3951 at 7.9%.  
 
Trials enrolling non-insulin naïve subjects: 
The mean age in trials 3912 (IDegLira vs. IDeg) and 3952 (IDegLira vs. IGlar) was similar (57 - 
59 years) with similar duration of diabetes ~ mean of 11 years.  In both trials, close to half of 
participants were male. The majority of patients were White (77.4% for trial 3912 and 94.6% for 
trial 3952), with smaller representation of other races and ethnic groups. The mean BMI was 
slightly higher for trial 3912 (33.7 kg/m2) than trial 3952 (31.7 kg/m2).The average HbA1c was 
higher for 3912 at 8.8%, compared to 3952 at 8.3%. 
 
Trial enrolling previous GLP-1 users: 
For trial 3851 (IDegLira vs. GLP-1), subjects had a mean age of 58.3 years, with a mean 
duration of diabetes of 10.4 years, with ~half of patients being male. More than 90% of subjects 
were White with smaller representation of other races and ethnic groups. The mean BMI was 
32.9 kg/m2 with an average HbA1c of 7.8%.  There were similar proportions of subjects taking 
exenatide (20.5%) and liraglutide (79.5%) randomized to each treatment group.  The dose of 
exenatide (mean~ 18 mcg) and liraglutide (mean 1.7 mg) was similar between treatment groups 
at randomization.  
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Table 5 – Baseline demographics and disease characteristics in phase 3 trials - FAS 

 TRIAL 3697 TRIAL 3912 TRIAL 3952 TRIAL 3951 TRIAL 3851 
Characteristic IDegLira 

(N=833) 
IDeg 

(N=413) 
Liraglutide 

(N=414) 
IDegLira 
(N=199) 

IDeg 
(N=199) 

IDegLira 
(N=278) 

IGlar 
(N=279) 

IDegLira 
(N = 289) 

Placebo 
(N=146) 

IDegLira 
(N=292) 

GLP-1 
(N=146) 

Age (Years) 
     Mean (SD) 
     Min-max 

 
55.1(9.9) 
27.8-83.8 

 
54.9(9.7) 
24.0–79.1 

 
55.0(10.2) 
24.4–81.6 

 
56.8(8.9) 
31.4–76.9 

 
57.5(10.5) 
29.5–85.8 

 
58.4(9.8) 
29.2–81.7 

 
59.1(9.3) 
27.6–80.4 

 
60.0(9.6) 
27.6–87. 

 
59.4(10.8) 
27.3–84.5 

 
58.3(9.9) 
22.0–77.9 

 
58.4(8.8) 
37.8–78.3 

 Sex: Male, n (%) 435(52.2) 200(48.4) 208(50.2) 112(56.3) 106(53.3) 143(51.4) 137(49.1) 154(53.3) 154(53.3) 153(52.4) 71(48.6) 
Race 
White 
Black or African 
American 
Asian 
American Indian or 
Alaskan native 
Native Hawaiian or 
Pacific Islander 
Other 

 
513(61.6) 
 
72(8.6) 
228(27.3) 
 
2(0.2) 
 
0(0.0) 
18(2.2) 

 
257(62.2) 
 
23(5.6) 
120(29.1) 
 
2(0.5) 
 
0(0.0) 
11(2.7) 

 
258((62.3) 
 
28(6.8) 
116(28.1) 
 
0(0.0) 
 
1((0.2) 
11(2.7) 

 
157(78.9) 
 
9(4.5) 
33(16.6) 
 
0(0.0) 
 
0(0.0) 
0(0.0) 

 
151(75.9) 
 
10(5.0) 
36(18.1) 
 
0(0.0) 
 
1(0.5) 
1(0.5) 

 
262(94.2) 
 
6(2.2) 
9(3.2) 
 
0(0.0) 
 
0(0.0) 
1(0.4) 

 
265(95.0) 
 
5(1.8) 
9(3.2) 
 
0(0.0) 
 
0(0.0) 
0(0.0) 

 
217(75.1) 
 
16(5.5) 
52(18.0) 
 
0(0.0) 
 
0(0.0) 
4(1.4) 

 
111(76.0) 
 
13(8.9) 
20(13.7) 
 
0(0.0) 
 
0(0.0) 
2(1.4) 

 
269(92.1) 
 
15(5.1) 
6(2.1) 
 
1(0.3) 
 
0(0.0) 
1(0.3) 

 
131(89.7) 
 
12(8.2) 
2(1.4) 
 
0(0.0) 
 
0(0.0) 
1(0.7) 

Ethnicity 
Hispanic or Latino 
Not Hispanic/ 
Latino 
Unknown 

 
127(15.2) 
 
706(84.8) 
0(0.0) 

 
67(16.2) 
 
345(83.5) 
1(0.2) 

 
56(13.5) 
 
357(86.2) 
1(0.2) 

 
16(8.0) 
 
183(92.0) 
0(0.0) 

 
24(12.1) 
 
175(87.9) 
0(0.0) 

 
107(38.5) 
 
171(61.5) 
0(0.0) 

 
133(47.7) 
 
146(52.3) 
0(0.0) 

 
24(8.3) 
 
265(91.7) 
0(0.0) 

 
16(11.0) 
 
130(89.0) 
0(0.0) 

 
26(8.9) 
266(91.1) 
0(0.0) 

 
15(10.3) 
131(89.7) 
0(0.0) 

HBA1c (%) 
Mean (SD) 
Min-max 

 
8.3(0.9) 
6.0–11.0 

 
8.3(1.0) 
6.6–11.3 

 
8.3(0.9) 
6.4–12.6 

 
8.7(0.7) 
7.2–12.3 

 
8.8(0.7) 
7.3–10.9 

 
8.4(0.9) 
6.4–11.6 

 
8.2(0.9) 
5.9–10.8 

 
7.9(0.6) 
6.3–9.5 

 
7.9(0.6) 
6.5–9.1 

 
7.8(0.6) 
6.7–9.2 

 
7.7(0.6) 
6.6–9.7 

FPG(mg/dL) 
Mean (SD) 
Min-max 

 
165.6(43.4) 
48.6-333.3 

 
169.2(47.8) 
84.7-349.5 

 
162.7(47.3) 
55.9-421.6 

 
174.6(52.6) 
54.1 - 344.1 

 
172.1(55.8) 
75.7 - 538.7 

 
160.5(47.51) 
64.9 - 367.6 

 
159.8(51.96) 
57.7 -336.9 

 
164.4(38.9) 
79.3- 331.5 

 
164.7(37.5) 
70.3 - 261.3 

 
161.7(38.2) 
50.5 - 286.5 

 
169.1(41.7) 
86.5 - 333.3 

Diabetes 
duration(years) 
Mean(SD) 
Min-max 

 
 
6.6(5.1) 
<0.1–35.1 

 
 
7.0(5.3) 
<0.1–32.3 

 
 
7.2(6.1) 
<0.1–53.9 

 
 
10.3(6.0) 
0.8–30.4 

 
 
10.9(7.0) 
0.8–40.4 

 
 
11.6(7.4) 
0.3–47.6 

 
 
11.3(6.6) 
0.4−44.6 

 
 
9.0(5.5) 
<0.1–38.3 

 
 
9.3(6.5) 
0.5–44.8 

 
 
10.4(5.8) 
<0.1–31.3 

 
 
10.4(5.8) 
<0.1–31.9 

Basal insulin 
dose(units) 
IDet: mean (SD) 
IGlar: mean (SD) 
Other: mean (SD) 

    
 
32.5(7.2) 
28.6(8.1) 
28.1(7.2) 

 
 
31.3(7.2) 
29.2(7.7) 
28.1(7.8) 

 
 
 
31(10) 

 
 
 
32(10) 

    

Data are mean (SD) or number (%). Abbreviations: FAS=full analysis set, FPG=fasting plasma glucose, HbA1c=glycosylated hemoglobin, max=maximum value, min=minimum value, OAD=oral 
antidiabetic drug, SD=standard deviation, IDet: insulin detemir, IGlar: insulin glargine, GLP-1=GLP-1 analog 
Source: 2.7.3 Summary of Clinical Efficacy page 66-67,  Table 3-1 and 3-2 
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 4.2 Subject Disposition  

Table 6 summarizes subject disposition for the 5 phase 3 trials. The completion rate for each treatment 
arm ranged from 76% to 95%. Subjects who withdrew were not followed after the time of drug 
discontinuation for collection of HbA1c data. Therefore, missing data were considered in analyses of 
the primary efficacy endpoint conducted by both the Applicant and the FDA. These are discussed in 
detail the Statistical Summary, but to summarize, the FDA statistical reviewer concluded that missing 
data did not affect confidence in the conclusions of the hypothesis testing, i.e. superiority, for the phase 
3 trials. Withdrawals due to adverse events are discussion in the Review of Safety.   
 
Trial 3697- (factorial study) - disposition 
Of the 1663 subjects that were randomized, 13.2% withdrew during the trial.  Similar percentages of 
withdrawal were seen in the IDegLira and IDeg groups (11.8% and 11.6%, respectively) while the 
liraglutide group had the highest rate of withdrawal (17.6%).  In all treatment groups, most of the 
withdrawals were due to meeting withdrawal criteria (close to 8-9% of withdrawals in each group).  Of 
the subjects that withdrew due to meeting withdrawal criteria, about half of each group withdrew 
without explanation or due to noncompliance/safety concern; there were 2 subjects in the IDegLira 
group (only) who were withdrawn due to withdrawal criteria of acute pancreatitis. 
 
Trial 3912 - (IDegLira vs. IDeg) - disposition 
Of the 413 subjects randomized, 16.2% withdrew during the trial.  The withdrawal rate was lower for 
IDegLira vs. IDeg (15.5% vs. 17%). In all treatment groups, the most common reason for withdrawal 
was due to “other.”  The Applicant described these “other” as withdrawal due to a site closure and 
subjects that were randomized in error. Of the subjects that withdrew due to ‘withdrawal criteria,’ 
more than half of the subjects in each treatment group withdrew without an explanation.  One subject 
(0.5%) in the IDegLira and five subjects (2.4%) in the IDeg group were withdrawn due to continuous 
high SMPG.  
 
Trial 3952 - (IDegLira vs. IGlar) - disposition 
Of the 557 subjects that were randomized, 7.5% withdrew during the trial.  IDegLira had twice the 
withdrawal rate as those randomized to IGlar (10.1% vs. 5% respectively). The withdrawals due to 
withdrawal criteria and due to adverse events were proportionally larger for IDegLira than IGlar. Most 
of the withdrawals due to withdrawal criteria were “without an explanation” and “randomized in 
contravention to the inclusion/exclusion criteria.” 
 
Trial 3951 - (IDegLira vs. placebo) - disposition 
Of the 435 subjects who were randomized, 16.8% withdrew during the trial. There was a larger 
proportion of subjects in the placebo group who withdrew (24%) than in the IDegLira group (13.1%).  
Most of the withdrawals in both groups were due to “other”: for IDegLira 4.8%, while for placebo 
8.9%.  Within the “other” category, there was a higher withdrawal rate in the placebo group for the 
category “lack of drug effect” (5.5%) while there was a higher rate of withdrawal for IDegLira for 
“recurrent hypoglycemia” (0.7%). 
 
A larger proportion of subjects withdrew in the placebo group due to meeting withdrawal criteria 
(6.8%), compared with IDegLira (0.7%). Of the subjects that withdrew due to meeting withdrawal 
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criteria, 6.2% of the placebo group withdrew due to continuous high SMPG, while 0.35% in the 
IDegLira group withdrew for this reason.   
 
Trial 3851 - (IDegLira vs. GLP-1) - disposition  
Of the 438 subjects that were randomized, 10.3% of subjects withdrew during the trial.  IDegLira had a 
lower proportion of subjects (5.5%) than the GLP-1 group (19.9%) who withdrew.  Most of the 
withdrawals in the IDegLira group were due to non-compliance with protocol (3.1%); whereas in the 
GLP-1 group, most withdrawals were due to meeting withdrawal criteria (9.6%).    
 
When totaling the withdrawal criteria due to continuous high SMPG (GLP-1: [7.5%]; IDegLira 
[0.7%]) and an additional 4 subjects (1.4%) for GLP-1 identified in the “other” category which implied 
hyperglycemia (i.e. “unacceptable blood sugars,”  “hyperglycemia”, and “lack of efficacy”), there was 
close to 9% withdrawal due to hyperglycemia in the GLP-1 arm.  
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Table 6 – Subject disposition – phase 3 trials

 TRIAL 3697 TRIAL 3912 TRIAL 3952 TRIAL 3951 TRIAL 3851 
 IDegLira  

 N (%) 
IDeg 

N (%) 
Liraglutid

e 
N (%) 

IDegLira 
N (%) 

IDeg 
N (%) 

IDegLira  
N (%) 

Insulin 
Glargine  

N (%) 

IDegLira  
N (%) 

Placebo  
N (%) 

IDegLira  
N (%) 

GLP-1 
N (%) 

Randomized  834 (100) 414 (100) 415 (100) 207 (100.0) 206 (100.0) 278 (100.0) 279 (100.0) 289 (100) 146 (100) 292 (100.0) 146 (100.0) 
Withdrawn at/after 
randomization 

98 (11.8) 48 (11.6) 73 (17.6) 32 (15.5) 35 (17.0) 28 (10.1) 14 (5.0) 38 (13.1) 35 (24.0) 16 (5.5) 29 (19.9) 

Adverse event 10 (1.2) 8 (1.9) 24 (5.8) 1 (0.5) 3 (1.5) 9 (3.2) 1 (0.4) 9 (3.1) 2 (1.4) 1 (0.3) 2 (1.4) 
Ineffective therapy 1 (0.1) 0 (0.0) 0 (0.0) 1 (0.5) 2 (1.0)       
Non-compliance 
with protocol 

2 (0.2) 1 (0.2) 0 (0.0) 0 (0.0) 2 (1.0) 2 (0.7) 1 (0.4) 13 (4.5) 10 (6.8) 9 (3.1) 3 (2.1) 

Withdrawal criteria 69 (8.3) 34 (8.2) 40 (9.6) 13 (6.3) 15 (7.3) 16 (5.8) 11 (3.9) 2 (0.7) 10 (6.8) 2 (0.7) 14 (9.6) 
Other 16 (1.9) 5 (1.2) 9 (2.2) 17 (8.2) 13 (6.3) 1 (0.4) 1 (0.4) 14 (4.8) 13 (8.9) 4 (1.4) 10 (6.8) 
Completed 736 (88.2) 366 (88.4) 342 (82.4) 175 (84.5) 171 (83.0) 250 (89.9) 265 (95.0) 251 (86.9) 111 (76.0) 276 (94.5) 117 (80.1) 
Full analysis set 833 (99.9) 413 (99.8) 414 (99.8) 199 (96.1) 199 (96.6) 278 (100.0) 279 (100.0) 289 (100.0) 146 (100.0) 292 (100.0) 146 (100.0) 
Safety analysis set 825 (98.9) 412 (99.5) 412 (99.3) 199 (96.1) 199 (96.6) 278 (100.0) 279 (100.0) 288 (99.7) 146 (100.0) 291 (99.7) 145 (99.3) 
N= Number of subjects, %= Proportion of randomized subjects. 
Source: : 2.7.3 Summary of Clinical Efficacy page 71-75, Tables: 3-4, 3-5, 3-6, 3-6, 3-7 and 3-8 
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4.3  Analysis of the Primary Efficacy Endpoint 

In all five phase 3 trials subjects in the IDegLira arm had a larger average reduction in HbA1c from 
baseline than subjects in the corresponding comparator arm(s) (active and placebo). Based on 
mixed model repeated measures (MMRM) analyses, the difference in HbA1c reduction between 
IDegLira and IDeg arms was 0.47% in study 3697 and 1.04% in study 3912. The difference 
between IDegLira and lira was 0.63% in study 3697. When IDegLira was compared to placebo 
(trial 3951), the average difference in reduction of HbA1c was 1%. 
 
