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IR  incidence rate (number of subjects with event per 100 subject years) 
IRB  institutional review board 
ISS  integrated summary of safety 
ITT intention to treat 
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PD pharmacodynamic 
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needed to for the interim analysis to exclude the 1.8 risk margin is only about 24%2 of the total 
number of CV events planned for the trial to meet its primary objective of excluding the 1.3 risk 
margin. Hence, although these results are encouraging, these results do not obviate the need to 
complete the CVOT.   
 
The development programs of IDeg and IDegAsp were extensive3 and provided ample clinical 
exposure to IDeg4 and IDegAsp5 from which non-CV safety could be interpreted. The benefits 
associated with IDeg and IDegAsp are discussed in detail in Dr. Guettier’s original NDA secondary 
review6; refer to this review for details.  No further benefits, than those discussed by Dr. Guettier, are 
identified by this reviewer in the resubmission. 
 
The two programs evaluated efficacy with respect to different dosing regimens (fixed, e.g., once daily 
at the same time each day or once daily at any time of day ‘flexible’ dosing), background therapies 
(basal insulin + oral antidiabetic drugs and basal insulin + bolus insulin regimens (e.g. IDeg or IDeg + 
aspart), types of diabetes (T1DM or T2DM), and concentrations of IDeg (U100 or U200).  Review of 
the efficacy findings by Drs. Cynthia Liu7 and Guettier in the first review cycle, showed that both 
IDeg and IDegAsp effectively lowered HbA1c in T1DM and T2DM patients.  Both IDeg and IDegAsp 
were shown to be non-inferior (prespecified non-inferiority margin 0.4) to active comparators, 
although the point estimate of treatment difference between IDeg and Lantus showed a consistent 
pattern of IDeg affording worse glycemic control (based on a lower point estimate) compared to 
Lantus. One trial comparing IDeg to insulin detemir showed IDeg to be numerically better than insulin 
detemir.  
 
Patient convenience, as a decreased number of injections, is a possible benefit of IDeg U-200 and 
IDegAsp. IDeg U-200 allows patients with high basal doses, to receive IDeg as one injection, rather 
than two injections.  Similarly, IDegAsp, allows patients on a basal +bolus regimen to avoid an extra 
injection, albeit- at a cost of decreased individual basal or bolus insulin titration.  
 
The ‘flexible’ dosing trials evaluated the benefit of patient convenience from a new dosing regimen. 
The sponsor provided efficacy data for IDeg from three ‘flexible’ dosing trials comparing IDeg to 
glargine (in two trials) and compared to sitagliptin (in one trial).  The trial design (with separate arms 
comparing fixed and flexible dosing regimens) and the adequate patient exposure to the flexible dosing 
regimen8 allow for meaningful interpretation of the efficacy results. All flexible dosing trials met the 
pre-specified non-inferiority margin of 0.4%, despite participants’ glycemic control being slightly 
worse than comparators, in two trials.  In the first cycle review of safety, there was no safety signal 
identified in these trials related to the flexible dosing schedule.  
 
Despite the findings of efficacy and safety from clinical trials, the approval of this product with a 

                                            
2 a total of 633 confirmed first MACE events are expected for the final analysis, while 150 MACE events were agreed upon 
for the interim analysis 
3 At the time of the current resubmission, the IDeg program was comprised of 18 therapeutic confirmatory trials while the 
IDegAsp program was comprised of  11 phase 3 trials.  
4 IDeg had an overall 5,344.8 patient years exposure in phase 3 trials 
5 IDegAsp had an overall 1,340.3 patient years exposure in phase 3 trials 
6 Primary clinical review NDA 203314 and NDA203313 in DARRTS dated 1/26/13 and Secondary Review in DARRTS 
dated 2/1/13.   
7 Statistical review in DARRTS dated 11/14/12 
8 618 patients were randomized to IDeg Flex arm in all the flexible dosing trials 
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flexible dosing schedule raises potential regulatory and clinical practice concerns.   At the time of this 
review, basal human insulin analogues administered once a day are dosed ‘at the same time every 
day’9, or ‘with the evening meal or at bedtime.’10   A ‘flexible dosing’ schedule would be a new 
dosing schedule.  If this insulin is granted a ‘flexible’ dosing schedule it would set precedence for 
future applications to seek a similar dosing schedule. 
 
From a safety, postmarketing-stance, multiple questions remain regarding how the approval of an 
insulin with a flexible dosing schedule may impact the public health of diabetic patients.  Arguably, 
there already exists a patient-specific dosing variability, (i.e., patients do not inject their basal insulin 
at the “exact” same time each day), however, it is unclear if a flexible dosing schedule may (or may 
not) change what is already occurring in clinical practice.    
 
Despite these clinical and regulatory issues, the fact remains that the clinical trial data from these 
studies reflects a benefit of convenience of dosing for patients.  Because both the safety and efficacy 
findings from these ‘flexible’ dosing trials are overall not different from the other trials in this 
program, I support the labeling of this new dosing regimen.  
 
At this time, when evaluating the totality of the data for both IDeg and IDegAsp, the risk/benefit ratio 
favors benefit over risk. 

1.3 Recommendations for Postmarket Risk Evaluation and Mitigation Strategies 

There is no safety concern that warrants a REMS for either IDeg or IDegAsp. 

1.4 Recommendations for Postmarket Requirements and Commitments 

This reviewer identified the following postmarketing requirements for the IDeg and IDegAsp 
programs: 
 
Each application individually triggers the Pediatric Research Equity Act, and therefore, two pediatric 
studies (one under each NDA) are recommended. PREA studies have already been reviewed by the 
Agency and agreed upon with the Sponsor for both IDeg and IDegAsp 11. 
 
Because during the first submission an excess cardiovascular risk was detected in the IDeg and 
IDegAsp programs (see section 2), that led to a complete response for both applications, the Sponsor is 
required to complete a dedicated cardiovascular outcomes trial that excludes an excess cardiovascular 
hazard of 30% relative to the active comparator Lantus. The completion of the DEVOTE trial will 
address this post marketing requirement. On June 19, 2015, during the current NDA review, the 
Sponsor submitted the DMC recommendations for the DEVOTE trial that “It was unanimously 
decided to recommend that the EX1250-4080 DEVOTE trial may continue according to protocol.” 
 

                                            
9 Lantus PI, Toujeo PI,  
10 When Levemir  is administered once a day- Levemir PI 
11 PeRC reviewed the Partial waiver/Deferral plan for both NDA 203313 Ryzodeg and  NDA 203314 Tresiba on June 27, 
2012.   
A Type C correspondence detailing the pediatric trial designs was Finalized on March 21, 2011 under IND 073198 and 
IND 076496. 
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trials)14  were considered in the review of efficacy by Dr. Guettier.  All of these trials, with the 
exception of trial 3586 are now proposed for inclusion by the Sponsor in the full prescribing 
information for degludec and degludec/aspart.  
 
Overall, trials were similar in design. In general, they were non-inferiority trials with a randomized, 
controlled, open-label, parallel-group, treat-to-target design comparing IDeg to an active insulin 
comparator (glargine or detemir), with one superiority trial which used oral sitagliptin as the 
comparator.  
 
HbA1c treatment effect across Phase 3 trials for IDeg is shown in Figure 1 and for IDegAsp is shown 
in Figure 2.    
Figure 1 - Plot of HbA1c Treatment Effect Across All Phase 3 Degludec Trials (from FDA statistician, Cynthia Liu)15 

 

                                                                                                                                                     
NN1250-3586 - Efficacy and Safety for IDeg U100 formulation, T2DM (insulin naïve +oral meds), IDeg vs. IGlar,  26weeks 
---- 
14 NN5401-3594 - Efficacy and Safety for IDegAsp (once daily), T1DM (basal + bolus), IDegAsp vs. IDet,  26weeks 
NN5401-3590 - Efficacy and Safety for IDegAsp (once daily), T2DM (insulin naïve + oral meds), IDegAsp vs. IGlar,  26weeks 
NN5401-3593 - Efficacy and Safety for IDegAsp (once daily), T2DM (+ oral meds), IDegAsp vs. IGlar,  26weeks 
NN5401-3592 - Efficacy and Safety for IDegAsp (twice daily), T2DM (+ oral meds), IDegAsp BID vs. BIAsp 30 BID,  26weeks 
NN5401-3597 - Efficacy and Safety for IDegAsp (twice daily), T2DM (+ oral meds), IDegAsp BID vs. BIAsp 30 BID,  26weeks 
 

 
15  Figure obtained from Dr. Rosebraugh’s Summary Basis for Regulatory Action, February 8, 2013 

Reference ID: 3813418



Clinical Review 
Tania Condarco M.D. 
NDAs: 203314 and 203313, resubmission 
Insulin degludec (Tresiba) and Insulin degludec/aspart 70/30 (Ryzodeg 70/30) 

 

17 

 
Figure 2 – Summary of change in HbA1c after 26 weeks of treatment, from Dr. Liu’s review received in NDA 203313 -DAARTS 
on 11/16/12  

 
 

Overall, both IDeg and IDegAsp were shown to be effective at lowering HbA1c in T1DM and T2DM 
trials.  
 
During the first review cycle, an increased cardiovascular (CV) safety signal was identified by the 
FDA reviewers, and on May 16, 2012, Novo Nordisk submitted a major amendment with additional 
CV safety data16  which resulted in extending the review goal date to October 29, 2012. An advisory 
committee meeting was held on November 8, 2012, to discuss the safety and efficacy of both products.  
The Advisory Committee agreed that there was an increase in CV risk observed in most of the clinical 
trials, and although some of the results were not statistically significant, they were potentially 
concerning.  The committee recommended that further data could be captured with studies of patients 
with more advanced cardiovascular disease.  The committee noted that MACE should be used with 
strict cardiac endpoints implemented in a longer term trial. All twelve members voted Yes (no-0), that 
a cardiovascular outcomes trial should be conducted for degludec.  
 
A Complete Response letter (CRL) was issued by the FDA on February 8, 2013. The main reason for 
the CRL was due to the ‘consistent and persistent signal of excess cardiovascular (CV) risk associated 
with insulin degludec and insulin degludec/aspart relative to comparators observed across multiple 
analyses’.  This analysis identified a concerning CV safety signal relative to glargine of a 39% excess 
risk for MACE (form submission database) and 67% with the updated database.   
 
The path forward presented to the Sponsor was to submit additional clinical trial data from a 
dedicated, double-blind, cardiovascular outcomes trial using glargine as the comparator. The trial 
should be powered to exclude an excess cardiovascular risk based on a composite of cardiovascular 
death, non-fatal myocardial infarction, and non-fatal stroke (MACE). At a minimum, the resubmission 

                                            
16 This amendment included an updated meta-analysis of 17 clinical trials including the extension phases of 6 trials in the 
original meta-analysis (which originally included 16 trials). 
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must include enough MACE events to definitively exclude a hazard of 80% with a reassuring point 
estimate. 
 
Other issues identified in the CRL were:  

1) Hypoglycemia risk reduction- The Agency was unable to identify a unique benefit of insulin 
degludec and insulin degludec/aspart over existing insulin therapies to offset a potential 
adverse CV effect. To address a claim of hypoglycemia risk reduction, the Sponsor would need 
to show a meaningful reduction of this risk over other available once-daily basal insulins that 
could be attributed to the unique PK/PD characteristics of insulin degludec.  

2) Facility Inspection – field investigator conveyed deficiencies to manufacturing facility. The 
Sponsor was informed that satisfactory resolution of these deficiencies were required prior to 
approval of the application. 

3) The Sponsor was asked to provide a safety update which included data from all nonclinical and 
clinical studies/trials of the drug under consideration regardless of indication, dosage form or 
dose level. Note that this request for a safety update is standard for NDA resubmissions and 
there were no other concerning safety issues pertinent to these two particular NDAs. 

 
Since the issuance of the CRL, there have been multiple correspondences and meetings between the 
Sponsor and the Division to address the conduct and design of the required CVOT.   During these 
correspondence, the Division agreed potential approval of the product would be depend on the interim 
analysis excluding a CV risk margin of 1.8 with a reassuring point estimate, and the lack of other 
countervailing safety signals.   
  

3 Ethics and Good Clinical Practices 

For sections 3.2 and 3.317 refer to Dr. Guettier’s clinical review of the 1st NDA submission.  These 
sections are omitted in this review, since no additional information was presented with this 
resubmission.    
 
See section Clinical Investigator Financial Disclosure for financial disclosure information for Study 
EX1250-4080 (DEVOTE). 

3.1 Submission Quality and Integrity 

The submission was generally well organized with the following exceptions: 
1) Narratives were not organized in a manner that facilitated review. 
2) The presentation of information regarding the “additional” patients who experienced AEs was 

not clear within each section of the Safety Update.   
Information requests were sent during the review of this application for clarification of these two 
points. Responses were received within a reasonable timeframe. 
 
The two NDAs were submitted in eCTD format.    

                                            
17 Omitted sections include: 3.2 Compliance with Good Clinical Practices; 3.3 Financial Disclosures 
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• 4 clinical pharmacology trials (Trials 1999, 4000, 3999, 3763) 
• 2 other therapeutic trials (Trials 3874, 3943) 

 
At the cut-off, the following 4 trials were ongoing with IDeg (see Table 1):  

• DEVOTE trial (Trial 4080) 
• two phase 3b trials investigating risk of hypoglycemia with IDeg compared to IGlar (Trial 

3995 and Trial 3998)  
• one non-interventional post-marketing study in Japan (PMS) (Trial 4061). 

 
Figure 3 - IDeg clinical development program as of September 2014 
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Source:  IDeg Clinical overview page 18 

IDegAsp 

As of 30 September 2014 (Safety Update cut-off), a total of 31 clinical trials were completed with 

IDegAsp (see Table 1 and  

Figure 4).  Of these trials, 10 trials have been completed since the ISS (including one extension trial 

and two trials with exploratory formulations). 
• 7 phase 3 trials (all in T2DM) 

- 1 extension part 
- 6 phase 3 trials 

• 3 clinical pharmacology trials 
• One pediatric trial with IDegAsp is currently ongoing.  

 

Figure 4 - IDegAsp clinical development program as of September 2014 

 
Source:  IDegAsp Safety Update, Figure 1-1, page 15 

5.2 Review Strategy 

The focus of this clinical review is to evaluate the safety information for IDeg and IDegAsp provided 
in the Safety Update and, where relevant, to confirm no major changes as compared to the ISS.  As 
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mentioned in 2.5 Summary of Presubmission Regulatory Activity Related to Submission, the 
Safety Update was a requirement for resubmission. Although the Safety Update was required, the 
proposed label for IDeg and IDegAsp reflects the safety database from the ISS, refer to 9.2
 Labeling Recommendations, for further details.  
 
It is important to note that the Sponsor intentionally omitted the interim data from the DEVOTE trial 
(trial 4080 in Table 1) in the Safety Update; the Sponsor submitted these data separately in order to 
ensure the integrity of this ongoing trial.   
 
An independent, in-depth, safety review of DEVOTE will not be part of this review because this study 
is incomplete and interpretation of results from an ongoing trial may be misleading and because the 
study is still blinded.  The interim results regarding pre-specified MACE endpoints will be addressed 
by Drs. Bo Li and Eugenio Andraca-Carrera in their respective reviews.  A brief summary of the trial 
design and the statistical findings will be presented in this review in the section titled: DEVOTE.  
 
For the ongoing trials at the time of the Safety Update, safety data related to deaths, SAEs, SAEs 
leading to withdrawal and pregnancies were presented blinded and are discussed in the relevant 
sections. This is acceptable because there were no safety signals noted in the review that would require 
further investigations by unblinding of these data. 
 
The reviewer will mention relevant findings described in the first submission throughout this review.  
For details regarding these findings refer to the relevant discipline’s primary reviews. Because the 
Safety Update has ~40% more exposure than that of the ISS, the reviewer focuses on the total exposed 
population on this review; relevant ISS findings are noted as footnotes.   

5.3 Discussion of Individual Studies/Clinical Trials 

This section is omitted since it has been reviewed by Dr. Guettier’s in the first review cycle and there 
is no additional information that is provided in the Safety Update.    

6 Review of Efficacy 

Please refer to Dr. Guettier’s review for Efficacy in the first NDA review cycle.  Please see also 
section 2.5 – Regulatory Background which includes a table by the FDA statistician showing efficacy 
results from the original submission.  
 
The resubmission did not include additional efficacy findings.  Despite the new phase 3 trials that were 
not previously submitted to the original NDA, there is no efficacy information regarding these trials as 
part of the Safety Update.  This efficacy information was intentionally omitted because of previous 
correspondence19 with the Division in which it was stated that that the resubmission should only 
contain data that addressed the deficiencies listed in the Complete Response Letter.   Thus, requests for 
new claims that require review of efficacy should be submitted separately as efficacy supplements 
after the NDAs are approved or as separate NDAs if the applicant seeks new claims while the NDAs 
are pending. 

                                            
19 NDA 203313 DARRTS date 20 March 2015 
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7 Review of Safety 

7.1 Methods 

For the purpose of clarity, the term ‘Integrated Summary of Safety,’ ISS will refer to the document 
submitted in the first submission and the term ‘Safety Update’ will refer to the resubmission, i.e., the 
document submitted in response to the CRL.  

7.1.1 Studies/Clinical Trials Used to Evaluate Safety 

The descriptive safety data was based on the safety analysis set.  The safety analysis set, included all 
subjects receiving at least one dose of the investigational product or its comparator.  Subjects in the 
safety set contribute to the evaluation ‘as treated.’ Refer to Table 1 for an overview of the studies. 

7.1.2 Categorization of Adverse Events 

This section describes the terminology and taxonomy used to characterize adverse events and the 
periods of observation during which these terms were applied in the Safety Update report.  
 
The definitions of AEs and methods of evaluation of AEs were the same between the ISS and the 
Safety Update. Adverse events (AE) were defined as any untoward medical occurrence (including 
abnormal laboratory findings, symptoms or disease) in a subject administered a pharmaceutical 
product regardless of causal relationship with this treatment.  These events are counted from the time 
the patient signs informed consent and until the post-treatment follow-up period.  For each AE a 
description of the event, seriousness, onset date, date of resolution, severity action taken and outcome 
were reported.  
 
Items not considered AEs include: 

• Pre-planned procedures unless the condition for which the procedure was planned has 
worsened from the first trial related activity after the subject has signed the informed consent. 

• Pre-existing conditions found as a result of screening procedures.  
 

Serious Adverse Events (SAE) were defined as an experience that resulted in any of the following: 
• Death 
• A life-threatening20 experience 
• In-house hospitalization21 or prolongation of existing hospitalization 
• A persistent or significant disability/incapacity22 

                                            
20 ‘life-threatening’ in the definition of SAE refers to an event in which the subject was at risk of death at the time if the 
event. It does not refer to an event which hypothetically might have caused death if it was more severe. 
21 ‘hospitalization’ describes a period of at least 24 hours. Over-night stay for observation, treatment at emergency room or 
treatment on an out-subject-basis does not constitute a hospitalization. However, medical judgment must always be 
exercised and when in doubt the case should be considered serious. Hospitalizations for administrative, trial related and 
social purposes do not constitute hospitalizations as defined by the seriousness criteria for SAEs and should therefore not 
be reported as such. Likewise, hospital admissions for surgical procedures planned prior to trial inclusion are not 
considered adverse events. 
22 ‘disability/incapacity’ means that following the event the subject or clinical investigation subject has significant, 
persistent or permanent change, impairment, damage or disruption in his body function or structure, physical activity 
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• A congenital anomaly/birth defect 
• Important medical events23,  that may not result in death, be life-threatening, or require 

hospitalization may be considered an SAE when, based upon appropriate medical judgment, 
they may jeopardize the subject and may require medical or surgical intervention to prevent 
one of the outcomes listed in this definition 

 
Treatment Emergent Adverse Events: In the phase 3 trials, a treatment-emergent AE is an event that 
has onset date on or after the first day of exposure to randomized treatment and no later than 7 days 
after the last day of randomized treatment.   
 
The MedDRA version used in the ISS was version 13.1, while the MedDRA version used for the 
Safety Update was 17.0.  In converting between MedDRA versions, some preferred terms changed 
from one System organ class (SOC) to another. This change did not affect the overall safety findings 
for this NDA as discussed in the sections below. 

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

 
The Agency encouraged the Sponsor to pool the safety data for IDeg and IDegAsp and present it in a 
manner that would facilitate comparison to the safety data from the original NDA submission.      
 
Reviewer’s comment: The Division has concerns regarding simple pooling of data from studies 
with different population, duration, comparators and randomization ratios, as this pooling may 
result in confounding from Simpson’s Paradox. However, at the time of the CRL, this approach 
was not clearly emphasized to the Sponsor and the resubmission contains simple pooling of 
safety data, similar to the safety data from the original NDA submission.  
 
In addition, the reviewer evaluated relevant narratives in order to obtain a granular view of 
adverse events that may have been lost through pooling.  
 
Within each safety subsection, the reviewer will evaluate safety in 3 pools (IDeg, IDegAsp and [as 
needed] IDeg+IDegAsp) Supportive data from the insulin degludec + liraglutide fixed ratio 
combination development program (IDegLira) trials will be discussed in Section 7.7 Additional 
Submissions / Safety Issues) 
 
For each pool, the reviewer will evaluate T1DM (with the exception of IDegAsp, because there was 
no new T1DM data in the Safety Update for this population) and T2DM patients separately 
because these are considered two distinct diseases. 
  
For details regarding trial descriptions, duration, randomization scheme and the number of exposed 
subjects in each trial refer to 5.1 Tables of Studies/Clinical Trials. 
 
For the analysis methodology for the following categories: immunogenicity-related AEs (allergic 

                                                                                                                                                     
and/or quality of life. 
23 ‘important medical events’ means events which may jeopardize the subject or require intervention to prevent a 
seriousness criterion. It can be adverse events which suggest a significant hazard or puts the subject or clinical investigation 
subject at risk, such as drug-interactions, contraindications or precautions, occurrence of malignancies or development of 
drug dependency or drug abuse. 
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reactions), neoplasms, medication errors, injection site reactions, lipodystrophy, peripheral edema and 
rare adverse events, refer to section 7.3.5 Submission Specific Primary Safety Concerns. 

7.2 Adequacy of Safety Assessments 

Information regarding exposure to IDeg and IDegAsp is reviewed in in section 7.2.1.  
 
Sections 7.2.2 to 7.2.624 were previously reviewed by Dr. Calis, in his primary safety review and are 
omitted in this review because the submission did not include additional safety findings that would 
alter the risk benefit assessment for this product.  

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

Patient exposure in the original NDA as well as in the resubmission, i.e. overall exposure in the Safety 
Update was evaluated by the number of patients exposed to investigational drug products as well as 
exposure by duration of treatment in the overall program and within each Phase 3 trial.  
 
In the first NDA review, the overall exposure at appropriate durations and demographics was 
concluded to be adequate. There were no clinical deficiencies related to inadequate exposure and/or 
inability to fully assess the safety profile of either IDeg or IDegAsp.  The following section describes 
the updated exposure in the Safety Update and compares it to the exposure from the original NDA. 
 
Table 2 compares the exposure of IDeg, IDegAsp, and IDeg + IDegAsp in the Safety Update vs. the 
ISS by number of patients.  A total of 10,773 patients were exposed to any form of IDeg (i.e., IDeg, 
IDegAsp, and IDeg+ IDegAsp)25 at the time of the Safety update, this includes 3,263 additional 
patients exposed since the ISS.  Most of the difference in number of patients between the ISS and the 
safety update was made up by patients in Phase 3 trials that had exposure of at least 6 months. 
 
Although several trials had IDeg in both arms and 2 trials had IDeg in one arm and IDegAsp in the 
other arm, (see section  5.1 Tables of Studies/Clinical Trials), exposure to IDeg and IDegAsp was 
included in the IDeg and IDegAsp columns, respectively, (i.e. none was included as ‘comparator’). 
Subjects included in both the main and the extension parts of the trials were counted only once in the 
subject exposure calculation.    

                                            
24 Sections omitted include: 7.2.2 Explorations for Dose Response; 7.2.3 Special Animal and/or In Vitro Testing; 7.2.4 
Routine Clinical Testing; 7.2.5 Metabolic, Clearance, and Interaction Workup; 7.2.6 Evaluation for Potential Adverse 
Events for Similar Drugs in Drug Class. 
25 Overall, an additional 2229 patients were exposed to IDeg, an additional 1,108 patients were exposed to IDegAsp, and an 
additional 1,031 patients were exposed to comparators in the Safety Update compared to the ISS. 
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Phase 3 trials exposure in the Safety Update 
For ease of the reader Table 3,Table 4,Table 5,  have the column “any exposure” highlighted in blue 
to show the overall exposure in phase 3 trials in the T1DM and T2DM populations, from the ISS.   
The data from these cells reflects the exposure that should be considered for the purposes of reporting 
safety exposure in labeling.   
 
IDeg 
 
Refer to Table 3 for evaluation of IDeg exposure by duration of treatment in Phase 3 trials.  Overall, 
6206 patients had any exposure to IDeg, and 2717 patients had exposure to comparator in all Phase 3 
trials.26 
 
When analyzed by duration, patient exposure steeply declined at >=12 months for both IDeg and 
comparator (~34% of patients remained in IDeg, vs. 30 % in comparator), however this was a result of 
the trial duration, rather than from dropouts.   Only 6.1% of patients had exposure to IDeg at >=30 
months (all of which were insulin naïve patients with T2DM, from trial 3948).    
 
The total exposure in patient years for IDeg patients in phase 3 trials was 5,344.8 patient years 
exposure (PYE).  Of this total, ~25% was made up by patients with T1DM with the remainder being 
composed by naïve and non-naïve T2DM patients.27  
  
IDegAsp 
 
Refer to Table 4 for evaluation of IDegAsp exposure by duration of treatment in Phase 3 trials. A total 
of 2382 subjects have been exposed to IDegAsp and 1381 subjects have been exposed to comparators. 
  
When analyzed by duration, patient exposure steeply declined at >=12 months for both IDegAsp and 
comparator (to ~18% remained on IDegAsp vs. ~24% remained in comparator), however this was a 
result of the trial duration, rather than from dropouts. Of all the patients exposed to IDegAsp, ~15% 
were patients with T1DM (all of which were exposed in the ISS, and none in the Safety Update), with 
the remainder being composed by naïve and non-naïve T2DM patients.    
 
IDeg+IDegAsp 
 
Refer to Table 5 for evaluation of IDeg+IDegAsp exposure by duration of treatment in Phase 3 trials.  
Overall, 8568 patients had any exposure to IDeg+IDegAsp, and 4098 patients had exposure to 
comparator in all Phase 3 trials28.  
 
When analyzed by duration, patient exposure steeply declined at >=12 months for both IDeg+IDegAsp 
and comparator (similar to the analysis of just IDeg).  However, the majority of the exposure at >=12 
months was made up by patients with T1DM.   
 
The total exposure in patient years for IDeg+IDegAsp in phase 3 trials was 6685 PYE vs. 2869.6 PYE 
for comparator.29 

                                            
26 this is an additional 1931 subjects on IDeg and 448 subjects on comparator in the Safety Update    
27 The total exposure  from ISS to the Safety update: IDeg increased by 2516.6 PYE while the exposure to comparators increased by 714.7 PYE.   
28 This is an additional 2933 subjects on IDeg and 792 subjects on comparator, in the Safety Update.       
29 The total exposure (from the ISS to the Safety Update) to IDeg+IDegAsp increased by 3106.7 PYE (from 3578.4 to 6685 1 PYE)while the exposure 
to comparators increased by 991.6 PYE (from 1878to 2869.6 PYE).  
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treatment emergent (not included in Table 7)   After review of the narratives, I agree with the 
Sponsor’s PT terms for cause of death as these terms described the underlying cause of death (which 
in most cases was also the proximal cause).  In one case, there is a slight mismatch between the 
proximal cause of death and the underlying cause:  patient 128005/321356 is listed as “Brain Stem 
Hemorrhage” (underlying cause of death) per the narrative, after the brainstem hemorrhage, the patient 
went to a rehabilitation facility and developed renal failure and pneumonia (proximal cause of death) 
and died.   However, regardless of the cause of death reported, i.e. between underlying and proximal 
cause, this event is not concerning for a safety issue with degludec. 
 
Table 7 - Additional deaths since ISS in completed trials with IDeg as of 30 September 2014 
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            Source: IDeg Safety Update page 74, Table 2-18 
 

A total of 15 treatment emergent deaths were reported in completed IDegAsp trials; 14 patients in 

phase 3 trials and 1 patient in a phase 2 trial (in the comparator arm).  Since the ISS, eight additional 

deaths (6 IDegAsp and 2 comparator) occurred. These additional deaths are listed in  
Table 8.  After review of the narratives, I  agree with the cause of death for all reported cases of the 
IDegAsp and comparator groups.  
 

Table 8 -- Additional deaths since ISS in completed trials with IDegAsp as of 30 Sept 2014 

 

 
 
Source: IDeg Safety Update page 79, table 2-19 
 
When evaluating deaths by IDeg+IDegAsp, there were a total of 52 deaths in IDeg+IDegAsp, with 51 
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The Reviewer evaluated all SAEs reported in the Safety Update, however for ease of the reader, this 
review presents SAEs affecting >1% of patients (by SOC).  
 
To assess the appropriate coding of PT terms, the reviewer performed a review of a random sample of 
narratives for each cohort of patients with reported SAEs.  This review showed appropriate coding of 
SAEs by investigators.  
 
SAEs are presented by diabetes type (i.e., T1DM and T2DM), with a discussion on heart failure in the 
ISS and Safety Update at the conclusion of this section.  
 
IDeg - T1DM 
Per the Sponsor, in the Safety Update, the rate of SAEs for patients with T1DM was similar with IDeg 
vs. comparators (14.8 vs. 15.2 events per 100 PYE respectively)31.  In the Safety Update, the rate of 
severe (based on investigator’s assessment of severity) SAEs with IDeg and comparators was 11.9 and 
12.2 events per 100 PYE, respectively32.  More than 1% of patients in either treatment group reported 
SAEs in the following SOCs: ‘Metabolism and nutrition disorders’, ‘Nervous system disorders’, 
‘Injury, poisoning and procedural complications’ and ‘Infections and infestations.’    
 
See Table 10 for the SAEs in IDeg studies in the Safety Update.  For a table of SAEs in the ISS please 
see Dr. Karim Calis’ first cycle safety review.  
 
As would be expected in the T1DM population, the most common SAEs were glycemia-related.  
These SAEs included:  hypoglycemia, hypoglycemic unconsciousness, hypoglycemia coma, diabetic 
ketoacidosis and hypoglycemic seizures.  These glycemia-related SAEs had slight numerical 
imbalances between treatment groups for each preferred term, without a clear trend that distinctly 
favored one treatment group over another for glycemia-related SAEs as a whole.   

                                            
31  The rate of SAEs in the Safety Update is comparable to the ISS (15.5 IDeg vs. 14.9 comparator events per 100 PYE). 

32 This rate was similar to the ISS (IDeg: 12.5 vs. Comparators: 11.5 events per 100 PYE). 
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IDeg - T2DM 
In the Safety Update, the rate of SAEs for subjects with T2DM with IDeg and the comparators was 
14.8 and 13.7 events per 100 PYE, respectively33. The rate of investigator-categorized severe SAEs 
with IDeg and comparators was 8.6 and 7.1 events per 100 PYE, respectively34. 
 
More than 1% of patients in either treatment group reported SAEs in the following SOCs: ‘Cardiac 
disorder,’ ‘Infections and infestations,’ and ‘Nervous system disorders.’ 
 
See Table 11 for the SAEs in IDeg studies in patient with T2DM in the Safety Update.  For a table of 
SAEs in the ISS please see Dr. Karim Calis’ first cycle safety review.  
 
As expected in a population of T2DM patients, the most common SAEs were Cardiac disorders (IDeg 
3.2 vs. comparators 3.4 events per 100 PYE).  There were small numerical imbalances between 
treatment arms noted in specific PT terms, but there was no overall trend noted. For example, there 
appears to be a higher rate of ‘coronary artery disease’ in the IDeg group. However, for evaluation of 
cardiovascular safety greater weight should be given to the interim results of DEVOTE because of the 
higher-risk patient population and adjudication of events.  The PT terms under the SOC for infection 
and infestations and nervous system disorders were similarly diverse. 
 
 
 
 

                                            
33 In the ISS the rate was 14.9 vs. 13.1 events per 100 PYE, respectively 
34  In the ISS the rate was 8.7 and 7.1 events per 100 PYE, respectively. 
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Table 11 – Serious Adverse Events-  by System Organ Class (affecting >1 %) and Preferred Term- Treatment-Emergent –  
Completed Phase 3 Trials –  Subjects with T2DM- IDeg vs. Comparator – Summary- Safety Update – Safety analysis set 
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Source: IDeg Safety Update, Appendix 1.4, pages 50-54 
 
 
IDegAsp - T2DM 
Refer to Table 12 for the SAEs for IDegAsp studies in patient with T2DM in the Safety Update. For a 
table of SAEs in the ISS please see Dr. Karim Calis’ first cycle safety review.  
 
In the Safety Update, the rate of SAEs for subjects with T2DM with IDegAsp and the comparators 
was 15.8 and 15.8 events per 100 PYE, respectively35.  The rate of investigator-categorized severe 
SAEs for subjects with T2DM with IDegAsp and comparators was 8 and 7 events per 100 PYE, 
respectively.36   
 
More than 1% of patients in either treatment group reported SAEs in the following SOCs: ‘Cardiac 
disorder,’ and ‘Nervous system disorders.’ For ‘Cardiac disorders’ the exposure adjusted event rate 
was:  2.6 events per 100 PYE for IDegAsp and 2.2 events per 100 PYE for comparator37.  
 
The rates of SAE were similar as those from the ISS when the data was analyzed by ‘Twice daily 
regimen’ and ‘Once daily regimen’ (for naïve patients with T2DM). 

                                            
35 In the ISS the rate was IDegAsp vs. comparator: 17 vs. 18.6 events per 100 PYE, respectively.  
36 In the ISS the rates were IDegAsp vs. comparator: 7.7 and 8.4 events per 100 PYE, respectively 
37 In the ISS the rates were IDegAsp vs. comparator : 2.4 events per 100 PYE vs. 2.8events per 100 PYE   
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Table 12 – SAEs by SOC and PT – treatment –emergent – completed phase 3 trials –subjects with T2DM –IDegAsp vs. 
comparator – summary – Safety Update – safety analysis set 
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R=number of events divided by subject years of exposure multiplied by 100 
Source: Safety Update IDeg pages 95 and 99, IDegAsp Safety Update  table 2-24, 2-25 
 

 
Overall, in the Safety Update, the event rates in the T1DM and T2DM pooled population, for 
discontinuation due to adverse events for IDeg or IDeg+IDegAsp favored comparator.  While for the 
IDegAsp pool, the discontinuation due to adverse event favored IDegAsp.   
 

IDeg – T1DM 
The rate of discontinuations due to AE for patients with T1DM was higher in the IDeg group vs. 
comparators (3.3 vs. 1.5 events per 100 PYE respectively)39.   The SOCs with the highest rates 
(>0.5%) of discontinuations due to AE were ‘Nervous system disorders’, followed by ‘Metabolism 
and nutrition disorders’ and General disorders and administration.’  In these SOCs, IDeg had similar or 
higher event discontinuation rates vs. comparator (see Table 15).   This numerical imbalance should 
be interpreted cautiously in light of the very small numbers of events of discontinuation due to AEs in 
the T1DM population. As noted in Dr. Guettier’s review, the most common AEs leading to 
discontinuation were hypoglycemia and hypoglycemic unconsciousness.  

                                            
39 Since the ISS, an additional 8 subjects with T1DM (4 with IDeg and 4 with comparators) withdrew from the trials 
compared to the ISS due to adverse events.   
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Table 15 – System Organ Classes where >0.2% of subjects reported adverse events leading to withdrawal- Treatment 
emergent—completed phase 3 trials- subjects with T1DM- IDeg vs. comparator – summary – safety analysis set—safety update 

 
source: Safety Update; Page 101, Table 2-34 
 
Reviewer’s comment: As noted earlier, changes in MedDRA versions, from Version 13.1  (in the 
ISS) to 17 (in the Safety Update), resulted in shifting of some PT terms from ‘metabolism and 
nutrition disorders’ to ‘nervous system disorders.’ Despite this shifting in PT terms, the overall 
findings are similar to those of the ISS with the most common reasons for withdrawal being due 
to hypoglycemia. 
 

IDeg—T2DM 
In the Safety Update, the rate of discontinuations due to adverse events for patients with T2DM 
continued to be higher (as compared to the ISS) in the IDeg group vs. comparators (3.6 vs. 2.8 events 
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per 100 PYE, respectively) although the difference between groups became smaller.40 The SOCs with 
the highest rates of discontinuations due to adverse events were ‘Neoplasms benign, malignant and 
unspecified (incl. cysts and polyps),’ and ‘Cardiac disorders.’   See Table 16 for details. 
 
When evaluating by participation in the main or extension periods, the rate for withdrawal due to 
adverse events during the main period was slightly higher (1.8%) in the IDeg group than the 
comparator group (1.4%)41 .  However the withdrawal for adverse events was similar in both groups 
when evaluating patients who enrolled in the extension period.    
 
Reviewer’s comment:  Similar to what was noted in Dr. Calis’ review for the ISS, there was no 
clear imbalance between intervention arms with regards to type of adverse events that led to 
withdrawal.  
 

                                            
40 In the ISS the withdrawal due to AE was 4.5 vs. 2.7 events per 100 PYE respectively.  
41 The percent of patients who withdrew due to adverse events during the main trial in the Safety Update is similar to that 
noted by Dr. Guettier’s review of 2.3% in IDeg and 1.4% in comparator. Overall, there are no developments from the 
findings noted in the 1st review cycle (page 112 Dr. Guettier’s review) 
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Table 16 – System organ classes where >0.2% of subjects reported adverse events leading to withdrawal- treatment- emergent – 
completed phase 3 trials – subjects with T2DM – IDeg vs. comparator – summary –safety analysis set- Safety Update 

 
source: IDeg Safety Update, Page 105, Table 2-36 
 

IDegAsp —T2DM 
In the Safety Update, the rate of discontinuations due to AE for patients with T2DM was similar 
between IDeg vs. comparators (3.3 vs. 3.9 events per 100 PYE respectively)42  (see Table 17).    
 
 

                                            
42 An additional 24 patients with T2DM (17 with IDegAsp and 7 with comparators) withdrew from the trials in the Safety 
Update compared to the ISS.  In the ISS the rate for discontinuation for AE was 4.2 (IDeg) vs. 4.3 (comparator) events per 
100 PYE. 
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Table 20 –Hypoglycemia, IDegAsp Program, Across Three Definitions 

 
Source: page 179, Dr. Guettier’s efficacy review, Table 83 
 
The hypoglycemia safety analyses from the Safety Update were reviewed and found to be similar to 
the hypoglycemia analyses from the ISS with regard to safety, but are not shown in this review. 
Overall, the conclusions that should be drawn at this time are unchanged from the first cycle review, 
i.e., that IDeg and IDegAsp do not appear to have a higher risk of hypoglycemia than comparator.  
 
Note that the Sponsor did submit a pooled hypoglycemia analysis in the resubmitted NDA. While the 
Division did provide agreement that a pooled analysis may be useful to support a hypoglycemia 
benefit claim 43 the Sponsor’s provided analyses do not provide further useful information regarding 
hypoglycemia risk and will not be reviewed here.  Further, the pooling strategy in the Safety Update is 
problematic in that it does not account for the heterogeneity in trial design and patient demographics 
which could alter each trial’s risk for hypoglycemia.  

7.3.5 Submission Specific Primary Safety Concerns 

This section focuses on AEs of special interest for all completed phase 3 trials44; these are listed in 
Table 21.  Immunogenicity related to AE’s is discussed in section 7.4.6 Immunogenicity.  
 
For both the ISS and the Safety Update, the Sponsor customized searches to identify the events of 
special interest.  Evaluation for potential neoplasms were sent for blinded classification by external 
consultants.  To identify differences in safety data between different MedDRA versions, the Sponsor 
provided comparisons for ISS identified events in both MedDRA 13.1 [in original ISS] and 17.0 
(MedDRA version used in the Safety Update).  Since the ISS was reviewed, some PT search terms 
were changed from MedDRA version 13.1 to 17.0.  The reviewer presents the results of MedDRA 
17.0 version for both the ISS and Safety Update so that comparisons can be made more easily (refer to 
Dr. Calis’ review for findings related to MedDRA version 13.1).  
 

                                            
43 IND 76496 and IND 73198, Written responses dated 5/23/14- the Sponsor was asked to “submit pooled hypoglycemia 
data for the separate T1DM and T2DM populations.”  There was no specific pooling strategy specified.  
44with the exception of rare adverse events, which includes all completed trials  
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Table 21 - AEs of Special interest 

AEs of special interest Methods  for analysis  

Immunogenicity related AE 
(allergic reactions) 

The following SMQs were searched: 
SMQ Anaphylactic Reaction (narrow + broad scope) 
SMQ Angioedema (narrow + broad scope) 
SMQ Severe cutaneous adverse reactions (narrow + broad scope) 
SMQ Anaphylactic/anaphylactoid shock conditions* 
SMQ Hypersensitivity* 

Neoplasms The following search criteria was applied: 
SOC Neoplasms benign, malignant and unspecified (incl cysts and polyps) 
SMQ Breast neoplasms, malignant and unspecified 
SMQ Malignant or unspecified tumors 
SMQ Ovarian neoplasms, malignant and unspecified 
SMQ Blood premalignant disorders 
SMQ Gastrointestinal premalignant disorders 
SMQ Premalignant disorders, general conditions and other site specific 
disorders 
SMQ Reproductive premalignant disorders 
SMQ Skin premalignant disorders 
SMQ Prostate neoplasms, malignant and unspecified 
SMQ Skin neoplasms, malignant and unspecified 
SMQ Uterine and fallopian tube neoplasms, malignant and unspecified 
SMQ Biliary neoplasms* 
SMQ Liver neoplasms, malignant and unspecified* 
SMQ Oropharyngeal neoplasms* 
SMQ ‘Tumor markers’ was removed from the Safety Update search. 
 
Neoplasm AEs identified by the above search, in addition to AEs reported as 
medical events of special interest, were sent for blinded classification by 
oncologists and were classified into malignant and benign based on the 
narrative.  The external, independent consultant was kept blinded to treatment 
allocation.  The classification of neoplasms was based on external evaluation 
and not just a search.  Hence the Safety Update data for neoplasms were 
compared directly to the ISS data with no change in MedDRA version.  

Medication errors The following search criteria were applied: 
HLGT Medication errors (all PTs) 
HLGT Device issues* 
HLGT Product Quality Issue* 
HLT Complications associated with device NEC* 

Injection site reactions The following search criteria was applied: 
HLT Administration site reactions 
HLT Application and instillation site reactions 
HLT Infusion site reactions 
HLT Injection site reactions 

Lipodystrophy The HLT ‘Lipodystrophies’ search term was applied. 
the PTs ‘injection site atrophy’ and ‘injection site hypertrophy’ were removed 
since these PTs were included in the search for injection site reaction 

Peripheral edema The PT term ‘edema peripheral’, like in the ISS was applied. 
*These terms were added to the customized search (not originally included in the ISS) 
 
 
Reviewer’s comment: Overall the Sponsor’s search for AEs of special interest, are appropriate 
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and similar to those used in the ISS.  The additional customized searches in the Safety Update 
enhance the overall findings for the applicable categories.  
 
 
IDeg+IDegAsp – Neoplasms  
Because neoplasms are relatively rare events, larger pools may better detect events, hence the review 
focuses in the IDeg+IDegAsp combined pool and the T1DM and T2DM populations combined pool 
(rather than each pool individually). 
  
From the events identified in both the Sponsor searches and those categorized as special interest, in the 
Safety Update, 431 AEs of neoplasms (328 events with IDeg + IDegAsp and 103 events with 
comparators) were sent for blinded evaluation and classification45. The classification of neoplasms as 
malignant, benign or unclassified is shown in Table 22.   
 Table 22 – External classification of neoplasms – treatment-emergent-completed phase 3 trials – all subjects – IDeg+IDegAsp vs. 
comparator – summary – safety analysis set 

 
Source: IDeg Safety Update, page 124, table 2-46 
 
Among the ‘malignant neoplasms,’ the most common neoplasm was gastrointestinal, see Table 23 46.  
For the events listed Table 22, a review of the PT term coding of these additional neoplasms, revealed 
a diverse etiology within each SOC, and a range of treatment exposure to either IDeg or IDegAsp.  No 
specific clustering was identified in the IDeg+IDegAsp group when compared to comparator.  
Table 23 -Classified malignant neoplasms by SOC and PT –treatment emergent- completed phase 3 trials – all subjects – 

                                            
45 In the ISS, 211 AEs of neoplasms (149 events with IDeg + IDegAsp and 62 events with comparators) were sent to the 
external, independent consultant for blinded evaluation and classification.  
46  Since the ISS,  the following treatment emergent malignant neoplasms were reported: 

• 12 ‘gastrointestinal neoplasms’: 9 events (0.1 events per 100 PYE) in the IDeg+IDegAsp group and 3 events (0.1 
events per 100 PYE) in the comparator group.  

• 7 additional malignant skin neoplasms were reported: 5 events (0.1 events per 100 PYE) in the IDeg+IDegAsp 
group and 2 events (0.1 events per 100 PYE) in the comparator group. 

• 5 additional malignant pulmonary neoplasms: 4 events (0.1 events per 100 PYE) in the IDeg + IDegAsp group 
and 1 event (0.0 events per 100 PYE) in the comparator group 

• 4 additional treatment-emergent malignant bladder neoplasms have been reported: 3 events (0.0 events per 100 
PYE) in the IDeg + IDegAsp group and 1 event (0.0 events per 100 PYE) in the comparator group 

• 1 additional malignant breast neoplasm has been reported for 1 subject in the IDeg group 
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source: IDeg Safety Update, page 126-127 table 2-47 
 
Reviewer’s comment:  Overall, the exposure adjusted event rates were similar between 
treatment groups. There was no clinically significant difference observed in the event rate of 
neoplasms as compared to the original NDA review.  Overall, there was no clustering of 
malignant neoplasms which suggested a safety signal.  
 
IDeg-Medication errors  
Refer to Table 21 for the methodology used by the Sponsor for evaluation of medication errors. 
 
In the Safety Update, the rates of medication error adverse events identified by search with IDeg and 
comparators were 4.5 and 3.0 events per 100 PYE, respectively47.   
 
The most common PT term associated with medication errors was wrong drug administration (IDeg 
vs. comparator, 2.7 vs 1.3 events per 100 PYE respectively)48.  Per the Sponsor, the majority of 
medication error adverse events were reported in clinical trials using basal-bolus regimens.  Most of 
the medication errors were due to mix-up between these basal and bolus insulin, as confirmed by 
review of selected narratives.  No new AEs of ‘overdose’ were reported in the Safety Update.   
   
Table 24 - Medication errors by SOC and PT (MedDRA version 17.0) – treatment-emergent – completed phase 3 trials – all 
subjects – IDeg vs. comparator – summary – safety update - safety analysis set T1DM and T2DM 

 
Source: IDeg Safety Update, Appendix 1.6, page 169, table 41 
 
 
IDegAsp-Medication errors  

                                            
47 In the ISS (MedDRA version 17.0) the rates were 7.3 (IDeg) and 4.2 (comparator) events per 100 PYE. 
48  In the ISS (MedDRA version 17.0)  IDeg vs. comparator rates were 7.3 vs. 4.2 events per  100 PYE respectively   
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Table 29 - Injection site reactions by SOC and PT (MedDRA version 17.0) – treatment-emergent – completed phase 3 trials- 
T1DM and T2DM–all subjects – IDeg + IDegAsp vs. comparator – summary - safety update - safety analysis set 

 
source: Safety Update, Appendix 1.7, page 222-223, table 61 
 
Reviewer’s comment: There is no safety signal identified by analysis of injection site reaction in 
either the IDeg or IDeg+IDegAsp pools.   
 
Lipodystrophy  
Refer to Table 21 for the methodology used by the Sponsor for evaluation of lipodystrophy. 
 
In the Safety Update (in the combined T1DM and T2DM pools) there were 16 patients identified with 
a lipodystrophy AE in the IDeg group52.  In the Safety Update, six patients were identified with a 
lipodystrophy AE in the comparator group53.  The overall event rate for lipodystrophy for IDeg vs. 
comparator were 0.3 vs. 0.3 events per100 PYE respectively54.   No differences from the trends in the 

                                            
52 compared to the ISS in which there were 12 patients identified 
53 compared to the ISS in which 4 patients were identified 
54 These event rates were similar to the ISS where the event rates were 0.4 vs. 0.3 events per 100 PYE respectively.  
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ISS, were found in the Safety Update when dividing the population by T1DM and T2DM.   Similarly, 
there was no difference in trends when analyzing the data by the IDeg+IDegAsp vs. comparators pool.  
 
Reviewer’s comment: Overall, the numbers for AEs related to lipodystrophy were small in both 
the ISS and Safety Update and do not suggest a safety signal related to this AE.  
 

7.4 Supportive Safety Results 

Detailed sections 7.4.3 -7.4.555 are omitted in this review.  The data in the Safety Update were 
reviewed and do not provide additional information to inform the Safety profile of IDeg or IDegAsp. 
Please refer to Dr. Calis’s first NDA review for information pertinent to these sections.  In Dr. Calis’ 
review there were no concerning findings from these sections.  

7.4.1 Common Adverse Events 

In the original NDA review, common adverse events were similar between T1DM and T2DM, hence 
data presented in Dr. Calis’s review were pooled by treatment type (and not diabetes type).  Since 
similar trends between T1DM and T2DM persisted in the Safety Update, the same pooling strategy, as 
that of the first review was maintained in the current review.     
 
However, generally in labeling diabetes types are pooled separately. For tables showing T1DM and 
T2DM separately, refer to appendix tables: Table 49 and Table 50 (IDeg) and Table 51 and Table 52 
(IDegAsp).  
 

IDeg 
 
Table 30  shows common adverse events (i.e., occurring with a frequency of 2% or greater) in the 
Safety Update by SOC and PT.  The most common AEs in the IDeg program were the same as those 
in the ISS56.   The most common adverse events were nasopharyngitis, upper respiratory tract 
infection, diarrhea, back pain and headache (>5% in the IDeg group).  Overall the exposure adjusted 
incidences of treatment emergent adverse events, in the Safety Update were similar between IDeg and 
comparator.   A few exposure adjusted adverse events (for headaches and diabetic retinopathy) slightly 
favored comparator. 

                                            
55 Sections omitted: 7.4.3 Vital Signs, 7.4.4 Electrocardiograms; 7.4.5 Special Safety Studies/Clinical Trials. 
56 with the exception of “injury, poisoning and procedural complications,” which was seen in the ISS, but was <2% in the 
Safety Update   
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Table 30 – Adverse events in >= 2% of subjects by SOC and PT- treatment-emergent- completed phase 3 trials- all 
subjects- IDeg vs. comparator- summary – safety analysis set – safety update T1DM and T2DM combined 

 
Source: Safety Update, Table 2-8, page 59 
 
When evaluating adverse events in T1DM and T2DM patients separately, similar trends as the 
adverse events for all subjects were seen.  
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IDegAsp 
Overall, similar AE trends were seen in the IDegAsp pool as in the IDeg pool alone. 
 
Table 31 shows adverse events in the Safety Update by SOC and PT.  The most common AEs in 
the IDegAsp program were the same as those in the ISS including, nasopharyngitis, upper 
respiratory tract infection, diarrhea and headache.    
 
Reviewer’s comment: the trends in common adverse events in the IDeg and IDegAsp 
programs are similar in what was detected in the ISS.  Furthermore, these trends persist 
when evaluating the studies as IDeg+IDegAsp.  There are no safety signals identified with 
the increased exposure in neither the IDeg nor IDegAsp programs.
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Table 31 – AE in >=2 % of patients by SOC and PT – treatment- emergent- completed phase 3 trials – T1DM and T2DM 
combined pools, IDeg+IDegAsp vs. comparator – summary –safety update – safety analysis set 

 

 
 
Source, Ryzodeg Safety Update, Table 2-8, page 50.  
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7.4.2 Laboratory Findings 

The only new information with regard to laboratory findings in the Safety Update, is a listing of 
a 63 year old woman, (Trial 3582-3667, subject 169012) treated with IDeg and IAsp) diagnosed 
with bile duct cancer (per histopathology) and increases in alanine aminotransferase (ALAT) and 
total bilirubin.     

7.4.6 Immunogenicity 

Adverse events related to immunogenicity, such as anaphylaxis, have been documented and 
labeled in all insulin products.  Antibody data is also sometimes collected and included in insulin 
labeling. Consistent with the known safety profile of insulins, immunogenicity-related adverse 
events in the IDeg and IDegAsp programs ranged from mild skin presentations to life-
threatening anaphylactic reactions.  
 
Evaluation of immunogenicity was carried out by both adverse event reporting and antibody 
assessment, described below. 
 
In line with the ISS, the Safety Update presented immunogenicity data that was systematically 
evaluated by the Sponsor as an adverse event of special interest.  The Sponsor selected MedDRA 
terms (non-pre-specified) to evaluate immunogenicity Table 21.  
 
Second, in the ISS only, (no additional data was presented in the Safety Update), the Sponsor 
tested for IDeg specific antibodies and insulin antibodies cross-reacting with human insulin.  The 
findings from these studies were reviewed during the original NDA review by the Office of 
Biotechnology Products (OBP). Per Dr. Calis’ review, the applicant concluded that there were no 
interactions between development of insulin antibodies and injection site reactions or 
hypoglycemic episodes.  
 
In order to capture the totality of the immunogenicity adverse event information, which is a 
relatively rare adverse event, the reviewer presents data for IDeg+IDegAsp combined in both 
T1DM and T2DM subject pools. After descriptive statistics of the immunogenicity adverse 
events, the reviewer presents relevant narratives related to immunogenicity. 
 
IDeg+IDegAsp - T1DM- Immunogenicity related AE (allergic reactions)57 
In the Safety Update, the rates of immunogenicity-related AEs with IDeg + IDegAsp and 
comparators for subjects with T1DM were 22.9 and 25.5 events per 100 PYE, respectively58.  
Table 32 presents selected SOC and PT terms for allergic reactions.    

                                            
57 Evaluation of the narrow + broad scope search is presented here.  Similar trends were seen in the narrow scope 
search 
58 In the ISS (version 17.0), the rates of immunogenicity-related AEs with IDeg + IDegAsp and comparators for 
patients with T1DM were 24.3 and 29.5 events per 100 PYE, respectively.  
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Table 32 – Allergic reactions -treatment emergent- completed phase 3 trials-T1DM-IDeg+IDegAsp- Safety Update 

 

Reference ID: 3813418
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Source: Safety Update, Appendix 1.7, page 154 of 309, Table 46 
 

IDeg+IDegAsp – T2DM- Immunogenicity related AE (allergic reactions) 
 
In the Safety Update, the rates of immunogenicity-related AEs with IDeg + IDegAsp and 
comparators for subjects with T2DM were 26.7 and 24.2 events per 100 PYE, respectively59.  
Table 33 presents selected SOC and PT terms in the narrow search of allergic reactions.    
 
 
 
 

                                            
59 In the ISS (version 17.0), the rates of immunogenicity-related AEs with IDeg + IDegAsp and comparators for 
patients with T2DM were 30.8 and 26.2 events per 100 PYE, respectively.   
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Table 33 – Allergic reactions (narrow and broad scope) by SOC and PT (MedDRA version 17.0) - treatment-emergent-
completed phase 3 trials – subjects with T2DM –IDeg +IDegAsp vs. comparator—summary – safety update – safety 
analysis set 
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Source: Safety Update, Appendix 1.7, page 188 of 309, Table 52 
 
Reviewer’s comment: In both T1DM and T2DM patients, the events captured for 
immunogenicity-related AE are diverse (in PT and SOC) and similar between 
IDeg+IDegAsp vs. comparator.  The findings in both the T1DM and T2DM pools are 
consistent with Dr. Calis’ findings (in the first NDA review cycle). 
 
Narrative Review 
The review of narratives of AEs related to ‘lack of effect’ leading to withdrawal in phase 3 trials 
revealed that most  were in T2DM patients with no documented evidence of cross reacting 
antibodies to human insulin.   
 
There was one case of an SAE anaphylactic reaction reported in a T2DM patient (case number 
407086) who developed urticaria and dyspnea 48 hours after start of Tresiba.  The patient 
recovered after standard of care treatment, and IDeg was discontinued and patient was not re-
challenged.  
 
Reviewer’s comment: Allergic reactions are already labeled for all insulin products and 
should be included in the Tresiba and Ryzodeg 70/30 labels. 
 
Review of post-marketing reports related to development of immune reactions revealed a few 
cases of an immune effect apparently related to IDeg use.  In particular there was one case 
reported of an anaphylactic reaction to IDeg in a 68 year old man with T2DM who developed 
angioedema, urticaria and dyspnea, 48 hours after start of IDeg, with recovery after 
discontinuation of IDeg and symptom management.  
 
There are also a few post-marketing reports of patients developing positive “anti-insulin 
antibody.”  However, none of the reports are sufficient to provide any meaningful information 
with regard to the immunogenic potential and consequences of IDeg treatment. For example, in 
some reports it is unclear if the patient developed hypo- or hyperglycemia.  Further, in one post-
marketing report, a patient developed insulin antibodies a year prior to treatment with Tresiba, 
with documented labile glycemic control in the setting of pancreatitis. However, this patient is 
not documented as having labile glycemic control after switching to Tresiba.  
 

7.5 Other Safety Explorations 

Sections 7.5.1-7.5.560 are omitted in this review.  The Safety Update does not provide additional 
information to inform the Safety profile of IDeg or IDegAsp with regard to these sections. 
Furthermore, these sections have been previously reviewed by Dr. Calis in the first NDA review 

                                            
60 sections omitted include: 7.5.1 Dose Dependency for Adverse Events; 7.5.2 Time Dependency for Adverse 
Events; 7.5.3 Drug-Demographic Interactions; 7.5.4 Drug-Disease Interactions; 7.5.5 Drug-Drug Interactions  
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and there are no concerning findings from these sections. 

7.6 Additional Safety Evaluations 

7.6.1 Human Carcinogenicity 

See section 7.3.5 Submission Specific Primary Safety Concerns for review of neoplasms. 

7.6.2 Human Reproduction and Pregnancy Data 

A total of 18 pregnancies have been reported in the IDeg program (10 in the IDeg group, 2 in the 
IDeg/IGlar and IGlar/IDeg groups in Trial 3943 and 5 in the comparator group) and 1 in the 
ongoing Trial 3995.  In total, there are 8 reported miscarriages/elective abortions and 7 reported 
healthy infants.  Maternal complications included post-partum cardiomyopathy in one patient.  
Infant complications included jaundice, diagnosed after birth (in one infant) and 2-5 weeks after 
birth, in another infant.   Of the infants delivered, 2 were delivered via C-section (one of which 
was an emergency C-section).  
 
Since the ISS, 5 additional pregnancies (3 with IDeg, 2 with IDeg/IGlar and IGlar/IDeg and 1 
blinded) have been reported (these pregnancies are highlighted in yellow in Table 34). 
 
Postmarketing reports on pregnancies do not add further to the safety profile of this application 
with the exception of 1 report in a 36 year old woman, from Japan, with history of T2DM, 
toxemia of pregnancy (7 years ago),   who was on Tresiba during her pregnancy.  During the 7th 
month of pregnancy, the patient was hospitalized due to threatened labor.  The patient was 
hospitalized and gave birth in the 39th week of pregnancy.  No information regarding the post-
partum health of the mother or infant is provided.  
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Table 34- Pregnancies reported in completed and ongoing trials with IDeg as of 30 September 2014 

 
Source: Safety Update, Appendix 4.1, page 26-27, Table 4-1 
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IDegAsp 
A total of 6 pregnancies (4 in IDegAsp and 2 in comparator group) have been reported in the 
IDegAsp trials.  Since the ISS, one additional pregnancy was reported for IDegAsp trials.  
However there is no follow up information available in this patient as she was lost to follow up.  
 
Reviewer’s comment: There is no obvious safety signal related to either maternal or infant 
adverse events with IDeg or IDegAsp that can be discerned with the limited data available.  
 

7.6.3 Pediatrics and Assessment of Effects on Growth 

In correspondence with the Division, the Sponsor was asked to include important safety 
parameters (deaths, SAEs, SUSARs, AE leading to withdrawal, hypoglycemia) from the 
pediatric program that could inform overall safety of IDeg in the safety update.  The Sponsor 
provided this data from the pediatric Trial 3561.  This is the only pediatric trial that has been 
completed as of the Safety Update cut-off date.   
 
Trial 3561, was a 26-week, multinational, multicenter, open-labelled, randomized, parallel, 
efficacy and safety trial comparing IDeg OD and insulin detemir (IDet) OD or twice daily (BID) 
in children and adolescents 1 to less than 18 years with T1DM on a basal-bolus regimen with 
insulin aspart (IAsp) as mealtime insulin, followed by a 26-week extension part investigating 
long-term safety. Table 35 Shows all the AEs reported in the trial.  
  
Table 35 – Summary of AE – all subjects- Pediatric Trial 3561 main + Extension part – IDeg vs. comparator – safety 
analysis set 

 
Source: Safety Update, table 2-72, page 154, modified Table 2-72 
 
There were no deaths reported in this trial.  
 
SAEs 
Table 36 shows the SAEs in the pediatric trial.  Overall, the most common SOC in the IDeg 
group was ‘Metabolism and nutrition’ in the IDeg group, with ‘Hypoglycemia’ as the highest PT 
in this category (4.3 events per 100 PYE in the IDeg group vs. 1.4 events per 100 PYE in the 
comparator group).   
 
The highest SOC SAE in the Comparator group was   ‘Infections and infestations’ with an event 

Reference ID: 3813418



Clinical Review 
Tania Condarco M.D. 
NDAs: 203314 and 203313, resubmission 
Insulin degludec (Tresiba) and Insulin degludec/aspart 70/30 (Ryzodeg 70/30) 

 

76 

rate in the IDeg group of 3.1 events per 100 PYE vs. 4.7 events per 100 PYE in the comparator 
group. 
 
Reviewer’s comment: The findings of a numerically higher incidence of hypoglycemia (as 
an SAE) in the IDeg vs. comparator group in this pediatric population, is similar to the 
findings in the Adult trials, per the first cycle review. 
 
Three patients (all in the comparator group) withdrew due to AE.  Reasons for withdrawal 
included using insulin aspart instead of Levemir, ‘anxiety disorder’ and ‘hypoglycemic seizure.’ 
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Table 36 – SAE by SOC and PT- treatment emergent – summary- trial NN1250-3561- main-ext- safety analysis set 

 
Source, Safety Update, Appendix 1.9, page 29,Table 6 
 
Hypoglycemia  
Evaluation of hypoglycemia in this population was based on the following definition of severe 
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hypoglycemia from ISPAD61: 
 
‘The child has altered mental status and cannot assist in his own care, is semiconscious or 
unconscious, or in coma ± convulsions and may require parenteral therapy (glucagon or i.v. 
glucose)’. 
 

Hypoglycemic episodes were defined as treatment-emergent if the onset of the episode was on or 

after the first day of investigational product and no later than 7 days after the last day of trial 

treatment. Hypoglycemic episodes were defined as nocturnal if the time of onset was between 

23:00-7:00 hours (both included). See  
Table 37 for hypoglycemia data in this study.  
 

Table 37 – Hypoglycemic episodes – treatment-emergent- Trial 3561 main + extension – summary Safety analysis set 

 
source: Safety Update, page 156, Table 2-73 
 
 
Reviewer’s comment:  The overall exposure adjusted event rate of severe hypoglycemia is 
higher in the IDeg vs. IDet group (51 vs. 33 events per 100 PYE).  The higher incidence of 
hypoglycemia persists when analyzed across other definitions (i.e. documented 
symptomatic and confirmed).   These findings are consistent with the findings of SAE 
related to hypoglycemia.   
 
Hypoglycemia is a known and expected safety risk for all insulins including IDeg. The 
findings in this pediatric study do not provide additional safety findings (not already 
identified in the adult studies in the Safety Update).  

                                            
61 ISPAD Clinical Practice Consensus Guidelines, 2009. 
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7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound 

Insulin products are not known to have potential for drug abuse.  There are no withdrawal or 
rebound effects observed.  

7.7 Additional Submissions / Safety Issues  

IDegLira 
IDegLira is a fixed-ratio injection of liraglutide (a GLP-1 analogue) and IDeg under IND 
development.   In correspondence with the Sponsor, the Division asked for safety data from the 
combination product, IDegLira program that could inform overall safety of IDeg.  The IDegLira 
trials are not part of the clinical development program for IDeg.  Because of the components of 
IDegLira are different than that of IDeg and IDegAsp, these trials are not pooled in the Safety 
Update, but rather presented separately from the IDeg and IDegAsp studies.  The IDegLira trials 
results are presented for each individual trial, below.  
 
At the time of the cut-off date for the Safety Update, 4 phase 3 trials with IDegLira were 
completed, and 2 phase 3 trials were ongoing.  A brief overview of these trials is presented in 
Table 38 and Table 39. 
 
Table 38– Overview of Completed Phase 3 trials with IDegLira as of 30 September 2014 

 
Trial ID Type of 

subjects 
Duration 
(main + 
extension) 
(weeks) 

Phase 
Status 

Design 
Randomized 
(IDegLira : 
Comp) 

Test drug Comparator Exposed subjects 

3697 T2DM 
(insulin- 
naïve) 

26 + 26 
weeks 

3a Parallel (2:1:1) IDegLira + Metformin 
± pioglitazone 

IDeg + Metformin ± 
pioglitazone 
Lira + Metformin ± 
pioglitazone 

IDegLira: 826 
IDeg: 413 
Lira: 413 

3912 T2DM, 
(insulin- 
treated) 

26 weeks 3a Parallel (1:1) IDegLira + Metformin IDeg + Metformin IDegLira: 207 
IDeg: 206 

3851 T2DM 
(insulin 
naïve, 
switch 
from GLP- 
1) 

26 weeks 3b Parallel (2:1) IDegLira + Metformin 
± pioglitazone ± SU 

GLP-1 + Metformin ± 
pioglitazone ± SU 

IDegLira: 291 
GLP-1: 145 

3951 T2DM 
(insulin 
naïve, add- 
on to SU) 

26 weeks 3b Parallel (2:1) IDegLira + SU ± 
Metformin 

Placebo + SU ± 
Metformin 

IDegLira: 288 
Placebo: 146 

Abbreviations: comp.: comparator; IDeg: insulin degludec; GLP-1: glucagon-like peptide -1; IDegLira: insulin degludec/liraglutide; 
Lira: liraglutide; SU: sulphonylurea; T2DM: type 2 diabetes mellitus; TZD: thiazolidinedione. 

Source: Safety Update, Appendix 1.10, page 3, Table 1  
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Table 39 – Ongoing Phase 3 trials with IDegLira as of 30 September 2014 

 
 
 
 

Trial ID Patients 
(number) 

Duration Trial design FPFV Planned 
LPLV 

3952 
(Global 3b) 

T2DM, 
(insulin 
treated) 
N: 554 

26 weeks IDegLira + Metformin vs IGlar + Metformin 
(1:1) randomized, open-label, parallel group 

20 Sep 
2013 

28 Oct 
2014 

4119 
(Global 3b) 

T2DM 
(insulin 
treated) 
N: 

26 weeks IDegLira ≤ 80 dose steps + Metformin vs 
IDegLira ≤ 50 dose steps + Metformin + IAsp 
(1:1) randomized, open-label, parallel group 

03 Apr 
2014 

28 Apr 
2015 

Source: Safety Update, Appendix 1.10, page 4, Table 2 
 
A summary of the safety data in the IDegLira completed phase 3 trials is shown in Table 40. 
 
Overall, the findings in the presented safety results of the IDegLira completed trials are 
consistent with the overall safety findings of the IDeg program.  Slight differences from these 
findings are seen in trials NN9068-3851and NN9068-3951, where the event rate for documented 
symptomatic hypoglycemia and SAEs in the IDegLira group vs. comparators is larger. 
Evaluation of SAEs in these trials revealed relatively few patients that experienced a broad 
distribution of SAEs, spanning multiple PT terms and SOCs.  Differences in hypoglycemia in 
these two trials are likely due to the addition of insulin to a regimen containing a sulfonylurea (in 
both trials), rather than a safety findings specific to IDeg. 
 
In summary, the safety findings from the ongoing IDegLira trials were similar to those reported 
in the completed IDegLira trials and do not change the overall safety findings of IDeg.  
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Table 40 – Safety data in IDegLira trials- treatment-emergent- completed phase 3 trials- all subjects – IDeg vs. 
comparator- summary – safety analysis set 

 
Source: Safety Update, page 159, table 2-74 

DEVOTE 
 
The Sponsor submitted interim results from a dedicated CVOT (DEVOTE trial; EX1250–4080) 
to fulfill the requirements of the CRL pertaining to assessing cardiovascular risk.  The CRL was 
issued due to a signal of increased CV risk with IDeg and IDegAsp in phase 3 programs. The 
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increased CV risk was identified from Phase 3 trials with adjudicated events of MACE (which 
included unstable angina). However, the phase 3 programs of IDeg and IDegAsp were not 
designed specifically to assess the CV safety of the insulin. Most trials were of short duration, 
the treated populations included patients with T1DM and T2DM with a low to moderate risk for 
CV events, and the focus was on achieving equivalent glycemic control between arms in open-
label trials. 
 
DEVOTE was designed as a head to head comparison of IDeg vs. IGlar (Lantus), to provide 
definitive standalone evidence of the CV safety of IDeg.   
 
Study DEVOTE trial; EX1250–4080 
Title: DEVOTE: A trial comparing cardiovascular safety of insulin degludec versus insulin 
glargine in subjects with type 2 diabetes at high risk of cardiovascular events (Interim Clinical  
Trial Report) 
 
Development Phase: 3b 
Sites: 435 sites in 20 countries as follows: 
Algeria: 6 sites; Argentina: 4 sites; Brazil: 10 sites; Canada: 6 sites; Croatia: 5 sites; Greece: 6 
sites; India: 26 sites; Italy: 10 sites; Japan: 7 sites; Republic of Korea: 4 sites; Malaysia: 
8 sites; Mexico: 7 sites; Poland: 8 sites; Romania: 4 sites; Russian Federations: 20 sites; South 
Africa: 15 sites; Spain: 6 sites; Thailand: 6 sites; United Kingdom: 8 sites; United States: 
269 sites. 
 
Dates conducted:  29 October 2013- ongoing 

Interim report: 19 January 2015 (150 Event Adjudication Committee-
confirmed first (MACE)) 
Protocol deviations cut-off: 23 January 2015  

Study Purpose: 
Primary objective: To confirm the CV safety of IDeg compared to that of IGlar. 
Secondary objectives: To assess efficacy of IDeg on markers of glycemic control and to assess 
safety on other parameters in subjects with T2DM at high risk of CV events. 
 
Design: Multi-center, multi-national, randomized, double blind, parallel group, controlled trial to 
confirm CV safety of IDeg compared to IGlar when added to standard of care in male and female 
subjects with T2DM at high risk of CV events. 
 