Figure 3– Summary of Efficacy Results for the IDegLira Phase 3 Clinical Program 

 
Source: Created by FDA Statistical reviewer 
 
The reader is referred to the Statistical Summary for a complete review of FDA’s analyses of the 
primary efficacy endpoint.   
 

4.4   Secondary Efficacy Endpoints 

The reader is referred to the Statistical Summary for a discussion of secondary efficacy endpoints.  
In the Clinical summary body weight changes and hypoglycemia are discussed in the Review of 
Safety. 
 

4.5 Trial Interpretation and Clinical Considerations 
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4.5.1 Dosing of IDegLira and basal insulin comparators in the phase 3 trials 

 
Valid interpretation of results of the efficacy evaluation for titratable antidiabetic therapies (e.g. 
insulin) assumes adequate trial design and conduct, specifically how successful the trials are at 
achieving titration targets so that a valid comparison of HbA1c between study arms can be made at 
study end.  Ideally, glycemic targets should be reached 120 days before the primary efficacy 
endpoint measurement because HbA1c represents a weighted average of blood glucose levels for 
the 120 days that precede the test. The starting dose and procedures for titration of IDegLira and 
basal insulin comparators in the five phase 3 trials were described in section 3.1.2 of this document.  
Several aspects of this design element that affect trial interpretation are outlined below. 
 
Because IDegLira contains two antidiabetic drugs whose individual components have proven 
glycemic lowering, the use of the same titration algorithm in both the IDegLira and IDeg study 
arms, over time, would be expected to result in a differential rate between the study arms in the time 
it would take to reach titration goals (i.e., a slower rate for the basal insulin comparator). Even 
though the titration algorithm appears the same for IDegLira and the comparator insulin, in reality 
the dose increase between treatment arms is different.  A dose increase of ‘2’ (dose steps or units) 
means a 2 unit increase for the comparator insulin and a 2 units of insulin plus 0.072 mg of 
liraglutide for IDegLira.  
 
Further, the titration algorithm that was used for all phase 3 trials did not take into account the 
magnitude of the SMPG measurements. For example, the dose increase (dose steps for IDegLira or 
units for basal insulin) was always by ‘2’ regardless of how unacceptably high the fasting plasma 
glucose was.  Additionally, titration occurred only twice weekly. These relatively conservative 
aspects of the algorithm combined with the differential dose increases would be expected to bias the 
primary efficacy results in favor of the IDegLira arm. 
 
An additional consideration in study 3912 is that the starting dose of IDeg was significantly reduced 
from the subjects’ pretrial basal insulin dose. This dosing regimen would be expected to result in a 
longer time for subjects to return to their baseline level of glycemic control and then reach titration 
goals. In FDA’s experience trials enrolling previous insulin users typically enroll subjects with 
inadequate glycemic control and then randomize them to either continue insulin therapy at their 
current dose or to an experimental insulin therapy at a dose expected to be similar in glycemic 
lowering effect (i.e. 1:1 conversion). 
 
The aforementioned dosing procedures resulted in difficulty in trial interpretation by artificially 
limiting the reduction or stabilization in HbA1c in the comparator arms during the trials. 
Exploratory analyses showed that in all insulin-comparator trials (3697, 3912, and 3952) there was 
slower titration of the comparator insulin and, as would be expected based on study design, a lag in 
glycemic lowering in the basal insulin comparator arm.  Further, this lag resulted in a longer time 
for the comparator insulin arms to achieve a stable insulin dose, or they were continuing to be 
titrated at the end of the trial.  Data specific to each trial are discussed below. 
  
Trial 3697- Subjects were started on 10 units of IDeg or 10 dose steps of IDegLira at 
randomization. The Clinical reviewer performed analyses of insulin dose patterns in subjects who 
met titration targets (Figure 4).  During the up-titration of IDegLira the proportion of patients who 
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met titration targets was higher for IDegLira than IDeg. As the dose of IDeg increased (i.e. 
continued titration throughout the study) the trend reversed—a higher proportion of patients in the 
IDeg arm reached targets, than those on IDegLira.  However, at week 26 the dose of IDeg was 
continuing to be titrated in the IDeg arm, i.e. the comparator insulin had not reached a stable dose. 
The FDA Statistical reviewer conducted analyses of insulin dose patterns over time (Figure 5). The 
corresponding Kaplan-Meier plots provide illustration to the length of dose escalation periods by 
arm. Only half of the subjects in the IDeg arm reached their insulin target dose. Table 7 presents the 
average time to dose stabilization. It is uncertain whether IDegLira would be superior to IDeg if 
maximally titrated.  The data also do not suggest that the proportion of subjects who reached 
titration targets had reached maximum (i.e. ’maxed-out’) due to some dose limiting adverse effect 
such as hypoglycemia. 
 
As noted previously, HbA1c represents glycemic control over the preceding 3 months. In trial 3697, 
mean fasting plasma glucose was similar between the IDegLira and IDeg study arms at 26 weeks 
(97.02 mg/dL and 98.1 mg/dL, respectively). While FPG and HbA1c measure different aspects of 
glycemic control (i.e. fasting vs. average glucose), HbA1c is also different in that it represents 
glycemic control over the previous 3 months. It is possible that the similar FPG is a more proximal 
measure of the success of titration that was not yet fully reflected in the HbA1c measurement.  
 
3912- Patients previously on 20 to 40 units of basal insulin were started on 16 units of IDeg or 16 
dose steps of IDegLira at randomization, had discontinuation of their pre-trial OADs (with the 
exception of metformin) and capped at either 50 units of IDeg or 50 dose steps of IDegLira. 
Throughout the duration of the study, the proportion of patients meeting targets, randomized to 
IDegLira were always higher than those randomized to IDeg (Figure 4). Dose stabilization in the 
IDeg arm was achieved relatively early compared to the other insulin comparator trials (median 10 
weeks and mean 12 weeks) because maximum dose of IDeg was artificially limited by the study 
design (Figure 5 and Table 7).  
 
3952- Patients previously on 20-50 units of insulin glargine were continued on the same insulin at 
the same insulin dose or converted to 16 dose steps of IDegLira at randomization.  During the up-
titration of IDegLira the proportion of patients who met titration targets was higher for IDegLira 
than for insulin glargine.  As the dose of IDeg increased through continued titration throughout the 
study the trend reverse; a higher proportion of patients on insulin glargine reached targets than those 
on IDegLira (Figure 4). However, only half of subjects achieved a stable insulin dose prior to week 
19, i.e. seven weeks before the conclusion of the study (Figure 5 and Table 7). 
 
In trial 3952 the mean fasting plasma glucose was similar between IDegLira and IDeg at 26 weeks 
(104.94 mg/dL and 108 mg/dL, respectively). As noted above, it is not possible to determine 
whether the similar FPG at 26 weeks, concurrent with a lower HbA1c for IDegLira, reflects a 
difference in fasting compared to average (or postprandial) glucose control or the fact that FPG 
decreases more rapidly as compared to HbA1c with improved glycemic control. 
 
Finally, while this discussion has focused on comparisons between groups regarding the rate of 
titration, it is important to note that for both groups, the success rate of subjects achieving FPG 
targets was poor overall in the trials. 
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Table 7 - Time to dose stabilization (weeks) 

Study Treatment Arm Median Minimum Maximum Mean 
3697 IDeg 26.0 1.0 26.0 19.5 

IDegLira 16.0 1.0 26.0 15.8 

3952 IGlar 19.0 1.0 26.0 18.1 

IDegLira 12.0 1.0 26.0 14.7 

3912 IDeg 10 0.4 26 12.6 

IDegLira 12 0.4 26 13.9 
Source: Created by FDA Statistical reviewer, see also Statistical Summary 

4.5.2.1  Dosing of liraglutide 

Liraglutide (Victoza) is approved at a dose of 1.2 mg or 1.8 mg once daily; liraglutide was not 
studied as a titratable antidiabetic therapy in its single-agent development program. While the 
labeled starting dose of Victoza is 0.6 mg once daily, this dose is recommended to improve GI 
tolerability and alone is not effective for glycemic lowering.  
 
The proposed dosing regimen for IDegLira allows for titration of the liraglutide component without 
specification of a minimum required dose. In the pre-NDA meeting the Division emphasized that it 
would be important to evaluate subjects in phase 3 trials who received less than the approved (and 
possibly minimally effective) doses of liraglutide after the titration period.  
 
Exploratory analyses of the doses achieved of the liraglutide component of IDegLira showed that 
the dose was on average greater than 1.2 mg, ranging from a mean of 1.0 mg (in 3951) to 1.6 mg (in 
3912 and 3851).  
 
An evaluation of the proportion of patients reaching dose step tertiles is shown in Table 8.  
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Table 11 shows exposure of IDegLira by demographic characteristic for all five phase 3 trials 
pooled.  
 
Exposure was evenly distributed between sexes. When exposure was evaluated by age, most of the 
exposure was in the group ≥18 - <65 years with 19% of the exposure in subjects aged ≥65 years.  
When comparing across racial groups, the smallest exposure occurred across all non-White subjects, 
with 28% of the total exposure.  The exposure by region was largest for Europe followed by an 
exposure of 33% from North America with 29% of the total exposure coming from the US. The 
exposure of subjects with duration of diabetes of ≥10 years was approximately half of the exposure 
of subjects with a duration of longer than 10 years.  
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Table 11 – IDegLira Exposure by demographics- completed phase 3 trials, safety analysis set 

 IDEGLIRA  
 N (PYE) 
Safety analysis set 1881 (1200.8) 
Sex 
     Male 
     Female 

 
990 (624.9) 
891 (576.0) 

Age group (years) 
     ≥18-<65 years 
     ≥65 years 
     ≥65-<75 years 
     ≥75 years 

 
1506 (976.2) 
375 (224.7) 
323 (198.3) 
52 (26.3) 

Race 
     White 
     Asian 
     Black or African American  
     Other 
     American Indian or Alaska Native 

 
1411 (865.2) 
327 (243.2) 
116 (72.0) 
24 (17.9) 
3 (2.5) 

Ethnicity 
     Not Hispanic or Latino 
     Hispanic or Latino 

 
1582 (1022.1) 
299 (178.8) 

Region (continent) 
     Europe 
     North America 
     Asia 
     South America 
     Africa 
     Australia 

 
733 (467.9) 
661 (396.4) 
248 (187.9) 
99 (53.6) 
88 (60.0) 
52 (34.9) 

Region (US/non-US) 
     non-US 
     US 

 
1284 (848.7) 
597 (352.1) 

Duration of diabetes 
     <10 years 
     ≥10 years 

 
1196 (806.3) 
685 (394.5) 

BMI group (kg/m2)  
     30;35 
     25;30 
     35; 
     0;25 

 
652 (406.6) 
551 (356.3) 
518 (327.8) 
160 (110.2) 

Renal function  
     Normal  
     Mild impairment 
     Moderate impairment 
     Severe impairment 

 
944 (610.3) 
820 (522.3) 
116 (68.2) 
1 (0.0) 

Data are based on trials NN9068-3697 (including extension part), NN9068-3912, 
NN9068-3851, NN9068-3951 and NN9068-3952. 
N: number of subjects; PYE: patient years of exposure (1 PYE = 365.25 days). 
Renal function is classified using creatine clearance estimated using the CKD-EPI 
equation: Normal eGFR: ≥90 mL/min/1.73m2; Mild impairment: eGFR 60−89 
mL/min/1.73m2; Moderate impairment: eGFR 30−59 mL/min/1.73m2; Severe 
impairment: eGFR 15−29 mL/min/1.73m2.  
 
Source: ISS, Table 1-8, page 42-43, modified to show the IDegLira arm only 
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5.3 General Safety Results 

Adjusted Pooling 
Because naïve pooling of AE data from trials with different treatments and/or different 
randomization ratios may introduce bias when comparing treatments (i.e., due to Simpson’s 
paradox), the Applicant was asked to provide adjusted pooled rates and frequencies for adverse 
events. A method was used that 1) adjusted the AE incidences in each trial based on the pooled AE 
incidence for IDegLira, and, 2) weighted the trials according to the number of subjects in the 
IDegLira group. The same method was also applied to AE rates. Presentation of the Applicant’s 
adjusted pooled data will be specified in this review by the terms “adjusted rate” or “adjusted 
frequency.” The FDA statisticians reviewed the adjustment strategy and found it acceptable. The 
FDA clinical reviewer reviewed the unadjusted safety analyses and there were no important 
differences; therefore, the adjusted analyses are shown here. To be clear, these adjusted rates 
address differences among trials, e.g. randomization ratio, and as stated above exposure adjusted 
event rates are also provided in summary tables.  
 
Event Adjudication Committee 
The Applicant selected deaths, thyroid neoplasms and pancreatitis or suspicion of pancreatitis 
(among other events) as adverse events of interest that were adjudicated by a blinded event 
adjudication committee (EAC).  The Adjudication process is shown in the Appendix, and appears 
similar to what has been done previously. The FDA could not identify any concerns with the 
adjudication process used. An overview of these results is found in the appendix, Figure 7. 
 

5.3.1 Deaths 

All fatal events were adjudicated and classified as cardiovascular or non-cardiovascular death. If the 
cause of death was ‘unknown” the Applicant classified the cause as cardiovascular cause.   
 
Five deaths were reported in the completed Phase 3 trials (four of which occurred during the 
treatment emergent period and 1 death which occurred after the treatment emergent period).  Four 
of the 5 deaths were due to cardiovascular causes (with 3 of these deaths adjudicated as CV death, 
see Table 21 in Appendix).  The adjusted death rates reported by the Applicant were 0.3 and 0.2 
events per 100 PYE for IDegLira and IDeg respectively.   