Subjects randomized 1:1 in a double blinded manner to receive either IDeg or IGlar 
 
Subjects:  
It is planned to randomize 7,500 subjects. 
Inclusion criteria 

• Informed consent obtained before any trial-related activities  
• Type 2 diabetes 
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• HbA1c62 ≥ 7.0 % or HbA1c < 7.0 % and current insulin treatment corresponding to ≥ 20 
U/day of basal insulin 

• Current treatment with one or more oral or injectable antidiabetic agent(s) 
• Age ≥ 50 years at screening and at least one of the below conditions: 

o prior myocardial infarction 
o prior stroke or prior transient ischemic attack (TIA) 
o prior coronary, carotid or peripheral arterial revascularization 
o > 50% stenosis on angiography or other imaging of coronary, carotid or lower 

extremity arteries 
o history of symptomatic coronary heart disease documented by positive exercise 

stress test or any cardiac imaging, or unstable angina pectoris with ECG changes 
o asymptomatic cardiac ischemia documented by positive nuclear imaging test or 

exercise test or dobutamine stress echo 
o chronic heart failure NYHA class II-III 
o chronic kidney disease corresponding to glomerular filtration rate 30 - 59 

mL/min/1.73m2 per CKD-Epi 
• or 

o Age ≥ 60 years at screening and at least one of the below risk factors: 
o microalbuminuria or proteinuria63 
o hypertension and left ventricular hypertrophy by ECG or imaging 
o left ventricular systolic and diastolic dysfunction by imaging 
o ankle/brachial index < 0.9 

Exclusion criteria 
• An acute coronary or cerebrovascular event in the previous 60 days 
• Planned coronary, carotid or peripheral artery revascularization 
• Chronic heart failure NYHA class IV 
• Current hemodialysis or peritoneal dialysis or eGFR < 30 mL/min/1.73 m2 per CKD-Epi 
• End stage liver disease, defined as the presence of acute or chronic liver disease and 

recent history of one or more of the following: ascites, encephalopathy, variceal bleeding, 
bilirubin ≥ 2.0 mg/dL, albumin level ≤ 3.5 g/dL, prothrombin time ≥ 4 seconds 
prolonged, international normalized ratio (INR) ≥ 1.7 or prior liver transplant 

• Known or suspected hypersensitivity to trial products or related products 
• Female of child-bearing potential who is pregnant, breast-feeding or intends to become 

pregnant or is not using adequate contraceptive methods as required by local law or 
practice 

• Expected simultaneous participation in any other clinical trial of an investigational 

                                            
62 The most recent available HbA1c should be used. Only HbA1c measured within the last 3 months can be used.  

HbA1c measured at a laboratory or by health care professional can be used.  
63 Local guidelines for diagnosis of microalbuminura can be used. Otherwise, commonly accepted guidelines in the 
following article may be used: Basi S, Fesler P, Mimran A, Lewis JB. Microalbuminuria in type 2 diabetes and 
hypertension: a marker, treatment target, or innocent bystander? Diabetes Care 2008; 31 Suppl 2:S194-S201. 
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medicinal product. Participation in a clinical trial with stent(s) is allowed. 
• Receipt of any investigational medicinal product within 30 days before randomisation. 

Brazil: Receipt of any investigational medicinal product within one year before 
randomisation unless there is a direct benefit to the subject at the investigator´s  
discretion 

• Current or past (within the last 5 years) malignant neoplasms (except basal cell and 
squamous cell skin carcinoma) 

• Any condition that in the investigator's opinion would make the subject unable to adhere 
to the initial trial visit schedule and procedures 

 
In order to secure a trial population with sufficient overall cardiovascular risk, randomisation of 
subjects with risk factors will be stopped when 1,500 of these subjects have been randomized.  
 
Reviewer’s comment: The Agency agreed that individuals with established type 2 diabetes 
who are at high risk for cardiovascular events were appropriate for the CV outcome trial.   
In particular, the trial population should reflect the population of patients for whom 
degludec is intended (i.e. ~70% should have inadequate glycemic control despite multiple 
antihyperglycemic agents).   Furthermore, in order to have adequate exposure to degludec, 
it was recommended that subjects who require a minimum 20 units of insulin per day 
should be enrolled.  
 
Study Procedures and visits: 
There will be an 18-month recruitment period. Treatment duration for a subject is planned to be 
between 42 and 59 months, depending on time-point of recruitment during the 18-month 
recruitment period and the accrual of adjudicated MACEs. The trial will be event-driven and will 
be continued until a pre-specified number of 633 positively adjudicated first MACEs are 
collected. After at least 150 positively adjudicated events are collected, an interim analysis will 
be performed to assess the preliminary non-inferiority of IDeg to IGlar for the primary endpoint.   
 

See below for a brief summary of the visit types and procedures.   

• screening up to 2 weeks 
o patients given a subject number.  Informed consent, demography, history and 

physical are performed.  
• treatment up to 59 months 

o subjects attend study site at one and two weeks after randomisation, and every 
month during the first 6 months. Thereafter patients attend the site every third 
month, and have monthly phone contacts with the investigator between the site 
visits (monthly). At each contact with site staff, the patient is asked about AEs.  

o Laboratories will be collected at prespecified intervals 
o For women who are of child bearing potential, at the discretion of the 

investigator, a pregnancy test is performed at screening and repeated at end of 
treatment and if a menstrual period is missed.  

• post treatment follow-up period 30 days 
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• Pre-breakfast SMPG 
• Investigational product dose 
• Blood pressure and pulse rate 
• Lipids 
• Weight and body mass index 
• Renal function, eGFR (estimated glomerular filtration rate) by CKD-Epi (chronic kidney 
• disease epidemiology collaboration)6 
• Bolus insulin dose (only end of treatment) 

Safety: 
Safety data collected in the trial was limited to SAEs, events associated with drug 
discontinuation, and medication errors leading to an SAE.  Non-serious AEs and non-severe 
hypoglycemic episodes were only systematically reported in Japanese subjects as requested by 
Japanese authorities.  
 
For the purposes of the safety endpoint in the interim analysis the following assessments were 
included: 
 
CV events 

• MACE: 
o CV death 
o Non-fatal myocardial infarction 
o Non-fatal stroke 

• Unstable angina pectoris (UAP) requiring hospitalization 
• Fatal events 
• SAEs 

o All SAEs 
o Medication errors leading to an SAE 

• Episodes of severe hypoglycemia 
• AEs leading to discontinuation of investigational product 
• Technical complaints related to AEs 

 
AEs of potential MACE, UAP requiring hospitalization, deaths and episodes of severe 
hypoglycemia were adjudicated and evaluated by the EAC in an independent and blinded 
manner. All neoplasms reported as SAEs were sent for blinded external expert classification (see 
section below). 
 
Data integrity 
The SAP discusses the interim analysis planned to take place when at least 150 fist MACEs have 
been positively adjudicated. A data access management plan (DAMP) describes the operational 
set up of the interim analysis.  
 
The interim report from the DEVOTE trial includes both blinded and unblinded data as described 
in Table 43.  Although this table notes the components that are blinded and unblinded, some of 
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the components will only by unblinded if combined with information from other listings and 
treatment codes (i.e. although the datasets for SAEs and deaths were unblinded, the narratives for 
these events remained blinded).  
Table 43 - DEVOTE - Overview of unblinded and blinded components for interim report 

 
Source: DAMP, page 7 
 
Reviewer’s comment: The above listed unblinded and blinded components are overall in 
agreement with prior Division advise that because of the firewalls in place, subject-level 
datasets for [(1) Demographics and other baseline risk factors; (2) Patient disposition 
including reason of premature treatment discontinuation; (3) Adverse events; (4) Time to 
event dataset for MACE, including randomization date, treatment start date, treatment 
end date, date of MACE, and last direct contact date] should be provided in an unblinded 
fashion which includes unique subject ID in each dataset. 
 
The maintenance of data integrity of an ongoing blinded trial, for which unblinding of interim 
results is needed, is essential.  It is generally accepted that unblinding of results of an ongoing 
trial may substantially bias the final statistical conclusion and the conduct of the study64.   The 
Sponsor has instituted rigorous measures in order to maintain the trial blinded. The following 
paragraphs describe the measures the Sponsor set up to maintain data integrity. 
 
The sponsor set up ‘firewalls’ to protect the confidentiality of the interim results.  As part of 
these firewalls is the creation of the Interim DEVOTE Reporting Team (IDRT).  Members of the 
IDRT are located in a facility separate from the rest of the Degludec organization (with the 
exception of the publishers, who serve a technical role). Publishers are seated with IDRT only 

                                            
64 Confidentiality of Interim Results in Cardiovascular (CV) Outcomes Safety Trials; Part 15 - PUBLIC HEARING 
BEFORE THE COMMISSIONER; Request for Comments. August 11, 2014, FDA White Oak Campus, Bldg. 31, 
The Great Room, Silver Spring, MD. 
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when publishing the submission documents and filing of the NDA containing unblinded results 
to the FDA.  The physical separation of the IDRT will be lifted after the FDA’s decision 
regarding the IDeg and IDegAsp resubmission. However, confidentiality of the unblinded data 
will be maintained until completion of the DEVOTE trial and release of final results. Once 
unblinded, members of the IDRT no longer report into the part of the Novo Nordisk project 
organization working with trials in the Degludec portfolio, nor will they participate in 
operational or strategic activities or decision making related to the conduct of the DEVOTE trial 
until DBL for the completed trial. 
 
The only member that was mentioned as involved in both blinded and unblinded components of 
the trial is Alan Moses. He was part of the steering committee (blinded) and later the IDRT 
(unblinded). Per the DAMP, Dr. Moses was designated to gain knowledge of unblinded interim 
results.  Per an information request to the Sponsor, it was verified that Dr. Moses was removed 
from the steering committee three months prior to receiving access to unblinded results.    
 
No changes to the trial design or conduct are allowed based on the results of the interim analysis. 
Furthermore, the protocol cannot be amended following the interim DBL unless decided 
unanimously by the blinded steering committee.  
 
See Table 44 for the blinding status and committee responsibility in the DEVOTE trial.  
 
Table 44 - DEVOTE committees 

Committees blinding status of 
group 

responsibilities 

DMC1 semi-blinded5 DMC received semi-blinded data from  and has access to 
unblinded data if deemed necessary for evaluation of the safety 
profile. The DMC received the unblinded statistical output 
from SCI after the database lock (DBL) for the interim 
analysis.  

• Perform regular scheduled review of safety data in the 
EX1250-4080 trial 

• Perform unscheduled data reviews of unexpected 
adverse outcomes, as needed 

• Assist the internal NN degludec safety committee by 
providing expert evaluation of safety information. 

• Assess data quality, including completeness e.g. 
adjudication status. 

• Monitor recruitment figures and losses to follow-up 
• Recommend, at predefined intervals, as specified in 

the protocol, to NN whether to continue, modify or 
terminate the trial. 

• Advise on protocol modifications suggested by the 
steering committee or sponsors (e.g. to 
inclusion criteria, trial endpoints, or sample size) 

• Monitor compliance with previous DMC 
recommendations 

• Consider the ethical implications of recommendations 
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• Provide formal and informal advice, discussion, and 
troubleshooting for all personnel involved in the trial, 
including NN. 

• in case a member is designated to gain knowledge of 
unblinded interim results he/she will be removed from 
the committee in advance and will no longer provide 
input to the conduct of the trial (applies to Alan 
Moses, senior management). 

event adjudication 
committee (EAC) 4 

blinded • performs on-going adjudication, standardization and 
assessment of fatal events, acute coronary syndrome, 
stroke, severe hypoglycemia 

• ensures that each event is not positively adjudicated 
more than once as part of a multiple events assessment 

• re- review 10% of all events as quality control 
• does NOT have authorization to impact trial conduct, 

trial protocol and amendments 
• EAC analysis will be analyzed by DMC 

Event Adjudication Group 
(NN-EAG) 

 • identification of events qualifying for adjudication via 
predefined screening of preferred terms (PT) 

Novo Nordisk insulin 
titration group 

blinded • surveillance of insulin titration  

 group blinded • manages the collection of relevant information from 
clinical trial sites for adjudicated events and ensures 
that it is blinded before forwarding to EAC 

Safety Surveillance Global 
Safety 

blinded • inform the internal NN safety committee the 
recommendations of the DMC 

1 made up of cardiology (one from U.S. and one from Europe), endocrinology, neurology, and statistics and an 
external statistician from  Shall be independent of Novo Nordisk A/S.  They shall be free of financial interest 
that could substantially affect the outcome of the trial 

2 made up by representatives from Medical and Science (Clinical Development), Regulatory Affairs, Safety 
Surveillance, Biostatistics, Medical Writing, as well as Publishing, senior personnel responsible for scientific 
guidance, review and approval of the documents. They are bound by restrictive CDAs describing obligation to 
reserve strict confidentiality 
3Chaired by Global Safety NN 
4made up of 10 specialists: cardiologist, neurologists and endocrinologist.  Members must disclose potential 
conflicts of interest.  Members must be free of financial interest that could affect the trial. contracted by CRO, 

 
5Data reports will be presented in semi-unblinded format (e.g., Group A, Group B). The DMC may request that the 
treatment assignments be unblinded during their closed session, at their discretion. During the open sessions data 
summaries will only be presented in an aggregated format with no treatment group identifiers. 
 
 
In order to better understand the communication between the blinded and unblinded parties and 
their contact with the DMC, the reviewer asked the Sponsor to provide a schema (Figure 6) of 
communications between these groups.   
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adjudication  
• EAC identifies unreported adjudicable events from forwarded source documentation 
• Selected fatal events are sent for hypoglycemia adjudication if potentially related to 

severe hypoglycemia for the following classification of ‘cause of death’: 
o ‘sudden cardiac death’ (CV death) 
o  non-CV deaths caused by ‘trauma’, ‘non-prescription drug reaction or overdose’, 

’prescription drug reaction or overdose’, ‘neurological (non-CV)’, ‘other non-CV’ 
and deaths with an ‘undetermined cause’  

 
Figure 8 – DEVOTE – event adjudication scheme 

 
source: EX1250-4080 EAC charter final version 3, page 12 
 
EAC process 

 assigned 2 EAC members of the appropriate specialty for review. The 
Adjudicators perform an independent review using definitions show in Table 48.  If the two 

                                                                                                                                             
monitoring. The centralized analyses ensures complete control of the reporting format and the investigators benefit 
from the ease of recording and transmitting ECGs through the ECG machine ELI 250. Upon completion of an ECG, 
data are transmitted by digital transmission, using the ELI 250 ECG machine, to a central reader (cardiologist) from 

  

Reference ID: 3813418

(b) (4)

(b) (4)



Clinical Review 
Tania Condarco M.D. 
NDAs: 203314 and 203313, resubmission 
Insulin degludec (Tresiba) and Insulin degludec/aspart 70/30 (Ryzodeg 70/30) 

 

95 

initial reviewers are in agreement, the event is considered confirmed.  If there is disagreement, 
then the reviewers would access each other’s adjudication form and discuss the event and have 
the ability to change their decision.  If there is still disagreement, a Phase 2 (committee) meeting 
with the second reviewers (which may or may not be the original reviewers) and the chair is 
held.  At the conclusion of the Phase 2 meeting the Chair and the adjudicators discuss and decide 
on a solution based on the cause of discrepancy.  The Chair documents the final consensus 
decision.  
 
In order to ensure consistency of the adjudication outcome, 10% of all adjudicated events are 
subjected to a quality control process.  The events are selected by  semi randomly for re-
review.   
 
All Events confirmed as CV death/unknown/undetermined cause of death, non-fatal myocardial 
infarction, and non-fatal stroke are considered MACE.  
 
Statistical Methods: 
Multiplicity issues: 
For the purposes of the interim analysis, since the interim analysis is made with respect to a 
different criterion (to rule out a hazard ratio of 1.8) than the final evaluation of the trial (to rule 
out a hazard ratio of 1.3), and since the outcome of the interim analysis has no impact on the 
continuation of the trial (no early stopping), no adjustment of the alpha level for the statistical 
test in the final evaluation is necessary. 
 
Sample size calculation: 
The sample size is based on the number of first MACE in the FAS. Calculations based on a log-
rank test show that a total of 633 first MACEs will provide 91% power to rule out hazard ratios 
exceeding 1.3, assuming a true hazard ratio (HR) of 1.0. Furthermore, a total of 150 first MACEs 
will provide 95% power to rule out hazard ratios exceeding 1.8 assuming a true hazard ratio of 
1.0 in the interim analysis.  All analyses were performed using the FAS comprising all 
randomized subjects. Subjects were censored at last direct contact prior to the DBL date for the 
interim analysis. 
 
Reviewer’s comment: The Agency agreed that the Sponsor perform an interim analysis 
after 150 adjudicated MACE events were captured.  
 
Primary interim analysis: 
The primary endpoint was presented descriptively in a Kaplan-Meier plot according to treatment 
group (IDeg versus IGlar) and analyzed using a Cox proportional hazard approach with 
treatment group as factor using the FAS. The HR and the corresponding two-sided 95% 
confidence interval were estimated. MACEs occurring after a subject’s first MACE did not 
contribute to the Cox analysis. The analysis was considered confirmatory. 
 
Non-inferiority of IDeg to IGlar was considered to be confirmed if the upper limit of the two-
sided 95% confidence interval for the HR is below 1.8 or equivalent if the p-value for the one-
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sided test of H0: HR >= 1.8 against Ha:HR<1.8, is less than 2.5%. 
 
Reviewer’s comment: In December 2008, the FDA issued a Guidance on evaluation of 
cardiovascular risk in drug products for the treatment of type 2 diabetes.66 This guidance 
allowed for new anti-diabetic therapies to exclude two different thresholds of 
cardiovascular risk, in order to assure timely availability of these therapies while ensuring 
acceptable CV risk.  The guidance defined the margins as the upper bound of the two sided 
95% confidence interval for the estimated risk ratio of important CV events between the 
investigational agent and control group being less than 1.8 pre-marketing and 1.3 
postmarketing.  
 
In communications with the Sponsor, the FDA’s recommendations were in accordance with 
the above guidance.  
 
 
Sensitivity analysis: 
3 sensitivity analyses to evaluate the primary endpoint will be done: 

• cox regression model sensitivity analysis will be performed made up of the sum of all 
positively adjudicated first events of the primary analysis and all first events qualified for 
adjudication at the date of database lock and not yet adjudicated (i.e., events from 
investigator, ECG identified events, PT identified terms as well as adjudicated events) 

• 2 cox regression analysis will be performed on the FAS one using events while subjects 
are on randomized treatment the second analysis will be “on-treatment+30 days”  

o Analysis on events occurring while subjects are on-treatment. Analyses will 
include first MACE if event occurs while patients are on randomized treatment. 
Patients randomized but not exposed to IMP are censored.  

 
Analyses of secondary endpoints 
All secondary endpoints were summarized using the FAS. Safety and baseline data were 
summarized descriptively and presented unblinded by treatment group. Categorical baseline 
variables were summarized as number and proportion of subjects (%) according to treatment 
group (IDeg and IGlar).  
 
Efficacy endpoints (HbA1c and FPG) and doses of basal and bolus insulin were evaluated pooled 
across treatments 
 
Safety endpoints 
The following types of events were defined as safety endpoints: 

• Number of serious adverse events (SAEs) 
• Time from randomisation to all-cause deaths 

                                            
66 Guidance is titled: Diabetes Mellitus- evaluating Cardiovascular Risk in New Antidiabetic Therapies to Treat 
Type 2 Diabetes  
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• Number of positively adjudicated severe hypoglycemia 
• Number of positively adjudicated unstable angina pectoris requiring hospitalization 
• Number of adverse events (AEs) leading to discontinuation of investigational product 
• Number of medication errors leading to SAEs 
• Number of technical complaints related to AEs 

Efficacy endpoints 
The following efficacy endpoints were presented blinded and summarized pooled across 
treatment groups: 
Change from baseline to the last assessment in: 

• HbA1c (central laboratory) 
• FPG (central laboratory) 
• Investigational product dose 

All secondary endpoints were summarized using the FAS. 
 
Missing data: 
To minimize missing data, investigators were encouraged to make every effort to ascertain health 
status with focus on vital status and MACE-related events for all subjects.  Health status should 
be determined directly from subject whenever possible. Alternatively, status from the subject’s 
primary physician or other health care professionals, family members and/or others, or by 
searching national registries and death indices, if available and where permissible by regulations. 
 

Temporary or permanent discontinuation of treatment with IMP will not lead to withdrawal from 

the trial.  

 
Reviewer’s comment: In prior communications, the Sponsor was encouraged to follow all 
subjects for the duration of the trial even after they discontinued the randomized 
treatment.  

DEVOTE CV Analysis 
In this review I summarize the results provided by the Sponsor. The Agency statistical review 
confirmed the Sponsor’s results. The results of the Agency statistical review will be discussed in 
the CDTL memo. 
 
Per the Sponsor, the IDeg and IGlar treatment arms were well-matched with regard to baseline 
demographics and disease characteristics including established CV disease67 for those age>=50 
and age >=60. Of the total 7638 patients, 5208 (68.2%) were from sites in the U.S. The mean age 
at baseline was 65 years. At the cut-off for the interim analysis, the total Patient Year 
Observation (PYO)68 was 3739 years, the time in trial ranged up to 14.5 months, with a median 

                                            
67 As defined by the inclusion criteria for the trial. 
68 For each patient, ‘Total years in trial’ (PYO) was defined as [((Withdrawal date/Death date/Interim 
date - Randomisation date) + 1) / 365.25]. If withdrawal date is missing then death date is taken and 
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IDeg 
As of September 30, 2014, IDeg (marketed as Tresiba) has been approved in 55 countries and 
marketed in 20 countries.  In these countries, IDeg is indicated as once-daily subcutaneous 
administration for treatment of adult patients with T1DM or T2DM.  
 
Serious Adverse Drug  Reactions: 
A total of 1,280 adverse drug reactions (ADRs) were received from 758 case reports in 
connection with use of degludec (Tresiba) until September 30, 2014.  Of these reports, 245 of the 
ADRs (19.1%) were serious.  Serious ADRs are depicted in Table 46. The majority of the ADRs 
were reported the Metabolism and nutrition SOC under the hypoglycemia  PT (63 ADRs, 
25.7%).  The second most frequent SOC was Nervous system disorder (cumulatively 70 serious 
ADRs; 28.5%) with hypoglycemic unconsciousness reported as the most common PT (9.9%). 
 
 
Table 46 -  Proportion of serious ADRs by SOC in connection with use of Tresiba (cumulative) 

 
Source: Safety Update, page 170, figure 6-1 
 

Fatal cases 
There were 10 fatal cases reported postmarketing.  Five of these deaths were reported in Japan 
(where Degludec is approved for marketing).   

• 2 cases of acute coronary syndrome 
• 1 case of intestinal obstruction that was preceded by aspiration pneumonia secondary to 

severe hypoglycemia from prescription error (injecting Tresiba 3 times a day instead of 
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rapid acting insulin),  
• 1 case unexplained cause of death, patient was found dead 
• 1 case of recurrent pneumonia and heart failure 
• 2 cases of ‘aspiration’ pneumonia: 1 occurring 3-4 days after myocardial infarction, a 

second case in a patient receiving tube feeds-- Tresiba was discontinued 2 days before the 
patient died.  

• 1 case of severe hypoglycemia 
• 2 cases of malignant neoplasms (1 described as ‘Neoplasm malignant’, 1 described as 

‘pancreatic carcinoma recurrent’) 

 
 
Reviewer’s comment: Review of the postmarketing narratives, with the exception of the 
case of severe hypoglycemia, suggest alternative etiology (than IDeg use), for the cause of 
death.  The findings in the death data do not change my evaluation of the safety assessment 
for IDeg.  
 
Medication errors: 
 
No ADRs related to mix-ups between Tresiba 100 units/mL and Tresiba 200 units/mL have been 
reported. One non-valid case (no patient identifier reported) was received by a healthcare 
professional regarding a patient who was prescribed Tresiba 200 units/mL at the hospital but at 
the first repeat of prescription by the general practitioner, Tresiba 100 units/mL was prescribed 
in error. However, the patient was able to use the dose counter correctly and injected the correct 
dose. 
 
Use in children: 
Use of IDeg in children and adolescents is not currently approved in EU and US, but a 52-week 
trial including pediatric subjects aged 1−17 years has been completed and a variation application 
for pediatric use has been filed in the EU. 

IDegAsp 
As of September 30, 2013 IDegAsp is approved in 46 countries.  Cumulatively, 12 spontaneous 
adverse drug reactions in five patients were reported.  All cases were non-serious.  There was no 
case report of fatal outcome with use of IDegAsp.  Review of the narratives, revealed an overall 
scarcity of information to determine any causality.  Overall there was no obvious cluster of 
etiology identified for the adverse drug reactions reported.   
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9 Appendices 

Clinical Investigator Financial Disclosure 

Review Template 
 
Application Number:  203313 and 203314 
Submission Date(s):  26 March 2015 
Applicant:  Novo Nordisk 
Product:  Insulin degludec (Tresiba) and Insulin degludec/Insulin aspart 70/30 (Ryzodeg 70/30) 
 
Reviewer:  Tania Condarco, M.D. 
Date of Review:  8/31/2015 
Covered Clinical Study (Name and/or Number):  DEVOTE trial; EX1250-4080 
 
Was a list of clinical investigators provided:   
 

Yes    No  (Request list from 
applicant) 

Total number of investigators identified:  1989 
Number of investigators who are sponsor employees (including both full-time and part-time 
employees):  2—These two investigators, had a spouse who is an employee of Novo Nordisk, 
and therefore, the clinical investigator was identified as an employee for purposes of financial 
disclosure. 
 
Number of investigators with disclosable financial interests/arrangements (Form FDA 3455):  
27 (21 are from the United States, and 6 from outside the United States). 
If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)): 
Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study:  0 
Significant payments of other sorts:  4 
Proprietary interest in the product tested held by investigator:  0 
Significant equity interest held by investigator in sponsor of covered study:  2-  
Two investigators’ husbands are current employees of Novo Nordisk ;  each couple holds an 
equity interest in NN that exceeds $50,000 
Is an attachment provided with details of the 
disclosable financial interests/arrangements:   

Yes    No  (Request details from 
applicant) 
 

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

Yes    No  (Request information 
from applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0 
Is an attachment provided with the reason:   Yes    No  (Request explanation 
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Table 48 – DEVOTE- Event Definitions as per Event Adjudication Specifications 

 

Reference ID: 3813418

 

 

 
    

             
                 

     
                 

                 
  

  
   
  

               
                

 

    

   

   
   

   

   

    

                  
 

   
   
   
   
   
    
        



Clinical Review 
Tania Condarco M.D. 
NDAs: 203314 and 203313, resubmission 
Insulin degludec (Tresiba) and Insulin degludec/aspart 70/30 (Ryzodeg 70/30) 

 

105 

 

Reference ID: 3813418

 

 
 
 

 
 

 
         
     
  
  

     
      
   
  
   

       
        
           

     
              

        

           
          

    
     

              
          

              
              

              
        

   
           
      

        
             

  
         

            
            

          
           

              
                

             
            

             
         

           
               

            

             
             

             
             

             
       



Clinical Review 
Tania Condarco M.D. 
NDAs: 203314 and 203313, resubmission 
Insulin degludec (Tresiba) and Insulin degludec/aspart 70/30 (Ryzodeg 70/30) 

 

106 

 

Reference ID: 3813418

  
            

               
         

                
                 
            

  
            

             
              

              
               

              

    
             

         
               

          
            

       
             

     
           

          
         

   
       
          
             

      
       

    
      

                 
    

   
        

          
             

               
                 

     
  

       
             

             
 

           
         

  
                   
                

         
     



Clinical Review 
Tania Condarco M.D. 
NDAs: 203314 and 203313, resubmission 
Insulin degludec (Tresiba) and Insulin degludec/aspart 70/30 (Ryzodeg 70/30) 

 

107 

 

Reference ID: 3813418

 

 

 
 

 

 

 
              

                   
             

             
            

  
             

  
              

              
      

                
 

        
      

        
     

         
     

                
    

        
             

  

 
 

 

    
           

   

          
               

                 
           

       

                 
           
                  
               

            
             

              
        

          
                   

 
 

      
 

     
 

       
          



Clinical Review 
Tania Condarco M.D. 
NDAs: 203314 and 203313, resubmission 
Insulin degludec (Tresiba) and Insulin degludec/aspart 70/30 (Ryzodeg 70/30) 

 

108 

 

Reference ID: 3813418

 

 

 

              
             

             
            

           
  

 
          

  
           

            
            

             
        

             
              

            
   

          
                

     
             

              
   

             
          

    

             
            

       
 
               

                
         

         
 

             
       

 

   
               

              
             

      

   
               

        



Clinical Review 
Tania Condarco M.D. 
NDAs: 203314 and 203313, resubmission 
Insulin degludec (Tresiba) and Insulin degludec/aspart 70/30 (Ryzodeg 70/30) 

 

109 

 
 
Source: EX1250-4080 EAC Charter; version 3,  page 24-29 
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Table 49 - Adverse events in >= 5% of subjects by System organ class and preferred term- treatment emergent- 
completed phase 3 trials: subjects with T1DM- IDeg vs. comparator- summary update- safety update set 

 
Source: IDeg Safety Update, Table 25,Appendix 1.2, page 242-245 
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Table 50 – Adverse events in >= 2% of subjects by system organ class and preferred term – treatment-emergent - 
completed phase 3 trials - subjects with T2DM – IDeg vs. comparator - summary - safety update - safety set  

 
Source: IDeg Safety Update, Table 39, Appendix 1.2, page 270-272  
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Table 51 - Adverse events in >= 5% of subjects by system organ class and preferred term – treatment-emergent – 
completed phase 3 trials – subjects with T1DM – IDegAsp vs. comparator – summary – safety update - safety analysis set 

 
Source: IDegAsp Safety Update, Table 23, Appendix 1.2, page 149-150 

 

Reference ID: 3813418



Clinical Review 
Tania Condarco M.D. 
NDAs: 203314 and 203313, resubmission 
Insulin degludec (Tresiba) and Insulin degludec/aspart 70/30 (Ryzodeg 70/30) 

 

113 

Table 52 - Adverse events in >= 2% of subjects by system organ class and preferred term – treatment-emergent - 
completed phase 3 trials - subjects with T2DM – IDegAsp vs. comparator - summary - safety update - safety analysis set 

 
Source: IDegAsp Safety Update, Table 37, Appendix 1.2, page 178--180 

 

9.1 Literature Review/References 

None 

9.2 Labeling Recommendations 

A line-by-line labeling review will be performed separately from this review.  This section 
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Table 53 – Completed IDeg Therapeutic Trials  

 
Source: modified Table 9 and Table 10 from Dr. Guettier’s primary review  pages 32 and 33. 
 
 
Dosing interval: 
In two trials (3770, 3668), the dosing intervals varied from alternating short and long dosing 
intervals (8-40 hours between injections).  Per Dr. Guettier’s review, “Subjects were instructed to 
inject degludec in the morning on Monday, Wednesday, Friday and in the evening on Tuesday, 
Thursday Saturday and Sunday. In these trials, a 40-hour dosing interval (i.e., on days when a 
morning dose was followed by an evening dose) alternated with an 8-hour dosing interval (i.e., 
on days when an evening dose was followed by a morning dose). In trial 3580, subjects could 
vary the daily time of injection provided the time between the last injected dose and the dose to 
be administered was ≥ 8 but ≤ 40 hours.”73 In other words, short and long dosing intervals were 
not instructed but left to subjects’ discretion. 
 
Summary of efficacy results: 
All the trials were open-label and active-controlled. Except for one superiority trial comparing 
degludec to the oral dipeptidyl-peptidase-IV (DPP4) inhibitor, sitagliptin, all these trials were 
designed to establish non-inferiority to another insulin regimen at a pre-specified non-inferiority 
margin of 0.4. 
 
All the flexible dosing trials met the pre-specified non-inferiority margin of 0.4; see Figure 10.   
 

                                            
73 Page 47 of Dr. Guettier’s review section 5.3.4.2 
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Figure 10 – HbA1c (%) Treatment difference in LS mean change from baseline from Dr. 
Liu’s statistical review- first cycle- with highlighted flexible dosing studies 

 
 
 
Despite meeting the prespecified non-inferiority margin in all trials, in two of the trials (3770 and 
3668) the IDeg Flex arm lowered A1c numerically less than the comparator, and in trial 3770 
was statistically worse than comparator, i.e. lower bound of 95% CI greater than 0.  In trial 3580, 
as would be expected from a titratable insulin product compared to a fixed oral dosed DPP4 
inhibitor, IDeg Flex lowered A1c more than sitagliptin.  Changes in total insulin from baseline, 
were mixed (see Table 54), in trial 3770, the IDeg Flex arm required less total insulin than 
comparator, while in trial 3668, IDeg Flex required more total insulin than IGlar. In two trials 
(3580 and 3668) IDeg Flex had a greater increase in weight from baseline than comparator, 
while in trial 3770 the opposite was true.   
 
When comparing the change in adjusted A1c between IDeg Fixed to IDeg Flex (in trials 3770 
and 3668), the adjusted change in A1c was similar (in trial 3770) or greater (in trial 3668) in the 
IDeg Flex arms than the IDeg fixed arms. When comparing the change in total insulin in the 
IDeg Fixed and IDeg Flex arms, there is a greater increase in total insulin from baseline than for 
IDeg Flex in both trials 3770 and 3668, than in the IDeg Fixed arms. When evaluating the 
change in weight from baseline, there is a similar (In trial 3668) or greater increase in weight 
(trial 3770) in the IDeg Flex group than the IDeg fixed group. 
In regards to the incidence and event rate of severe hypoglycemia, there were small numbers in 
all arms, but there was no clinically meaningful difference between the IDeg Flex arm and the 
comparator or between the IDeg Flex and IDeg Fixed arms in the flexible dosing studies.  
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Severe 
hypoglycemia 
incidence 
rate^ 

IDeg Flex + IAsp: 17/164 
(10.4%) 
IDeg + IAsp: 21/165 
(12.7%) 
IGlar + IAsp: 16/161 
(9.9%) 
 

IDeg Flex + OAD(s):1/222 
(0.5%) 
Sitagliptin + OAD(s): 0/221 

IDeg Flex + OAD(s): 1/228 
(0.44%) 
IDeg + OAD(s): 2/228 (0.88%) 
IGlar + OAD(s): 2/229 (0.87%) 

Severe 
hypoglycemia 
event rate* 

IDeg Flex + IAsp: 25/72.7 
(0.34) 
IDeg + IAsp: 28/76.2 (0.37) 
IGlar + IAsp: 37/78.5 
(0.47) 

IDeg Flex + OAD(s):1/99.5 
(0.01) 
Sitagliptin + OAD(s): 0/94.9 

IDeg Flex + OAD(s): 2/105.8 
(0.02) 
IDeg + OAD(s): 2/104.9 (0.02) 
IGlar + OAD(s): 2/105.6 (0.02) 

^Incidence rate= # of pts with events / total # of pts 
*Event rate = total # of events / total exposure in year 
IGlar = Lantus 
IAsp= Insulin Aspart 
OADs- Oral antidiabetic drugs 
 
Reviewer’s comment:  
The three flexible dosing studies performed in T1DM and T2DM patients, provide 
sufficient evidence to support the effectiveness of this dosing regimen.   
The trial design (i.e., duration of at least 26 weeks and the separate arms to compare fixed 
and flexible dosing regimens), the relatively large sample size (618 patients were 
randomized to IDeg Flex arm in all the flexible dosing trials), and the statistical methods 
(i.e. powered to detect a difference between treatment arms), of these studies allows for 
meaningful evaluation of their results.  
 
Although it might be argued that IDeg Flex lowered A1c less than the comparator in 2 of 3 
trials, this does not disprove the effectiveness of this regimen.  In fact, other pivotal trials in 
the IDeg program also did not outperform the comparator (see Figure 10 - trials that are 
above the zero line) but are still considered appropriate for support of the effectiveness of 
IDeg.   
 
The severe hypoglycemia incidence and event rates also suggest that this regimen is similar 
to that of once a day dosing in IDeg or IGlar.   
 

  9.3 Advisory Committee Meeting 

Information regarding the November 8th 2012 EMDAC meeting is available in documentation in 
the 1st review cycle. There was no need for second advisory committee.  
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glargine 234 
3724 degludec 

glargine 
229 
230 

T2DM 26 

3770 + 3829 degludec 
degludec flex 
glargine 

 
 

164 

T1DM 26 + 26 

3590 +3726 degludec-aspart 
glargine 

266 
263 

T2DM 26 + 26 

3592 degludec-aspart 
BIAsp 

224 
222 

T2DM 26 

3593 degludec-aspart 
glargine 

230 
233 

T2DM 26 

3594 + 3645 degludec-aspart 
detemir 

366 
182 

T1DM 26 + 26 

3597 degludec-aspart 
BIAsp 

280 
142 

T2DM 26 

3896 degludec-aspart 
glargine 

147 
149 

T2DM 26 

 
While the sponsor has argued against including some of the extension phases of the trials 
above as they had 3:1 randomization introducing imbalance in pt-years, a careful evaluation of 
the patient characteristics noted no differences in demographics or baseline characteristics 
which invalidates this concern.  I suspect that if inclusion of these data had given a more 
favorable CV evaluation instead of a worse one, the sponsor would not be trying to promote 
this argument. 
 
Retention of patients within the main trials and the extension trials was also good as 
demonstrated in the figure below generated by Dr. Li and taken from Dr. Parks’ review (Page 
17). 
 

 
 
 
The pre-specified composite endpoint for the CV safety assessment was MACE+ comprised of 
CV death, stroke, acute coronary syndrome (NSTEMI or STEMI) and unstable angina 
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pectoris.  The Agency preferred evaluation is strict MACE (CV death, stroke and MI) as 
introduction of other endpoints are less objective and can introduce ‘noise’ which biases 
results toward the null.  This has been demonstrated to us as the results from the various 
outcomes trials have come in where the point estimate of effect for MACE+ tends to always be 
closer to unity than when evaluating MACE. 
 
The following table from Dr. Parks’ review (Page 19) summarizes the results. 
 
Table 8.1.2a  CV Meta-analysis in Original and Update Database for MACE+ and 
MACE 
 Original Database Updated Database 
 IDeg/IDeg-Asp 

N=5647 
(PYE 3569.9) 

Comparator 
N=3312 

(PYE 1873.9) 

IDeg/IDeg-Asp 
N=5794 

(PYE 5153.6) 

Comparator 
N=3461 

(PYE 2562.7) 
MACE+ 
  MI 
  Stroke 
  CV Death 
  UAP 
 

53 (14.8) 
20 (5.6) 
11 (3.1) 
8 (2.2) 

14 (3.9) 

27 (14.4) 
7 (3.7) 
4 (2.1) 
4 (2.1) 

12 (6.4) 

95 (18.4) 
34 (6.6) 
24 (4.6) 
12 (2.3) 
25 (4.8) 

37 (14.4) 
9 (3.5) 
6 (2.3) 
6 (2.3) 

16 (6.2) 

MACE+ 
HR (95% CI) 
 

 
1.10 (0.68, 1.77) 

 
1.30 (0.88, 1.93) 

MACE 
  MI 
  Stroke 
  CV Death 

39 (10.9) 
20 (5.6) 
11 (3.1) 
8 (2.2) 

 

15 (8.0) 
7 (3.7) 
4 (2.1) 
4 (2.1) 

70 (13.5) 
34 (6.6) 
24 (4.7) 
12 (2.3) 

21 (8.2) 
9 (3.5) 
6 (2.3) 
6 (2.3) 

MACE 
HR (95% CI) 
 

 
1.39 (0.76, 2.57) 

 
1.67 (1.01, 2.75) 

 
All of these analyses demonstrate a potential CV risk of degludec over comparator.  The most 
concerning is the MACE evaluation using the totality of the data with a point estimate of 1.67 
and statistical significance.  The Kaplan-Meier (K-M) curves for MACE+ and MACE of the 
updated data are presented below (Dr. Parks’ review, page 20).  Excluding the one trial I had 
mentioned above and using only the strict SAP still gives a HR of 1.65 (0.99,2.75). 
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Figure 8.1.2a Kaplan-Meier Plot of MACE+ (from Dr. Bo Li’s FDA AC presentation) 

 
 
 
Figure 8.1.2b  Kaplain-Meier Plot of MACE (from Dr. Bo Li’s FDA AC presentation) 

 
The sponsor has argued that between weeks 52 to 104, events and the event rate for the 
comparators have decreased, such that conclusions beyond 52 weeks are unstable.  The results 
of the 52-week data analysis are shown below (Information provided by Dr. Li). 
 
 
52-Week CV evaluation-All data truncated to 52 weeks 
 IDeg/IdegAsp Comparator 
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 N=5794 N=3461 
MACE+   

#events 61 31 
HR (95% CI) 1.17 (0.75, 1.83) 

MACE   
#event 46 17 
HR (95% CI) 1.59 (0.90, 2.82) 

 
 
Even if this was a valid argument, it would not provide reassurance as the week 52 timepoint 
for MACE is elevated, as is MACE+.  Also of importance is the point estimate for MACE.  
Although MACE+ has a point estimate that is not quite as concerning as that of MACE, as 
discussed above, the MACE evaluation is the preferred method and is a more reliable 
estimation of effect.   
 
As Dr. Parks discusses, the sponsor would rather focus upon MACE+ at the 52 week timepoint 
as this provides more events.  I find the argument to not include endpoints beyond 52 weeks 
because of uncertainty, but to include more subjective endpoints for the data up to 52 weeks 
contradictory and self-serving on the part of the sponsor.  The sponsor can’t have it both ways.  
If they want to include data that they believe is the most reliable (truncated at 52 weeks), that 
would be the strict MACE events occurring up to 52 weeks.  To argue both sides of an issue 
would seem to be only with the goal of decreasing a signal, which erodes credibility of their 
argument.  It is interesting to note, that the only component of MACE+ favoring degludec is 
the unstable angina, which of course is what the sponsor is arguing to include.  It also calls 
into question including more subjective endpoints and supports our position of relying on 
MACE.  This is demonstrated in the figure below from Dr. Parks’ review (Page 21). 
 
Figure 8.1.2c Forest Plot of MACE+ Analysis in Updated Meta-Analysis (From Dr. Li’s 
review) 
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A recent article indicates that insulin glargine has a neutral CV effect on patients with 
impaired fasting glucose.2  If one were to extrapolate this finding to those with diabetes, then a 
comparison of degludec CV effects to glargine would be of interest as glargine would have a 
known neutral effect.  A subgroup analysis was performed which used 12 of the 17 trials in the 
updated meta-analysis.  These results are presented below in a table from Dr. Parks’ review 
(Page 22). 
 
 

 
 
While these results are hypothesis generating only, they continue the disturbing trend noted in 
the SAP dictated CV evaluation.   
 
Subgroup analyses based on type of diabetes were also performed.  The HR (95% CI) for 
MACE in T1DM and T2DM were 1.30 (0.27-6.29) and 1.71 (1.01-2.90) respectively.  Eight-
nine percent of all events occurred in the T2DM population limiting the interpretation of the 
results in regard to T1DM.  
 
While not designed to explicitly exclude CV risk, the insulin degludec program did have 
prespecified CV evaluations, an adequate number of events, and was performed in a manner 
consistent with agency guidance in the development of T2DM agents.  While some of the 
arguments the sponsor has made regarding the strength of signal merit consideration (validity 
of data greater than week 52) the signal persists for the most valid evaluation, strict MACE, no 
matter how one looks at the data.  If this were a drug being developed for T2DM under 
guidance criteria, it would not be approve and further investigation would be required unless 
there was a compelling efficacy reason to accept the uncertainty of CV risk while it was 
further defined after approval.  I do not see why I would not apply these standards to this drug, 
as this drug most likely will be have substantial use by millions of patients with diabetes, so it 
is critical to make sure that it is fully understood if there is a CV effect or not.  Since we have 
an insulin that has evidence of lack of a CV effect (glargine), there is not a pressing need for a 
new insulin such that we can take time to make well-informed decisions.  The one thing that 
may change this consideration is if we had evidence of a clinical benefit only enjoyed by 
degludec.  One such benefit may be if there was substantial and convincing evidence of a 
decrease in hypoglycemia.  I will comment on the data regarding hypoglycemia below.  
 

                                                 
2 ORIGIN Trial Investigators, Gerstein HC et. al.  Basal insulin and cardiovascular and other outcomes in 
dysglycemia.  NEJM. 2012 Jul 26;367(4):319-28. 
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Hypoglycemic Risk 
 
Hypoglycemic risks were evaluated by performing pre-specified meta-analysis on safety 
definitions for selected trials comparing degludec to glargine.  Two of these trials (3583 and 
3770) were in T1DM and five (3582, 3579, 3672, 3586 and 3668) were in T2DM.  The 
definition used to capture events of hypoglycemia is important as it guides the specificity and 
clinical relevance of captured events.  Allowing a more general definition allows for increased 
numbers of events, but introduces noise or events that may not be clinically relevant which 
would make decisions regarding a true benefit for patients difficult.   
 
As Dr. Parks’ review discusses, the primary endpoint for the meta-analysis was the total 
number of ‘confirmed’ hypoglycemic events identified if the event met one of the following 
two criteria: 

1. An episode requiring assistance of another person to actively administer carbohydrate, 
glucagon, or resuscitative measures. (also referred to as a severe episode) 

2. An episode with or without symptoms of hypoglycemia confirmed by a low blood 
glucose < 3.1 mmol/L (56 mg/dL). 

 
Evaluations were also performed for nocturnal hypoglycemia limited to the timeframe of 00:00 
to 06:00. 
 
Below is a table from Dr. Parks’ review (Page 26) with data generated by Dr. Andraca-Carrera 
presenting the overall findings by T1DM and T2DM diabetes trials.3 
 
Table 8.2.2a  Primary Findings from Meta-analysis of Hypoglycemic Risk and by 
T1/T2DM 
 IDeg Once-Daily Glargine Once-Daily 

Primary Analysis of Confirmed Hypoglycemia (Full Cohort) 
Total subjects randomized 
Subjects used in analysis 

2899 
2886 

1431 
1421 

Rate Ratio (95% CI) 0.91 (0.83, 0.99) 
Type 1 Diabetes Cohort 

Total subjects randomized 
Subjects used in analysis 

637 
637 

321 
316 

Rate Ratio (95% CI) 1.11 (0.94, 1.31) 
Type 2 Diabetes Cohort 

Total subjects randomized 
Subjects used in analysis 

2262 
2249 

1110 
1105 

Rate Ratio (95% CI) 0.84 (0.76, 0.93) 
 

                                                 
3 Interaction term p-value = 0.0057 indicating that the rate ratio comparing IDeg to IGlar is different in subjects 
with different types of diabetes. 

Reference ID: 3257989Reference ID: 3257995



   

 13

There were differences in the rate of hypoglycemia between types of diabetes4 with 43-47% of 
patients with T2DM experiencing no hypoglycemic events compared to only 3-4% of patients 
with T1DM.  Evaluations of the types of events revealed that 53.4% of those in the T2DM 
group were asymptomatic.  The distribution of those having events is provided in the table 
below (Dr. Parks’ review, page 27). 
 

 
 
Other secondary endpoints such as nocturnal confirmed, severe and ADA-documented 
hypoglycemia were evaluated without significant differences between degludec and glargine in 
T1DM.  For T2DM, nocturnal confirmed hypoglycemia reduction reached statistical 
significance favoring insulin degludec.  There are inconsistent results based on U.S. versus 
non-U.S. sites as demonstrated in the table below from Dr. Andraca-Carrera’s review (Page 9) 
and using the American Diabetes Association documented symptomatic episode definition. 
 

Table 1. RR of confirmed hypoglycemia by place of randomization 

Subjects randomized in the USA 
T1DM Rate Ratio (95% CI) 0.99 (0.81, 1.20) 
T2DM Rate Ratio (95% CI) 0.97 (0.81, 1.15) 

 
Subjects randomized outside the USA 

T1DM Rate Ratio (95% CI) 1.28 (0.96, 1.71) 
T2DM Rate Ratio (95% CI 0.79 (0.69, 0.90) 
Source: Dataset: hypo.xpt. 

 
 
As degludec did not seem to have a reduction in hypoglycemic events in those with T1DM, the 
review team explored the sponsor’s assertion that degludec enjoyed an advantage in decreasing 
a specific subgroup of events consisting of nocturnal hypoglycemia.  Degludec administration 
was specified to be with the evening meal.  Degludec’s Tmax is 12 hrs compared to glargine’s 
which is 4 hours.  It is possible that this would put glargine’s peak effect during the evening, if 
it were given with the evening meal (the sponsor did not record the timing of glargine 
administration).  This would stack the deck against glargine for nocturnal hypoglycemia, and 
specifying events between midnight to 0600 hrs would lead to favoring degludec.  In order to 

                                                 
4 T1DM ranged 39-87 events per year depending on trial compared to T2DM ranging 1-13 events per year 
depending upon trial. 
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evaluate the robustness of the nocturnal findings, the review team explored nocturnal events 
from midnight to 0800 hrs.  Re-analysis demonstrated attenuation in risk reduction with 
degludec as demonstrated in the figure below from Dr. Park’s review (Page 29). 
 
Figure 8.2.2a  Re-analysis of Nocturnal Hypoglycemia in T2DM Trials with Extension of 
Time Band by 2 hrs (from Dr. Guettier’s AC presentation: trial based, unadjusted 
estimates) 

 
 
Trials that included continuous glucose monitoring (CGM) were reviewed and actually 
demonstrated lower average interstitial glucose at night and early morning with degludec use 
compared to glargine.  This would seem to contradict the conclusion above although these 
were mean values and perhaps evaluations of outliers may have led to different conclusions.  It 
should also be recognized that CGM should probably be viewed as a sensitivity analysis to the 
conclusions stated above.   
 
This program included rare severe events (not many) as well as more frequent but less specific 
events.  The overall result suggested a reduction of risk for degludec compared to glargine but 
the results differed by diabetes type and favorable results were confined to T2DM.  This is 
concerning as the T1DM population is more susceptible to developing hypoglycemia and more 
likely to experience deleterious outcomes. 
 
The nocturnal hypoglycemia seen during the midnight to 6 am period was not very stable as 
expanding this range by 2 hours saw most of the benefit evaporate.  The timing of dosing and 
PD effects could very well have played into this and causes one to question if there was a level 
playing field, or if the design of the studies would have provided an unfair advantage to 
degludec.   
 
It is important that the consideration of potential hypoglycemia advantages be evaluated in the 
context of glycemic control.  One could have less hypoglycemic events, but also have worse 
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glycemic control.  This scenario seems to have occurred as is demonstrated in the figure below 
from the trials evaluated between degludec and comparator (Dr. Parks’ review Page 36).5 
 
Figure  8.2.3a  Proportion of Patients Achieving HbA1c < 7% in Degludec Trials 
 

 
I conclude that the findings of hypoglycemic events as proposed by the sponsor are not robust 
and change with different sensitivity analyses.  The inconsistencies as noted above, along with 
the figure above demonstrating worse glycemic control for degludec based on point estimates 
of HbA1c lead me to conclude that the sponsor has not demonstrated a hypoglycemic 
advantage for degludec.   
 
 
Advisory Committee Meeting 
 
The two NDAs were presented at an Advisory Committee meeting on Thursday, November 8, 
2012.  The panel voted yes-12, no-0 that a cardiovascular outcomes trial should be conducted 
for degludec.  Panel members voted yes-8, no-4 in support of marketing of the two NDAs.  
While there was concern regarding the findings of the CVOT data, many voiced that they were 
concerned that the data beyond Week 52 was a statistical anomaly and any potential adverse 
CV effect could be further explored post-approval.    
 
Conclusions and Recommendations 
 
Degludec and deglude-aspart have efficacy in the treatment of T1DM and T2DM and can be 
used in such a fashion as to be non-inferior to other insulin products.  The issue at hand is 
concerning a possible CV signal demonstrated in a thorough, well-designed, prospectively 
planned meta-analysis of trials which included rigorous blinded adjudication. 
 

                                                 
5 These results also seem contradictory to the CGM results. 
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I appreciate the views of the AC panel members.  I believe part of their vote was based on their 
belief that there was not a biological plausible explanation regarding why insulin in general 
may cause CV events, or why this insulin would any different than any of the others on the 
market. 
 
I agree to some extent that one should wonder why this insulin would be any different than any 
of the others.  I also agree that the KM curves from week 52 and beyond seem different for the 
comparator group than before week 52.  On the other hand, while we do have more 
sophistication regarding drugs causing CVOT events than we did a decade ago, we would be 
fooling ourselves if we think that we are still not very primitive in our understanding of how 
different drugs may interact with very complex biological systems.  With that as an 
underpinning, I don’t think we can rely much on whether there is a clear biologically plausibile 
explanation that may or may not explain culpability, and instead we have to rely upon the data 
that we generate as part of a CV evaluation.  If we were sophisticated enough to accurately 
predict biological events, or we were just going to ignore the data that is generated or try to 
explain it away if the results cause a cognitive dissidence, why ask the sponsors to generate it 
in the first place?  I just can’t simply ignore the Week 52 MACE CV data with a point estimate 
of 1.6 even if I could convince myself that there was something that changed in the placebo 
event rate after week 52. 
 
And what if that PI ratio is reality?  Degludec would then have a 60% higher CV event rate 
than glargine, where some data have been generated, at least in pre-diabetic populations, 
demonstrating a neutral effect on CV risk.  The targeted populations (T1DM and T2DM) have 
higher baseline rates of CV disease compared to those without DM so an increase of 60% 
would be devastating.  The sponsor has already been heavily promoting this drug at national 
meetings and I suspect it will be heavily used in T1DM as well as T2DM if clinicians are 
convinced by marketing that it is a ‘true’ basal insulin compared to others such that it is more 
advantageous clinically.  If this came to pass, millions of patients would be exposed to 
degludec, without first generating confidence that the 1.6 PI is not truth.  In order to justify 
taking such a risk and allowing evaluations post-approval, there needs to be some 
counterbalancing benefits that degludec has above glargine to allow marketing.  I do not see 
such a benefit in this NDA6 and clearly the hypoglycemia data generated are not robust enough 
to allow such a claim. 
 
The sponsor will need to start a dedicated CVOT in degludec and it should be compared to 
glargine, where we have some data indicating a neutral risk.  I believe we could allow 
marketing with appropriate interim data.  If they have neutral or better data at that time, I 
would allow marketing.  Should marketing come to pass for degludec,  

 based on the information we have to date. 

                                                 
6 Dr. Parks discuss the other potential benefits (True 24-hr basal insulin?  Flexible dosing schedule and others) 
and I am in agreement with her conclusions. 
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1. Recommendations/Risk Benefit Assessment 

1.1. Recommendation on Regulatory Action 

I am a recommending a complete response for both NDA 203314 and 203313. 

1.2. Risk Benefit Assessment 

My risk benefit assessment can be found in the division decisional memorandum co-
authored with Dr. Parks.  Please refer to this memorandum for the full discussion of 
benefit risk.   
 
In short, review of the totality of the evidence submitted in NDAs 203313 and 203314 
has identified a credible and consistent signal that suggests insulin degludec use is 
associated with excess cardiovascular risk (refer to Drs Li and Calis’ reviews for full 
details).  The benefits afforded by degludec over currently available therapies were not 
found to outweigh this risk (refer to divisional director’s memorandum for full details).  
Subgroup analyses were not able to identify baseline patient characteristics that signal 
susceptibility to this risk and that would allow marketing of the products to a restricted 
subpopulation of individuals with diabetes.  Although the cardiovascular risk data are 
not definitive, the level of risk identified and the extent of the population that would be 
potentially exposed to such risk (i.e., ~26% of the 19 million individuals diagnosed with 
diabetes) does not justify marketing insulin degludec at this time. 
 
The division decisional memorandum details the type of pre-marketing trial 
recommended to resolve the identified cardiovascular risk signal. 
 
For executive summaries detailing efficacy and hypoglycemia findings in NDA 203314 
and 203313 the reader is referred to Sections 6.1, 6.2, and 6.4.  

1.3. Recommendations for Postmarket Risk Evaluation and 
Mitigation Strategies 

Not applicable 

1.4. Recommendations for Postmarket Requirements and 
Commitments 

Not applicable 
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2. Introduction and Regulatory Background 

2.1. Product Information 

The drug substance, insulin degludec, is an analogue of human insulin. Insulin degludec 
is produced using yeast (Saccharomyces cerevisiae) recombinant DNA technology and 
chemical modification.  Insulin degludec differs from human insulin by omission of a 
threonine  at the amino terminal B-chain (B30) and by attachment of the 16 
carbon fatty acid, hexadecanedioic acid, to the epsilon-amino group of the lysine 

 at position 29 of the B-chain through a gamma-glutamic acid spacer. The 
structural formula for insulin degludec is shown in Figure 1.   
 

Figure 1: Insulin Degludec, Structural Formula 
 
The drug product was specifically designed have a protracted time action profile.  The 
composition of the to-be-marketed insulin degludec drug product formulation is shown in 
Table 4.   
 
The fixed dose combination product Ryzodeg® contains two active drug substances; 
insulin degludec and the approved insulin analogue, insulin aspart.  The properties of 
insulin aspart were reviewed in NDA# 20986.  The composition of the to-be-marketed 
drug product formulation is shown in Table 5.            

2.2. Tables of Currently Available Treatments for Proposed 
Indications 

Diabetes is a metabolic disease characterized by chronically elevated blood glucose 
levels (i.e., hyperglycemia) and caused by either complete insulin deficiency (Type-1 
Diabetes) or a combination of impaired insulin secretion and resistance to the action of 
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insulin (Type 2 Diabetes).  In 2010, approximately 19 million individuals1 were 
diagnosed with diabetes in the United States. 
 
It is estimated that approximately 26%2 of US adults (i.e., > 20 years old) diagnosed 
with diabetes use insulin alone or insulin in combination with other oral anti-diabetic 
agents to treat their diabetes.    In Type 1 diabetes, insulin is administered exogenously 
several times per day to cover fasting and post-prandial hyperglycemia.  In subjects, 
with type 2 diabetes insulin is used when diet, exercise, and non-insulin anti-diabetic 
drugs are no longer sufficient to provide adequate glycemic control.   
 
Table 1:  Currently Available Treatments for Type 1 Diabetes 

Drug Class 
(mechanism 

of action) 

Generic 
Name of 
Products 

Marketed in 
the US 

Expected 
HbA1c 

Reduction 
(%) 

Advantage Disadvantage 

Insulin 
 (Binds to insulin 

receptors)  
See table 3 Titrate to effect Rapidly 

effective 

Daily injections, daily 
monitoring, weight gain, 

hypoglycemia, analogues 
expensive 

Amylin 
Analogue 
(Slows Gastric 

Emptying) 

Pramlintide 0.3-0.4 Weight loss TID dosing, GI side effects, 
Expensive 

 

                                            
1 http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf 
2 Ibid. 
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Table 2:  Currently Available Treatments for Type 2 Diabetes 

Drug Class 
(mechanism of action) 

Generic Name 
of Products 
Marketed in 

the US 

Expected 
HbA1c 

Reduction 
(%)* 

Advantage Disadvantage 

Biguanide 
(Decreases hepatic 

glucose output) 
Metformin 1.0-2.0 Weight neutral or 

weight loss 

GI side effects, 
Contraindicated in 
renal insufficiency  

Sulfonylurea 
(Sulfonylurea receptor 

agonist) 

Glimepiride, 
Gliburide, Glipizide 1.0-2.0 Rapidly effective 

Hypoglycemia, 
weight gain, 

decreased efficacy 
over time 

Meglitinide 
 (closes SUR1-ATP-
sensitive K+ channel) 

Repaglinide 1.0-1.5 Short duration of 
action TID dosing 

Insulin  
(Binds to insulin receptor) 

(see Table 3) Titrate to 
effect Rapidly effective 

Daily injections, daily 
monitoring, weight 
gain, hypoglycemia 

Thiazolidenedione 
(PPAR γ agonist) 

Rosiglitazone, 
Pioglitazone 0.5-1.4 Improved lipid 

parameters 

Weight gain, Fluid 
Retention, CHF, 
bone fractures, 

bladder cancer risk 
(pioglitazone) 

Incretin 
 (GLP-1 receptor agonist) 

Exenatide, 
Liraglutide 0.5-1.0 

Weight loss; 
Glucose dependent 

insulin secretion 

BID, QD, QWeek 
injections, GI side 

effects, Risk of 
pancreatitis, 

medullary thyroid 
carcinoma in 

nonclinical studies 
α-glucosidase 

inhibitor Acarbose, Miglitol 0.5-0.8 Weight neutral GI side effects, TID 
dosing 

Dipeptidyl 
Peptidase IV 

inhibitors 
 (Prevent incretin 

proteolysis) 

Sitagliptin, 
Saxagliptin 
Linagliptin 

0.5-0.8 

Orally 
administered, No 
restriction in CHF, 

Can be used at 
reduced doses in 
renal insufficiency 

Pancreatitis, 
Hypersensitivity 

Reactions 

Amylin Analogue 
(Slows Gastric Emptying) 

Pramlintide 0.3-0.4 Weight loss 
TID injections, GI 

side effects, 
Expensive 

Dopamine agonist Cycloset 0.3-0.5 
Weight neutral, 
Minimal Risk of 
Hypoglycemia 

Long term safety in 
Diabetes unknown 

Bile Acid 
Sequestrant WelChol 0.4-0.8 Reduces LDL 

Increase 
triglycerides, 

Decrease absorption 
of fat-soluble 

vitamins, 
Constipation 

*Note: Represents generally accepted HbA1c reduction.  Direct comparisons between classes should be made with caution as trials 
were not contemporaneously conducted, effect size may not be placebo-corrected and populations were not matched for important 
baseline characteristics (i.e., HbA1c). 
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Table 3: List and Pharmacokinetic Profiles of Currently Available Insulins 
Indicated for the Treatment of Type 1 and 2 Diabetes. 

Insulin preparations (100 U/mL) 
Biosynthetic process 

Half-life 
(hrs) 

Onset 
(hrs) 

Peak  
(hrs) 

Duration  
(hrs) 

Compatible  
mixed** with 

Drug Substance; rDNA Insulin Human*  

Insulin regular 
 (HumuLIN R ®) 

E.coli based 
— 0.5 to 1 3 to 4 8 to 12 NPH 

Insulin regular 
(NovoLIN R ®) 

S. cerevisiae based 
— 0.5 to 1 3 to 4 8 to 12 NPH 

Drug Substance; rDNA Insulin Analog Human 
Insulin lispro 
(HumaLog ®) 
E.coli based 

1 0.25 0.5 to 1.5 2 to 5  
NPH 

Insulin aspart 
(NovoLog ®) 

S. cerevisiae based 
1.5 0.25 1 to 3 3 to 5 a 

Rapid Acting 

Insulin glulisine 
(Apidra ®) 

E.coli based 
0.7 — 0.5 to 1.5 1 to 2.5 NPH 

Drug Substance; rDNA Insulin Human* 

Insulin Isophane or Neutral 
Protamine Hagedorn (NPH)  

Humulin N ® 
E.coli based 

— 1 to 1.5 4 to 12 24 Regular 
Intermediate Acting 

Insulin Isophane or Neutral 
Protamine Hagedorn (NPH)  

Novolin N ® 
S.cerevisiae based 

— 1 to 1.5 4 to 12 24 Regular 

Drug Substance; rDNA Insulin Analog Human 

Insulin glargine 
(Lantus ®) 

E.coli based 
— 1.1 No pronounced peak 24 None 

Long Acting 

Insulin detemir 
(Levemir ®) 

S.cerevisiae based 
— 0.8 to 2 No pronounced peak up to 24 — 

*Over the counter schedule all others require a prescription 
**Marketed pre-mixed insulin preparations containing various proportions (denoted as a percentage) of insulin isophane and insulin 
regular:  HumuLIN 70/30 ® NovoLIN 70/30®  
**Marketed pre-mixed insulin preparations containing various proportions (denoted as a percentage) of insulin analog isophane and 
insulin analog:  HumaLOG mix 50/50 ®, HumaLOG mix 75/25 ®, NovLOG mix ® 70/30. 

 

2.3. Availability of Proposed Active Ingredient in the United States 

Insulin degludec is a new active pharmaceutical ingredient/molecular entity.  It is not 
available in the United States. 
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2.4. Important Safety Issues with Consideration to Related Drugs 

Safety issues associated with insulins relate to over or under dosing.   
 
Adverse events related to over dosing include; severe hypoglycemia and sequelae (i.e., 
death, seizure, loss of consciousness, traumatic fracture, motor vehicle accidents) as 
well as weight gain.  Insulin, especially when administered intravenously and at high 
doses, can result in hypokalemia.   
 
Adverse events related to under dosing relate to the acute life-threatening events of 
diabetic ketoacidosis (DKA) (most commonly in Type-1 diabetes) or hyperglycemic 
hyperosmolar state (HHS) (i.e., most commonly in Type-2 diabetes).  Adverse events 
related to chronic underdosing relate to the development of microvascular complications 
in both types of diabetes. 
 
Immunogenic related events (i.e., local and systemic hypersensitivity, development of 
anti-drug antibody or autoantibody directed against endogenous insulin) are also 
observed with insulin products.  These could be related to one or more of the following 
factors; the biological nature of the product itself, an excipient used for anti-microbial 
purposes and the subcutaneous route of administration of the product. 
 
Refer to the introductory section of the November 8th 2012 EMDAC briefing document 
for additional background related to insulin use and cardiovascular risk. 

2.5. Summary of Presubmission Regulatory Activity Related to 
Submission 

Date Meeting 

February 24, 2009 End of Phase 2:  All aspects of Phase 3 
program are discussed 

April 10, 2009 
Follow-up correspondence to EOP-2:  Plan for 
CV data capture and glycemic rescue are 
discussed 

July 2, 2009 
Follow-up correspondence to EOP-2:  Plan for 
QT interval adjudication committee and 
optimal detemir dosing are discussed 

July 22, 2009 
Type C Meeting FDA Responses:  Thrice 
weekly and flexible once daily dosing regimen 
are discussed 

October 12, 2009 
Cardiovascular endpoint committee charter is 
submitted, procedures to collect MACE events 
is detailed 
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December 24, 2009 

Type A Meeting FDA responses:  Thrice 
weekly regimen results for type 1 DM are 
reviewed.  Advice on how to proceed for this 
regimen in type 1 DM patients is given 

February 19, 2010 Cardiovascular safety statistical analysis plan 
is submitted 

March 26, 2010 
Type C Meeting Requested:  Usability and 
Human Factor Study for PDS290 pen delivery 
device submitted 

1 May 17, 2010 Type C Meeting FDA Responses: 
Cardiovascular Statistical Analysis Plan 

June 11, 2010 Type C Meeting Requested: Review of 
Hypoglycemia Statistical Analysis Plans 

August 20, 2010 Face to Face:  Differentiation, Usability and 
Human Factor for PDS290 pen delivery device 

September 13, 2010 
Type C Meeting FDA minutes: Usability and 
Human Factor Study for PDS290 pen delivery 
device submitted 

September 16, 2010 Type C Meeting Requested:  ThreeTimes Per 
Week Indication 

October 8, 2010 Type C Meeting FDA responses: 
Hypoglycemia Statistical Analysis Plans 

November 15, 2010 Type C Meeting Request: NDA/ISS structure 

December 7, 2010 Type C Meeting Response:  FDA Feedback on 
NDA/ISS structure 

December 21, 2010 Type C Meeting Requested:  Pediatric Plan 
Meeting Package 

January 12, 2011 Type C Meeting FDA responses: Three-Times 
Per Week Dosing Regimen 

March 21, 2011 Type C Meeting FDA responses: Pediatric 
Plan 

June 17, 2011 Type-B Face to Face Meeting:  Pre-NDA 
meeting 

July 15, 2011 Type B FDA responses:  Pre-NDA Meeting 
Minutes 

August 4, 2011 FDA Feedback Regarding OSI Datasets 

 

3. Ethics and Good Clinical Practices 

3.1. Submission Quality and Integrity 

The two NDAs were submitted in eCTD format.  The quality and integrity of both 
submissions were adequate. 
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therapeutic confirmatory trials, further optimization of the downstream drug substance 
production capacity was carried out.  Drug product manufactured before optimization 
(i.e., IDegM1) was found to be bioequivalent to product manufactured after optimization 
and (i.e., IDegM2) in study NN1250-3769. Study NN1250-3768 compared the PK and 
PD characteristics of IDeg U100 and IDeg U200.  Data from this study was used to 
perform a post-hoc, PK, bioequivalence analysis between the U100 and U200 
formulations.       

4.1.3. Insulin degludec/aspart formulations used in clinical studies 

A number of IDegAsp drug products were produced and tested during development and 
are differentiated by letter designation and by using a number to indicate the percent 
IAsp per volume in the fixed ratio combination drug product.  The IDegAsp 30 (B) 
formulation (i.e., insulin degludec drug substance concentration; 420 nmol/mL and 
insulin aspart dug substance concentration; 180 nmol/mL), was selected for further 
clinical development. 
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In in vitro insulin receptor functional studies, insulin degludec was observed to elicit a ½ 
maximal response at higher drug concentrations compared to human insulin (i.e., 
potency of degludec is lower than human insulin).  This observation is consistent with 
the observed lower binding affinity of insulin degludec at the insulin receptor.  The 
maximal functional responses elicited by insulin degludec and human insulin binding 
were however similar, suggesting that insulin degludec acts as a full agonist at the 
insulin receptor. 
 
In vivo, insulin degludec is expected to have similar efficacy to human insulin despite 
observed differences in in vitro potency.  Steady-state insulin concentration in vivo 
depends on insulin clearance which is driven primarily by insulin receptor 
binding/internalization.  Analogue insulins with lower binding affinity, such as degludec, 
are expected to reach higher insulin concentration at steady-state compared to human 
insulin concentration in vivo thereby minimizing efficacy differences observed in vitro. 
 
Levels of circulating insulin degludec are high after single or repeat injections in vivo.  
This is in part due to the receptor binding affinity and insulin clearance issue discussed 
above but more likely related to the fact that the hexadecanedioic acid moiety of insulin 
degludec allows it to bind strongly to circulating albumin.    
 
Drug-Drug Interactions 
 
Common protein-bound drugs like ibuprofen, warfarin, acetylsalicylate, salicylate and 
frequently used antidiabetic agents glimepiride, metformin, sitagliptin and liraglutide as 
well as palmitate, oleate and linoleate did not affect insulin degludec binding to human 
serum albumin at therapeutically/physiologically relevant drug concentrations.  
 
The potential of insulin degludec to competitively displace albumin-bound drugs is 
considered to be very low, as the concentration of insulin degludec is significantly lower 
in human plasma (<10 nmol/L) compared to the albumin concentration (0.6 mmol/L ~ 
600 000 nmol/L); and insulin degludec will occupy less than 0.01% of the circulating 
albumin molecules. Based on these findings, protein binding interaction is considered 
unlikely. 
 
No or only minor effect on individual cytochrome P-450 (CYP) expression (less than 2-
fold induction) was observed following insulin degludec treatment in rats. All effects of 
insulin degludec were similar to those elicited by human insulin. 

4.3.2. Safety pharmacology: 

Safety pharmacology studies raised no safety issues. 
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4.3.2.1. Central Nervous System 

No significant central nervous system effects were noted in rats dosed up to 300 
nmol/kg in the Irwin’s test. 

4.3.2.2. Cardiovascular System 

No significant effects on blood pressure, ECG or heart rate were noted in conscious 
female beagle dogs dosed with single subcutaneous doses up to 24 nmol/kg or with 
repeated daily dosing up to 26 weeks at > 8nmol/kg/day. 
 
Degludec was not found to influence ECG parameters or hemodynamic parameters in 
anaesthetized, mechanically ventilated, glucose clamped, male Beagle dogs after single 
intravenous doses up to 12 nmol/kg.  No effect of degludec on the action potential 
recorded from Rabbit Purkinje fibres was observed following incubation with 1000 
nmol/L of insulin degludec.  Insulin degludec was not found to bind hERG channels. 

4.3.2.3. Respiratory function 

No effects on respiratory parameters were noted in rats dosed up to 30 nmol/kg.  
Effects of decreased respiratory rate and increased tidal volume observed in animals 
dosed with 300 nmol/kg were attributed to severe hypoglycemia.  

4.4. Clinical Pharmacology 

4.4.1.  Mechanism of Action 

Insulin degludec exerts its metabolic actions by binding to insulin receptors (refer to 
section 4.3.1).   
 