5.3.2 Serious Adverse Events 

Table 12 shows incidence and exposure-adjusted and pooled-adjusted incidence rates of serious 
adverse events (SAEs) by system organ class (SOC).  A similar table showing SAEs by Preferred 
Term is in the Appendix of the Clinical Summary. The overall incidence of SAEs in the adjusted 
pooled analysis of IDegLira vs. basal insulin or vs. GLP-1 was similar.  No pattern emerged of a 
single type of serious adverse event, or grouping of serious adverse events, that occurred with 
greater frequency among IDegLira subjects than among its mono-component comparators (in the 
pivotal trials) or when compared to basal insulins or GLP-1 analogs.   
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Notable SOCs present in the IDegLira pool only included: General disorders and administration site 
conditions (which included PTs: fever, death and non-cardiac chest pain); Reproductive system and 
breast disorders (which included PTs: benign prostatic hyperplasia, postmenopausal hemorrhage 
and dysfunctional uterine bleeding); Vascular disorders (which included PTs: peripheral artery 
stenosis, peripheral artery thrombosis and hypotension); investigations (which included PTs 
amylase increased and lipase increased); blood and lymphatic system disorders (which included PT: 
iron deficiency anemia). Review of narratives for these events did not suggest a causal relationship 
between the events and IDegLira use. 
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Table 12 - Serious adverse events by system organ class (SOC) - completed phase 3 trials 

 IDegLira Basal insulin GLP-1 Placebo 
System organ class (SOC) 
 

N (adj.   
pct) E 

Adj. 
 rate 

N (adj.    
    pct) E 

Adj. 
 rate 

N (adj.    
    pct) E 

Adj. 
 rate 

N (adj.    
    pct) E 

Adj. 
 rate 

Safety analysis set 1881 
  

890 
  

557 
  

146   
Total exposure (yrs) 1200.8 

  
575.2 

  
400.2 

  
62.1   

Adverse events 73 (3.9) 102 8.5 42 (5.3) 53 11.9 27 (4.3) 34 9.9 5 (2.7) 5 3.4 
Cardiac disorders 15 (0.8) 17 1.4 8 (0.8) 8 1.4 3 (0.5) 4 1.1 1 (0.4) 1 0.8 
Infections and infestations 9 (0.5) 12 1 5 (0.5) 5 0.9 2 (0.3) 4 1 2 (0.9) 2 1.1 
Nervous system disorders 10 (0.5) 10 0.8 6 (0.6) 6 1 1 (0.1) 1 0.2    
Neoplasms benign, malignant and 
unspecified (include cysts and polyps) 9 (0.5) 9 0.7 3 (0.3) 3 0.6 2 (0.3) 2 0.5   

 
 

Respiratory, thoracic and mediastinal 
disorders 1 (<0.1) 1  <0.1 5 (0.7) 8 1.4       
Injury, poisoning and procedural 
complications 7 (0.4) 8 0.7 5 (0.6) 6 1.4 2 (0.4) 2 0.7 1 (0.2) 1 0.4 
Gastrointestinal disorders 5 (0.3) 5 0.4    5 (0.5) 6 1.0 1 (0.5) 1 0.9 
Hepatobiliary disorders 5 (0.3) 5 0.4 5 (0.6) 6 1.2 2 (0.3) 2 0.6    
Musculoskeletal and connective tissue 
disorders 5 (0.3) 5 0.4 2 (0.2) 2 0.3 4 (0.4) 4 0.6    
Surgical and medical procedures 5 (0.3) 5 0.4 3 (0.3) 3 0.5 1 (0.1) 2 0.4    
General disorders and administration site 
conditions 4 (0.2) 4 0.3          
Metabolism and nutrition disorders 4 (0.2) 4 0.3 1 (<0.1) 1 0.2       
Reproductive system and breast disorders 3 (0.2) 3 0.2          
Vascular disorders 3 (0.2) 3 0.2          
Renal and urinary disorders 3 (0.2) 3 0.2 3 (0.5) 3 0.5 2 (0.4) 2 0.4    
Investigations 1 (<0.1) 2 0.2          
Eye disorders 2 (0.1) 2 0.2 1 (0.1) 1 0.2 1 (0.2) 2 0.5    
Ear and labyrinth disorders 1 (<0.1) 1 <0.1 1 (<0.1) 1 0.2       
Skin and subcutaneous tissue disorders       1 (0.2) 1 0.2    
Blood and lymphatic system disorders 1 (<0.1) 1 <0.1          
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Endocrine disorders 1 (<0.1) 1 <0.1    1 (0.2) 1 0.2    
Psychiatric disorders 1 (<0.1) 1 <0.1    1 (0.2) 1 0.2    
N: number of subjects, E: number of adverse events. Adj. Pct: adjusted percent; Adj. rate: adjusted rate per 100 exposure years. Information request on  October 22, 2015: table  
Explanation of data columns: 
IDegLira              Combines data from all 5 completed trials 
Basal insulin        Combines data for IDeg and IGlar from Trials 3697-ext and 3912 and Trial 3952, respectively 
GLP-1 RA            Combines data for liraglutide (Trial 3697-ext) and liraglutide/exenatide (Trial 3851) 
Placebo                Data from the placebo arm of Trial 3951 
4 \\cdsesub1\evsprod\NDA208583\0003\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5353-rep-analys-data-more-one-stud\integrated-summary-of-safety\adjusted-rates-
meddra-hier.pdf 
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5.3.3 Dropouts and/or Discontinuations Due to Adverse Events 

The pooled adjusted incidence and exposure adjusted event rates for AEs resulting in dropout 
due to adverse events in each of the 4 prespecified safety pools are shown in Table 13. The 
adjusted incidence of dropouts due to adverse events was 1.7%, 2.2%, 6.5%, and 0.7% in the 
IDegLira, basal insulin, GLP-1, and placebo groups, respectively.  The exposure adjusted event 
rate of dropouts due to adverse events was 3.5, 5.1, 15.8 and 1.2 events per 100 PYE in the 
IDegLira, basal insulin, GLP-1, and placebo groups, respectively.  Most of the AEs resulting in 
withdrawal occurred in the ‘gastrointestinal disorders’ SOC with adjusted rates of 0.9 and 7.5 
events per 100 PYE for IDegLira and GLP-1, respectively.   
 
Withdrawals due to adverse events were also evaluated by trial, since baseline characteristics 
could result in differences in dropout rates (i.e. patients randomized to GLP-1 who were 
previously using and tolerating GLP-1 therapy may be less likely to drop out due to GI 
intolerability). When evaluating withdrawals due to adverse event by trial:  
 
In trial 3697, 42 subjects withdrew due to adverse events (1.2% for IDegLira, 1.9% for IDeg and 
5.8% for liraglutide). The adverse events leading to withdrawal for IDegLira were distributed 
across different SOCs, except for ‘injection site rash’ which was reported in 2 subjects.  Most 
adverse events leading to withdrawal with liraglutide were due to GI events (i.e. more than one 
subject had the following PTs: nausea, vomiting, diarrhea and gastritis).  Withdrawals due to 
IDeg were distributed across different SOCs except for ‘weight increased’ which was reported in 
2 subjects.   
 
In trial 3912, four subjects withdrew due to adverse events (0.5% for IDegLira and 1.5% for 
IDeg).  One subject, randomized to IDegLira was withdrawn due to ‘major depression’ and 
‘acute renal failure.’   The adverse event PTs that resulted in withdrawal for IDeg were varied 
and included: acute myocardial infarction, cholelithiasis and ischemic stroke.   
 
In trial 3851, three subjects withdrew due to adverse events.  One subject (0.3%) in the IDegLira 
group withdrew due to ‘drug hypersensitivity’; the two other subjects randomized to GLP-1 
withdrew due to either ‘abdominal discomfort’ or ‘foot fracture.’ Note that trial 3851 included 
previous GLP-1 users. 
 
In trial 3951 there were 11 subjects (2.5%) who had adverse events leading to withdrawal: 9 
subjects (3.1%) in the IDegLira group and 2 subjects (1.4%) in the placebo group.  Of the 
subjects who withdrew in the IDegLira group: 4 subjects (0.9%) withdrew due to amylase/ lipase 
increase; 2 subjects (0.45%) withdrew due to recurrent hypoglycemia, while the remaining 
subjects withdrew due to distinct PT terms (pyelonephritis, anxiety, injection site pain, or 
congestive heart failure).   
  
In trial 3952, there were 10 subjects (1.8%) who had adverse events leading to withdrawal: 9 
subjects (3.2%) in the IDegLira group and 1 subject (0.4%) in the IGlar group.  The IDegLira  
withdrawals included: 1 subject withdrawing due to increased lipase, 4 subjects withdrawing due 
to nausea/dyspepsia abdominal pain/distention, 1 subject withdrawing due to pancreatic 
carcinoma, 1 subject withdrawing due to blood creatinine increased, 1 subject withdrawing due 
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to respiratory tract infection, and 1 subject withdrawing due to nephropathy. The one withdrawal 
in the IGlar group was due to fatal hemorrhagic stroke. 
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 Table 13- Adjusted pooled analysis of dropouts due to adverse events - phase 3 trials - SOC and PT terms 

 IDegLira Basal insulin GLP-1 Placebo 
System organ class (SOC) 
     Preferred term (PT) 

N (adj.    
    pct) E 

Adj. 
 rate 

N (adj.    
    pct) E 

Adj. 
 rate 

N (adj.    
    pct) E 

Adj. 
 rate 

N (adj.    
    pct) E 

Adj. 
 rate 

Safety analysis set 1881 
  

890 
  

557 
  

146   
Total exposure (yrs) 1200.8 

  
575.2 

  
400.2 

  
62.1   

Adverse events 32(1.7) 42 3.5 13(2.2) 16 5.1 28(6.5) 37 15.8 2(0.7) 2 1.2 
Gastrointestinal disorders 8(0.4) 11 0.9    17(2.7) 21 7.5    
     Nausea 2(0.1) 2 0.2    9(1.4) 9 2.3    
     Dyspepsia 2(0.1) 3 0.2          
     Vomiting 1(<0.1) 1 <0.1    3(0.2) 3 0.4    
     Abdominal pain  2(0.1) 2 0.2          
     Abdominal discomfort 1(<0.1) 1 <0.1    2(0.3) 2 0.5    
     Abdominal distention  1(<0.1) 1 <0.1    1(0.2) 1 0.2    
     Gastroesophageal reflux disease       1(0.2) 1 0.2    
     Constipation        1(0.2) 1 0.2    
     Diarrhea 1(<0.1) 1 <0.1    1(<0.1) 1 0.1    
     Gastritis       2(0.4) 2 0.4    
     Peptic ulcer       1(0.2) 1 0.2    
Investigations 8(0.4) 10 0.8 3(0.8) 4 1.4 5(1.6) 6 2.6    
     Lipase increased 6(0.3) 6 0.5    2(0.9) 2 1.6    
     Amylase increased 2(0.1) 2 0.2    2(0.3) 2  0.5    
     Weight increased 1(<0.1) 1 <0.1 3(0.2) 4 0.4       
     Weight decreased       2(0.4) 2 0.4    
     Blood creatinine increased 1(<0.1) 1 <0.1          
General disorders and administration 
site conditions 6(0.3) 6 0.5 1(0.1) 1 0.2       
     Injection site rash 2(0.1) 2 0.2          
     Injection site pain  1(<0.1) 1 <0.1          
     Death 1(<0.1) 1 <0.1          
     Hunger    1(0.2) 1 0.2       
     Malaise 1(<0.1) 1 <0.1          
     Pyrexia 1(<0.1) 1 <0.1          
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Nervous system disorders 1(<0.1) 1 <0.1 4(0.5) 4 0.7 2(0.4) 2 0.4    
     Hemorrhagic stroke    1(<0.1) 1 0.2       
     Ischemic stroke    1(<0.1) 1 0.2       
     Headache    1(0.2) 1 0.2       
     Dementia Alzheimer’s type       1(0.2) 1 0.2    
     Dysgeusia       1(0.2) 1 0.2    
     Hypoglycemic unconsciousness 1(<0.1) 1 <0.1          
     Guillan-Barre syndrome    1(0.2) 1 0.2       
Musculoskeletal connective tissue 
disorders 2(0.1) 3 0.2 2(0.1) 2 0.2 1(<0.1) 1 0.1    
     Intervertebral disc protrusion  1(<0.1) 1 <0.1          
     Intervertebral disk disorder    1(0.2) 1 0.2       
     Osteoarthritis       1(0.2) 1 0.2    
     Arthralgia 1(<0.1) 1 <0.1          
     Back pain  1(<0.1) 1 <0.1 1(<0.1) 1 0.1       
Psychiatric disorders 2(0.1) 2 0.2          
     Major depression  1(<0.1) 1 <0.1          
     Anxiety 1(<0.1) 1 <0.1          
Infection and infestations 2(0.1) 2 0.2    1(0.2) 1 0.3    
     Pyelonephritis chronic 1(<0.1) 1 <0.1          
     Gastroenteritis       1(0.2) 1 0.2    
     Septic shock  1(<0.1) 1 <0.1          
 Renal and urinary disorders 2(0.1) 2 0.2    1(0.2) 1 0.2    
     Nephropathy 1(<0.1) 1 <0.1          
     Renal failure acute 1(<0.1) 1 <0.1          
     Renal failure       1(<0.1) 1 <0.1    
Cardiac disorders 2(0.1) 2 0.2 2(0.2) 2 0.4 1(0.2) 1 0.3    
     Angina pectoris       1(0.2) 1 0.2    
     Acute myocardial infarction  1(<0.1) 1 <0.1 1(<0.1) 1 0.2       
     Acute coronary syndrome    1(0.2) 1 0.2       
     Cardiac failure congestive 1(<0.1) 1 <0.1          
Immune system disorders 1(<0.1) 1 <0.1          
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     Drug hypersensitivity 1(<0.1) 1 <0.1          
Neoplasms benign, malignant and 
unspecified (incl. cysts and polyps)       1(0.2) 1 0.2    
     Pancreatic carcinoma stage IV       1(0.2) 1 0.2    
Hepatobiliary disorders    1(<0.1) 1 0.2       
     Cholelithiasis    1(<0.1) 1 0.2       
Metabolism and nutrition disorders       1(0.2) 1 0.2 1(0.7) 1 1.6 
      Hyperglycemia          1(0.7) 1 1.6 
     Decreased appetite       1(0.2) 1 0.2    
Vascular disorders 1(<0.1) 1 <0.1          
     Hypotension  1(<0.1) 1 <0.1          
Eye disorders 1(<0.1) 1 <0.1          
     Necrotizing retinitis 1(<0.1) 1 <0.1          
Skin and subcutaneous tissue disorders       1(0.2) 1 0.2 1(0.7) 1 1.6 
     Rash       1(0.2) 1 0.2    
     Pruritus generalized          1(0.7) 1 1.6 
Injury, poisoning and procedural 
complications    1(0.2) 1 0.2 1(0.2) 1 0.4    
     Humerus fracture    1(0.2) 1 0.2       
     Foot fracture       1(0.2) 1 0.4    
Respiratory, thoracic and mediastinal 
disorders    1(0.2) 1 0.2       
     Chronic obstructive pulmonary disease    1(0.2) 1 0.2       
Explanation of data columns: 
IDegLira              Combines data from all 5 completed trials 
Basal insulin        Combines data for IDeg and IGlar from Trials 3697-ext and 3912 and Trial 3952, respectively 
GLP-1 RA            Combines data for liraglutide (Trial 3697-ext) and liraglutide/exenatide (Trial 3851) 
Placebo                Data from the placebo arm of Trial 3951 
Source: FDA IR via teleconference on 10/14/ 2015. IR receipt on 10/22/15., table 2 \\cdsesub1\evsprod\NDA208583\0003\m5\53-clin-stud-rep\535-rep-effic-safety-
stud\t2dm\5353-rep-analys-data-more-one-stud\integrated-summary-of-safety\adjusted-rates-meddra-hier.pdf 
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6 Known safety issues with insulin degludec 

6.1 Hypoglycemia 

Methodology for defining, capturing, and reporting of hypoglycemia events. 
Definitions of hypoglycemia 
Hypoglycemia events were defined in multiple ways in the IDegLira development program. 
These definitions are described below. Some definitions are sensitive but not specific and some 
definitions are specific but not sensitive.  The FDA relies on multiple definitions to get an 
appreciation for overall sense of risk.  In a population of patients at low risk of developing 
hypoglycemia such as the population in the IDeg/Lira program most of the data to inform risk 
will be derived from a non-specific definition.  Events captured with this definition may or may 
not capture clinically meaningful events.  Of all these definitions of hypoglycemia, severe 
hypoglycemia is considered the most specific definition and the most clinically face-valid and 
meaningful definition.  
 
External review of severe hypoglycemia 
Episodes of severe hypoglycemia were reviewed by an external clinician (endocrinologist) 
blinded to treatment allocation. 

 
The American Diabetes Association’s definitions of hypoglycemia 

• Severe hypoglycemia: an episode requiring assistance of another person to actively 
administer carbohydrate, glucagon or other resuscitative actions.  