The drug product was specifically designed have a protracted time action profile.  The 
composition of the to-be-marketed insulin degludec drug product formulation is shown in 
Table 4.  Systemic absorption of degludec insulin from the subcutaneous depot is 
delayed compared to regular insulin.  In solution insulin degludec adopts a stable di-
hexamer conformation.  After injection into the subcutaneous depot excipients, and in 
particular phenol, dissipate causing insulin degludec di-hexamers to aggregate into 
multi-hexamers.  The molecular weight of these multi-hexamers is such that 
transcapillary absorption is prevented.  Overtime, zinc depletion causes multi-hexamers 
to dissociate into insulin degludec monomers which enter the circulation and exert a 
pharmacological effect by binding to insulin receptors expressed on the surface of 
specific cells.  In addition, the fatty acid moiety of insulin degludec binds albumin 
contributing to the protracted time action profile of this analogue insulin. 
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4.4.2.  Pharmacodynamics 

The duration of action of degludec insulin was demonstrated to last beyond 42 hours.  
Because of this prolonged half-life, the applicant also investigated a once daily flexible 
dosing regimen and a thrice weekly flexible dosing regimen (type 2 DM only) in the 
clinical development program. 

4.4.3.  Pharmacokinetics 

Steady-state serum concentrations of degludec insulin are reached after 2–3 days of 
once daily subcutaneous dosing. 
 
Total exposure, at steady-state after subcutaneous administration, is dose proportional 
within the therapeutic dose range in subjects with T1DM and T2DM. 
 
Degludec insulin was detectable in serum for at least 120 hours (5 days) after the last 
steady-state subcutaneous dose of degludec was administered.  The ½ life in this 
setting was approximately 25 hours. 
 
Advanced age (i.e., ≥ 65 years of age), sex (i.e., male, female), race and ethnicity did 
not impact total exposure at steady state. 
 
Renal function and hepatic function did not impact the pharmacokinetic properties after 
a single dose. 
 
The steady state pharmacokinetic profile of degludec insulin was not affected by co-
formulation with aspart insulin.  

5. Sources of Clinical Data 
At the time of NDA 203314 filing, 41 studies evaluating the insulin degludec (i.e., IDeg) 
drug product were completed.  Efficacy and safety evaluation for these completed 
studies have a cutoff date of January 31st 2011.  The 41 studies can be subdivided into 
the following trial types; 
 

• 25 clinical pharmacology trials 
• 3 Therapeutic exploratory trials 
• 11 Therapeutic confirmatory trials 
• 2 trials that do not fit in the above categories 

 
At the time of NDA filing, 6 insulin degludec studies were ongoing.  Five of these studies 
were extension of completed therapeutic confirmatory trials (TCT) and one study is a 26 
week trial comparing the efficacy and safety of two IDeg titration algorithms (NN1250-
3846). In the original submission, efficacy and safety evaluation for these ongoing 
studies have a cutoff date of March 31st 2011.   At the 120 day safety update (i.e., 
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January 27th 2012), three of the five TCT extension studies were completed (i.e., 
extensions of parent trials 3585, 3770, 3582).  Four studies were newly initiated and 
three studies were still ongoing studies. The 120 day safety update has a data cutoff 
date of October 6th 2011. 
 
Figure 2: Degludec Development Program (Source NDA203314; 5.3.5.3; ISS figure 1-1) 

 
 
At the time of NDA 203313 filing, 21 studies evaluating the insulin degludec/aspart fixed 
ratio combination drug product were completed.  Efficacy and safety evaluation for 
these completed studies have a cutoff date of January 31st 2011.  The 21 studies can 
be subdivided into the following trial types; 
 

• 13 clinical pharmacology trials 
• 3 Therapeutic exploratory trials 
• 5 Therapeutic confirmatory trials 
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At the time of NDA filing, 2 degludec/aspart studies were ongoing.  Efficacy and safety 
evaluation for these ongoing studies had a cutoff date of March 31st 2011.  Study 3726 
is an extension of a completed therapeutic confirmatory study (i.e., 3590).  Trial 3896 
was a therapeutic confirmatory trial conducted in Japan (not included in efficacy 
analyses).  At the time of 120 day safety (i.e., January 27th 2012) update the two studies 
that had been ongoing were completed.  The 120 day safety update has a data cutoff 
date of October 6th 2011.  There is one ongoing bioequivalence trial comparing 
IDeg/Asp 100  units/mL to IDeg/Asp 200 units/mL and data up until November 11th 2011 
for this study is included in the updated safety database. 
 
Figure 3:  IDegAsp Development Program (Source NDA203313; 5.3.5.3; ISS figure 1-1) 
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5.1. Tables of Studies/Clinical Trials 

Reviewer Note:  This section tabulates all completed and ongoing clinical trials in the 
degludec and degludec/aspart development program.  Source data used to populate 
these tables were derived from section 2.7.6 of each respective NDAs and hyperlinks 
herein.  The section is organized according to the following categories; Phase I (i.e., 
exploratory), pivotal clinical pharmacology and pivotal therapeutic trials for degludec 
followed by those for degludec aspart.  For a discussion of differences among the 
various degludec and degludec/aspart formulations tested in clinical trials the reader is 
referred to section 4.1 of this review.  An in depth summary of Phase III trials are 
summarized in details in section 5.3 of this review. 
 
Table 6: Phase I and Formulation Exploration Studies 

Trial Number 
and 

Descriptive 

Study Type and 
Objective Trial Design 

Population, Number Treated, 
Formulation,  

Dose and Route 
Key Findings 

NN5401-1718 
Exploratory, 
IDeg, Drug 

Product, 
Formulation 

Study 

Phase I, PK/PD, 
SAD study in 
healthy males 
and males with 
type 1 DM and 
type 2 DM 
 
Safety, 
tolerability 
single dose PK 

Part I: 
Randomized, 
double-blind, 
placebo 
control, single 
ascending 
dose study 
 
Part II:  
Randomized, 
double-blind, 
two-period, 
cross-over, 
single-dose 
study 

Part I: 
Healthy volunteer: n=40  
IDeg (A):  1.8, 3.6, 7.2, 14.4 
and 21.6 nmol/ kg s.c. 
 
Part II: 
Type 1 DM: n=12  
IDeg (A):  5.3 nmol/kg s.c. 
NPH: 0.4 U/kg s.c. 
 
Type 2 DM: n=12  
IDeg (A):  7.9 nmol/kg s.c. 
NPH: 0.6 U/Kg s.c. 

Part I 
-Glucose lowering effect (i.e., area under the glucose 
infusion rate time time curve over 24 hours and maximum 
glucose infusion rate) increases with dose 
-Time to maximum glucose lowering effect ranged from 11-
16 hours 
-Time to reach maximum plasma degludec concentration 
ranged from 10-17 hours 
-Total exposure (i.e., area under the degludec concentration 
time curve from time zero to infinity) was dose proportional 
-Maximum plasma degludec concentration trended towards 
dose proportionality 
-Mean apparent ½ life ranged from 15.5 to 21.7 hrs and was 
not dose dependent  

Part II 
-PD parameters revealed that degludec time action profile is 
protracted compared to NPH 
-No difference was noted with regard to onset of action 
between degludec and NPH  

NN5401-1719 
Exploratory 
IDeg-Drug 

Product 
Formulation 

Study 

Phase I, PK/PD, 
SAD study in 
healthy males, 
and males with 
type 1 DM and 
type 2 DM 
 
Dose-response 
comparison over 
a clinically 
relevant dose 
range 

Randomized, 
double-blind, 
single-dose, 
six period, 
cross-over, 
single dose, 
dose 
response 
study 

Type 1 DM: n=20 
IDeg (B): 0.43, 0.87, 1.73 U/kg 
s.c. 
IGlar: 0.3, 0.6, 1.2 U/kg s.c. 
 
Type 2 DM: n=20 
IDeg (B): 0.58, 1.17, 2.33 U/kg 
s.c. 
IGlar:  0.4, 0.8, 1.6 U/kg s.c. 

-The time action profile of degludec (B) (i.e., maximum and 
overall glucose lowering effect) over a clinically relevant 
dose range is dose proportional in the 24 hours following a 
single injection  
-Time to reach maximal glucose lowering effect was longer 
and more variable for degludec (B) (13-20 hrs) compared to 
glargine (11-13 hours) 
-Methodological complications (i.e., early rise in glucose 
during the clamp procedure in degludec group) confound 
some between groups (i.e., glargine vs. degludec) PK/PD 
comparisons. 
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NN5401-1738 
Exploratory, 

IDegAsp, Drug 
Product, 

Formulation 
Study 

Phase I, PK/PD, 
SAD study in  
males with type 
1 DM and type 2 
DM  
 
To evaluate the 
effect of IDeg on 
aspart PK when 
administered as 
a fixed ratio 
combination 
product 
 
To evaluate the 
effect of aspart 
on IDeg PK 
when 
administered as 
a fixed ratio 
combination 
product 

Randomized, 
double-blind, 
multiple-
period, 
incomplete-
block, cross-
over single 
dose study 

Part 1: Type 1 DM; n=38 
IDegAsp 30 (A): 0.97 U/kg s.c. 
IDegAsp 40 (A): 0.95 U/kg s.c. 
IDegAsp 50 (A): 0.95 U/kg s.c. 
IDeg (B) + IAsp: 0.96 U/kg s.c. 
IDeg (C) + IAsp: 0.96 U/kg s.c. 
BIAsp 70/30: 0.64 U/kg s.c. 
 
Part 2: Type 2 DM; n=21 
IDegAsp 60/40 (A): 1.2 U/kg 
s.c. 
IDegAsp 50/50 (A): 1.2 U/kg 
s.c. 
BIAsp 30: 0.8 U/kg s.c. 

-Fixed ratio combination of degludec with aspart significantly 
altered the PK profile of insulin aspart when compared to 
separate simultaneous injections of individual components 
-Overall degludec PK profile was not significantly affected 
by aspart 
-The early PK profile of insulin degludec was affected by 
aspart 
-The relative changes in glucose lowering action 
corresponded to changes observed in the PK profile for 
insulin aspart and insulin degludec.  
-For IDegAsp 50, the insulin aspart PK profile over the first 
two hours resembled the aspart profile of BIAsp 30 
-For IDegAsp products, time to maximum glucose lowering 
effect was similar compared with BIAsp 30, although time to 
reach maximum insulin aspart plasma concentration was 
delayed for IDegAsp30 and IDegAsp40 compared to BIAsp 
30 
-Compared to BIAsp 30; IDegAsp products showed clearer 
separation of the rapid and long acting glucose lowering 
effects and longer effect duration. 

NN5401-1740 
Exploratory  
IDeg, Drug 

Product, 
Formulation 

Study 

Phase I, “steady 
state” PK/PD, 
study, in males 
with type 1 DM  
 
Part 1:  IDeg (B) 
OD 
Part 2:  IDeg (B) 
BID 
Part 3:  IDeg (C) 
OD 

Open-label, 
multiple dose, 
three part, 
uncontrolled 
study 

Part 1: IDeg (B): n=12 
Six OD s.c. doses 0.4 U/kg 
 
Part 2: IDeg (B): n=12 
Six BID s.c. doses 0.8 U/kg 
 
Part 3: IDeg (C): n=12 
Six OD s.c. doses 0.8 U/kg 

-The PD response was stable, at steady state, in all three 
parts 
-The PD effect was larger at steady state compared to 
single dose (attr buted to PK accumulation) 
-The steady state PD effect was similar with once-daily and 
twice daily dosing for the same total daily dose 
-The steady state PD effect was similar with the 600 and the 
1200 nmol/mL IDeg formulation for the same total daily dose 
-The 24 hour time-concentration profiles (PK) were flat at 
steady state in all three trial parts 
-The accumulation ratios for AUCins(0-24h) with a daily 
dose of 2.5 nmol/kg of IDeg 1200 nmol/mL was comparable 
to that seen with a daily dose of 5 nmol/kg for the 
formulation containing 600 nmol/mL of IDeg 
-No specific IDeg cross-reacting antibodies increase was 
observed  

NN5401-1959 
Exploratory, 

IDegAsp, Drug 
Product, 

Formulation 
Study 

Phase I, single 
dose, PK/PD, 
study  
 
To evaluate the 
effect of IDeg on 
IAsp PK/PD 
when 
administered as 
part of a fixed 
ratio combined 
product in 
subjects with 
type 1 diabetes. 
 
To evaluate the 
effect of IAsp on 
IDeg PK/PD 
when 
administered as 
part of a fixed 
ratio combined 
product in 
subjects with 
type 1 diabetes 

Randomized, 
double-blind, 
single-dose, 
multiple-
period, 
incomplete 
block cross-
over trial 

1) FRC IDegAsp 30 (B); n=23 
IDeg/IAsp 3.86/1.66 nmol/kg 
2) Individual Components 
n=21 
IDeg (E) 3.84 + IAsp 1.68 
nmol/kg  
 
3) FRC IDegAsp 40 (C); n=29 
IDeg/IAsp 3.83/1.70 nmol/kg 
4) Individual Components; 
n=29 
IDeg (D) 3.78 + IAsp 1.68 
nmol/kg  
 
5) FRC IDegAsp 45 (B); n=19 
IDeg/IAsp 3.04/2.48 nmol/kg 
6) Individual Components; 
n=19 
IDeg (E) 3.06 + IAsp 2.46 
nmol/kg 
 
7) FRC IDegAsp 55 (C); n=24 
IDeg/IAsp 3.04/2.48 nmol/kg 
8) Individual Components; 
n=27 
IDeg (D) 3.06 + IAsp 2.46 
nmol/kg 
 
9) FRC BIAsp 30; n=24 
IAsp component 3.84 nmol/kg 

-The area under the aspart concentration time curve from 0 
to 2 hour and the maximum aspart concentration achieved 
were 30% lower when aspart was injected as part of a 
combined product (i.e., across all formulations tested) 
compared to when aspart was injected as a separate 
simultaneous injection 
-The pharmacokinetic profile of IDeg was similar when IDeg 
was injected as part of combined product (i.e., across all 
formulations tested) compared to when IDeg was injected 
as a separate simultaneous injection  
-No differences in glucose lowering action were noted 
between combined and simultaneous separate insulin 
injections for any of the formulations considered 
- The zero to three hours aspart PK profile was similar for 
BIAsp 30, IDegAsp 30 (B) and IDegAsp 40 (C).  Higher 
aspart exposure was observed for IDegAsp 45 (B) and 
IDegAsp 55 (C)  
-The zero to three hours PD profile was similar for BIAsp 30, 
IDegAsp 30 (B) and IDegAsp 40 (C).  Higher glucose 
lowering effect was observed for IDegAsp 45 (B) and 
IDegAsp 55 (C) 
-Glucose infusion rate beyond GIRmax were flatter and 
more prolonged in all IDegAsp groups compared to the 
BIAsp 
-Differences in IDeg concentration across IDegAsp 
formulations did not alter the pharmacokinetic profile of 
insulin aspart or IDeg 
-No safety or tolerability issues 
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NN5401-1788 
Exploratory 
IDeg and 
IDegAsp 
Product 

Formulation 
Study 

Phase I, single 
ascending dose, 
PK/PD study in 
healthy 
Japanese 
volunteers 

Randomized, 
double-blind, 
placebo-
controlled, 
single-dose, 
parallel group 
study 

IDeg (B); n=16 
0.3, 0.6, 1.2 U/kg s.c. 
 
IDegAsp 50; n=8 
0.1 U/kg s.c. 
 
Placebo; n=8 

-IDeg appears safe and well tolerated by healthy male 
Japanese subjects after single s.c. doses administered 
either alone or in a fixed combination product with insulin 
aspart 
-Based on glucose infusion rate-time profiles, single s.c. 
insulin IDeg appears to have an action profile that exceeds 
24 hours in healthy Japanese males. 

NN5401-1790 
Exploratory 
IDeg and 
IDegAsp 
Product 

Formulation 
study 

Phase I, steady 
state, single 
dose, PK/PD 
study in healthy 
Japanese 
volunteers 

Randomized, 
double-blind, 
placebo-
controlled, 
parallel group 
study 

IDeg (D); n=6 
IDeg (E); n=6 
IDegAsp 30 (B); n=6 
IDegAsp 45 (B); n=6 
 
0.1 U/kg s.c. 
 
Placebo; n=8 

-The two IDeg preparations and the two IDegAsp 
preparations appear safe and well tolerated in healthy 
Japanese male subjects after multiple s.c. doses  
-For all treatments, individual serum insulin degludec 
concentrations were quantified over 24 hours even at low 
dose 
-No apparent accumulation of insulin degludec by multiple 
dosing was observed 
-The insulin aspart fraction in the fixed ratio combination 
products was absorbed as rapidly as other separate insulin 
aspart preparations after single and multiple s.c. dosing 
-Serum endogenous insulin and plasma glucose profiles 
were comparable after single and multiple s.c. dosing in all 
treatment groups 

NN5401-1985 
Exploratory 
IDeg and 
IDegAsp 

formulation 
study 

Bioequivalence, 
PK/PD, single 
dose, healthy 
volunteer, study 

Randomized, 
double-blind, 
two-period 
cross-over, 
single-dose 
trial 

IDeg (J); n=26 
0.57 U/kg s.c. 
IDeg (C); n=26 
0.57 U/kg 
IDegAsp 55 (C); n=32 
0.92 U/kg 
IDegAsp 55 (D); n=32 

Formulations were not further developed 
-The two formulations of IDeg, with and without buffer, are 
bioequivalent 
-IDeg with and without buffer was well-tolerated with no 
indication of safety issues 
-The two formulations of IDegAsp, with and without buffer, 
are bioequivalent 
IDegAsp with and without buffer was well-tolerated with no 
indication of safety issues 

NN5401-3538 
Compares the 
symptoms and 
the Counter-

regulatory 
Response to 

Hypoglycemia 
between 

Degludec and 
Glargine 

PK/PD, multiple 
dose, study in 
type 1 DM 
clamped at 
various plasma 
glucose levels 
studying the 
physiological 
and symptomatic 
response to 
hypoglycemia at 
steady state 

Randomized, 
double-blind, 
two-period, 
cross-over, 
multiple dose  
study 

n=28 
 
IDeg 
IGlar 
 
80% of subject’s basal dose 
s.c. once daily for four days 
followed by a fifth dose on day 
5 at 3X the individual’s need 

-The rate of plasma glucose decline (from 4.5 mmol/L to 
nadir) during controlled hypoglycemia, is comparable for 
IDeg 
and IGlar 
-Symptoms during controlled hypoglycemia, are similar for 
IDeg and IGlar 
-Counter-regulatory hormone response during controlled 
hypoglycemia is numerically greater with IDeg compared to 
IGlar 
During hypoglycemia, cognitive function assessed by digital 
symbol substitution test is better maintained with IDeg 
compared to IGlar 
-Recovery from hypoglycemia occurs within the same 
timeframe for IDeg and IGlar 
-During recovery, less glucose is required to alleviate 
hypoglycemia with IDeg compared to IGlar 
-Generally, IDeg and IGlar are well tolerated in this trial. 
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Table 7: Pivotal Insulin Degludec Clinical Pharmacology Studies 

Trial Number 
and 

Descriptive 
Study Type Trial Design Number, Formulation,  

Dose and Route Key Findings 

Studies In Healthy Volunteers 
NN1250-1988 

Bioequivalence 
study after 

change In  S. 
cerevisiae 
production 

strain 

Bioequivalence 
study between 
IDeg (E) and 
IDeg (M*) 
derived from two 
production 
strains 

Randomized, 
double-blind, 
two-period, 
cross-over, 
single-dose 
study 

n=26 
 
IDeg (E) 
IDeg (M) 
 
 0.4 U/kg s.c. 

-The two formulations are bioequivalent based on 
maximum and overall exposure (i.e., Cmax and AUC0-120h) 

NN1250-3769 
Bioequivalence 

study after 
drug substance 
manufacturing 

process 
capacity 

optimization 

Bioequivalence 
study between 
IDeg (IM1) and 
IDeg (IM2) 

Randomized, 
double-blind, 
two-period, 
cross-over, 
single dose 
study 

n=26 
 
IDeg (IM1)  
IDeg (IM2) 
 
 0.4 U/kg s.c. 

-The two formulations are bioequivalent based on 
maximum and overall exposure (i.e., Cmax and AUC0-120h) 

NN1250-1992 
Injection Site 

Rotation Study 

Subcutaneous 
Site Rotation 
and 
Bioavailability 
Study in Healthy 
Adults 

Randomized, 
open-label, 
five period 
cross-over, 
single dose 
study 

n=20 
 
IDeg (M) 
 
0.4 U/kg s.c. in thigh, abdomen, 
and deltoid 
0.4 U/kg i.m. 
0.04 U/kg i.v. 

-Exposure based on PK  (i.e., AUC0-120h) is higher after s.c. 
administration in the abdomen and deltoid compared to the 
thigh  
-PD effect is similar across all injection sites 
-IM injections leads to higher exposure and glucose 
lowering effect than s.c. exposure 

PK and PD Studies in Adult Type 1 DM  

NN1250-1876 
Dose 

Response 
Phase II 

Formulation 

Steady-state, 
Dose Response 
Study in Type 1 
DM 

Randomized, 
double-blind, 
two period, 
incomplete-
block cross-
over, multiple 
dose study 

n=63 
 
Randomized to one of 3 dose 
levels and one of two 
sequences 
 
IDeg (E):  Eight OD s.c. 0.28, 
0.57, 0.85 U/kg 
 
IGlar:  Eight OD s.c. 0.2, 0.4, 
0.6 U/kg 

-Based on the area under the glucose infusion rate curve 
during a dosing interval (i.e., 0-24 hours) the molar dose 
ratio between degludec (E) and glargine was 0.81 [0.72; 
0.93] 
-The glucose lowering effect of IDeg (E), at steady state, 
was proportional (i.e., linear) to dose 
-Degludec and glargine had a PD profile that extended 
beyond 24 hours 
-IDeg (E) PK based exposure (max and overall), at steady 
state, was proportional to dose 
-IDeg (E) steady state PK was reached after 2 to 4 days 

NN1250-1991 
Within Subject 

Variability 

Steady-state 
Within Subject 
Variability in 
Type 1 DM 

Randomized, 
double-blind, 
parallel-group, 
multiple dose 
study 

IDeg (M): n=27 
IGlar: n=27 
 
12 OD s.c. doses: 0.4 U/kg  

-Subjects dosed with IDeg exhibited less within subject PD 
variability compared to subjects dosed with glargine 
 -Variability was defined as the CV(%) for the area under 
the glucose infusion rate curve during a dosing interval 
(i.e., 0-24 hours) on dosing days 6, 9 and 12  

NN1250-1993 
Dose 

Response 
Proposed 

Commercial 
Formulation 

Steady-state, 
Dose Response 
Study in Type 1 
DM 

Randomized, 
double-blind, 
two period, 
incomplete-
block cross-
over, multiple 
dose study 

n=66 
 
Randomized to one of 3 dose 
levels and one of two 
sequences 
 
IDeg (M) 
IGlar 
  
Eight OD s.c. 0.4, 0.6, 0.8 U/kg 

-The glucose lowering effect [i.e., area under the glucose 
infusion rate curve during a dosing interval (i.e., 0-24 
hours)] and IDeg total and maximum exposure increases 
proportionally with dose at steady state 
-The glucose lowering effect of IDeg extends beyond 42 
hours at clinically relevant doses 
-IDeg has a longer duration of action than glargine 
-IDeg has a flat stable profile compared to glargine 

NN1250-1994 
Young Adults 
and Geriatric 

Subjects 
Proposed 

Commercial 
Formulation 

Steady-state 
PK/PD and 
safety profile in 
young adults and 
geriatric subjects 
with Type 1 DM 

Randomized, 
double-blind, 
two-period 
cross-over, 
multiple dose 
study 

n=27 
• n=13 (18-35 years) 
• n=14 (≥65 years old) 

 
IDeg (M) 
IGlar 
  
Six OD s.c. doses: 0.4 U/kg 

-The IDeg glucose lowering effect and the total and 
maximum IDeg exposure, at steady state, during a dosing 
interval is similar in younger adults and geriatric subjects 
with type 1 dm at steady state 
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NN1250-1996 
(Japanese) 
Proposed 

Commercial 
Formulation 

Steady-state 
PK/PD Dose 
Response Study 
in Japanese with 
Type 1 DM 

Randomized, 
double-blind, 
two period 
cross-over, 
multiple dose 
study 

n=22 
 
IDeg(M) 
IDet  
 
Six OD s.c. doses; 0.4, 0.6, 0.8 
U/kg 

-Glucose lowering effect of IDeg extends beyond 26 hours 
-IDeg has a longer duration of action compared to IDet 
-IDeg has a flat and stable glucose lowering effect 
compared to IDet 
 

NN5401-3678 
Post-hoc BE 

study between 
U100 and 

U200 
formulation 

Steady-state, 
PK/PD, 
characteristics of 
IDeg U100 
and IDeg U200 

Randomized, 
double-blind, 
two-period, 
cross-over, 
multiple dose 
study 

n=33 
 
IDeg (M) 
IDeg (P) 
 
Eight OD s.c. dose; 0.4 U/kg 
s.c. 

-IDeg 100 U/mL and IDeg 200 U/mL have similar glucose-
lowering effect 
- At steady state IDeg 100 U/mL and IDeg 200 U/mL have 
similar total exposure during a dosing interval (i.e., 
AUCIDeg,τ) 
-IDeg 100 U/mL and IDeg 200 U/mL are bioequivalent 
based on AUCIDeg,τ and maximum exposure at steady state 
(Cmax)(post-hoc analysis) 
-IDeg 100 U/mL and IDeg 200 U/mL are well tolerated and 
no safety issues are identified 

PK and PD Studies in Type 2 DM 

NN1250-1987 
Dose 

Response 
and PK/PD 
U100 and 

U200 Proposed 
Commercial 
Formulation 

Comparisons 

Steady State, 
Dose Response 
Study In 
Subjects with 
Type 2 DM 
 

Randomized, 
double-blind, 
two period, 
incomplete-
block cross-
over, multiple 
dose study 

n=49 
 
Randomized to one of 5 
treatment sequence each 
consisting of two treatment 
periods  
 
IDeg (M) 
IDeg (P) 
 
IDeg (M): Six OD s.c. 0.4, 0.6, 
0.8 U/kg 
IDeg (P): Six OD s.c. 0.6 U/kg 

Total glucose-lowering effect of IDeg increases linearly 
with dose 
The glucose-lowering effect of IDeg 100 U/mL and IDeg 
200 U/mL extends beyond 26 hours at clinically relevant 
doses 
IDeg has a flat and stable glucose-lowering effect 
IDeg 100 U/mL and IDeg 200 U/mL have a similar 
glucose-lowering effect 
Total exposure of IDeg increases proportionally with 
increasing dose 
IDeg 100 U/mL and IDeg 200 U/mL have a flat and stable 
pharmacokinetic profile 

NN1250-3762 
(PK/PD 

Ethnicity) 

“Steady State” 
PK/PD in Three 
Ethnic Groups in 
Type 2 DM 

Randomized, 
double-blind-
two-period 
cross-over 
multiple dose 
study 

n=63 
 
IDeg (M) 
IDet 
 
18 African American 
22 Hispanic 
23 Caucasian 
 
Six OD s.c. 0.6 U/kg 

-Total glucose lowering effect, at steady-state, during a 
dosing interval, is similar across the three ethnic groups 
studied 
-Total IDeg exposure, at steady-state, during a dosing 
interval, is similar across the three ethnic groups studied 
-IDeg glucose lowering effect is stable and flat compared 
to IDet 
-IDeg PK profile is stable and flat compared to IDet 

PK Studies in Special Populations  

NN1250-1989 
(Hepatic 

Impairment) 

PK and safety 
profile in 
subjects with 
and without 
hepatic 
impairment 

Open-label, 
parallel group, 
single dose 
study 

n=24 
 
IDeg (M) 
 
6 normal hepatic function 
6 mild hepatic impairment 
6 mod. hepatic impairment 
6 severe hepatic impairment 
 
0.4 U/kg s.c. 

-Total IDeg exposure [area under the IDeg concentration 
time curve over five days (i.e., AUCIDeg 0-120h)] and other 
pharmacokinetic properties are similar in subjects with 
hepatic impairment 

NN1250-1990 
(Renal 

Impairment) 

PK and safety 
profile in 
subjects with 
and without renal 
impairment 

Open-label, 
parallel group, 
single dose 
study 

n=30 
 
IDeg (M)  
 
6 normal renal function 
6 mild renal impairment 
6 mod. renal impairment 
6 severe renal impairment 
6 end stage renal disease 
 
0.4 U/kg s.c. 

-Total IDeg exposure (AUCIDeg 0-120h) and pharmacokinetic 
properties are similar in subjects with hepatic impairment 
-Hemodialysis does not affect clearance of IDeg in 
subjects with ESRD 
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NN1250-1995 
(Pediatric Type 

1 DM) 

PK and safety 
profile in 
children, 
adolescent and 
adult with Type 1 
DM 

Randomized, 
double-blind, 
two-period, 
cross-over, 
single dose 
study 

n=37 
• n=12 (6-11 years) 
• n=13 (12-17 years) 
• n=12 (≥18 years) 

IDeg (M) 
IGlar 
 
0.4 U/kg s.c. 

-The total exposure (i.e., area under the IDeg 
concentration time curve from time 0 to infinity) is higher in 
both children and adolescent compared to adults after a 
single dose of IDeg.  
-Maximum IDeg exposure trended higher in children and 
adolescents compared to adults but differences were not 
statistically significant 

NN1250-3586 
(Population PK 
Asian Ethnicity) 

Population PK in 
Asian subjects 
with Type 2 DM 

Phase III 
Study Phase III Study Phase III Study 
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Table 8:  Therapeutic Exploratory Trial Insulin Degludec 

Trial Number 
and Descriptive Trial Type Trial Design Intervention and Number of 

Subjects Randomized Duration 

Type 1 DM 

NN1250-1835 
Therapeutic exploratory study in Type 
1 DM patients on a basal bolus insulin 

regimen 

Exploratory 
Efficacy and 
Safety 

Randomized, 
open-label,  
two parallel 
group, treat-to-
target trial 

IDeg (D) once daily n=60 
IDeg (E) once daily  n=59 
IGlar: n=59 

16 weeks 

NN1250-3569 
Therapeutic Exploratory trial in 

Japanese patients with type 1 DM 

Exploratory 
Safety and 
Efficacy in 
Japanese 
Subject 

Randomized, 
open-label,  
two parallel 
group 

IDeg (E) once daily: n=33 
IDet: n=32 6 weeks 

Type 2 DM 

NN1250-1836 
Once daily and three times weekly 

therapeutic exploratory study in Type 
2 DM patients on metformin 

Exploratory, 
Efficacy and 
Safety  

Randomized, 
open-label, 
four-arm, 
parallel-group, 
treat to target 
trial 

IDeg (D) once daily: n=61 
IDeg (E) once daily: n=60 
IDeg (D) thrice weekly: n=62 
IGlar: 62 

16 weeks 

 
Table 9:  Completed Degludec Confirmatory Therapeutic Trials 

Trial Number 
and Descriptive Trial Type Trial Design Intervention Arms and Number of 

Subjects Randomized Duration 

Type 1 DM 

NN1250-3583 
IDeg in Type 1 DM patients on a basal 

and bolus insulin regimen 

Pivotal, 
Efficacy and 
Safety for 
IDeg U100 
formulation 

Randomized, 
open-label,  
two parallel 
group, treat-
to-target trial 

IDeg (M):  472 
IGlar:  157 52 weeks 

NN1250-3585 
IDeg in Type 1 DM patients on a basal 

and bolus insulin regimen 
(Asia) 

Pivotal, 
Efficacy and 
Safety for 
IDeg U100 
formulation 

Randomized, 
open-label,  
two parallel 
group, treat-
to-target trial 

IDeg (M):  303 
IDet:  153 26 weeks 

NN1250-3770 
IDeg flexible dosing interval in Type 1 

DM patients on a basal and bolus 
insulin regimen 

Pivotal, 
Efficacy and 
Safety for 
IDeg U100 
flexible dosing 
in interval 

Randomized, 
open-label,  
three parallel 
groups, treat-
to-target trial 

 
IDeg (M) Flexible:  164 
IGlar; 164 
IDeg Fixed: 165 

26 weeks 

Type 2 DM 

NN1250-3579 
IDeg in insulin naïve Type 2 DM 

patients on oral medications  

Pivotal, 
Efficacy and 
Safety for 
IDeg U100 
formulation 

Randomized, 
open-label,  
two parallel 
group, treat-
to-target trial 

IDeg (M): 773 
IGlar: 257 52 weeks 

NN1250-3580 
IDeg versus DPP-4i in insulin naïve 

Type 2 DM patients on oral 
medications 

Efficacy and 
Safety for 
IDeg U100 
formulation 

Randomized, 
open-label,  
two parallel 
group, treat-
to-target trial* 

IDeg (M):  225 
sitagliptin 100 mg po qd: 222 26 weeks 

NN1250-3582 
IDeg in insulin treated Type 2 DM 

patients on bolus insulin aspart and 
oral medications 

Pivotal, 
Efficacy and 
Safety for 
IDeg U100 
formulation 

Randomized, 
open-label,  
two parallel 
group, treat-
to-target trial* 

IDeg (M): 755 
IGlar:  251 52 weeks 
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NN1250-3586 
IDeg in insulin naïve Type 2 DM 

patients on oral medications 
 (Asia) 

Pivotal, 
Efficacy and 
Safety for 
IDeg U100 
formulation 

Randomized, 
open-label,  
two parallel 
group, treat-
to-target trial* 

IDeg (M); 289 
IGlar: 146 26 weeks 

NN1250-3668 
IDeg flexible dosing interval in Type 2 

DM patients on oral medications 

Pivotal, 
Efficacy and 
Safety for 
IDeg flexible 
dosing interval 

Randomized, 
open-label,  
three parallel 
groups, treat-
to-target trial* 

IDeg (M) Flexible: 229  
IGlar: 230 
IDeg (M) Fixed: 228 

26 weeks 

NN1250-3672 
IDeg 200 in insulin naïve Type 2 DM 

patients on oral medications 

Pivotal, 
Efficacy and 
Safety for 
IDeg U200  

Randomized, 
open-label,  
two parallel 
groups, treat-
to-target trial* 

IDeg (P); 230 
IGlar; 230 26 weeks 

NN1250-3718 
IDeg 200, three times per week, in 

insulin naïve Type 2 DM patients on 
oral medications 

Pivotal, 
Efficacy and 
Safety for 
IDeg U200 
administered 
three times 
per week 

Randomized, 
open-label,  
two parallel 
groups, treat-
to-target trial* 

IDeg (P); 233 
IGlar; 234 26 weeks 

NN1250-3724 
IDeg 200, three times per week, in 

insulin naïve Type 2 DM patients on 
oral medications 

Pivotal, 
Efficacy and 
Safety for 
IDeg U200 
administered 
three times 
per week 

Randomized, 
open-label,  
two parallel 
groups, treat-
to-target trial* 

IDeg (P); 230 
IGlar; 230 26 weeks 

*In all phase III trials the dose of basal insulins (i.e., Insulin degludec and comparators) were to be administered subcutaneously and 
individualized to achieve a fasting plasma glucose target of < 90 mg/mL 

 
Table 10: Ongoing Insulin Degludec Trials as of Safety Cutoff Date; March 31st 2011 

Trial Number 
and Descriptive Trial Type Trial Design Intervention Arms and Number 

of Subjects Randomized Duration 

Type 1 DM 
NN1250-3644 

IDeg in Type 1 DM patients on a 
basal and bolus insulin aspart 

regimen 

Extension of 
NN1250-3583 

Open-label,  
two parallel 
group, treat-
to-target trial 

n planned = 396 
 
IDeg 
IGlar 

52 weeks 

NN1250-3770 
IDeg flex ble dosing interval in Type 
1 DM patients on a basal and bolus 

insulin aspart regimen 

Extension of 
NN1250-3770 

Open-label,  
three parallel 
groups, 
treat-to-
target trial 

n planned = 330 
 
IDeg Flexible 
IGlar 
IDeg Fixed 

26 weeks 

NN1250-3725 
IDeg in Type 1 DM patients on a 

basal and bolus insulin aspart 
regimen 
(Asia) 

Extension of  
NN1250-3585 

Open-label,  
two parallel 
group, treat-
to-target trial 

n planned = 324 
 
IDeg 
IDet 

26 weeks 

Type 2 DM 

NN1250-3643 
IDeg in insulin naïve Type 2 DM 

patients on oral medications 

Extension of 
NN1250-3579 

Open-label,  
two parallel 
group, treat-
to-target trial 

n planned = 552 
 
IDeg (M) 
IGlar: 

52 weeks 

NN1250-3667 
 IDeg in insulin treated Type 2 DM 

patients on bolus insulin aspart and 
oral medications 

Extension of 
NN1250-3582 

Open-label,  
two parallel 
group, treat-
to-target trial 

n planned = 566 
 
IDeg (M) 
IGlar  

26 weeks 

NN1250-3846  
IDeg in insulin naïve Type 2 DM 

patients on oral medications 

Efficacy and safety of 
IDeg using two 
different titration 
algorithms 

Randomized, 
open-label,  
two parallel 
group, treat-
to-target trial 

n planned = 218 
 
IDeg (M): OD s.c. simple 
titration algorithm 
IDeg (M): OD s.c. stepwise 
titration algorithm 

26 weeks 
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Table 11: Completed Insulin Degludec Trials; Other Categories 

Trial Number 
and Descriptive Trial Type Trial Design Intervention Arms and Number 

of Subjects Randomized Duration 

Type 2 DM 

NN1250-3765 
Exploratory Study, Thrice-Weekly, 

Degludec U200,  in Type 1 DM 
patients on basal and bolus insulin 

Safety of U200 Three 
Times per Week in 

Type 1 DM 

Randomized, 
double, 
blind, two-
period, 
cross-over 
study  

n=18 
 
IDeg (P) U200 three times per 
week 
IDeg (P) U200 once daily 

14 days 

NN1250-3839 
Exploratory Study, Degludec U200, 
Impact of switching from once daily 

glargine to thrice weekly insulin 
degludec in Type 2 DM patients 

Efficacy and safety of 
switching from 
Glargine OD to 

degludec three times 
per week 

Uncontrolled, 
single-arm, 
treat-to-
target trial  

n planned = 129 
 
IDeg (M); 12-weeks 
IGlar; 4-weeks 

16 weeks 
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Table 12: Pivotal IDegAsp Clinical Pharmacology Studies 

Trial Number 
and 

Descriptive 
Study Type Trial Design Formulation and Number  

Dose and Route Key Findings 

Studies In Healthy Volunteers 
NN5410-1980 
BE study for 

change in, drug 
substance 

manufacturing, 
S. cerevisiae 
production 

strain 

Single dose, 
PK study in 
healthy 
subjects 

Randomized, 
double-blind, 
two-period 
cross-over, 
single dose 
trial 

n=26 
 
IDegAsp 30 (B) 
IDegAsp 30 (F) 
 
0.5 U/kg s.c. 

-The two formulations of IDegAsp are bioequivalent (based on 
AUCIDeg,0-120h, Cmax,IDeg, AUCIAsp,0-12h and Cmax,IAsp). 
-The two formulations of IDegAsp are well tolerated and no 
safety issues are identified  

PK and PD Studies in Adult Type 1 DM  

NN5401-1977 
Product 

Distinctiveness 

Single dose 
PK/PD  
commercial 
formulation in 
type 1 DM 

Randomized, 
open-label, 
three period 
cross-over, 
single dose 

n=27 
 
IDegAsp (F): 0.5 U/kg s.c. 
 
IDeg (M): 0.5 U/kg 
 
 IAsp: 0.5 U/kg s.c. 

-The “mealtime” glucose lowering effect (defined as the area 
under the glucose infusion rate curve form time 0-6 hours) and 
the post meal glucose lowering effect (defined as the area 
under the glucose infusion rate curve form time 4-24 hours) are 
more than 20% different between the fixed ratio IDegAsp drug 
product and individual IAsp and IDeg drug products. 
-PK analysis revealed that for the IDegAsp drug product, the 
overall pharmacokinetic exposure to the IAsp and IDeg drug 
substance is more than 20% lower compared to the exposure 
observed when the individual IAsp or IDeg drug products are 
administered 
-PK analysis revealed that the 90% CI for the relative 
bioavailability of the IAsp drug substance in IDegAsp versus the 
IAsp drug product was [0.81; 0.88] fulfilling the bioavailability 
criterion ([0.80; 1.25] 90%CI). 
-PK analysis revealed that the 90% CI for the relative 
bioavailability of the IDeg drug substance in IDegAsp versus the 
IDeg drug product was [1.03; 1.16] fulfilling the bioavailability 
criterion ([0.80; 1.25] 90%CI). 

NN5401-1981 
PK/PD 

Geriatric and 
young adults 

type 1 DM 

Single dose 
PK/PD in 
geriatric 
subjects and 
younger 
adults 

Randomized, 
double-blind, 
two-period 
cross-over, 
single dose, 
study 

n=28 
 
IDegAsp (F) 
BIAsp 30 
 
0.5 U/kg s.c. 

-The glucose-lowering effect of IDegAsp (i.e., AUCGIR, 0-24h) is 
similar for geriatric and young adult’s subjects with type 1 
diabetes mellitus. 
-The total exposure (AUCIDeg,0-120h) of IDeg in IDegAsp is similar 
for geriatric and younger adult subjects with type 1 diabetes 
mellitus 
-The total exposure (AUCIAsp,0-12h) of IAsp in IDegAsp tends to 
be higher in geriatric compared to  younger adult subjects with 
type 1 diabetes mellitus 
-IDegAsp is well-tolerated in both geriatric and younger adult 
subjects with type 1 diabetes mellitus and no safety issues are 
identified 

NN5401-1983 
PK/PD 

Japanese 

Single dose, 
PK/PD in 
Japanese 
subjects with 
type 1 DM 

Randomized, 
double-blind, 
two-period 
cross-over, 
study 

n= 21 
 
IDegAsp (F) 
BIAsp 30 
 
0.5 U/kg s.c. 

The pharmacodynamic effects of the bolus and basal 
components of IDegAsp are distinct and clearly separated 
The glucose lowering effect for IDegAsp and BIAsp 30 is similar 
during the first 4 hours after injection 
The glucose-lowering effect  from 4-12 hours after injection is 
smaller for IDegAsp compared to BIAsp 
The glucose-lowering effect  from 12-24 hours after injection 
appears larger for IDegAsp compared to BIAsp 
-The pharmacokinetic profiles of the two components of 
IDegAsp (insulin aspart and insulin degludec) are consistent 
with the pharmacodynamic profile of IDegAsp 
-IDegAsp and BIAsp 30 are well-tolerated and no safety issues 
are identified 
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NN5401-3539 
Dose 

Response 
at clinically 

relevant doses 
in type 1 DM 

single dose 
PK/PD, , 
dose-
response 
study in 
subjects with 
type 1 DM 

Randomized, 
double-blind, 
Incomplete 
block, cross-
over, single 
ascending 
dose study 

n= 33  
 
IDegAsp 30 (F) 
BIAsp 
 
0.4, 0.6 and 0.8 U/kg s.c. 

-The total and maximum glucose lowering effect of IDegAsp 
(AUCGIR,0-24h and GIRmax) increases proportionally with dose 
-The total exposure to IDeg in IDegAsp increases proportionally 
with dose  
-The total exposure to IAsp in IDegAsp is close to dose 
proportional 
-The pharmacodynamic effects of the bolus and basal 
components of IDegAsp are distinct and clearly separated. 
-IDegAsp is well tolerated, and no safety issues are identified 

NN5401-3857 
Product 

Distinctiveness 

To compare 
the PK/PD  
profile of 
IDegAsp, IDeg 
and IAsp in 
type 1 DM 

Randomized, 
open-label, 
three-period, 
cross-over, 
single dose. 

n= 27 
 
IDegAsp (F) 
IDeg (M) 
IAsp 
 
0.5 U/kg s.c. 

-The pharmacodynamic IDegAsp response during mealtime 
and in the post-prandial period are more than 20% different 
compared to IAsp 
-The pharmacodynamic IDegAsp response during mealtime 
and in the post-prandial period are more than 20% different 
compared to IDeg 
-The overall pharmacokinetic exposure with the IDegAsp 
product differs by more than 20% (lower) compared to the 
individual IAsp drug product  
-The overall pharmacokinetic exposure with the IDegAsp 
product differs by more than 20% (lower) compared to the 
individual IDeg drug product 
-The criterion for 100% relative bioavailability for IDegAsp 
versus IDeg is fulfilled, but the criterion is not fulfilled for 
IDegAsp versus IAsp 
-IDegAsp, IAsp and IDeg are well tolerated, and no safety 
issues are identified in this trial 

PK and PD Studies in Type 2 DM 

NN5401-1978 
Dose 

Response at 
clinically 

relevant doses 
in type 2 DM 

Single 
ascending 
dose, PK/PD 
commercial 
formulation in 
type 2 DM 

Randomized, 
double-blind, 
incomplete 
block cross 
over, SAD 
dose study 

n=39 randomly allocated to 4 
out 6 treatment groups and 2 
out of 3 matched doses 
 
IDegAsp (F) 
BIAsp 
 
0.4, 0.6, 0.8 U/kg s.c. 

-Total and maximum glucose lowering effect of IDegAsp 
increases linearly with dose 
-The total exposure (PK) to the individual IDeg component in 
IDegAsp increases proportionally with dose  
-The total exposure to the individual IAsp component in 
IDegAsp increases close to dose proportionally 
-The pharmacodynamic effects of the bolus and basal 
components of  IDegAsp are distinct and clearly separated 
-IDegAsp is well-tolerated, and no safety issues are identified 

PK Studies in Special Populations  

NN5401-1982 
PK Children, 

adolescent and 
adults 

type 1 DM 

Single dose, 
PK and safety 
in children, 
adolescents 
and adults 

Open-label, 
parallel group 
single dose 
study 

n=38 
• n=12 (6-11 yrs)  
• n=13 (11-17 yrs) 
• n=13 (>17 yrs) 

 
IDegAsp (F) 
 
0.5 U/kg s.c. 

-The total exposure (AUCIAsp,0-12h) and peak concentration (Cmax) 
of IAsp in IDegAsp are higher for children compared to adults, 
and are similar between adolescents and adults 
-The total exposure (AUCIDeg,0-∞) of IDeg in IDegAsp tends to be 
higher for children compared to adults, and is similar between 
adolescents and adults 
-The total glucose-lowering effect (AUCPG-baseline,0-6h,meal,SD) is 
similar in children, adolescents and adults based on a meal 
test. 
-IDegAsp is well tolerated and no safety issues are identified  
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Table 13:  Therapeutic Exploratory Trial IDeg/Asp 

Trial Number 
and Descriptive Trial Type Trial Design Intervention and Number of 

Subjects Randomized Duration 

Type 2 DM 

NN5401-1791 
Therapeutic exploratory study for 
IDegAsp once daily in Type 2 DM 

patients on metformin 

Exploratory 
Efficacy and 
Safety 

Randomized, 
open-label,  
three parallel 
groups, treat-to-
target trial 

IDegAsp 30 (B); once daily: n=59  
IDegAsp 45 (B); once daily: n=59 
IGlar; once daily: n=60  

16 weeks 

NN5401-1792 
Therapeutic exploratory study for 
IDegAsp twice daily in Type 2 DM 

patients on metformin 

Exploratory 
Efficacy and 
Safety 

Randomized, 
open-label,  
three, parallel 
groups, treat-to-
target trial 

IDegAsp 30 (B); twice daily: n=61  
IDegAsp 45 (B); twice daily: n=59 
BIAsp: 30; twice daily: n=62 

16 weeks 

NN5401-3570 
Therapeutic exploratory study for 
IDegAsp twice daily in Japanese 

patients with type 2 DM 

Exploratory, 
Safety and 
Efficacy  

Randomized, 
open-label, two 
arm, parallel-
group, treat to 
target trial 

IDegAsp 30 (B); twice daily: n=32 
BIAsp 30; twice daily; n=31 6 weeks 

 
Table 14: Completed IDegAsp Therapeutic Confirmatory Studies 

Trial Number 
and Descriptive Trial Type Trial Design Intervention and Number of 

Subjects Randomized Duration 

Type 1 DM 

NN5401-3594 
Once daily fixed ratio combination 

insulin in Type 1 DM  patients 
following a basal and bolus insulin 

aspart regimen  

Pivotal, 
Efficacy 
and Safety 
for Once 
Daily 
IDegAsp  

Randomized, 
open-label,  two 
parallel group, 
treat-to-target 
trial 

IDegAsp (F); 366 
IDet; 182 26 weeks 

NN5401-3590 
Once daily fixed ratio combination 
insulin, in insulin-naïve Type 2 DM 

patients on oral medications 

Pivotal, 
Efficacy 
and Safety 
for Once 
Daily 
IDegAsp  

Randomized, 
open-label,  two 
parallel group, 
treat-to-target 
trial 

IDegAsp (F); 266 
IGlar:  263 26 weeks 

NN5401-3593 
Once daily fixed ratio combination 

insulin, in insulin-treated Type 2 DM 
patients on oral medications 

Pivotal, 
Efficacy 
and Safety 
for Once 
Daily 
IDegAsp 

Randomized, 
open-label,  two 
parallel group, 
treat-to-target 
trial 

IDegAsp (F); 230 
IGlar:  233 26 weeks 

NN5401-3592 
Twice daily fixed ratio combination 

insulin, in insulin-treated Type 2 DM 
patients on oral medication 

Pivotal, 
Efficacy 
and Safety 
for Once 
Daily 
IDegAsp  

Randomized, 
open-label,  two 
parallel group, 
treat-to-target 
trial 

IDegAsp (F) BID; 224 
BIAsp 30 BID:  222 26 weeks 

NN5401-3597 
Twice daily fixed ratio combination 

insulin, in insulin-treated Type 2 DM 
patients on oral medication 

(Asia) 

Pivotal, 
Efficacy 
and Safety 
for Once 
Daily 
IDegAsp 

Randomized, 
open-label,  two 
parallel group, 
treat-to-target 
trial 

IDegAsp (F) BID; 280 
BIAsp 30 BID:  142 26 weeks 

 
Table 15:  Ongoing IDegAsp trials as of Safety Cutoff Date; March 31st 2011 

Trial Number 
and Descriptive Trial Type Trial Design Intervention Arms and Number 

of Subjects Randomized Duration 

Type 2 DM 
NN5401-3726 

Once daily fixed ratio combination 
insulin, in insulin naïve Type 2 DM 

patients on oral medications 

Extension of 
NN1250-3590 

Open-label,  
two parallel 
group, treat-
to-target trial 

n planned = 335 
 
IDegAsp (F) 
IGlar 

26 weeks 
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NN5401-3896  
Once daily fixed ratio combination 
insulin, in insulin naïve Type 2 DM 

patients on oral medications 
(Japan) 

Efficacy and Safety 
(Japan) 

Randomized, 
open-label, 
two parallel 
group, treat 
to target trial  

n planned =268 
 
IDegAsp (F) 
IGlar 

26 weeks 

5.2. Review Strategy 

5.2.1.1. Efficacy 

Jean-Marc Guettier MDCM was the primary clinical reviewer for efficacy and authored 
all sections of this review. 
 
 All therapeutic confirmatory trials evaluating insulin degludec (N=9 pivotal trials) and 
insulin degludec/aspart 70/30 once daily (N=5 pivotal trials) were considered in the 
review of efficacy.  All of these trials except trial 3586 are proposed for inclusion by the 
Sponsor in the full prescribing information for degludec and degludec/aspart 
respectively.   
 
Two large phase three trials (3718 and 3724), which compared thrice weekly 
administration of degludec to once daily basal glargine administration were not included 
in the efficacy review as the sponsor is not seeking an indication for the three times a 
week degludec administration schedule.   
 
The general review strategy adopted was to evaluate efficacy according to diabetes 
type and to present pooled information (e.g., baseline characteristics) when possible.  
Information contained in individual study reports were crosschecked to evaluate 
whether pooled information accurately reflected information presented in individual 
studies.  If pooled data did not provide an accurate representation of the information, 
data was presented according to individual trials.   
 
Primary and secondary efficacy data in this review were presented according to 
individual trials since different population, exposure duration and comparators were 
used across the two development programs.  The efficacy review focused on the 
designated primary endpoint.  Confirmatory secondary endpoints related to glycemic 
efficacy and endpoints the Sponsor proposes to label were also reviewed.  Finally the 
following four secondary safety endpoints related to insulin and glycemic control were 
reviewed in the efficacy Section: hypoglycemia, weight change, insulin dose, and the 
effect of anti-insulin auto-antibody on glycemic control. 

5.3. Insulin Degludec Discussion of Individual Studies/Clinical Trials 

Reviewer Note:  This section focuses on key design aspects of pivotal therapeutic trials 
in NDA 203314.  The trial prefix, NN1250, used in the degludec program, is omitted in 
this section for the sake of simplicity.   
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Table 16: Overview of the 21 Phase 2 and 3 Trials Used to Establish and Confirm 
Insulin Degludec Efficacy and Safety 

Therapeutic 
Exploratory 
Trials 

3 formulation and dosing schedule exploration studies 
 2 basal-bolus studies in Type 1 DM (1835, 3569) 
 1 basal add on to OAD  study in Type 2 DM (1836) 

2 three times per week dosing schedule exploration studies 
 1 basal-bolus study in Type 1 DM (3765*) 
 1 basal add on to OAD  study in Type 2 DM (3839*) 

Therapeutic 
Confirmatory 
Trials 

11 controlled studies 
 9 degludec administered once daily studies 

o 3 basal-bolus studies in insulin treated Type 1 DM (3583#, 3585#, 
3770#) 

o 5 basal add on to OAD study in insulin naïve Type 2 DM (3579∞#, 
3672*∞#, 3586#, 3580∞, 3668#) 

o 1 basal-bolus + OAD study in insulin treated Type 2 DM (3582) 
 2 degludec administered three times per week studies 

o 2 basal add on to OAD studies in insulin naïve Type 2 DM 
(3718*∞, 3724*∞) 

Safety 
Extensions 

5 controlled safety extension studies 
 3 basal-bolus studies in Type 1 DM [3644 (52 wks. ext. 3583), 3725 (26 

wks. ext. 3585), ext. 3770 (26 wks.)] 
 1 basal add on to OAD study in Type 2 DM [3643 (52 wks. ext. 3579)] 
 1 basal-bolus + OAD study in Type 2 DM [3667 (26 wks. ext. 3582)] 

Source:  Adapeted from NDA203314;  Figure 1-1; Summary of Clinical Efficacy 
basal-bolus= basal insulin and short acting prandial insulin; OAD = oral antidiabetic drug; .ext = extension of parent trial # 
*These three studies used the 200 units/mL (1200nm/mL) degludec formulation (U200)  ; all other studies used the 100 units/mL (600 nmol/mL) 
degludec formulation (U100)  
∞These five studies used the to-be-marketed delivery pen device (PDS290) all other therapeutic confirmatory trials used the FlexPen® device 
#Presence of auto-antibodies to human insulin and insulin analogues was assessed in these six trials 
In trial 366 8 insulin treated subjects were permitted to enter the study

 

5.3.1. Discussion of Therapeutic Exploratory Trials in the Degludec Program 

Two therapeutic, 16-weeks, phase 2 trials explored the efficacy and safety of different 
degludec dose strengths and schedules in Type 1 DM (Trial 1835) and Type 2 DM 
(Trial 1836). 
 
• Trial 1835 (Type 1 DM); was a randomized, open-labeled, treat-to-target, three 

parallel groups, multicenter, multinational, efficacy and safety trial comparing 2 
degludec formulation strengths [i.e., degludec D (600 nm/mL) and degludec E (900 
nm/L)] to insulin glargine (i.e., marketed product).   

 
• Basal insulins were administered once daily, in the evening.  All three treatment 

groups received insulin aspart to cover meal-time insulin requirements in addition to 
the randomized basal insulin. Subjects previously treated with once daily basal 
insulin were switched to degludec and insulin glargine on a unit to unit basis. 
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Subjects transferred from twice daily basal insulin reduced their basal insulin dose 
by 20% when switched to degludec or glargine.   

 
• The trial consisted of a 1-week screening period, a 16-week treatment period and a 

2-week follow-up period. The treatment period included a total of 14 visits to the 
clinical trial sites and 6 telephone contacts.  The primary endpoint variable was the 
change from baseline in HbA1c at the end of sixteen weeks of treatment.  Insulin 
dose titration was carried out by the investigator based upon participant’s self-
monitored glucose results and the trial’s titration algorithm which targeted a pre-
breakfast plasma glucose value of 72-108 mg/dL (i.e., 4.0-6.0 mmol/L).  

 
• Trial 1836 (Type 2 DM); was a randomized, open-labeled, treat-to-target, four 

parallel groups, multicenter, multinational, efficacy and safety trial comparing; 2 
degludec formulation strengths [i.e., degludec D (600 nmol/mL) once daily and 
degludec E (900 nmol/L) once daily], and two degludec dosing schedules [i.e., 
degludec D (600 nmol/mL) once daily and degludec D (600 nmol/mL) thrice weekly] 
to insulin glargine in subjects with poorly controlled type 2 dm (i.e., HbA1c 7-11%) 
on maximally effective doses of one or two oral anti-diabetic (OAD) treatment(s).   

 
• The starting dose for degludec D, E and glargine administered once daily was 10 

units per day.  The starting dose degludec D administered three times per week was 
20 units per day.  Degludec was to be administered in the evening, no earlier than 
one hour before the last main meal and no later than before bedtime.  The group 
receiving degludec three times per week followed a Monday, Wednesday, Friday 
injection schedule. Insulin glargine was administered before bedtime. Metformin was 
taken morning and evening.  

 
• The timeline consisted of a 1-week screening period, a 3-week run-in period, a 16-

week treatment period and a 2-week follow-up period.  All subjects who tolerated 
1500-2000 mg per day of metformin for a week and had a fasting morning glucose ≥ 
135 mg/dL (i.e., 7.5 mmol/L) during the run-in were eligible to be randomized 
1:1:1:1. Randomization was stratified according to the type of pre-trial OAD.  During 
the treatment period 14 visits to the clinical trial sites and 6 telephone contacts were 
scheduled. The primary endpoint variable was the change from baseline in HbA1c at 
the end of sixteen weeks of treatment.  Insulin dose titration was carried out weekly 
by the investigator based upon participant’s the self-monitored glucose results and 
the trial’s titration algorithm which targeted a pre-breakfast plasma glucose value of 
72-108 mg/dL (i.e., 4.0-6.0 mmol/L).  

 
One exploratory 6-week therapeutic trial, carried out in Japan, was primarily designed to 
evaluate the safety of switching from other basal insulins to degludec in subjects with 
type 1 DM. 
 
• Trial 3569 (Type 1 DM-Japan): was a randomized, open-labeled, multi-center, two 

parallel groups, exploratory trial conducted in Japanese adults (i.e., ≥20 years) with 
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T1DM, on basal-bolus therapy, with a baseline HbA1c < 10%.  The trial compared 
the safety (i.e., with a focus on hypoglycemia) of switching from a long-acting insulin 
analogue (excluding insulin detemir) or intermediate-acting insulin between insulin 
degludec (600 nmol/mL) and insulin detemir.  The timeline was divided into a 
screening visit, a baseline visit, a 6-week treatment period and a follow-up visit.  
Scheduled telephone or trial site visits occurred weekly.  The degludec and detemir 
starting dose were based on a 1 to 1 unit conversion using the baseline visit dose.  
Both insulins were injected once daily at bedtime.  Secondary objectives were 
efficacy based and included changes in fasting plasma glucose from baseline to trial 
end.     
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•  

5.3.2. Discussion of Therapeutic Confirmatory Trials in the Degludec Program 

Eleven therapeutic confirmatory, 26—52 weeks, phase III trials evaluated the efficacy 
and safety of different degludec dose strengths and administration schedules in Type 1 
DM (i.e., Trials; 3583, 3585 and 3770) and Type 2 DM (Trials; 3582, 3579, 3672, 
3586, 3580, 3668, 3718, 3724).  Table 17 summarizes key attributes of trials performed 
in patients with type 1 diabetes mellitus.  Table 18  summarizes key attributes of clinical 
trials performed in patients with type 2 diabetes mellitus. 
 
Table 17: Overview of Pivotal Therapeutic Confirmatory Trials for Degludec Once 
Daily in Type 1 Diabetes 

Trial Duration 
(weeks) Intervention Prandial 

Insulin  Population 
Primary 

Hypothesis 
Tested 

Randomization 
and Number of 

Subjects 
Randomized 

Anti-
diabetic 

at 
Screening 

Randomization 
Strata 

Basal Insulin Once Daily and Prandial Insulin with Meals 

3583* 
Ext. 3644 52 

IDeg 100 
OD 
vs. 

IGlar OD 

IAsp Insulin 
treated 

Non-
inferiority§ 

3:1 
 

IDeg: 472 
IGlar: 157 

Basal-
bolus 
insulin 

regimen 

None 

3585* 
Ext. 3725 26 

IDeg 100 
OD  
vs. 

IDet OD†  

IAsp Insulin 
treated 

Non-
inferiority§ 

2:1 
 

IDeg: 303 
IDet:  153 

Basal-
bolus 
insulin 

regimen 

Region: 
1. Europe 
2. Japan 
3. India 
4. South 

Asia 
Basal Insulin, Once Daily, “Flexible” Dosing Interval and Prandial Insulin with Meals 

3770* 
Ext. 3770 26 

 
IDeg 100 FF 

vs. 
IGlar OD° 

and 
IDeg 100 FF 

vs. 
IDeg 100 

OD 
 

IAsp Insulin 
treated 

Non-
inferiority§ 

1:1:1 
 

IDeg FF: 164 
IGlar: 164 
IDeg: 165 

Basal-
bolus 
insulin 

regimen 

None 

Source:  Adapted from NDA203314; Tables 1-1 Summary of Clinical Efficacy;  
*These trials were followed by pre-planned additional controlled safety extensions lasting 52 weeks (i.e., Trial #3644 extension of 3583) or 26 weeks (3725 
extension of 3585) which were ongoing at the time of filing.  No efficacy data from these extension trials were submitted.  The data cutoff date for the 
efficacy findings in original NDA submission is January 31st 2011.  Blinded safety data from these extension trials is included in the integrated summary of 
safety with a data cutoff date of March 31 2011.  
°Primary comparison 
Basal-bolus insulin regimen:  Basal insulin (OD or BID) + any bolus insulin (≥3 daily injections) 
§ The estimated change from baseline in HbA1c difference between IDeg and comparator does not exceed 0.4% 
†OD at start, with the option to intensify to BID IDet dosing after 8 weeks if glycemic control inadequate 
OD = Once Daily; FF; fixed flexible rotating dosing interval once daily; IDeg = Insulin degludec; IDet = Insulin detemir; IGlar =Insulin glargine; IAsp=Insulin 
aspart. 
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Table 18: Overview of Pivotal Therapeutic Confirmatory Trials for Degludec Once 
Daily or Thrice Weekly in Type 2 Diabetes Mellitus 

Trial Duration 
(Weeks) Intervention Treatment 

Combination Population 
Primary 

Hypothesis 
Tested 

Randomization 
and Number of 

Subjects 
Randomized  

Anti-diabetic at 
Screening  

Randomization 
Strata 

Basal Insulin Once Daily and Prandial Insulin with Meals added to OADs 

3582* 
Ext. 
3667 

52 
IDeg 100 OD 

 vs.   
IGlar OD 

+IAsp 
±met 
±pio 

 

Insulin 
treated 

 

Non-
inferiority§ 

 
3:1 

 
IDeg: 755 
IGlar: 251 

 

Any insulin 
regimen (with or 
without OADs): 
premix, self-mix, 

basal insulin 
only, basal-bolus 
(≥1 bolus), bolus 

only, CSII 

Prior treatment: 
1. basal-bolus 
2. basal 

insulin only 
3. other 

Basal Insulin, Once Daily, Added to Combination OADs 

3579* 
Ext. 
3643 

52 
IDeg 100 OD 

vs. 
IGlar OD 

+met 
±DPP-4i 

 

Insulin-
naïve 

Non-
inferiority§ 

3:1 
 

IDeg: 773 
IGlar: 257 

metformin 
(mandatory) 

±SU/glin, ±α-GI, 
±DPP4i in any 
combination 

Prior treatment: 
1. No DPP4i 

at baseline 
2. DPP4i at 

baseline 

3672 26 
IDeg 200 OD 

 vs. 
IGlar OD 

+met 
±DPP-4i 

Insulin-
naïve 

Non-
inferiority§ 

1:1 
 

IDeg: 230 
IGlar: 230 

metformin 
(mandatory) 

±SU/glin, ±DPP-
4i, ±α-GI (in any 

combination) 

None 

3586 26 
IDeg 100 OD  

vs. 
IGlar OD 

±met 
±SU/glin 

±α-GI 

Insulin-
naïve 

Non-
inferiority§ 

2:1 
 

IDeg: 289 
IGlar: 146 

monotherapy or 
combination of 

SU/glin and met 
±α-GI or DPP4i 

Region 
1. Japan 
2. Rest 

of Asia 
Basal Insulin, Once Daily, “Flexible” Dosing Interval, Added to Combination OADs;  

3580 26 

IDeg 100 OD 
 vs. 

Sita 100 mg 
OD 

+1-2 OADs: 
met, SU/glin, 

pio 

Insulin-
naïve Superiority 

 
1:1 

 
IDeg: 229 
Sita: 229 

 

±met, ±SU/glin, 
±pio, 1–2 OADs 

in any 
combination   

Prior treatment: 
1. TZD Yes 
2. TZD  No 

3668 26 

 
IDeg 100 FF 

vs. 
IGlar OD° 

and 
IDeg 100 FF 

vs. 
IDeg 100 OD 

±met 
±SU/glin 

±pio 

Insulin-
naïve 

or 
Insulin 
treated 

 

Non-
inferiority§ 

1:1:1 
 

IDeg FF: 229 
IGlar: 230 
IDeg: 228 

 

OAD(s) only or 
basal insulin 
only or basal 

insulin + OAD(s) 
OADs could be 
any combination 
of met, SU/glin, 

pio 

Prior treatment: 
1. OADs only 
2. basal 

insulin only 
3. basal 

insulin + 
OADs 

Basal Insulin, Three Times Weekly, Added to Combination OADs;  

3718 26 
IDeg 200 3TW 

vs. 
IGlar OD 

+met 
±DPP-4i 

Insulin-
naïve 

Non-
inferiority§ 

1:1 
 

IDeg : 233 
IGlar: 234 

metformin 
(mandatory) 

±SU/glin, ±DPP-
4i, ±α-GI (in any 

combination) 

None 

3724 26 
IDeg 200 3TW 

vs. 
IGlar OD 

+met 
±DPP-4i 

Insulin-
naïve 

Non-
inferiority§ 

1:1 
 

IDeg : 230 
IGlar: 230 

metformin 
(mandatory) 

±SU/glin, ±DPP-
4i, ±α-GI (in any 

combination) 

None 

Sourece:  Adapted from NDA203314; Tables 1-2 Summary of Clinical Efficacy;  
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*These trials were followed by additional controlled safety extensions for 52 weeks (i.e., Trial# 3643 ext. of 3579) or 26 weeks (3667 ext. of 3582) which  are 
currently ongoing.  No efficacy data from these extension studies were submitted.  Data cutoff date for efficacy findings in original NDA submission is 
January 31st 2011.  Blinded safety data from these extension trials is included in the integrated summary of safety with a data cutoff date of March 31 2011.  
°Primary comparison 
§ The estimated change from baseline in HbA1c difference between IDegAsp and comparator does not exceed 0.4% 
†OD at start, with the option to intensify to BID IDet dosing after 8 weeks if glycemic control inadequate 
OD = Once Daily; IDeg 100 = Insulin degludec (100 U/mL); IDeg 200 = Insulin degludec (200 U/mL); IDet = Insulin detemir; IGlar =Insulin glargine.   
Oral Antidiabetic Drugs (OADs); Sita=Sitagliptin; met=metformin; pio=pioglitazone; DPP-4i:=dipeptidyl peptidase-4 inhibitor; SU=sulphonylurea;  α-GI= 
alpha-glucosidase inh bitor; TZD:=thiazolidinedione; glin=glinide drug class; CSII: continuous subcutaneous insulin infusion 
subcutaneous insulin infusion 

 

5.3.3. Trial Characteristics 

5.3.3.1. Primary Objective 

The primary stated objective in all of the therapeutic confirmatory trials (TCT) was to 
confirm the efficacy of degludec with respect to glucose control.  Glucose control was 
assessed by measuring the difference in HbA1c between baseline and trial end.  In all 
except 3580, efficacy was established by comparing glucose control in degludec treated 
subjects to that observed in active comparator treated subjects and demonstrating that 
glucose control in the degludec arm was not unacceptably worst than that of the 
comparator arm (i.e., non-inferiority studies).  

5.3.3.2. Secondary Objectives 

The secondary objectives were meant support the primary efficacy findings by 
comparing degludec to comparators with respect to; 
 

• Proportion of subjects reaching pre-specified HbA1c targets with or without 
hypoglycemia 

• Central laboratory measured fasting plasma glucose 
• 9-point self measured plasma glucose (SMPG) profiles 
• SMPG profiles for dose adjustment 
• Within subject variability in prebreakfast SMPG 
• Interstitial glucose (IG) profiles measured by measured by continuous glucose 

monitoring in a subpopulation of subjects in selected trials 
• Patient reported outcomes (PRO)  

The safety objectives of importance for the efficacy evaluation were to compare IDeg to 
the active comparator in terms of: 

• Hypoglycemic episodes: severe, all confirmed (severe or plasma glucose < 56 
mg/dL), nocturnal confirmed 

• Body weight 
• Insulin dose 
• Insulin antibodies (measured in selected trials) 

Reference ID: 3250921



Jean-Marc Guettier, MDCM  
NDAs; 203314 and 203313 
Insulin degludec (Tres ba) and Insulin degludec/aspart 70/30 (Ryzodeg) 

 

45 

5.3.3.3. Design 

All therapeutic confirmatory trials (TCT) were randomized, open-label, parallel-group, 
active comparator, multicenter3, multinational trials.  In most TCT two intervention 
groups were used (refer to Table 19 and Table 20).  For studies 3770 and 3668 three 
intervention groups were used (i.e., 1 comparator arm and 2 degludec arms; fixed and 
flexible dosing schedule).  All trials followed a treat-to-target principle whereby the dose 
of the intervention basal insulin was adjusted to achieve a fasting plasma glucose goal 
of 90 mg/dL.  The treatment period was 26-weeks in duration in nine studies and 52 
weeks in duration in three studies (3583, 3759, and 3582).  A follow-up visit was 
scheduled one week after completion of the treatment period in all trials.  In trials where 
presence of insulin auto-antibodies was ascertained; subjects were switched to twice 
daily injection of neutral protamine Hagedorn (NPH) insulin between the end of 
treatment and follow-up visit (refer to safety section). Controlled safety extensions of 26 
to 52 weeks in duration were planned for 5 of the TCT. 

5.3.3.4. Randomization 

Randomization to intervention was balanced in six TCT (i.e., 3770, 3580, 3668, 3672, 
3718, and 3724).  In five trials more subjects were randomized to degludec than to 
comparators to augment the number of subjects exposed to the investigational agent 
[i.e., 3583 (3:1), 3585 (2:1), 3759 (3:1), 3582 (3:1), and 3586 (2:1)].  Randomization 
was stratified according to prior diabetes treatment (i.e., 3579, 3580, 3668, and 3582) 
or to geographical regions (i.e., 3585, and 3586) to ensure subjects with specific 
baseline characteristics were equally distributed between intervention arms.     

5.3.3.5. Blinding  

Trials were open-label.  Novo Nordisk personnel involved in trial conduct and insulin 
titration were blinded to drug assignment.  Site monitors, investigators and participants 
were not blinded. 

5.3.3.6. Representative Trial Time Line 

Trials consisted of a screening visit [Week (-)1)], a randomization visit (Week 0), follow-
up visits at the investigator sites [Weeks 1, 2, 4, 6, 8, 10, 12, 16, 20, 24, 26 (for 26-week 
trials ), 32, 36, 40, 44, 48, 52 for 52-week trials], telephone visits [Weeks 2, 3, 5, 7, 9, 
11, 13, 14, 15, 17,18, 19, 21, 22, 23, 25 (for 26-week trials), 28, 30, 34, 38, 42, 46, 50 
(for 52-weeks trial)] and a termination visit scheduled at least seven days after the 
actual date of the last treatment visit (i.e., Week 26 or 52).  At weekly (up to Week 26) 
and biweekly (after Week 26) site and telephone follow-up visits; withdrawal criteria, 
concomitant medication, 1 point self-measured blood glucose, adverse events, 
hypoglycemic episode, dose of trial insulin(s) (mean of 3 days before visit), dose of oral 

                                            
3 See appended Table 86: Participating Countries and Number of Sites in the Degludec Therapeutic 
Confirmatory Trials 
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anti-diabetic medications (OAD) (i.e., in type 2 DM trials) were reviewed and the new 
adjusted dose of trial insulin(s) was (were) recorded.  Key efficacy parameters including 
HbA1c (central laboratory), fasting plasma glucose (central laboratory), 9-point self-
measured blood glucose profile were obtained on weeks 0, 12, 16, 26, (note; two 
additional assessments at weeks 40 and 52 were carried out in 52 weeks trial).  Safety 
parameters monitored are listed below under the heading safety endpoints.  
Methodology for assessments is discussed in the relevant efficacy and safety sections 
of the review. 
 
Efficacy assessments at Weeks 12 and 16 (Visits 14 and 18) were meant to provide 
data on the pattern of HbA1c reduction over time. Efficacy results from Week 26 in 52-
weeks trials were meant to provide comparative efficacy data to trials with a designated 
primary endpoint at 6 months. The primary endpoint and all other assessments and 
safety parameters were to be collected at the end of treatment visit (i.e., Week 26 or 
52). Antibodies were measured at the screening and follow-up visit (Week 26 or 52 + ≥ 
7 days). The tight schedule for site and phone visits was chosen to ensure optimal 
insulin titration. 
 
Reviewer Comment:  Treatment duration in the degludec program was chosen to obtain 
long-term efficacy and safety data.  Use of 26 weeks of treatment to establish efficacy of 
new insulins is acceptable.  Use of a placebo control is considered neither ethical nor 
safe in trials of this duration involving subjects with poorly controlled type 1 or 2 DM 
already receiving treatment for diabetes.  The open label design is typical of insulin 
trials.  Issues of feasibility (i.e., lack of available adequate placebo due to; differences in 
turbidity among insulin preparations, easily recognizable proprietary drug delivery 
devices for comparators, differences in recommended timing of insulin injection) ethics 
(i.e., unacceptable number of daily injections) and compliance (i.e., number of daily 
injections) have been invoked to explain the difficulty associated with carrying out 
blinded double-dummy insulin trials.  The rationale for pursuing a strategy that relies on 
use of open-label trials design for phase III clinical development of degludec was found 
to be acceptable at the EOP2 meeting.  Ascertainment bias concerning efficacy and 
safety reporting is an issue in any open-label trials.  The parallel group design is 
appropriate to avoid a carry over effect and allow for immunogenicity testing. 

5.3.4. Investigational Drug: Degludec  

5.3.4.1. Formulations Studied 

In most degludec trials subjects were randomized to the U100 (i.e., 600 nmol/L) 
degludec formulation (see Table 19 and Table 20).  The degludec U200 (i.e., 1200 
nmol/mL) formulation, a twice concentrated formulation, was studied, only, in type 2 
diabetes subjects, in one, once-daily, basal-only, trial and two, thrice-weekly, basal-only 
trials  (refer to Table 18).  Note; the U100 formulation was demonstrated to be 
bioequivalent to the U200 formulation in trial 3678 on a post-hoc analysis (cf., Dr. Jain’s 
clinical pharmacology review for details). 
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5.3.4.2. Dosing Interval Studied 

Degludec was administered at fixed, 24-hour, dosing intervals in most studies (i.e., daily 
injection was injected at the same time each day).  In three trials, degludec was 
administered using “flexible,” variable (8-40 hours between injections), dosing intervals 
(i.e., daily injection could be administered at any time during waking hours). In trials 
3770 and 3668 the impact of extreme (i.e., short and long), alternating, dosing intervals 
on efficacy and safety of degludec in type 1 and 2 DM were studied.  Subjects were 
instructed to inject degludec in the morning on Monday, Wednesday, Friday and in the 
evening on Tuesday, Thursday Saturday and Sunday.  In these trials, a 40-hour dosing 
interval (i.e., on days when a morning dose was followed by an evening dose) 
alternated with an 8-hour dosing interval (i.e., on days when an evening dose was 
followed by a morning dose).  In trial 3580, subjects could vary the daily time of injection 
provided the time between the last injected dose and the dose to be administered was ≥ 
8 but ≤ 40 hours.  

5.3.4.3. Delivery Device Studied 

In trials 3579, 3672, 3580, 3718 and 3724 the PDS290 pen-device, intended for 
commercialization, was used (cf., DMEPA and CDRH reviews).  In other trials the 
FlexPen® device was used.  The PDS290 100 U/mL prefilled pen injection can deliver 
up to 80 units of degludec insulin in one injection in increments of 1 units.  The PDS290 
200 U/mL prefilled pen injector can deliver up to 160 units of degludec in increments of 
2 units. The FlexPen® is marketed for basal insulin analogues and delivers a maximum 
of 60 units of insulin per injection.    

5.3.4.4. Route and Site of Administration Studied 

In all trials degludec was administered subcutaneously in either the; deltoid, thigh or 
abdominal region.  The choice of injection site was based on subject preference.  

5.3.5. Comparators 

Insulin glargine administered subcutaneously once daily by injection using the marketed 
pen device served as the comparator in all but two therapeutic confirmatory trials (i.e., 
3585, 3580). In all but 4 trials (3668, 3770, 3718 and 3724) glargine administration was 
similar to degludec with regards to frequency, dosing intervals and site of injections.  
Insulin glargine differed from degludec with regards to the time of day the drug was 
administered.  Glargine could be administered at anytime of the day.   The timing of 
degludec injection, in contrast, was restricted to specific time windows in all but trial 
3580.  In trials 3585; insulin detemir was used as the comparator.  In trial 3580; the oral 
DPP-IV inhibitor sitagliptin was used as the comparator. 
 
Table 19 and Table 20 highlight similarities and differences between intervention arms 
across therapeutic confirmatory trials in the degludec program.  
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Table 19:  Randomized Interventions, Type 1 DM, trials 

 

Trial Degludec Comparator 

Basal Insulin Once Daily and Prandial∫∫ Insulin with Meals 

3583 

Insulin degludec U100  
• Time of day: with evening meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or 

deltoid or thigh 

3585 

Insulin degludec U100 
• Time of day: between  start of evening meal and 

bedtime 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh 

Insulin detemir 
• Time of day:  between  start of 

evening meal and bedtime 
• Frequency°: once daily  
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or 

deltoid or thigh 

3770 

Insulin degludec U100 Fixed Once Daily 
• Time of day: with evening meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin degludec U100 “Worst-Case” Flexible 
• Time of day:  

o Morning on Mon., Wed., Fri.; 
o Evening on Tues., Thurs., Sat., Sun.  

• Frequency: once daily 
• Dosing Interval: 

o 8 hours; Evening to Morning sequence 
(e.g., Tues. dose to Wed. dose) 

o 40 hours; Morning to evening sequence 
(e.g., Mon. dose to Tues. dose)  

• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or 

deltoid or thigh 

Source: Adapted from NDA 203314; Table 1-12 Summary of Clinical Efficacy 
*Glargine was used in accordance with the US label 
° After 8 weeks of treatment, the frequency of detemir injections could be increased to twice daily at the investigator’s discretion if 
adequate glucose control was not achieved  
∫∫Insulin aspart was used as the short acting insulin 
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Table 20:  Randomized Interventions, Type 2 DM, Trials 

Trial Degludec Comparator 
Basal Insulin Once Daily and Prandial∫∫  Insulin with Meals added to OADs 

3582 

Insulin degludec U100  
• Time of day: with evening meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin glargine* 
• Time of day: at any time of the day  
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 

Basal Insulin, Once Daily, Added  to Combination of OADs  

3579 

Insulin degludec U100  
• Time of day: with evening meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: PDS290 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 

3672 

Insulin degludec U200  
• Time of day: with evening meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: PDS290 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 

3586 

Insulin degludec U100 
• Time of day: between  start of evening meal and 

bedtime 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh 

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 

3580 

Insulin degludec U100 
• Time of day: per patient preference (i.e., any 

time) 
• Frequency: once daily 
• Dosing Interval: whenever; as long as ≥ 8 hours 

and ≤40 hours between injections 
• Device:  PDS290 
• Subcutaneous site: abdomen or deltoid or thigh 

Sitagliptin 100 mg* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: N/A 
• Subcutaneous Site: N/A 

3668 

Insulin degludec U100 Fixed Once Daily 
• Time of day: with evening meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin degludec U100 Forced, “Worst-Case,” Flexible 
Once Daily 

• Time of day:  
o Morning on Mon., Wed., Fri.; 
o Evening on Tues., Thurs., Sat., Sun.  

• Frequency: once daily 
• Dosing Interval: 

o 8 hours; Evening followed by Morning 
dosing (e.g., Tues. dose to Wed. dose) 

o 40 hours; Morning followed by Evening 
dosing (e.g., Mon. dose to Tues. dose)  

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 
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Reviewer Comment:  Insulin glargine and detemir are insulin analogues with 
established efficacy and safety profiles.  These are widely used and like degludec can 
be injected once daily to cover basal insulin requirements.  Glargine and detemir use in 
the trials reflect current approved labeled use.  These were found to be appropriate 
comparators at the EOP2 meeting. Differences with regards to the timing of injections 
between degludec and glargine could confound events dependent on the PK/PD 
characteristics of the insulin (i.e., nocturnal hypoglycemia).  Sitagliptin is an oral drug 
with established efficacy and safety in type 2 diabetes.  Comparing degludec to 
sitagliptin was motivated by practice guideline recommendations which advocate either 
adding a third oral agent or a basal insulin to improve glycemic control in patients with 
type 2 DM who have not achieved glycemic targets on two maximally effective oral 
agents.  Questions were raised regarding the value of comparing a titratable agent to a 
fixed dose agent in a, treat to target trial, at the EOP2 meeting.  The sponsor felt this 
trial addressed an issue important to prescribers.     

5.3.6. Intervention Insulin Doses 

5.3.6.1. Starting Dose 

Insulin-naïve subjects with T2DM were to start once daily basal insulin treatment at 10 
U/day.  For patients already on basal insulin at baseline; a unit-to-unit transfer was 
recommended when switching a pre-trial basal insulin to insulin degludec.  This 
recommendation was supported by findings from therapeutic exploratory Trial 1835.  
Departure from this recommendation was allowed and left to the investigator’s 
discretion.  A starting dose equivalent to 70-80% of the, pretrial, total daily basal insulin 
dose was to be used in subjects receiving twice daily basal insulin (i.e., NPH) at 
baseline who were randomized to the comparator glargine (i.e., in accordance with the 
US label).  

• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh  

Basal Insulin, Three Times Weekly, Added to Combination of OADs  

3718  
and 
3724 

Insulin degludec U200 Fixed Three Times Per Week 
• Time of day: with evening meal (3718), before 

breakfast (3724) 
• Frequency: three times per week on Mon., Wed., 

and Fri. 
• Dosing Interval: 48-72 hours depending on days 

of week 
• Device: PDS290 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 

Subcutaneous Site: abdomen or deltoid or thigh 

Source: Adapted from NDA203314; Table 1-12 Summary of Clinical Efficacy 
*Glargine was used in accordance with the US label 
°After 8 weeks of treatment, the frequency of detemir injections could be increased to twice daily at the investigator’s discretion if adequate 
glucose control was not achieved  
∫∫ insulin aspart was used as the short acting insulin 
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5.3.6.2. Dose Adjustment 

The degludec and comparator insulin doses were to be adjusted to target a fasting 
plasma glucose concentration of 90 mg/dL4 while avoiding hypoglycemia.  The decision 
to augment or decrease basal insulin dose was to be based on the average of three, 
self measured, fasting, pre-breakfast plasma glucose concentrations obtained over 
three consecutive days preceding a site visit or telephone contact (i.e., for most trials 
this occurred at weekly intervals for the first 26 weeks).  Titration based on a mean of 
two days or on a single glucose value was allowed in the event; self measured glucose 
values were missing.  The algorithms used to adjust basal dose in subjects with type 1 
and 2 DM are shown in Table 21 and Table 22 respectively. Within 24 hours 
investigators were to document on the electronic case report form (eCRF); the pre-
breakfast self monitored glucose values (three days worth), the insulin doses (three 
days worth), the new prescribed insulin dose and the reasons for deviating from the 
algorithm if a deviation occurred. This data was reviewed by Novo Nordisk personnel 
and could trigger a request for additional data if the reason for deviation was unclear or 
not justified.  
 
Table 21: Basal Insulin Dose Adjustment Type 1 DM trials 3583 and 3585* 

Mean Pre-Breakfast Self-Monitored Glucose Dose Adjustment 

<56 mg/dL <3.1 mmol/L Decrease by 4 U 
<70 mg/dL <3.9 mmol/L Decrease by 2 U 
<90 mg/dL <5.0 mmol/L No adjustment 

<180 mg/dL <10.0 mmol/L Increase by 2 U 
<270 mg/dL <15.0 mmol/L Increase by 4 U 
≥270 mg/dL ≥15.0 mmol/L Increase by 6 U 

Source:  Adapted from NDA 203314:  Table 1-9 Summary of Clinical Efficacy (SCE) 
*Trial 3770 used the following simplified algorithm; 
(-) 2 units for FPG < 72 mg/dL; 0 units for FPG between 72 and 90 mg; and (+2) units for FPG >90 mg/dL 
 
Table 22: Basal Insulin Dose Adjustment Type 2 DM trials 

Mean Pre-Breakfast Self-Monitored Glucose Dose Adjustment 
mg/dL mmol/L  

<56 <3.1 Decrease by 4 U 
<70 <3.9 Decrease by 2 U 
<90 <5.0 No adjustment 

<126 <7.0 Increase by 2 U 
<144 <8.0 Increase by 4 U 
<162 <9.0 Increase by 6 U 
≥162 ≥9.0 Increase by 8 U 

Source:  Adapted from NDA 203314; Table 1-10; IDeg Summary of Clinical Efficacy (SCE) 

                                            
4 Based on data from the TITRATE study (Blonde et al. Diabetes, Obesity and Metabolism.  2009, 
Volume 11 pp. 623-631) which demonstrated a greater number of subjects reaching ADA target HbA1c 
goal of 7%  in a group of subjects treated to a FPG goal of 90 mg/dL compared to a group of subject 
treated to a FPG goal of  110 mg/dL.    
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Reviewer Comment:  The fasting plasma glucose target for this development program 
was ambitious and the titration algorithms aggressive.  In another, basal insulin, treat to 
target trial in insulin naïve patients with type 2 DM5, a mean fasting plasma glucose of 
110-120 mg/dL was associated with a mean end of trial HbA1c of ~7.0% after 24 weeks 
(i.e., the American Diabetes Association Glycemic Target).  The American Diabetes 
Association recommends a pre-prandial glucose between 70 and 130 mg/dL and in 
practice it is unlikely that basal insulin dose adjustment would be recommended for 
subjects with average fasting glucose values between 90-110 mg/dL.  Furthermore, in 
routine clinical practice insulin dose adjustment is often based on glucometer readings 
that report whole blood glucose concentration (i.e., calibration to plasma glucose value 
are not often performed by patients).  Since whole blood glucose concentration is 5-
10% lower than plasma glucose concentration an increase in the lead time to dose-
adjustment is expected if whole blood glucose is used.  While the aggressive titration 
algorithm may not accurately reflect clinical practice it does provide reassurance that 
the dose of both the investigational product and active comparator were optimized in 
these trials.  

5.3.7. Concomitant Glucose Lowering Medications 

5.3.7.1. Prandial Insulin: Starting Dose and Dose Adjustment 

In all basal-bolus trials (i.e., all Type 1 DM trials and Trial 3582 in type 2DM) insulin 
aspart (IAsp) was to be administered immediately before meals to cover meal-time 
requirements.  For patients already on prandial insulin (i.e., other than aspart) at 
baseline; a unit-to-unit transfer was recommended when switching a pre-trial prandial 
insulin to insulin aspart6. For subjects not previously treated with meal-time insulin, the 
starting dose of aspart was 4 U.  Investigators were recommended to focus on basal 
insulin dose optimization for the first 8-weeks of the study and consider prandial insulin 
dose changes once basal insulin dose had been optimized.  Breakfast, lunch and dinner 
aspart doses were adjusted based on the mean (i.e., 3 days prior to visit or phone 
contact) pre-lunch, pre-dinner and bedtime SMPG values respectively. The premeal 
SMPG target was <90 mg/dL and the bedtime SMPG target was 144 mg/dL.  The 
aspart dose adjustment algorithm for all degludec trials (i.e., type 1 and type 2 DM) is 
shown in Table 23.  The pre-meal glucose values were not monitored by the Sponsor or 
entered into the eCRF. However, the total extra IAsp was entered into the eCRF. 

                                            
5 Riddle M, Rosenstock J and Gerich J.  The treat-to-target trial: randomized addition of glargine or 
human NPH insulin to oral therapy of the type 2 diabetic patients.  Diabetes Care.  Volume 26, Issue 11.  
pp. 3080-3086. 
6 For subjects on pre-mixed insulin at baseline; the daily dose attributable to the prandial component was 
calculated and divided equally between meals. 
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Table 23:  Aspart Dose Adjustment In All Trials 

Mean Pre-Meal Self-Monitored Glucose Dose Adjustment 

<90 mg/dL <5 mmol/L  No Adjustment  

<144 mg/dL <8 mmol/L Increase by 2 U 
<180 mg/dL <10 mmol/L Increase by 3 U 
≥180 mg/dL ≥10 mmol/L Increase by 4 U 

Source:  Adapted from NDA203314; Table 1-11; IDeg Summary of Clinical Efficacy (SCE) 

 

5.3.7.2. Oral Anti-diabetic Medications (OADs) 

No OADs were allowed in therapeutic confirmatory trials enrolling subjects with type 1 
DM patients.  In confirmatory therapeutic trials enrolling type 2 DM patients; the efficacy 
and safety of degludec was studied in combination with various maximally effective, 
stable (i.e., 3 months), doses of one or up to three OADs.  In trial 3668 however, 
subjects had the option of being on basal insulin therapy alone.  The combined effect of 
degludec co-administered with metformin was studied in all therapeutic trials involving 
patients with type 2 diabetes mellitus.  In trials 3579 and 3672 metformin use was 
mandatory.  The effect of degludec co-administered with insulin secretagogues (i.e., 
sulfonylurea or glinides) was studied in trials; 3586, 3668 and 3580.  The effect of 
degludec co-administered with thiazolidinediones (i.e., pioglitazone) was studied in 
trials; 3582, 3580, 3668.  The effect of degludec co-administered with dipeptidyl 
peptidase IV inhibitors was studied in trials; 3579 and 3672.  The effect of degludec co-
administered alpha-glucosidase inhibitors was studied in trials 3586.  Table 6 
summarizes use and baseline exposure to concomitant OADs in the degludec phase  III 
studies. 
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Table 24:  Oral Antidiabetic Drugs at Screening (entire trial population) and In 
Subjects Randomized to Degludec in Type 2 DM Therapeutic Confirmatory Trials 
Trial # 

(Duration 
in weeks) 

Metformin  SU or 
Glinides TZDs DPP-IV 

inhibitors 

α-
Glucosidase 

inhibitor  

Numbers 
of OADs 
allowed 

n (%) at screening n=2310 (85%) n=1448 
(53.3%) n=95 (3.5%) n=205 (7.5%) n=83 (3.1)  

Basal Insulin Once Daily and Prandial Insulin with Meals added to OADs 
3582 (52) 

n (%) at baseline 
Allowed  
433 (58)  Allowed 

49 (6.6)   0-2 

Basal Insulin Once Daily Added to Combination of OADs 
3579 (52) 

n (%) at baseline 
Mandatory 
771 (99.7)   Allowed 

133 (17.2)  1-2 

3580 (26) 
n (%) at baseline 

Allowed 
206 (91.6) 

Allowed 
159 (70.7) 

Allowed 
9 (4)   1-2 

3586 (26) 
n (%) at baseline 

Allowed 
261 (90.3) 

Allowed 
255 (88.2)   Allowed 

67 (23.2) 1-3 

3672 (26) 
n (%) at baseline 

Mandatory 
227 (99.6)   Allowed 

39 (17.1)  1-2 

3668 (26) 
n (%) at baseline 

Allowed 
Deg FF arm 
207 (90.4) 

Deg OD arm 
205 (89.9)  

Allowed 
Deg FF arm 
160 (69.9) 
Deg OD 

arm 
138 (89.9) 

Allowed 
Deg FF 

arm 
13 (5.7) 
Deg OD 

arm 
17 (7.5) 

  0-3 

Source:  Adapted from NDA 203314: SCE Tables 1-13, 3-8 and Tables 91-92 in Appendix 6.2 of the ISE (section 
5.3.5.3) 
n (%) number and proportion of subjects randomized to degludec on these medications at screening (top row) or 
baseline (under study number).  A single subject could be on more than one medication. 
Note: Pre-trial medications others than the ones allowed in each respective study were discontinued at the time of 
randomization. 
Stable doses at baseline were required for eligibility.  Stable was defined as no changes in dose up for the three 
months preceding the screening visit 
Maximally effective doses were required for eligibility.  This was defined according to OAD class in the following 
manner; 

1. Metformin:  alone or in combination (including fixed dose combination) 1500 mg daily, or maximum 
tolerated dose (at least 1000 mg daily)   

2. Insulin secretagogue (sulfonylurea or meglitinide): ≥ 50% of the daily maximal dose according to local 
labeling   

3. DPP-IV inhibitor (i.e., sitaglipin or vildagliptin): Minimum 100 mg daily or according to local labeling  
4. α-glucosidase-inhibitor (Acarbose); ≥50% of the daily maximal dose or maximum tolerated dose 
5. Pioglitazone; ≥ 50% of the daily maximal dose according to local labeling  or maximum tolerated dose 

OADS were also used in the two  degludec thrice weekly trials and the number  of subjects using at baseline is 
shown.  Adapted from 5.3.5.3; 469-470 

 

Reference ID: 3250921



Jean-Marc Guettier, MDCM  
NDAs; 203314 and 203313 
Insulin degludec (Tres ba) and Insulin degludec/aspart 70/30 (Ryzodeg) 

 

56 

Reviewer Comments:  The type and prevalent anti-diabetic drug use at screening are in 
line with those expected for a population of type 2 DM subjects transitioned to long 
acting insulin.  In several studies oral anti-diabetic drugs were co-administered with 
degludec.  The classes of drugs studied are in keeping with expected clinical practice 
and help inform the efficacy and safety of combined use. Increased utilization of DPP-IV 
inhibitors and GLP-1 agonists in combination with insulin has likely occurred during the 
degludec development program resulting from market adoption of newer products and 
changes to labeling restrictions for specific oral DPP-IV and injectable GLP-1 agonist 
products.      

5.3.8. Study Population 

Degludec was studied in subjects with established type 1 and 2 diabetes.  Only adult 
subjects (i.e., ≥ 18 years of age) were studied.  No upper age limit for participation was 
imposed to encourage participation of geriatric patients.  More patients with type 2 
diabetes were exposed to degludec compared to patients with type 1 DM.  The following 
table lists the key inclusion criteria and highlights differences between trials. 
 
Reviewer Comment:  Since type 2 DM is 9 times more prevalent than type 1 diabetes 
and in absolute terms more subjects with type 2 DM are treated with insulin.  The 
imbalance between the numbers of type 1 and 2 DM studied in the program is justified. 
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5.3.8.1. Inclusion Criteria   

The inclusion criteria in the degludec program are listed below 
 
Table 25: Key Inclusion Criteria in the Degludec Program 
1. Male and Female 
2. ≥ 18 year of age (≥ 20 years in Japan) 
3. Clinically diagnosed with diabetes mellitus  

a. for ≥ 12 months for trials enrolling subjects with type 1 DM 
b. for ≥ 6 months for trials enrolling subjects with type 2 DM 

4. Pretrial Diabetes Treatment#: 
a. Basal-bolus insulin therapy in trials enrolling subjects with type 1 DM 
b.  Oral anti-diabetic (monotherapy or combination therapy) on stable effective 

doses* for ≥ 3 months (exceptions were Trial 3668: OADs and/or basal insulin 
and Trial 3582: treated with any insulin treatment ± OADs) 

5. HbA1c∞ (central laboratory determined value) 
a. Less than 10% in trials enrolling subjects with type 1 DM 
b. Between 7.0 and 10% inclusive in trials enrolling subjects with type 2 DM 
c. Between 7.5 and 11% inclusive (in Trial 3580) 
d. Between 7.0 and 11% inclusive (for insulin naïve subjects enrolled in Trial 

3668) 
6. BMI° 

a. ≤ 35 kg/m2 (Type 1 DM and 3586) 
b. ≤ 40.0 kg/m2 (Type 2 DM trials studying degludec U100) 
c. ≤ 45 kg/m2 (Type 2 DM trials studying degludec U200) 

Source: Adapted from NDA 203314; Table 1-6; IDeg summary of Clinical Efficacy 
#In trials enrolling insulin naïve subjects previous short term insulin treatment for up to 14 days during a hospitalization or for gestational 
diabetes was allowed. 
* Effective dose was defined according to oral anti-hyperglycemic class in the following manner; 

• Metformin:  alone or in combination (including fixed dose combination) 1500 mg daily, or maximum tolerated dose (at least 1000 
mg daily)   

• Insulin secretagogue (sulfonylurea or meglitinide): ≥ 50% of the daily maximal dose according to local labeling   
• DPP-IV inhibitor (i.e., sitaglipin or vildagliptin): Minimum 100 mg daily or according to local labeling  
• α-glucosidase-inhibitor (Acarbose); ≥50% of the daily maximal dose or maximum tolerated dose 
• Pioglitazone; ≥ 50% of the daily maximal dose according to local labeling  or maximum tolerated dose 

∞ In trials where OADs were discontinued at baseline a more conservative upper limit HbA1c cutoff was used 
° BMI cutoffs were chosen obtain a sample reflective of the population of subjects with the disesase 

 
Reviewer Comment:  Inclusion criteria and sponsor’s rationale for these are 
acceptable.   The sponsor with these criteria captured a sample of the adult 
population of subjects with diabetes who are not optimally controlled on baseline 
therapy and who would be expected to benefit from intensification of diabetes 
therapy and increased monitoring associated with trial participation.  Baseline oral 
anti-diabetic medications in the type 2 diabetes trials were stable and used at either 
maximally effective or maximally tolerated doses.  The trial results do not apply to 
subjects younger than 18 years of age and to morbidly (except trials 3672, 3718 and 
3724)   obese subjects who may have more severe insulin resistance.    
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5.3.8.2. Exclusion Criteria 

The exclusion criteria in the degludec program are listed below. 
 
Table 26:  Key Exclusion Criteria in the Degludec Program 
1. Use within the last 3 months prior to screening of glucagon-like peptide 1 receptor 

agonists 
2. Use within the last 3 months prior to screening of specific OADs: 

a. All thiazolidinediones (TZDs) in trials 3759, 3586, 3672 
b. Rosiglitazone, specifically, in trials 3580, 3582, 3668 
c. DPP4 inhibitors and α-glucosidase inhibitors in trials 3580 and 3668  

 
3. Anticipated change in concomitant medication known to interfere significantly with 

glucose metabolism, such as systemic corticosteroids, beta-blockers, MAO inhibitors 
4. Cardiovascular disease, within the last 6 months prior to visit 1, defined as: stroke; 

decompensated heart failure New York Heart Association (NYHA) class III or IV; 
myocardial infarction; unstable angina pectoris; or coronary arterial bypass graft or 
angioplasty 

5. Uncontrolled treated/untreated severe hypertension (systolic blood pressure ≥ 180 
millimeter (mm) mercury (Hg) and/or diastolic blood pressure ≥ 100 mmHg). 

6. Impaired liver function, defined as ALAT ≥ 2.5 times upper limit of normal (one retest 
analyzed at the central laboratory within a week from receipt of the result is permitted 
with the result of the last sample being conclusive) 

7. Impaired renal function defined as; 
a. Type 1 DM: serum creatinine ≥  2.0 mg/dL (≥180 μmol/L) 
b. Type 2 DM: serum-creatinine ≥ 1.4 mg/dl (≥125 μmol/L) for males and ≥ 1.3 

mg/dl (≥110 μmol/L) for females or according to local label for metformin [For 
France: glomerular filtration rate below 60 ml/min, calculated by the Cockroft & 
Gault formula]; one retest within a week from receipt of the result is permitted 
with the result of the last sample being conclusive 

8. Recurrent severe hypoglycemia (more than 1 severe hypoglycemic event during last 
12 months) or hypoglycemic unawareness as judged by the Investigator or 
hospitalization for diabetic ketoacidosis during the previous 6 months 

9. Proliferative retinopathy or maculopathy requiring treatment according to the 
Investigator.  

10. Pregnancy, breast-feeding, or the intention of becoming pregnant or not using 
adequate contraceptive measures according to local requirements [for Germany: 
implants, injectables, combined oral contraceptives, hormonal IUD, sexual abstinence 
or vasectomised partner 

11. Medical history of cancer (except basal cell skin cancer or squamous cell skin 
cancer).  

12. Any clinically significant disease or disorder, except for conditions associated with  
type 2 diabetes mellitus, which in the Investigator’s opinion could interfere with the 
results of the trial 

13. Mental incapacity, psychiatric disorder, unwillingness or language barriers precluding 
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adequate understanding or co-operation, including subjects not able to read or write 
14. Previous participation in this trial. Participation is defined as randomized. Re-

screening of screening failures was allowed only once within the limits of the 
recruitment period 

15. Known or suspected allergy to any of the trial products or related products. 
16. Receipt of any investigational drug within one month prior to screening  
17. Donation of blood or participation in other trials within one month prior to screening 
18. Known or suspected abuse of alcohol, narcotics or illicit drugs 

Source: Adapted from NDA 203314; Table 1-7;  IDeg Summary of Clinical Efficacy  

 
Reviewer Comment:  Exclusion criteria and their rationale are acceptable.  The sponsor 
with these criteria attempted to exclude potential confounding from; anti-hyperglycemic 
medications with long residual glycemic effects (i.e., TZD class), medications known to 
influence plasma glucose and unstable medical conditions.  The renal insufficiency 
criteria for type-2 DM is in keeping with the metformin label; a background medication in 
many type-2 DM trials.  Other exclusion criteria were selected to ensure equipoise 
between risk and benefit to trial participants.  Results from these trials would not be 
applicable to patients with advanced type 1 and 2 DM since hypoglycemia 
unawareness, renal insufficiency, proliferative retinopathy and other co-morbid 
conditions are hallmarks of advanced disease.  For such cases; the American Diabetes 
Association, in its 2011 Position Statement, recommends tailoring the intensity of anti-
diabetic therapy on a case by case basis and to consider less stringent glycemic goals.  
Use of individualized, less stringent, glycemic goals could have confounded the efficacy 
evaluation in the degludec phase III trials which were designed as non-inferiority, treat-
to-target trials.  The loss in generalizability to increase internal trial validity was found 
acceptable at the EOP2 meeting.  

5.3.9. Key Withdrawal Criteria 

Subjects could be withdrawn;  
1. If subjects no longer wanted to participate 
2. For safety or non-compliance issues as judged by the investigator 
3. If subjects were randomized in error 
4. For pregnancy 
5. For hypoglycemia during the treatment period posing a safety problem as 

judged by the investigator 
6. For protocol deviation susceptible to affect efficacy or safety outcome as 

judged by the investigator 
7. For initiation or significant change in systemic treatment which in the 

Investigator’s opinion could interfere with glucose metabolism (allowed 
exceptions; inhaled corticosteroids, interruption of metformin treatment for 
a planned radiographic procedure involving use of iodine containing 
contrast material) 

8. For blood donation or participation in other trials 
9. For lack of effect according to the following algorithm:   
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Lack of effect after 12 Weeks 
a. Subjects with no change from baseline in HbA1c and three 

consecutive self monitored pre-breakfast plasma glucose readings 
exceeding 240 mg/dL after 12 weeks of treatment were to follow-up 
with the investigator (i.e., within two weeks) to confirm lack of effect 

b. Lack of effect was confirmed by the investigator if a central lab 
determined fasting plasma glucose was > 240 mg/dL and a 
treatable intercurrent cause for the hyperglycemia was absent.   

 
Reviewer Comment:  Withdrawal criteria are acceptable.  These were placed to either 
ensure participant safety from unacceptable risk (i.e., pregnancy; uncontrolled 
hyperglycemia) or to minimize measurement bias for the glycemic endpoint (e.g., 
pregnancy, blood donation).   

5.3.10. Statistical Considerations 

5.3.10.1. Primary Endpoint Variable 

The primary endpoint variable was the change in HbA1c from baseline to end of 
treatment (analyzed by central laboratory).  For a discussion concerning the 
methodology and choice of endpoint refer to section 6.3.3. 
 
Baseline was defined as the HbA1c at the baseline (i.e., randomization) visit.  Missing 
values (including intermittent missing values) were to be imputed using the Last 
Observation Carried Forward (LOCF) method.  The “end of trial” for these subjects was 
defined as the subject’s last end of trial visit excluding the follow-up visit. 

5.3.10.2. Sample Sizes 

Calculated and actual sample size for type 1 and 2 DM trials are summarized below. All 
trials were adequately powered.   
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Trial  Calculated Sample Size Actual Sample Size 

 Degludec Comparator Total Degludec Comparator Total 

Basal Insulin Once Daily and Prandial Insulin with Meals, Type 1 DM 
3583       

FAS 468 156 624 472 157 629 

PP 396 132 528 448 147 595 

3585       

FAS 284 142 426 302 153 455 

PP 240 120 360 291 144 435 

3770*       
FAS       

OD 162 162 486 165 164 493 

FF 162   164   
Basal Insulin Once Daily and Prandial Insulin with Meals, added to OADs, Type 2 DM 

3582       
FAS 738 246 984 744 248 992 
PP 522 184 736 694 233 927 

Basal Insulin, Once Daily, Added to Combination of OADs, Type 2 DM 
3579       

FAS 738 246 984 773 257 1030 
PP 522 184 736 665 221 886 

3672       
FAS 225 225 450 228 229 457 
PP 191 191 382 201 212 413 

3586       
FAS 284 142 426 289 146 435 
PP 240 120 360 263 142 405 

3580       
FAS 223 223 446 225 222 447 
PP 190 190 380 182 182 364 

3668*       
FAS 

OD 
FF 

 
225 
225 

225 675 
 

228 
229 

230 687 

Basal  Insulin, Three times Per Week, Added to Combination of OADs, Type 2 DM 
3718       

FAS 225 225 450 233 234 467 
PP 191 191 382 222 216 438 

3724       
FAS 225 225 450 229 230 459 
PP 191 191 382 201 211 412 
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Trial  Calculated Sample Size Actual Sample Size 
 Degludec Comparator Total Degludec Comparator Total 

Source: Individuals Trial Study Reports; eCTD 5.5.5.1.3 Section 9.7 and ISE 5.3.5.3 Appendix 6.2 Tables PP.  48-53; 
FAS = full analysis set, PP=per protocol population. 
Note n= number of subjects included in the analyses for specific population and differs slightly from number of subjects 
randomized see Safety summary for details 
*OD refers to the arm dosed once daily at the same time and FF to the arm following a fixed flexible dosing interval. PP not shown 
but actual PP sample size reveals adequate power. 
Sample sizes were calculated to provide sufficient power (i.e., >80%) to reject the null in the per protocol population included; 
Factors considered in sample size calculations included the randomization scheme, the assumption that 15% of the randomized 
population would be excluded from the PP (based on review of historical data), the assumption of no difference in change from 
baseline HbA1c between IDeg and comparators, the standard deviation around the difference between Deg and comparator, a 
one sided level of significance with the probability of an alpha error set to 2.5% and a non-inferiority margin of 0.04%.  Refer to 
statistical review for additional details. 

5.3.10.3. Primary Hypotheses Tested:   

All Trials Except 3580 were non-inferiority trials 
 
In each trial; non-inferiority was to be considered confirmed if the upper bound of 
the two-sided 95% confidence interval around the change from baseline in 
HbA1c difference between degludec and comparator was below or equal to 0.4% 
at the end of treatment.  Otherwise stated as; the null hypothesis for the one 
sided test [H0: (Degludec Δbaseline HbA1c - Comparator Δbaseline HbA1c) > 0.4%)] 
was rejected in favor of the alternative hypothesis [HA: (Degludec Δbaseline HbA1c 
- Comparator Δbaseline HbA1c) ≤ 0.4%] if the p-value for the one-sided test was 
less than or equal to 2.5%. 
 
Trial 3580 was a superiority trial and superiority was to be confirmed if the upper 
bound of the two-sided 95% confidence interval around the change in HbA1c 
from baseline to trial end was below 0%.   
 
Reviewer Comment:  The rationale for the margins used to establish efficacy 
were discussed and found acceptable at end of phase 2 meeting.  The margin 
0.4% has been used in other basal insulin development programs relying on 
NPH as the basal insulin comparator. 

5.3.10.4. Population Used in the Primary Analysis: 

Data from the full analysis set (FAS) was used for the primary analysis.  The FAS 
comprised all randomized subjects. Statistical evaluation followed an intention to 
treat principle.  Exclusion of some randomized subjects was allowed and was the 
responsibility of the study group.  Exclusion required adequate documentation 
justifying the reason for exclusion.  Subjects lost to follow-up after randomization 
where exposure information was not available were excluded from the FAS.  
   
Reviewer Comment:  The population used in the primary analysis is usually 
comprised of all randomized subjects who received at least one dose of study 
drug (refer to Dr. Cynthia Liu’s review).  Although unclear from the sponsor’s 
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definition it appears that subjects who were randomized, lost to follow-up and 
had no exposure information were excluded from the FAS population. 
 
Table 27:  Other Analyses Datasets Used 
Dataset Name Population Defined by Dataset 

Per Protocol 
Analysis Set 

 
Includes all subjects in the Full Analysis Set who fulfill the 
following criteria: 

a. Have not violated any inclusion criteria 
b. Have not fulfilled any exclusion criteria 
c. Have a non-missing HbA1c at screening or 

randomization 
d. Have at least one non-missing HbA1c after 12 

weeks of exposure 
e. Have at least 12 weeks of exposure 

 

Safety 
Analysis Set 

Includes all subjects receiving at least one dose of the 
investigational 
product or its comparator. Subjects in the safety set were to 
contribute to the evaluation “as treated”. 

5.3.10.5. Pre-specified Primary Analysis Model(s): 

The sponsor planned to analyze the change in HbA1c from baseline to the end of 
trial using an analysis of covariance (ANCOVA) model with treatment, anti-
diabetic therapy at screening, sex and region as fixed factors, and age and 
baseline HbA1c as covariates in all trials.  The number of levels for the anti-
diabetic therapy and region factors varied across trials.  In some trials, the 
numbers of pre-planned levels for some factors were altered in the final analyses 
due to insufficient number of patients in a pre-planned level.  No other significant 
changes to the pre-planned primary analyses were made.  For details regarding 
statistical consideration refer to Dr. Liu’s statistical review. 

5.3.10.6. Pre-specified Secondary Analyses: 

The sponsor had planned to test between group differences for several, key, pre-
specified, secondary endpoints in each trial. The family-wise type I error rate was 
to be controlled using a hierarchical (fixed sequence) testing procedure. This 
procedure was based on an a priori ordering of the null-hypotheses for each key 
secondary endpoint (see below) and on testing these hypotheses sequentially 
using the two-sided 95% confidence interval approach until a significant result 
appeared. Using this strategy; superiority would only be confirmed for endpoints 
where all previous null-hypotheses had been rejected.  If the null hypothesis was 
not rejected; additional planned analyses were performed but formal hypothesis 
testing was not carried out (i.e., no p-value was calculated).  Tables 9 and 10 
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summarize the hierarchical ordering of these endpoints by trial and denote the 
endpoints for which inferential testing was performed and found to be significant 
in the final analyses.  Definitions and testing procedures for these endpoints are 
described in section Error! Reference source not found.. 
 
Reviewer Comment:  The hierarchical testing procedure to control type-1 error 
rate was found to be acceptable at the EOP-2 meeting. 
 
Table 28: Hierarchical Testing Order for Confirmatory Secondary Endpoints 
in Type 1 DM trials 

Trials 
(duration) 1st Priority 2nd Priority 3rd Priority 4th Priority 

Basal Insulin Once Daily and Prandial Insulin with Meals, Type 1 DM 

3583 
(52 wks) 

Number of 
nocturnal 
confirmed 

hypoglycemic 
episodes* 

Number of  
confirmed 

hypoglycemic 
episodes 

Change from 
baseline in 

FPG 

Within subject 
variability in 

self-measured 
FPG 

3585 
(26 wks) 

Number of  
nocturnal 
confirmed 

hypoglycemic 
episodes* 

Number of  
confirmed 

hypoglycemic 
episodes 

Change from 
baseline in 

FPG 

Within subject 
variability in 

self-measured 
FPG 

3770 
(26 wks) -- -- -- -- 

Source:  NDA 203314; Table 1-15 and Table 3-9;  IDeg Summary of Clinical Efficacy 
*Bold formatting denotes a statistically significant difference between groups in final analyses.  No inferential 
testing of the italicized endpoints was performed due to a preceding insignificant result.  Descriptive 
statistics for these are provided. 
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Table 29: Hierarchical Testing Order for Confirmatory Secondary Endpoint 
in Type 2 DM trials 

Trials 
(duration) 1st Priority 2nd Priority 3rd Priority 4th Priority 5th Priority 

Basal Insulin Once Daily and Prandial Insulin with Meals, added to OADs, Type 2 DM 

3582 
(52 wks) 

Number of 
confirmed 
hypoglycemic 
episodes* 

Change from 
baseline in 
FPG 

Within subject 
variability in 
self-measured 
FPG 

HbA1c <7% at 
end of trial 
without 
hypoglycemic 
episodes 

 

Basal Insulin, Once Daily, Added to Combination of OADs, Type 2 DM 

3579  
(52 wks) 

Number of 
confirmed 
hypoglycemic 
episodes 

Change from 
baseline in 
FPG 

Within subject 
variability in 
self-measured 
FPG 

HbA1c <7% at 
end of trial 
without 
hypoglycemic 
episodes 

 

3672  
(26 wks) 

Number of 
confirmed 
hypoglycemic 
episodes 

Change from 
baseline in 
FPG 

Within subject 
variability in 
self-measured 
FPG 

HbA1c <7% at 
end of trial 
without 
hypoglycemic 
episodes 

 

3586 
(26 wks) 

Number of 
confirmed 
hypoglycemic 
episodes 

Number of 
nocturnal 
confirmed 
hypoglycemic 
episodes 

Change from 
baseline in 
FPG 

Within subject 
variability in 
self-measured 
FPG 

HbA1c <7% at 
end of trial 
without 
hypoglycemic 
episodes 

3580 
(26 wks) 

Change from 
baseline in 
FPG* 

HbA1c <7% at 
end of trial*  

HbA1c <7% at 
end of trial 
without 
hypoglycemic 
episodes 

  

3668 
(26 wks) -- -- -- -- -- 

Source: NDA 203314; Table 1-16 IDeg Summary of Clinical Efficacy 
*Bold formatting denotes a statistically significant difference between groups in final analyses.  No inferential testing of the 
italicized endpoints was performed due to a preceding insignificant result. Descriptive statistics for these are provided. FPG = 
central lab derived fasting plasma glucose. 

5.3.10.7. Other Secondary efficacy endpoints examined 

A number of additional secondary endpoint variables to support the primary 
efficacy findings were examined in TCTs.  For these analyses no multiplicity 
adjustments to control for Type-1 error were carried out.  The type of analyses 
used to establish treatment group differences varied depending on the nature of 
the dependent variable examined (i.e., ratio versus categorical) and included the 
same factors and covariates used in the primary analyses.  Endpoint variables 
considered in these descriptive analyses were 
 

1. Number of subject who responded to interventions defined in the following ways;  
• Number of subjects who responded to treatment as defined by an end-of-trial HbA1c 
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of < 7.0% (i.e., ADA target) 
• Number of subjects who responded to treatment as defined by an end-of-trial HbA1c 

of < 6.5% (i.e., International Diabetes Federation) 
• Number of subjects who responded to treatment as defined by an end-of-trial HbA1c 

< 7.0% at end of trial without severe hypoglycemic episodes during the last 12 weeks 
of treatment including only subjects exposed for at least 12 weeks 

• Number of subjects who responded to treatment as defined by an end-of-trial HbA1c 
≤ 6.5% without severe or minor hypoglycemic episodes during the last 12 weeks of 
treatment including only subjects exposed for at least 12 weeks 

• Number of subjects who responded to treatment as defined by an end-of-trial 
HbA1c≤ 6.5% without severe hypoglycemic episodes during the last 12 weeks of 
treatment including only subjects exposed for at least 12 weeks 

2. Change in Fasting plasma glucose from baseline to end of trial.  Samples in all trials 
were obtained at baseline, weeks, 12, 16 and 26.  Additional samples in 52 week trials 
were obtained at 40 and 52 weeks. 

3. Variables derived from 9-point self measured plasma glucose profiles*. 9 point self 
measured plasma glucose profiles were obtained at the same interval frequency as 
fasting plasma glucose.  Specific variables considered will be discussed in the relevant 
efficacy sections.  SMPG was derived from blood glucose meters [Abbott Diabetes Care 
(Precision Xtra®)] calibrated to plasma glucose. 

4. Variables derived from self monitored plasma glucose results used for insulin 
dose adjustment*  SMPG was derived from blood glucose meters [Abbott Diabetes 
Care (Precision Xtra®)] calibrated to plasma glucose.  In most trials this was the mean of 
three SMBG (e.g., three pre-breakfast values for basal added to OAD trials) over the 
three days preceding a telephone contact or site visit (i.e., weekly occurrence for the first 
26 weeks). 

5. Variables derived from interstitial glucose profiles obtained from Continuous 
Glucose Monitoring devices  

A Continuous glucose monitoring devices were used in a subset∞ of subjects at 
selected sites in one type 1 DM trial (3583) and two type 2 DM trials (3579 and 
3668) in the degludec program and two trials in the IDegAsp program (3593-type 
1 DM and 3590 type 2 DM). 

B Recordings occurred over a 72 hour period before randomization and 3-4 days 
before the end of the trial.  The devices measure and record interstitial glucose 
every five minutes during this time interval.  The Medtronic MiniMed CGMS® 
system gold™ was used in all three trials.  The CGMS® iPro™ was used in all 
CGM participating countries in trials 3668 except Argentina and Russia.  

*Note that in December 2010 Abbott inc. recalled certain lots of precision Xtra® glucose test 
strips due to an error potentially causing falsely low readings.  Potentially defective strips 
were used at some US sites in trials # 3583, 3672, 3770 and 3889.  Novo estimates the risk 
of experiencing a low reading to be 0.099% and that this recall did not have impact on data 
quality or outcome. 
∞ Selected on the following basis; countries contributing 5-10% of the trial population, at least 
5-10 subjects/site, device availability 

 
Reviewer Comments:  Detailed discussions of secondary endpoint variables 
considered for labeling and/or determinant in efficacy/safety risk assessment will 
be discussed in the relevant sections of the review.    
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5.3.10.8. Safety Endpoints Considered Relevant to Efficacy 
Interpretation 

Treatment Emergent Hypoglycemic Episodes:   
 
Hypoglycemic episodes were considered treatment emergent from randomization 
to seven days after the last day of the randomized trial product.  These data were 
obtained from patient diaries and transferred at site visits and telephone contacts 
into the eCRF.    Statistical analyses were based on “confirmed” hypoglycemic 
episodes and nocturnal episodes.   

a.  A “confirmed” hypoglycemic episode was defined as episodes 
qualifying as severe hypoglycemic episodes or episodes qualifying as 
a Novo Nordisk Minor hypoglycemic episode.  The definition for severe 
and Novo Nordisk Minor episodes are given below 

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

ii. Novo Nordisk Minor Hypoglycemic Episode:  An episode not 
requiring third party assistance where a plasma glucose < 56 
mg/dl or whole blood glucose < 50 mg/dl was recorded (i.e., 
with or without presence of hypoglycemic symptoms). 

b. A nocturnal episode was defined as a “confirmed” episode occurring 
between 00:01 and 05:59am.   

 
 

Reviewer Comment:  For the most part subjects at most risk to suffer from the 
adverse consequences of hypoglycemia (morbidity and inability to achieve 
glycemic target) were excluded from the degludec and degludec aspart 
program (i.e., see inclusion, exclusion and withdrawal criteria).  The open 
label design and the differences in timing of injection between comparators 
have the potential to confound this patient derived endpoint.  The reliability of 
point of care glucose devices to accurately reflect plasma glucose in the 
hypoglycemic range is low.  The sponsor’s definition which includes 
asymptomatic low SMPG or CGM derived readings is less specific than a 
definition which requires the presence of hypoglycemic symptoms.  While the 
clinical impact of a significant reduction (i.e., 10%) of “severe hypoglycemic 
episodes” on mortality and morbidity in an “at risk” population would be 
regarded as clinically relevant by the 2005 ADA workgroup on hypoglycemia; 
the clinical impact of a reduction in the sponsor’s definition of “confirmed” 
hypoglycemic events in a healthy population of subjects with predominantly 
type 2 DM is not.  These concerns were raised during several type C meeting 
written responses.  A severe hypoglycemic episode as defined by the 2005 
ADA workgroup on hypoglycemia; in addition to the third party assistance 
requirement also requires that signs of severe neuroglycopenic symptoms 
(i.e., seizure, loss of consciousness) be present.  Inclusion of this additional 
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criteria would be expected to increase specificity (i.e., minimize false positive 
due only to administration of rescue by a third party) 
 

Insulin Dose 
 
Insulin doses were reviewed, adjusted and recorded at all encounters see Table 
30. 
 
Body weight and BMI 
 
Body weight was measured fasting at the screening and randomization visits 
(Weeks -1 and 1) and on weeks 12, 16, 26, and weeks 40, and 52 for trials 
greater than 26 weeks in duration (3579, 3582 and 3583). 
 
Insulin auto-antibodies 
 
Presence of insulin auto-antibodies were checked in Type 1 DM trials 3583 and 
3585 and Type 2 DM trials 3579, 3672, 3585 and 3668.  Serum was screened for 
the presence of auto-antibodies to endogenous or analogue insulins at 
randomization and at least two other occasions see Table 30.  

5.3.11. Key Safety and Tolerability Assessments:   

Reviewer Comments:  The frequency and nature of safety assessment in both 
the degludec and degludec/aspart program were adequate.  Specific discussion 
of the methodology used for key assessments can be found in the relevant 
efficacy and safety sections of this review. 
 
Table 30:   Safety and Tolerability Assessments 

• Adverse Events:  Spontaneously reported and recorded in the patient’s diary 
were reviewed at all encounters (i.e., site visits and phone contacts). 

• Medical Events of Special Interests:  For the following events additional 
reporting procedures (i.e., dedicated eCRF) were used 

a. Major Adverse Cardiovascular Events 
b. Severe Hypoglycemic Events 
c. Neoplasms 
d. Allergic Reactions 
e. Injection site reactions 
f. Medication Errors 
g. Transmission of infectious disease 
h. Adverse Events related (investigator determined) to the pre-filled pen 

system 
• Hypoglycemic Episode:  Participants were asked whether or not they 

experience hypoglycemia at all encounters.  If subjects reported experiencing 
hypoglycemia a hypoglycemia event questionnaire was filled out.   

• Concomitant medications: were reviewed at all encounters. 
• Insulin dose: Insulin dose for the three consecutive days preceding all 

encounters were recorded in the eCRF.  Recommended insulin dose 
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adjustments were automatically calculated in eCRF based on algorithms 
• Physical Exam:  A physical exam was performed at the screening visit (Week -

1) and the Week 26 and 52 visits for trials of greater than 26 weeks in duration 
(3579, 3582 and 3583). 

• Fundoscopy/fundusphotography: Fundoscopy was performed at the 
Screening and end of trial visit according to local practice and reported as; 
normal, abnormal “not clinically significant” or abnormal “clinically significant”.  

• 12-lead electrocardiogram (ECG); a single 12-lead ECG was performed before 
randomization (i.e., at screening or alternatively in the eight weeks preceding 
randomization) and at the end of treatment visit.  These were interpreted locally 
by the investigator.  Results were to be reported as; normal, abnormal “not 
clinically significant” or abnormal “clinically significant”.  Clinically significant 
abnormal results at baseline were recorded as medical history or concomitant 
illness.  Clinically significant worsening of the ECG over the course of the trial 
was reported as an adverse event.  In trial 3579 (insulin naïve type 2 DM) copies 
of the 12-lead ECG recorded prior to randomization (Visit 2) and at the end-of-
trial visit were collected from the site after treatment end and read in a blinded 
manner for QT abnormalities at a central location.    

• Body weight was measured fasting at the screening and randomization visit 
(Weeks -1 and 1) and on weeks 12, 16, 26, and weeks 40, and 52 for trials 
greater than 26 weeks in duration (3579, 3582 and 3583).  

• Vital signs including systolic and diastolic blood pressure and pulse were 
obtained in the sitting position after 5 minutes of rest at the screening visit (Week 
-1) and weeks 26 and 52 for trials greater than 26 weeks in duration (3579, 3582 
and 3583). 

• Serum Biochemistry; samples were collected at the screening visit, and at the 
26 and 52 week visits for trials greater than 26 weeks in duration (3579, 3582 
and 3583).   Parameters assessed included serum: sodium, potassium, 
creatinine, total protein, albumin, total bilirubin, alanine aminotransferase, 
aspartate aminotransferase, alkaline phosphatase. 

• Fasting Serum lipids and Cardiovascular Risk Markers*:  Parameters 
assessed included; total cholesterol, HDL cholesterol and triglycerides as well as 
highly sensitive C-reactive protein (hs-CRP) and NT-pro Brain Natriuretic Peptide 
(NT-BNP). Samples for these parameters were collected at the randomization 
visit, at Week 26 and Week 52 for trials greater than 26 weeks in duration (3579, 
3582 and 3583). 

• Hematology; Parameters assessed included: Hemoglobin, hematocrit as well as 
erythrocytes, leucocytes, thrombocytes and differential leucocyte counts were 
determined using electronic cell counters.  Samples for these parameters were 
collected at the screening visit, Week 26 and Week 52 in 52 week trials (3579, 
3582 and 3583). 

• Urinalysis:  Urine for urinalysis was collected at the screening visit, Week 26 
and Week 52 in 52 week trials (3579, 3582 and 3583). 

• Urinary Albumin to Creatinine Ratio; Urine for this parameter was collected at 
the randomization visit and at Week 52 (3579, 3582 and 3583). 

• Insulin auto-antibodies:  Serum to assess for the presence of auto-antibodies 
against, human insulin, glargine insulin, degludec insulin and if appropriate 
aspart insulin were collected at the randomization visit, and Weeks 12, 26, 27 
weeks in the 26 weeks trial and 40, 52  and 53 weeks in the 52 weeks trial (3579, 
3582 and 3583).  
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• Patient Reported Outcomes:  The following questionnaires were administered 
at the randomization, Weeks 26 and 52 weeks in the 52 weeks trial to compare 
patient reported outcomes and health economic implications of hypoglycemia 
between treatments: 

Diabetes Medication Satisfaction Questionnaire (DiabMedSat) 
Diabetes Productivity Measure (DPM) 
Short-Form 36 Health Survey version 2 (SF-36, v2) 
Treatment Related Impact Measure – Diabetes (TRIM-D) 
Hypoglycemic Episode - Interview Questionnaire 

*Trials 3579 and 3582 only 
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5.4. Insulin Degludec/Aspart Discussion of Individual 
Studies/Clinical Trials 

Table 31: Trials Used to Establish and Confirm Efficacy and Safety Insulin 
of Degludec/Aspart (70/30)  

Therapeutic 
Exploratory 
Trials 

2 formulation and dosing schedule exploration studies 
 1 once daily add on to metformin in insulin naïve Type 2 DM (NN5401-

1791) 
 1 twice daily add on to metformin study in insulin naïve Type 2 DM 

(NN5401-1792)  
1 short term study to establish the safety of switching from a twice daily 
premixed insulin to twice daily insulin degludec/aspart 

 1 twice daily add on to metformin study in insulin treated Type 2 DM 
(NN5401-3570) 

Therapeutic 
Confirmatory 
Trials 

5 controlled studies 
 3 insulin degludec/aspart administered once daily studies 

o 1 basal-bolus study in insulin treated Type 1 DM (NN5401-3594#) 
o 1 add on to metformin study in insulin naïve Type 2 DM (NN5401-

3590∞#) 
o 1 add on to OADs in insulin treated Type 2 DM ( NN5401-3593)  

 2 degludec/aspart administered twice daily studies 
o 2 add on to OAD studies in insulin treated Type 2 DM (NN5401-

3592, NN5401-3597#§) 

Safety 
Extensions 

2 controlled safety extension 
Completed 

 1 basal-bolus study in insulin treated Type 1 DM NN5401-3645# (26 
wks. Ext. NN5401-3594) 

Ongoing no data submitted 
 1 add on to OAD in insulin naïve Type 2 DM [NN5401-3726 (26 wks. 

Ext. NN5401-3590)] 
Source: Adapted from NDA 203313;  Figure 1-1 Summary of Clinical Efficacy 
basal-bolus= basal insulin and short acting insulin; OAD = oral antidiabetic drug; .ext = extension of parent trial # 
All the therapeutic confirmatory studies used the to be marked fixed ratio (70% degludec and 30% aspart) combination product.  The to-be-
marketed product IDegAsp (U100) contains 420 nmol/mL of insulin degludec and 180 nmol/mL of insulin aspart.  Selection of the 70/30 ratio 
was based on the therapeutic exploratory trials   
∞This study used the to-be-marketed delivery pen device (PDS290) all other therapeutic confirmatory trials used the FlexPen® device 
#Presence of auto-antibodies to human insulin and insulin analogues was assessed in these trials 
§Japan, Korea, Hong Kong, Malaysia and Taiwan (no US sites). 

 

5.4.1. Discussion of Therapeutic Exploratory Trials in the Degludec 
Program 

Two therapeutic, 16-weeks, phase 2 trials explored the efficacy and safety of 
different fixed ratio combinations of degludec and aspart and of different 
admistration schedules in Type 2 DM (Trial 1791 and Trial 1792). 
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• Trial NN5401-1791; was a randomized, open-labeled, treat-to-target, three 

parallel groups, multicenter, multinational, efficacy and safety trial comparing 
once daily injection of IDegAsp 30 (70%  degludec/30% aspart by volume), 
IDegAsp 45 (55% degludec/45% aspart by volume) to once daily injection of 
insulin glargine, all in combination with metformin in ~ 180 subjects with type 
2 diabetes failing oral anti-diabetic treatment.   

 
• IDegAsp insulins and glargine were administered once daily, in the evening 

before dinner. Subjects were initiated on 10 units per day. Insulin dose 
titration was carried out by the investigator based upon participant’s self-
monitored glucose results and the trial’s titration algorithm which targeted a 
pre-breakfast plasma glucose value of 72-108 mg/dL (i.e., 4.0-6.0 mmol/L). 

 
• The trial consisted of a 1-week screening period, a metformin up-titration 

period of up to 2 weeks, a 1-week maintenance period, a randomization visit 
(1:1:1 to intervention), a 16-week treatment period and a 2-week follow-up 
period. The treatment period included a total of 14 visits to the clinical trial 
sites and 6 telephone contacts.  The primary endpoint variable was the 
difference in the change from baseline in HbA1c at the end of sixteen weeks 
of treatment between IDegAsp formulations and glargine. 

 
•  Trial NN5401-1792; was a randomized, open-labeled, treat-to-target, three 

parallel groups, multicenter, multinational, efficacy and safety trial comparing 
twice daily injection of IDegAsp 30 (70% degludec/30% aspart by volume), 
IDegAsp 45 (55% degludec/45% aspart by volume) to twice daily insulin 
NovoMix® 30 (70% protaminated aspart/30% aspart), all in combination with 
metformin in ~ 180 subjects with type 2 diabetes failing oral anti-diabetic 
treatment.   

 
• IDegAsp insulins and NovoMix® 30 were administered twice daily before 

breakfast and before dinner by subcutaneous injection in the abdominal 
region. Subjects were initiated on 10 units per day. Insulin dose titration was 
carried out by the investigator based upon participant’s self-monitored 
glucose results and the trial’s titration algorithm which targeted a pre-
breakfast plasma glucose value of 72-108 mg/dL (i.e., 4.0-6.0 mmol/L). 

 
• The trial consisted of a 1-week screening period, a metformin up-titration 

period of up to 2 weeks, a 1-week maintenance period, a randomization visit 
(1:1:1 to intervention), a 16-week treatment period and a 2-week follow-up 
period. The treatment period included a total of 14 visits to the clinical trial 
sites and 6 telephone contacts.  The primary endpoint variable was the 
difference in the change from baseline in HbA1c at the end of sixteen weeks 
of treatment between IDegAsp formulations and glargine.   

 

Reference ID: 3250921



Jean-Marc Guettier, MDCM  
NDAs; 203314 and 203313 
Insulin degludec (Tres ba) and Insulin degludec/aspart 70/30 (Ryzodeg) 

 

73 

• Trial NN5401-3569 (Type 1 DM-Japan): was a randomized, open-labeled, 
multi-center, two parallel groups, exploratory safety trial conducted in ~70 
Japanese adults (i.e., ≥20 years) with T2DM with a baseline HbA1c < 10%.  
The trial compared the safety (i.e., with a focus on hypoglycemia) of switching 
from a twice daily long-acting insulin analogue/intermediate-acting insulin 
preparation (except insulin glargine) or pre-mixed insulin/insulin analogue 
preparation (except Mix30) to IDegAsp twice daily in subjects with type 2 
diabetes mellitus.  The timeline was divided into a screening visit, a baseline 
visit, a 6-week treatment period and a follow-up visit.  Scheduled telephone or 
trial site visits occurred weekly.  The IDegAsp and NovoMix 30 starting dose 
were based on a 1 to 1 unit conversion using the baseline visit dose.  Both 
insulins were injected twice daily at breakfast and with evening meal.  
Secondary objectives were efficacy based and included changes in fasting 
plasma glucose from baseline to trial end.  

 

5.4.2. Description of Pivotal Therapeutic Confirmatory Trials for NDA 
203313 

This section focuses on key design aspects of the pivotal therapeutic 
confirmatory trials for NDA 203313 for the fixed ratio [420/180 nmol/mL (i.e., 
70/30%)] combination product insulin degludec/aspart.  The prefix for each trial, 
NN5401, is used to distinguish trials in the degludec/aspart program from those 
in the degludec program.  Trial design for pivotal trials in NDA 203313 was 
similar to that of pivotal trials in NDA 203314 and key similarities and differences 
are highlighted in this review.   Table 32 provides an overview of the five pivotal 
IDegAsp efficacy trials. 
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Table 32:  Overview of Pivotal Therapeutic Confirmatory Trials for IDeg/Asp 

Trial Duration 
(weeks) Intervention OAD 

Combination Population 
Primary 

Hypothesis 
Tested 

Randomization 
and Number of 

Subjects 
Randomized 

Anti-
diabetic at 
Screening 

Randomization 
Strata 

Type 1 DM 
Premix or Basal Insulin Once Daily, Prandial Insulin with Meals 

NN5401-
3594 26* 

IDegAsp OD 
+ IAsp 

vs. 
IDet† OD 

+IAsp 

None Insulin 
treated 

Non-
inferiority§ 

2:1 
 

IDegAsp:366 
IDet:182 

Basal-bolus 
insulin 

regimen or 
other mixed 

insulin 
regimen 

Prior treatment; 
1. Basal-bolus  

insulin 
regiment 

2. Other insulin 
regimen 

Type 2 DM 

Premix or Basal Insulin Once Daily, Added to OADs, Insulin Naïve and Insulin Treated 

NN5401-
3590 26∞ 

IDegAsp OD 
vs.  

IGlar OD 
metformin Insulin 

naïve 
Non-

inferiority§ 

1:1 
 

IDegAsp: 266 
IGlar: 263 

Metformin and 
≥1 other OAD 

except 
TZD 

None 

NN5401-
3593 26 

IDegAsp OD 
vs.  

IGlar OD 

metformin 
± pioglitazone 

± DPP-4 
inh bitor 

Insulin 
treated 

Non-
inferiority§ 

1:1 
 

IDegAsp : 230 
IGlar: 233 

Basal insulin 
OD and 

metformin ± 
other 
OADs 

Prior treatment: 
1. TZD Yes 
2. TZD No 

Premix Insulin Twice Daily, Added to Combination of OADs, Insulin Treated 

NN5401-
3592 26 

IDegAsp BID 
vs.  

BIAsp 30 BID 

± metformin 
± pioglitazone 

± DPP-4 
inh bitor 

Insulin 
treated 

Non-
inferiority§ 

1:1 
 

IDegAsp: 224 
BIAsp 30: 222 

Premixed/self-
mixed 

insulin OD or 
BID ± 
OADs 

Prior treatment: 
1. OD insulin 

regimen 
2. BID insulin 

regimen 

NN5401-
3597 26 

IDegAsp BID 
vs.  

BIAsp 30 BID 
± metformin Insulin 

treated 
Non-

inferiority§ 

2:1  
 

IDegAsp: 280 
BIAsp 30: 142 

Basal insulin 
OD or 
BID ± 

metformin or 
premixed/self-

mixed 
insulin OD or 

BID ± 
metformin 

Prior treatment: 
1. basal 

without 
metformin 

2. basal with 
metformin 

3. premix 
without 
metformin 

4. premix with 
metformin 

Source:  Adapted from NDA 203313; Table 1-1 Summary of Clinical Efficacy 
*Trial Extended by an additional 26 weeks (Extension Trial #3645) completed and submitted with original NDA 
∞Trial Extended by an additional 26 weeks (Extension Trial #3726) ongoing and not submitted in original NDA 
§ The difference in change from baseline in HbA1c between IDegAsp and comparator does not exceed 0.4% 
†IDet injection was OD at start, with the option to intensify to BID dosing after 8 weeks if glycemic control inadequate 
BIAsp: biphasic insulin aspart; BID: twice daily; DPP-4: di-peptidyl peptidase-4; IAsp: insulin aspart; IDet: insulin detemir; IGlar: insulin glargine; OAD: 
oral antidiabetic drug; OD: once daily; TZD: thiazolidinedione. 
NN5401-3597 Japan, Korea, Hong Kong, Malaysia and Taiwan (no US sites) 
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5.4.3. Trial Characteristics 

5.4.3.1. Primary Objective 

The primary objective was identical to the degludec program.  The trials were 
designed to confirm the efficacy of the fixed ratio (70/30%) combination product 
containing both insulin degludec and insulin aspart (IDegAsp) with respect to 
glucose control. 

5.4.3.2. Secondary Objectives 

The secondary efficacy objectives were similar to the secondary efficacy 
objectives in the degludec therapeutic trials [(i.e., glycemia based and supportive 
of the primary objective (i.e., responder rates and fasting plasma glucose)].  
Secondary safety objectives related to the efficacy of the product were identical 
to those in the degludec program (i.e., hypoglycemia, body weight, insulin dose 
and immunogenicity). 

5.4.3.3. Design 

All trials in the IDegAsp program were randomized, open-label, parallel-group, 
active comparator controlled multicenter, multinational trials.  All trials were 26 
weeks in duration and two trials [NN5401-3594 (OD Type 1 DM) and NN4501-
3590 (OD, insulin naïve, type 2 DM))] included a 26-week controlled safety 
extension.  All trials followed a treat to target principle.  The IDegAsp dose was 
titrated to achieve pre-specified glycemic target (s).  In trials evaluating IDegAsp 
administered once daily the glycemic target was a fasting pre-breakfast blood 
glucose of <90 mg/dL.  In trials evaluating IDegAsp twice daily the glycemic 
targets were a fasting pre-breakfast and pre-dinner blood glucose target of < 90 
mg/dL. 

5.4.3.4. Randomization 

Randomization was balanced in trials NN5401; 3590 (OD, insulin naïve, type 2 
DM), 3593 (OD insulin-treated type 2 DM); 3592 (BID insulin-treated type 2 DM).  
Trials NN5401-3594 and 3597 followed at 2:1 randomization scheme to increase 
exposure to degludec/asp 

5.4.3.5. Blinding  

All trials in the IDegAsp program were open-label. 

5.4.3.6. Representative Trial Time Line 

The timelines for trials in the degludec/aspart program were similar to those in 
the degludec program. All trials were approximately 28 weeks in duration 
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(treatment duration 26-weeks).  Visits included a screening visit [Week (-)1] to 
assess eligibility, followed by a randomization visit (Week 0).  At the 
randomization visit, pre-trial glucose lowering medications were discontinued or 
adjusted to accommodate allowed concomitant glucose lowering medications.  
During the 26-week treatment period, insulin dose was titrated weekly in 
accordance with protocol specified insulin titration guidelines (see below). 
Weekly contacts between trial site and participants occurred through a 
combination of trial site visits and phone contacts. The subjects were to attend a 
total of 13 site visits and 14 phone contacts during the 26 weeks of treatment and 
a follow up visit at least seven days after discontinuing the intervention treatment. 
At the end-of-treatment visit (Week 26 for completers) subjects were transitioned 
to NPH insulin to allow measurement of anti-drug antibody measurement at the 
follow-up visit (i.e., at least seven days after Week 26).  In the two trials with 
extensions, all participants were offered to continue for an additional 26 weeks to 
collect additional safety data.  The schedule for efficacy and safety assessments 
were identical to the assessment schedule for 26-week trials in the degludec 
program. 

5.4.4. Investigational Drug: Degludec/Aspart  

5.4.4.1. Formulations Studied 

The drug product IDegAsp (100 U/mL, corresponding to 600 nmol/mL) contains 
the drug substances insulin degludec (IDeg) and insulin aspart (IAsp). The 
composition of the IDegAsp product used in all therapeutic confirmatory and 
therapeutic exploratory trials is the product intended for commercial use (for 
additional details refer to section. The product contains 70% IDeg and 30% IAsp 
drug substances by volume, designated by the ratio 70/30, and corresponding to 
420 nmol/mL of insulin degludec and 180 nmol/mL of insulin aspart.  The 
IDegAsp 70/30 formulation was selected over a 55/45 IDegAsp  formulation 
based on results from therapeutic exploratory trials. 

5.4.4.2. Dosing Interval Studied 

In the type 1 DM trial (NN5401-3594) IDegAsp was administered once daily at 
the main meal. In type 2 DM trials IDegAsp was administered either once daily 
with the evening or largest meal or twice daily with breakfast and the main 
evening meal. 

5.4.4.3. Delivery Device Studied 

The FlexPen® delivery device is currently used with Novo Nordisk A/S marketed 
products and was used for IDegAsp administration in Trials; 1791, 1792, 3594, 
3592, 3597 and 3593. The PDS290 prefilled pen-injector was used for IDegAsp 
administration in Trial 3590.   
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device.  The PDS290 pen is approved for use with Levemir® and NovoRapid® 
insulin in the European Union. The PDS290 pen-injector for IDegAsp (100 U/mL) 
can deliver up to 80 U in one injection in increments of 1 U (refer to CDRH 
review).  The FlexPen® delivers up to maximum of 60 units per injection. The 
increased maximum delivery of the PDS290 pen is viewed as an advantage over 
the FlexPen® device. 

5.4.4.4. Route and Site of Administration Studied 

IDegAsp was injected subcutaneously in the abdomen, deltoid or thigh. 

5.4.5. Comparators 

In the type 1 DM trial (NN5401-3594) insulin detemir was used as the 
comparator.  In the once daily type 2 DM trials (NN5401-3593, NN5401-3590) 
insulin glargine was used as the comparator.   In the premix twice daily trials 
(NN5401-3592 and NN5401-3597) the comparator insulin was biphasic insulin 
aspart (i.e., BIAsp 30: 30% insulin aspart, 70% protaminated aspart.  All products 
were used in a manner consistent with approved local labeling. 