• Documented symptomatic hypoglycemia: an episode during which typical symptoms 
of hypoglycemia are accompanied by a measured plasma glucose concentration ≤ 3.9 
mmol/L (70 mg/dL) 

• Asymptomatic hypoglycemia: an episode not accompanied by typical symptoms of 
hypoglycemia, but with a measured plasma glucose concentration ≤ 3.9 mmol/L (70 
mg/dL) 

• Probable symptomatic hypoglycemia: an episode during which symptoms of 
hypoglycemia are not accompanied by a plasma glucose determination (but that was 
presumably caused by a plasma glucose concentration ≤ 3.9 mmol/L [70 mg/dL]) 

• Relative hypoglycemia: an episode during which the person with diabetes reports any of 
the typical symptoms of hypoglycemia, and interprets those as indicative of 
hypoglycemia but with a measured plasma glucose concentration > 3.9 mmol/L (70 
mg/dL) 
 

‘Novo Nordisk confirmed hypoglycemia’  
A Novo Nordisk’s confirmed episode of hypoglycemia - was composed of the pool of 
ADA severe (as described above) and minor hypoglycemic episodes. Minor 
hypoglycemic episodes were defined as an episode with symptoms consistent with 
hypoglycemia with a plasma glucose < 3.1 mmol/L (56 mg/dL) and which was handled 
by the subject himself/herself or any asymptomatic plasma glucose value < 3.1 mmol/L 
(56 mg/dL) or full blood glucose value < 2.8 mmol/L (50 mg/dL). 
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Capture of hypoglycemia events: 
Hypoglycemia is a self-reported event and is based on subject’s SMPG recordings.  All SMPG 
values (if above or below 70 mg/dL) were to be recorded in a subject diary and the information 
from the diary was to be transferred to a hypoglycemia episode form in the eCRF by the 
investigator if the SMPG value or the characteristics of the episode met the definition.  For all 
trials, subjects were instructed to measure SMPG upon suspicion of hypoglycemia using a 
glucose meter calibrated to plasma values.  Any SMPG value meeting the threshold (regardless 
of whether it was measured for cause) could be considered a hypoglycemia event.  Episodes of 
severe hypoglycemia were recorded by the investigator.   
 
Glucose meters used: 
In an information request sent on November 18, 2015, the reviewer asked the Applicant to 
specify the glucometers used during the trials.  No specific meter was identified by the 
Applicant. The Applicant stated that glucometers used were compliant with ISO standards 
2003:15917 and 2013:15197 were used with test strips that had to be calibrated to plasma values 
by then end user and had to be used in accordance with the manufacturer’s instructions.  
 
Analysis Methods 
An analysis of ‘Novo Nordisk confirmed hypoglycemia’ was a pre-specified secondary analysis 
in trials 3697 and 3952. The FDA statistician confirmed that overall, the pre-specified 
confirmatory statistical testing strategy controlled the type I error rate at a 2.5% level with 
respect to testing both the primary hypothesis and the secondary hypotheses. Hypoglycemic 
episodes were analyzed using a negative binomial regression model with a log-link function and 
the logarithm of the time period in which a hypoglycemic episode is considered treatment 
emergent as offset. The model included treatment, previous anti-diabetic treatment, baseline 
HbA1c stratum, substudy participation and country as fixed factors.  Other definitions of 
hypoglycemia were not included in pre-specified hypothesis testing, but are considered relevant 
to this review. We also looked at AE reports of hypoglycemia and dropouts due to hypoglycemia. 
 
Results of hypoglycemia analyses in phase 3 trials  
Table 14  summarizes the results provided by the Applicant for hypoglycemia across the 5 phase 
3 trials in the IDegLira program for three definitions (ADA severe, ADA documented 
symptomatic, and Novo Nordisk confirmed).   
 
ADA Severe hypoglycemia 
A total of 12 events of severe hypoglycemia were identified by the investigators in the IDegLira 
program, when also considering the 52 week period of 3697 (Table 14). Of the 12 cases, 10 cases 
were identified by the blinded reviewer as meeting criteria for severe hypoglycemia: 5 in the 
IDegLira pool, 3 in the basal insulin pool, and 2 in the GLP-1 analog pool (see Table 24 in the 
Appendix for narratives). 
 
Analysis of severe hypoglycemia by trial is shown in Table 14. Overall the event rate of severe 
hypoglycemia was higher for IDegLira compared to placebo or GLP-1 analogs. There were too 
few cases of severe hypoglycemia to differentiate any clear difference between IDegLira and 
basal insulin. 
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There were a total of 5 serious6  hypoglycemic events (4 events in IDegLira and 1 event for 
insulin glargine) all serious hypoglycemia events were captured as severe episodes, except for 
one event, the narrative of which is in the appendix, Table 25).   
 
The analysis conducted by the FDA statistical reviewer of severe hypoglycemia included data 
from the 26 week treatment periods of each trial for a total of 9 cases of severe hypoglycemia. 
For details, refer to the Statistical Summary and to Table 14. 
 
Other hypoglycemia definitions 
The pattern of treatment differences for the ADA documented symptomatic and Novo Nordisk 
confirmed hypoglycemia definitions were similar across the phase 3 trials.  In trial 3851 the 
direction of the findings not favoring IDegLira was consistent across all definitions. Similar 
findings were seen when comparing IDegLira to liraglutide in 3697 or when comparing IDegLira 
to placebo in trial 3951. For insulin comparator trials (i.e. trials 3697, 3912, 3952) the event rate 
per 100 patient years of documented symptomatic hypoglycemia or Novo Nordisk confirmed 
hypoglycemia was higher for the comparator insulin than IDegLira. 
 
Withdrawals due to hypoglycemia were captured in both categories ‘withdrawals of adverse 
events’ and withdrawals due to ‘other.’  When combining these two categories, there were a total 
of 5 subjects for IDegLira and 2 subjects for basal insulin who withdrew due to hypoglycemia.   
 
Overall, the totality of the data does not clearly demonstrate a hypoglycemia advantage for 
IDegLira vs. basal insulin. Additionally, analyses of hypoglycemia should be interpreted in light 
of the dosing and titration concerns discussed previously. 

                                                 
6 Serious adverse event is an event that results in death, is life-threatening, results in permanent 
damage or disability, results in congenital anomaly or requires medical/surgical intervention to 
prevent permanent impairment.7 The MedDRA search was for the following PT terms: Accidental overdose, 
Completed suicide, 
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6.2 Weight gain 

Weight gain can occur with insulin therapy, including insulin degludec.  The Applicant 
examined body weight changes as a pre-specified secondary hypothesis in trials 3697 (factorial 
study) and 3952 (vs. IGlar). The FDA statistician confirmed that overall, the pre-specified 
confirmatory statistical testing strategy controlled the type I error rate at a 2.5% level with 
respect to testing both the primary hypothesis and the secondary hypotheses. 
 
The Applicant conducted body weight change analyses using the LOCF approach. FDA 
disagrees with this approach and these analyses are not shown here. An MMRM analysis with a 
similar method as that used for the primary endpoint was also provided, i.e. the mixed effects 
model included treatment, pre-trial anti-diabetic treatment (for some trials), all stratification 
factors (such as pre-trial antidiabetic treatment and baseline HbA1c level, study 3697 was also 
stratified by sub-study participation), and country/region as fixed effects and the baseline value 
of the parameter as a covariate.  
 
The estimated differences in weight between arms are presented in Table 15. Generally, 
IDegLira caused weight gain when it was compared to a GLP-1 (3697 or 3851) or placebo 
(3951),  IDegLira caused numerically less weight gain when it was compared to insulin (3697, 
3912, 3952), Estimated treatment differences between study arms were small and the clinical 
relevance of these changes are unclear.  
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Table 15 – Estimated differences in body weight (kg) across phase 3 trials - FAS  

Study Treatment arm Comparator arm Estimate 95% CI 
3697 
 

IDegLira IDeg -2.3 (-2.7, -2) 

IDegLira Lira 2.6 (2.3, 3) 

 

IDeg   89.2 (88.9, 89.5) 

IDegLira   86.9 (86.7, 87.1) 

Lira   84.2 (83.9, 84.5) 

 

3952 IDegLira IGlar -3.3 (-3.8, -2.9) 

IDegLira   86.5 (86.2, 86.8) 

IGlar   89.8 (89.5, 90.2) 

 

3912 IDegLira IDeg -2.7 (-3.3, -2.1) 

IDegLira  91.6 (91.5,92.4) 

IDeg  94.7 (94.2,95.1) 

 

3851 IDegLira GLP-1 3.0 (2.4, 3.6) 

GLP-1  94.6 (94.1,95.1) 

IDegLira  97.6 (97.3, 98) 

 

3951 IDegLira Placebo 1.7 (1.1, 2.2) 

Placebo  86.7 (86.3,87.2) 

IDegLira  88.4 (88.1, 88.7) 
Source  created by FDA statistical reviewer 
 

7 Known safety issues with insulin degludec and liraglutide  

This section discusses the known safety issues associated with both insulin degludec and 
liraglutide use.  Overall, the use of liraglutide in combination with insulin degludec does not 
appear to significantly change the known safety issues relative to use of the individual 
components alone.   

7.1 Immunogenicity  
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IDeg and liraglutide are both protein-based drugs that individually have a risk of causing 
immunogenicity related adverse events.  Antibody development was assessed in one single dose-
clinical pharmacology trial 3632 and 2 phase 3 trials: 3697 and 3912. For both phase 3 studies, 
the Applicant carried out multiple analyses to evaluate the relationship of antibody levels to 
adverse events and HbA1c.  For both phase 3 studies, the Applicant carried out multiple analyses 
to evaluate the relationship of antibody levels to adverse events and HbA1c, across multiple 
studies there were no clinically meaningful differences noted. 

7.2  Injection site reactions 

Injection site reactions are labeled for both insulin degludec and for liraglutide. The Applicant’s 
predefined MedDRA search for injection site reactions, across the pooled adjusted phase 3 trials 
revealed that the rate of adverse events for IDegLira were similar to placebo.  When compared to 
active comparator, IDegLira had lower adjusted rates than basal insulin, but higher adjusted rates 
than GLP-1 (Table 16).  For all treatment groups, the highest PT was injection site bruising.
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  Table 16 - Injection site reactions (predefined MedDRA search) by SOC and PT- treatment-emergent - completed phase 3 trials, adjusted 
frequencies and rates 

 IDegLira Basal insulin GLP-1 Placebo 
System organ class (SOC) 
     Preferred term (PT) 

N (adj.    
    pct) E 

Adj. 
 rate 

N (adj.    
    pct) E 

Adj. 
 rate 

N (adj.    
    pct) E 

Adj. 
 rate 

N (adj.    
    pct) E 

Adj. 
 rate 

Safety analysis set 1881 
  

890 
  

557 
  

146   
Total exposure (yrs) 1200.8 

  
575.2 

  
400.2 

  
62.1   

Adverse events 49(2.6) 115 9.6 20(4.6) 28 18.3 20(2.7) 27 6.5 4(2.1) 13 9.5 
General disorders and administration site 
conditions 49(2.6) 115 9.6 20(4.6) 28 18.3 20(2.7) 27 6.5 4(2.1) 13 9.5 
     Injection site bruising 29(1.5) 76 6.3 9(1) 10 1.9 9(1.2) 13 3 2(1) 11 6.5 
     Injection site pain  9(0.5) 13 1.1 4(0.3) 5 0.8 2(0.3) 2 0.4 1(0.9) 1 2.3 
     Injection site reaction  8(0.4) 9 0.7 3(0.3) 3 0.5 3(0.5) 5 1.2 1(0.4) 1 0.8 
     Injection site urticarial 1(<0.1) 5 0.4 1(<0.1) 1 0.2       
     Injection site pruritus    4(0.5) 4 0.7 1(0.2) 1 0.2    
     Injection site rash 2(0.1) 2 0.2          
     Injection site mass 2(0.1) 2 0.2    1(<0.1) 1 0.1    
     Infusion site pain     1(<0.1) 2 0.3       
     Injection site hemorrhage 1(<0.1) 1 <0.1 1(<0.1) 1 0.2       
     Injection site hematoma       1(0.2) 1 0.2    
     Injection site nodule 1(<0.1) 1 <0.1    1(0.2) 1 0.2    
     Injection site extravasation    1(<0.1) 1 0.2       
     Vessel puncture site hematoma       1(0.2) 1 0.4    
     Vessel puncture site bruise 1(<0.1) 1 <0.1          
     Injection site inflammation  1(<0.1) 1 <0.1          
     Application site reaction  1(<0.1) 1 <0.1          
     Injection site swelling 1(<0.1) 1 <0.1 1(0.2) 1 0.2       
     Injection site erythema 1(<0.1) 1 <0.1    1(<0.1) 1 0.1    
      Injection site induration  1(<0.1) 1 <0.1          
Data are based on trials NN9068-3697 (including extension part), NN9068-3912, NN9068-3851, NN9068-3951 and NN9068-3952. N: number of subjects with adverse events; E: number of adverse events. Adj. pct: 
Adjusted percent; Adj. rate: Adjusted rate per 100 exposure years; Adjusted: Trial specific percentages (rates) are adjusted based on the relative risk vs. IDegLira and the naive IDegLira percentage (rate). Adjusted 
percentages (rates) are then weighted according to the number of subjects exposed to IDegLira for each trial. MedDRA version 17.0. Adverse events are summarized by SOC and PT and sorted by descending frequency. 
Source: Applicant-adjusted rates for injection site reactions, table 14, submitted in information request 22 October 2015: \\cdsesub1\evsprod\NDA208583\0003\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5353-
rep-analys-data-more-one-stud\integrated-summary-of-safety\adjusted-rates-meddra-hier.pdf 



63 
 

8 Known safety issues with liraglutide 

This section discusses the safety issues associated with liraglutide use.  Overall, the use of 
liraglutide in combination with insulin degludec does not appear to change the known safety 
issues relative to liraglutide use alone.   
 

8.1 Gastrointestinal events 

Gastrointestinal (GI) adverse reactions (e.g. nausea and vomiting) are common adverse reactions 
that are more frequently reported with liraglutide than with placebo. In the IDegLira program the 
incidence of adverse events in the Gastrointestinal Disorders SOC were higher in the IDegLira 
pool than in the basal insulin pool.  
 
All preferred terms in the Gastrointestinal Disorders SOC were included in the following 
analysis (shown in Table 17 and Table 26). The adjusted event rate of GI adverse events was 
80.3, 33.4, 124.4 and 70.8 events per 100 PYE for IDegLira, IDeg, liraglutide and placebo 
respectively.  PT terms present in more than 5% of the IDegLira subjects included diarrhea and 
nausea.  Overall, GI adverse events were more common for the GLP-1 and IDegLira pool than 
for basal insulin or placebo pools. 
 
When evaluating withdrawals due to adverse events in the Gastrointestinal Disorders SOC (refer 
to Table 13 shown previously), 0.4% of subjects withdrew in the IDegLira pool) while there 
were no withdrawals in the in the basal insulin or placebo pools for this SOC. Further, as 
previously shown in Table 12 the rate of SAEs coded to the Gastrointestinal Disorders SOC was 
0.4 per 100 PYE for IDegLira with no SAEs in this SOC in the basal insulin pool.  The preferred 
terms in the IDegLira arm included: pancreatitis acute, colitis ischemic, small intestinal 
obstruction, gastrointestinal hemorrhage and gastritis (see Appendix for selected case narratives). 
 