Reference ID: 3250921



Jean-Marc Guettier, MDCM  
NDAs; 203314 and 203313 
Insulin degludec (Tres ba) and Insulin degludec/aspart 70/30 (Ryzodeg) 

 

78 

 

Reference ID: 3250921

APPEARS THIS WAY ON 
ORIGINAL



Jean-Marc Guettier, MDCM  
NDAs; 203314 and 203313 
Insulin degludec (Tres ba) and Insulin degludec/aspart 70/30 (Ryzodeg) 

 

79 

Table 33: Randomized Interventions in IDegAsp Program 

Trial Degludec/Aspart (70/30) Comparator 
Premix or Basal Insulin Once Daily, Prandial∫∫ Insulin with Meals, Type 1 DM 

NN5401-
3594 

Insulin degludec/asp U100  
• Time of day: with any main meal 
• Frequency: once daily 
• Dosing Interval: 24 hours (with option to move 

to another meal at anytime) 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or 

thigh  

Insulin Detemir° 
• Time of day: with evening meal or at bedtime  
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device:  FlexPen® 
• Subcutaneous Site: abdomen or deltoid or thigh 

Premix or Basal Insulin Once Daily, Added to Metformin, Insulin Naïve, Type 2 DM 

NN5401-
3593 

Insulin degludec/asp U100  
• Time of day: with evening meal or largest 

meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device:  FlexPen® 
• Subcutaneous site: abdomen or deltoid or 

thigh  

Insulin glargine* 
• Time of day: at any time of the day  
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 

Premix or Basal Insulin Once Daily, Added  to Combination of OADs, Insulin Treated, 
 Type 2 DM 

NN5401-
3590 

Insulin degludec/asp U100  
• Time of day: with breakfast 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device:  PDS290 pen 
• Subcutaneous site: abdomen or deltoid or 

thigh  

Insulin glargine* 
• Time of day: at any time of the day  
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 

Premix Insulin Twice Daily, Added to Combination of OADs, Insulin Treated, Type 2 DM  

NN5401-
3592 

Insulin degludec/asp U100  
• Time of day: with breakfast and main evening 

meal 
• Frequency: twice daily 
• Dosing Interval: ~12 hours 
• Device:  FlexPen® 
• Subcutaneous site: abdomen or deltoid or 

thigh  

BIAsp 30 (Novolog Mix 70/30) 
• Time of day:  with breakfast and main evening 

meal 
• Frequency: once daily  
• Dosing interval:  ~12 hours 
• Device:  FlexPen® 
• Subcutaneous Site: abdomen or deltoid or thigh 

NN5401-
3597 

Insulin degludec/asp U100  
• Time of day: with breakfast and main evening 

meal 
• Frequency: twice daily 
• Dosing Interval: ~12 hours 
• Device:  FlexPen® 
• Subcutaneous site: abdomen or deltoid or 

thigh  

BIAsp 30 (Novolog Mix 70/30) 
• Time of day:  with breakfast and main evening 

meal 
• Frequency: once daily  
• Dosing interval:  ~12 hours 
• Device:  FlexPen® 
• Subcutaneous Site: abdomen or deltoid or thigh 

Source: Adapted from NDA 203313; Summary of Clinical Efficacy  Table 1-8  
∫∫ Separate injections of insulin aspart were used for meals not covered by fixed ratio combination product (i.e., two meals in degludec/aspart arm 
and three meals in detemir arm) 
°After 8 weeks of treatment, the frequency of detemir injections could be increased to twice daily at the investigator’s discretion if adequate 
glucose control was not achieved  
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Reviewer Comment:  There is no approved premixed insulin that has a twenty 
four hour PK/PD profile that could serve as a direct comparator to IDegAsp.   
Instead, IDegAsp was compared to once daily active comparators (i.e., detemir 
and glargine) and to a premixed intermediate acting insulin administered twice 
daily. 
 
Insulin detemir has established efficacy, is approved for once daily or twice daily 
use (i.e., trial use reflects labeled indication) and is an appropriate comparator for 
once daily IDegAsp.  In this trial subjects on detemir received three versus two 
individual IAsp injections with meals. 
 
Insulin glargine, similar to detemir, has established efficacy and is widely used.  
Glargine was felt to be an appropriate comparator in trials examining the effect of 
once daily IDegAsp as no once daily premixed insulin are approved (i.e., insulin 
glargine lacks a prandial insulin component compared to IDegAsp).  Premixed 
insulins have the theoretical advantage of covering both basal hyperglycemia 
and post-meal glucose excursion for the meal immediately following injection of 
the product.  The sponsor’s primary objective was not to demonstrate superiority 
of the combination product over the single product but only to show that IDegAsp 
was not unacceptably worst than glargine (i.e., non-inferiority).  This was felt to 
be acceptable at the EOP-2 meeting provided that it was supported by a 
reduction in basal insulin degludec daily dose compared to glargine or that the 
fixed ratio insulin provided a safety advantage over glargine (i.e., decreased 
hypoglycemic event rate, less weight gain etc…).  Standard of medical care does 
not recommend a specific type of insulin (i.e., premix versus basal) be used in 
type 2 DM failing non-insulin type therapies.  BIAsp 30 was felt to be a good 
comparator since it represents a widely used pre-mixed insulin and similar to 
IDegAsp contains two insulins with different pharmacokinetic profiles [an 
intermediate acting insulin (i.e., protamine IAsp) and a rapid acting prandial 
insulin (i.e., IAsp)]. BIAsp 30 is equivalent to the US marketed product NovoLog® 
Mix 70/30.   
 

5.4.6. Intervention Insulin Doses 

5.4.6.1. Starting Dose 

Reviewer Comment:  Starting dose is described in details below since it will be 
used to inform labeling. 
 
Type 1 DM 
 
Basal Insulin Once Daily, Prandial Insulin with Meals (Trial NN5401-3594) 

*Glargine was used in accordance with approved local labeling*Glargine was used in accordance with approved local labeling 
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In trial 3594, the starting IDeg/Asp and aspart insulin doses for subjects 
randomized to the Deg/Asp arm were selected as follows: 
 

• For subjects on basal and prandial insulin pretrial:  The starting dose of 
IDegAsp was determined by converting basal insulin doses at screening 
unit to unit (i.e., 1:1) to equivalent dose of degludec contained in the fixed 
ratio combination (see example below).  Prandial aspart starting doses for 
the two remaining meals were equal to the prandial insulin doses at 
screening.  The following illustrative example was provided in the protocol. 
A subject receiving 10, 10, and 12 units of prandial insulin at breakfast, 
lunch and dinner and 30 units of basal insulin would receive 42 units of 
IDegAsp (equivalent to 30.1 units of basal degludec insulin and 12.9 units 
of prandial aspart insulin) and 10 units of prandial aspart insulin at 
remaining meals.  Note: a chart converting IDeg/Asp units into individual 
basal degludec and prandial aspart units respectively was provided to 
investigators. 

 
• For subjects on self or premixed insulin pretrial:  Starting dose of IDegAsp 

was 70% of the total daily insulin dose.  The remaining 30% was split 
between two additional meals and administered as insulin aspart. The 
following example was provided in the protocol.  A subject receiving 30 
units twice daily of 70/30 premixed insulin would be converted to 42 units 
of IDeg/Asp (i.e., 70% of the 60 total daily insulin units) and 9 units of 
prandial insulin aspart for the two remaining meals (i.e., 30% of the 60 
total daily insulin units split equally between the two remaining meals). 

 
In trial 3594, the starting insulin detemir and aspart insulin doses for subjects 
randomized to the insulin detemir arm were selected as follows: 
 

• For subjects on basal and prandial insulin pretrial:  The total daily units of 
insulin NPH or other basal insulin were converted 1:1 to insulin detemir 
units to be administered once daily with the evening meal or at bedtime.  
The units of prandial insulin for each of three daily meals were converted 
1:1 to units of aspart insulin. 

 
• For subjects on both basal and prandial insulin pretrial:  The total daily 

basal insulin units were calculated from the total daily premixed insulin 
units (e.g., 60 total daily units of 70/30 insulin mix equals 42 units of total 
daily basal insulin).  The total daily basal insulin units pretrial were 
converted 1:1 to insulin detemir units to be administered once daily with 
the evening meal or at bedtime.  If basal insulin was required more than 
once daily the investigator was given the choice to consider a dose 
reduction in the detemir starting dose. The total daily units of prandial 
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insulin pretrial were divided equally among three meals and administered 
as prandial aspart insulin. 

 
Type 2 DM trials 
 
Once Daily, Added to Metformin, Insulin Naïve, Type 2 DM (NN5401-3590): 

• Starting dose was 10 units of IDegAsp or insulin glargine.  
Once Daily, Added to Combination of OADs, Insulin Treated, Type 2 DM (NN5401-
3593): 

• For subjects on once daily basal insulin:  The protocol recommended a 1:1 
unit conversion between pretrial insulin and IDegAsp or insulin glargine. 

Twice Daily, Added to Combination of OADs, Insulin Treated, Type 2 DM 
(NN5401-3592): 

• For subjects on twice daily (BID) self or premixed insulin at screening:  
The protocol recommended a unit to unit transfer between pretrial insulin 
and IDegAsp BID or BIAsp 30 BID. 

• For subjects on once daily (OD) self or premixed insulin at screening:  The 
protocol recommended that the total daily dose pretrial be divided twice 
daily to establish the starting dose of IDegAsp BID or BIAsp 30 BID. 

Twice Daily, Added to Metformin, Insulin Treated, Type 2 DM (NN5401-3597): 
• For subjects on twice or once daily self or pre-mixed insulin:  A strategy 

similar to the one used in NN5401-3592 was used to establish the starting 
doses of IDegAsp BID or BIAsp 30 BID. 

• For subjects on once daily or twice daily basal insulin:  Protocol 
recommended splitting the total dose of their previous non trial basal 
insulin into two equal doses to establish the starting doses of IDegAsp BID 
or BIAsp 30 BID. 

5.4.6.2. Insulin Dose Adjustment 

Premix and basal insulins were adjusted to target a fasting plasma glucose (i.e., 
pre-breakfast morning glucose) of < 90 mg/dL.  Adjustment was based on the 
average self monitored glucose values for the three days preceding a site visit or 
telephone contact.  Trials studying twice daily premixed insulin targeted both a 
pre-breakfast and pre-dinner self monitored glucose of < 90 mg/dL.  In these 
trials, adjustment was made based on both the average of three preceding pre-
breakfast values and the average of three preceding pre-evening meal values.  In 
the event that data for the preceding three days was missing a procedure similar 
to one employed for the degludec program was used.  Within 24 hours 
investigators were to document on the electronic case report form; the glucose 
values (three days worth), the insulin doses (three days worth), the new 
prescribe insulin dose and reasons for deviating from the algorithm.  The data 
entered in the electronic case report form was reviewed by Novo Nordisk 
personnel and could trigger a request for additional data if the reason for 
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deviation was unclear or not justified.  The algorithms provided to investigator are 
shown in the following table. 
 
Table 34:  IDegAsp and Comparator Titration Algorithm Used in Type 1 and 
2 DM trials 

Type 1 DM 
Mean Pre-breakfast 

Self-Monitored Glucose 

Type 2 DM 
Mean Pre-breakfast and 
Pre-evening Meal# Self-

Monitored Glucose 
Dose Adjustment 

< 56 mg/dL <56 mg/dL Decrease by 4 units 
< 70 mg/dL <70 mg/dL Decrease by 2 units 
< 90 mg/dL <90 mg/dL No Adjustment 
< 180 mg/dL <126 mg/dL Increase by 2 units 
<270 mg/dL <144 mg/dL Increase by 4 units 
>270 mg/dL <162 mg/dL Increase by 6 units 

 >162 mg/dL Increase by 8 units 
# Only in trials studying twice daily pre-mixed insulin:  NN5401-3592 and NN5401-3597 

 

5.4.7. Concomitant Glucose Lowering Medications 

5.4.7.1. Prandial (short-acting) Insulin 

Insulin aspart was used to cover mealtime glucose excursion in the trial 
examining the effect of IDegAsp in subjects with type 1 diabetes mellitus 
(NN5401-3594).  Determination of the starting dose was discussed above.   Dose 
adjustment for breakfast, lunch and dinner was based on the mean (i.e., 3 days 
prior to visit or phone contact) pre-meal value at lunch, dinner and bedtime 
respectively.  The titration algorithm provided to investigators was the identical to 
the one shown above for the insulin degludec program (see Table 23). 

5.4.7.2. Oral Anti-diabetic Medications (OADs) in Type 2 DM trials 

The effect of adding IDegAsp to a stable regimen of either insulin secretagogues, 
α-glucosidase inhibitors and/or GLP-1 agonists was not studied in the IDegAsp 
program.   Subjects on stable doses of these medications pre-trial were 
discontinued at the randomization visit.  The effect of adding IDegAsp to subjects 
not controlled on stable (i.e., ≥ 3 months), maximally effective doses of metformin 
(i.e., 1500 mg per day or at least 1000 mg per day if full dose was not tolerated) 
was evaluated in trials NN5401-3590 (Insulin Naïve).  To be enrolled in this trial 
subjects had to be inadequately controlled on maximally effective doses of 
metformin and an additional agent (i.e., insulin secretagogue, α-glucosidase 
inhibitor or DPP-IV inhibitor).  Trials NN5401-3593, 3592 and 3597 allowed 
continuation of oral anti-diabetic drugs (OADs) at the pre-trial dose (i.e., did not 
pre-specify that these needed to be at maximally effective dose).  This is 
summarized in the table below. 
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Table 35:  Concomitant Oral Antidiabetic Drug (OADs) Used in IDegAsp 
Program 

Trial # Metformin TZDs DPP-IV 
inhibitors#  

Numbers of 
OADs allowed 

Premix or Basal Once Daily, Added to Metformin, Insulin Naïve, Type 2 DM 

NN5401-3590 (26) 
Required 

(1500 mg per day or at 
least 1000 mg per if 
not tolerated at full 

dose) 
  1 

Premix or Basal Once Daily, Added  to Combination of OADs, Insulin Treated Type 2 DM 

NN5401-3593 (26) Allowed 
(Pre-trial dose)  

Allowed  
(Pre-trial dose) 

Allowed  
(Pre-trial dose) 

1-3 

Premix or Basal Twice Daily, Added  to Combination of OADs, Insulin Treated Type 2 DM 
NN5401-3592 

(26) 
Allowed 

(Pre-trial dose)  
Allowed  

(Pre-trial dose) 
Allowed  

(Pre-trial dose) 
1-3 

NN5401-3597 
(26) 

Allowed 
(Pre-trial dose)   1 

#Only if labeled for use with insulin 

 

5.4.8. Study Population 

5.4.8.1. Inclusion Criteria  

Inclusion criteria in the IDegAsp program were similar to the ones used in the 
degludec program.  These are listed below.  
 
Table 36:  Inclusion Criteria IDegAsp Program 

1. Male and Female 
2. ≥ 18 year of age (≥ 20 years in Japan) 
3. Clinically diagnosed with diabetes mellitus  

d. for ≥ 12 months* for trials enrolling subjects with type 1 DM 
e. for ≥ 6 months for trials enrolling subjects with type 2 DM 

4. Pretrial Diabetes Treatment: 
f. Type 1 DM:  Basal and prandial insulin for 12 months* 
g. Type 2 DM:  Insulin naïve or insulin treated (basal or mixed insulin) and/or oral 

> or = three months of mono or combination therapy with oral antidiabetic 
agents 

5. HbA1c(central laboratory determined value) 
h. Between 7.0 and 10% 
i. Between 7.5 and 11% inclusive (in Trial NN5401-3590) 

6. BMI 
j. ≤ 35 kg/m2 (Type 1 DM trial and Asian type 2 DM trial NN5401-3597) 
k. ≤ 40.0 kg/m2 

Source:  NDA: 203313; Summary of Clinical Efficacy Table 1-3 
*To select a population with little residual endogenous insulin  
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5.4.8.2. Exclusion Criteria 

Exclusion criteria were identical to the ones shown for degludec in Table 26 
except for the one criterion below. 
 
Table 37: Exclusion Criterion Specific to IDegAsp Program 

Use within the last 3 months prior to screening visit (Visit 1) of glucagon-like peptide-1 
(GLP-1) receptor agonists and/or rosiglitazone (additionally, no OADs allowed in Trial 
3594 and no thiazolidinediones allowed in Trials 3597 or 3590) 

 

5.4.9. Key Withdrawal Criteria 

Withdrawal criteria were identical the ones in the degludec program. 

5.4.10. Statistical Considerations 

5.4.10.1. Primary Endpoint Variable 

Change from baseline in HbA1c at the end of treatment was the primary endpoint 
variable in all trials. 

5.4.10.2. Sample Sizes 

All trials were adequately powered.  Actual per protocol sample sizes were larger 
than calculated due to greater than expected retention. 
 

Trial (week) Calculated Sample Size Actual Sample Size 
 IDeg/Asp Comparator Total IDeg/Asp Comparator Total 

Premix or Basal Insulin Once Daily, Prandial Insulin with Meals, Type 1 DM 
NN5401-3594       

FAS 352 176 528 366 182 548 
PP 298 149 447 336 168 504 

Premix or Basal Once Daily, Added  to Combination of OADs, Type 2 DM  
NN5401-3590       

FAS 263 263 526 266 263 529 
PP 223 223 446 229 244 473 

NN5401-3593       
FAS 225 225 450 230 233 463 
PP 191 191 382 211 211 422 

Premix or Basal Twice Daily, Added  to Combination of OADs, Type 2 DM 
NN5401-3592       

FAS 225 225 450 224 222 446 
PP 191 191 382 200 193 393 

NN5401-3597       
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Trial (week) Calculated Sample Size Actual Sample Size 
FAS 284 142 426 280 142 422 
PP 240 120 360 255 128 383 

Source:   NDA 203313 Individuals Trial Study Reports; eCTD Section 5.3.5.1  
FAS = full analysis set, PP=per protocol population. 
Note n= number of subjects included in the analyses for specific population and differs slightly from number of subjects 
randomized see Safety summary for details 
Considerations in calculating sample sizes included; The randomization scheme, sufficient power to reject the null in the 
per protocol population (i.e., >85% power), the assumption that 15% of the randomized population would be excluded 
from the PP (based on review of historical data), the assumption of no difference in HbA1c change from baseline between 
IDeg/Asp and comparator groups, the standard deviation around the difference between Deg/Asp and comparator for the 
primary efficacy endpoint,  a one sided level of significance with an alpha error set to 2.5% and a non-inferiority margin of 
0.4%. Refer to statistical review for additional details. 

 

5.4.10.3. Primary Hypotheses Tested:   

All Trials were non-inferiority trials 
 
In each trial; non-inferiority was to be considered confirmed if the upper bound of 
the two-sided 95% confidence interval around the change from baseline in 
HbA1c difference between IDegAsp and comparator was below or equal to 0.4% 
at the end of treatment.  Otherwise stated as; the null hypothesis for the one 
sided test [H0: (IDegAsp Δbaseline HbA1c - Comparator Δbaseline HbA1c) > 0.4%)] 
was rejected in favor of the alternative hypothesis [HA: (Degludec Δbaseline HbA1c 
- Comparator Δbaseline HbA1c) ≤ 0.4%] if the p-value for the one-sided test was 
less than or equal to 2.5%. 

5.4.10.4. Population Used in the Primary Analysis: 

Populations used in the analyses were similar to the ones described in section 
5.3.10.4 of this review. 

5.4.10.5. Pre-specified Primary Analysis Model(s): 

The primary analysis model was an ANCOVA model with treatment, anti-diabetic 
therapy at screening, sex and region as fixed factors and age and baseline 
HbA1c as covariates. 

5.4.10.6. Pre-specified Secondary Analyses: 

All trials aimed to show superiority in a number of secondary endpoints.  Type-1 
error rate was controlled using a hierarchical testing procedure.  Missing values 
for these endpoints were imputed using the last observation carried forward 
method. 
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Trials 

(duration) 1st Priority 2nd Priority 3rd Priority 4th Priority 5th Priority 

Premix or Basal Insulin Once Daily, Prandial Insulin with Meals, Type 1 DM 

3594 
(26 wks) 

Change from 
baseline in 
FPG# 

HbA1c <7.0% 
at end-of-trial 
without severe 
hypoglycemic 
episodes 

Number of 
nocturnal 
confirmed 
hypoglycemic 
episodes 

  

Premix or Basal Once Daily, Added  to Combination of OADs, Type 2 DM 

3592 
(26 wks) 

Change from 
baseline in 
FPG# 

Number of 
confirmed 
hypoglycemic 
episodes 

HbA1c <7.0% 
at end-of-trial 
without 
confirmed 
hypoglycemic 
episodes 

Change from 
baseline in 
body weight 
after 26 weeks 

Number of 
nocturnal 
confirmed 
hypoglycemic 
episodes* 

3597 
(26 wks) 

Change from 
baseline in 
FPG# 

Number of 
confirmed 
hypoglycemic 
episodes 

HbA1c <7.0% 
at end-of-trial 
without 
confirmed 
hypoglycemic 
episodes 

Change from 
baseline in 
body weight 
after 26 weeks 

Number of 
nocturnal 
confirmed 
hypoglycemic 
episodes* 

Premix or Basal Twice Daily, Added  to Combination of OADs, Type 2 DM 

3593 
(26 wks) 

Prandial PG 
increment at 
main evening 
meal 

HbA1c <7.0% 
at end-of-trial 
without 
confirmed 
hypoglycemic 
episodes* 

Fluctuation in 
nocturnal 
interstitial 
glucose as 
measured by 
CGM after 26 
weeks 
(subpopulation 
only) 

Number of 
nocturnal 
confirmed 
hypoglycemic 
episodes* 

Change from 
baseline in 
body weight 
after 26 weeks 

3590 
(26 wks) 

Prandial PG 
increment at 
breakfast 
meal after 26 
weeks 

Fluctuation in 
nocturnal 
interstitial 
glucose as 
measured by 
CGM after 26 
weeks 
(subpopulation 
only) 

HbA1c <7.0% 
at end-of-trial 
without 
confirmed 
hypoglycemic 
episodes* 

Number of 
nocturnal 
confirmed 
hypoglycemic 
episodes* 

Change from 
baseline in 
body weight 
after 26 weeks 

Source:  NDA 203313: Section 2.7.3: SCE: Table 1-10.  Bold font indicates that the endpoint met 
superiority for the hierarchical testing procedure.  Normal font indicates that the endpoint did not meet 
superiority and formal testing procedure was stopped.  Italicized font indicates that these endpoints 
were not formally tested. 
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6. Review of Efficacy 

6.1. Insulin Degludec Efficacy Summary 

 
Overall the applicant has demonstrated the efficacy of degludec U100 and 
degludec U200 in patients with type-1 and type-2 diabetes for duration of up to 
52-weeks.  In 6 out of 8 Phase 3 trials comparing degludec to available basal 
insulins, degludec trended toward providing nominally lower efficacy based on 
reduction in HbA1c from baseline.  Efficacy conclusions based on HbA1c data 
were consistent with findings based on responder and/or fasting plasma glucose 
analyses.   The mean total units of insulin per day at end of trial was numerically 
lower (range: 2-8 units) in subjects randomized to degludec in 6 out of 8 Phase 3 
trials where degludec was compared to currently marketed basal insulins.  The 
mean weight gain was numerically higher in 5 of these 8 trials though differences 
between groups were small.  Numerically more subjects on degludec 
experienced at least one severe event of hypoglycemia in the four trials (i.e., 
3583, 3585, 3770, and 3582) comparing degludec to available basal insulin in 
patients particularly susceptible to hypoglycemia (Type 1 DM and Type 2 DM 
using both basal and prandial insulin).  In two of these four trials the trend 
changed to one favoring degludec when an endpoint based on event rate was 
used (i.e., due to a small number of patients experiencing multiple events).  
  
The efficacy summary is organized according to type of diabetes and by trial 
since patient population, comparator product, product strength and method of 
use varied between trials.  
 
Type 1 Diabetes: 
 
Randomization and Generalizability: 
 

• Baseline characteristics between intervention groups were balanced. 
 

• 12% of all screened individuals were ineligible to participate due to failure 
to meet one or more inclusion/exclusion criteria. 

 
• Retention rate in parent trials were high for both intervention groups 

(>86%).  A slightly greater proportion of individuals withdrew in the group 
of subjects randomized to degludec (i.e., 2.8% more withdrawals in 
degludec versus comparators). 

 
• Withdrawals due to “Adverse Events” and due to meeting one or more 

“Withdrawal Criteria” accounted for the between group difference in 
withdrawal rate.  The most frequent adverse events leading to 
discontinuations in the degludec arm were events of hypoglycemia (6 
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versus 1 case for degludec and comparators).  The three most frequent 
withdrawal criteria met from most to least common in the degludec arm 
were: ‘Hypoglycemia causing a safety problem’, ‘Protocol deviation’ and 
‘Lack of effect’. 

 
• Withdrawals due to hypoglycemia could be captured across the following 

withdrawal categories: ‘Adverse events’, ‘Withdrawal criteria’ and ‘Other’.  
Pooling these three categories reveals that subjects randomized to 
degludec were ~3 times more likely to withdraw due to hypoglycemia than 
subjects randomized to comparators (i.e., 2.5% versus 0.85%).   

 
Efficacy Summary by Trial:   
 
Trial 3583:  
 

• Insulin degludec administered once daily using a fixed 24-hour dosing 
interval was shown to provide a level of glucose control at the end of 52 
weeks that was not unacceptably worse than that provided by glargine 
administered once daily using a fixed 24-hour dosing interval in patients 
with type-1 diabetes co-administering insulin aspart to cover meal time 
insulin requirements.   

 
• Additional analyses based on proportion of responders and on centrally 

measured fasting plasma glucose were consistent with the primary 
efficacy analysis based on change from baseline in HbA1c.   

 
• Subjects randomized to degludec used less total insulin per day (~6 units 

less) at the end of the trial and had smaller mean increases from baseline 
in basal and aspart insulin dose at trial end (refer to page 46 of Dr. 
Cynthia Liu’s Review).  Subjects on degludec gained numerically more 
weight (i.e., 0.18 kg; p-value=NS) and had more frequent episodes of 
severe hypoglycemia (i.e., 21 versus 16 events per 100 patient years) 
compared to subjects randomized to glargine.  The proportion of subjects 
with at least one episode of severe hypoglycemia was greater with 
degludec. 

 
Trial 3585:  
 

• Insulin degludec administered once daily using a fixed 24-hour dosing 
interval was shown to provide a level of glucose control at the end of 26 
weeks that was not unacceptably worse than that provided by detemir 
administered once or twice daily using a fixed 24-hour or 12-hour dosing 
interval in non-US patients (Asia predominantly) with type 1 diabetes co-
administering insulin aspart to cover meal time insulin requirements.   

 

Reference ID: 3250921



Jean-Marc Guettier, MDCM  
NDAs; 203314 and 203313 
Insulin degludec (Tres ba) and Insulin degludec/aspart 70/30 (Ryzodeg) 

 

90 

• Additional analyses based on proportion of responders and on centrally 
measured fasting plasma glucose were consistent with the primary 
efficacy analysis based on change from baseline in HbA1c.   

 
• Subjects randomized to degludec used less total insulin per day (~8 units 

less) at the end of the trial and had smaller mean increases from baseline 
in basal and aspart insulin dose at trial end (refer to page 48 of Dr. 
Cynthia Liu’s Review).  Subjects on degludec gained numerically more 
weight (i.e., 1.08 kg; p-value= 0.0001) and had less frequent episodes of 
severe hypoglycemia (i.e., 31 versus 39 events per 100 patient years) 
compared to subjects randomized to detemir.  The proportion of subjects 
with at least one event of severe hypoglycemia was similar between arms. 

 
Trial 3770:  
 

• Insulin degludec administered once daily using a dosing interval of 8 
hours for the Monday, Wednesday, Friday injections and a dosing interval 
of 40 hours for the Tuesday, Thursday, Saturday and Sunday injections 
was shown to provide a level of glucose control at the end of 26 weeks 
that was not unacceptably worse than that provided by glargine 
administered once daily using a fixed 24-hour dosing interval in patients 
with type 1 diabetes co-administering insulin aspart to cover meal time 
insulin requirements.  The mean baseline reduction in HbA1c achieved 
using degludec (-0.40%) was smaller than the mean baseline reduction in 
HbA1c achieved using glargine (-0.58%) and this difference (-0.17%) was 
statistically significant (p-value=0.010).  Similar efficacy results were 
observed when the group of individuals randomized to degludec injected 
once daily using a 24 hour dosing interval in this trial were compared to 
individuals randomized to glargine. 

 
• Additional analyses based on proportion of responders and on centrally 

measured fasting plasma glucose were consistent with the primary 
efficacy analysis based on change from baseline in HbA1c.   
 

• Subjects randomized to degludec, administered using a flexible schedule, 
used less total insulin per day at the end of trial (~4.9 units less) than 
subjects using glargine.  Subjects randomized to degludec had a 
decrease in mean prandial daily insulin from baseline (i.e., -3.4 units) over 
the course of the trial while subjects randomized to glargine had a mean 
increase [(i.e., +2.5 units) refer to page 49 of Dr. Cynthia Liu’s Review].  
Subjects on degludec gained numerically less weight (i.e., -0.46 kg; p-
value= 0.21) and had less frequent episodes of severe hypoglycemia (i.e., 
34 versus 47 events per 100 patient years) compared to subjects 
randomized to glargine.  The proportion of subjects who suffered at least 
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one severe hypoglycemic episode was slightly greater in the two degludec 
arms compared to glargine. 

 
Type 2 Diabetes: 
 
Randomization and Generalizability: 
 

• Baseline characteristics between intervention groups were balanced. 
 

• 32% of all screened individuals were ineligible to participate due to failure 
to meet one or more inclusion/exclusion criteria. 

 
• Retention rate for parent trials ranged from 76-90% depending of the trial.  

A slightly greater proportion of individuals withdrew (i.e., 0.7% more) in the 
group of subjects randomized to degludec. 

 
• Withdrawals due to “Other” and due to “Adverse Event” accounted for the 

between group difference in withdrawal rate.  The three most frequent 
reasons for withdrawal in the category “Other” were related to: subjects 
being randomized in error due to violation of eligibility criteria, 
miscellaneous reasons (e.g., no longer wished to participate), withdrawal 
of consent, and lost to follow-up.  The most frequent adverse events 
leading to discontinuations in the degludec arm were events related to 
major adverse cardiovascular events (15 versus 5 cases) and weight 
increases (7 versus 3 cases). 

 
• Withdrawals due to hypoglycemia could be captured across the following 

withdrawal categories: ‘Adverse events’, ‘Withdrawal criteria’ and ‘Other’.  
Pooling these three categories reveals that subjects randomized to 
degludec were equally likely to withdraw due to hypoglycemia.  

 
Efficacy Summary by Trial:   
 
Trial 3582:  
 

• Insulin degludec administered once daily using a fixed 24-hour dosing 
interval was shown to provide a level of glucose control at the end of 52 
weeks that was not unacceptably worse than that provided by glargine 
administered once daily using a fixed 24-hour dosing interval in insulin 
treated patients with type-2 diabetes co-administering insulin aspart to 
cover meal time insulin requirements and on maximally effective doses of 
metformin and/or pioglitazone at baseline.   
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• Additional analyses based on proportion of responders and on centrally 
measured fasting plasma glucose were consistent with the primary 
efficacy analysis based on change from baseline in HbA1c.   

 
• Subjects randomized to degludec used numerically more total insulin per 

day (~ 3.5 units more) at the end of the trial.  This difference was driven 
entirely by a larger mean increase from baseline in basal insulin dose in 
the degludec arm (refer to page 50 of Dr. Cynthia Liu’s Review).  Subjects 
on degludec gained numerically less weight (i.e., -0.30 kg; p-value=NS) 
and had numerically more frequent episodes of severe hypoglycemia (i.e., 
6 versus 5 events per 100 patient years) compared to subjects 
randomized to glargine.  The proportion of subjects with at least one 
episode of severe hypoglycemia was also slightly greater in degludec 
users (4.6 versus 4.4%). 

 
Trial 3579:  
 

• Insulin degludec administered once daily using a fixed 24-hour dosing 
interval was shown to provide a level of glucose control at the end of 52 
weeks that was not unacceptably worse than that provided by glargine 
administered once daily using a fixed 24-hour dosing interval in insulin 
naïve patients with type 2 diabetes inadequately controlled on maximally 
effective doses of metformin and/or a DPP-4 inhibitor at baseline.   

 
• Additional analyses based on proportion of responders and on centrally 

measured fasting plasma glucose were consistent with the primary 
efficacy analysis based on change from baseline in HbA1c.   

 
• Subjects randomized to degludec used numerically less insulin per day 

(~1.9 units less) at the end of the trial.  Mean increases from baseline in 
insulin were similar in both arms [(~10 units) refer to page 51 of Dr. 
Cynthia Liu’s Review].  Subjects on degludec gained numerically more 
weight (i.e., 0.30 kg; p-value=NS) and had less frequent episodes of 
severe hypoglycemia (i.e., 0.3 versus 2.3 events per 100 patient years) 
compared to subjects randomized to glargine.  Two subjects on degludec 
(0.3%) experienced at least one event of severe hypoglycemia compared 
to five subjects on glargine (1.9%). 

 
Trial 3672:  
 

• The twice concentrated formulation of insulin degludec (i.e., degludec 
U200) administered once daily using a fixed 24-hour dosing interval was 
shown to provide a level of glucose control at the end of 26 weeks that 
was not unacceptably worse than that provided by glargine administered 
once daily using a fixed 24-hour dosing interval in insulin naïve patients 
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with type 2 diabetes inadequately controlled on maximally effective doses 
of metformin and/or a DPP-4 inhibitor at baseline.   

 
• Additional analyses based on proportion of responders and on centrally 

measured fasting plasma glucose were consistent with the primary 
efficacy analysis based on change from baseline in HbA1c.   

 
• Subjects randomized to degludec U200 used numerically less total insulin 

per day (3.2 units less) at the end of the trial [refer to page 52 of Dr. 
Cynthia Liu’s Review].  Subjects on degludec gained numerically more 
weight (i.e., 0.44 kg; p-value=NS). No cases of severe hypoglycemia were 
observed in this trial. 
 

Trial 3586:  
 

• Insulin degludec administered once daily using a fixed 24-hour dosing 
interval was shown to provide a level of glucose control at the end of 26 
weeks that was not unacceptably worse than that provided by glargine 
administered once daily using a fixed 24-hour dosing interval in insulin 
naïve patients from Asia with type 2 diabetes inadequately controlled on 
maximally effective doses of metformin and/or a sulfonylurea and/or an 
alpha-glucosidase inhibitor at baseline.   

 
• Additional analyses based on proportion of responders and on centrally 

measured fasting plasma glucose were consistent with the primary 
efficacy analysis based on change from baseline in HbA1c.   

 
• Subjects randomized to degludec used numerically less total insulin per 

day (5.3 units less) at the end of the trial due to lesser mean increases 
from baseline in basal insulin dose [refer to page 53 of Dr. Cynthia Liu’s 
Review].  Subjects on degludec gained numerically less weight (i.e., -0.14 
kg; p-value=NS). No cases of severe hypoglycemia were observed in the 
degludec arm and one case of severe hypoglycemia was observed in the 
glargine arm. 

 
Trial 3580:  
 

• Insulin degludec administered once daily using a fixed 24-hour dosing 
interval was shown to provide a level of glucose control at the end of 26 
weeks that was superior to that provided by sitagliptin 100 mg 
administered orally once daily in insulin naïve or insulin treated patients 
with type 2 diabetes inadequately controlled on maximally effective doses 
of metformin and/or a sulfonylurea/glinide and/or pioglitazone at baseline.   
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• Additional analyses based on proportion of responders and on centrally 
measured fasting plasma glucose were consistent with the primary 
efficacy analysis based on change from baseline in HbA1c.   

 
• Subjects on degludec gained significantly more weight (2.25 kg versus     

-0.31 kg; p-value < 0.0001). One of severe hypoglycemia was observed in 
the degludec arm and none in the sitagliptin arm. 

 
Trial 3668:  
 

• Insulin degludec (degludec flexible) administered once daily using a 
dosing interval of 8 hours for the Monday, Wednesday, Friday injections 
and a dosing interval of 40 hours for the Tuesday, Thursday, Saturday and 
Sunday injections was shown to provide a level of glucose control at the 
end of 26 weeks that was not unacceptably worse than that provided by 
glargine administered once daily using a fixed 24-hour dosing schedule in 
insulin naïve or insulin treated patients with type 2 diabetes inadequately 
controlled at baseline on maximally effective doses of metformin and/or 
sulfonylurea and/or pioglitazone.   
 

• Similar results were observed when glucose control for a group of 
individuals randomized to degludec (degludec fixed) injected once daily 
using a 24 hour dosing interval in this trial was compared to individuals 
randomized to glargine.  The mean baseline reduction in HbA1c achieved 
using degludec fixed (-1.07%) was smaller than the mean baseline 
reduction in HbA1c achieved using glargine (-1.27%) and this difference 
(-0.18%) was statistically significant (p-value=0.02). 

 
• Additional analyses based on proportion of responders and on centrally 

measured fasting plasma glucose were consistent with the primary 
efficacy analysis based on change from baseline in HbA1c.   
 

• All groups used similar dose of insulin at trial end.  Subjects on degludec 
flexible and degludec fixed gained numerically more weight than 
subjects on glargine but these differences were not statistically significant 
(1.52 versus 1.56 versus 1.27 kg increase from baseline for degludec 
flexible, degludec fixed and glargine).  One case of severe hypoglycemia 
was reported in the degludec flexible arm compared to two cases of 
severe hypoglycemia in the degludec fixed and glargine arms 
respectively. 
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6.2. Hypoglycemia Summary:  

 
A review of this topic was covered in detail at the November 8th 2012 EMDAC 
meeting and at the December 7th 2012 regulatory briefing.  The briefing 
document and presentation covering this topic have been filed in the Document 
Archiving, Reporting and Regulatory Tracking System (DARRTs). 
 
In insulin programs generally and in the degludec program, specifically, 
interpreting the validity of results that purport a hypoglycemia benefit is 
complicated by issues related to: 
 

• The secondary nature of hypoglycemia analyses 
 

• Generalizability of the findings to the population most at risk 
 

• The open-label nature of the trial 
 

• Questions surrounding the completeness of data capture for this patient 
reported, point of care, outcome 

 
• Questions surrounding the specificity of the definitions used to define the 

outcome 
 

• Questions surrounding the impact of slight differences in withdrawal rates, 
efficacy and/or insulin dose that arise as the trial is ongoing on the 
measured outcome 

 
The data in the degludec program do not support the conclusion that degludec 
provides a hypoglycemia benefit over other available basal insulin for the 
following reasons: 
 

• A consistent trend to suggest a hypoglycemia benefit across definitions 
and in particular for specific, objective, definitions is not observed. 
 

• A clear hypoglycemia benefit was not seen in the population most 
susceptible to developing hypoglycemia (type 1 DM) across all definitions 
considered.  In fact, subjects with type 1 DM randomized to degludec were 
three times more likely to withdraw due to hypoglycemia than subjects 
randomized to comparators, were numerically more likely to experience at 
least one event of hypoglycemia and had more numerous events of 
hypoglycemia per exposure time.  All this despite using slightly lower total 
daily insulin doses per day than the comparator group. 
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• The purported safety benefit observed from model based analyses for the 
endpoint “Novo confirmed hypoglycemia” did not translate into an efficacy 
advantage based on HbA1c reduction. 

 
• Differences in pharmacodynamic profiles between comparators 

compounded by inadequacy of data capture in the nocturnal time period 
confound interpretability of large reported betweeng group differences in 
nocturnal event counts.  Data from subgroups of patient who had 
interstitial glucose continuously monitored at several timepoints during the 
the trial do no support the notion that degludec offers an advantageous 
glucodynamic profile at night.  

6.3. Indication 

6.3.1. Demographic and Baseline Characteristics Degludec Once Daily 

6.3.1.1. Type 1 DM 

Baseline demographic characteristics, for the pool (N=1577) of patients with type 
1 diabetes mellitus who were randomized to degludec once daily or comparator 
in the full analysis set population, were balanced between intervention groups 
(see  
Table 38).  No imbalance was noted when characteristics were reviewed by 
individual study7.  The mean (SD) age of participants was 43 (14) years [range: 
18-82 years].  93% of patients were 65 years old or younger and 0.9% of 
participants were older than 75 years (NDA 203314: 5.3.5.3: Appendix 6.2: Table 
22). ~56% of participants were men.  The study population consisted of ~81% 
Whites, ~16% Asians (i.e., Asian Indian and Asian non-Indian combined), and 
~1.5% Blacks. In total, 69 subjects with T1DM were of Hispanic ethnicity (4%). 
 
Reviewer Comment:   The proportion and absolute numbers of Black and 
Hispanic subjects with type 1 DM exposed to degludec was low.  The pooled 
results accurately reflect demographic characteristics for each of the individual 
studies except for race.  A high proportion of subjects in Trial 3585 were from 
Japan, and this trial included 41.1% Asian non-Indian subjects.   
 
Other baseline characteristics were also balanced at baseline (see  
Table 38).  On average the population was overweight per BMI criteria with a 
mean BMI of 26 kg/m2 (range: 15-35).  Participants had had diabetes for an 
average (SD) of 17 (12) years and had moderate glycemic control based on 
mean HbA1c [7.8 (1.0)]. 24% of participants had one or more diabetes 
complication at baseline. The most common diabetes related complications were 
ophthalmic (~16%) followed by neurologic (~9%).  Hypertension (27%) and 

                                            
7 Source Data NDA 203314: 5.3.5.3: Appendix 6.2: Tables 18, 30, 38 and 42 
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6.3.1.2. Type 2 DM 

Baseline demographic characteristics, for the pool (N=4048) of patients with 
type-2 diabetes mellitus who were randomized to degludec once daily or 
comparator in the full analysis set population, were balanced between 
intervention groups (see Table 39). 
 
Reviewer Comment:  For most characteristics the pooled data accurately 
represents the data seen for each of the individual studies10.  Between trial 
heterogeneity for specific characteristics are highlighted in the body of the review 
or in “Reviewer Comments”. 
 
The mean (SD) age of participants was 58 (9.8) years [range: 20-87 years].  76% 
of patients were 65 years old or younger and 3.0% of participants were older 
than 75 years11. 56% of participants were men. 
 
Approximately 70% of the participants were White, 21% were Asian (i.e., Asian 
Indian and Asian non-Indian) and 7% were Black.  A total of 499 subjects with 
T2DM were of Hispanic ethnicity (12%). In the T2DM trials with U.S. participation 
(Trials 3582, 3579, 3672 and 3580), the proportion of Black subjects ranged from 
7% to 14%, and the proportion Hispanic subjects ranged from 8% to 21%.   
 
Reviewer Comment: The pooled results accurately reflect demographic 
characteristics for each of the individual studies except for race and Ethnicity 
(trial 3586 was carried out in Asia and >50% of participants were Asian).  The 
fact that baseline characteristics were balanced suggests that the effect of 
randomization was preserved.  The number of races and ethnic groups 
represented and the proportion of subjects in each appear to accurately reflect 
the overall United States population.  Certain racial and ethnic groups (e.g., 
American Indians, Blacks and Hispanics) are particularly predisposed to 
developing type 2 diabetes and these may be underrepresented in the program.   
 
Other characteristics were matched at baseline between degludec and 
comparators overall (see Table 39) and for each individual studies.  On average 
the population was obese per BMI criteria with a mean BMI of 31 kg/m2 (range: 
16-45).  Comparison across trials showed that a greater proportion of individuals 
(i.e., ~30% versus 10-20%) had severe obesity (BMI > 35 kg/m2) in trials 3582 
(Basal-bolus) and 3672 (Basal U200 + OAD).  Trial 3586 (Asia) had the least 
(0.2%) number of individuals with severe obesity and the most with BMI between 
0-25 (50% versus ~10% for all others) (NDA 203314: 5.3.5.3: Appendix 6.2: 
Table 36).   
 

                                            
10 NDA 203314: 5.3.5.3: ISE: Appendix 6.2: Tables 19-20, 23-24, 27-28, 31-32. 39-40, 48-49 
11 NDA 203314: 5.3.5.3: ISE: Appendix 6.2: Table 52 
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Participants had had diabetes for an average (range) of 11 (7) years and had 
inadequate baseline glycemic control based with a mean HbA1c of 8.4 (0.9).  
The proportion of participants with any diabetes complications at baseline ranged 
from 11-39%. The most commonly reported diabetes related complications, at 
baseline, in the pool of patients from the full analysis set enrolled in the five 
degludec once daily + OAD trials were neurologic (~11%) followed by ophthalmic 
(~8%) and renal (5%).   
 
Reviewer Comment:  Baseline characteristics were matched within trials.  
Differences in diabetes duration and in the proportion of reported baseline 
diabetes complications were seen between trials (Data not shown)12. In Trial 
3582 (basal-bolus) a larger proportion of participants had, had diabetes for > 10 
years (66% versus 40%).  In this study, mean diabetes duration was ~ 3 years 
longer than for the pooled studies (i.e., 14 years).  Participants in Trial 3580 
(sitagliptin comparator) had had diabetes for the fewest years (i.e., ~8 years) and 
had the least baseline complications from diabetes.  In Trial 3582 and 3586 a 
higher proportion of individuals had complications (i.e., 40% versus ~10-20%).  
This may be important for the clinical interpretation of results linked to specific 
safety endpoints (e.g., loss of counterregulatory mechanisms to protect from 
hypoglycemia is associated with more advanced disease).    
 
Hypertension (69.0%), hyperlipidemia (28.6%), dyslipidemia (20.7%), 
hypercholesterolemia (13.7%), obesity (10.8%), osteoarthritis (10.5%) and gastro 
esophageal reflux disease (10.5%) were the most commonly associated co-
morbid conditions reported at baseline.  The proportion of subjects on specific 
classes of oral anti-diabetic medication at baseline and mean dose is shown in 
Table 39.  In Trial 3582 (Basal-bolus) ~ 40% of individuals were receiving 
glargine at baseline and 30% were receiving insulin aspart at baseline (see Table 
40).    
 
The majority of trial participants in these trials were recruited from North America 
37% (N=1512), Europe 38% (N=1545) and Asia (Japan excluded) 15% 
(N=613)13.  

                                            
12 Source Data NDA 203314: 5.3.5.3: ISE: Appendix 6.2: Tables 63 and 64 
13 Source Data NDA 203314: 5.3.5.3: ISE: Appendix 6.2: Tables 48 and 49 
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Table 40: Types of Insulin Used at Baseline in Basal Bolus Type 2 DM Degludec OD trial, 

Characteristic Degludec 
 

Comparator 
 

Basal Insulin 541 (72.7) 185 (74.6) 
Insulin Glargine 322 (43.3) 104 (42.3) 
Insulin Detemir 112 (15.1) 49 (19.8) 
Insulin Neutral Protamine Hagedorn 105 (14.1) 23 (12.9) 
Insulin Neutral Protamine Lispro 3 (0.4) 1 (0.4) 

Bolus Insulin 430 (57.8) 137 (55.2) 
Insulin Regular Human 88 (11.8) 25 (10.1) 
Insulin Aspart 223 (30.0) 65 (26.2) 
Insulin Glulisine 28 (3.8) 20 (8.1) 
Insulin Lispro 97 (13.0) 27 (10.9) 

 

6.3.2. Subject Disposition 

6.3.2.1. Type 1 DM Trials 

Twelve percent of all screened individuals were unable to participate due to 
failure to meet one or more of the inclusion/exclusion criteria.  1102 and 467 
subjects with type 1 diabetes were exposed to insulin degludec and comparator 
respectively in the three pivotal efficacy trials.  These three trials contributed a 
cumulative exposure to degludec and comparator of 727 and 295 patient years 
respectively at the time of NDA filing14.  
 
A high proportion (range: 86-92%) of subjects completed the three confirmatory 
type 1 DM trials.  The pooled estimate for degludec and comparator (shown in 
Table 41) was 87% and 90% respectively. The most frequent reason for 
withdrawal in both arms was the category “Other”.  The imbalance in overall 
withdrawal rate between degludec and comparators (12.7% versus 9.9%) is 
accounted for by a greater proportion of withdrawal due to “adverse events” and 
“withdrawal criteria”.  No relationship between proportion of withdrawals and trial 
duration was seen in the three confirmatory type 1 DM trials15. 
 
Reviewer Comment:  I agree that the ~90% retention rate is high for type 1 DM 
trials lasting 26-52 weeks. Review of disposition by individual trials16 and in 
particular for study 3770 (Fixed Flexible Schedule) was consistent with the 
pooled estimates. 

                                            
14 Source Data: 203314: 5.3.5.3: ISE: Appendix 6.2: Table 493. 
15 Source: NDA 203314: 5.3.5.3 ISS; Appendix 1.3 Figure 18 
16 Source: NDA 203314: 5.3.5.3 ISE; Appendix 6.2 Table 1 
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Table 41: Subject Disposition, Pooled Type 1 DM trials, Degludec Program 

 
Degludec 

N (%) 
Comparator 

N (%) 
Total 
N (%) 

Screened   1783 (100.0) 
Screening Failures    205 (11.5) 
    
Randomized 1104 (100.0) 474 (100.0) 1578 (100.0) 
Exposed 1102 (99.8) 467 (98.5) 1569 (99.4) 
Withdrawn* 140 (12.7) 47 (9.9) 187 (11.9) 
Reason for Withdrawal    

Adverse Event* 24 (2.2)  4 (0.8) 28 (1.8) 
Ineffective Therapy 5 (0.5)  3 (0.6) 8 (0.5) 
Non-Compliance With Protocol 22 (2.0) 10 (2.1) 32 (2.0) 
Withdrawal Criteria* 33 (3.0) 8 (1.7) 41 (2.6) 
Other 56 (5.1) 22 (4.6) 78 (4.9) 

Completed Trial 964 (87.3) 427 (90.1) 1391 (88.1) 
Full Analysis Set 1103 (99.9) 474 (100.0) 1577 (99.9) 
Per Protocol Analysis Set 1032 (93.5)  447 (94.3) 1479 (93.7) 
Source Data: NDA 203314; 2.7.3; SCE; Table 3-1 and hyperlinks. 
N: Number of subjects; %: Proportion of randomized subjects; Ineffective Therapy: Either documented by HbA1c 
or undocumented and at investigator discretion. 
* Proportion nominally higher in degludec arm 

 

6.3.2.1.1. Withdrawals for ‘Other’ 
 
Cases of withdrawal listed as “Others” were reviewed and manually categorized 
by the sponsor.  Reasons for withdrawal in this subset of patients were matched 
except for hypoglycemia and lack of effect.  This is summarized in Table 42.   
   
Table 42: Categorization of Withdrawal Events Classified as “Others”, 
Pooled Type 1 DM trials, Degludec Program 

 
Degludec 

N (%) 
Comparator 

N (%) 
 1102 (100) 467 (100) 

Randomized in Error 8 (0.7) 2 (0.4) 
Withdrew consent 11 (1.0) 7(1.5) 
Lost to follow-up 4 (0.4) 1 (0.2) 
Site Closure or Move 6 (0.5) 4 (0.9) 
Lack of effect 1 (0.1) 0 
Hypoglycemia 7 (0.6) 0 
Safety other than hypoglycemia 0 (0.0) 0 
Miscellaneous 19 (1.7%) 8 (1.7%) 
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Source:  NDA 203314; Module 2.7.4.  SCS Table 1-11. 

 
Reviewer Comment:  To verify the sponsor’s categorization, I audited the listing17 
of withdrawals for reason “Other” in subjects randomized to degludec for all three 
type 1 DM trials and used similar categories as those proposed by the sponsor.  
Overall, I confirmed the sponsor’s finding. In my review I found: 8 withdrawals 
due to randomization errors (i.e., violation of ≥1 inclusion/exclusion criterion), 11 
withdrawals due to withdrawal of consent, 4 withdrawals due to lost to follow-up, 
7 withdrawals due to hypoglycemia, and 7 withdrawals due to site closure or 
patient moving away.  While it is true that there is only one case of withdrawal 
where the words “ineffective therapy” figured in the reason for withdrawal, there 
are at least seven cases where subjects were withdrawn because they were 
“unhappy” with insulin or insulin regimen.  At least two mentioned insulin aspart 
specifically.  The other miscellaneous reasons cited for withdrawal were related 
to: “professional reasons”, ‘time commitment’, or ‘desire to have children’.  

6.3.2.1.2. Withdrawals due to ‘Adverse Events’ 
 
The proportion of subjects with T1DM discontinuing the trial due to adverse 
events was 2.2% for degludec and 0.8% for comparators.  Subjects randomized 
to degludec had a higher number (AEs: 38 versus 4 events and SAEs: 14 versus 
3) and rate of both total adverse events (5.2 vs. 1.4 ‘adverse event’ leading to 
discontinuations per 100 patient-years) and serious adverse events leading to 
discontinuations (2.2 versus 1.0 ‘serious adverse event’ leading to 
discontinuation per 100 patient-years)18.   
 
Nearly half of the adverse events leading to withdrawal in subjects with T1DM in 
the degludec arm and the majority of the adverse event in the comparators group 
were serious adverse events. Most events were derived from the metabolism and 
nutrition disorders system organ class and the two most common preferred terms 
were hypoglycemia and hypoglycemia unconsciousness19 (See Dr. Karim Calis’ 
review for discussion of adverse event leading to withdrawals other than 
hypoglycemia).  I review hypoglycemia related withdrawals in greater details 
immediately below. 

6.3.2.1.2.1. Withdrawals due to Hypoglycemia 
 
More subjects randomized to degludec [N=6 (0.5%)] withdrew due to serious 
adverse events of hypoglycemia [N=1 (0.2%)].  
 

                                            
17 Source 203314: 5.3.5.3: ISE: Appendix 2.2 pages 278-311. 
18 Source 203314: 5.3.5.3: ISS: Appendix 1.12 Tables 6 and 7. 
19 Source 203314: 5.3.5.3: ISS: Appendix 1.12 Tables 6 and 7. 
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Reviewer comment:  The data shows an imbalance in the numbers of 
withdrawals due to serious events of hypoglycemia not favoring degludec in type 
1 DM trials.  This will be important when interpreting the sponsor’s claims related 
to degludec and hypoglycemia.  I reviewed the narratives for each of these cases 
(Source ISS Table 2-83).  The sponsor states that at least 2 events were 
intentional overdoses.   For one case this appears to be justified.  For the other 
(Subject 743001), not enough information is provided to determine the cause.  
The narratives are summarized below.    
 

• Trial 1250-3583 Subject 402006:  The case describes a 39 year old male. 
The patient experienced a severe hypoglycemic event while canoeing.  
The episode occurred after lunch, 192 days after the patient had been 
randomized to degludec. The patient fell in the water, had to be rescued 
and was treated with glucose on shore.  No risk factors except for physical 
activity or warning signs were identified. 

 
• Trial 1250-3583 Subject 631002:  The case describes a 55 year old 

female with longstanding type 1 DM (1955). Seven days after the patient 
had been randomized to degludec, the patient experienced a severe 
hypoglycemic a night (2 AM).  The patient had injected aspart at 9:00PM 
and degludec at 10:00 PM.  The patient was unresponsive and 
paramedics administered intravenous glucose.   Patient withdrew consent 
and stated that she could not ‘feel’ hypoglycemic episodes on her new 
regimen. 

 
• Trial 1250-3583 Subject 643005:  The case describes a 46 year old male 

with longstanding type 1 DM (1990).  138 days after the patient had been 
randomized to degludec, the patient presented with an intentional insulin 
aspart overdose.  The patient had self-injected two insulin aspart pens.  
The narrative states that the patient was depressed because of marital 
problems.  The patient remained responsive and had a reported blood 
glucose of 20 mg/dL.  He was treated in the emergency room and 
transferred to a psychiatric inpatient unit for treatment of depression. 

 
• Trial 1250-3583 Subject 657006:  The case describes a 21 year old male 

with longstanding type 1 DM (1992).  193 days after the patient had been 
randomized to degludec, the patient had an episode of hypoglycemia with 
seizure and unconsciousness while visiting a friend at 9:00 AM.  
Paramedics were called; blood glucose was reported to be 52 mg/dL.  
Inpatient workup revealed a frontal lobe lesion per CT scan (not further 
described; patient advised to follow-up with MRI and neurology).  Patient 
had drunk three alcoholic drinks prior to event.  

 
• Trial 1250-3585 Subject 402004:  The case describes a 64 year old male 

with longstanding type 1 DM (1971).  35 days after the patient had been 
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randomized to detemir, the patient lost consciousness while sitting down 
for lunch.  Patient’s spouse administered glucagon and patient recovered.  
Two days later the patient had another severe hygolycemic episode and 
the patient was withdrawn. 

 
• Trial 1250-3770 Subject 726002:  The case describes a 62 year old male 

with longstanding type 1 DM (1993), peripheral vascular disease, CAD 
and GERD.  49 days after the patient had been randomized to degludec, 
had a severe hypoglycemic episode while driving.  The patient pulled over, 
lost consciousness and was surrounded by paramedics when he regained 
consciousness.  Patient was told by paramedics that his blood glucose 
was 30 mg/dL. 

 
• Trial 1250-3770 Subject 743001:  The case describes a 46 year old 

female with longstanding type 1 DM (1990).  158 days after the patient 
had been randomized to degludec, the patient “possibly attempted 
suicide” and drank alcohol.  The patient was found in a diabetic coma nine 
hours after “drinking had stopped.” The patient died.  No information 
concerning insulin dose is available.  History of relationship issues and 
suicide notes is noted in narrative. 

 
Reviewer Comment:  I also reviewed narratives for serious adverse events that 
lead to withdrawal with preferred terms that could represent misclassified severe 
hypoglycemic events.  In all but two cases, information provided in the narrative 
was not sufficient to rule in or out the diagnosis.  One of the two cases likely 
representing misclassified hypoglycemia (722001) occurred in a degludec treated 
individual.  The overall imbabalance noted at baseline would not change by 
additiona of these two cases. 

 
• Trial 1250-3770, Subject 743001, TIA:  The case describes a 58 year old 

male with longstanding type 1 DM (1989) and ASCVD.  The patient 
developed slurred speech and left sided weakness, three days after he 
had been randomized to degludec.  A brain MRI was negative.  Thoracic 
MRI revealed cervical myelopathy.  The patient was diagnosed with an 
acute TIA.   The narrative does not contain details to confirm diagnosis.  

 
• Trial 1250-3585, Subject 108006, Fracture:  The case describes a 46 

year old female with type 1 DM.  81 days after starting degludec the 
patient was involved in a traffic accident which resulted in fractures to the 
pelvis and ribs.  Reviewer Comment: Hypoglycemia is not invoked as a 
putative cause.  Other details to rule this in or out are not available.  

 
• Trial 1250-3770, Subject 722001, Adrenal Insufficiency:  The case 

describes a 65 year old female with type 1 DM.  10 days after she had 
been randomized to degludec the patient developed ‘severe adrenal 
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insufficiency’.  No other information is provided.  The patient recovered the 
same day after being administered 50% IV dextrose. Reviewer Comment: 
This likely represents a miscategorized case of severe hypoglycemia.  
Severe adrenal insufficiency would not respond to IV dextrose. 

 
•  Trial 1250-3583, Subject 631005, Convulsion:  The case describes a 69 

year old female with type 1 DM (1986).  Three months after starting 
degludec the patient had two seizures.  Blood glucose measured before 
and after the event was reported to be 200 and 229 mg/dL respectively.  
The patient was found to be hypertensive during the event.  CT-scan of 
the brain was not consistent with hemorrhagic or ischemic stroke. 

 
• Trial 1250-3583, Subject 631005, Dead in Bed:  The case describes a 

26 year old female with type 1 DM (1988) who was found ‘dead in bed’ by 
a relative 32 days after randomization to glargine.  Reviewer Comment:  
This event likely resulted from unrecognized nocturnal hypoglycemia. 

 
Hypoglycemia leading to withdrawal was reported across multiple withdrawal 
categories.  Table 43 compares hypoglycemia as a reason for withdrawal across 
all categories of withdrawal.  The data shows a persistent imbalance not favoring 
degludec across all categories.  Overall, 2.5% (n=28) of participants in the 
degludec arm versus 0.85% (n=4) in the glargine arm withdrew due to 
hypoglycemia. 
 
Table 43:  Withdrawals Due to Hypoglycemia across All Categories of 
Withdrawal, Pooled Type 1 DM Trials, Degludec Program 
 Degludec Comparator 
 N=1102 N=467 
 N (%) N (%) 
Hypoglycemia SAE 6 (0.5) 1 (0.2) 
Hypoglycemia non SAE 3 (0.3) 0 (0.0) 
Hypoglycemia causing a 
safety problem 
withdrawal criteria 

12 (1.1) 3 (0.6) 

Hypoglycemia 
caterorized as “Other’ 
reason for withdrawal 

7 (0.6) 0 (0.0) 

Source: NDA 203314:  Section 2.7.4 SCS: Table 2-48 p.160 
 

6.3.2.1.3. Withdrawals due to ‘Withdrawal Criteria’ 
 
Between 1% and 3% of randomized individuals in each trial were withdrawn due 
to meeting one or more predefined withdrawal criteria (see 5.3.9 for criteria).  
This data is summarized below (see Table 44). The most frequent withdrawal 
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criterion met was ‘Hypoglycemia Causing a Safety Problem’: 1.1% and 0.6% of 
subjects randomized to degludec and comparator were withdrawn on this basis.  
This was driven by Trials 3583 (0.8% versus 0.0% for degludec versus glargine) 
and the fixed flexible degludec arm in trial 3770 (2.4% versus 0.6% for degludec 
versus glargine).  Protocol deviations and lack of effect after 12-weeks were the 
next two most frequent withdrawal criteria which occurred most frequently in the 
degludec group.  Protocol deviations occurred most frequently in Trials 3583 
(Basal-bolus 52-weeks) and 3585 (Basal-bolus Asia).  
 
Table 44: Withdrawals due to Withdrawal Criteria, Degludec, Type 1 DM 

 
Degludec 

N (%) 
Comparator 

N (%) 
 1103 (100) 474 (100) 

Pregnancy 4 (0.4) 3 (0.6) 
Hypoglycemia causing a safety 
problem 12 (1.1) 3 (0.6) 

Protocol deviation 11 (1.0) 0 (0.0) 
Significant change in treatment 3 (0.3) 1 (0.2) 
Lack of effect after 12-weeks 4 (0.4) 1 (0.2) 
Failure to comply with SMBG 1 (0.1) 0 (0.0) 
Source: NDA 203314: ISS: 5.3.5.3: Appendix 6.2: Table 6. 

 

6.3.2.1.4. Withdrawals due to Ineffective Therapy 
 
Withdrawals due to ineffective therapy were reported across the following 
categories of withdrawal: ‘Reason for Withdrawal’, ‘Withdrawal Criteria’ and the 
category ‘Other’.  Table 45 shows withdrawal due to ineffective therapy across all 
categories.  In the pool of patients with type 1 DM a similar small proportion of 
patients withdrew due to ineffective therapy in the degludec and comparator arm 
(0.4% versus 0.3%).   
 
Table 45:  Withdrawals Due To Ineffective Therapy, Across All Categories 
of Withdrawals, Type 1 DM 
 Degludec 

N (%) 
Comparator 

N (%) 
 1103 474 

Ineffective therapy 5 (0.5) 3 (0.6) 
Withdrawal Criterion ‘lack of 
effect after 12 weeks’ 

4 (0.4) 1 (0.2) 

Other 1 (0.1) 0 
Adapted from Source: 203314; 2.7.4; SCS: Table 1-12   
 

Reference ID: 3250921



Jean-Marc Guettier, MDCM  
NDAs; 203314 and 203313 
Insulin degludec (Tres ba) and Insulin degludec/aspart 70/30 (Ryzodeg) 

 

110 

6.3.2.2. Type-2 DM Trials 

5983 subjects with type 2 DM were screened for eligibility.  32% of the population 
was ineligible.  The most frequently cited reason for ineligibility was failure to 
meet one or more of the specified inclusion/exclusion criteria.   
 
2713 and 1339 subjects with type 2 diabetes were exposed to degludec and 
comparator respectively in the six degludec once daily trials.  These six trials 
contributed a cumulative exposure to degludec and comparator of 1889 and 827 
patient years respectively at the time of NDA filing20.  In addition, 460 and 463 
subjects were exposed to degludec and comparator in two degludec three times 
per week trials. These two trials contributed an additional 221 and 217 patient 
years of exposure to degludec and comparator respectively. 
 
The most important reason for failing the screening visit was failure to meet one 
or more of the specified inclusion/exclusion criteria.  The proportion of 
randomized subjects who completed the six confirmatory type 2 DM trials ranged 
from 76% in trial 3580 (degludec versus sitagliptin) to 91% in trial 3586 (degludec 
+ OAD Asia).  The completion rate for the pooled population of subjects with type 
2 DM was 83% and was balanced between degludec and comparator (shown in 
Table 46).  The most frequent reason for withdrawal (9%) in both arms was the 
category “Other”.  A slightly greater proportion of participants withdrew from the 
degludec arm due to adverse events.  The proportion of subjects with T2DM 
discontinuing the trial due to adverse events in the six pivotal efficacy studies 
was 2.6% for degludec and 1.9% for comparators.  For the other categories, 
frequency of withdrawal was balanced between arms.  No relationship between 
proportion of withdrawals and trial duration was seen in the six confirmatory type 
2 DM trials (data not shown) 21.  
  
Reviewer Comment:  Review of disposition by individual trials22 and in particular 
for study 3668 (Fixed Flexible Schedule) or 3672 (Degludec U200 OD) was 
consistent with the pooled estimates.  Addition of the two three times per week 
trials (3718 and 3724) results in qualitatively similar findings to those shown in 
the table below (data not shown)23. 
 
Table 46: Subject Disposition, Pooled Type 2 DM, Degludec Once Daily 
trials* 

 
Degludec 

N (%) 
Comparator 

N (%) 
Total 
N (%) 

Screened   5983 (100) 
Screening Failures   1907 (31.8) 

                                            
20 Source Data: 203314: 5.3.5.3: ISE: Appendix 6.2: Tables 494-496. 
21 Source Data: NDA 203314: 5.3.5.3 ISS; Appendix 1.3 Figure 24 
22 Source Data: NDA 203314: 5.3.5.3 ISE; Appendix 6.2 Table 2 and 3 
23 Source Data: NDA 203314: 5.3.5.3 SCE Table 1-13 
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Randomized 2733 (100.0) 1343 (100.0) 4076 (100.0) 
Exposed% 2713 (99.3) 1339 (99.7) 4052 (99.4) 
Withdrawn 469 (17.2) 221 (16.5) 690 (16.9) 
Reason for Withdrawal    

Adverse Event 70 (2.6) 25 (1.9) 95 (2.3) 
Ineffective Therapy 15 (0.5) 6 (0.4) 21 (0.5) 
Non-Compliance With Protocol 90 (3.3) 49 (3.6) 139 (3.4) 
Withdrawal Criteria 45 (1.6) 27 (2.0) 72 (1.8) 
Other 249 (9.1) 114 (8.5) 363 (8.9) 

Completed Trial 2264 (82.8) 1122 (83.5) 3386 (83.1) 
Full Analysis Set 2716 (99.4) 1332 (99.2) 4048 (99.3) 
Per Protocol Analysis Set 2423 (88.7) 1200 (89.4) 3623 (88.9) 
Source Data: NDA 203314; 2.7.3; SCE; Table 3-2 
N: Number of subjects; %: Proportion of randomized subjects; Ineffective Therapy: Either documented by HbA1c or 
undocumented and at investigator discretion. 
% Safety Analysis Set 
*Comparator: IGlar (3582, 3579, 3672, 3586, 3668) and Sitagliptin (3580) 

 

6.3.2.2.1. Withdrawals for ‘Other’ 
 
Cases of withdrawal listed as “Others” for the pool of eight trials performed in 
type 2 DM subjects [i.e., exposure includes the two three times per week trials 
(3718 and 3724)], were reviewed and manually categorized by the sponsor.  
Reasons for withdrawal in this subset of patients were matched except for 
withdrawal of consent and hypoglycemia.  The proportion in each category was 
small. This is summarized in Table 42. 
   
Table 47: Categorization of Withdrawal Events Classified as “Others”, 
Pooled Type 2 DM trials, Degludec Program 

 
Degludec 

N (%) 
Comparator 

N (%) 
 3173 1807 

Randomized in Error 86 (2.7%) 54 (3.0%) 
Withdrew consent 72 (2.3%) 30 (1.7%) 
Lost to follow-up 27 (0.9%) 17 (0.9%) 
Site Closure or Move 33 (1.0%) 16 (0.9%) 
Lack of effect 8 (0.3%) 1 (0.1%) 
Hypoglycemia 4 (0.1%) 0 
Safety other than hypoglycemia 9 (0.3%) 4 (0.2%) 
Miscellaneous 40 (1.3%) 19 (1 
Source: 203314: 2.7.4. SCS: Table 1-14 
Note: Greater total exposure reflects addition of three times per week trials 3718 and 3724 
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Reviewer Comment:  To verify the sponsor’s categorization, I audited the listing24 
of withdrawals for reason “Other” in subjects randomized to degludec in the six 
type 2 DM trials (N=2733) and used similar categories as those proposed by the 
sponsor.  Overall, I confirmed the sponsor’s finding. In my review I found 78 
(2.9%) events of withdrawals due to randomization errors or protocol violations.  
The most common error was violation of ≥1 inclusion/exclusion criterion; the 
most common violation was patients randomized on less than a ½ maximal dose 
of OAD.  The other common protocol violation was subject on prohibited OAD.  
The next most common categories were miscellaneous [~ 2.4% (i.e., patients no 
longer wanted to participate, professional reasons)], withdrawal of consent 
(1.5%) and lost to follow-up (0.7%).  I counted 5 withdrawal events where the 
word hypoglycemia was listed in the reason for withdrawal in the degludec arm 
and 0 in the comparator arm.  Events with the words adverse events and weight 
gain listed in the reason were low (<0.2%) and balanced between arms.  
 

6.3.2.2.2. Withdrawals due to ‘Adverse Events’ 
 
To analyze withdrawals due to adverse events (AEs) in participants with type-2 
diabetes, the sponsor pooled participants from eight clinical trials conducted in 
this population (see Table 18). Subjects randomized to degludec were slightly 
more likely to discontinue due to an adverse event (2.3% versus 1.4%)25.  The 
rate of adverse events resulting in discontinuation was also greater in the 
degludec arm (4.5 events per 100 patient years versus 2.7 events per 100 
patient years). Half of the events leading to withdrawal in the degludec group and 
a majority of the adverse events in the comparator groups were serious adverse 
events. The rates of the serious adverse events leading to withdrawal were 
similar for degludec and comparator (2.4 versus 1.9 events per 100 patient 
years).  There was no clear imbalance between intervention arms with regards to 
type of events (See Dr. Calis’ safety review for further discussion).  Two 
participants discontinued due to hypoglycemia (0.2%) in each arm in this pool of 
patients. 

6.3.2.2.2.1. Withdrawals due to Hypoglycemia 
 
Hypoglycemia leading to withdrawal was reported across multiple withdrawal 
categories.  Table 43 compares the numbers of cases who withdrew due to 
hypoglycemia across all categories of withdrawal in the pool of studies examining 
once daily degludec in type-2 diabetes (i.e., excluding two degludec three times 
per week studies).   
 

                                            
24 Source 203314: 5.3.5.3: ISE: Appendix 2.2 Listing 12. 
25 Source 203314: 5.3.5.3: ISS: Appendix 1.12 Tables 9 and 10. Degludec N=3173 and 
Comparator N=1802. 
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Reviewer Comment:  The data shows that the number of subjects who withdrew 
due to hypoglycemia across all categories were low and balanced between 
degludec and comparators (0.6% versus 0.5%). 
 
Table 48:  Withdrawals Due To Hypoglycemia, Across All Categories Of 
Withdrawal, Pooled Type 2 DM Trials, Degludec Program 
 Degludec Comparator 
 N=2487 N=1111 
 N (%) N (%) 

Hypoglycemia SAE 0 (0.0) 2 (0.2) 
Hypoglycemia non SAE 2 (0.1) 0 (0.0) 
Hypoglycemia causing a 
safety problem 
withdrawal criteria 

9 (0.4) 4 (0.4) 

Hypoglycemia 
caterorized as “Other’ 
reason for withdrawal 

4 (0.2) 0 (0.0) 

Source: 203314:  2.7.4 SCS: Table 2-50 p.165 
 

6.3.2.2.3. Withdrawals due to ‘Withdrawal Criteria’ 
 
Between 1.1 and 4.2% of randomized individuals, in each of the six degludec 
once daily trials, were withdrawn due to meeting one or more of the predefined 
withdrawal criteria (see 5.3.9 for criteria).  The pooled data for these participants 
summarizing the frequency of withdrawals according to each predefined 
withdrawal criteria is shown below (see Table 44). The withdrawal criteria most 
frequently resulting in withdrawals were ‘Protocol deviation’ and ‘Hypoglycemia 
causing a safety problem.’  
 
1.1% of subjects randomized to degludec and comparator were withdrawn due to 
protocol deviations.  In the degludec arm the trials with the highest withdrawals 
due to protocol deviations were Trials 3586 (Asia) (3.5% versus 0.7% for 
degludec versus glargine) and 3668 (1.7% versus 0.9% for degludec flexible 
versus glargine).   
 
In the comparator arm, protocol deviation was most frequently reported as a 
withdrawal criterion in Trial 3579 (1.3 versus 3.2% for degludec versus glargine).  
The frequency of withdrawal for the hypoglycemia criteria was balanced overall.  
Trial 3582 (Basal-bolus) showed the largest imbalance in withdrawals due to 
meeting the hypoglycemia withdrawal criterion [0.5% (n=4) versus 0.0% for 
degludec and glargine]. 
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Table 49: Withdrawals Due To Withdrawal Criteria, Degludec, Type 2 DM 
 

Degludec 
N (%) 

Comparator 
N (%) 

 2716 1332 

Pregnancy 2 (0.1) 0 (0.0) 
Hypoglycemia causing a safety 
problem 9 (0.3) 4 (0.3) 

Protocol deviation 29 (1.1) 14 (1.1) 
Significant change in treatment 5 (0.2) 7 (0.5) 
Lack of effect after 12-weeks 1 (0.0) 0 (0.0) 
Donation of blood 1 (0.0) 0 (0.0) 
Source: 203314: ISS: 5.3.5.3: Appendix 6.2: Tables 7 and 8. 

 

6.3.2.2.4. Withdrawals due to Ineffective Therapy 
 
Withdrawals due to ineffective therapy were reported across the following 
categories of withdrawal: reason for withdrawal, withdrawal criteria and the 
category other.  Table 50 shows withdrawal due to ineffective therapy across all 
categories.  In the pool of patients with type 2 DM a similar small proportion of 
patients withdrew due to ineffective therapy in the degludec and comparator arm 
(0.8% versus 0.5%).   
 
Table 50:  Withdrawals Due To Ineffective Therapy, Across All Categories 
of Withdrawals, Type 2 DM 
 Degludec 

N (%) 
Comparator 

N (%) 
 3173 1802 

Ineffective therapy 18 (0.6) 9 (0.5) 
Withdrawal Criterion ‘lack of 
effect after 12 weeks’ 

1 (0.0) 0 (0.0) 

Other 8 (0.3) 1 (0.1) 
Adapted from Source: 203314; 2.7.4; SCS: Table 1-15   
Note: Greater total exposure reflects addition of three times per week trials 3718 and 3724 
 

6.3.3. Analysis of Primary Endpoint(s) 

6.3.3.1. HbA1c 

Hemoglobin A1c (HbA1c) is formed when glucose reacts non-enzymatically and 
irreversibly with hemoglobin at the amino terminus of the β-globin chain.  
Hemoglobin A1c is an estimate of average plasma glucose over the red blood 
cell lifespan (~120 days or ~12-weeks).  Large randomized clinical trials have 
demonstrated that strategies to improve glucose control, as measured by 
Hemoglobin A1c, reduce the risk of onset and progression of retinopathy, 
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nephropathy and neuropathy in both type 1 [Diabetes Control and Complications 
Trial (DCCT26)] and 2 diabetes mellitus [United Kingdom Prospective Diabetes 
Study (UKPDS27)].  

6.3.3.2. HbA1c Assay Method 

Blood was collected in a 4 ml EDTA tube.  Samples were to be shipped at 
ambient temperature within 4 days of collection to several, College of American 
Pathology (CAP) accredited, harmonized worldwide central laboratories. 

. performed central lab measurement of HbA1c using 
the Biorad, cation exchange, high pressure liquid chromatography assay in; 
Edinburgh (UK), Atlanta (USA), Singapore, Beijing (China), Pretoria (South 
Africa) and Mumbai (India).  (Argentina) and  (Brazil) also relied 
on the Biorad assay to measure HbA1c.   (Japan) used a Tosoh, cation 
exchange, HPLC assay.   
 
Reviewer Comment:  The BioRad and Tosoh HPLC 28  assays are standardized 
against the Diabetes Control and Complications Trial reference method29.  
Standardization to the DCCT reference methods allows the establishment of a 
relationship between test results and development or progression of chronic 
diabetes complications. In NDA 203314 and 203313, ion-exchange exchange 
high pressure liquid chromatography (HPLC) was used to quantify HbA1c.  Since 
this method relies on charge separation any adducts that neutralizes the β-globin 
amino terminal [i.e., carbamylation (uremia), acetylation (aspirin use), 
ascorbatylation (Vitamin C)] or hemoglobin variant could lead to erroneous 
results (i.e., in most cases falsely elevating results).  Exclusion criteria in place 
and randomization would be expected to minimize these potential sources of 
bias.  

6.3.3.3. Primary Efficacy Finding, Degludec, Type 1 DM: 

Table 51: Primary Efficacy Findings, Type 1 DM, Insulin Degludec Program 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
HbA1c 
(SD) 

LSMean 
Change in 
HbA1c 
(SE) 

Treatment 
Difference  
(95% 
Confidence 
Interval) 

Mean Total 
Daily Basal 
Insulin* 
in U/kg 
(SD) 

Mean 
Total 
Daily 
Prandial* 
Insulin in  
U/kg 
(SD) 

                                            
26 Nathan D.M. et al.  New England Journal of Medicine. 328; 1676-1685; 1993 
27 UKPDS study group.  Lancet. 352; 837-853 1998 
28 http://www.ngsp.org/certified.asp 
29 Goldstein DE, Little RR, England JD, et al. Methods for quantitating glycosylated hemoglobins: 
high performance liquid chromatography and thiobarbituric acid colorimetry. In: Clarke WL, Larner 
J, Pohl SL, eds. Methods in Diabetes Research, Vol.2.: Clinical Methods. New York: John Wiley, 
1986:475-504. 
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Basal Insulin Once Daily and Prandial Insulin with Meals 
3583 (52) Degludec 472 7.69 (0.9) -0.36 (0.05) -0.01 (-0.14; 0.11) 0.35 (0.18) 0.40 (0.24) 
 Glargine 157 7.72 (1.0) -0.34 (0.07)  0.39 (0.19) 0.44 (0.27) 
3585 (26) Degludec 302 7.98 (1.0) -0.71 (0.06) -0.09 (-0.23; 0.05) 0.36 (0.19) 0.54 (0.40) 
 Detemir 153 7.99 (0.9) -0.61 (0.07)  0.41 (0.25) 0.63 (0.38) 
3770 (26) Degludec FF 164 7.69 (1.0) -0.40 (0.05) 0.17 ( 0.04; 0.30)∫ 0.42 (0.25) 0.35 (0.15) 
 Degludec OD 165 7.70 (0.9) -0.41 (0.05) 0.01 (-0.13; 0.14)# 0.38 (0.23) 0.33 (0.23) 
 Glargine 164 7.73 (0.9) -0.57 (0.05)  0.42 (0.23) 0.42 (0.46) 
Adapted from NDA 203314; Clinical Summary of efficacy; 2.7.3; Tables 3-12 and 3-13 and Tables 14.2.10  (or 9) and 14.2.22  of individual study 
reports (section 5.3.5.1)  
Analysis performed on full analysis set using LOCF to impute missing data. Treatment difference analyzed by ANCOVA with treatment assignment, 
anti-diabetic therapy at screening regions and sex, used as fixed factors and baseline HbA1c and age as covariates in the model. LSMean; model-
based adjusted mean change in HbA1c from baseline (i.e., ΔHbA1c = end of trial – baseline).    
*Insulin doses were derived from the safety data set at end of treatment with LOCF to impute missing data.  Mean and median values insulin dose were 
similar (difference between mean and median was in most instances < 0.05 U/kg) in all trials with mean values being slightly larger. 
.  Mean and median insulin dose values were similar (difference between mean and median was in most instances ≤ 0.05 U/kg) in all trials with mean 
values being slightly larger. 
∫ Degludec flexible dosing interval (FF) versus Glargine once daily (primary objective). 
# Degludec flexible dosing interval (FF) versus Degludec once daily 

 
The efficacy of insulin degludec, assessed at 26 (3585 and 3770) and 52-weeks 
(3583), was non-inferior to active control in the three pivotal trials in type 1 DM 
subjects inadequately controlled on a basal-bolus insulin regimen at baseline.  
The point estimate of the difference in change from baseline HbA1c between 
degludec and comparator ranged from -0.09 (detemir comparator) to +0.17% 
(glargine comparator).  In all three trials, the upper bound of the 95% confidence 
interval around the point estimate of the difference fell below the pre-defined non-
inferiority margin (0.4%).   
 
In trial 3770 the forced flexible dosing arm was observed to be statistically inferior 
to glargine.  The clinical significance of this finding depends on whether, in an 
actual use setting, a flexible insulin dosing schedule affords a benefit (e.g., 
increased compliance) not captured in this efficacy trial.  Furthermore, the 
schedule in this arm was designed to represent a “worst-case” scenario flexible 
schedule that is unlikely to occur in an actual care setting. 
 
The magnitude of the least-square-mean HbA1c reduction from baseline, across 
all intervention groups, ranged from (-) 0.4 to (-) 0.7% in the two 26-week trials.  
A greater reduction in HbA1c was observed in trials enrolling patients with higher 
baseline HbA1c.  The magnitude of the reduction is in keeping with other trials 
enrolling patients with established type 1 DM and is regarded by this reviewer to 
be clinically significant. 
 
In all three trials, the mean total daily insulin dose (U/kg) at trial end was lower by 
8 to 16% in the degludec versus comparator arms.  This difference was driven by 
both basal and prandial insulin components.30 Assuming the randomized 
populations were matched (i.e., level of insulin resistance) and the insulins are 
equipotent in vivo, this difference could have influenced both efficacy (i.e., 
                                            
30 203314: 5.3.5.3: ISE: Table 445. 
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glucose) and safety parameters (i.e., hypoglycemia).  The ratio of basal to bolus 
insulin, ranging from 40:50-50:50%, is in keeping with what is expected for a 
population of individuals with type 1 diabetes. 
 
Reviewer Comment:  Dr. Cynthia Liu (statistical reviewer) noted that the sponsor 
had included all randomized individuals, regardless of exposure, in primary 
analyses.  Dr. Liu repeated the primary analyses using an ANCOVA model 
identical to the one used by the sponsor for the population of subjects 
randomized and exposed and found results that were qualitatively similar to the 
sponsor’s results.  This comment applies to type 1 and 2 DM analyses in the 
degludec program.  

6.3.3.4. Primary Efficacy Finding, Degludec, Type 2 DM 

Table 52: Primary Efficacy Findings, Type 2 DM, Insulin Degludec Program 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
HbA1c 
(SD) 

LSMean 
Change in 
HbA1c 
(SE) 

Treatment 
Difference  
(95% 
Confidence 
Interval) 

Mean Total 
Daily Basal 
Insulin* 
in U/kg 
(SD) 

Mean 
Total 
Daily 
Prandial* 
Insulin in  
U/kg 
(SD) 

Basal Insulin Once Daily and Prandial Insulin with Meals, added to OADs 
3582 (52) Degludec 744 8.27 (0.8) -1.10 (0.06)  0.08 (-0.05; 0.21) 0.75 (0.43) 0.72 (0.58) 
 Glargine 248 8.36 (0.9) -1.18 (0.08)  0.69 (0.40) 0.74 (0.58) 

Basal Insulin, Once Daily, Added to Combination of OADs 
3579 (52) Degludec 773 8.16 (0.8) -1.06 (0.04)  0.09 (-0.04; 0.22) 0.59 (0.35) -- 
 Glargine 257 8.21 (0.8) -1.15 (0.06)  0.60 (0.32) -- 
3672 (26) DegludecU200 228 8.29 (1.0) -1.18 (0.09)  0.04 (-0.11; 0.19) 0.62 (0.32) -- 
 Glargine 229 8.24 (0.9) -1.22 (0.08)  0.66 (0.30) -- 
3586 (26) Degludec 289 8.45 (0.8) -1.42 (0.06)  0.11 (-0.03; 0.24) 0.28 (0.17) -- 
 Glargine 146 8.46 (0.8) -1.52 (0.07)  0.35 (0.23) -- 
3580 (26) Degludec 225 8.77 (1.0) -1.52 (0.07) -0.43 (-0.61; -0.24) 0.50 (0.30) -- 
 Sitagliptin 222 8.97 (1.0) -1.09 (0.10)  -- -- 
3668 (26) Degludec FF 229 8.50 (1.0) -1.17 (0.08)  0.04 (-0.12; 0.20)∫ 0.55 (0.34) -- 
 Degludec OD 228 8.38 (1.0) -1.03 (0.08) -0.13 (-0.29; 0.03)# 0.52 (0.31) -- 
 Glargine 230 8.41 (0.9) -1.21 (0.08)  0.52 (0.25) -- 
Adapted from NDA 203314; Clinical Summary of efficacy; 2.7.3; Tables 3-14 and 3-15 and Tables 14.2.10 of individual study reports (section 5.3.5.1)  
Analysis performed on full analysis set using LOCF to impute missing data. Treatment difference analyzed by ANCOVA with treatment assignment, 
anti-diabetic therapy at screening regions and sex, used as fixed factors and baseline HbA1c and age as covariates in the model. LSMean; model-
based adjusted mean change in HbA1c from baseline (i.e., ΔHbA1c = end of trial – baseline).    
*Insulin doses were derived from the safety data set at end of treatment with LOCF to impute missing data.  Mean and median insulin dose values were 
similar (difference between mean and median was in most instances < 0.10) in all trials with mean values being slightly larger. 
∫ Degludec flexible dosing interval (FF) versus Glargine once daily (primary objective). 
# Degludec flexible dosing interval (FF) versus Degludec once daily 

 
The efficacy of insulin degludec and insulin aspart, assessed at 52 weeks, was 
non-inferior to insulin glargine and insulin aspart, in trial 3582 evaluating a 
population of patients with type 2 DM inadequately controlled on oral anti-
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diabetics drugs and any insulin regimen at baseline.    The point estimate of the 
between group difference in the least mean square HbA1c change from baseline 
(+0.8%) suggests slightly worst efficacy of degludec compared to glargine though 
this was not significant (i.e., lower bound of the 95% CI crosses the zero 
difference) and not unacceptably worst (i.e., the upper bound of the 95% CI 
remained within the pre-defined non-inferiority margin). 
 
The efficacy of insulin degludec assessed at 26 (3672, 3586 and 3668) and 52-
weeks (3583) was non-inferior to insulin glargine in four pivotal trials evaluating 
the addition of basal insulin to maximally effective oral anti-diabetic agents in 
type 2 DM subjects with inadequate glycemic control at baseline.  Specifically, 
the primary efficacy objective was met in the pivotal trial (3672) evaluating once 
daily administration of the U200 degludec formulation and in the pivotal trial 
evaluating the degludec flexible dosing schedule (3668).  In all four trials, the 
upper bound of the 95% confidence interval around the point estimate of the 
difference was below the pre-defined non-inferiority margin (0.4%). For the 
primary comparison in these trials, the point estimate of the difference in change 
from baseline HbA1c between degludec and glargine ranged from +0.04 to 
+0.11%.  This suggests that in all four trials degludec had slightly worst efficacy 
compared to glargine.  These differences were not statistically significant and 
would not be considered unacceptably worst.  These differences however, may 
be important in the interpretation of the safety findings linked to the product’s 
pharmacological effect (i.e., hypoglycemia). 
 
Insulin degludec was found to have superior efficacy compared to sitagliptin after 
26-weeks in type 2 DM subjects inadequately controlled on two oral anti-diabetic 
agents at baseline.  Degludec decreased baseline HbA1c (95% CI) by an 
additional ~ 0.4% (0.61; 0.24%) compared to sitagliptin. 
 
The magnitude of the least square mean HbA1c decrease across trial 
populations, treatment arms and duration ranged from (-) 1.03 to (-) 1.62%.  
Greater reduction in HbA1c was observed in trials enrolling patients with higher 
baseline HbA1c.  The magnitude of the reduction is in keeping with other 
similarly designed type 2 DM trials is considered clinically significant by this 
reviewer.  The robust mean decrease in HbA1c seen for comparator arms in 
trials designed to test non-inferiority gives reasonable assurance that these trials 
were able to detect meaningful between product efficacy differences should 
these have existed (i.e., assay sensitivity).  
 
In trial 3582, total daily insulin dose in U/kg at trial end was ~ 3% higher in the 
degludec compared to glargine arm.  This nominal difference was accounted for 
by a basal insulin degludec dose that was ~8% higher relative to glargine. 31   
 

                                            
31 Source:  203314: 5.3.5.3: ISE: Table 449. 
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The mean total daily, fixed schedule, degludec dose (U/kg) was 2, 6, 20 and 1% 
lower relative to the mean total daily glargine dose at trial end in trials 3579, 
3672, 3586 and 3668 respectively32.  Assuming the randomized populations were 
matched (i.e., level of insulin resistance) and the insulins are equipotent in vivo, 
these nominal differences, not tested for statistical significance, have implications 
with regards to efficacy and safety interpretation as stated previously.  In trial 
3586 for example, the 20% relative difference is expected to adversely influence 
HbA1c reduction and favorably influence hypoglycemia incidence and event rate 
in the degludec arm. 

6.3.4. Analysis of Secondary Endpoints(s) 

6.3.4.1. Responder Analyses 

The American Diabetes Association recommends targeting an HbA1c target of < 
7% in nonpregnant adults with diabetes.  The DCCT33 and UKPDS34 trials 
showed that lowering HbA1c to below or around 7% reduced microvascular and 
neuropathic complications of diabetes in type 1 and 2 diabetes mellitus.  The 
sponsor evaluated the proportion of individuals with an end-of-treatment HbA1c 
of < 7% in all degludec trials. 

6.3.4.2. Responder analyses Type 1 DM 

Overall, responder analyses in subjects with Type 1 DM were consistent with 
primary efficacy findings. 
 
In the 52 week trial in subjects with type 1 DM (3583), a smaller proportion of 
individuals randomized to degludec compared to glargine had an HbA1c of < 7% 
at the end of treatment.  This trend not favoring degludec over glargine was also 
observed in the 26-week trial (3770) in both the degludec once daily and 
degludec fixed flexible schedule arms.   In contrast, a greater proportion of 
indivuals randomized to degludec had an HbA1c of < 7% at the end of treatment 
compared to individuals randomized to insulin detemir in the 26-week type 1 DM 
trial carried out predominantly in Asia (3585).  None of the noted differences 
reached statistical significance. 
     
Table 53:  Proportion of Patients with an HbA1c < 7% at EOT, Type 1 DM, 
Degludec Program 

Study# 
(weeks) 

Treatment 
Arms N n 

Proportion  
(%) with 
HbA1c < 7% 
at End of 

Odds Ratio  
(95% Confidence 
Interval) 

                                            
32 Source:  203314: 5.3.5.3: ISE: Table 453 
33 Nathan D.M. et al.  New England Journal of Medicine. 328; 1676-1685; 1993 
34 UKPDS study group.  Lancet. 352; 837-853 1998 
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Treatment 

      
3583 (52) Degludec 472 188 39.8 0.82 [0.51; 1.33] 
 Glargine 157 67 42.7  
3585 (26) Degludec 302 124 41.1 1.27 [0.77; 2.09] 
 Detemir 153 57 37.3  
3770 (26) Degludec FF 164 61 37.2  
 Degludec OD 165 61 37.0 1.01 [0.58; 1.77]# 
 Glargine 164 67 40.9 0.69 [0.40; 1.21] ∫ 
Adapted from NDA 203314; ISE; 5.3.5.3; Tables 135-136. 
Odds Ratio is estimated from the full analysis set population using a logistic regression model with treatment, sex, 
anti-diabetic treatment at screening and region as fixed factors and age and baseline HbA1c as covariates 
Missing values are imputed by LOCF 
∫ Degludec flexible dosing interval (FF) versus Glargine once daily (primary objective). 
# Degludec flexible dosing interval (FF) versus Degludec once daily 

 

6.3.4.3. Responder Analyses Type 2 DM 

Overall, responder analyses in subjects with Type 2 DM were consistent with 
primary efficacy findings in this population of patients. 
 
In the 52-week trial (3582) comparing the effect of insulin degludec to insulin 
glargine in type 2 DM subjects treated with prandial insulin aspart and oral anti-
diabetic agents, a similar proportion of individuals were observed to have an end 
of treatment visit HbA1c values of <7%. 
 
A lower proportion of individuals randomized to insulin degludec compared to 
glargine were observed to have an end of treatment HbA1c of < 7% in all trials 
evaluating the effect of adding a basal insulin to a regimen of oral anti-diabetic 
agents in patients with type 2 diabetes inadequately controlled at baseline (i.e., 
3579, 3672, 3586, 3668).  Individually, these differences were not found to be 
statistically significant. 
 
More individuals randomized to degludec compared to sitagliptin were observed 
to have an end of treatment of < 7% in trial 3580. 
 
Table 54:  Proportion of patients with an HbA1c <7% at EOT, Type 2 DM, 
Degludec Program 

Study# 
(weeks) 

Treatment 
Arms N n 

Proportion  
(%) with 
HbA1c < 7% 
at End of 
Treatment 

Odds Ratio  
(95% Confidence 
Interval) 

Basal Insulin Once Daily and Prandial Insulin with Meals, added to OADs 
3582 (52) Degludec 744 368 49.5 0.88 [0.65; 1.21] 
 Glargine 248 124 50.0  
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Basal Insulin, Once Daily, Added to Combination of OADs 
3579 (52) Degludec 773 400 51.7 0.88 [0.65; 1.19] 
 Glargine 257 139 54.1  
3672 (26) DegludecU200 228 119 52.2 0.85 [0.56; 1.30] 
 Glargine 229 128 55.9  
3586 (26) Degludec 289 118 40.8 0.70 [0.45; 1.07] 
 Glargine 146 71 48.6  
3580 (26) Degludec 225 92 40.9 1.60 [1.04; 2.47] 
 Sitagliptin 222 62 27.9  
3668 (26) Degludec FF 229 89 38.9  
 Degludec OD 228 93 40.8 1.00 [0.66; 1.51] # 
 Glargine 230 101 43.9 0.82 [0.54; 1.23] ∫ 
Adapted from NDA 203314; ISE; 5.3.5.3; Tables 137-140. 
Odds Ratio is estimated from the full analysis set population using a logistic regression model with treatment, sex, 
anti-diabetic treatment at screening and region as fixed factors and age and baseline HbA1c as covariates 
Missing values are imputed by LOCF 
∫ Degludec flexible dosing interval (FF) versus Glargine once daily (primary objective). 
# Degludec flexible dosing interval (FF) versus Degludec once daily 

 

6.3.4.4. Change from Baseline in Fasting Plasma Glucose 

In contrast to HbA1c, fasting plasma glucose is not a time integrated measure of 
glucose control.   It reflects hepatic glucose output in the fasting state and is 
influenced by many variables including basal insulin dose and kinetics.  Fasting 
plasma glucose is used in the diagnosis of diabetes since large epidemiological 
studies have found that elevated fasting plasma glucose levels are highly 
correlated to the prevalence of diabetes complications35.       

6.3.4.5. Fasting Plasma Glucose (FPG) Assay Method 

Blood was collected in a 2 mL sodium fluoride (i.e., glycolysis inhibitor) tube.  
Samples were centrifuged and shipped at ambient temperature on the day of 
collection to several, College of American Pathology (CAP) accredited, 
harmonized, worldwide central laboratories.   
performed central lab measurement of FPG using the Roche Modular  enzymatic 
assay; in Edinburgh (UK), Atlanta (USA), Singapore, Beijing (China), Pretoria 
(South Africa) and Mumbai (India).   (Argentina) also relied on the 
Roche Modular® enzymatic assay to measure FPG.   (Brazil) and  
(Japan) used an Advia and Nihon Denshi, enzymatic assay respectively.  

6.3.4.6. Change from Baseline in Fasting Plama Glucose Type 1 DM 

Results for fasting plasma glucose were consistent with the primary efficacy 
findings.  At the end of treatment all intervention groups exhibited decreases in 
fasting plasma glucose across all trials.  There were slight non-siginificant 
                                            
35 Report of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus.  
Diabetes Care 1997; 20:1183. 

Reference ID: 3250921

(b) (4)

(b) (4)

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



Jean-Marc Guettier, MDCM  
NDAs; 203314 and 203313 
Insulin degludec (Tres ba) and Insulin degludec/aspart 70/30 (Ryzodeg) 

 

122 

differences across arms.  In trial 3770, the magniture of the reduction from 
baseline was significantly larger when degludec was injected once daily in the 
evening compared to when it was injected 8-40 hours apart (i.e., fixed flexible 
arm).  This difference is unlikely to be clinically significant since both arms 
achieved comparable glucose control as measured by HbA1c reduction.  It does 
suggest however, that variability in diurnal glycemic control exists with degludec 
and that this variability may arise from the timing of injection.  If the 
pharmacodynamic profile was truly ‘flat’ at steady state and independent of drug 
injection timing, one would have expected to see similar reductions in fasting 
morning plasma glucose in both arms.  This further suggests that the probability 
of developing hypoglycemia at specific time-period of the day (i.e., nocturnal 
versus waking hours), could depend on the time (i.e., evening versus breakfast) 
insulin degludec is injected.     
 
Table 55:  Fasting Plasma Glucose (mg/dL), Type 1 DM, Degludec Program 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
FPG(SD)

LS Mean 
Change 
in 
FPG(SE) 

Treatment Difference  
(95% Confidence 
Interval) 

      
3583 (52) Degludec 465 165 (72) -27.6 (5.2) - 5.97 [-18.50; 6.56] 
 Glargine 155 174 (79) -21.6 (6.9)  
3585 (26) Degludec 301 178 (72) -43.3 (5.0) -29.84 [-42.64;-17.05] 
 Detemir 148 171 (72) -13.5 (6.3)  
3770 (26) Degludec FF 161 173 (73) -24.7 (5.4)  
 Degludec OD 164 179 (73) -41.8 (5.4  17.09 [2.63; 31.55] 
 Glargine 162 175 (76) -23.9 (5.4) -  0.83 [-15.35; 13.70] 
Adapted from NDA 203314; Clinical Summary of efficacy; 2.7.3; Tables 3-20 and 177-178 of ISE. 
Analysis performed on full analysis set using LOCF to impute missing data. Treatment difference analyzed by 
ANCOVA with treatment assignment, anti-diabetic therapy at screening regions and sex, used as fixed factors and 
baseline FPG and age as covariates in the model. LSMean; model-based adjusted mean change in FPG from 
baseline to trial end (i.e., ΔFPG = end of trial – baseline).   
∫ Degludec flexible dosing interval (FF) versus Glargine once daily (primary objective). 
# Degludec flexible dosing interval (FF) versus Degludec once daily 

 

6.3.4.7. Change in Fasting Plasma Glucose Type 2 DM 

Results were consistent with the primary efficacy findings.  At the end of 
treatment all intervention groups exhibited clinically significant decreases in 
fasting plasma glucose from baseline across all trials.  Subjects with type 2 
diabetes, uncontrolled on maximally effective oral anti-diabetic drugs, were 
observed to have greater reduction in fasting plasma glucose compared to 
subjects using insulin at baseline.   
 
In the 26-week trial comparing degludec to sitagliptin (3580), subjects 
randomized to degludec had greater decrease in fasting plasma glucose 
compared to subjects randomized to sitagliptin.  The between arm difference was 
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both statistically and clinically significant.  This finding is expected since degludec 
dose is titratable and is consistent with the observation that degludec afforded 
superior glycemic compared to sitagliptin at the end-of-trial. 
 
Table 56: Fasting Plasma Glucose (mg/dL), Type 2 DM, Degludec Program 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
FPG 
(SD) 

LSMean 
Change 
in FPG 
(SE) 

Treatment Difference  
(95% Confidence 
Interval) 

Basal Insulin Once Daily and Prandial Insulin with Meals, added to OADs 
3582 (52) Degludec 740 166 (55) -40.6 (3.1) -5.24 [-11.62; 1.14] 
 Glargine 248 166 (58) -35.3 (3.9)  

Basal Insulin, Once Daily, Added to Combination of OADs 
3579 (52) Degludec 762 174 (46) -68.0 (1.6) -7.83 [-13.34; -2.31] 
 Glargine 256 174 (46) -60.2 (2.5)  
3672 (26) DegludecU200 228 172 (52) -71.1 (3.7) -7.59 [-14.09; -1.09] 
 Glargine 226 174 (47) -63.5 (3.4)  
3586 (26) Degludec 288 152 (37) -54.6 (2.4) -1.57 [ -7.31; 4.18] 
 Glargine 145 156 (35) -53.0 (2.9)  
3580 (26) Degludec 221 170 (47) -61.4 (4.3) -39.07 [-46.75;-31.39] 
 Sitagliptin 218 179 (56) -22.4 (4.2)  
3668 (26) Degludec FF 226 162 (46) -55.0 (3.7)  
 Degludec OD 228 158 (51) -47.5 (3.6) -0.88 [ -8.07; 6.32]# 
 Glargine 225 163 (50) -54.2 (3.5) -7.53 [-14.72; -0.35]∫ 
Adapted from NDA 203314; Clinical Summary of efficacy; 2.7.3; Tables 3-14 and 3-15 and Tables 179-182 of 
Integrated Summary of Efficacy.  Mean fasting plasma glucose values are derived from central laboratory 
measurements. 
Analysis performed on full analysis set using LOCF to impute missing data. Treatment difference analyzed by 
ANCOVA with treatment assignment, anti-diabetic therapy at screening regions and sex, used as fixed factors and 
baseline FPG and age as covariates in the model. LSMean; model-based adjusted mean change in FPG from 
baseline to trial end (i.e., ΔFPG = end of trial – baseline).   
∫ Degludec flexible dosing interval (FF) versus Glargine once daily (primary objective). 
# Degludec flexible dosing interval (FF) versus Degludec once daily 

 
The Sponsor explored other glycemia related secondary endpoints including data 
derived from 9-point self measured blood glucose profiles.  At the end-of trial, no 
notable differences in glucose increment, from 0 to 2 hours, after meal ingestion 
across type 1 DM (range +22.3-27.8 mg/dL degludec versus +15.3-25.8 mg/dL)36 
or type 2 DM trials (range +24-70 mg/dL in both groups)37 were observed.  The 
change in glucose from bedtime to breakfast (nocturnal decrement) was 
consistently but not significantly larger in the degludec versus comparator arm.  
Larger differences between degludec and comparators were seen in the second 
part of the night (i.e., from 4 am to breakfast).  These results are summarized in 
section 5.3.5.3: Appendix 6.2: Tables 197-202 of NDA 203314. 
 

                                            
36 Source: 5.3.5.3: Appendix 6.2: Tables 185-186.  
37 Source: 5.3.5.3: Appendix 6.2: Tables 188-189, 191-193. 
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Continuous glucose monitoring devices (CGM) were used to measure interstitial 
glucose (IG) in subgroups (≤ 1/4th of total participants for each trial) of subjects 
participating in Trial 3583 (T1DM) and Trials 3579 and 3668 (T2DM).  No 
statistically significant differences in the mean overall and nocturnal interstitial 
glucose profiles between degludec and glargine were observed though numerical 
differences were seen.  No differences in overall or nocturnal fluctuations38 in 
interstitial glucose were noted between degludec and glargine. 

6.3.5. Other Endpoints 

6.3.5.1. Change in Body Weight  

Insulin is an anabolic hormone.  Improvement in glycemic control afforded by 
intensification of insulin therapy is usually accompanied by a parallel rise in body 
weight.  The sponsor had pre-specified weight gain as a key efficacy-related 
secondary endpoint in the degludec program.  For a similar level of glucose 
control, observation of significant weight differences between comparators could 
suggest an advantage (lower weight for a similar level of control) or a 
disadvantage (higher weight gain for a similar level of control).  Overall, no 
clinically relevant differences were noted in changes in body weight between 
degludec and other insulin comparators. 

6.3.5.1.1. Type 1 DM 
The amount of weight gain with insulin degludec was similar to the amount of 
weight gain observed with glargine.  In the 52-week trial subjects gained ~ 2.0 Kg 
on average.  In the 26-week trial subjects in the degludec arm gained on average 
0.4 Kg less than on glargine.  This difference is neither clinically or statistically 
significant and tracks with the fact that glycemic control on degludec was 
statistically worst than glargine and that average total daily insulin dose was 
lower in the degludec arm.  In trial 3585 which compared degludec to detemir, 
subjects on degludec gained significantly more weight than subjects randomized 
to detemir. 

                                            
38 Mean profile value is defined as the adjusted area under the interstitial glucose concentration-
time curve (profile) and is calculated using the trapezoidal method.  Fluctuation is defined as the 
adjusted integrated absolute distance from mean profile value. 
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Table 57: Change in Body Weight (Kg), Type 1 DM, Degludec Program 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
Weight 
(SD) 

LS Mean 
Change in 
Weight (SE) 

Treatment 
Difference  
(95% Confidence 
Interval) 

Basal Insulin Once Daily and Prandial Insulin with Meals 
3583 (52) Degludec 472 79.0 (14.3) 2.14 (0.30)  0.18 [-0.54; 0.91] 
 Glargine 157 78.3 (16.2) 1.95 (0.40)  
3585 (26) Degludec 302 66.5 (14.9) 1.50 (0.20)  1.08 [0.58; 1.57] 
 Detemir 153 66.7 (13.4) 0.42 (0.24)  
3770 (26) Degludec FF 164 81.7 (15.5) 1.26 (0.26)  
 Degludec OD 165 79.6 (15.5) 0.93 (0.26)  0.33 [-0.38; 1.03] # 
 Glargine 164 80.4 (15.6) 1.70 (0.26) -0.44 [-1.14; 0.27] ∫   
Adapted from NDA 203314; 5.3.5.3 Tables; 336 and 337 
LSMean; model-based adjusted mean change in weight from baseline to end of treatment in full 
analysis set using LOCF for missing values (i.e., change in weight = end of trial – baseline).   
Treatment difference=IDeg-Comparator 
Treatment difference analyzed by ANCOVA with treatment assignment, anti-diabetic therapy at 
screening regions and sex, used as fixed factors and baseline weight and age as covariates in 
the model.  
∫  Degludec flexible dosing inverval (FF) versus Glargine once daily (primary objective). 
# Degludec flexible dosing inverval (FF) versus Degludec once daily 
 

6.3.5.1.2. Type 2 DM 
The amount of weight gained at the end of treatment in the 52-week trial (3582) 
comparing degludec to glargine was >3Kg in both the degludec and glargine arm.  
Degludec insulin use was associated with slightly greater weight gain compared 
to glargine (range: 0.27-0.44 Kg) in all trials comparing the addition of degludec 
or glargine to a regimen of oral anti-diabetic drug except in trial 3586 (Asia).  
These differences are not likely to be clinically significant.  Insulin degludec use 
was associated with both statistically and clinically relevant relative weight 
increase compared to sitagliptin use (i.e., relative difference of +2.75 Kg).    

Reference ID: 3250921



Jean-Marc Guettier, MDCM  
NDAs; 203314 and 203313 
Insulin degludec (Tres ba) and Insulin degludec/aspart 70/30 (Ryzodeg) 

 

126 

 
Table 58:  Change in Body Weight (Kg), Type 2 DM, Degludec Program 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
Weight 
(SD) 

LS Mean 
Change in 
Weight (SE) 

Treatment 
Difference  
(95% Confidence 
Interval) 

Basal Insulin Once Daily and Prandial Insulin with Meals, added to OADs 
3582 (52) Degludec 744 92.6 (17.9) 3.23 (0.33) -0.31 [-0.98; 0.37] 
 Glargine 248 92.2 (17.2) 3.54 (0.41)  

Basal Insulin, Once Daily, Added to Combination of OADs 
3579 (52) Degludec 773 89.4 (17.7) 2.57 (0.17)  0.28 [-0.32; 0.88] 
 Glargine 257 91.8 (15.8) 2.29 (0.27)  
3672 (26) DegludecU200 228 92.2 (18.5) 2.30 (0.36)  0.44 [-0.20; 1.08] 
 Glargine 229 92.7 (18.4) 1.86 (0.35)  
3586 (26) Degludec 289 64.9 (11.5) 1.54 (0.17) -0.17 [-0.59; 0.26] 
 Glargine 146 67.4 (11.6) 1.71 (0.21)  
3580 (26) Degludec 225 83.9 (19.3) 2.71 (0.44)  2.75 [1.97; 3.54] 
 Sitagliptin 222 86.1 (19.8) -0.05 (0.43)  
3668 (26) Degludec FF 229 81.4 (16.2) 1.86 (0.27)  
 Degludec OD 228 81.7 (17.1) 1.59 (0.26) -0.00 [-0.53; 0.52] 
 Glargine 230 82.0 (16.5) 1.86 (0.25)  0.27 [-0.25; 0.79] 
Adapted from NDA 203314; 5.3.5.3 Tables; 339-343 
LSMean; model-based adjusted mean change in weight from baseline to end of treatment in full analysis set using 
LOCF for missing values (i.e., change in weight = end of trial – baseline).   
Treatment difference=IDeg-Comparator 
Treatment difference analyzed by ANCOVA with treatment assignment, anti-diabetic therapy at screening regions and 
sex, used as fixed factors and baseline weight and age as covariates in the model.  
∫  Degludec flex ble dosing inverval (FF) versus Glargine once daily (primary objective). 
# Degludec flexible dosing inverval (FF) versus Degludec once daily 

 

6.3.5.2. Insulin Dose 

6.3.5.2.1. Type 1 DM 
 
The change in mean basal and bolus insulin dose (U/kg) over trial duration is 
shown in the figure below.  The figure illustrates that the rate of insulin dose 
changes were similar across trials and between intervention groups except in the 
trial comparing degludec to detemir (red filled squares).  This suggests that there 
were no differences in the intensity of dose adjustment between groups.  The 
figure also illustrates that for the degludec versus glargine trials (blue and green), 
there was little change in basal and bolus insulin dose between baseline and trial 
end (~0.5 U/Kg).  For between group dose comparisons at end-of-trial refer to 
Section 6.3.3.3.        
 
Figure 4: Basal and Bolus Insulin Dose (U/kg), Type 1 DM, Degludec Program 
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Mean (+/- SEM) Insulin Dose U/kg   
Source:  203314.  2.7.3 Summary of Clinical Efficacy Appendix 6.3 Figures 118, 119, 120 and 121  

 

6.3.5.2.2. Type 2 DM 
The change in mean insulin dose (U/kg) over trial duration for each degludec 
once daily trials carried out in subjects with type 2 DM is shown in Figure 5 and 
Figure 6.  The figures illustrate that the rate of insulin dose changes were similar 
across trials and types of insulin between intervention groups.  In contrast to type 
1 DM trials increases in mean basal and bolus insulin doses from randomization 
to trial end are evident.  These data suggest that titration algorithms for dose 
adjustments were followed equally between intervention arms.  For a discussion 
regarding between group differences in dose at end-of-trial refer to Section 
6.3.3.4.   
 

Degludec Arm Comparator Arm 

Insulin Degludec Dose 

Insulin Aspart Dose Insulin Aspart Dose 

Insulin Basal Comparator 
Dose 
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Figure 5: Basal and Bolus Insulin Dose (U/kg), Type 2 DM, Trial 3582 

Mean (+/- SEM) Insulin Dose U/kg 
Source:  203314.  2.7.3 Summary of Clinical Efficacy Appendix 6.3 Figures 127, 128, 129 and 130 

 
Figure 6: Basal Insulin Dose (U/kg), Type 2 DM, Basal Only Trials 

 
 
Mean (+/- SEM) Insulin Dose U/kg  
Source:  203314.  2.7.3 Summary of Clinical Efficacy Appendix 6.3 Figures 130 and 13

Degludec Arm Glargine Arm 

Insulin Degludec Dose 

Insulin Aspart Dose Insulin Aspart Dose 

Insulin Glargine Dose 

Degludec Arm Glargine Arm 

Insulin Glargine Dose Insulin Degludec Dose 
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6.3.5.3. Subpopulations 

The sponsor compared the treatment effect in subpopulations and analyzed for the 
presence of interactions between treatment and intrinsic/extrinsic factors.  Intrinsic 
factors included demographic variables (age, sex, BMI, race and ethnicity) and disease 
related variables (diabetes duration category, HbA1c at baseline category, estimated 
creatinine clearance category, and alanine aminotransferase percentile).  Extrinsic 
factors considered included type of pretrial antidiabetic treatment, concomitant 
medication, and oral anti-diabetic drug class. The analyses were based on pooled data 
from the therapeutic confirmatory trials.  No clinically significant treatment-by-
demographic interactions or treatment-by-disease factor interactions were identified. 

6.3.5.4. Analysis of Clinical Information Relevant to Dosing 
Recommendations 

Insulin dose is individualized.  Appropriate dose reflects a balance between glycemic 
control and risk of hypoglycemia in the individual injecting insulin.   
 
The applicant recommends initiating degludec at a dose of 10 units per day in insulin 
naïve individuals with type 2 diabetes mellitus.  This dosing recommendation is 
supported by analyses from phase 2 and 3 clinical trial data.   
 
The applicant recommends a unit to unit dose conversion when switching a patient from 
a currently approved once daily or twice daily basal insulin to degludec insulin.  This 
recommendation is supported by analyses from phase 2 and 3 clinical trial data. 

6.3.5.5. Discussion of Persistence of Efficacy and/or Tolerance Effects 

The change in HbA1c (mean ± SEM) over time, for the three pivotal type 1 DM trials, is 
illustrated in Figure 7.  The maximun rate of change in HbA1c occurred between 0-12 
weeks.  After this initial period of rapid decrease, HbA1c stabilized or continued to 
decrease at a less rapid rate until week 26.  In the trial which followed patients until 
Week 52 (3583) HbA1c increased slightly after 26 weeks but HbA1c remained below 
baseline levels at end of trial.  Slight differences between degludec and comparators 
are seen though these did not result in clinically meaningful differences at trial end (see 
discussion of primary endpoint results).      
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Figure 7:  HbA1c (± SEM) Change from Baseline by Trial Duration, Type 1DM, Degludec (LOCF to impute missing data) 
 
The change in HbA1c (mean ± SEM) over time, for the six pivotal trials evaluating 
subjects with type 2 DM, is illustrated in Figure 8.  The maximun rate of change in 
HbA1c occurred between 0-16 weeks.  After this initial period of rapid decrease, HbA1c 
stabilized until week 26 and in the trial which followed patients until week 52 (3582) rose 
slightly.  At week 52, HbA1c remained below baseline levels.  Slight differences 
between degludec and comparators are seen though these did not result in clinically 
meaningful differences at trial end (refer to discussion of primary endpoint results).      
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Figure 8:  HbA1c (± SEM) Change from Baseline by Trial Duration, Type 2 DM., Degludec. (LOCF to impute missing data) 

 

6.3.6. Hypoglycemia 

The applicant evaluated hypoglycemia as a key secondary endpoint in each trials. This 
section summarizes the trial level descriptive data for hypoglycemia. Refer to efficacy 
reviews by Drs. Cynthia Liu and Dongmei Liu for results of statistical analyses of 
hypoglycemia data across individual trials.  These reviews compare findings using the 
sponsor’s proposed analysis model (i.e., negative binomial regression) and other 
analyses models commonly used for hypoglycemia data (e.g., Wilcoxon Rank). 
 
The sponsor also performed a meta-analysis comparing event-rate for Novo-nordisk 
confirmed hypoglycemic episodes across Phase III trials in NDA 203314 where 
degludec once daily was compared to glargine once daily.  The methodology and 
results of this meta-analysis and additional sensitivity analyses can be found in Dr. 
Andraca-Carrera’s review.  The results of this meta-analysis will not be discussed in this 
review. 
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6.3.6.1.1. Capture of Hypoglycemia 
Hypoglycemic episodes were considered treatment emergent from randomization to 
seven days after the last dose of the randomized trial product.   
 
Data for hypoglycemia analyses were derived from patient diaries and transferred at site 
visits and telephone contacts into the electronic case report form by study personnel.  
Data in diaries could be derived from glucose meter devices or continuous glucose 
monitoring systems provided these were entered by the patient in the glucose diary. 

 
Reviewer Note: CGMS devices have worse accuracy and precision in the low plasma 
glucose range than glucose meter devices.  

6.3.6.1.2. Definitions of Hypoglycemia 
 
Statistical analyses were based on “confirmed” hypoglycemic episodes and 
nocturnal episodes. 
   
 A “confirmed” hypoglycemic episode was defined as sum of episodes qualifying as 
either severe hypoglycemic episodes or as Novo Nordisk minor hypoglycemic episodes.   
 
1. Severe hypoglycemic episode: An episode requiring assistance of another person to 

actively administer carbohydrate, glucagon, or other resuscitative actions  
2. Novo Nordisk minor hypoglycemic episode:  An episode not requiring third party 

assistance where a plasma glucose < 56 mg/dl or whole blood glucose < 50 mg/dl 
was recorded (i.e., with or without presence of hypoglycemic symptoms). 

 
A nocturnal episode was defined as a “confirmed” episode occurring between 00:01 and 
05:59am.   
 
Documented symptomatic hypoglycemia was another definition used in descriptive 
analyses which describes an episode of hypoglycemia during which typical symptoms of 
hypoglycemia are accompanied by a measured plasma glucose concentration of ≤ 70 
mg/dl. 
 
Reviewer Comment:  Clinically meaningful hypoglycemia has been identified as a 
barrier to achievement of good glycemic control.  A novel insulin preparation that offers 
a comparative advantage in terms of hypoglycemic risk over existing insulins should, all 
other things being equal (i.e., efficacy), allow individuals to achieve a superior level of 
glycemic control compared to an insulin that does not. In a randomized trial this could 
manifest as a slight trend towards superior glycemic efficacy reflected in the amount of 
HbA1c reduction achieved or proportion of enrolled subjects who meet ADA target goals 
at the end of trial. 
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Clinically meaningful hypoglycemic episodes, can be defined as those episodes that 
lead to either immediate (i.e., life-threatening) or future (i.e., predisposes to future 
and/or recurrent hypoglycemia) adverse clinical outcomes.   
 
It is difficult to capture all clinically meaningful hypoglycemic episodes in large clinical 
trials because neither biochemical evidence of a low blood glucose alone nor symptoms 
alone are specific.  The lack of specificity results from the fact that blood glucose 
measurements can be falsely low for any number of reasons (see below) and that 
presenting symptoms (e.g., palpitations) can be caused by a number of other disorders.   
 
To address this lack of specificity, the ADA workgroup39 has proposed several 
definitions of hypoglycemia for use in clinical trials.  The most specific but least sensitive 
of these definitions is the definition for “severe hypoglycemia”.  “Severe hypoglycemia” 
captures episodes characterized by the presence of life-threatening neuroglycopenic 
symptoms and by the inability of the affected individual to self-treat.  For all episodes 
that do not fall in this category, the ADA workgroup recommends defining events based 
on both biochemistry (i.e., < 70 mg/dL) and symptoms (i.e., ‘documented symptomatic 
hypoglycemia’).  The magnitude of the reduction that would be considered clinically 
meaningful differs according to the definition used.  The ADA workgroup proposes that 
an agent that reduces ‘severe’ and ‘symptomatic hypoglycemia’ by 10 and 30% 
respectively would be clinically meaningful.   
 
Other less specific definitions include asymptomatic events where measured plasma 
glucose is < 70 mg/dL (Asymptomatic), symptomatic events with no recorded glucose 
values (Probable) and Symptomatic events with glucose value above 70 mg/dL 
(Relative). 
 
Note: ADA definitions are based on plasma derived glucose values. 
 
The following issues which could impact the reliability and generalizability of the 
hypoglycemia data in the NDA were identified. 
 
Issues related to the design of phase 3 trials: 
 
Specific exclusion of patients at most risk:  Patients with hypoglycemia 
unawareness and patient with frequent hypoglycemic episodes were excluded from the 
confirmatory trials.  Lack of information on the most susceptible individuals limits 
generalizability of the findings. 
 
Open-label nature of trials:  This may have influenced capture/reporting of events, 
patient/investigator behavior and have introduced bias. 
   
Completeness of data capture:  Hypoglycemia was captured by patients at the point 
of care.  Completeness of data capture is uncertain (e.g., In type 2 DM trials up to 40% 
                                            
39 Diabetes Care, Volume 28, Number 5, May 2005 
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of patients experienced zero events for the 24 hour period and ~80% experienced zero 
events at night).  Reliability of the estimate assumes that all patients with clinically 
meaningful hypoglycemia at some point in the trial: recognized the event, self-measured 
blood glucose, accurately recorded blood glucose in their diaries, reported this 
information to the investigator, who in turn transmitted this information to the sponsor.  
In the clinical setting, blood glucose in the hypoglycemic range that is not associated 
with symptoms would go unnoticed (this is more likely to occur at night).  Alternatively, a 
patient may self-treat at the appearance of symptoms, which may or may not be related 
to hypoglycemia, before checking blood glucose.  (See issues related to endpoints) 
 
Familiarity with comparator product: A large proportion of participants in the 
comparator arm were familiar with the comparator product(s).  This may have 
influenced use behavior and/or capture/reporting behavior and have introduced bias. 
 
Influence of different timing of injections:  Timing of injections between degludec 
and comparators differed.  This may have biased the timing of hypoglycemic events to 
specific time periods during the day (i.e., nocturnal versus other) based on the different 
pharmacokinetic and pharmacodynamic profiles of the investigational and comparator 
insulins (see below). 
 
Primary analysis:  The pre-specified primary analysis for all trials except 3580 was to 
test non-inferiority between degludec and comparators based on HbA1c. Non-inferiority 
is not equivalence.  A product can be declared non-inferior but still afford slightly worst 
glucose control than comparator.  The point estimate in clinical trials involving type 2 
DM was to the left of unity suggesting a slightly worst outcome for degludec-treated 
patients.  The magnitude of the observed difference was not unacceptably worst (i.e., 
the upper bound of the 95% CI was contained within the pre-specified non-inferiority 
margin). 
 
Issues related to endpoints selected for analyses 
 
Novo Nordisk ‘Confirmed Hypoglycemia’:  The definition for the endpoint ‘Novo 
confirmed hypoglycemia’ used in hypoglycemia analyses did not require the presence of 
contemporaneous hypoglycemic symptoms.  The endpoint ‘Novo confirmed 
hypoglycemia’ represents all hypoglycemic events that were considered serious + all 
recorded blood glucose of ≤ 56 mg/dL (i.e., interstitial, whole blood or plasma) 
regardless of symptoms or other considerations (i.e., timing in relation to meals).  
 
 The analytical accuracy of point of care devices in the clinical setting can be affected by 
multiple factors (discussed below) and definitions that include symptoms are regarded 
as more specific.  The sponsor was asked to perform sensitivity analyses using the ADA 
definition for ‘documented symptomatic hypoglycemia’ which relies on both biochemical 
evidence of a low blood glucose (e.g., < 70 mg/dL) and the presence of clinical 
symptoms.  
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Sensitivity analyses are important to gauge the clinical relevance of the observed 
findings.  The clinical relevance of an observed effect suggesting a comparative 
advantage for one drug over another would be difficult to interpret in a scenario where: 
 

• No advantage was seen for severe hypoglycemic events  
• The advantage seen using a less specific definition was not consistent across 

other less specific definitions (i.e., Novo Confirmed definition versus ADA 
documented symptomatic definition). 

 
The table below summarizes the distribution of hypoglycemic episodes arranged from 
least (Probable episode) to most (Severe episode) specific by type diabetes in NDA 
203314 according to definitions proposed by the American Diabetes Association 
Workgroup on hypoglycemia.  The table shows heterogeneity in the nature of episodes 
captured by type of diabetes.  A very small minority of all episodes (i.e., << 1%) were 
highly specific, life-threatening, events.  In contrast to episodes captured in the type 1 
DM trials the majority of episodes captured in the type 2 diabetes trials were 
asymptomatic low self-measured glucose events (i.e., asymptomatic definition). 
 
Proportion of Total Hypoglycemic Events by ADA Definitions in NDA 203314 
 T1DM T2DM 
Probable 
Asymptomatic 
Documented 
Severe 

1.1% 
32.3% 
65.8% 
0.27% 

1.6% 
53.4% 
39.4% 
0.08% 

Data are calculated from NDA203314: Module 5.3.5.3: ISE:  Appendix 6.2 Tables 260-262. Episodes not 
classifiable under the four above-listed categories represent the remaining episodes of hypoglycemia 
(e.g., relative hypoglycemia: symptoms present but measured glucose value > 70 mg/dL). 
 
‘Nocturnal’ Hypoglycemia:  The sponsor had prospectively defined ‘nocturnal 
hypoglycemia’ as events of ‘Novo confirmed hypoglycemia’ occurring between 00:01 
and 05:59 am across Phase 3 trials.  In a Phase 2 trial (e.g., NN5401-1792) the sponsor 
had defined nocturnal hypoglycemia as events occurring between 23:00-05:59.  This 
illustrates that from a clinical science perspective there is no accepted definition of 
“nocturnal” per se.   
 
In head-to-head, open-label comparisons, an observation of a reduced number of 
hypoglycemic events for a specific bracket of time during a 24-hour period could be a 
true finding or could be an artifact reflecting differences related to: timing of injection 
(e.g., time to reach maximal effect of degludec at steady state is ~12 hours and 4 hours 
for glargine in T1DM see Figure 1), missing data, and or familiarity with comparator 
product rather than a true benefit.  The applicant was asked to test the robustness of 
the observed significant difference for the ‘nocturnal period’ by testing the remainder of 
the day alone, or changing the bracket by +/- 2 hours. 
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Figure 9:  Mean Glucose Infusion Rate Over 24 Hours At Steady State in Type 1 DM Subjects Treated with 
Degludec Insulin and Glargine Insulin  
(Source: NDA 203314; Module  2.7.2; Figure 3-35).   
 
A reduction in nocturnal episodes absent a demonstrated reduction in total episodes 
over the entire 24-hour period is problematic to interpret.  Patients are less likely to 
check their blood glucose while sleeping and completeness of data capture in this 
setting is even more uncertain.  For example, results for the nocturnal time period in the 
degludec arm of trial 3583 are based on about 1/10th the number of confirmed events 
those for the 24-hour time period. 
 
Incidence rate versus event rate:  The sponsor presents analyses using event rates 
(total number of events per 100 patient-year of exposure).  Since event rate differences 
could be driven by a few individuals contributing a lot of events, the applicant was 
recommended to confirm findings based on event rates by also examining incidence 
rates (i.e., number of patients with at least one event per 100 patient year of exposure). 
 
Issues related to analytical accuracy of point of care glucose meter devices.   
 
Point-of-care glucose meter devices can lack accuracy in the clinical setting increasing 
the likelihood that observed differences between groups based on a dichotomous 
endpoint (i.e., presence or absence of a hypoglycemic event based on crossing a 
glucose threshold) may be due to chance. 
 
Analytical accuracy:  Analytical accuracy of glucose meter device is usually defined in 
terms of closeness of agreement between a glucose meter derived value and a clinical 
laboratory reference method (i.e., YSI glucose analyzer method).  In the US, a device 
could be approved if 95% of all device measured values fall within +/- 15 mg/dL of the 
reference method measured values when the true glucose concentration is ≤ 75 mg/dL.  
This means that a point of care glucose meter-derived value of 55 mg/dL, could reflect a 
laboratory measured glucose value of 40 mg/dL (i.e., severe hypoglycemia) or 70 mg/dL 
(i.e., low normal fasting glucose) and still be considered “analytically” accurate. 
 
Analytical accuracy in the clinical setting:  There are many factors in the clinical 
setting which could worsen further analytical accuracy of point of care glucose meter 
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devices.  These can be categorized into environmental (e.g., air exposure of strips, 
altitude, humidity, temperature), physiologic (e.g., hematocrit, prandial state, 
hyperlipidemia, oxygenation and pH), operational (e.g., hemolysis, anticoagulants, 
improper calibration, defective or wrong strips, reuse of strips), and drug (e.g., maltose, 
acetaminophen, ascorbate, mannitol, dopamine) related factors.  These factors are hard 
to capture and their influence hard to quantify in large clinical trials.   
 
The precision Xtra® meter used in all trials, for example, requires that patient perform 
calibration with each new box of strips40.  If this was not consistently done accuracy 
could have been affected.  Another example of an event potentially affecting the quality 
of data derived from patients concerns a recall in December 2010 by Abbott inc. for 
certain lots of precision Xtra® glucose test strips due to an error potentially causing 
falsely low readings.  Potentially defective strips were used at some US sites in trials # 
3583, 3672, 3770 and 3889 but according to the sponsor the likelihood that data quality 
was impacted is low. 
 
Issues related to pooling multiple trials for the purpose of a meta-analysis of 
hypoglycemia data. 
 
On October 8th 2010 the Agency communicated, via responses to a meeting request, 
concerns regarding the poolability of the data Novo Nordisk planned to use for their 
hypoglycemia meta-analysis.  The Agency stated that it was unlikely that we would 
allow the sponsor to label results for such an analysis given the trial design issues 
highlighted above and reservations related to the poolability of the data.  The applicant 
was told that a final decision regarding labeling would not be made until after review of 
the data. 
  
Hypoglycemia data were pooled from trials with a heterogeneous patient population.  
Heterogeneity stemmed from differences in: the type of disease studied (i.e., Type 1 DM 
versus Type 2 DM), the stage of disease (advanced versus early) and geographical 
location of study participants (i.e., in some trials participants were recruited 
predominantly form North America and Europe, in other trials participants were recruited 
exclusively in Asia).  In addition, differences in terms of concomitant therapies used for 
glucose control and concomitant diseases at baseline are expected to result in 
heterogeneity within pooled data.  In the sponsor’s meta-analysis of hypoglycemia, data 
from trials using insulin comparators other than glargine (i.e., detemir) are excluded. 

                                            
40 https://www.abbottdiabetescare.com/products/patient/pxtra-overview/pxtra-owners-guide.html 
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6.3.6.1.3. Hypoglycemia Descriptive Statistics 

6.3.6.1.3.1. Type 1 Diabetes 
 
Table 59:  Hypoglycemia, Type 1 DM, Degludec Program, Across Definitions 

   ADA Severe ADA Documented Symptomatic Novo Nordisk Confirmed 
Study# 
(weeks) 

Treatment 
Arms N n (%) Event Event Rate n (%) Event  Event 

Rate  n (%) Event  Event Rate  

3583 (52) Degludec 472 58 (12.3) 90 21 450 (95.3) 25517 5902 451 (95.6) 18389 4254 
 Glargine 154 16 (10.4) 23 16 151 (98.1) 8155 5653 147 (95.5) 5796 4018 
3585 (26) Degludec 301 32 (10.6) 45 31 286 (95.0) 10116 6948 280 (93.0) 6673 4583 
 Detemir 152 16 (10.5) 28 39 143 (94.1) 4503 6244 139 (91.4) 3295 4569 
3770 (26) Degludec FF 164 17 (10.4) 25 34 154 (93.9) 7471 10277 154 (93.9) 5988 8238 
 Degludec OD 165 21 (12.7) 28  37 161 (97.6) 9467 12425 164 (99.4) 6724 8825 
 Glargine 162 16 (9.9) 37 47 153 (95.0) 7964 10139 156 (96.9) 6263 7973 
Source 203314: 5.3.5.3: ISE: Appendix 6.2 Table 260 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100 years of exposure 
Definitions: 
ADA Severe:  an episode requiring assistance of another person to actively administer carbohydrate, glucagon, or other resuscitative actions  
ADA Documented Symptomatic:  Episode associated with both symptoms of hypoglycemia and a documented blood glucose < 70 mg/dL 
Novo Nordisk Confirmed:  ADA severe + Any recorded blood glucose < 56 mg/dL (i.e., with or without symptoms) 
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Table 60: Hypoglycemia Reported as Serious Adverse Events, Type 1 DM, Degludec  
 Degludec Comparator 
       
Safety Analysis Set (N) 1102   467   
Total Exposure (yrs)   726.8   294.9   
 n (%) Event  Event Rate  n (%) Event  Event Rate  
Metabolism and Nutrition SOC       

Hypoglycemia 32 (2.9) 40 5.5 12 (2.6) 16 5.4 
Hypoglycemia Unconsciousness 20 (1.8) 22 3.0   8 (1.7)   8 2.7 
Hypoglycemia Seizure   2 (0.2)   2 0.3   2 (0.4)   2 0.7 

Nervous System Disorders SOC       
Hypoglycemic Coma   5 (0.5)   5 (0.7) 0 (0.0)   0 0.0 

Pooled Hypoglycemia Related Preferred Terms 
Serious Adverse Event Related To 
Hypoglycemia 55 (5) 69 9.5 19 (4) 26 8.8 
Reviewer’s own analysis adapted from: 203314: 5.3.5.3: ISE: Table 2-11 and derived from  ISS ADAE.xpt dataset location crt/datasets/iss/analysis/sae.xpt 
Population:  Safety analysis set 
n: number of subjects with at least one episode (% = proportion of subjects with at least one event) 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100  years of exposure 
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Table 59 summarizes the results for hypoglycemia at any time of the day across the 
three pivotal type 1 DM trials for three definitions of hypoglycemia (ADA Severe, ADA 
Documented Symptomatic, Novo Nordisk Confirmed).   
 
Overall the descriptive data do not suggest a clear benefit or harm of degludec over 
comparators for hypoglycemia in type 1 diabetes.  Consistent findings related to 
hypoglycemia for degludec over comparator are lacking between trials, between 
endpoints (i.e., proportion versus event count) and across definitions used.    

6.3.6.1.3.1.1 Severe Hypoglycemia 
The proportion (%) of study participants randomized to degludec who experienced at 
least one protocol defined ADA severe hypoglycemic event was slightly but consistently 
greater compared to control across all trials (degludec – comparator difference: 1.9%, 
0.1%, 2.8% in trials 3583, 3585 (no US sites) and 3770 respectively).  Proportions were 
consistent with event rates for ADA severe hypoglycemia except in the detemir arm in 
trial 3585 and glargine arm in trial 3770.  The observed difference is accounted for by 
the occurrence of a higher number of events per individuals in these two arms 
compared to the rest (1.8 and 2.3 events per individuals respectively versus < 1.6 for all 
other intervention arms).   
 
Table 60 summarizes the incidence and total number of serious adverse event of 
hypoglycemia for the pool of three type-1 diabetes trials.  The results are consistent with 
results based on the severe hypoglycemia definition.  55 (5%) patients on degludec 
experienced at least one serious adverse event coding to a preferred term related to 
hypoglycemia compared to 19 (4%) on comparators.  The total numbers of serious 
hypoglycemic events per 100 patient year of exposure were numerically higher in the 
degludec arm (9.5 versus 8.8 events per 100 PYE). In the fixed flexible arm of 3770 
there were 11 serious adverse events related to hypoglycemia ‘preferred-terms’ versus 
6 in the degludec once daily arm and 8 in the glargine once daily arm (Source: 203314: 
5.3.5.1: Report Body nn1250-3770: Table 12-12).   
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6.3.6.1.3.1.2 Hypoglycemia Broad Definitions 
Greater than 90% of participants experienced at least one event which met the protocol 
definition of an ADA Documented Symptomatic or a Novo Nordisk Confirmed 
hypoglycemic episode.    In trial 3583 the direction of the findings (i.e., not favoring 
degludec) was consistent across all three definitions.  This was not the case for trials 
3585 (no US sites) and 3770.   In these trials the event rate for ADA Severe 
hypoglycemia was not consistent with event rates for the two, broader, less specific 
definitions.  Event rates between ADA Documented Symptomatic and Novo Nordisk 
Confirmed definitions were consistent (i.e., same general direction).  Rate ratios (Event 
Rate Degludec/Event RateComparator) using the Novo Nordisk Confirmed definition were 
more favorable than rate ratios using ADA Documented Symptomatic episodes (i.e., 
1.06, 1.00, 1.10 versus 1.04, 1.11, 1.23 for Novo Nordisk Confirmed versus ADA 
Documented Symptomatic in trials 3583, 3585 and 3770 respectively).  
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6.3.6.1.3.1.3 Nocturnal Hypoglycemia 
 
Table 61 summarizes the results for hypoglycemic events that occurred between 00:01 
and 5:59 am (Novo Nordisk Nocturnal Hypoglycemia) across the three pivotal type 1 
DM trials for three definitions of hypoglycemia (ADA Severe, ADA Documented 
Symptomatic, Novo Nordisk Confirmed).  

6.3.6.1.3.1.4 Severe Nocturnal Hypoglycemia 
 
The proportion (%) of study participants randomized to degludec who experienced at 
least one protocol defined ADA severe hypoglycemic event at night was greater in trial 
3583 but similar to controls in trials 3585 (detemir) and 3770 (glargine).  Proportions 
were consistent with event rates for ADA severe hypoglycemic episodes except in the 
glargine arm for trial 3770.  The difference between proportion and event rate is 
accounted for by more numerous events per individuals in the glargine arm (2.6 versus 
< 1.3 events per individuals for all other intervention arms). 

6.3.6.1.3.1.5 Nocturnal Hypoglycemia Broad Definitions 
 
Between 59 to 74% of the type 1 DM patients experienced at least one event which met 
the protocol definition of an ADA Documented Symptomatic or a Novo Nordisk 
Confirmed nocturnal hypoglycemic event.    In trial 3583 the direction of the findings 
and conclusions to be drawn from the findings were not consistent across definitions.  
Relative to glargine participants on degludec were 2.5-fold (Rate Ratio) more likely to 
experience an ADA severe event but 25% less likely to experience a Novo Nordisk 
Confirmed event.  Event rates between ADA documented and Novo Nordisk 
Confirmed were consistent (i.e., same general direction) except for the degludec OD 
versus glargine comparison in trial 3770 where the direction changed to favor degludec 
if the Novo Nordisk Confirmed definition was used over the ADA Documented 
Symptomatic definition.  Relative rate ratios (Event RateDegludec/Event RateComparator) 
calculated using the Novo Nordisk Confirmed definition were slightly more favorable 
than rate ratios calculated using the ADA Documented Symptomatic definition (i.e., 
0.75, 0.70, 0.96 versus 0.80, 0.79, 1.11 Novo Nordisk Confirmed versus ADA 
Documented in trials 3583, 3585 and 3770 respectively). 
 

Inferential Statistics 
 
In trial 3583 and 3585 the applicant had prospectively designated nocturnal Novo 
Nordisk Confirmed hypoglycemia as the first key secondary endpoint to test in their 
hierarchical ordering of secondary enpoints. In trial 3583, the observed rate of nocturnal 
Novo Nordisk Confirmed hypoglycemic episodes per 100 patient-years was 441 
episodes with degludec and 586 episodes with glargine. Statistical superiority of 
degludec over glargine was demonstrated in terms of a lower rate of nocturnal 
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confirmed hypoglycemic episodes [estimated rate ratio (95% CI): 0.75 (0.59; 0.96)].  In 
trial 3585, the observed rate of nocturnal confirmed hypoglycaemic episodes per 100 
patient-years was 414 episodes with degludec and 594 episodes with detemir. 
Statistical superiority of degludec over detemir was demonstrated in terms of a lower 
rate of nocturnal confirmed hypoglycaemic episodes; [estimated rate ratio (95% CI) 0.66 
(0.49; 0.88)]41.   
 
Reviewer Comment:  The clinical relevance of these statistical findings is unknown.  In 
trial 3583, the totality of the evidence shows a consistenly worst outcome for once daily 
fixed degludec over once daily glargine across all definitions of hypoglycemia when the 
entire 24 hour period is considered (refer to Table 59).  When one considers only the 
nocturnal period an imbalance not favoring degludec is seen for ADA severe episode 
(i.e., the most objective definition).  Degludec’s apparent benefit over glargine in this 
population is thus limited to the nocturnal time period and to episodes which are not 
severe hypoglycemic episodes. 
 
The applicant makes the argument that the discrepant finding between the 24-hour and 
and nocturnal time segments are consistent with expectations because hypoglycemic 
risk outside the nocturnal time period is in large part attributable to prandial insulin or 
other factors (e.g., exercise) rather than basal insulin per se. 
 
I do not agree that the nocturnal time period best informs hypoglycemic risk for a basal 
insulin.  During daytime hours more patients are awake to feel and record hypoglycemic 
events and loss of valuable information is less likely.  Degludec contributes to glucose 
lowering over the entire 24-hour period including post-prandially when two types insulins 
are present and outside the post-prandial period when patients are excercising.  Risk of 
hypoglycemia during daytime hour following meals or following excercise could increase 
simply based on increased basal glucose lowering all other things being equal [e.g., 
exercise routine, meal macronutrient content, short acting insulin dose]. 
 
Finally, the theory that the risk of hypoglycemia is favorable at night and neutral during 
the daytime is not supported by continuous glucose monitoring data for subgroup of 
patients participating in Trials 3583, 3579 and 3668.  This is discussed in details in the 
divisional director’s memorandum. 
 
Recall that the maximum glucose lowering effect of degludec insulin at steady state 
occurs 12 hours after injection in type 1 DM and that all subjects randomized to 
degludec, except those in the fixed flexible schedule, were told to inject degludec with 
the evening meal.  The peak glucose lowering action of degludec would thus be 
expected to coincide with the early morning hours.  The time segment selected to define 
the ‘nocturnal’ period, which excludes the early morning hours, could have biased the 

                                            
41 Note: to calculate this estimated ratio the Applicant uses a rate of 391 and 592 for degludec and 
detemir respectively refer to Source 203314: 5.3.5.3: ISE: Appendix 6.2 Table 331, the discrepancy 
between the reported rate and the rate used for inferential testing was not explored. 
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estimate in favor of degludec.  To explore this possibility the following, May 21, 2012, 
information request was issued. 
 
“For each of the eight individual studies evaluating degludec once daily 
(including the flexible schedule arms), provide an updated set of analyses for 
'confirmed nocturnal hypoglycemia' by defining the nocturnal time period as 
episodes occurring between 00:01-7:59 AM for one set of analyses and 9:59PM-
05:59AM for another set of analyses. Present the data in table format and include 
N (%), Event, and Event Rate for degludec and control groups.” 
 
The Applicant responded on May 25th 2012.  When 2 hours are added to the nocturnal 
time period (i.e., 00:01-7:59 AM), the advantage of degludec over comparator 
disappears (source data: Addendum to NDA 203314, eCTD sequence #24, Date 
5/25/2012, Section 1.2, Table 1). The rate ratios for nocturnal Novo Nordisk 
Confirmed episodes change from 0.75, 0.70, 0.96 to 0.90, 0.80, 1.14 for trial 3583, 
3585 and 3770 respectively.  When 2 hours are taken away from the sponsor’s defined 
nocturnal time period (i.e., 9:59-5:59 AM) the advantage of degludec over comparator 
also disappears (source same as above Table 4).  In this scenario, the rate ratios for 
nocturnal Novo Nordisk Confirmed episodes change from 0.75, 0.70, 0.96 to 0.86, 
0.90, 0.90 for trial 3583, 3585 and 3770 respectively. 
 