Many of the GI adverse events in the table below are not likely related to liraglutide use (e.g. 
toothache). However, it is clear from these data that patients treated with IDegLira will be 
expected to experience GI tolerability related adverse reactions that they would not otherwise 
experience if being treated with basal insulin without the GLP-1 analog component.  
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Table 17 – Gastrointestinal events by SOC ‘Gastrointestinal disorders’ and PT- completed phase 3 trials with adjusted frequencies and rates 

 IDegLira Basal insulin GLP-1 Placebo 
System organ class (SOC) N (adj.    E Adj. N (adj.    E Adj. N (adj.    E Adj. N (adj.    E Adj. 
     Preferred term (PT)     pct)   rate     pct)   rate     pct)   rate     pct)   rate 
Safety analysis set 1881 

  
890 

  
557 

  
146   

Total exposure (yrs) 1200.8 
  

575.2 
  

400.2 
  

62.1   
Gastrointestinal disorders 470(25.0) 964 80.3 131(13.8) 213 33.4 217(33.5) 493 124.4 22(23.1) 33 70.8 
     Diarrhea 141(7.5) 203 16.9 42(4.4) 51 8.1 75(11.4) 103 24.2 7(8.6) 8 20.6 
     Nausea 146(7.8) 182 15.2 26(2.7) 31 5.1 98(15.1) 125 32.7 5(5.9) 5 10.8 
     Vomiting 73(3.9) 104 8.7 15(1.5) 15 2.2 42(7.4) 61 19.2 4(4.4) 4 10.6 
     Dyspepsia 57(3.0) 67 5.6 7(0.8) 7 1.2 22(3.5) 28 7 1(0.7) 1 1.5 
     Constipation  46(2.4) 54 4.5 7(0.7) 7 1.1 21(2.9) 23 4.7 1(0.8) 1 1.6 
     Toothache 38(2.0) 52 4.3 13(1.4) 15 2.6 11(1.7) 11 3.1 2(8.0) 2 18.5 
     Gastritis 36(1.9) 46 3.8 8(0.8) 9 1.4 11(2.6) 13 4.7 

        Abdominal pain  33(1.8) 36 3 11(1.5) 13 2.5 13(4.5) 13 7.8    
     Abdominal distention 26(1.4) 28 2.3 9(1.0) 10 1.8 11(2.3) 12 4.4 1(0.9) 1 1.7 
     Abdominal pain upper 23(1.2) 24 2 12(1.5) 13 2.3 10(1.9) 12 3.9 1(0.6) 2 2.1 
     Abdominal discomfort 19(1.0) 21 1.7 6(0.7) 6 1.2 13(2.5) 15 5.5 1(0.7) 1 1.6 
     Gastroesophageal reflux 
disease 18(1.0) 18 1.5 4(0.4) 5 0.8 14(2.0) 18 4.1    
     Flatulence 15(0.8) 15 1.2    5(0.5) 6 1.1    
     Hyperchlorhydria 9(0.5) 10 0.8 1(0.1) 1 0.2 9(1.4) 9 2.5 

        Eructation  9(0.5) 9 0.7    3(0.4) 3 0.7    
     Dental caries 9(0.5) 9 0.7 1(0.1) 1 0.2 2(0.2) 2 0.4 

        Colitis 5(0.3) 7 0.6 2(<0.1) 2 <0.1 
 

2(0.8) 2 1.8 
       Food poisoning 6(0.3) 7 0.6 4(0.3) 4 0.5 1(<0.1) 1 0.2 

        Dry mouth 7(0.4) 7 0.6 3(0.3) 4 0.7 5(0.7) 5 1.1 1(0.4) 1 0.6 
     Abdominal pain lower 4(0.2) 6 0.5    1(0.2) 1 0.4    
     Enteritis 4(0.2) 4 0.3 1(<0.1) 1 <0.1 

           Hiatus hernia 4(0.2) 4 0.3 
   

1(0.1) 1 0.2 
        Abdominal tenderness 2(0.1) 2 0.2    1(<0.1) 1 0.1    

     Irritable bowel syndrome 2(0.1) 2 0.2 1(0.1) 1 0.2 2(0.3) 2 0.5 
        Esophagitis 3(0.2) 3 0.2 

              Apthous stomatitis 2(0.1) 2 0.2 1(<0.1) 1 0.2 
           Mouth ulceration  2(0.1) 2 0.2 

              Hematochezia 3(0.2) 3 0.2 1(0.2) 1 0.3 1(0.2) 1 0.4 
        Gastrointestinal hemorrhage 2(0.1) 2 0.2 

   
1(<0.1) 1 0.1 

        Hemorrhoids 3(0.2) 3 0.2 1(0.2) 1 0.3 2(0.5) 2 0.8 1(0.7) 1 1.6 
     Diverticulum 2(0.1) 2 0.2 
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     Large intestine polyp 2(0.1) 2 0.2 1(<0.1) 1 0.1 
   

1(0.7) 2 3.2 
     Peptic ulcer 2(0.1) 2 0.2 1(<0.1) 1 <0.1 1(0.2) 1 0.3 

        Gastrointestinal pain 1(<0.1) 1 <0.1    2(0.4) 2 0.4    
     Feces soft 1(<0.1) 1 <0.1          
     Aerophagia 1(<0.1) 1 <0.1          
     Dysphagia 1(<0.1) 1 <0.1    1(<0.1) 1 0.1    
     Abnormal feces 1(<0.1) 1 <0.1          
     Frequent bowel movements 1(<0.1) 1 <0.1 

              Diarrhea hemorrhagic 1(<0.1) 1 <0.1 
              Gingival pain 1(<0.1) 1 <0.1 
              Tooth impacted 1(<0.1) 1 <0.1 
              Tooth disorder 1(<0.1) 1 <0.1 1(<0.1) 1 0.2 

           Poor dental condition 1(<0.1) 1 <0.1 
              Enterocolitis 1(<0.1) 1 <0.1 2(0.1) 2 0.2 1(<0.1) 1 0.1 

        Gastrointestinal 
inflammation  1(<0.1) 1 <0.1 

              Colitis ischemic 1(<0.1) 1 <0.1 
              Duodenitis 1(<0.1) 1 <0.1 
              Esophageal disorder 1(<0.1) 1 <0.1 
              Oral pain 1(<0.1) 1 <0.1 1(<0.1) 1 0.1 2(0.2) 2 0.3 

        Paraesthesia oral 1(<0.1) 1 <0.1 
              Odynophagia 1(<0.1) 1 <0.1 1(<0.1) 1 <0.1 

           Melena 1(<0.1) 1 <0.1 
              Diverticulum intestinal  1(<0.1) 1 <0.1 
      

1(0.7) 1 1.6 
     Anal fissure 1(<0.1) 1 <0.1 1(<0.1) 1 0.1 1(<0.1) 2 0.3 

        Pancreatitis acute 1(<0.1) 1 <0.1 
              Pancreatitis chronic 1(<0.1) 1 <0.1 
              Tongue discoloration 1(<0.1) 1 <0.1 
              Small intestine obstruction  1(<0.1) 1 <0.1 
              Feces discolored       1(0.2) 1 0.4    

     Impaired gastric emptying 
         

1(0.7) 1 1.6 
     Change of bowel habit 

      
1(0.2) 1 0.2 

        Gingival bleeding 
      

1(0.2) 1 0.2 1(0.7) 1 1.6 
     Tooth loss 

   
1(<0.1) 1 0.2 

           Tooth deposit 
      

1(0.2) 1 0.2 
        Gastric disorder 

   
1(<0.1) 2 0.3 

           Gastrointestinal disorder 
      

1(0.2) 1 0.2 
        Salivary gland calculus 

   
1(0.2) 1 0.2 

           Lip dry 
      

1(0.2) 1 0.2 
        Stomatitis 

   
1(0.2) 1 0.2 
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     Mouth hemorrhage 
   

1(0.2) 1 0.2 
           Cheilitis 

      
1(0.2) 1 0.2 

        Hemorrhoidal hemorrhage 
      

1(0.2) 2 0.4 
        Umbilical hernia 

      
2(0.4) 2 0.4 

        Abdominal hernia 
      

1(0.2) 1 0.2 
        Gastric polyps 

      
1(0.2) 1 0.2 

        Gastritis erosive 
         

1(0.7) 1 1.6 
Data are based on trials NN9068-3697 (including extension part), NN9068-3912, NN9068-3851, NN9068-3951 and NN9068-3952. N: number of subjects with adverse events; E: number of adverse 
events. Adj. pct: Adjusted percent; Adj. rate: Adjusted rate per 100 exposure years; Adjusted: Trial specific percentages (rates) are adjusted based on the relative risk vs. IDegLira and the naive 
IDegLira percentage (rate). Adjusted percentages (rates) are then weighted according to the number of subjects exposed to IDegLira for each trial.  MedDRA version 17.0. 
Adverse events are summarized by PT and sorted by descending frequency. Source: : Applicant-adjusted rates for injection site reactions, table 16, submitted in information request 22 October 2015: 
\\cdsesub1\evsprod\NDA208583\0003\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5353-rep-analys-data-more-one-stud\integrated-summary-of-safety\adjusted-rates-meddra-hier.pdf  
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8.2 Thyroid neoplasms 

Currently all approved long acting GLP-1 analogs, including Victoza, have a boxed 
warning for related to findings of thyroid c-cell tumors in rats and mice.  At this time, 
the relevance of this finding to humans is uncertain.  
 
In the IDegLira development program, an external blinded event adjudication 
committee adjudicated thyroid disease events as those requiring thyroidectomy and/or a 
thyroid neoplasm.  For events classified as a neoplasm, the type of neoplasm and 
malignancy status was noted. A total of one event was adjudicated as “confirmed” by 
the EAC. The EAC classified the event as “non-neoplasm.” This event occurred in a 72 
year old woman randomized to liraglutide with pre-existing history of a multinodular 
goiter. 
 
Results of laboratory measures of calcitonin  
Calcitonin concentrations were measured at baseline, week 12, 26 (and 38 and 52 for 
3697) and results reported separately for males and females. Evaluations of shifts from 
baseline to end-of-trial in pivotal trials or pooled phase 3 studies were unremarkable.  
The proportion of subjects in the pooled phase 3 studies that shifted from normal to a 
high calcitonin level were 2.5%, 3.7%, 3.2% and 0.9% for IDegLira, basal insulin, 
GLP-1 analog, and placebo, respectively.  1.3%, 2.4%, 1.3% and 1.4 % of subjects 
randomized to IDegLira, basal insulin, GLP-1 analog and placebo, respectively, had an 
increase in calcitonin ≥20 ng/dL. Only one subject, randomized to IDegLira had an 
increase in calcitonin ≥50 ng/L. The narrative for this subject is in the Appendix, Table 
23. 
 

8.3 Pancreatitis or suspicion of pancreatitis 

Pancreatitis has been reported with use of incretin-based therapies; all GLP-1 based 
therapies, including Victoza, have labeled warnings concerning the risk of pancreatitis. 
In the IDegLira development program, pancreatitis was evaluated by adverse event 
reports adjudicated by an external blinded committee and by examination of routine 
laboratory monitoring of serum amylase and lipase concentrations which was specified 
for collection a minimum of 3 times during the trial (including at the beginning and at 
trial end). Adverse event reports of ‘lipase increased’ or ‘amylase increase’ were also 
examined. However, these were not adjudicated. 
 
The event adjudication committee adjudicated potential pancreatitis adverse events 
through two approaches (see Table 20 in Appendix).  Each approach underwent 
independent adjudication, thus each approach is shown in Figure 7 by a different color 
(red or orange). 
 
Of the five events reported as ‘pancreatitis’ by the investigator, that were sent for 
adjudication, only 2 events were adjudicated as acute pancreatitis (1 event for 
liraglutide and 1 event for IDeg).   
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In the pooled analysis of unadjudicated adverse event reports of ‘lipase increased’ event 
rates were similar among the IDegLira, GLP-1, and placebo arms and lower in the basal 
insulin arm.  Adverse event reports of ‘amylase increased’ were similar among groups. 
 
When evaluating by trial, IDegLira had a higher event rate per 100 PYE than 
comparators in all trials (with the exception of trial 3697-ext, where liraglutide had a 
higher rate than IDegLira).  In trial 3851, subjects in the IDegLira arm had a higher 
incidence of ‘lipase increased’ than those in the GLP-1 arm. The event rates per 100 
PYE of IDegLira for ‘amylase increased’ were higher than comparator for trials 3912 
and 3951; otherwise findings were similar between treatment groups.  
 
Table 18 – Rates of MedDRA PTs of ‘lipase increased’ and ‘amylase increased’- 
phase 3 trials 
 

 
Trial ID IDegLira     Basal insulin    GLP-1    Placebo        IDegLira     Basal insulin    GLP-1       Placebo 

Lipase increased (events per 100 PYE) Amylase increased (events per 100 PYE) 
Pivotal trials 
3697-ext 

 
3912 

7.8                5.7               12.0 
 

13.1               7.8 
2.8                2.3                2.7 

 
5.4                2.2 

Other phase 3 trials 
3851 

 

3951a
 

 
3952 

22.0                                    12.1 
 

22.6                                                          12.9 
 

6.9                3.0 

1.4                                      1.5 
 

8.3                                                            4.8 
 

1.5                1.5 
Pooled 11.4               5.4               12.0              12.9 3.3                2.1                2.5                4.8 
a: Note: in addition, 1 event of ‘hyperlipasaemia’ was reported in the IDegLira group (rate: 0.8 events 
per 100 PYE) 
Source: ISS, page 197, table 2-39.  
 

8.4 Heart rate increase 

Liraglutide is associated with a 2-3 beat per minute heart rate increase. The clinical 
significance of this finding is unknown. In the IDegLira clinical development program, 
the IDegLira arm in phase 3 trials generally had an increase in mean heart rate of 2-3 
beats per minute from baseline (with the exception of 3851, where there was no 
increase in mean heart rate). Similar heart rate changes were seen in the liraglutide arm 
of 3697.   
 
Pre-specified statistical analyses conducted by the Applicant (Figure 6) showed that the 
change in mean resting heart rate from baseline to week 26 was statistically 
significantly greater when comparing IDegLira to IDeg, placebo or insulin glargine 
(IGlar). In trial 3851 the IDegLira arm had a stable mean resting heart rate during the 
study while the GLP-1 arm showed a mean decrease in resting heart rate, resulting in a 
statistically significant difference between groups (see Figure 6).  
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Figure 6 – Mean change in heart rate from baseline to 26 weeks- completed phase 
3 trials - plot of treatment contrasts - FAS 

Source: ISS, Figure 4-1, page 405. Mean treatment difference between IDegLira and comparator was 
added by FDA reviewer from ISS, table 4-5, page 408. 
 

9  Overdose 

The Applicant carried out a pre-defined MedDRA7 search for overdose and found a 
total of 13 events in the pooled safety dataset: 6 in the IDegLira group, 1 in the basal 
insulin group, 2 in the GLP-1 agonist group, and 4 in the placebo group, corresponding 
to adjusted event rates of 0.5, <0.1, 0.4 and 6.4 per 100 PYE, respectively.  
 
To more broadly evaluate the risk of overdose and the associated AEs, the FDA 
reviewer queried the Applicant about the proportion of subjects who overdosed (at 
some point took >50 dose steps of IDegLira).  The Applicant reported that 74 of 1881 
(3.9%) subjects randomized to IDegLira exceeded the maximum permitted dose of 50 
dose steps.  Of note, the pen used in the clinical trials could exceed the 50 dose step 
dose, unlike the to-be-marketed pen, which can only be dialed up to a maximum of 50 
dose steps. 
 