Reviewer Comment:  These data support the notion that occurrence of hypoglycemia at 
night was influenced among other things by timing of injection. 
 
On November 14th 2012, the sponsor was requested to perform an additional patient-
level, model based analysis comparing event rates between degludec and glargine for 
events occurring between 00:01-5:59 AM and events occurring between 00:01-7:59 AM.  
The table below shows the event rate for each treatment arm and the adjusted relative 
risk estimates (95% CI) for Novo Confirmed hypoglycemic episodes for these two time 
segments.  These data are consistent with the notion that degludec provides no 
advantage in terms of hypoglycemic risk if two hours are added to the “nocturnal” time 
period.   
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Table 62: Relative Risk of Novo Confirmed Nocturnal Hypoglycemia 

 
At the advisory committee meeting held on November 8th 2012 the applicant asserted 
that these findings could be attributed to use of prandial insulin in the early morning 
hours.  The panel members did not question this interpretation of the data and some 
members voiced agreement with the applicant’s point of view.  The applicant did not 
present data (i.e., timing of events in relations to prandial insulin injection) to support 
this assertion and the panel members ignored the fact that for at least four of these trials 
where reversal of the benefit trend was seen no prandial insulin was used at all.  
Furthermore, it is likely that the bulk of the early morning (5:59-7:59 AM) glucose data 
was derived from fasting self-measured glucose values (before meal and before use of 
prandial insulin or hypoglycemic agents) and thus would not be subject to the type of 
confounding suggested by the applicant.   
 
In response to our November 14th 2012 information request the applicant also shows 
that in the subgroup of subjects who underwent continuous glucose monitoring in Trial 
3583, 3579 and 3668 only a minority of patients had breakfast before 8:00 AM and 
asserts that this time period “could not be regarded as nocturnal as it encompassed a 
large number of prebreakfast SMPG measurements, many of which were not 
associated with symptoms of hypoglycemia.”  This argument is not consistent with the 
fact that the applicant included asymptomatic episodes for analyses of hypoglycemia 
data in individual trials and for the hypoglycemia meta-analysis of glargine comparator 
trials. 
 
These data raise the possibility that observed differences in patient reported rates of 
hypoglycemia at night may have arisen due to reporting bias or bias from inadequate 
data capture rather than truly different glucose dynamics between insulins at night.  This 
possibility is further supported by the fact that no differences in glucose dynamic at night 
between degludec and glargine suggestive of a benefit were seen in the subgroup of 
individuals in trials 3583, 3579, and 3668 who had interstitial glucose continuously 
measured (detailed in pages 31-33 of divisional director’s memorandum). 
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6.3.6.1.3.2. Type 2 Diabetes 
 
Table 63: Hypoglycemia, Type 2 DM, Degludec Program, Across Definitions 
   ADA Severe ADA Documented Symptomatic Novo Nordisk Confirmed 
Study# 
(weeks) 

Treatment 
Arms N n (%) Event Event Rate n (%) Event  Event 

Rate  n (%) Event  Event Rate  

Basal Insulin Once Daily and Prandial Insulin with Meals added to OADs 
3582 (52) Degludec 753 34 (4.5) 41 6.1 637 (84.6) 13820 2061 609 (80.9) 7437 1109 
 Glargine 251 11 (4.4) 12 5.2 215 (85.7) 5360 2342 206 (82.1) 3120 1363 

Basal Insulin Once Daily added to OADs 
3579 (52) Degludec 766 2 (0.3) 2 0.3 428 (55.9) 2678 401 356 (46.5) 1014 152 
 Glargine 257 5 (1.9) 5 2.3 132 (51.4) 806 370 119 (46.3) 403 185 
3672 (26) DegludecU200 228 0 (0.0) 0 0.0 93 (40.8) 357 338 65 (28.5) 129 122 
 Glargine 228 0 (0.0) 0 0.0 96 (42.1) 388 363 70 (30.7) 152 142 
3586 (26) Degludec 284 0 (0.0) 0 0.0 209 (73.6) 1286 964 142 (50.0) 397 298 
 Glargine 146 0 (0.0) 0 0.0 99 (67.8) 627 892 78 (53.4) 260 370 
3580 (26) Degludec 226 1 (0.4) 1 1.0 96 (42.5) 452 446 96 (42.5) 311 307 
 Sitagliptin 228 0 (0.0) 0 0.0 32 (14) 120 123 29 (12.7) 123 126 
3668 (26) Degludec FF 230 1 (0.4) 2 2.0 149 (64.8) 841 790 117 (50.9) 388 365 
 Degludec OD 226 2 (0.9) 2 2.0 124 (54.9) 770 739 99 (43.8) 378 363 
 Glargine 229 2 (0.9) 2 2.0 139 (60.7) 803 760 113 (49.3) 368 348 
Source 203314: module 5.3.5.3: ISE: Appendix 6.2 Table 261-262 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100 years of exposure 
Definitions 
ADA Severe:  an episode requiring assistance of another person to actively administer carbohydrate, glucagon, or other resuscitative actions  
ADA Documented Symptomatic:  Episode associated with both symptoms of hypoglycemia and a documented blood glucose < 70 mg/dL 
Novo Nordisk Confirmed: The sum of ADA severe and episodes where a blood glucose < 56 mg/dL was recorded (i.e., with or without symptoms) 
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Table 64: Hypoglycemia Reported as Serious Adverse Events, Type 2 DM, Degludec OD 
 Degludec Comparator 
       
Safety Analysis Set (N) 2713   1339   
Total Exposure (yrs) 1889   827   
 n (%) Event  Event Rate  n (%) Event  Event Rate  
Metabolism and Nutrition SOC       

Hypoglycemia 15 (0.5) 15 0.8 5 (0.4) 5 0.6 
Hypoglycemia Unconsciousness   6 (0.2)  8 0.4 1 (0.1) 1 0.1 
Hypoglycemia Unawareness   1 (0.0)  1 0.1 0 (0.0) 0 0.0 
Hypoglycemia Seizure   1 (0.0)  1 0.1 0 (0.0) 0 0.0 

All Hypoglycemia Related Preferred Terms 
Serious Adverse Event Related To 
Hypoglycemia 22 (0.81) 25 1.3 6 (0.45) 6 0.7 
Reviewer’s own analysis adapted from: 203314: 5.3.5.3: ISE: Table 2-11 and derived from  ISS ADAE.xpt dataset location crt/datasets/iss/analysis/sae.xpt 
Population:  Safety analysis set 
n: number of subjects with at least one episode (% = proportion of subjects with at least one event) 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100  years of exposure 
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Table 63 summarizes the results for hypoglycemia at any time of the day across the six 
pivotal type 2 DM trials for three definitions of hypoglycemia (ADA Severe, ADA 
Documented Symptomatic, Novo Nordisk Confirmed).  The table shows proportions, 
event counts and event rates for each definition. 
 
Overall the descriptive data do not suggest a clear benefit or harm of degludec over 
comparators for hypoglycemia in type 2 diabetes.  Consistency in the effect of degludec 
versus comparator for hypoglycemia is lacking between trials, between statistics 
considered (i.e., proportion versus event count) and across definitions used.    

6.3.6.1.3.2.1 Severe Hypoglycemia 
The proportion (%) of study participants who experienced at least one protocol defined 
ADA Severe hypoglycemic event was low (i.e., <5%) and in some trials no trial 
participants in either arm experienced a severe event.  Findings based on proportions 
were generally consistent with findings based on event rates.   The trial with the largest 
proportion of individuals with severe hypoglycemic events was trial 3582.  In this trial 
participants were at higher risk of hypoglycemia as they were receiving both basal and 
prandial insulin for glycemic control. No trend to suggest degludec affords protection 
from hypoglycemia is evident from this data.   
 
The incidence and event rate for serious adverse events of hypoglycemia across the 
pool of six pivotal type-2 diabetes trials exploring once daily degludec use is shown in 
Table 64. This data is consistent with data derived using the ADA Severe definition and 
trends toward showing harm rather than benefit.  Note that 24 out of the 31 total serious 
adverse events related to hypoglycemia preferred terms across these trials were 
reported in the basal-bolus trial (i.e., 3582). No serious adverse event of hypoglycemia 
was reported in trial 3580 (U100 vs. sitagliptin trial) or trial 3672 (U200 vs. glargine trial).  
22 (0.8%) patients on degludec experienced at least one serious adverse event coded 
to a preferred term related to hypoglycemia compared to 6 (0.5%) on comparators.  The 
total numbers of serious hypoglycemic events per 100 patient year of exposure were 
numerically higher in the degludec arm (1.3 versus 0.7 events per 100 PYE).  
 
Two serious adverse events related to hypoglycemia preferred terms were reported in 
the degludec flexible schedule Trial (3668). Both of these events occurred in patients 
randomized to the degludec once daily fixed schedule.  No events occurred in the 
degludec flexible schedule or glargine once daily arm (Source 203314: 5.3.5.1: Report 
Body nn1250-3668: Table 14.3.1.11).   
 
Reviewer Comment:  In trial 3580 the comparator was sitagliptin (i.e., DPP4-inhibitor) 
which has a lower hypoglycemic risk than insulin due to its mechanism of action.  Since 
no serious adverse events of hypoglycemia were reported in this trial it is not expected 
to influence serious adverse events results.  Results presented in Table 63 illustrate 
consistency of findings across definitions for a drug known to have lower hypoglycemic 
risk compared to insulin (i.e., greater risk in degludec vs. sitagliptin for ADA Severe, 
ADA Documented Symptomatic and Novo Nordisk Confirmed). 
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6.3.6.1.3.2.2 Hypoglycemia Broad Definitions 
The proportion of participants with at least one event which met the protocol definition of 
an ADA Documented Symptomatic or a Novo Nordisk Confirmed event ranged from 
29 to 86%.  The proportion of individuals with events was highest in subjects treated 
with basal and prandial insulin (i.e., ~80% with at least one event over 12 months).   The 
proportion with ADA Documented Symptomatic events was similar across trials 
comparing degludec to glargine in subjects inadequately controlled on oral anti-diabetic 
medications [i.e., μp: 56% versus 53% for degludec versus glargine (excluding 3580)].     
 
In trial 3582 the direction of the results and the conclusion one would draw from the 
results changes based on the definition considered.  In this trial the rate of ADA Severe 
hypoglycemic episode is observed to be 17% higher for degludec (i.e., 6.1/5.2 events 
per 100 patient treated for one year suggesting harm) but the rate of Novo Nordisk 
Confirmed events is 19% lower (suggesting benefit).  Event rates between ADA 
Documented Symptomatic and Novo Nordisk Confirmed definitions were not 
consistent in trials 3579 and 3586 (i.e., not going in the same general direction).  
Relative event rate ratios (Event RateDegludec/Event Rateglargine) calculated using the 
Novo Nordisk Confirmed definition are more favorable (i.e., suggest relative reduction 
in event than rate with degludec use) than rate ratios obtained using the ADA 
Documented Symptomatic episodes definition (i.e., 0.81, 0.82, 0.86, 0.81, 1.0 versus 
0.88, 1.1, 0.93, 1.1, 0.97 for Novo Nordisk Confirmed versus ADA Documented 
Symptomatic in trials 3582, 3579, 3672, 3586 and 3668 respectively). 
 
Reviewer Comment:  A drug that reduces hypoglycemic episodes in a clinically 
meaningful way should reduce the proportion and number of life-threatening episodes.  
No reduction in life threatening episodes was seen when a definition for severe episode 
was used or when one considers episodes coded as serious adverse events.  In fact, 
these analyses are consistent and show a trend toward harm. Because severe/serious 
hypoglycemic events tend to be clinically dramatic events they are less susceptible to 
issues related to capturing events that truly represent clinically meaningful 
hypoglycemic events and are more reliable measures of hypoglycemic risk.  Other 
definitions may be more sensitive but are less specific.  It is difficult to argue that the 
definition proposed by Novo Nordisk is more clinically meaningful than the one 
proposed by the ADA.  Both seek to capture events that will lead to recurrent 
hypoglycemic episodes and its associated deleterious clinical consequences (i.e., 
severe episodes and inability to achieve control).  Even if one considers the Novo 
Nordisk definition to be able to reliably capture clinically meaningful events, the impact 
on clinical outcome of the observed 14-19% risk reduction remains uncertain. 
 
Nocturnal hypoglycemia results in trials evaluating patients with type-2 diabetes are 
shown below in these were discussed in the context of they type 1 diabetes data above. 
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Table 65: Nocturnal Hypoglycemia, Type 2 DM, Degludec Program, Across Definitions 
   Nocturnal ADA Severe Nocturnal ADA Documented 

Symptomatic 
Nocturnal Novo Nordisk 

Confirmed 
Study# 
(weeks) 

Treatment 
Arms N n (%) Event Event Rate n (%) Event  Event 

Rate  n (%) Event  Event Rate  

            
3582 (52) Degludec 753 10 (1.3) 14 2.1 339 (45.0) 1380 206 298 (39.6) 930 139 
 Glargine 251 3 (1.2) 3 1.3 134 (53.4) 643 281 119 (47.4) 422 184 
            
3579 (52) Degludec 766 1 (0.1) 1 0.1 156 (20.4) 429 64 106 (13.8) 169 25 
 Glargine 257 0 (0.0) 0 0 58 (22.6) 198 91 39 (15.2) 84 36 
3672 (26) DegludecU200 228 0 (0.0) 0 0 29 (12.7) 52 49 14 (6.1) 19 18 
 Glargine 228 0 (0.0) 0 0 34 (14.9) 67 63 20 (8.8) 30 28 
3586 (26) Degludec 284 0 (0.0) 0 0 93 (32.7) 325 244 58 (20.4) 104 78 
 Glargine 146 0 (0.0) 0 0 48 (32.8) 194 276 35 (24.0) 87 124 
3580 (26) Degludec 226 0 (0.0) 0 0 28 (12.4) 66 65 29 (12.8) 53 52 
 Sitagliptin 228 0 (0.0) 0 0 8 (3.5) 18 19 13 (5.7) 29 30 
3668 (26) Degludec FF 230 1 (0.4) 2 1.9 62 (27.0) 138 130 31 (13.5) 67 63 
 Degludec OD 226 0 (0.0) 0 0 47 (19.0) 119 114 24 (10.6) 58 56 
 Glargine 229 0 (0.0) 0 0 61 (26.6) 158 150 49 (21.4) 79 75 
NDA 203314; 5.3.5.3; Appendix 6.2;  Table s 261-262 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100 years of exposure 
Nocturnal period:  Defined as the time period between 00:01 and 5:59 AM inclusive. 
Definitions: 
ADA Severe:  an episode requiring assistance of another person to actively administer carbohydrate, glucagon, or other resuscitative actions  
ADA Documented Symptomatic:  Episode associated with both symptoms of hypoglycemia and a documented blood glucose < 70 mg/dL 
Novo Nordisk Confirmed:  ADA severe + Any recorded blood glucose < 56 mg/dL (i.e., with or without symptoms) 
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6.4. Insulin Degludec/Aspart Efficacy Summary 

 
Overall the applicant has demonstrated the efficacy of the fixed/dose combination 
product degludec/aspart in patients with type-1 and type-2 diabetes for duration of up to 
52-weeks.  Across the 5 Phase-3 trials the point-estimate of the difference in HbA1c 
reduction between degludec/aspart and comparator basal insulins or premixed insulins 
centered around zero-difference.  Efficacy conclusions based on HbA1c data were 
consistent with findings based on responder and/or fasting plasma glucose analyses.    
  
The efficacy summary is organized according to type of diabetes and method of use 
since patient population, comparator product and method of use varied between trials.  
 
Type 1 and 2 Diabetes: 
 
Randomization and Generalizability: 
 

• Baseline characteristics between intervention groups were for the most part 
balanced. 

 
• 22% and 33% of all screened individuals were ineligible to participate in the type-

1DM and type-2 DM program due to failure to meet one or more 
inclusion/exclusion criteria. 

 
• Retention rate in parent trials were high for both intervention groups (≥ 85%).  

Withdrawal rates and reason for withdrawals were comparable between groups. 
 

• Withdrawals due to hypoglycemia could be captured across the following 
withdrawal categories: ‘Adverse events’, ‘Withdrawal criteria’ and ‘Other’.  
Pooling these three categories reveals that subjects with type-1 DM randomized 
to degludec/aspart were more likely to withdraw due to hypoglycemia than 
subjects randomized to detemir (i.e., 3% versus 2%) and more of these 
withdrawals resulted from a serious adverse event of hypoglycemia (5 out 11 
versus 0 out 4 total hypoglycemia withdrawals). Hypoglycemia leading to 
withdrawal was rare in type-2 DM (i.e., < 1%) and was balanced between 
degludec/aspart and comparator 

 
Efficacy Summary:   
 
Trial NN5401-3594:  
 

• Insulin degludec/aspart administered once daily using a fixed 24-hour dosing 
interval was shown to provide a level of glucose control at the end of 26 weeks 
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that was not unacceptably worse than that provided by detemir administered 
once daily using a fixed 24-hour dosing interval in patients with type-1 diabetes 
co-administering insulin aspart to cover meal time insulin requirements (note: in 
degludec/aspart arm one meal was covered by fixed ratio product).   

 
• Additional analyses based on proportion of responders and on centrally 

measured fasting plasma glucose were generally consistent with the primary 
efficacy analysis based on change from baseline in HbA1c.   

 
• Subjects randomized to degludec/aspart used less total insulin per day (~14% 

less based on U/kg).  Subjects on degludec/aspart gained numerically more 
weight (i.e., 1.04 kg; p-value=NS) and had less frequent episodes of severe 
hypoglycemia (i.e., 27 versus 45 events per 100 patient years) compared to 
subjects randomized to detemir.  The proportion of subjects with at least one 
episode of severe hypoglycemia was numerically lower with degludec/aspart 
(13% versus 18%). 

 
Trials 3590 and 3593:  
 

• Insulin degludec/aspart administered once daily using a fixed 24-hour dosing 
interval was shown to provide a level of glucose control at the end of 26 weeks 
that was not unacceptably worse than that provided by glargine administered 
once daily in insulin naïve and insulin treated patients with type 2 diabetes 
inadequately controlled on maximally effective doses of metformin ± other oral 
anti-diabetics.   

 
• Additional analyses based on proportion of responders and on centrally 

measured fasting plasma glucose were consistent with the primary efficacy 
analysis based on change from baseline in HbA1c.   

 
• Subjects randomized to degludec/aspart in the two trials used slightly more 

insulin per day (~11% based on U/kg) at the end of the trial in study 3590 and the 
same amount of insulin at end of trial in study 3593.  Subjects on 
degludec/aspart gained numerically more weight (i.e., 1.08 and 0.33 kg in trials 
3590 and 3593 respectively).  Very few events of severe hypoglycemia were 
reported in either trial.   

 
Trial 3592 and 3597:  
 

• Insulin degludec/aspart administered twice daily was shown to provide a level of 
glucose control at the end of 26 weeks that was not unacceptably worse than 
that provided by BIAsp 70/30 administered twice daily in patients with type-2 
diabetes inadequately controlled on insulin and oral anti-diabetic at baseline. 
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• Additional analyses based on proportion of responders and on centrally 
measured fasting plasma glucose were consistent with the primary efficacy 
analysis based on change from baseline in HbA1c.   
 

• Subjects randomized to degludec/aspart, administered using a flexible 
schedule, used less total insulin per day at the end of trial (~10-20% less based 
on Unit/kg) than subjects using BIAsp 70/30. Subjects on degludec gained 
numerically less weight (i.e., -0.62 kg and -0.38 kg for trial 3592 and 3597 
respectively) and the rate of severe hypoglycemic events was lower in subjects 
randomized to degludec/aspart in these two trials. 

6.5. Indication 

6.5.1. Demographics 

6.5.1.1. Type 1 DM (Trial 5401-3594) 

Baseline demographic characteristics, for the 548 patients with type 1 diabetes mellitus 
who were randomized to IDegAsp and comparator, once daily, in the full analysis set 
population, are shown in Table 66. The mean (SD) age of participants was 41.3 (13) 
years [range: 18-80 years].  95% of patients were 65 years old or younger and 1.1% (6 
subjects) of participants were older than 75 years old (NDA 203313: 5.3.5.3: Appendix 
6.2: Table 11).  More subjects randomized to IDegAsp were younger than 65 years old 
(97% versus 92%). Overall, ~50% of participants were men but more subjects 
randomized to the IDegAsp arm were men.  The study population consisted of ~90% 
Whites, ~2.9% Blacks and ~1.3% Asians (i.e., Asian Indian and Asian non-Indian 
combined. In total, 17 subjects with T1DM were of Hispanic ethnicity (3.1%). 
 
Other characteristics were balanced at baseline.  On average the population was 
overweight per BMI criteria with a mean BMI of 26 kg/m2 (range: 16-36).  Participants 
had had diabetes for an average (SD) of 17 (12) years and had poor glycemic control 
based on mean HbA1c [8.3 (0.8)]. 35% of participants had one or more diabetes 
complication at baseline. The most common diabetes related complications were 
ophthalmic (~27%) followed by neurologic (~18%).   
 
There were imbalances in the associated co-morbid conditions between arms.  18% 
versus 11% of participants in the IDegAsp arm versus comparator arm had a diagnosis 
of hypothyroidism.  32% of participants in the IDegAsp arm versus 40% in the 
comparator arm had hypertension.  These two conditions were also the two most 
prevalent co-morbidities. 
 
Approximately 90% of participants used a basal-bolus regimen pre-trial.  Glargine (66%) 
and aspart (50%) were the most frequently used basal and short acting insulins 
respectively.  At baseline the mean total daily insulin dose was balanced between 
intervention arms (i.e., 0.7 U/kg).   
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Table 67). 
 
The mean (SD) age of participants was 58 (9.7) years [range: 20-89 years].  74% of 
patients were 65 years old or younger (range: 68-92%) and 3% of participants were 
older than 75 years (range 2-5%)43. 54% of participants were men. 
 
Approximately 47% of the participants were White, 48% were Asian (i.e., 18% Asian 
Indian and 31% Asian non-Indian) and 4% were Black.  A total of 137 subjects with 
T2DM were of Hispanic or latino ethnicity (7.4%). 
 
Reviewer Comment: The pooled results reflect demographic characteristics for each of 
the individual studies44 except for race and Ethnicity.  Trial NN5401-3597 was carried 
out in Asia and >95% of participants were Asian non-Indian. The number of races and 
ethnic groups represented and the proportion of subjects in each do not accurately 
reflect the demographics of the United States population.  Certain racial and ethnic 
groups (e.g., American Indians, Blacks and Hispanics) are underrepresented and 
Asians are overrepresented.   
 
Other baseline characteristics were balanced between intervention arms in the overall 
pool of studies (see 

                                            
43 NDA 203313: 5.3.5.3: ISE: Appendix 6.2: Table 12 
44 NDA 203313: 5.3.5.3: ISE: Appendix 6.2: Tables 10, 12, 14, 16, 18, 20, 22 
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Table 67) and within each trial.  The pooled population of type 2 DM patient was 
overweight to obese with a mean BMI of 29 kg/m2 (range: 16-48). Comparison across 
trials showed that mean BMI was consistent with the overall population except for Trial 
NN5401-3597 (Asia) where the mean BMI was 25 kg/m2 and the proportion of severely 
obese individuals was 0.5% (i.e., BMI > 35 kg/m2).  In trials NN5401-3592, NN5401-
3593 and NN5401-3590, 13-20% of individuals were severely obese (i.e., BMI > 35 
kg/m2). 
 
Participants had had diabetes for an average (range) of 12 (9-16) years and had 
inadequate baseline glycemic control [mean HbA1c of 8.5 (0.9)].  The proportion of 
participants with any diabetes complications at baseline ranged from 15-69%. The most 
commonly reported diabetes related complications, at baseline, in the pool of type 2 DM 
patients enrolled in the four IDegAsp trials were ophthalmic (~17%) followed by 
neurologic (~15%) and renal (8%).   
 
Reviewer Comment:  Baseline characteristics were matched within trials.  Differences in 
glucose control at baseline, diabetes duration and prevalence of diabetes related 
complications at baseline were seen between trials (Data not shown)45.  
 
In trial NN5401-3590 baseline Hba1c was higher than in other trials (i.e, 8.9% versus ~ 
8.4%).   
 
In Trial NN5401-3597 (Asia) a larger proportion of participants had, had diabetes for > 
10 years (77% versus 45%).  This is consistent with the observation that mean diabetes 
duration was ~ 4 years longer compared to the pooled estimate (i.e., 16 years) and that 
more participants in this trial had diabetes related complications at baseline (i.e., 69% 
versus < 23% for other trials).   
 
Participants in Trial NN5401-3590 (IDegAsp once daily versus glargine) had had 
diabetes for the fewest years (i.e., ~9 years) and had the least baseline complications 
from diabetes.  Between trial differences may be important for the clinical interpretation 
of results linked to specific safety endpoints in the pooled analysis of safety. 
 
Hypertension (68%), hyperlipidemia (28%), and dyslipidemia (24%), were the most 
commonly associated co-morbid conditions reported at baseline.  The proportion of 
subjects on specific insulin regimens as well as type and dose of oral anti-diabetic 
medication at baseline is shown in 

                                            
45 Source Data NDA 203313: 5.3.5.3: ISE: Appendix 6.2: Tables 29, 31, 33, 35. 
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Table 67.  The most commonly used class of OADs at baseline were biguanide and 
sulfonylurea. 
 
The majority of trial participants were recruited from Asia (Japan excluded) 38% 
(N=705), Europe 33% (N=608) and North America 16% (N=298)46.  
 

                                            
46 Source Data NDA 203313: 5.3.5.3: ISE: Appendix 6.2: Table 25 
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both arms was the category “Other”.  No relationship between proportion of withdrawals 
and trial duration was seen48. 
 
Table 68: Subject Disposition, Type 1 DM trial NN5401-3594, IDegAsp Program 

 
IDegAsp 

N (%) 
Detemir 

N (%) 
Total 
N (%) 

Screened   706 
Screening Failure   158 (22.4) 
    
Randomized 366 (100.0)  182 (100.0) 548 (100.0) 
Exposed 362 (98.9)  180 (98.9) 542 (98.9) 
Withdrawn 46 (12.6) 26 (14.3) 72 (13.1) 
Reason for Withdrawal    

Adverse Event 4 (1.1) 3 (1.6) 7 (1.3) 
Ineffective Therapy 2 (0.5) 0 (0) 2 (0.4) 
Non-Compliance With Protocol 8 (2.2) 6 (3.3) 14 (2.6) 
Withdrawal Criteria 7 (1.9) 5 (2.7) 12 (2.2) 
Other 25 (6.8) 12 (6.6) 37 (6.8) 

Completed Trial 320 (87.4) 156 (85.7) 476 (86.9) 
Full Analysis Set 366 (100.0) 182 (100.0) 548 (100.0) 
Per Protocol Analysis Set 336 (91.8) 168 (92.3) 504 (92.0) 
Source Data: NDA 203313; 2.7.3; SCE; Table 3-1 
N: Number of subjects; %: Proportion of randomized subjects; Ineffective Therapy: Either documented by HbA1c or undocumented and at 
investigator discretion. 

 
Reviewer Comment: In the Summary of Clinical Safety the sponsor analyzes disposition 
and reasons for withdrawal by pooling both the parent (3594) and extension trial (3645).  
Results are qualitatively similar to the parent trial (refer to 

                                            
48 Source: NDA 203313: 5.3.5.1 report-body nn5401-3594 Figure 14.1.3 
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Table 69).  The analyses that follow include both parent and extension trial. 
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Table 69: Disposition, Type 1 DM trial, Parent (3594) and Extension trial (3645) 
 

IDegAsp 
N (%) 

Detemir 
N (%) 

Total 
N (%) 

Screened   706 
Screening Failure   158 (22.4) 
    
Randomized 366 (100.0)  182 (100.0) 548 (100.0) 
Exposed 362 (98.9)  180 (98.9) 542 (98.9) 
Withdrawn 67 (18.3) 35 (19.2) 102 (18.6) 
Reason for Withdrawal    

Adverse Event 7 (1.9) 3 (1.6) 10 (1.8) 
Ineffective Therapy 2 (0.5) 0 (0) 2 (0.4) 
Non-Compliance With Protocol 12 (3.3) 7 (3.8) 19 (3.5) 
Withdrawal Criteria 9 (2.5) 6 (3.3) 15 (2.7) 
Other 37 (10.1) 19 (10.4) 56 (10.2) 

Completed Parent and 
Extension Trial 233 (63.7) 113 (62.1) 346 (63.1) 

Completed Parent Trial (26-
weeks) but Did Not Enter 
Extension 

66 (18.0) 34 (18.7) 100 (18.2) 

Entered Into Extension Trial 254 (69.4) 122 (67.0) 376 (68.6) 
Source Data: NDA 203313; 2.7.4; SCS; Table 1-9 
N: Number of subjects; %: Proportion of randomized subjects; Ineffective Therapy: Either documented by HbA1c or undocumented and at 
investigator discretion. 

 

6.5.2.1.1. Withdrawals for reason ‘Other’ 
The sponsor reviewed the cause of withdrawal for this category and categorized them in 
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Table 70.  The majority of subjects withdrew citing miscellaneous reasons which 
included: belief that the treatment was ineffective, unwillingness or inability to comply 
with protocol demands due to issues related to lifestyle.  Another frequently cited reason 
in the category “other” was withdrawal of consent without providing explanation.  
Hypoglycemia was a reason more frequently given by participants treated with IDegAsp 
than those treated with detemir 4 (1.1%) versus 1 (0.6%). 
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Table 70: Withdrawals Events Classified as “Others”, Type 1 DM, IDegAsp Parent 
and Extension Trial (N5401-3594/3645) 

 
Degludec 

N (%) 
Comparator 

N (%) 
 362 180 

Randomized in Error 3 (0.8) 1 (0.6) 
Withdrew consent 7 (1.9) 7 (3.9) 
Lost to follow-up 3 (0.8) 4 (2.2) 
Site Closure or Move 2 (0.8) 1 (0.6) 
Lack of effect 3 (0.8) 1 (0.6) 
Hypoglycemia 4 (1.1) 1 (0.6) 
Safety other than hypoglycemia 1 (0.3) 2 (1.1) 
Miscellaneous 14 (3.9) 2 (1.1) 

Source: 203313: 2.7.4. SCS: Table 1-10. 

 

6.5.2.1.2. Withdrawals for reason ‘Adverse Events’ 
Seven (1.9%) and three (N=3) subjects randomized to IDegAsp and Detemir 
respectively withdrew due to an adverse event.  More withdrawals were due to serious 
adverse events in the IDegAsp (N=6) arm compared to the detemir arm (N=1).  In the 
IDegAsp group, most withdrawals due to serious adverse events (N=4) were related to 
hypoglycemia related preferred terms [(i.e., hypoglycemic unconsciousness (2 events), 
hypoglycemia (1 event), hypoglycemia seizure (1 event)]49.  No hypoglycemia related 
events led to withdrawal in the detemir group.  One serious event of diabetic 
ketoacidosis led to withdrawal in the detemir group.  Narratives for withdrawals due 
serious adverse events of hypoglycemia are provided below. 
 
• Trial NN5401-3594, Subject 103022, Hypoglycemia Unconsciousness:  The 

case describes a 62 year old female from Poland with a past medical history 
significant for type 1 DM since 2007 and hypothyroidism, hypercholesterolemia and 
hypertension.  39 days after the patient was randomized to IDegAsp she was 
hospitalized for a severe hypoglycemic episode (27 mg/dL) with loss of 
consciousness.  The patient’s IDegAsp dose was decreased.  Four days after the 
initial event and while still in the hospital, she had another severe hypoglycemic 
episode (29 mg/dL).  IDegAsp was discontinued.  The patient was switched to 
Humalog and Humulin N.  She experienced a third episode of severe hypoglycemia 
seven days after the initial event. 

 
• Trial NN5401-3594, Subject 107004, Hypoglycemia Unconsciousness:  The 

case describes a 40 year old female from Poland with type 1 DM arterial 
hypertension and depression who experienced four episodes of severe 
hypoglycemia 13, 15, 17 and 21 days after being randomized to IDegAsp.  The 

                                            
49 Source: 233013: 5.3.5.3: ISS: Appendix 1.12. Table 7. 
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fourth episode was associated with loss of consciousness and led to permanent 
discontinuation of the trial product.   

 
• Trial NN5401-3594, Subject 402001, Hypoglycemia Unconsciousness:  The 

case describes a 53 year old male from Denmark with type 1 DM (1968).  The 
patient experienced two severe hypoglycemic episodes with altered consciousness 
37 and 95 days after being randomized to IDegAsp and discontinued the trial.  

 
• Trial NN5401-3594, Subject 503007, Hypoglycemic Seizure:  The case describes 

a 30 year old female from the United Kingdom with type 1 DM (1998).  The patient 
experienced two early morning (i.e., 6:30-7:00 am) hypoglycemic seizures 114 and 
131 days after being randomized to IDegAsp and discontinued the trial. 

6.5.2.1.2.1. Withdrawals due to Hypoglycemia 
 
Hypoglycemia leading to withdrawal was reported across multiple withdrawal 
categories.  Table 71 compares hypoglycemia as a reason for withdrawal across all 
categories of withdrawal in the three studies examining IDegAsp in type 1 diabetes.  
The data shows that withdrawals for hypoglycemia across all categories accounted for 
3% and 2% of all withdrawals in the IDegAsp and comparator arm respectively.  In 
contrast with comparator, more withdrawals due to hypoglycemia in the IDegAsp arm 
were due to serious adverse events (i.e., 7 versus 0).  
 
Table 71:  Withdrawals Due To Hypoglycemia, Across All Categories Of 
Withdrawal, Pooled Type 1 DM Trials, IDegAsp Program 

 IDegAsp Comparator 
 N=362 N=180 
 N (%) N (%) 

Hypoglycemia SAE 5 (1.4) 0 (0.0) 
Hypoglycemia non SAE 0 (0.0) 0 (0.0) 
Hypoglycemia causing a 
safety problem 
withdrawal criteria 

2 (0.6) 3 (1.7) 

Hypoglycemia 
caterorized as “Other’ 
reason for withdrawal 

4 (1.1) 1 (0.6) 

Source: 203313:  2.7.4 SCS: Table 2-51 p.159 
 

6.5.2.1.3. Withdrawals for reason ‘Withdrawal Criteria’ 
 
15 subjects (9 vs. 6 in IDegAsp vs. Detemir) were withdrawn because they met one of 
the protocol defined withdrawal criteria.  Hypoglycemia causing a safety problem was 
more frequently reported in subjects randomized to detemir.  Otherwise reasons for 
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withdrawals in this category were balanced.  This data is summarized in the table below 
by category.  
 
Table 72:  Withdrawals Due to Withdrawal Criteria, Type 1 DM, IDegAsp Parent 
and Extension Trial (N5401-3594/3645) 

 
Degludec 

N (%) 
Detemir 

N (%) 
 366 182 

Pregnancy 2 (0.5) 1 (0.5) 
Hypoglycemia causing a safety 
problem 2 (0.5) 3 (1.6) 

Protocol deviation 0 (0.0) 2 (1.1) 
Significant change in treatment 3 (0.8) 0 (0.0) 
Lack of effect after 12-weeks 1 (0.3) 0 (0.0) 
Donation of blood 1 (0.3) 0 (0.0) 
Adapted from Source: 203313: ISS: 5.3.5.3: Appendix 1.3: Table 14. 

 

6.5.2.1.4. Withdrawals due to Ineffective Therapy 
 
Withdrawals due to ineffective therapy could be reported across the following categories 
of withdrawal: reason for withdrawal, withdrawal criteria and the category other.  Table 
50 shows withdrawal due to ineffective therapy across all categories.  In the pool of 
patients with type 1 DM a higher proportion of patients withdrew due to ineffective 
therapy in the IDegAsp arm [2.0% (n=7) versus 0.6% (n=1)].   
 
Table 73:  Withdrawals Due To Ineffective Therapy, Across All Categories of 
Withdrawals, Type 1 DM, IDegAsp Program 

 IDegAsp 
N (%) 

Comparator 
N (%) 

 362 180 
Category ‘Ineffective 
therapy’ 2 (0.6)  (0.0) 

Withdrawal Criterion ‘lack of 
effect’ 

1 (0.3) 0 

Withdrawal Criterion ‘lack of 
effect after 12 weeks’ 

1 (0.3) 0 (0.0) 

Category ‘Other’ 3 (0.8) 1 (0.6) 
Adapted from Source: 203313; 2.7.4; SCS: Table 1-11 

 

6.5.2.2. Type-2 DM Trials IDegAsp Program 

998 and 857 subjects with type 2 diabetes were exposed to IDegAsp and Comparator 
respectively in the four IDegAsp trials.  These four trials contributed a cumulative 
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exposure to IDegAsp and Comparator of 453 and 393 patient years respectively at the 
time of NDA filing.50  
 
The most important reason for failing the screening visit was failure to meet one or more 
of the inclusion/exclusion criteria.  The proportion of randomized subjects who 
completed the four confirmatory type 2 DM trials was high and ranged from 85% to 
88%.  The completion rate for the pooled population of subjects with type 2 DM was 
86% and was balanced between IDegAsp and comparator arms (shown in Table 74).  
The most frequent reason for withdrawal was the category “Other” (5.7%) followed by 
the category “Withdrawal Criteria” (4.1%).  A slightly greater proportion of participants 
withdrew from the IDegAsp arm due to ”Withdrawal Criteria” (discussed below).  The 
proportion of subjects with T2DM discontinuing the trial due to other categories 
withdrawal was balanced between arms.  No relationship between proportion of 
withdrawals and trial duration was seen in the six confirmatory type 2 DM trials (data not 
shown) 51.  
  
Table 74: Subject Disposition, Pooled Type 2 DM Trials, IDegAsp Program 

 
IDegAsp 

N (%) 
Comparator 

N (%) 
Total 
N (%) 

Screened   2785 
Screening Failure   919 (33.0) 
    
Randomized 1004 (100.0) 862 (100.0) 1866 (100.0) 
Exposed 998 (99.4) 857 (99.4) 1855 (99.4) 
Withdrawn 147 (14.6) 111 (12.9) 258  (13.8) 

Adverse Event 18 (1.8) 13  (1.5) 31   (1.7) 
Ineffective Therapy   9 (0.9) 6   (0.7) 15   (0.8) 
Non-Compliance With 
Protocol 17 (1.7) 12   (1.4) 15   (0.8) 

Withdrawal Criteria 45 (4.5) 31   (3.6) 76   (4.1) 
Other 58 (5.8) 49   (5.7) 107 (5.7) 

Completed 857 (85.4)        751  (87.1)       1608  (86.2) 
Full Analysis Set 1000(99.6) 860  (99.8)     1860 (99.7) 
Per Protocol Analysis Set 895  (89.1)         776  (90.0)   1671 (89.5) 
Source Data: NDA 203313; 2.7.3; SCE;  Table 3-2 

 

6.5.2.2.1. Withdrawals for ‘Other’ 
 
Cases of withdrawal listed as “Others” for the pool of four trials performed in type 2 DM 
subjects were reviewed and manually categorized by the sponsor.  Reasons for 
withdrawal in this subset of patients were matched.  The proportion in each category 
was small. This is summarized below. 
                                            
50 Source Data: 203313: 5.3.5.3: ISE: Appendix 6.2: Table 314. 
51 Source Data: NDA 203313: 5.3.5.3 ISS; Appendix 1.3 Figure 19 
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Table 75: Categorization of Withdrawal Events Classified as “Others”, Pooled 
Type 2 DM trials, IDegAsp Program 

 
IDegAsp 

N (%) 
Comparator 

N (%) 
 998 857 

Randomized in Error 28 (2.8) 20 (2.3) 
Withdrew consent 19 (1.9) 10 (1.2) 
Lost to follow-up 1 (0.1) 5 (0.5) 
Site Closure or Move 2 (0.2) 2 (0.2) 
Lack of effect 1 (0.1) 0 (0.0) 
Hypoglycemia 1 (0.1) 3 (0.4) 
Safety other than hypoglycemia 1 (0.1) 1 (0.1) 
Miscellaneous 5 (0.5) 9 (1.1) 
Source: 203313: 2.7.4. SCS: Table 1-13 

 

6.5.2.2.2. Withdrawals due to ‘Adverse Events’ 
 
In the pool of four IDegAsp trials in patient with type 2 diabetes, no difference in the 
proportion of subjects who discontinued due to an adverse event was noted (1.8% 
versus 1.5%)52.  The rate of adverse events resulting in discontinuation was also similar 
(4.2 versus 4.3 events per 100 patient years). Most of the events leading to withdrawal 
in both arms were serious adverse events. The rates of serious adverse events leading 
to withdrawal were similar for IDegAsp and comparator (2.9 versus 3.1 events per 100 
patient years).  There was no clear imbalance between intervention arms with regards 
to type of events (See section for further discussion).  Two participants discontinued 
due to a hypoglycemia related PT in the IDegAsp versus 1 in the comparator arm. 

6.5.2.2.2.1. Withdrawals due to Hypoglycemia 
 
Hypoglycemia leading to withdrawal was reported across multiple withdrawal 
categories.  Table 76 compares hypoglycemia as a reason for withdrawal across all 
categories of withdrawal in the pool of studies examining IDegAsp in type 2 diabetes.  
The data shows that total events of hypoglycemia leading to withdrawals across all 
categories were low and balanced between IDegAsp and comparators (0.8% versus 
0.7%).  However, most events in the IDegAsp arm were either identified as serious or 
as causing a safety problem. 

                                            
52 Source 203313: 5.3.5.3: ISS: Appendix 1.12 Tables 9 and 10. 
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Table 76:  Withdrawals Due To Hypoglycemia, Across All Categories Of 
Withdrawal, Pooled Type 2 DM Trials, IDegAsp Program 

 IDegAsp Comparator 
 N=998 N=857 
 N (%) N (%) 

Hypoglycemia SAE 2 (0.2) 1 (0.1) 
Hypoglycemia non SAE 0 (0.0) 0 (0.0) 
Hypoglycemia causing a 
safety problem 
withdrawal criteria 

5 (0.5) 1 (0.1) 

Hypoglycemia 
caterorized as “Other’ 
reason for withdrawal 

1 (0.1) 3 (0.4) 

Source: 203313:  2.7.4 SCS: Table 2-53 p.164 
 

6.5.2.2.3. Withdrawals due to ‘Withdrawal Criteria’ 
 
Forty four and 31 subjects with type 2 diabetes randomized to IDegAsp and Comparator 
respectively were withdrawn due to meeting one or more of the predefined withdrawal 
criteria (see 5.3.9 for criteria).  The proportion of subjects withdrawn for each predefined 
withdrawal criteria is shown below (see Table 77). The withdrawal criterion most 
frequently resulting in withdrawals for both arms was ‘Protocol deviation’. ‘Hypoglycemia 
causing a safety problem’ was a more frequent cause of withdrawal in the IDegAsp arm.    
 
Table 77: Withdrawals Due To Withdrawal Criteria, IDegAsp, Type 2 DM 

 
IDegAsp

N (%) 
Comparator 

N (%) 

 1000 860 
Hypoglycemia causing a safety problem  5 (0.5) 1 (0.1) 
Protocol deviation 35 (3.5) 25 (2.9) 
Significant change in treatment  3 (0.3) 5 (0.6) 
Lack of effect after 12-weeks  2 (0.2) 0 (0.0) 
Source: 203313: ISS: 5.3.5.3: Appendix 1.3: Table 20. 

 

6.5.2.2.4. Withdrawals due to Ineffective Therapy 
 
Withdrawals due to ineffective therapy were reported across the following categories of 
withdrawal: reason for withdrawal, withdrawal criteria and the category other.  Table 78 
shows withdrawal due to ineffective therapy across all categories.  In the pool of 
patients with type 2 DM a higher proportion of patients withdrew due to ineffective 
therapy in the IDegAsp arm (1.2% versus 0.7%).   
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Table 78:  Withdrawals Due To Ineffective Therapy, Across All Categories of 
Withdrawals, Type 2 DM 

 IDegAsp 
N (%) 

Comparator 
N (%) 

 998 857 
Ineffective therapy 9 (0.9) 6 (0.7) 
Withdrawal Criterion ‘lack of 
effect after 12 weeks’ 

2 (0.2) 0 (0.0) 

Other 1 (0.3) 0 (0.0) 
Adapted from Source: 203313; 2.7.4; SCS: Table 1-14 

 

6.5.3. Analysis of Primary Endpoint(s) 

The primary efficacy objectives in the five confimatory IDegAsp trials were met.  The 
results are described in detail in Table 79 below. 
 
Table 79: Primary Efficacy Findings, Type 1 and 2 DM, IDegAsp Program 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
HbA1c 
(SD) 

LSMean 
Change in 
HbA1c 
(SE) 

Treatment 
Difference  
(95% 
Confidence 
Interval) 

Mean Total 
Daily 
BasalΔ 
Insulin* 
in U/kg 
(SD) 

Mean 
Total 
Daily 
Prandial* 
Insulin in  
U/kg 
(SD) 

Premix or Basal Insulin Once Daily, Prandial∫∫ Insulin with Meals, Type 1 DM 
3594 (26) IDegAsp OD 366 8.30 (0.8) -0.75 (0.06) -0.05 (0.18; 0.08) 0.37 (0.16) 0.49 (0.29) 
 Detemir  OD 182 8.28 (0.7) -0.70 (0.08)  0.46 ( 0.23) 0.54 (0.42) 

Premix or Basal Insulin Once Daily, Added  to Combination of OADs, Type 2 DM 
3590 (26) IDegAsp  OD 266 8.86 (1.0) -1.72 (0.08) 0.03 [-0.14; 0.20] 0.75 (0.39) -- 
 Glargine  OD 263 8.91 (0.9) -1.75 (0.03)  0.67 (0.33) -- 
3593 (26) IDegAsp  OD 230 8.29 (0.8) -1.00 (0.08) -0.03 [-0.20; 0.14] 0.69 (0.34) -- 
 Glargine  OD 233 8.36 (1.0) -0.97 (0.08)  0.69 (0.36) -- 

Premix or Basal Twice Daily, Added  to Combination of OADs, Type 2 DM 
3592 (26) IDegAsp  BID 224 8.33 (0.8) -1.31 (0.09) -0.03 [-0.18; 0.13] 1.08 (0.53) -- 
 BIAsp 30 BID 222 8.40 (0.9) -1.29 (0.10)  1.20 (0.57) -- 
3597 (26) IDegAsp  BID 280 8.45 (0.8) -1.39 (0.05) 0.05 [-0.10; 0.20] 0.79 (0.48) -- 
 BIAsp 30 BID 142 8.44 (0.9) -1.44 (0.10)  0.99 (0.61) -- 
Adapted from NDA 203313; Clinical Summary of efficacy; 2.7.3; Tables 3-13 to and 3-16 and Tables 14.2.10 of individual study reports (section 
5.3.5.1)  
Analysis performed on full analysis set using LOCF to impute missing data. Treatment difference analyzed by ANCOVA with treatment assignment, 
anti-diabetic therapy at screening regions and sex, used as fixed factors and baseline HbA1c and age as covariates in the model. LSMean; model-
based adjusted mean change in HbA1c from baseline (i.e., ΔHbA1c = end of trial – baseline).    
*Insulin doses were derived from the safety data set at end of treatment with LOCF to impute missing data.  Mean and median values insulin dose were 
similar (difference between mean and median was in most instances <  0.10 for type 2 DM and 0.05 U/kg for type 1 DM) in all trials with mean values 
being slightly larger. 
Δ Basal refers to DegAsp in all trials except 3594 where DegAsp units shown are actually basal degludec component units only.  Aspart component are 
shown in total daily prandial units column. 
∫ Degludec flexible dosing interval (FF) versus Glargine once daily (primary objective). 
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# Degludec flexible dosing interval (FF) versus Degludec once daily 

 

6.5.3.1. IDegAsp once daily Type 1 DM  

Glucose control afforded by a regimen of IDegAsp and prandial insulin aspart was 
observed to be non inferior to a regimen of basal insulin detemir and prandial insulin 
aspart in type 1 DM subjects in a 26-week trial (3594).  In both groups, a clinically 
significant change in HbA1c from baseline was observed.  Differences in LSMean 
change in HbA1c from baseline between IDegAsp and detemir was neither clinically or 
statistically significant.  In the IDegAsp group, total daily insulin (i.e., basal + prandial) 
used at end of trial was 14% less than in the detemir arm. 

6.5.3.2. IDegAsp once daily Type 2 DM  

Glucose control afforded by IDegAsp injected once daily [i.e., in the evening or with the 
main meal (3593) or at breakfast (3590)] was observed to be non-inferior to that 
afforded by once daily insulin glargine in insulin naïve (3590) and non-insulin naïve 
(3593) type 2 DM subjects with inadequate baseline control on oral antidiabetic 
medications in two 26-week trials.  Clinically significant reductions in HbA1c from 
baseline were observed in all intervention groups in these two trials.  Total insulin doses 
at the end of trial were clinically similar between intervention groups (~0.7 units/kg).  
Since in insulin IDegAsp the basal insulin component accounts for 70% of the injected 
insulin, less basal insulin was used to achieve a similar level of control. 

6.5.3.3. IDegAsp twice daily Type 2 DM  

Glucose control afforded by two daily injections (i.e., breakfast and evening meal) of 
IDegAsp was non-inferior to glucose control afforded two daily injections of a fixed ratio 
premixed insulin containing 70% protaminated insulin aspart (i.e., BIAsp 30) in two 26-
week trials [i.e., 3592, 3597 (Asia)] evaluating type 2 DM subjects with inadequate 
baseline glucose control on insulin and on various oral antidiabetic drugs.  Clinically 
meaningful reductions in HbA1c were seen in the two intervention groups for both trials.  
At the end-of-trial, mean total daily insulin dose was lower in subjects randomized to 
IDegAsp compared to BIAsp for both trials. 
 

6.5.4. Analysis of Secondary Endpoints(s) 

Analyses of secondary, glycemia-related, endpoints confirmed findings from primary 
analyses 

6.5.4.1. Responder Analyses 

In trial 3594, 25% of type 1 DM subjects randomized to IDegAsp had an HbA1c of <7% 
at end of treatment compared to 20% in the detemir arm.  Relative to detemir, 35% 
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more subjects in the IDegAsp arm were in good control at the end of treatment.  This 
difference was not statistically significant. 
 
The proportion of participants  with adequate glycemic control at end of treatment was 
similar between interventions in the two 26-week trials comparing once daily IDegAsp to 
once daily glargine, in insulin naïve (3590) and insulin treated (3593) subjects with type 
2 DM (i.e, 46% in the insulin naïve trial and 37-40% in the insulin treated trial). 
 
The proportion of participants with adequate glycemic control at end of treatment was 
similar between interventions in the two 26-week trials comparing twice daily IDegAsp to 
twice daily BIAsp, in type 2 DM subjects with inadequate control at baseline  (i.e.,~ 50% 
for all arms). 
 
Table 80:  Proportion of patients with an HbA1c <7% at EOT, Type 1 and 2 DM 
IDegAsp Program 

Study# 
(weeks) 

Treatment 
Arms N n 

Proportion  
(%) with 
HbA1c < 7% at 
End of 
Treatment 

Odds Ratio  
(95% Confidence 
Interval) 

Premix or Basal Insulin Once Daily, Prandial∫∫ Insulin with Meals, Type 1 DM 
3594 (26) IDegAsp OD 366 90 24.6 1.35 [0.85; 2.14] 
 Detemir  OD 182 37 20.3  
Premix or Basal Insulin Once Daily, Added  to Combination of OADs, Type 2 DM 

3590 (26) IDegAsp  OD 266  122 45.9 0.95 [0.66; 1.35] 
 Glargine  OD 263 120 45.6  
3593 (26) IDegAsp  OD 230 92 40.0 1.18 [0.78; 1.78] 
 Glargine  OD 233 85 36.5  

Premix or Basal Twice Daily, Added  to Combination of OADs, Type 2 DM 
3592 (26) IDegAsp  BID 224 113 50.4 1.06 [0.70; 1.60] 
 BIAsp 30 BID 222 108 48.6  
3597 (26) IDegAsp  BID 280 135 48.2 0.94 [0.61; 1.44] 
 BIAsp 30 BID 142 70 49.3  
Adapted from NDA 203313; ISE 5.3.5.3; Tables 70-74  
Analysis performed on full analysis set using LOCF to impute missing data. The Odds Ratio is estimated from a logistic regression 
model with treatment, sex, anti-diabetic treatment at screening and region as fixed factors and age and baseline HbA1c as 
covariates 
∫ Degludec flexible dosing interval (FF) versus Glargine once daily (primary objective). 
# Degludec flex ble dosing interval (FF) versus Degludec once daily 

6.5.4.2. Fasting Plasma Glucose Analyses 

The change in fasting plasma glucose from baseline to end of treatment paralleled the 
changes observed in HbA1c.  In contrast to HbA1c, fasting plasma glucose is not a time 
integrated measure of glucose control. Rather, it reflects hepatic glucose output in the 
fasting state and is influenced by a number of factors including basal insulin dose and 
kinetics. 
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In type 1 DM and type 2 DM trials, randomization to IDegAsp once daily resulted in 
clinically significant reductions in fasting plasma glucose levels from baseline levels.  A 
greater reduction from baseline was observed in the trial enrolling only insulin naïve 
subject (3590).  Comparatively, subjects randomized to IDegAsp had slightly less 
reduction in fasting plasma glucose from baseline than subjects randomized to detemir 
or glargine but this difference was not statistically significant except for trial (3590).  The 
finding in trial 3590 is unlikely to be clinically significant since primary analyses 
evaluating glucose control integrated over time did not reveal IDegAsp to be 
unacceptably worst than glargine. 
 
In trials evaluating the use of twice daily IDegAsp in subjects with type 2 DM, significant 
reductions in fasting plasma glucose levels from baseline were observed in all 
intervention arms.  At end-of-treatment subjects randomized to twice daily IDegAsp had 
greater reduction in their baseline fasting plasma glucose levels compared to those 
randomized to twice daily BIAsp.  This finding is unlikely to be clinically significant since 
integrated glucose control as measured by HbA1c was not found to be superior in the 
IDegAsp arm in either trials.  
 
Table 81: Fasting Plasma Glucose (mg/dL) IDegAsp Program 
Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
FPG (SD) 

LS Mean 
Change in FPG 
(SE) 

Treatment Difference  
(95% Confidence 
Interval) 

Premix or Basal Insulin Once Daily, Prandial∫∫ Insulin with Meals, Type 1 DM 
3594 (26) IDegAsp OD 365 186 (85) -29.74 (6.04) 4.09 [-8.25; 16.43] 
 Detemir  OD 181 198 (86) -33.84 (7.04)  
Premix or Basal Insulin Once Daily, Added  to Combination of OADs, Type 2 DM 

3590 (26) IDegAsp  OD 261 183 (52) -63.26 (3.62) 9.24 [1.68; 16.80] 
 Glargine  OD 261 187 (51) -72.50 (3.36)  
3593 (26) IDegAsp  OD 228 144 (46) -28.90 (3.74) 5.96 [-1.97; 13.89] 
 Glargine  OD 231 141 (50) -34.86 (3.63)  

Premix or Basal Twice Daily, Added  to Combination of OADs, Type 2 DM 
3592 (26) IDegAsp  BID 224 160 (52) -50.38 (4.10) -20.57 [-27.51;-13.63] 
 BIAsp 30 BID 220 155 (48) -29.81 (4.40)  
3597 (26) IDegAsp  BID 280 143 (45) -45.31 (2.10) -19.15 [-25.69;-12.62] 
 BIAsp 30 BID 140 143 (46) -26.15 (2.85)  
Adapted from NDA 203313; Clinical Summary of efficacy; 2.7.3; Tables 3-13 to 3-16  
Analysis performed on full analysis set using LOCF to impute missing data. Treatment difference analyzed by ANCOVA with 
treatment assignment, anti-diabetic therapy at screening regions and sex, used as fixed factors and baseline FPG and age as 
covariates in the model. LSMean; model-based adjusted mean change in FPG from baseline (i.e., ΔFPG= end of trial – baseline).   
∫ Degludec flexible dosing interval (FF) versus Glargine once daily (primary objective). 
# Degludec flex ble dosing interval (FF) versus Degludec once daily 

 

6.5.4.3. Body Weight 

Type-1 diabetes patients randomized to insulin degludec/aspart once daily gained on 
average numerically more weight (~ 1 kg) than subjects randomized to detemir once 
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daily.  Type-2 diabetes patients randomized to degludec/aspart once daily were also 
observed to gain more weight than subjects randomized to glargine once daily in trials 
3590 and 3593.  In contrast, type-2 diabetes patients gained less weight on 
degludec/aspart twice daily than patients randomized to BIAsp twice daily. 
  
Table 82:  Body Weight Changes, Type 1 and 2 DM, Degludec/Aspart 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
Weight 
(SD) 

LS Mean 
Change in 
Weight (SE) 

Treatment Difference  
(95% Confidence 
Interval) 

Premix or Basal Insulin Once Daily, Prandial Insulin with Meals, Type 1 DM 
3594 (26) IDegAsp OD 366 76.7 (14.6) 2.7 (0.32)  1.04 (0.38; 1.69) 
 Detemir  OD 182 76.0 (14.0) 1.7 (0.42)  
Premix or Basal Insulin Once Daily, Added  to Combination of OADs, Type 2 DM 

3590 (26) IDegAsp  OD 266 85.0 (17.9) 2.9 (0.28)  1.31 [0.72; 1.89] 
 Glargine  OD 263 85.1 (18.6) 1.6 (0.26)  
3593 (26) IDegAsp  OD 230 84.7 (19.9) 1.7 (0.24)  0.33 [-0.17; 0.83] 
 Glargine  OD 233 83.9 (19.2) 1.4 (0.23)  

Premix or Basal Twice Daily, Added  to Combination of OADs, Type 2 DM 
3592 (26) IDegAsp  BID 224 81.5 (18.1) 2.2 (0.31) -0.62 [-1.15; -0.10] 
 BIAsp 30 BID 222 78.9 (17.6) 2.8 (0.33)  
3597 (26) IDegAsp  BID 280 66.1 (11.2) 1.3 (0.19) -0.38 [-0.96; 0.21] 
 BIAsp 30 BID 142 66.0 (11.2) 1.7 (0.25)  
Adapted from NDA 203313; 5.3.5.3; Appendix 6.2 Tables 220-221 and 223-224. 
LSMean; model-based adjusted mean change in weight from baseline to end of treatment in full analysis set using LOCF for 
missing values (i.e., change in weight = end of trial – baseline).   
Treatment difference=IDeg-Comparator 
Treatment difference analyzed by ANCOVA with treatment assignment, anti-diabetic therapy at screening regions and sex, used 
as fixed factors and baseline weight and age as covariates in the model.  

 

6.5.4.4. Hypoglycemia 

6.5.4.4.1. Type 1 Diabetes 
Table 83 summarizes hypoglycemia data across three definitions and five 
degludec/aspart trials.  13% of patients with type 1 DM (3594) randomized to 
degludec/aspart versus 18% of individuals randomized to detemir (once or twice daily) 
experienced at least one event of severe hypoglycemia.  Hypoglycemic risk with 
degludec/aspart was numerically lower than risk with detemir for all definitions 
considered.  The number and rate of hypoglycemic events categorized as ‘serious 
events’ were higher in degludec/aspart compared to detemir (see Table 84). 

6.5.4.4.2. Type 2 Diabetes 
The number of individuals with severe events was low.  A comparative advantage for 
severe events was suggested by one trial examining once daily degludec/aspart 
compared to glargine but not confirmed in the other.   Compared to subjects injecting 
glargine once daily, subjects injecting degludec/aspart once daily were more likely to 
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experience hypoglycemia defined using broad definitions of hypoglycemia.  One trial 
comparing twice daily degludec/aspart to twice daily 70/30 aspart insulin suggested an 
advantage of degludec/aspart over 70/30 aspart insulin across all definitions.  This was 
not confirmed in the other trials. 
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Table 83: Hypoglycemia, IDegAsp Program, Across Three Definitions 
   ADA Severe ADA Documented Symptomatic Novo Nordisk Confirmed 
Study# 
(weeks) 

Treatment 
Arms N n (%) Event Event Rate n (%) Event  Event 

Rate  n (%) Event  Event Rate  

            
3594 (52) IDegAsp OD 362 48 (13.3) 79 26.6 330 (91.2) 14038 4729 344 (95.0) 9450 3183 
 Detemir  OD 180 33 (18.3) 65 44.7 162 (90.0) 7611 5233 169 (93.9) 5342 3673 
            
3590 (26) IDegAsp  OD 265 1 (0.4) 1 0.8 160 (60.4) 987 835 132 (49.8) 500 423 
 Glargine  OD 261 1 (0.4) 1 0.8 146 (55.9) 679 557 96 (36.8) 226 185 
3593 (26) IDegAsp  OD 230 0 (0.0) 0 0.0 138 (60.0) 858 821 121 (52.6) 451 431 
 Glargine  OD 233 3 (1.3) 4 3.7 149 (63.9) 904 841 112 (48.1) 344 320 
            
3592 (26) IDegAsp  BID 224 7 (3.1) 9 8.8 168 (75.0) 2330 2280 148 (66.1) 993 972 
 BIAsp 30 BID 222 16 (7.2) 25 25.3 176 (79.3) 2533 2565 153 (68.9) 1379 1396 
3597 (26) IDegAsp  BID 279 4 (1.4) 6 4.7 219 (78.5) 2741 2136 205 (73.5) 1227 956 
 BIAsp 30 BID 141 2 (1.4) 2 3.1 120 (85.1) 1228 1883 107 (75.9) 621 952 
NDA 203314; 5.3.5.3; Appendix 6.2;  Table s 151-156 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100  years of exposure 
Definitions: 
ADA Severe:  an episode requiring assistance of another person to actively administer carbohydrate, glucagon, or other resuscitative actions  
ADA Documented Symptomatic:  Episode associated with both symptoms of hypoglycemia and a documented blood glucose < 70 mg/dL 
Novo Nordisk Confirmed:  ADA severe + Any recorded blood glucose < 56 mg/dL (i.e., with or without symptoms) 
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Table 84: Hypoglycemia Reported as a Serious Adverse Event, Type 1 DM, Trial NN5401-3594/3465 
 IDegAsp Comparator 
       
Safety Analysis Set (N) 362   180   
Total Exposure (yrs) 296 (yrs)   146   
 n (%) Event  Event Rate  n (%) Event  Event Rate  
Metabolism and Nutrition SOC       

Hypoglycemia 15 (4.1) 25 8.4 9 (5.0) 9 6.2 
Hypoglycemia Unconsciousness   7 (1.9)   7 2.4 4 (2.2) 4 2.7 
Hypoglycemia Seizure   2 (0.6)   3 1.0 1 (0.6) 1 0.7 

Nervous System Disorders SOC       
Hypoglycemic Coma   1 (0.3)   2  0.7 0 0 0 

All Hypoglycemia Related Preferred Terms 
Serious Adverse Event Related To 
Hypoglycemia  39 13.2  14 9.6 
Adapted From: 203313: module 5.3.5.3: ISS: Table 2-17.   
Discreet events across preferred terms and SOCs were addted to derive  “Serious adverse event related to hypoglycemia” 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100  years of exposure 
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Table 85: Hypoglycemia Reported as Serious Adverse Events, Type 2 DM, Degludec/Aspart 
 Degludec Comparator 
       
Safety Analysis Set (N) 998   857   
Total Exposure (yrs) 453.4   393.4   
 n (%) Event  Event Rate  n (%) Event  Event Rate  
Metabolism and Nutrition SOC       

Hypoglycemia 3 (0.3) 5 1.1 7 (0.3) 7 1.8 
Hypoglycemia Unconsciousness 3 (0.3) 3 0.7 7 (0.1) 7 1.8 

All Hypoglycemia Related Preferred Terms 
Serious Adverse Event Related To 
Hypoglycemia  8 1.8  14 3.6 
Adapted From: 203313: module 5.3.5.3: ISS: Table 2-19.   
Discreet events across preferred terms and SOCs were added to derive  “Serious adverse event related to hypoglycemia” 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100  years of exposure 
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6.5.5. Subpopulations 

Analyses of efficacy across the same subgroups as those considered in NDA 203314 
were carried out.  In general, the subgroup analysis results were consistent with the 
results of the overall population and no clinically meaningful interactions to suggest 
treatment differences for specific subgroups were identified (Refer to Dr. Dongmei Liu’s 
review for full details). 
 

7. Review of Safety 
The primary safety review was performed by Dr. Karim Calis please refer to his review 
for full details. 

8. Postmarket Experience 
Not applicable. 
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9. Appendix 
Table 86: Participating Countries and Number of Sites in the Degludec Therapeutic Confirmatory 
Trials 

Trial# Participating Countries and Sites (n) 
Type 1 DM 

Basal Once Daily Plus Prandial Insulin 

3583 The trial was conducted at 79 sites in 6 countries: France (6), Germany (5), Russia (7), South Africa 
(3), United Kingdom (6), United States (52) 

3585 
(no US sites) 

The trial was conducted at 55 sites in 7 countries: Brazil (2), Finland (8), India (10), Italy (6), Japan 
(15), Macedonia (1) and United Kingdom (13) 

Once Daily; “Flexible” Basal Dosing Interval Plus Prandial 

3770 The trial was conducted at 71 sites in 6 countries: Belgium (5 sites), Germany (7 sites), Norway (5 
sites), Poland (5 sites), United Kingdom (12 sites) and United States (37 sites) 

Type 2 DM 
Basal Once Daily Plus Prandial Insulin added to OADs 

3582 
The trial was conducted at 123 sites in 12 countries: Bulgaria (8 sites), Germany (8 sites), Hong 
Kong (1 site), Ireland (4 sites), Italy (11 sites), Romania (5 sites), Russia (6 sites), Slovakia (4 sites), 
South Africa (5 sites), Spain (9 sites), Turkey (3 sites) and the United States (59 sites) 

Basal Once Daily Added to Combination OADs 

3579 
The trial was conducted at 166 sites in 12 countries: Austria (6 sites), Belgium (5 sites), Canada (17 
sites), Czech Republic (5 sites), Denmark (6 sites), Finland (6 sites), France (7 sites), Germany (16 
sites), Norway (8 sites), Serbia (5 sites), Spain (9 sites) and United States (76 sites) 

3672 
The trial was conducted at 106 sites in 8 countries: Canada (11 sites), France (6 sites), Ireland (3 
sites), Russian Federation (7 sites), South Africa (4 sites), Ukraine (2 sites), United Kingdom (18 
sites) and United States (55 sites) 

3586 
(no US sites) 

The trial was conducted at 52 sites in 6 countries: Hong Kong (1 site), Japan (12 sites), Malaysia (8 
sites), South Korea (19 sites), Thailand (6 sites) and Taiwan (6 sites) 

Basal Once Daily “Flexible” Dosing Interval Added to Combination OADs; 

3580 The trial was conducted at 78 sites in 7 countries: Argentina (2 sites), Canada (11 sites), India (8 
sites), Mexico (2 sites), South Africa (3 sites), Turkey (5 sites) and the United States (47 sites) 

3668 
(no US sites) 

The trial was conducted at 69 sites in 14 countries: Hungary (3 sites), Macedonia (1 site), Serbia (3 
sites), Finland (7 sites), Norway (6 sites), United Kingdom (6 sites), Argentina (4 sites), Mexico (2 
sites), South Africa (3 sites), India (10 sites), Malaysia (5 sites), Taiwan (3 sites), Russian 
Federation (8 sites) and Israel (8 sites) 

Basal Three Times Weekly Added to Combination OADs; 

3718 The trial was conducted at 89 sites in 7 countries: Bulgaria (4 sites), Canada (7 sites), France (8 
sites), Hungary (5 sites), Netherlands (9 sites), Romania (5 sites), and United States (51 sites). 
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3724 
The trial was conducted at 94 sites in 7 countries: Canada (14 sites), Czech Republic (5 sites), 
Israel (4 sites), Slovakia (5 sites), South Africa (3 sites), United Kingdom (8 sites) and United States 
(54 sites) 

 
 
Table 87: Participating Countries and number of Sites in the Degludec/Aspart Program 

Trial Participitating Countries and Sites (n) 
Type 1 DM 

IDegAsp (70/30) Once Daily Plus Prandial Insulin At Other Meals 

NN5401-3594 
The trial was conducted at 79 sites in 9 countries: Denmark (3 sites), Poland (6 sites), 
Romania (8 sites), France (3 sites), United Kingdom (8 sites), Russian Federation (11 sites), 
Israel (4 sites), Australia (7 sites) and United States (29 sites). 

Type 2 DM 
IDegAsp (70/30) Once Daily Added to Combination OAD(s) 

NN5401-3590 
insulin naïve 

The trial was conducted at 61 sites in 9 countries: Croatia (2 sites), France (4), India (8), 
Poland (4), South Africa (3), Republic of Korea (6), Sweden (5), Turkey (5) and United States 
(U.S.) (24) 

NN5401-3593 
insulin treated 

The trial was conducted at 61 sites in 9 countries: Croatia (2 sites), France (4), India (8), 
Poland (4), South Africa (3), Republic of Korea (6), Sweden (5), Turkey (5) and United States 
(U.S.) (24) 

IDegAsp (70/30) Twice Daily Added to Combination OAD(s) 

NN5401-3592 
(no US sites) 

The trial was conducted at 50 sites in 10 countries: Australia (5 sites), Denmark (7 sites),be 
Finland (5 sites), India (9 sites), Malaysia (3 sites), Poland (5 sites), Sweden (6 sites), Taiwan 
(3 sites), Thailand (3 sites), Turkey (4 sites) 

NN5401-3597 
(no US sites) 

The trial was conducted at 45 sites in 5 countries: Japan (16 sites), South Korea (16 sites), 
Hong Kong (1 site), Malaysia (8 sites), and Taiwan (4 sites) 
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1. INJECTABLE INSULIN PRODUCT DEVELOPMENT: 

Sponsors developing novel injectable insulin products are required to carry out 
studies to establish the clinical safety and efficacy of the new product.  The 
purpose of these studies is to demonstrate that the proposed method of use 
(e.g., injection schedule), the novel drug substance and/or specifics related to the 
formulation (e.g., strength) leads to effective diabetes management and that the 
treatment is not associated with undue hypoglycemia and/or immunogenicity risk.  
(See appended “Guidance for Industry Diabetes Mellitus: Developing Drugs 
and Therapeutic Biologics for Treatment and Prevention”) 
 
The confirmatory studies should demonstrate actual reductions in glycemia (i.e., 
as opposed to simple maintenance of pretrial levels of control) from baseline to 
end of study for the indicated method of use in the population(s) in whom the 
drug is indicated. The test and comparator groups should be treated to similar 
glycemic goals in a non-inferiority trial design in order that comparisons among 
groups in frequency and severity of hypoglycemia will be interpretable in ultimate 
risk-benefit assessments.  
 
Confirmatory studies for insulin products are usually open label and active-
controlled in design.  Inability to adequately blind insulin preparations (due to 
differences in turbidity, due to proprietary drug delivery systems, or due to distinct 
methods of use), ethical issues (i.e., unacceptable number of daily injections) 
and issues of compliance (i.e., number of daily injections) have been invoked to 
explain the difficulty associated with designing, blinded, double-dummy insulin 
trials. 
 