Of these 74 subjects, 20 AEs in 16 subjects were identified8  From the PT terms in 
these subjects, most (5) had “accidental overdose.”  One subject injected 50 dose steps 
twice on one occasion because he forgot he had taken a dose.  There were no adverse 
events associated with hypoglycemia with any of these overdoses.  

                                                 
7 The MedDRA search was for the following PT terms: Accidental overdose, Completed suicide, 
Intentional overdose, Overdose, Prescribed overdose, Suicide attempt 

8 AEs were identified from the first day the first day of the overdose and up to 7 days following the 
last dose of >50 dose steps \\cdsesub1\evsprod\NDA208583\0006\m1\us\111-info-amendment\re-fda-
20151203.pdf 
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∞Pre-trial treatment with basal insulin and SU or glinides (if applicable) was to be discontinued at Visit 
2. Throughout the trial, OAD treatment should be maintained at the stable, pre-randomization dose and 
frequency, although dose adjustments for safety reasons were allowed. 
^At stable dosage defined as no change in dose for 90 days prior to randomization 
£For Argentinian sites in 3952 SBP≥150 mmHg or diastolic blood pressure ≥90 mmHg; in Argentina, 
subjects with active diabetic ulcer or a history of diabetic foot in a period of 1 year prior to screening 
were excluded 
OADs=oral antidiabetic drugs, Met=metformin, SU=sulfonylurea, pio=pioglitazone, IGlar=insulin 
glargine, lira=liraglutide, IDeg=insulin degludec, DPP4=dipeptidyl peptidase 4 , TZD=thiazolidinedione, 
SMPG=self-monitored plasma glucose, MTD=maximum tolerated dose 
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Table 20- Adjudication criteria for evaluation of reported clinical events used by 
the EAC10 

 

                                                 
10 An information request was sent to the Applicant to clarify differences between each trial’s EAC 
charters.  The Applicant replied on March 9, 2016 and clarified that for 3697 and 3912 the adjudication 
process and the definitions of events were identical. For trials subsequent to 3912, the charters included 
revised definitions of cardiovascular events.  The chart presented in this section is for 3697and 3912.  
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Table 26-Serious adverse events by SOC, HLGT and PT- treatment emergent-completed phase 3 trials- adjusted frequencies and rates 
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Source: Information request on October 22, 2015, table 4 \\cdsesub1\evsprod\NDA208583\0003\m5\53-clin-stud-rep\535-rep-effic-safety-stud\t2dm\5353-rep-
analys-data-more-one-stud\integrated-summary-of-safety\adjusted-rates-meddra-hier.pdf 
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STATISTICAL SUMMARY 

1 Executive Summary 

Novo Nordisk (the applicant) submitted a new drug application (NDA) for IDegLira, a 
fixed ratio combination of basal insulin degludec and the glucagon-like peptide 1 receptor 
agonist liraglutide available in a pre-filled pen containing an IDeg/liraglutide ratio of 100 
units/3.6 mg per ml. The applicant proposes IDegLira be indicated as an adjunct to diet 
and exercise, for improvement in glycemic control in the treatment of adults with type 2 
diabetes mellitus (T2DM). The submission contains five phase 3 efficacy trials evaluating 
change in HbA1c over 26 weeks. This document summarizes the results of these trials. 
 
The primary endpoint of all five trials was change in HbA1c from baseline to the end of 
week 26. The goal of trials 3697 and 3912 was to evaluate clinical benefit of IDegLira 
versus IDeg and liraglutide and to assess the contribution of the individual components of 
the combination product in reduction of HbA1c. Three other studies (Trials 3951, 3952 
and 3851) examined HbA1c reduction properties of IDegLira in comparison to other 
drugs (placebo, insulin glargine [IGlar], and GLP-1 receptor agonist [referred to as GLP-
1]). 
 
The overall results were found to be consistent across the applicant’s analysis of the 
primary endpoint. IDegLira achieved superiority on 26-week HbA1c reduction to 
liraglutide (study 3697), IDeg (study 3912), placebo (study 3951), and GLP-1.  
 
Because Last Observation Carried Forward (LOCF) analysis was pre-specified prior to 
the start of the trials, the applicant submitted primary analyses using the LOCF approach. 
Upon our request (at the pre-NDA submission meeting), the applicant also submitted the 
HbA1c analyses utilizing the Mixed-Effect Model Repeated Measure (MMRM) approach. 
While the MMRM analyses are preferred over the LOCF analyses, the MMRM analyses 
makes the unlikely assumption that data are missing at random and ignores treatment 
adherence. Sensitivity analyses involving multiple imputations (MI) and tipping point 
analyses were thus provided by the applicant.  
 
In all of the five trials subjects in the IDegLira arm had a larger reduction in HbA1c than 
subjects in the corresponding comparator arm (active and placebo). Based on MMRM 
analyses, the difference in HbA1c reduction between IDegLira and IDeg arms was 0.47% 
in study 3697 and 1.04% in study 3912. The difference between IDegLira and lira was 
0.63% in study 3697. When IDegLira was compared to Placebo, the average difference in 
reduction of HbA1c was 1% in study 3951. 
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Statistical issues and limitations of study design: 
 

• Missing data:  
The percentage of subjects who dropped out of the trial prior to 26-week 
efficacy period was from 7% to 17% across the five trials. 
 

• No retrieved dropouts: 
Subjects who discontinued protocol treatment were not asked to come 
back for the week 26 assessment.  
 

• Concerns about generalizing results to clinical practice: 
Definition of hypoglycemia: The applicant’s claim that the trial results 
show reduction in hypoglycemia stems from their definition, which 
substantially differs from that recommended by the American Diabetes 
Association (ADA). The ADA severe hypoglycemia definition results in a 
sample size too small to draw meaningful conclusions. 

 
Titration schedule: Insulin was titrated too slowly and a large fraction of 
subjects did not reach a stable dose of insulin prior to study conclusion. 
Trial 3912 had a pre-specified limit on maximum insulin dose. Therefore, 
many of the subjects in the comparator treatment did not reach a stable 
insulin dose during the trial but might have if the trial had been longer or 
if insulin dose had been titrated more frequently. Clinical practice does not 
put a limit on insulin dose.  

 
• Non-inferiority comparison of IDegLira to insulin degludec is inappropriate:  

IDegLira contains insulin degludec. Reduced dosing of insulin degludec 
would likely be non-inferior to standard dosing of insulin degludec in 
HbA1c reduction. A non-inferiority conclusion of IDegLira to insulin 
degludec does not inform whether liraglutide (or even insulin degludec) 
contributes to the effectiveness of IDegLira. 

 

2 Overview of Individual Trials 

An overview of the 5 trials reviewed is provided in Table 1. All trials were randomized. 
Three of the trials were open-label and two were double-blinded. Overall, 3488 subjects 
were randomized, 1891 (54.2%) of them received IDegLira. The background medications 
and prior history of anti-diabetic medications was different among trials (two of the trials 
involved oral antidiabetic (OAD) drug users, the other two trials involved basal insulin 
users, and one trial involved GLP-1 users. In addition, study 3697 had a 26-week 
extension. The data from the extension part of this trial was not evaluated for efficacy.  
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Table 1.  Summary of study designs 

Trial/previous 
therapy 

Population Background 
therapy 

Design Treatment arms 
(n randomized) 

3697 
OAD users 

HbA1c 7.0-10.0% 
BMI ≤ 40 kg/m2 

metformin ± 
pioglitazone 

Randomization 
2:1:1 
26 weeks + 26 
Weeks extension 
Open-label 

IDegLira: 833 
IDeg: 413 
Liraglutide: 414 

3951 
OAD users 

HbA1c 7.0-9.0%, 
BMI ≤ 40 kg/m2 

SU ± metformin Randomization 2:1 
26 weeks 
Double-blinded 

IDegLira: 289 
Placebo: 146 

3912 
basal insulin 
users 

HbA1c 7.5-10.0% 
BMI ≥ 27 kg/m2 

basal insulin + 
metformin ± 
SU or glinides 

Randomization 1:1 
26 weeks 
Double-blinded 

IDegLira: 199 
IDeg: 199 

3952 
basal insulin 
users 

HbA1c 7-10.0%, 
BMI ≤ 40 kg/m2 

IGlar + metformin Randomization 1:1 
26 weeks 
Open-label 

IDegLira: 278 
IGlar: 279 

3851 
GLP-1 RA users 

HbA1c 7.0-9.0% 
BMI ≤ 40 kg/m2 

GLP-1 RA+ 
metformin ± SU 
± pioglitazone 

Randomization 2:1 
26 weeks 
open-label 

IDegLira: 292 
GLP-1 RA: 146 

Abbreviations: GLP-1 RA = glucagon-like peptide-1 receptor agonist; HbA1c = glycosylated hemoglobin; IDeg = insulin degludec; 
IDegLira = insulin degludec/liraglutide; IGlar = insulin glargine; OAD = oral antidiabetic drug 
Source: Summary of clinical efficacy p. 16 
 
All five trials had the same primary objective: change in HbA1c from baseline to week 
26. Superiority of IDegLira to the comparator was tested in trials 3697 (liraglutide), 3951 
(placebo), 3912 (IDeg), 3851 (GLP-1). Non-inferiority of IDegLira was examined in 
trials 3697 (IDeg) and 3952 (IGlar). Studies 3697 and 3952 had reduction in body weight 
and amount of hypoglycemia episodes during the first 26 weeks of treatment as their 
secondary objectives.  A detailed description of study goals is presented in Table 2. 
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Table 2. Summary of study objectives (baseline to week 26) 

Trial Primary hypothesis Confirmatory hypotheses 
OAD 
users 
3697 

Superiority of IDegLira to Lira for: 
Change in HbA1c 
Noninferiority of IDegLira to IDeg for: 
Change in HbA1c 
 

Superiority of IDegLira to IDeg for: 
Change from baseline in body weight  
Number of treatment emergent “Novo Confirmed” 
hypoglycemic episodes 

3951 Superiority of IDegLira to placebo for: 
Change in HbA1c 

None specified 

Basal 
insulin 
users 
3912 

Superiority of IDegLira to IDeg for: 
Change in HbA1c 

None specified 

3952 Non-inferiority of IDegLira to IGlar for:           
Change in HbA1c 

Superiority of IDegLira to IGlar for: Change in 
HbA1c 
Change in body weight 
Number of treatment emergent “Novo Confirmed’ 
hypoglycemic episodes 

GLP-1 
users 
3851 

Superiority of IDegLira to GLP-1 for:     
Change in HbA1c 

None specified 

Note: all hypothesis tests compare change from baseline to week 26 
Source: Summary of clinical efficacy p. 43  

3 Analysis of HbA1c Change at Week 26 

3.1  Statistical Methods 

The MMRM analysis of all studies applied mixed effects model to Full Analysis Set 
(FAS), where subjects were followed until discontinuation (dropout) or to the end of the 
study. All subjects were analyzed based on treatment assignment that they received at 
randomization. No retrieved dropout was performed.  The models were similar across all 
Phase 3 trials and included treatment, pre-trial anti-diabetic treatment (for some trials), all 
stratification factors (such as pre-trial antidiabetic treatment and baseline HbA1c level; 
study 3697 was also stratified by sub-study participation), and country/region as fixed 
effects and the baseline value of the parameter as a covariate. In some of the analyses, the 
applicant utilized country, while using region in other analyses despite availability of 
information about both country and region. The results based on calculations using 
country in the model instead of region provided similar results.  
  
Superiority was confirmed if the 95% confidence interval (CI) for the estimated treatment 
difference was entirely below 0%, equivalent to a one-sided test with significance level of 
2.5%. Non-inferiority was confirmed if the 95% CI for the mean treatment difference was 
entirely below 0.30%. 
 
The MMRM analysis estimated the efficacy estimand, i.e., treatment differences 
assuming that subjects remained on trial product until week 26. This analysis relies on the 
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assumption that the response patterns for subjects withdrawing from trial prior to 
completing 26 weeks of treatment are comparable to the response patterns for subjects 
completing 26 weeks of treatment. To appropriately account for missing data in the trial, 
sensitivity analyses involving multiple imputations (MI) and tipping point analyses were 
provided by the applicant as a part of this submission.  
 

3.2 Missing HbA1c values  

 
Most of the study participants completed the 26-week study. The observed dropout rate 
was between 7.36% and 16.78% of all subjects among the studies.  A more detailed 
description of dropout rates is presented in Table 3.  
 
Table 3. Missing subjects at week 26 

Study % Subjects with Missing Data* Total Number of Subjects in the study 

3851 10.27 438 

3952 7.36 557 

3912 12.06 398 

3697 12.83 1660 

3951 16.78 435 

*Subjects that did not have final (26-week) visit  
 
The distribution was different among different studies and among different arms within 
each study. Figure 1 provides more detailed information on dropout rates in each arm. 
The overall largest dropout rate was observed in study 3951, where IDegLira was 
compared with Placebo. The dropout rate in IDegLira in that study (12.8%) was slightly 
higher, but still comparable to the dropout rate in the other studies. The dropout rate in 
the placebo arm was 24.66%. The second largest dropout rate was observed in the GLP-1 
arm in trial 3851. The lowest dropout rates were observed in study 3952, where the 
dropout rate in the comparator arm was 4.66%.  
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Table 4. Number of observations excluded from analysis 

Study Cause for 
exclusion 

IDegLira IDeg Lira GLP-1 Placebo Total 

3697 
 
 

All 
Missing value 
Retest* 
Visit reallocation** 

63 
24 
37 
2 

26 
9 

14 
3 

31 
18 
12 
1 

    120 

3851 All 
Missing value 
Retest 
Visit reallocation 

17 
11 
4 
2 

    11 
7 
3 
1 

  28 

3912 All 
Missing value 
Retest 
Visit reallocation 

18 
9 
6 
3 

9 
4 
4 
1 

      27 

3951 All 
Missing value 
Retest 
Visit reallocation 

3 
1 
2 

      11 
5 
5 
1 

14 

3952 All 
Missing value 
Retest 
Visit reallocation 

23 
4 

16 
3 

28 
9 

14 
5 

      51 

*Retest as defined by applicant: 
“A retest could be performed due to a sample being unfit for assay (the reason could be explained in 
the lab comments field; however, this was not mandatory), or because an HbA1c value was considered 
unrealistic by the investigator.” Thus, retest means the lab test was repeated and the later value used. 
Moreover, the later value in some cases was measured at a later date than the original test but is 
treated as though it were on the same date. 
 
**Visit reallocation as defined by the applicant: 
“A visit reallocation takes place when a subject withdraws or has an unscheduled visit. In these 
circumstances, the HbA1c value is allocated to the previous visit (using the last value).” Thus, 
reallocation means the visit does not fit the prescribed schedule. Either the last visit was earlier than 
the end of the trial or there was a visit at a different date than the standard schedule. 

 
Sensitivity analyses 
To examine the impact of missing data on analysis results, the following three types of 
sensitivity analyses were conducted. 
 

1. The multiple imputations used Jump to Reference (J2R) approach where subjects 
who dropped out from the IDegLira treatment arm were assumed to be switched 
to the comparator treatment after dropout, while subjects treated with the 
comparator were assumed to remain on their assigned treatment throughout the 
trial.  
 

2. Also, the applicant conducted a more conservative Copy to Reference (CR) 
approach to multiple imputations. In the CR approach, the subjects who dropped 
out from the IDegLira treatment arm were assumed to respond as if they had been 
treated with the comparator for the entire trial, while subjects treated with the 
comparator were assumed to remain on their assigned treatment throughout the 
trial. 
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3. Tipping point analysis was utilized to examine the robustness of the results. In 
this analysis, withdrawn subjects from the IDegLira arm were given a penalty, 
i.e., it was assumed that withdrawn subjects who were randomized to IDegLira 
had received a treatment that was worse than the comparator throughout the trial. 
The penalty was gradually increased to evaluate at which level the conclusion of 
the analyses in terms of statistical significance was changed. The tipping point 
(TP) is the penalty level, at which the magnitude of efficacy reduction in 
withdrawn subjects creates a shift in the treatment effect of IDegLira from being 
statistically significantly better than the comparator to a non-statistically 
significant effect. The applicant performed the tipping point analysis using 
imputations according to CR method.  
 

3.3 Primary Efficacy Results 

 
Mean baseline HbA1c for subjects in the five trials was as follows: study 3697 - 8.3%, 
study 3951 - 7.9%, study 3912 - 8.8%, study 3952 - 8.3%, and study 3851 - 7.8%. 
Baseline HbA1c was balanced across trial arms within each study. 
 
The results of MMRM analyses for the primary endpoint are summarized in Table 5. All 
results (including confidence intervals) were below zero. The superiority and 
noninferiority claims were supported by the fact that all of the 95% confidence intervals 
were below 0% and 0.3%, respectively.  
 
The outcomes of MMRM analyses show that the performance of IDegLira is dependent 
on the type of patients, i.e. disease stage and background therapy. For example, in both 
studies 3697 and 3912, IDegLira was compared with IDeg. The main difference in those 
two studies was the patient population. Subjects in study 3697 were previously on OAD 
therapy, while subjects from study 3912 were previous basal insulin users. The 95% 
confidence intervals for the treatment difference from studies 3697 and 3912 do not 
overlap.  

 
Table 5. Results of MMRM analyses 

Study Comparato
r 

HbA1c at week 26 
IDegLira 

HbA1c at week 
26 
Comparator 

IDegLira-Comparator 
Estimate (95%CI) 

3697 IDeg 
Lira 

6.27 6.75 
6.9 

-0.47 (-0.58 , -0.37) 
-0.63 (-0.73 , -0.52) 

3851 GLP-1 6.4 7.32 -0.93  (-1.09 , -0.76) 
3912 IDeg 6.77 7.81 -1.04  (-1.25 , -0.84) 
3951 Placebo 6.36 7.36 -1.00  (-1.16 , -0.84) 
3952 IGlar 6.43 7.09 -0.66  (-0.80 , -0.52) 
Source  summary of clinical efficacy p.301-311 
 
Multiple imputations 
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The results obtained using Jump to Reference and Copy Reference methods are presented 
in Table 6. The outcomes of both sensitivity analyses were similar to the primary 
analyses. 

Table 6. Multiple Imputations 

 
Study 

 
Comparator 

Jump to Reference (J2R) 
IDegLira-Comparator 
Estimate (95%CI) 

Copy Reference (CR) 
IDegLira-Comparator 
Estimate (95%CI) 

3697 IDeg 
Lira 

-0.42 (-0.52 , -0.31) 
-0.58 (-0.69, -0.47) 

-0.41 (-0.52 , -0.31) 
-0.58 (-0.69 ; -0.47) 

3851 GLP-1 -0.89 (-1.06 , -0.72) -0.87 (-1.05 , -0.70) 
3912 IDeg -0.99 (-1.20 , -0.78) -0.96 (-1.17 , -0.75) 
3951 Placebo -0.94 (-1.11 , -0.76) -0.87 (-1.05 , -0.70) 
3952 IGlar -0.59 (-0.73 , -0.45) -0.56 (-0.71 , -0.42) 

Source  created by reviewer 
 
Tipping point analysis 
The Applicant conducted only tipping point analysis for CR approach. FDA also 
examined the outcomes of tipping point examination using J2R imputation. The results 
obtained by those two methods were very similar. The results of tipping point analysis 
show that it would take impractical circumstances to tip the results from a conclusion of 
superiority to failing to conclude superiority.  

4 Secondary Efficacy Endpoints 

4.1 Overview of Secondary Endpoints 

Secondary hypotheses were pre-specified only for trials 3697 and 3952.  
 
Type I error adjustments 
In order to ensure that the overall type I error rate was not inflated, the confirmatory 
secondary endpoints of Trial 3697 (examining superiority of IDegLira versus IDeg on 
body weight and confirmed hypoglycemia) as well as the confirmatory secondary 
endpoints/hypotheses of Trial 3952 (examining superiority of IDegLira versus IGlar with 
respect to HbA1c, body weight and confirmed hypoglycemia) were only to be tested for 
superiority if the primary hypothesis was confirmed. In addition, the family-wise type I 
error rate for testing the confirmatory secondary endpoints/hypotheses was controlled at a 
2.5% level (1-sided) in the strong sense using the Holm-Bonferroni method. 
 
Overall, this pre-specified confirmatory statistical testing strategy controlled the type I 
error rate at a 2.5% level with respect to testing both the primary hypothesis and the 
secondary hypotheses. 
 
Body weight 
To examine the hypothesis of change in body weight, an MMRM analysis constructed in 
the similar way as for primary endpoint was provided, i.e. the mixed effects model 
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included treatment, pre-trial anti-diabetic treatment (for some trials), all stratification 
factors (such as pre-trial antidiabetic treatment and baseline HbA1c level, study 3697 was 
also stratified by sub-study participation), and country/region as fixed effects and the 
baseline value of the parameter as a covariate. 
 
FDA also conducted an additional analysis to identify a percentage of subjects who 
achieved a 5% or larger reduction in body weight from baseline to week 26. 
 
Hypoglycemia 
As discussed in the Clinical Summary, Novo Nordisk ‘confirmed hypoglycemia’ was 
defined as severe hypoglycemia (subject not able to treat him-/herself) or episodes of 
hypoglycemia confirmed by a plasma glucose <3.1 mmol/L (56 mg/dL) irrespective of 
symptoms. Episodes of hypoglycemia were self-reported based on the subjects’ SMPG 
recordings. This definition was uniquely created by the applicant and is not consistent 
with the ADA definitions of hypoglycemia. 
 
Hypoglycemic episodes were analyzed using a negative binomial regression model with a 
log-link function and the logarithm of the time period in which a hypoglycemic episode is 
considered treatment emergent as offset. The model included treatment, previous anti-
diabetic treatment, baseline HbA1c stratum, substudy participation and country as fixed 
factors. 
 
Insulin dose 
Similar to body weight, the analysis of change in insulin dose was conducted using 
MMRM approach, i.e. utilizing the same model and replacing body weight with insulin 
dose.   
 
FDA also conducted time to dose stabilization; time to the stable dose was estimated for 
each study participant. The distribution of those values was compared between study 
arms for each trial. 
 

4.2  Secondary Endpoints - Results 

Body weight 
The outcomes based on results of the MMRM analysis showed that body weight change 
in all studies after 26 weeks in the IDegLira arm vs. comparator arm was statistically 
different. However, the difference between treatment groups at week 26 was small, for 
example only 2.3 kg [95% CI (2, 2.7)] in trial 3697. The clinical relevance of this change 
in body weight after 26 weeks is unclear. The estimated differences between arms for all 
five phase 3 trials are presented in Table 7. Longitudinal changes in body weight for each 
treatment arm obtained using the MMRM model are presented in Figure 2. Note that the 
scale on the y-axis of each figure is rather narrow (3 to 6 kg). 
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Table 7. Change in body weight (kg) at week 26 

Study Treatment arm Comparator arm Estimate 95% CI 
3697 
 

IDegLira IDeg -2.3 (-2.7, -2) 

IDegLira Lira 2.6 (2.3, 3) 

 

IDeg   89.2 (88.9, 89.5) 

IDegLira   86.9 (86.7, 87.1) 

Lira   84.2 (83.9, 84.5) 

 

3952 IDegLira IGlar -3.3 (-3.8, -2.9) 

IDegLira   86.5 (86.2, 86.8) 

IGlar   89.8 (89.5, 90.2) 

 

3912 IDegLira IDeg -2.7 (-3.3, -2.1) 

IDegLira  91.6 (91.5,92.4) 

IDeg  94.7 (94.2,95.1) 

 

3851 IDegLira GLP-1 3.0 (2.4, 3.6) 

GLP-1  94.6 (94.1,95.1) 

IDegLira  97.6 (97.3, 98) 

 

3951 IDegLira Placebo 1.7 (1.1, 2.2) 

 Placebo  86.7 (86.3,87.2) 

 IDegLira  88.4 (88.1, 88.7) 
Source  created by reviewer 
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Table 8. Hypoglycemia counts 

STUDY Arm Number of subjects 
 who experienced  

hypoglycemia* 
n(% of subject 

within arm) 

Average number  
of hypoglycemia*  

events per 
person** 

 
 

95%CI 

Number of 
episodes of 

severe 
hypoglycemia 

3697 
 

IDeg 159(38.5%) 3.1 2.6 3.7 2 

IDegLira 263(31.6%) 2.7 2.4 3.0 2 

Lira 28(6.8%) 1.5 1.2 1.8  

3851 
 

GLP-1 4(2.7%) 2.0 0.7 3.3  

IDegLira 93(31.8%) 4.3 3.1 5.5 1 

3912 
 

IDeg 49(24.6%) 4.8 2.9 6.8  

IDegLira 48(24.1%) 2.9 1.9 4.0 1 

3951 Placebo 25(17.1%) 3.4 1.7 5.0  

IDegLira 120(41.5%) 3.9 3.1 4.7 2 

3952 
 

IGlar 137(49.1%) 5.0 3.7 6.2 1 

IDegLira 79(28.4%) 3.7 2.5 4.8  
*Based on applicant’s definition 
**Among subjects who experienced hypoglycemia 
Source  created by statistical reviewer 
 
Below are the results provided by the applicant. 
 
Table 9. Summary of overall confirmed hypoglycemia by trial 

 

 
E stands for number of events 
R stands for the rate 
Source: ISS p.319 
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Insulin dose 
 
The applicant used titration in IDegLira. Because this drug is a fixed dose combination, 
both drugs were titrated in the same ratio. In all phase 3 trials, the maximum dose of 
IDegLira was 50 dose steps (50 units of IDeg and 1.8 mg of liraglutide). In Trial 3697, 
there was no restriction on the maximum IDeg dose in the comparator arm. In Trial 3912, 
the maximum dose in the IDeg treatment arm was 50 units, equivalent to the maximum 
IDeg dose with IDegLira. 
 
Only a half of subjects who participated in the IDeg arm of study 3697 reached their 
insulin target dose, i.e. finished their titration period. A similar pattern was observed in 
study 3952. In study 3952, only a half of subjects achieved a stable insulin dose prior to 
week 19, i.e. seven weeks before the conclusion of the study. Dose stabilization in study 
3912 IDeg was achieved early (median 10 weeks and mean 12 weeks) because maximum 
dose was artificially limited by the study design. In all of these cases, the dosing schedule 
may have artificially limited the stabilization or reduction in HbA1c in the comparator 
arms during the trial period. 
 
The changes in insulin dose are shown in  Figure 3.  A, B, and C. The added Kaplan-
Mayer plots provide illustration to the length of dose escalation periods by arm.  
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Table 10. Time to end of titration phase (weeks) 

Study Arm Median Minimum Maximum Mean Lower 
95% 

CL 
for 

Mean 

Upper 
95% 

CL 
for 

Mean 

Std 
Dev 

Coeff of 
Variation 

3697 IDeg 26.0 1.0 26.0 19.5 18.7 20.2 7.8 39.8 

IDegLira 16.0 1.0 26.0 15.8 15.3 16.2 6.5 41.1 

3952 IGlar 19.0 1.0 26.0 18.1 17.2 19.0 7.4 40.9 

IDegLira 12.0 1.0 26.0 14.7 13.9 15.5 6.8 46.2 

3912 IDeg 10 0.4 26 12.6 11.7 13.5 6.4 51.2 

IDegLira 12 0.4 26 13.9 13 14.9 6.6 47.1 
 
Source  created by statistical reviewer 
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Statistical Appendix 

 
Exploratory analysis of study 3697 that included extension period 

 
Trial 3697 was the only study that had data beyond week 26. Of note, out of 1660 
subjects who joined the study, 359 (21.6%) participated only in the first 26-week core 
part of the trial, i.e. discontinued before week 27.   
 
Body weight 
Additionally, FDA examined body weight change from baseline to week 52. The results 
at week 52 are presented in Table .  Figure 3.   shows that after the period of initial 26 
weeks, the estimates of body weight stabilize for IDegLira and liraglutide arms. The 
results achieved by subjects in IDeg arm show that the body weight was increasing over 
time.  
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The changes in insulin dose are presented in  Figure 3.   shown previously. 
 
Table 12. Time to end of titration phase study 3697 with extension (weeks) 

Study Arm Median Minimum Maximum Mean Lower 
95% 
CL 
for 
Mean 

Upper 
95% 
CL 
for 
Mean 

Std 
Dev 

Coeff of 
Variation 

3697 with 
extension 

IDeg 33.0 1.0 52.0 32.4 30.8 34.0 16.0 49.5 

IDegLira 16.0 1.0 52.0 21.9 21.0 22.8 13.5 61.4 
Source  created by reviewer 
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CLINICAL PHARMACOLOGY SUMMARY 

1   Insulin Degludec and Liraglutide Pharmacokinetics and 
Pharmacodynamics Following the Administration of the Fixed-Ratio 
Combination 

1.1 Insulin Degludec and Liraglutide Pharmacokinetics 

 
Data from the single dose randomized, double-blind, double-dummy, four-period 
crossover pharmacokinetic/pharmacodynamic euglycemic clamp study (Trial 3632), 
which compared the systemic exposure of insulin degludec and liraglutide following 
administration of the fixed-ratio combination (FRC) (Insulin degludec dose = 17 Units 
and liraglutide dose = 0.6 mg) to that of insulin degludec (17 Units) or liraglutide (0.6 
mg) administered alone, or simultaneous administration of insulin degludec (17 Units) 
and liraglutide (0.6 mg) showed the following with regard to PK (Figure 1). 
• Insulin degludec exposure following administration of the FRC was not significantly 

different from that of insulin degludec alone (geometric mean ratios (GMR) for 
AUC and Cmax were 1.03 and 1.12, respectively).  

• Liraglutide maximum concentration following administration of the FRC was 23% 
lower (90% CI; 0.68, 0.87) without any significant change in overall exposure 
(GMR for AUC=0.89 with 90% CI; 0.82, 0.96) when compared to those of 
liraglutide alone.  
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GIR profiles are consistent with the observed the insulin secretion differences noted 
among treatments (Figure 2). The higher GIR profile after FRC administration 
compared to that of insulin degludec alone may result from the endogenous insulin 
secretion by liraglutide.  

 

Figure 3. C-peptide versus time profiles following a single dose of FRC (FDC(B3)), 
liraglutide alone, insulin degludec alone, and insulin degludec plus liraglutide 
(separate injections) in healthy subjects 

 
 
 

A modest increase in C-peptide and insulin levels was reported in response to insulin 
degludec and liraglutide administration as FRC as compared to the administration of 
insulin degludec alone during the meal challenge (Figure 4), and data are consistent with 
PK/PD study results. However, clinical relevance of C-peptide and insulin data, and 
magnitude of post-prandial glucose (PPG) change towards HbA1c reduction observed 
with different treatments are not fully understood from a quantitative perspective. 
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For the same dose or exposure of insulin degludec or liraglutide for the FRC treatment, 
there was additional HbA1c reduction following FRC compared to that of insulin 
degludec or liraglutide administered alone (Figure 5). These dose-response data do not 
permit the assessment of dose-response relationship for the entire range of insulin 
degludec or liraglutide doses a patient may have been administered during the titration of 
the FRC. The interpretation of data is limited to the observation that greater HbA1c 
reduction was achieved at lower doses with the combination treatment in comparison to 
that of insulin degludec or liraglutide administered alone. 
 
Figure 5. Effects of FDC (blue), IDeg (green) or liraglutide (red) on HbA1c change 
from baseline to end-of-trial versus percentiles of (a) insulin degludec or (b) 
liraglutide doses, and (c) insulin degludec or (d) liraglutide exposure at steady-state   

(a) 
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(b) 

 
(c) 
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(d) 

 
(SOURCE: Figure 1 and 2, Modeling Report; study-report-nn9068-3679-er) 
 
The dose response of liraglutide alone was evaluated from the dedicated trials from the 
original NDA (NDA 022341) for liraglutide (i.e., NN2211-1310 and NN2211-1571). 
The dose-response analysis using a conventional non-linear Emax model indicated ED50 
(liraglutide dose for half-maximal effect) and Emax (maximum liraglutide treatment 
effect as HbA1c change from baseline of 8%) as 0.60 mg (95% CI; 0.21, 1.71) and  
-2.11% (95% CI; -2.92, -1.30), respectively (Figure 6), see the predicted HbA1c 
reduction based on the model parameters in Table 1. 
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Table 1. Predicted HbA1c reduction for Phase 2 trials of Trials 1310 and 1571 

Trial Liraglutide (mg) Predicted change HbA1c (%) 
NN2211-1310* 0.36 -0.28 
 0.72 -0.60 
 1.08 -0.78 
 1.44 -0.90 
 1.80 -0.98 
NN2211-1571* 0.36 -0.39 
 0.72 -0.77 
 1.08 -0.99 
 1.44 -1.13 
 1.80 -1.23 
* Baselines of HbA1c were 7.52 and 8.29% for Trial 1310 and 1571, respectively. 
 
However, the same dose-response cannot be assumed for the dose range of the 
liraglutide component when insulin degludec and liraglutide are administered as the 
fixed ratio combination. Dose-HbA1c plots in Figure 5a and Figure 5c indicate a shift in 
the dose-response relationship for HbA1c reduction for the two components when 
administered as FRC in comparison to the insulin degludec and liraglutide administered 
alone.  
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Figure 6. Observed (symbols) and estimated (line) change from baseline HbA1c (%) 
for Trials 1310 and 1571, ITT analysis sets from the original liraglutide 
NDA: Dose-response model with additive and multiplicative baseline HbA1c 

covariate effects 

 
(Source: Response to FDA Information Request dated 3/18/2016) 
 
Overall, based on the design of trial conducted to support insulin degludec and liraglutide 
FRC product, pharmacodynamic and dose/exposure-efficacy data indicate there is 
contribution of each component to the pharmacodynamic effect following FRC 
administration compared to that of single agent alone. The PK/PD data showed that 
liraglutide exerted pharmacodynamic effect with regards to enhancement of glucose 
based insulin secretion in the presence or absence of insulin degludec. However, the 
Clinical Pharmacology data and modeling approaches have limitations in extrapolation of 
the efficacy of IDegLira to clinical use. 
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DIVISION OF MEDICATION ERROR PREVENTION AND ANALYSIS 
(DMEPA) SUMMARY  

IDegLira is a multi-ingredient product that combines an insulin with a GLP-1 agonist in a 
single container closure system.  The introduction of a non-insulin component to what 
has traditionally been only insulin-based combination products presents a challenge with 
respect to the product’s labeling in order to ensure that the pen injector is likely to be 
used appropriately.  
 
Unlike insulin-insulin combination products, the two active ingredients in this proposed 
product are dosed using different terms of measure (units vs. mg). Additionally, unlike 
the other insulin-insulin combination products, the components of this product are not 
conventionally dosed in the same manner.  Insulin is dosed on a continuous scale; doses 
can be adjusted unit-by-unit depending on the patient’s clinical need.  In contrast, the 
currently approved GLP-1 agonists are dosed at fixed increments that provide the range 
of dosing intended to meet clinical needs, but not on a continuous scale.  For example, 
liraglutide dosing is initiated at 0.6 mg, increased to a dose of 1.2 mg, and then, as 
needed, increased 1.8 mg.  The pen device cannot deliver doses that fall intermediate to 
these increments; doses such as 0.7 mg or 1.5 mg cannot be achieved using the currently 
approved products.  As such, this proposed combination product would differ from other 
injectable combinations of insulins.  Insulin combinations that contain two active 
ingredients share a common measure (units) term and the components are each amenable 
to dosing in a continuous fashion. 
  
The applicant proposes to simplify the expression of dose for this product in labeling by 
focusing dosing on the insulin component alone. If the dosing in the PI and on the pen 
device were to express both active ingredients, it may be cumbersome in labeling and 
practice. The Applicant also proposes to label the product’s dose without any 
measurement designation to accompany the numeric portion that would describe the 
amount delivered (i.e., the label would ‘10’ and not 10 units or 10 units/0.36 mg).   
However, this raises some concerns because doses are typically communicated with some 
measurement designation in the labeling and in practice.   
 
It is unclear what terminology would be best facilitate the appropriate dosing this 
product. Since the product dosing is centered upon the insulin component, practitioners 
may be inclined to express the dose using the unit terminology.  However, applying a 
designation of the term “units” in labeling could potentially mislead practitioners since it 
only references the insulin component (insulin degludec) and does not impart the 
presence of the GLP-1 component. On the other hand, expressing both measurement 
designations (units for insulin and mg for liraglutide) may also create confusion for 
practitioners and patients since this product is proposed to be dosed relying on the insulin 
component alone.  
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We considered whether our experience with other multi-ingredient products could inform 
this issue.  However, in the examples we identified where the products contained two or 
more active ingredients with different unit of measure, we note that the dosing of the 
product could be conveyed using the presentation 11  or the dosage form 12  to be 
administered.  In these instances, the dose of each single ingredient would generally not 
be specified on the prescription order since there are other more simple terms available to 
accurately and efficiently describe the dose.  
 
To address these concerns related to the expression of dose for this product, the Applicant 
has been asked to conduct a labeling comprehension study with potential prescribing 
physicians.  This study has recently been initiated. The labeling comprehension study will 
also assess whether prescribers will be aware that there are two components to be 
considered when initiating therapy, making dose conversions, and changing therapy. 
Lack of awareness of these issues may lead to drug duplications and/or inappropriate 
dosing if the conversion from insulin and GLP-1 to IDegLira is assumed to be 1:1, even 
when the active ingredients are clearly labeled.  These additional data are not yet 
available for review.  
 
In the course of reviewing this proposed product, we also identified a potential 
medication error concern related to the potential for overdose of liraglutide with multiple 
injections, particularly for patients that may need doses of insulin degludec greater than 
50 units. Although the proposed labeling may provide statements that advise clinicians of 
the maximal dose, prescribers may inadvertently prescribe doses larger than 50 units 
given their familiarity with the practice for prescribing long-acting insulin products, 
including IDeg, which do not have maximum doses.  As a result, if this product is 
prescribed for doses that are higher than 50 units, the liraglutide component that could be 
delivered would be higher than the maximum labeled dose recommended for that 
component (i.e., 1.8 mg), which could lead to an increased likelihood of certain adverse 
events such as severe nausea and vomiting.  The Agency has requested that the Applicant 
assess in the labeling comprehension study the prescribers’ comprehension regarding the 
dose limitation for this product (i.e., when the product is not appropriate for patients that 
need higher doses of insulin degludec). 
 
Separately, the Applicant has completed validation studies that assess whether users can 
operate the pen as intended to administer the drug.   Human Factors (HF) study for 
insulin degludec and liraglutide was conducted with 174 representative users (16 
physicians/physician assistants/nurse practitioners, 15 pharmacists, 15 nurses, and 64 
adult diabetes patients, and 64 elderly diabetes patients).  The study was designed to 
simulate use tasks and provide data to support that intended users can dispense, 

                                                 
11 For example, a multi-ingredient contains 10 mg sodium picosulfate, 3.5 g magnesium oxide, and 12 g 
citric acid is supplied as a powder in a packet has dosing that is consistent with the entire contents of the 
package, which allows the dose to be reduced to “1 packet” on prescriptions. 
12 Consider, for example,  a product like Neosporin which contains neomycin 3.5 mg, polymyxin B 10,000 
units, and bacitracin 400 units per gram, is supplied as an ointment and is usually prescribed with 
instructions such as “apply as directed” or “apply the ointment ...”.  
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differentiate, prepare, and administer doses. The study evaluated all the tasks necessary 
for the injection process (e.g., dialing and administering a dose).  Although some errors 
occurred in the HF study, the use errors noted in the HF study occur with this device 
platform and can be adequately addressed with routine labeling.  

We plan to review the ongoing prescriber labeling comprehension study results when 
they are available. 
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OFFICE OF SURVEILLANCE AND EPIDEMIOLOGY DRUG 
UTILIZATION SUMMARY  

To satisfy the combination drug rule, a product should be safe and effective for a 
significant patient population requiring such concurrent therapy as defined in the labeling 
for the drug5. In order to determine the proportion of patients with type 2 diabetes who 
concurrently use a GLP-1 agonist with a basal insulin, using proprietary drug utilization 
databases available to the Agency, (see DEPI Appendix for full database descriptions) 
FDA investigated the utilization patterns for GLP-1 agonists in combination with basal 
insulin from April 2010 through March 2015, annually. This review examined 
proprietary drug utilization databases available to the Agency, specifically, national 
cross-sectional outpatient retail data to assess the extent of use of GLP-1 agonists and 
longitudinal healthcare plans claims data to assess the proportion of concurrent use of a 
GLP-1 agonist and basal insulin. 
 
The nationally estimated total number of unique patients who received dispensed 
prescriptions through the U.S. outpatient retail pharmacies for all GLP-1 agonists 
increased from approximately 535,000 patients in the 12-month period ending in March 
2011 to 882,000 patients in the 12-month period ending in March 2015.  The patients 
who were dispensed GLP-1 agonists accounted for 5% of the total number of patients 
who received dispensed prescriptions for any OAD (oral anti-diabetic) and/or GLP-1 
agonists in the 12-month period ending in March 2015 (data not shown).13 
   
For the concurrency analysis, Table 2 below provides the proportion of patients on 
concurrent therapy with GLP-1 agonist and basal insulin from a sample of the 
commercially insured population. The percentage of patients who had prescription claims 
for a GLP-1 agonist out of total patients captured with 2+ claims for OAD and/or basal 
insulin was small and increased from approximately 7% in year one (April 2010 through 
March 2011) to 9.5% in year five (April 2014 through March 2015). Of these patients on 
GLP-1 agonists, the proportion of patients who had concurrent therapy with a GLP-1 
agonist and a basal insulin increased from 17% of GLP-agonist patients in the 12-month 
period ending in March 2011 to 27% of GLP-agonist patients in the 12-month period 
ending in March 2015.14   
 
The concurrency analysis was conducted using a sample of U.S. commercially insured 
population captured in the IMS Health Real-World Data (RWD) Adjudicated Claims – 
US database.  When interpreting the IMS RWD Adjudicated Claims – US data, the 
numbers should not be trended because each reporting time period is distinct. Between 
each distinct 12 month time periods within the study, the pool of patients and healthcare 

                                                 
13 Source:  IMS, Total Patient Tracker.  April 2010 through March 2015.   Data extracted March 2016.   
14 IMS LifeLink PharMetrics Plus. Reporting Time: April 2010 Through March 2015 Extracted March 
2015. File: DATA 2016-221 Combination GLP-1 Agonist & Insulin AC.xlsx 
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plans contributing to the data sample may change over time.  Since the data was not 
projected, it is imperative to focus on the proportion of patients throughout the study 
period.  
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Table 1– Patients on Concurrent Therapy with GLP-1 Agonist and Basal Insulin 

Patients (n) % Share Patients (n) % Share Patients (n) % Share Patients (n) % Share Patients (n) % Share
Total Number of Patients on OAD/GLP-1 Agonist 644,695 100.0% 664,629 100.0% 610,265 100.0% 578,363 100.0% 486,477 100.0%

Patients On A GLP-1 Agonist 45,647 7.1% 51,570 7.8% 55,343 9.1% 53,696 9.3% 46,216 9.5%
1-17 years 78 0 2% 68 0 1% 47 0 1% 25 0 0% 25 0 1%
18-44 years 7,286 16 0% 7,986 15 5% 8,266 14 9% 7,796 14 5% 6,945 15 0%
45-64 years 33,857 74 2% 38,333 74 3% 41,821 75 6% 41,045 76 4% 35,152 76 1%
65+ years 4,426 9 7% 5,183 10 1% 5,209 9 4% 4,830 9 0% 4,094 8 9%
Patients On Both GLP-1 Agonist & Basal Insulin 7,837 17.2% 9,799 19.0% 13,162 23.8% 13,807 25.7% 12,360 26.7%

1-17 years 4 0 1% 9 0 1% 6 0 0% 2 0 0% 6 0 0%
18-44 years 826 10 5% 1,050 10 7% 1,440 10 9% 1,515 11 0% 1,432 11 6%
45-64 years 6,054 77 2% 7,502 76 6% 10,264 78 0% 10,828 78 4% 9,606 77 7%
65+ years 953 12 2% 1,238 12 6% 1,452 11 0% 1,462 10 6% 1,316 10 6%

Source: IMS LifeLink PharMetrics Plus. Reporting Time: April 2010 Through March 2015 Extracted March 2015. File: DATA 2016-221 Combination GLP-1 Agonist & Insulin AC.xlsx

Patients with concurrent prescriptions for a GLP-1 agonist and basal insulin from a sample of the commercially insured * U.S. population, stratified by patient 
age, by reporting years, April 2010 through March 2015

Year 1 Year 2 Year 3 Year 4 Year 5
April 2010 - March 2011 April 2011 - March 2012 April 2012 - March 2013 April 2013 - March 2014 April 2014 - March 2015

Reporting Year: rolling 12 month period (i.e. April 2010 through March 2011 = reporting year 1)
Due to the study being unprojected, the data should not be trended between years. Inference may be made on precentage changes between years. Age groups may not be representative of the population.

* Commercially insured excludes Medicare and Medicaid
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DEPI Appendix: Drug Utilization Database Descriptions 

IMS, Total Patient Tracker (TPT) 
The IMS, Vector One®:  Total Patient Tracker is a national-level projected audit 
designed to estimate the total number of unique patients across all drugs and therapeutic 
classes in the retail outpatient setting over time. TPT derives its data from the Vector 
One® database which integrates prescription activity from a sample received from payers, 
switches, and other software systems that may arbitrage prescriptions at various points in 
the sales cycle. Vector One® receives over 1.9 billion prescription claims per year, 
representing over 158 million unique patients.  Since 2002 Vector One® has captured 
information on over 15 billion prescriptions representing over 356 million unique patients. 

 
IMS Health Real-World Data (RWD) Adjudicated Claims – US  
The IMS Health Real-World Data Adjudicated Claims - US Database is a health plan 
claims database representing approximately 101 managed care plans and covering 
approximately 65.8 million de-identified patients.  The medical claims are captured from 
doctor's offices, retail and mail order pharmacies, patient visits to specialists and 
hospitalizations including diagnoses, ER visits, office visits, home care, diagnostic tests, 
procedures and injections. The data are not nationally projected; however, it represents 
approximately 9% of the United States commercially insured population based on year 
2007 Unites States Census. 

 
 