In December 2008, FDA issued a Guidance for Industry outlining a prescribed 
assessment of cardiovascular (CV) safety for all new anti-diabetic therapies 
developed for T2DM (refer to appended: “Guidance for Industry Diabetes 
Mellitus — Evaluating Cardiovascular Risk in New Antidiabetic Therapies to 
Treat Type 2 Diabetes”).  The Guidance specified two thresholds of excess risk 
that needed to be excluded by applicants – a pre-marketing threshold of 80% 
and a post-marketing threshold of 30%.  The Guidance was issued in recognition 
that patients with diabetes are at increased risk of developing cardiovascular 
disease and while no anti-diabetic therapy or glucose-lowering regimen has yet 
shown definitive evidence of CV risk reduction, the therapies themselves should 
not counterbalance the benefit of glycemic control with an unacceptable risk for 
CV harm.  In contrast to non-insulin products for the treatment of type 2 diabetes, 
FDA has not required sponsors of injectable insulin products to plan their Phase 
2/3 development program to exclude the aforementioned margins of excess CV 
risk.  This has, in part, been due to the challenges of the trial designs for insulin 
products.  Even though exclusion of a specific level of cardiovascular risk has not 
been required, sponsors are still asked to collect, in a prospective manner, 
reliable cardiovascular data where CV events are adjudicated by a blinded 
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endpoints committee in their Phase 2/3 program and include pre-specified 
cardiovascular analyses in their marketing application. 

1.1. General Considerations Regarding Insulins as a Class of Anti-diabetic 
Agent 

Insulin corrects all the metabolic disturbances associated with type 1 DM and is 
regarded as a lifesaving therapy for these patients.  In subjects with type 2 DM, 
insulin is often the last effective form of therapy when patients are no longer 
controlled on maximum effective doses of non-insulin products or when presence 
of co-morbid conditions (e.g., renal impairment, heart failure) preclude the use of 
specific non-insulin product classes. 
 
Table 1: List and Pharmacokinetic Profiles of Currently Available Insulins 
Indicated for the Treatment of Type 1 and 2 Diabetes. (Table Created by 
Author of Document) 

Insulin preparations (100 U/mL) 
Biosynthetic process 

Half-
life 

(hrs) 

Onset 
(hrs) 

Peak  
(hrs) 

Duration 
(hrs) 

Compatible  
mixed** with 

Drug Substance; rDNA Insulin Human*  

Insulin regular 
 (HumuLIN R ®) 

E.coli based 
— 0.5 to 

1 3 to 4 8 to 12 NPH 

Insulin regular 
(NovoLIN R ®) 

S. cerevisiae based 
— 0.5 to 

1 3 to 4 8 to 12 NPH 

Drug Substance; rDNA Insulin Analog Human 
Insulin lispro 
(HumaLog ®) 
E.coli based 

1 0.25 0.5 to 1.5 2 to 5  
NPH 

Insulin aspart 
(NovoLog ®) 

S. cerevisiae based 
1.5 0.25 1 to 3 3 to 5 a 

Rapid Acting 

Insulin glulisine 
(Apidra ®) 

E.coli based 
0.7 — 0.5 to 1.5 1 to 2.5 NPH 

Drug Substance; rDNA Insulin Human* 

Insulin Isophane or Neutral 
Protamine Hagedorn (NPH)  

Humulin N ® 
E.coli based 

— 1 to 
1.5 4 to 12 24 Regular 

Intermediate 
Acting 

Insulin Isophane or Neutral 
Protamine Hagedorn (NPH)  

Novolin N ® 
S.cerevisiae based 

— 1 to 
1.5 4 to 12 24 Regular 

Drug Substance; rDNA Insulin Analog Human 

Insulin glargine 
(Lantus ®) 

E.coli based 
— 1.1 No pronounced 

peak 24 None 
Long Acting 

Insulin detemir 
(Levemir ®) 

S.cerevisiae based 
— 0.8 to 

2 
No pronounced 

peak up to 24 — 
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*Over the counter schedule all others require a prescription 
**Marketed pre-mixed insulin preparations containing various proportions (denoted as a percentage) of insulin isophane 
and insulin regular:  HumuLIN 70/30 ® NovoLIN 70/30®  
**Marketed pre-mixed insulin preparations containing various proportions (denoted as a percentage) of insulin analog 
isophane and insulin analog:  HumaLOG mix 50/50 ®, HumaLOG mix 75/25 ®, NovLOG mix ® 70/30. 

 

1.2. Benefits Associated with Glycemic Control Intensification Using 
Insulin in Type 1 and 2 DM 

Insulin, used as a means to normalize glycemia, has been shown to reduce 
damage to the microvasculature caused by chronically elevated blood glucose 
levels in type 1 and 2 DM. 
 
Intensive glucose control with insulin in subjects with T1DM was shown to delay 
the onset and slow the progression of retinopathy, nephropathy, and neuropathy 
in the Diabetes Control and Complications Trial (DCCT)(1). 
 
A reduction in the onset and progression of retinopathy, nephropathy and 
neuropathy was also observed in T2DM subjects treated with intensive insulin 
therapy in a small Japanese study (2). 
 
The United Kingdom Prospective Diabetes Study (UKPDS) study(3) 
demonstrated that intensive glucose control achieved using either sulfonylurea 
(N=1573), insulin (N=1156) or metformin (N=342 overweight) led to a significant 
reduction in the risk of microvascular disease complications compared to 
conventional glucose control in subjects newly diagnosed with T2DM.  The effect 
was consistent across these three therapy subgroups. 

1.3. Risks Associated with Glycemic Control Intensification using Insulin 
in Type 1 and 2 DM. 

Insulin, used as a means to normalize glycemia, has been shown to increase the 
risk of hypoglycemia and to cause weight gain.   
 
Hypoglycemia:  The risk of hypoglycemia in the Diabetes Control and 
Complications Trial (DCCT) was three-fold higher in subjects randomized to 
intensive glucose control.  In the UKPDS study, subjects randomized to intensive 
control with insulin were also more likely to experience a hypoglycemic event 
compared to subjects randomized to conventional therapy (i.e., 1.8-fold 
increase). 
 
Weight Gain: In the DCCT subjects randomized to intensive insulin therapy 
gained significantly more weight than individuals randomized to conventional 
insulin treatment.  A similar effect was observed in subjects randomized to insulin 
the UKPDS study. 
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1.4. Insulin and Cardiovascular Disease in Type 1 and 2 DM: 

Insulin, used as a means to achieve tight glucose control, has not been 
associated with adverse clinical cardiovascular outcomes in large clinical trials1. 
 
In DCCT intensification of glycemic control with insulin for an average of 6.5 
years was associated with a non-significant reduction in the incidence of ‘major 
macrovascular’ events (14 versus 3 events in the conventional versus intensive 
arm) and a beneficial effect on mean total serum cholesterol, calculated low-
density lipoprotein cholesterol, and triglycerides(4).  The cumulative incidence of 
hypertension between the intensive and conventional arm was similar.  
 
The Epidemiology of Diabetes Interventions and Complications study (EDIC)(5) 
followed 93% of DCCT participants for 10 additional years after intervention had 
ceased to prospectively evaluate incident cardiovascular disease.  In this study, 
cardiovascular disease was defined as: nonfatal myocardial infarction, stroke, 
death from cardiovascular disease, confirmed angina, or the need for coronary-
artery revascularization.  After a mean follow-up of 17 years, subjects who had 
been randomized to intensive treatment during the intervention phase were 
reported to have a 42% reduction (95 percent confidence interval, 9 to 63 
percent; P=0.02) in the risk of any cardiovascular disease event and a 57% 
percent reduction (95 percent confidence interval, 12 to 79 percent; P=0.02) in 
the risk of nonfatal myocardial infarction, stroke, or death from cardiovascular 
disease. 
 
The Diabetes Mellitus Insulin Glucose Infusion in Acute Myocardial Infarction 
study (DIGAMI)(6) suggested that intensification of diabetes management 
initiated within the first 24-hours post-myocardial infarction through the use of 
insulin (intravenous followed by subcutaneous delivery) reduced mortality 
compared to standard treatment in patients with T2DM.   A second, similarly 
designed, study (DIGAMI-2)(7) did not confirm a mortality advantage associated 
with intensification of insulin therapy immediately post myocardial infarction in 
patients with type 2 diabetes.    
 
The impact of an intervention aimed at normalizing fasting plasma glucose, by 
using a basal insulin analogue, on cardiovascular outcomes in subjects with 
established Type-2 DM or patients with glucose abnormalities at high risk for 
cardiovascular events was studied in the recently published ORIGIN study(8).  In 
this study, 12,537 individuals were randomized to receive insulin glargine at a 
dose individualized to target a fasting plasma glucose of ≤ 95 mg/dL or to 
standard of care therapy where treatment was based on investigator judgment 
and local guidelines.  The investigators report that after a median of 6.5 years, 
glucose control achieved through the use of glargine was not associated with a 
favorable or harmful effect on cardiovascular outcomes (hazard ratio for the 

                                                 
1 Note:  Insulin type and preparation differed between trials:  DCCT: Bovine, porcine and human 
rapid and basal insulin. DIGAMI: human rapid and basal insulin.  ORIGIN: Analog basal insulin. 
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composite of: cardiovascular death, non-fatal myocardial infarction and non-fatal 
strokes, 1.02; 95% confidence interval [CI], 0.94 to 1.11; P = 0.63) .  The 
intervention was associated with significant increases in weight and risk of 
hypoglycemia compared to standard of care therapy. 

1.5. Hypoglycemia and Cardiovascular Disease Risk in T2DM 

An association between severe hypoglycemia and cardiovascular morbidity and 
overall mortality has been suggested in large clinical trials of patients with T2DM.   
 
The ACCORD(9) (Action to Control Cardiovascular Risk in Diabetes), VADT(10) 
(Veterans Affairs Diabetes Trial) and ADVANCE(11) (Action in Diabetes and 
Vascular Disease: Preterax and Diamicron MR Controlled Evaluation) trials 
evaluated the impact of intensive glucose control (HbA1c target < 7%) compared 
to standard glucose control on cardiovascular outcomes in patients with T2DM at 
risk of cardiovascular events.   
 
In the three trials, more intensive glycemic control was not associated with a 
beneficial effect on CV events or mortality.  In the ACCORD study, subjects 
randomized to intensive control were more likely to die from all (5.0 vs. 4.0%; HR 
1.22; 95% CI 1.01–1.46; P = 0.04) and CV-related (2.6 vs. 1.8%; HR 1.35; 95% 
CI 1.04–1.76; P = 0.02) causes. 
 
In these three trials, the risk of severe hypoglycemia was significantly higher in 
the intensive compared with the standard arms.  Post-hoc analyses from these 
three2 studies suggest that hypoglycemia was a predictor of adverse clinical 
outcomes including deaths, CV-deaths and/or other cardiovascular outcomes 
(11;12).  Even though subjects who suffered a fatal outcome in ACCORD were 
more likely to have had experienced a severe hypoglycemic event, severe 
hypoglycemia per se did not explain the excess mortality observed in intensively 
treated patients. 

                                                 
2 Post-hoc hypoglycemia analyses of VADT data were presented by Dr. William Duckworth at the 
American Diabetes Association 69th Scientific Sessions in 2009. 
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2. DRUG PRODUCTS 

2.1. INSULIN DEGLUDEC 

The insulin degludec drug product is a solution for subcutaneous injection.  The 
drug is intended to cover basal insulin requirements in patients with T1DM and 
T2DM.   
 
The drug substance in insulin degludec is an analogue of human insulin 
produced using yeast recombinant DNA technology and chemical modification.  
Insulin degludec differs from human insulin by omission of a threonine residue at 
the amino terminal B-chain (B30) and by attachment of a 16 carbon fatty acid to 
the epsilon-amino group of the lysine residue at position 29 of the B-chain 
through a gamma-glutamic acid spacer. The structural formula for insulin 
degludec is shown in Figure 1.   
 

 
Figure 1: Degludec Insulin, Structural Formula.  Source NDA 203314. Module 2.3.I. 
 
Two formulation strengths are proposed in the degludec application:  one 
containing 100 units of analogue insulin per milliliter (600 nmol/mL) and a twice 
concentrated formulation containing 200 units of analogue insulin per milliliter 
(1200 nmol/mL).  The product formulation was optimized using standard 
excipients to delay systemic absorption of the drug substance from the 
subcutaneous depot in order to prolong the time action profile of the insulin.  The 
fatty acid moiety of degludec insulin binds to albumin and further contributes to 
the protracted time action profile. 

2.2. INSULIN DEGLUDEC/ASPART 

The insulin degludec/aspart fixed ratio drug product is a solution for 
subcutaneous injection.  The drug is intended to cover basal insulin requirements 
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and prandial insulin requirements for one meal of the day in patients with T1DM 
and T2DM. 
   
The drug substances in insulin degludec/aspart are two insulin analogues: 
degludec insulin and the approved analogue, aspart insulin.  The drug product 
formulation strength is 100 units per milliliter (600 nmol/mL) and contains 70% 
degludec weight (i.e., 420 nmol of degludec insulin in 1 mL) and 30% aspart 
weight by volume (i.e., 180 nmol of aspart insulin in 1 mL).    

3. DEGLUDEC INSULIN IN-VITRO PHARMACOLOGY SUMMARY 

The degludec drug product was optimized to delay systemic absorption of the 
drug substance from the subcutaneous depot in order to prolong the time action 
profile of the insulin.  Once absorbed, the pharmacological effect of degludec 
results from binding to insulin receptors expressed on the surface of specific 
cells.   
 
Insulin degludec was found to be selective for the insulin receptor (IR) and the 
structurally similar insulin like growth factor receptor (IGF-1R) in assays of 
standard receptors and transporters. 
 
Insulin degludec was shown to bind the two insulin receptor isoforms (IR-A and 
IR-B) with similar affinity.  Degludec insulin binds human insulin receptors with 
less affinity than regular human insulin (relative affinity of degludec was 13 and 
15% that of regular insulin for IR-A and IR-B isoforms respectively).  Presence of 
albumin in experimental conditions lowered the binding affinity of degludec for 
the human insulin receptor further (comparative affinity to regular insulin: 4.3% 
for the IR-A and 3.2% for the IR-B isoforms). This finding is not unexpected as 
degludec insulin binds to proteins (i.e., a property of its fatty acid moiety) and in 
the presence of protein, less free degludec insulin is available to bind receptors. 
 
The binding affinity of degludec for the human insulin-like growth factor 1 
receptor (IGF-1R) was ~ 2% and 0.4% that of human insulin in the absence and 
presence of albumin respectively. 
 
In functional studies, degludec insulin was observed to be less potent than 
human insulin.  This observation was consistent with the observed lower binding 
affinity of degludec insulin for the insulin receptor.  The maximal functional 
response elicited by degludec insulin and regular human insulin were, however, 
similar suggesting degludec insulin acts as a full agonist at the insulin receptor. 
 
In vivo, insulin degludec is expected to have similar efficacy to human insulin 
despite observed differences in in-vitro potency.  Steady-state insulin 
concentrations in vivo depend on insulin clearance which is determined primarily 
by insulin receptor binding/internalization.  Analogue insulins with lower binding 
affinity, such as degludec, are expected to reach higher insulin concentration at 
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steady-state compared to human insulin concentration in vivo thereby minimizing 
efficacy/potency differences observed in-vitro. 
 
Levels of total (i.e., bound and unbound) circulating insulin degludec are high 
after single or repeat injections in-vivo (i.e., >10X the levels of non-acylated 
insulins).  This is in part due to the receptor binding affinity and insulin clearance 
issues discussed above but more likely related to the fact that the fatty acid 
moiety of insulin degludec allows it to bind strongly to circulating albumin.    
 
Common protein-bound drugs like ibuprofen, warfarin, acetylsalicylate, salicylate 
and frequently used antidiabetic agents glimepiride, metformin, sitagliptin and 
liraglutide as well as palmitate, oleate and linoleate did not affect insulin degludec 
binding to human serum albumin at therapeutically/physiologically relevant drug 
concentrations.  
 
The potential of insulin degludec to competitively displace albumin-bound drugs 
is considered to be very low, as the concentration of insulin degludec is 
significantly lower in human plasma (<10 nmol/L) compared to the albumin 
concentration (0.6 mmol/L ~ 600 000 nmol/L); and insulin degludec will occupy 
less than 0.01% of the circulating albumin molecules. Based on these findings, 
protein binding interaction is considered unlikely. 
 
No or only minor effect on individual cytochrome P-450 (CYP) expression (less 
than 2-fold induction) was observed following insulin degludec treatment in rats. 
All effects of insulin degludec were similar to those elicited by human insulin. 
 
Degludec was not found to influence ECG parameters or hemodynamic 
parameters in anesthetized, mechanically ventilated, glucose clamped, male 
beagle dogs after single intravenous doses up to 12 nmol/kg.  No effect of 
degludec on the action potential recorded from Rabbit Purkinje fibers was 
observed following incubation with 1000 nmol/L of insulin degludec.  Insulin 
degludec was not found to bind hERG channels. 
 
No significant effects on blood pressure, ECG or heart rate were noted in 
conscious female beagle dogs dosed with single subcutaneous doses up to 24 
nmol/kg or with repeated daily dosing up to 26 weeks at > 8 nmol/kg/day. 

4. CLINICAL PHARMACOLOGY SUMMARY 

Steady state serum concentrations of degludec insulin are reached after 2–3 
days of once daily subcutaneous dosing. 
 
Total exposure, at steady state after subcutaneous administration, is dose 
proportional within the therapeutic dose range in subjects with T1DM and T2DM. 
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Degludec insulin was detectable in serum for at least 120 hours (5 days) after the 
last steady state subcutaneous dose of degludec was administered.  The ½ life in 
this setting was approximately 25 hours.   
 
The duration of action of degludec insulin was demonstrated to last beyond 42 
hours.  Because of this prolonged half-life, the applicant also investigated flexible 
dosing regimens of degludec in its clinical development program. 
 
Advance age (i.e., ≥ 65 years of age), sex (i.e., male, female), race and ethnicity 
did not impact total exposure at steady state. 
 
Renal function and hepatic function did not impact the pharmacokinetic 
properties after a single dose. 
 
The steady state pharmacokinetic profile of degludec insulin was not affected by 
co-formulation with aspart insulin.  
 
Some differences in the pharmacokinetic profile of aspart insulin when co-
formulated with degludec insulin were observed.  However these did not translate 
into statistically and/or clinically significant effects on the pharmacodynamic 
properties of the aspart insulin. 

5. CLINICAL DATA  

5.1. CLINICAL DATA DEGLUDEC NDA 

At the time of NDA 203314 filing, 41 studies evaluating the insulin degludec (i.e., 
IDeg) drug product were completed and submitted to FDA.  Efficacy and safety 
evaluation for these completed studies have a cutoff date of January 31st 2011.  
The 41 studies can be subdivided into the following trial types; 
 

• 25 clinical pharmacology trials 
• 3 therapeutic exploratory trials 
• 11 therapeutic confirmatory trials 
• 2 trials that do not fit in the above categories 

 
At the time of NDA filing, 6 insulin degludec studies were ongoing.  Five of these 
studies were extension of completed therapeutic confirmatory trials (TCT) and 
one study was a 26-week trial comparing the efficacy and safety of two IDeg 
titration algorithms (NN1250-3846). In the original submission, efficacy and 
safety evaluation for these ongoing studies had a cutoff date of March 31st 2011.    
 
At the 120-day safety update (i.e., January 27th 2012), three of the five TCT 
extension studies were completed (i.e., extensions of parent trials 3585, 3770, 
3582).  Four studies were newly initiated and three studies were still ongoing 
studies. The 120 day safety update has a data cutoff date of October 6th 2011. 
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5.2. CLINICAL DATA DEGLUDEC/ASPART NDA 

At the time of NDA 203313 filing, 21 studies evaluating the insulin 
degludec/aspart fixed ratio combination drug product were completed and 
submitted to FDA.  Efficacy and safety evaluation for these completed studies 
have a cutoff date of January 31st 2011.  The 21 studies can be subdivided into 
the following trial types; 
 

• 13 clinical pharmacology trials 
• 3 Therapeutic exploratory trials 
• 5 Therapeutic confirmatory trials 

 
At the time of NDA filing, 2 degludec/aspart studies were ongoing.  Efficacy and 
safety evaluation for these ongoing studies had a cutoff date of March 31st 2011.  
Study 3726 is an extension of a completed therapeutic confirmatory study (i.e., 
3590).  Trial 3896 was a therapeutic confirmatory trial conducted in Japan (not 
included in efficacy analyses).   
 
At the time of the 120-day safety update (i.e., January 27th 2012) the two studies 
that had been ongoing were completed.  The 120-day safety update has a data 
cutoff date of October 6th 2011.  There is one ongoing bioequivalence trial 
comparing degludec/aspart 100 units/mL to degludec/aspart 200 units/mL and 
data up until November 11th 2011 for this study is included in the updated safety 
database. 

5.3. TRIALS AND DATA CUTOFF DATES FOR FDA ANALYSES 

Note:  The prefix ‘NN1250’ denotes trials in the degludec program.  The prefix 
‘NN5401’ denotes trials in the degludec/aspart program. 
 
Efficacy analyses for degludec (Dr. Cynthia Liu) were performed on completed 
therapeutic confirmatory trials NN1250-3583, NN1250-3585, NN1250-3770, 
NN1250-3582, NN1250-3579, NN1250-3672, NN1250-3586, NN1250-3580 and 
NN1250-3668 with a data cutoff date of January 21, 2011. 
 
Efficacy analyses for degludec/aspart (Dr. Dongmei Liu) were performed on 
completed therapeutic confirmatory trials NN5401-3594, NN5401-3590, NN5401-
3593, NN5401-3592, and NN5401-3597 with a data cutoff date of January 21, 
2011. 
 
The clinical safety review for degludec (Dr. Karim Calis) was based on the 41 
clinical studies completed as of January 31, 2011.  The focus of the safety review 
was based on the 11 therapeutic confirmatory trials because these were 
randomized, controlled, were of long duration and evaluated the to-be 
commercialized formulation. 
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The clinical safety review for degludec/aspart (Dr. Karim Calis) was based on the 
21 clinical studies completed as of January 31, 2011.  The focus of the safety 
review was based on the 5 therapeutic confirmatory trials because these were 
randomized, controlled, were of long duration and evaluated the to-be 
commercialized formulation. 
 
Statistical safety analyses of hypoglycemia (Dr. Eugenio Andraca-Carrera) were 
based on a meta-analysis of the following seven completed degludec therapeutic 
confirmatory trials: NN1250-3583, NN1250-3770, NN1250-3582, NN1250-3579, 
NN1250-3672, NN1250-3586, NN1250-3668 (i.e., all glargine comparator trials in 
degludec program).  Data cutoff January 31, 2011. 
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Statistical analyses related to cardiovascular safety (Dr. Bo Li) were based on a 
meta-analysis of all Phase 3 trials that were complete on the cutoff date of May 
1st 2012 and contained a non degludec comparator arm.  The meta-analysis 
encompassed the parent trials and controlled extensions of parent trials 
highlighted in the table below as well as one additional trial (NN5401-3896) 
initiated after NDA filing and not shown in the table. 
  

Table 2: Trials Included in FDA CV-metanalysis. 
Parent Trial Controlled Extensions of Parent Trials 

Degludec Type 1 DM 
NN1250-3583* NN1250-3644 (ext 3583) 
NN1250-3585* NN1250-3725 (ext 3585) 
NN1250-3770* NN1250-3770 extension 

Degludec Type 2 DM 
NN1250-3582* NN1250-3667 (ext 3582) 
NN1250-3579* NN1250-3643 (ext 3579) 
NN1250-3672*  
NN1250-3586*  
NN1250-3580*  
NN1250-3668*  
NN1250-3718*  
NN1250-3724*  

Degludec/aspart Type 1 DM 
NN5401-3594* NN5401-3645 (ext 3594)* 

Degludec/aspart Type 2 DM 
NN5401-3590* NN5401-3726 (ext 3590) 
NN5401-3593*  
NN5401-3592*  
NN5401-3597*  

  
*Included in original CV-meta-analysis with data cutoff date of 
January 31, 2011.  CV data for trials not designated by the 
asterisk were not included in the original NDA and were obtained 
between January 31st 2011 and May 2nd 2012. 

 
Two additional trials that were complete (i.e., NN1250-3846 and NN1250-3923) 
did not have a non degludec comparator and were not included in the CV-meta-
analysis.  Trial NN5401-3896 was initiated after filing NDA 203313.  This trial 
compares degludec/aspart to glargine in a population of insulin naïve patients 
with T2DM.  Efficacy data for this trial were not reviewed or submitted in the 
original NDA.   
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5.4. THERAPEUTIC CONFIRMATORY TRIALS INSULIN DEGLUDEC NDA 

Reviewer Note:  This section focuses on key design aspects of therapeutic 
confirmatory trials in NDA 203314.  The trial prefix, NN1250, used in the 
degludec program, is omitted in this section for the sake of simplicity.   
 
Eleven therapeutic confirmatory, 26—52 weeks, phase III trials evaluated the 
efficacy and safety of different degludec dose strengths and administration 
schedules in Type 1 (i.e., Trials; 3583, 3585 and 3770) and T2DM (Trials; 3582, 
3579, 3672, 3586, 3580, 3668, 3718, 3724).  Table 3 summarizes key attributes 
of trials performed in patients with T1DM.   
Table 4  summarizes key attributes of clinical trials performed in patients with 
T2DM.  The presentation is arranged according to clinical use scenarios. 
 
Table 3: Overview of Therapeutic Confirmatory Trials for Degludec Once 
Daily in Type 1 Diabetes 

Trial Duration 
(weeks) Intervention Prandial 

Insulin  Population 
Primary 

Hypothesis 
Tested 

Randomization 
and Number of 

Subjects 
Randomized 

Anti-
diabetic 

at 
Screening 

Randomization 
Strata 

Basal Insulin Once Daily and Prandial Insulin with Meals 

3583* 
Ext. 3644 52 

IDeg 100 
OD 
vs. 

IGlar OD 

IAsp Insulin 
treated 

Non-
inferiority§ 

3:1 
 

IDeg: 472 
IGlar: 157 

Basal-
bolus 
insulin 

regimen 

None 

3585* 
Ext. 3725 26 

IDeg 100 
OD  
vs. 

IDet OD†  

IAsp Insulin 
treated 

Non-
inferiority§ 

2:1 
 

IDeg: 303 
IDet:  153 

Basal-
bolus 
insulin 

regimen 

Region: 
1. Europe 
2. Japan 
3. India 
4. South 

Asia 
Basal Insulin, Once Daily, “Flexible” Dosing Interval and Prandial Insulin with Meals 

3770* 
Ext. 3770 26 

 
IDeg 100 FF 

vs. 
IGlar OD° 

and 
IDeg 100 FF 

vs. 
IDeg 100 

OD 
 

IAsp Insulin 
treated 

Non-
inferiority§ 

1:1:1 
 

IDeg FF: 164 
IGlar: 164 
IDeg: 165 

Basal-
bolus 
insulin 

regimen 

None 

Adapted from NDA203314; Tables 1-1 Summary of Clinical Efficacy;  
*These trials were followed by pre-planned controlled safety extensions lasting 52 weeks (i.e., Trial #3644 extension of 3583) or 26 weeks (3725 extension 
of 3585 and Ext. 3770) which were ongoing at the time of filing.  The data cutoff date for the efficacy findings in original NDA submission is January 31st 

2011.  Blinded safety data from these extension trials is included in the integrated summary of safety with a data cutoff date of March 31 2011. CV safety 
data from all trials including completed extension of parent trials are included in CV safety analysis data cutoff date of May 2nd 2012.   
°Primary comparison 
Basal-bolus insulin regimen:  Basal insulin (OD or BID) + any bolus insulin (≥3 daily injections) 
§ The difference in HbA1c change from baseline between IDeg and comparator does not exceed 0.4% 
†OD at start, with the option to intensify to BID IDet dosing after 8 weeks if glycemic control inadequate 
OD = Once Daily; FF; fixed flexible rotating dosing interval once daily; IDeg = Insulin degludec; IDet = Insulin detemir; IGlar =Insulin glargine; IAsp=Insulin 
aspart. 
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Table 4: Overview of Therapeutic Confirmatory Trials for Degludec Once 
Daily or Thrice Weekly in T2DM 

Trial Duration 
(Weeks) Intervention Treatment 

Combination Population 
Primary 

Hypothesis 
Tested 

Randomization 
and Number of 

Subjects 
Randomized  

Anti-diabetic at 
Screening  

Randomization 
Strata 

Basal Insulin Once Daily and Prandial Insulin with Meals added to OADs 

3582* 
Ext. 
3667 

52 
IDeg 100 OD 

 vs.   
IGlar OD 

+IAsp 
±met 
±pio 

 

Insulin 
treated 

 

Non-
inferiority§ 

 
3:1 

 
IDeg: 755 
IGlar: 251 

 

Any insulin 
regimen (with or 
without OADs): 
premix, self-mix, 

basal insulin 
only, basal-bolus 
(≥1 bolus), bolus 

only, CSII 

Prior treatment: 
1. basal-bolus 
2. basal 

insulin only 
3. other 

Basal Insulin, Once Daily, Added to Combination OADs 

3579* 
Ext. 
3643 

52 
IDeg 100 OD 

vs. 
IGlar OD 

+met 
±DPP-4i 

 

Insulin-
naïve 

Non-
inferiority§ 

3:1 
 

IDeg: 773 
IGlar: 257 

metformin 
(mandatory) 

±SU/glin, ±α-GI, 
±DPP4i in any 
combination 

Prior treatment: 
1. No DPP4i 

at baseline 
2. DPP4i at 

baseline 

3672 26 
IDeg 200 OD 

 vs. 
IGlar OD 

+met 
±DPP-4i 

Insulin-
naïve 

Non-
inferiority§ 

1:1 
 

IDeg: 230 
IGlar: 230 

metformin 
(mandatory) 

±SU/glin, ±DPP-
4i, ±α-GI (in any 

combination) 

None 

3586 26 
IDeg 100 OD  

vs. 
IGlar OD 

±met 
±SU/glin 

±α-GI 

Insulin-
naïve 

Non-
inferiority§ 

2:1 
 

IDeg: 289 
IGlar: 146 

monotherapy or 
combination of 

SU/glin and met 
±α-GI or DPP4i 

Region 
1. Japan 
2. Rest 

of Asia 
Basal Insulin, Once Daily, “Flexible” Dosing Interval, Added to Combination OADs;  

3580 26 

IDeg 100 OD 
 vs. 

Sita 100 mg 
OD 

+1-2 OADs: 
met, SU/glin, 

pio 

Insulin-
naïve Superiority 

 
1:1 

 
IDeg: 229 
Sita: 229 

 

±met, ±SU/glin, 
±pio, 1–2 OADs 

in any 
combination   

Prior treatment: 
1. TZD Yes 
2. TZD  No 

3668 26 

 
IDeg 100 FF 

vs. 
IGlar OD° 

and 
IDeg 100 FF 

vs. 
IDeg 100 OD 

±met 
±SU/glin 

±pio 

Insulin-
naïve 

or 
Insulin 
treated 

 

Non-
inferiority§ 

1:1:1 
 

IDeg FF: 229 
IGlar: 230 
IDeg: 228 

 

OAD(s) only or 
basal insulin 
only or basal 

insulin + OAD(s) 
OADs could be 
any combination 
of met, SU/glin, 

pio 

Prior treatment: 
1. OADs only 
2. basal 

insulin only 
3. basal 

insulin + 
OADs 

Basal Insulin, Three Times Weekly, Added to Combination OADs;  

3718 26 
IDeg 200 3TW 

vs. 
IGlar OD 

+met 
±DPP-4i 

Insulin-
naïve 

Non-
inferiority§ 

1:1 
 

IDeg : 233 
IGlar: 234 

metformin 
(mandatory) 

±SU/glin, ±DPP-
4i, ±α-GI (in any 

combination) 

None 

3724 26 
IDeg 200 3TW 

vs. 
IGlar OD 

+met 
±DPP-4i 

Insulin-
naïve 

Non-
inferiority§ 

1:1 
 

IDeg : 230 
IGlar: 230 

metformin 
(mandatory) 

±SU/glin, ±DPP-
4i, ±α-GI (in any 

combination) 

None 

Adapted from NDA203314; Tables 1-2 Summary of Clinical Efficacy;  
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*These trials were followed by additional controlled safety extensions for 52 weeks (i.e., Trial# 3643 ext. of 3579) or 26 weeks (3667 ext. of 3582) which 
were ongoing at the time of filing.  Data cutoff date for efficacy findings in original NDA submission is January 31st 2011.  Blinded safety data for extension 
trials is included in the integrated summary of safety with a data cutoff date of March 31 2011.  CV safety data from all trials including completed extension 
of parent trials are included in CV safety analysis data cutoff date of May 2nd 2012.  
°Primary comparison 
§ The difference in HbA1c change from baseline between Degludec/aspart and comparator does not exceed 0.4% 
†OD at start, with the option to intensify to BID IDet dosing after 8 weeks if glycemic control inadequate 
OD = Once Daily; IDeg 100 = Insulin degludec (100 U/mL); IDeg 200 = Insulin degludec (200 U/mL); IDet = Insulin detemir; IGlar =Insulin glargine.   
Oral Antidiabetic Drugs (OADs); Sita=Sitagliptin; met=metformin; pio=pioglitazone; DPP-4i:=dipeptidyl peptidase-4 inhibitor; SU=sulphonylurea;  α-GI= 
alpha-glucosidase inh bitor; TZD:=thiazolidinedione; glin=glinide drug class; CSII: continuous subcutaneous insulin infusion 

5.5. THERAPEUTIC CONFIRMATORY TRIALS INSULIN 
DEGLUDEC/ASPART NDA   

Note:  The prefix, NN5401, is used to distinguish trials in the degludec/aspart 
program from those in the degludec program.   
 
Table 5 provides an overview of the five therapeutic confirmatory 
degludec/aspart arranged by clinical use scenario.  One trial was carried out in 
patients with T1DM and four trials in patients with T2DM. 
 
Table 5:  Overview of Therapeutic Confirmatory Trials for Degludec/aspart 

Trial Duration 
(weeks) Intervention OAD 

Combination Population 
Primary 

Hypothesis 
Tested 

Randomization 
and Number of 

Subjects 
Randomized 

Anti-
diabetic at 
Screening 

Randomization 
Strata 

T1DM 
Premix or Basal Insulin Once Daily, Prandial Insulin with Meals 

NN5401-
3594* 26* 

Degludec/aspart 
OD + IAsp 

vs. 
IDet† OD +IAsp 

None Insulin 
treated 

Non-
inferiority§ 

2:1 
 

Degludec/aspart:366 
IDet:182 

Basal-bolus 
insulin 

regimen or 
other mixed 

insulin 
regimen 

Prior treatment; 
1. Basal-bolus  

insulin 
regiment 

2. Other insulin 
regimen 

T2DM 

Premix or Basal Insulin Once Daily, Added to OADs, Insulin Naïve and Insulin Treated 

NN5401-
3590∞ 26∞ 

Degludec/aspart 
OD 
vs.  

IGlar OD 

metformin Insulin 
naïve 

Non-
inferiority§ 

1:1 
 

Degludec/aspart: 
266 

IGlar: 263 

Metformin and 
≥1 other OAD 

except 
TZD 

None 

NN5401-
3593 26 

Degludec/aspart 
OD 
vs.  

IGlar OD 

metformin 
± pioglitazone 

± DPP-4 
inhibitor 

Insulin 
treated 

Non-
inferiority§ 

1:1 
 

Degludec/aspart : 
230 

IGlar: 233 

Basal insulin 
OD and 

metformin ± 
other 
OADs 

Prior treatment: 
1. TZD Yes 
2. TZD No 

Premix Insulin Twice Daily, Added to Combination of OADs, Insulin Treated 

NN5401-
3592 26 

Degludec/aspart 
BID 
vs.  

BIAsp 30 BID 

± metformin 
± pioglitazone 

± DPP-4 
inhibitor 

Insulin 
treated 

Non-
inferiority§ 

1:1 
 

Degludec/aspart: 
224 

BIAsp 30: 222 

Premixed/self-
mixed 

insulin OD or 
BID ± 
OADs 

Prior treatment: 
1. OD insulin 

regimen 
2. BID insulin 

regimen 

NN5401-
3597 26 

Degludec/aspart 
BID 
vs.  

± metformin Insulin 
treated 

Non-
inferiority§ 

2:1  
 

Degludec/aspart: 

Basal insulin 
OD or 
BID ± 

Prior treatment: 
1. basal 

without 
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BIAsp 30 BID 280 
BIAsp 30: 142 

metformin or 
premixed/self-

mixed 
insulin OD or 

BID ± 
metformin 

metformin 
2. basal with 

metformin 
3. premix 

without 
metformin 

4. premix with 
metformin 

Adapted from NDA203313; Table 1-1 Summary of Clinical Efficacy 
*Trial Extended by an additional 26 weeks (Extension Trial #3645) completed and submitted with original NDA 
∞Trial Extended by an additional 26 weeks (Extension Trial #3726) ongoing and not submitted in original NDA 
§ The difference in change from baseline in HbA1c between Degludec/aspart and comparator does not exceed 0.4% 
†OD at start, with the option to intensify to BID IDet dosing after 8 weeks if glycemic control inadequate 
BIAsp: biphasic insulin aspart; BID: twice daily; DPP-4: di-peptidyl peptidase-4; IAsp: insulin aspart; IDet: insulin detemir; IGlar: insulin glargine; OAD: oral 
antidiabetic drug; OD: once daily; TZD: thiazolidinedione. 
NN5401-3597 Japan, Korea, Hong Kong, Malaysia and Taiwan (no US sites) 

5.5.1. Primary Objective 

The primary stated objective in all of the therapeutic confirmatory trials (TCT) 
was to confirm the efficacy of degludec or degludec/aspart with respect to 
glucose control.  Glucose control was assessed by measuring the difference in 
HbA1c between baseline and trial end.   
 
In all except 3580, efficacy was established by comparing glucose control in 
degludec or degludec/aspart treated subjects to that observed in active 
comparator treated subjects and demonstrating that glucose control in the 
degludec arm was not unacceptably worst than that of the comparator arm (i.e., 
non-inferiority studies based on a non-inferiority margin for the between group 
difference in the change from baseline in HbA1c of 0.4%).  Study 3580 was 
designed to demonstrate superiority of once-daily degludec over the DPP4-
inhibitor, sitaglipin. 

5.5.2. Secondary Objectives: 

Secondary objectives were selected to provide support to the primary glycemic 
efficacy findings or to distinguish, based on efficacy or safety parameters, the 
new insulins from comparator products.  Secondary endpoints of relevance to the 
overall benefit risk assessment and their analyses will be discussed in the 
description of efficacy findings.  Specifically we will present findings related to 
endpoints related to hypoglycemia, body weight, and immunogenicity.     

5.5.3. Design 

All therapeutic confirmatory trials (TCT) were randomized, open-label, parallel-
group, active comparator, multicenter, multinational trials.   
 
In most TCT two intervention groups were used (refer to Table 6 and  
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Table 7).  For studies 3770 and 3668 three intervention groups were used (i.e., 1 
comparator arm and 2 degludec arms; fixed and flexible dosing schedule).   
 
With exception for Study 3580 which was designed as a superiority trial, all trials 
followed a treat-to-target principle whereby all treatment groups targeted a pre-
defined fasting plasma glucose of < 90 mg/dL.   In trials evaluating the twice daily 
degludec/aspart administration schedule, all treatment groups targeted a fasting 
pre-breakfast and pre-dinner blood glucose target of < 90 mg/dL. 
  
The treatment period was 26 weeks in duration in 14 studies and 52 weeks in 
duration in three studies (3583, 3759, and 3582).  A follow-up visit was to be 
scheduled at least one week after completion of the treatment period in all trials.   
 
In trials where presence of insulin auto-antibodies was ascertained, subjects 
were switched to twice daily injection of neutral protamine Hagedorn (NPH) 
insulin between the end of treatment and the follow-up visit.  
 
Controlled safety extensions of 26 to 52 weeks in duration were planned for 5 of 
the TCT. 

5.5.4. Randomization 

Randomization to intervention was balanced in the following nine Phase III trials 
across the degludec and degludec/aspart programs (i.e., 3770, 3580, 3668, 
3672, 3718, 3724, NN5401-3590, NN5401-3593, NN5401-3592).   
 
In seven trials more subjects were randomized to degludec or to degludec/aspart 
than to comparator [i.e., 3583 (3:1), 3585 (2:1), 3759 (3:1), 3582 (3:1), 3586 
(2:1), NN5401-3594 (2:1) and NN5401-3597 (2:1)].   
 
In some trials randomization was stratified according to prior diabetes treatment 
(i.e., 3579, 3580, 3668, 3582, NN5401-3593, NN5401-3592 NN5401-3594 
NN5401-3597) or geographical regions (i.e., 3585, and 3586).     

5.5.5. Blinding  

All trials were open-label.  Novo Nordisk personnel involved in trial conduct and 
insulin titration were blinded to drug assignment.  Site monitors, investigators and 
participants were not blinded. 

5.5.6. Representative Trial Time Line 

Trials consisted of a screening visit [Week (-)1)], a randomization visit (Week 0), 
follow-up visits at the investigator sites [Weeks 1, 2, 4, 6, 8, 10, 12, 16, 20, 24, 26 
(for 26-week trials ), 32, 36, 40, 44, 48, 52 for 52-week trials], telephone visits 
[Weeks 2, 3, 5, 7, 9, 11, 13, 14, 15, 17,18, 19, 21, 22, 23, 25 (for 26-week trials), 
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28, 30, 34, 38, 42, 46, 50 (for 52-weeks trial)] and a termination visit scheduled 
seven days after the actual date of the last treatment visit (i.e., Week 26 or 52).   
 
At weekly (up to Week 26) and biweekly (after Week 26) site and telephone 
follow-up visits; withdrawal criteria, concomitant medication, 1 point self-
measured blood glucose, adverse events, hypoglycemic episode, dose of trial 
insulin(s) (mean of 3 days before visit), dose of oral anti-diabetic medications 
(OAD) (i.e., in type 2 DM trials) were reviewed and the new adjusted dose of trial 
insulin(s) was (were) recorded.   
 
Key efficacy parameters including HbA1c (central laboratory), fasting plasma 
glucose (central laboratory), 9-point self-measured blood glucose profile were 
obtained on weeks 0, 12, 16, 26, (note; two additional assessments at weeks 40 
and 52 were carried out in 52 weeks trial). 

5.5.7. Controlled Interventions: Degludec Program 

5.5.7.1. Degludec 

Formulations Studied:  In most degludec trials subjects were randomized to the 
U100 (i.e., 600 nmol/L) degludec formulation (see Table 6 and  
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Table 7).   
 
The degludec U200 (i.e., 1200 nmol/mL) formulation was studied only in type 2 
diabetes subjects.  One trial evaluated once-daily, basal-only use of U200 and 
two trials evaluated thrice-weekly, basal-only use of U200 (refer to  
Table 4).  
 
Dosing Interval Studied:  Degludec was administered at fixed, 24-hour, dosing 
intervals in all studies (i.e., daily injection was injected at the same time each 
day) except 3770, 3668 and 3580.   
 
In the three above-mentioned trials, degludec was administered using variable 
dosing intervals (i.e., 8-40 hours) between doses.  This administration schedule 
is referred to as ‘flexible’ dosing.  In trials 3770 and 3668 the impact of extreme 
(i.e., short and long), alternating, dosing intervals on efficacy and safety of 
degludec in type 1 and 2 DM were studied.  Subjects were instructed to inject 
degludec in the morning on Monday, Wednesday, Friday and in the evening on 
Tuesday, Thursday Saturday and Sunday.  In these trials, a 40-hour dosing 
interval (i.e., on days when a morning dose was followed by an evening dose) 
alternated with an 8-hour dosing interval (i.e., on days when an evening dose 
was followed by a morning dose).  In trial 3580, subjects could vary the daily time 
of injection provided the time between the last injected dose and the dose to be 
administered was ≥ 8 but ≤ 40 hours.  
 
Route and Site of Administration Studied:  In all trials degludec was administered 
subcutaneously in either the deltoid, thigh or abdominal region.  The choice of 
injection site was based on subject preference.  

5.5.7.2. Comparators 

Insulin glargine administered subcutaneously once daily by injection using the 
marketed pen device served as the comparator in all but two therapeutic 
confirmatory trials in the degludec program (i.e., 3585, 3580). In all but 4 of these 
trials (3668, 3770, 3718 and 3724) glargine administration was similar to 
degludec with regards to frequency, dosing intervals and site of injections.  
Insulin glargine differed from degludec with regards to the time of day the drug 
was administered.  Glargine could be administered at anytime of the day but at 
the same time each day (e.g., a patient injecting glargine in the morning was to 
inject glargine in the morning for the entire study).   The timing of degludec 
injection, in contrast, was restricted to specific time windows in all but trial 3580.  
In trials 3585; insulin detemir was used as the comparator.  In trial 3580; the oral 
DPP-IV inhibitor sitagliptin was used as the comparator. 
 
Table 6 and  
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Table 7 highlight similarities and differences between intervention arms across 
therapeutic confirmatory trials in the degludec program.  
 
Table 6:  Intervention Arm, Type 1 DM, Degludec Trials 

 

Trial Degludec Arm Comparator Arm 

Basal Insulin Once Daily and Prandial∫∫ Insulin with Meals 

3583 

Insulin degludec U100  
• Time of day: with evening meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid 

or thigh 

3585 

Insulin degludec U100 
• Time of day: between  start of evening meal and bedtime 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh 

Insulin detemir 
• Time of day:  between  start of evening 

meal and bedtime 
• Frequency°: once daily  
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or 

thigh 

3770 

Insulin degludec U100 Fixed Once Daily 
• Time of day: with evening meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin degludec U100 “Worst-Case” Flexible 
• Time of day:  

o Morning on Mon., Wed., Fri.; 
o Evening on Tues., Thurs., Sat., Sun.  

• Frequency: once daily 
• Dosing Interval: 

o 8 hours; Evening to Morning sequence (e.g., 
Tues. dose to Wed. dose) 

o 40 hours; Morning to evening sequence (e.g., 
Mon. dose to Tues. dose)  

• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid 

or thigh 

Source: Adapted from NDA 203314; Table 1-12 Summary of Clinical Efficacy 
*Glargine was used in accordance with the US label 
° After 8 weeks of treatment, the frequency of detemir injections could be increased to twice daily at the investigator’s discretion if adequate 
glucose control was not achieved  
∫∫Insulin aspart was used as the short acting insulin 
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Table 7:  Intervention Arm, Type 2 DM, Degludec Trials 
 

Trial Degludec Arm Comparator Arm 
Basal Insulin Once Daily and Prandial∫∫  Insulin with Meals added to OADs 

3582 

Insulin degludec U100  
• Time of day: with evening meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin glargine* 
• Time of day: at any time of the day  
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 

Basal Insulin, Once Daily, Added  to Combination of OADs  

3579 

Insulin degludec U100  
• Time of day: with evening meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: PDS290 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 

3672 

Insulin degludec U200  
• Time of day: with evening meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: PDS290 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 

3586 

Insulin degludec U100 
• Time of day: between  start of evening meal and 

bedtime 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh 

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 

3580 

Insulin degludec U100 
• Time of day: per patient preference (i.e., any 

time) 
• Frequency: once daily 
• Dosing Interval: whenever; as long as ≥ 8 hours 

and ≤40 hours between injections 
• Device:  PDS290 
• Subcutaneous site: abdomen or deltoid or thigh 

Sitagliptin 100 mg* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: N/A 
• Subcutaneous Site: N/A 

3668 

Insulin degludec U100 Fixed Once Daily 
• Time of day: with evening meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin degludec U100 Forced, “Worst-Case,” Flexible 
Once Daily 

• Time of day:  
o Morning on Mon., Wed., Fri.; 
o Evening on Tues., Thurs., Sat., Sun.  

• Frequency: once daily 
• Dosing Interval: 

o 8 hours; Evening followed by Morning 
dosing (e.g., Tues. dose to Wed. dose) 

o 40 hours; Morning followed by Evening 
dosing (e.g., Mon. dose to Tues. dose)  

• Device: FlexPen® 

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 
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Trial Degludec Arm Comparator Arm 
• Subcutaneous site: abdomen or deltoid or thigh  

Basal Insulin, Three Times Weekly, Added to Combination of OADs  

3718  
and 
3724 

Insulin degludec U200 Fixed Three Times Per Week 
• Time of day: with evening meal (3718), before 

breakfast (3724) 
• Frequency: three times per week on Mon., Wed., 

and Fri. 
• Dosing Interval: 48-72 hours depending on days 

of week 
• Device: PDS290 
• Subcutaneous site: abdomen or deltoid or thigh  

Insulin glargine* 
• Time of day: at any time of the day 
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 

Subcutaneous Site: abdomen or deltoid or thigh 

Source: Adapted from NDA203314; Table 1-12 Summary of Clinical Efficacy 
*Glargine was used in accordance with the US label 
°After 8 weeks of treatment, the frequency of detemir injections could be increased to twice daily at the investigator’s discretion if adequate 
glucose control was not achieved  
∫∫ insulin aspart was used as the short acting insulin 

 

5.5.8. Controlled Interventions: Degludec/aspart Program 

5.5.8.1. Degludec/aspart 

Formulations Studied:  The U100 degludec/aspart insulin formulation intended for 
commercial use was used in all therapeutic confirmatory trials. 

Dosing Interval Studied:  In the type 1 DM trial (NN5401-3594) degludec/aspart 
was administered once daily at the main meal. In type 2 diabetes trials 
degludec/aspart was administered either once daily with the evening or the 
largest meal or twice daily with breakfast and the main evening meal. 

 
Route and Site of Administration Studied:  Degludec/aspart was injected 
subcutaneously in the abdomen, deltoid or thigh. 

5.5.8.2. Comparators 

In the type 1 diabetes trial (NN5401-3594) insulin detemir was used as the 
comparator.  In the once daily type 2 DM trials (NN5401-3593, NN5401-3590) 
insulin glargine was used as the comparator.  In the two trials evaluating twice 
daily administration of pre-mixed insulin (NN5401-3592 and NN5401-3597), the 
comparator insulin was biphasic insulin aspart (i.e., BIAsp 30: 30% insulin aspart, 
70% protaminated aspart).  All marketed products were used in a manner 
consistent with approved local labeling. 
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Table 8: Randomized Interventions in Degludec/aspart Program 

Trial Degludec/aspart (70/30) Comparator 
Premix or Basal Insulin Once Daily, Prandial∫∫ Insulin with Meals, Type 1 DM 

NN5401-
3594 

Insulin degludec/asp U100  
• Time of day: with any main meal 
• Frequency: once daily 
• Dosing Interval: 24 hours (with option to move 

to another meal at anytime) 
• Device: FlexPen® 
• Subcutaneous site: abdomen or deltoid or 

thigh  

Insulin Detemir° 
• Time of day: with evening meal or at bedtime  
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device:  FlexPen® 
• Subcutaneous Site: abdomen or deltoid or thigh 

Premix or Basal Insulin Once Daily, Added to Metformin, Insulin Naïve, Type 2 DM 

NN5401-
3593 

Insulin degludec/asp U100  
• Time of day: with evening meal or largest 

meal 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device:  FlexPen® 
• Subcutaneous site: abdomen or deltoid or 

thigh  

Insulin glargine* 
• Time of day: at any time of the day  
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 

Premix or Basal Insulin Once Daily, Added  to Combination of OADs, Insulin Treated, 
 Type 2 DM 

NN5401-
3590 

Insulin degludec/asp U100  
• Time of day: with breakfast 
• Frequency: once daily 
• Dosing Interval: 24 hours 
• Device:  PDS290 pen 
• Subcutaneous site: abdomen or deltoid or 

thigh  

Insulin glargine* 
• Time of day: at any time of the day  
• Frequency: once daily  
• Dosing interval:  24 hours 
• Device: SoloStarTM 
• Subcutaneous Site: abdomen or deltoid or thigh 

Premix Insulin Twice Daily, Added to Combination of OADs, Insulin Treated, Type 2 DM  

NN5401-
3592 

Insulin degludec/asp U100  
• Time of day: with breakfast and main evening 

meal 
• Frequency: twice daily 
• Dosing Interval: ~12 hours 
• Device:  FlexPen® 
• Subcutaneous site: abdomen or deltoid or 

thigh  

BIAsp 30 (Novolog Mix 70/30) 
• Time of day:  with breakfast and main evening 

meal 
• Frequency: once daily  
• Dosing interval:  ~12 hours 
• Device:  FlexPen® 
• Subcutaneous Site: abdomen or deltoid or thigh 

NN5401-
3597 

Insulin degludec/asp U100  
• Time of day: with breakfast and main evening 

meal 
• Frequency: twice daily 
• Dosing Interval: ~12 hours 
• Device:  FlexPen® 
• Subcutaneous site: abdomen or deltoid or 

thigh  

BIAsp 30 (Novolog Mix 70/30) 
• Time of day:  with breakfast and main evening 

meal 
• Frequency: once daily  
• Dosing interval:  ~12 hours 
• Device:  FlexPen® 
• Subcutaneous Site: abdomen or deltoid or thigh 

Source: Adapted from NDA 203313; Summary of Clinical Efficacy  Table 1-8  
∫∫ Separate injections of insulin aspart were used for meals not covered by fixed ratio combination product (i.e., two meals in degludec/aspart arm 
and three meals in detemir arm) 
°After 8 weeks of treatment, the frequency of detemir injections could be increased to twice daily at the investigator’s discretion if adequate 
glucose control was not achieved  
*Glargine was used in accordance with approved local labeling 
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5.5.9. Basal or Premix Insulin Doses 

5.5.9.1. Starting Dose 

Insulin-naïve subjects with type 2 diabetes were to start basal insulin treatment at 
10 U/day.   
 
A 1:1 basal unit to basal unit transfer was recommended when switching 
between the pre-trial insulin regimen to the on-trial insulin regimen for subjects 
already on insulin. 

5.5.9.2. Dose Adjustment 

The degludec, degludec/aspart and comparator insulin doses were to be 
adjusted so as to target a fasting plasma glucose concentration of 90 mg/dL 
while avoiding hypoglycemia according to the algorithms in Table 9 and Table 10 
respectively.  
 
Within 24 hours of a site visit investigators were to document on the electronic 
case report form (eCRF), the pre-breakfast self monitored glucose values (three 
days worth), the insulin doses (three days worth), the new prescribed insulin 
dose and the reasons for deviating from the algorithm if a deviation occurred. 
These data were reviewed by Novo Nordisk personnel and could trigger a 
request for additional data if the reason for deviation was unclear or not justified.  
 
Table 9: Basal Insulin Dose Adjustment Type 1 DM trials 3583 and 3585* 

Mean Pre-Breakfast Self-Monitored Glucose Dose Adjustment 

<56 mg/dL <3.1 mmol/L Decrease by 4 U 
<70 mg/dL <3.9 mmol/L Decrease by 2 U 
<90 mg/dL <5.0 mmol/L No adjustment 

<180 mg/dL <10.0 mmol/L Increase by 2 U 
<270 mg/dL <15.0 mmol/L Increase by 4 U 
≥270 mg/dL ≥15.0 mmol/L Increase by 6 U 

Adapted from Table 1-9 Summary of Clinical Efficacy (SCE) 
*Trial 3770 used the following simplified algorithm; 
(-) 2 units for FPG < 72 mg/dL; 0 units for FPG between 72 and 90 mg; and (+2) units for 
FPG >90 mg/dL  
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Table 10: Basal Insulin Dose Adjustment Type 2 DM trials 

Mean Pre-Breakfast Self-Monitored Glucose Dose Adjustment 
mg/dL mmol/L  

<56 <3.1 Decrease by 4 U 
<70 <3.9 Decrease by 2 U 
<90 <5.0 No adjustment 

<126 <7.0 Increase by 2 U 
<144 <8.0 Increase by 4 U 
<162 <9.0 Increase by 6 U 
≥162 ≥9.0 Increase by 8 U 

Adapted from NDA203314; Table 1-10; IDeg Summary of Clinical Efficacy (SCE) 

5.5.10. Concomitant Glucose Lowering Medications 

5.5.10.1. Prandial Insulin: 

In all basal-bolus trials (i.e., all Type 1 DM trials and Trial 3582 in type 2DM) 
insulin aspart (IAsp) was to be administered immediately before meals to cover 
meal-time requirements.  Investigators were recommended to focus on basal 
insulin dose optimization for the first 8 weeks of the study and consider prandial 
insulin dose changes using a protocol specified algorithm once basal insulin dose 
had been optimized. 

5.5.10.2. Oral Anti-diabetic Medications (OADs) 

In confirmatory therapeutic trials enrolling patients with T2DM, the efficacy and 
safety of degludec and degludec aspart were studied in combination with various 
maximally effective, stable (i.e., 3 months), doses of one or up to three OADs. 
 
The combined effect of degludec co-administered with metformin was studied in 
all therapeutic trials involving patients with T2DM.  In trials 3579 and 3672 and 
NN5401-3594 metformin use was mandatory.   
 
The use of insulin secretagogues (i.e., sulfonylurea or glinides) was permitted in 
trials 3586, 3668 and 3580 but not mandatory.   
 
The use of thiazolidinediones (e.g., pioglitazone) was permitted in trials 3582, 
3580, 3668 but not mandatory.   
 
The use of dipeptidyl peptidase IV inhibitors was permitted in trials 3579 and 
3672.   
 
The use of alpha-glucosidase inhibitors was studied in trials 3586. 
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5.5.11. Study Population 

Degludec and degludec/aspart were studied in subjects with established type 1 
and 2 diabetes mellitus.  Only adult subjects (i.e., ≥ 18 years of age) were 
studied.  No upper age limit for participation was imposed to encourage 
participation of older subjects.  The following two tables list key inclusion and 
exclusion criteria and highlights differences between trials across the degludec 
and degludec/aspart programs.  Specific exclusionary criteria related to 
cardiovascular and hypoglycemic risk are underlined. 

5.5.11.1. Inclusion Criteria 

Table 11: Key Inclusion Criteria in the Degludec Program 
1. Male and Female 
2. ≥ 18 year of age (≥ 20 years in Japan) 
3. Clinically diagnosed with diabetes mellitus  

a. for ≥ 12 months for trials enrolling subjects with type 1 DM 
b. for ≥ 6 months for trials enrolling subjects with type 2 DM 

4. Pretrial Diabetes Treatment#: 
a. Basal-bolus insulin therapy in trials enrolling subjects with type 1 DM 
b.  Oral anti-diabetic (monotherapy or combination therapy) on stable effective 

doses* for ≥ 3 months (exceptions were Trial 3668: OADs and/or basal insulin 
and Trial 3582: treated with any insulin treatment ± OADs) 

5. HbA1c∞ (central laboratory determined value) 
a. Less than 10% in trials enrolling subjects with type 1 DM 
b. Between 7.0 and 10% inclusive in trials enrolling subjects with type 2 DM 
c. Between 7.5 and 11% inclusive (in Trial 3580) 
d. Between 7.0 and 11% inclusive (for insulin naïve subjects enrolled in Trial 

3668) 
6. BMI 

a. ≤ 35 kg/m2 (Type 1 DM and 3586) 
b. ≤ 40.0 kg/m2 (Type 2 DM trials studying degludec U100) 
c. ≤ 45 kg/m2 (Type 2 DM trials studying degludec U200) 

Source: Adapted from NDA 203314; Table 1-6; IDeg summary of Clinical Efficacy 
#In trials enrolling insulin naïve subjects previous short term insulin treatment for up to 14 days during a hospitalization or for gestational 
diabetes was allowed. 
* Effective dose was defined according to oral anti-hyperglycemic class in the following manner; 

• Metformin:  alone or in combination (including fixed dose combination) 1500 mg daily, or maximum tolerated dose (at least 1000 
mg daily)   

• Insulin secretagogue (sulfonylurea or meglitinide): ≥ 50% of the daily maximal dose according to local labeling   
• DPP-IV inhibitor (i.e., sitaglipin or vildagliptin): Minimum 100 mg daily or according to local labeling  
• α-glucosidase-inhibitor (Acarbose); ≥50% of the daily maximal dose or maximum tolerated dose 
• Pioglitazone; ≥ 50% of the daily maximal dose according to local labeling  or maximum tolerated dose 

∞ In trials where OADs were discontinued at baseline a more conservative upper limit HbA1c cutoff was used 
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Table 12:  Inclusion Criteria Degludec/aspart Program 

1. Male and Female 
2. ≥ 18 year of age (≥ 20 years in Japan) 
3. Clinically diagnosed with diabetes mellitus  

d. for ≥ 12 months* for trials enrolling subjects with type 1 DM 
e. for ≥ 6 months for trials enrolling subjects with type 2 DM 

4. Pretrial Diabetes Treatment: 
f. Type 1 DM:  Basal and prandial insulin for 12 months 
g. Type 2 DM:  Insulin naïve or insulin treated (basal or mixed insulin) and/or oral 

> or = three months of mono or combination therapy with oral antidiabetic 
agents 

5. HbA1c(central laboratory determined value) 
h. Between 7.0 and 10% 
i. Between 7.5 and 11% inclusive (in Trial NN5401-3590) 

6. BMI 
j. ≤ 35 kg/m2 (Type 1 DM trial and Asian type 2 DM trial NN5401-3597) 
k. ≤ 40.0 kg/m2 

NDA: 203313; Summary of Clinical Efficacy Table 1-3 

5.5.11.2. Exclusion Criteria 

Table 13:  Key Exclusion Criteria in the Degludec and Degludec Program 
1. Use within the last 3 months prior to screening of glucagon-like peptide 1 receptor 

agonists 
2. Use within the last 3 months prior to screening of specific OADs: 

a. All thiazolidinediones (TZDs) in trials 3759, 3586, 3672 
b. Rosiglitazone, specifically, in trials 3580, 3582, 3668 
c. DPP4 inhibitors and α-glucosidase inhibitors in trials 3580 and 3668  

3. Anticipated change in concomitant medication known to interfere significantly with 
glucose metabolism, such as systemic corticosteroids, beta-blockers, MAO inhibitors 

4. Cardiovascular disease, within the last 6 months prior to visit 1, defined as: 
stroke; decompensated heart failure New York Heart Association (NYHA) class III or 
IV; myocardial infarction; unstable angina pectoris; or coronary arterial bypass graft or 
angioplasty 

5. Uncontrolled treated/untreated severe hypertension (systolic blood pressure ≥ 
180 millimeter (mm) mercury (Hg) and/or diastolic blood pressure ≥ 100 mmHg). 

6. Impaired liver function, defined as ALAT ≥ 2.5 times upper limit of normal (one retest 
analyzed at the central laboratory within a week from receipt of the result is permitted 
with the result of the last sample being conclusive) 

7. Impaired renal function defined as; 
a. Type 1 DM: serum creatinine ≥  2.0 mg/dL (≥180 μmol/L) 
b. Type 2 DM: serum-creatinine ≥ 1.4 mg/dl (≥125 μmol/L) for males and ≥ 1.3 

mg/dl (≥110 μmol/L) for females or according to local label for metformin [For 
France: glomerular filtration rate below 60 ml/min, calculated by the Cockroft & 
Gault formula]; one retest within a week from receipt of the result is permitted 
with the result of the last sample being conclusive 
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8. Recurrent severe hypoglycemia (more than 1 severe hypoglycemic event during 
last 12 months) or hypoglycemic unawareness as judged by the Investigator or 
hospitalization for diabetic ketoacidosis during the previous 6 months 

9. Proliferative retinopathy or maculopathy requiring treatment according to the 
Investigator.  

10. Pregnancy, breast-feeding, or the intention of becoming pregnant or not using 
adequate contraceptive measures according to local requirements [for Germany: 
implants, injectables, combined oral contraceptives, hormonal IUD, sexual abstinence 
or vasectomized partner 

11. Medical history of cancer (except basal cell skin cancer or squamous cell skin 
cancer).  

12. Any clinically significant disease or disorder, except for conditions associated with  
T2DM, which in the Investigator’s opinion could interfere with the results of the trial 

13. Mental incapacity, psychiatric disorder, unwillingness or language barriers precluding 
adequate understanding or co-operation, including subjects not able to read or write 

14. Previous participation in this trial. Participation is defined as randomized. Re-
screening of screening failures was allowed only once within the limits of the 
recruitment period 

15. Known or suspected allergy to any of the trial products or related products. 
16. Receipt of any investigational drug within one month prior to screening  
17. Donation of blood or participation in other trials within one month prior to screening 
18. Known or suspected abuse of alcohol, narcotics or illicit drugs 

Source Document: Adapted from Table 1-7 Summary of Clinical Efficacy 203314 and 203313 

 
Exclusion criteria in the degludec/aspart program were identical to the ones 
shown for degludec in Table 13 except for the one criterion below. 
 
Table 14: Exclusion Criterion Specific to Degludec/aspart Program 

Use within the last 3 months prior to screening visit (Visit 1) of glucagon-like peptide-1 
(GLP-1) receptor agonists and/or rosiglitazone (additionally, no OADs allowed in Trial 
3594 and no thiazolidinediones allowed in Trials 3597 or 3590) 
 

5.5.12. Key Withdrawal Criteria 

Subjects could be withdrawn;  
1. If subjects no longer wanted to participate 
2. For safety or non-compliance issues as judged by the investigator 
3. If subjects were randomized in error 
4. For pregnancy 
5. For hypoglycemia during the treatment period posing a safety 

problem as judged by the investigator 
6. For protocol deviation susceptible to affect efficacy or safety 

outcome as judged by the investigator 
7. For initiation or significant change in systemic treatment which in 

the Investigator’s opinion could interfere with glucose metabolism 
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(allowed exceptions; inhaled corticosteroids, interruption of 
metformin treatment for a planned radiographic procedure involving 
use of iodine containing contrast material) 

8. For blood donation or participation in other trials 
9. For lack of effect according to the following algorithm:   
 
Lack of effect after 12 Weeks 

a. Subjects with no change from baseline in HbA1c and three 
consecutive self monitored pre-breakfast plasma glucose 
readings exceeding 240 mg/dL after 12 weeks of treatment 
were to follow-up with the investigator (i.e., within two 
weeks) to confirm lack of effect  

b. Lack of effect was confirmed by the investigator if a central 
lab determined fasting plasma glucose was > 240 mg/dL and 
a treatable cause for the hyperglycemia was absent.   

5.5.13. Statistical Considerations 

5.5.13.1. Primary Endpoint Variable 

The primary endpoint variable was the change in HbA1c from baseline to end of 
treatment (analyzed by central laboratory).  
 
Baseline was defined as the HbA1c at the baseline or randomization visit.  
Missing values (including intermittent missing values) were to be imputed using 
the Last Observation Carried Forward (LOCF) method.  The “end of trial” for 
these subjects was defined as the subject’s last end of trial visit excluding the 
follow-up visit. 

5.5.13.2. Primary Hypotheses Tested:   

All Trials Except 3580 were non-inferiority trials 
 
In each trial, non-inferiority was to be considered confirmed if the upper bound of 
the two-sided 95% confidence interval around the change from baseline in 
HbA1c difference between degludec (or degludec/aspart) and comparator was 
below or equal to 0.4% at the end of treatment.  Otherwise stated as the null 
hypothesis for the one sided test [e.g., For a degludec trial; H0: (Degludec 
Δbaseline HbA1c - Comparator Δbaseline HbA1c) > 0.4%)] was rejected in favor of the 
alternative hypothesis [HA: (Degludec Δbaseline HbA1c - Comparator Δbaseline 
HbA1c) ≤ 0.4%] if the p-value for the one-sided test was less than or equal to 
2.5%. 
 
Trial 3580 was a superiority trial and superiority was to be confirmed if the upper 
bound of the two-sided 95% confidence interval around the difference in HbA1c 
change from baseline between groups was below 0%.   
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Reviewer Comment:  The rationale for the margins used to establish efficacy 
were discussed during development and found acceptable.  The margin 0.4% 
has been used in other basal insulin development programs relying on NPH as 
the basal insulin comparator. 

5.5.13.3. Pre-specified Primary Analysis Model(s) 

The sponsor planned to analyze the change in HbA1c from baseline to the end of 
trial using an analysis of covariance (ANCOVA) model with treatment, anti-
diabetic therapy at screening, sex and region as fixed factors, and age and 
baseline HbA1c as covariates in all trials.  The number of levels for the anti-
diabetic therapy and region factors varied across trials.  In some trials, the 
numbers of pre-planned levels for some factors were altered in the final analyses 
due to insufficient number of patients in a pre-planned level.  No other significant 
changes to the pre-planned primary analyses were made.  For details regarding 
statistical consideration refer to Dr. Liu’s statistical review. 

5.5.13.4. Pre-specified Secondary Analyses: 

The sponsor had planned to test between group differences for several, key, pre-
specified, secondary endpoints in each trial. The family-wise type I error rate was 
to be controlled using a hierarchical (fixed sequence) testing procedure. This 
procedure was based on an a priori ordering of the null-hypotheses for each key 
secondary endpoint (see below) and on testing these hypotheses sequentially 
using the two-sided 95% confidence interval approach until a significant result 
appeared. Using this strategy, superiority would only be confirmed for endpoints 
where all previous null-hypotheses had been rejected.  If the null hypothesis was 
not rejected, additional planned analyses were performed but formal hypothesis 
testing was not carried out (i.e., no p-value was calculated).  Tables 9 and 10 
summarize the hierarchical ordering of these endpoints by trial and denote the 
endpoints for which inferential testing was performed and found to be significant 
in the final analyses. 
 
Reviewer Comment:  The hierarchical testing procedure to control type-1 error 
rate were discussed during development and found to be acceptable. 
 
Table 15: Hierarchical Testing Order for Confirmatory Secondary Endpoints 
in Type 1 DM trials 

Trials 
(duration) 1st Priority 2nd Priority 3rd Priority 4th Priority 

Basal Insulin Once Daily and Prandial Insulin with Meals, Type 1 DM 

3583 
(52 wks) 

Number of 
nocturnal 
confirmed 

hypoglycemic 

Number of  
confirmed 

hypoglycemic 
episodes 

Change from 
baseline in 

FPG 

Within subject 
variability in 

self-measured 
FPG 
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Trials 
(duration) 1st Priority 2nd Priority 3rd Priority 4th Priority 

episodes* 

3585 
(26 wks) 

Number of  
nocturnal 
confirmed 

hypoglycemic 
episodes* 

Number of  
confirmed 

hypoglycemic 
episodes 

Change from 
baseline in 

FPG 

Within subject 
variability in 

self-measured 
FPG 

3770 
(26 wks) -- -- -- -- 

Source; Table 1-15 and Table 3-9;  IDeg Summary of Clinical Efficacy 
*Bold formatting denotes a statistically significant difference between groups in final analyses.  No inferential 
testing of the italicized endpoints was performed due to a preceding insignificant result.  Descriptive 
statistics for these are provided. 

 
Table 16: Hierarchical Testing Order for Confirmatory Secondary Endpoint 
in Type 2 DM trials 

Trials 
(duration) 1st Priority 2nd Priority 3rd Priority 4th Priority 5th Priority 

Basal Insulin Once Daily and Prandial Insulin with Meals, added to OADs, Type 2 DM 

3582 
(52 wks) 

Number of 
confirmed 
hypoglycemic 
episodes* 

Change from 
baseline in 
FPG 

Within subject 
variability in 
self-measured 
FPG 

HbA1c <7% at 
end of trial 
without 
hypoglycemic 
episodes 

 

Basal Insulin, Once Daily, Added to Combination of OADs, Type 2 DM 

3579  
(52 wks) 

Number of 
confirmed 
hypoglycemic 
episodes 

Change from 
baseline in 
FPG 

Within subject 
variability in 
self-measured 
FPG 

HbA1c <7% at 
end of trial 
without 
hypoglycemic 
episodes 

 

3672  
(26 wks) 

Number of 
confirmed 
hypoglycemic 
episodes 

Change from 
baseline in 
FPG 

Within subject 
variability in 
self-measured 
FPG 

HbA1c <7% at 
end of trial 
without 
hypoglycemic 
episodes 

 

3586 
(26 wks) 

Number of 
confirmed 
hypoglycemic 
episodes 

Number of 
nocturnal 
confirmed 
hypoglycemic 
episodes 

Change from 
baseline in 
FPG 

Within subject 
variability in 
self-measured 
FPG 

HbA1c <7% at 
end of trial 
without 
hypoglycemic 
episodes 

3580 
(26 wks) 

Change from 
baseline in 
FPG* 

HbA1c <7% at 
end of trial*  

HbA1c <7% at 
end of trial 
without 
hypoglycemic 
episodes 

  

3668 
(26 wks) -- -- -- -- -- 

Source Data Table 1-16 IDeg Summary of Clinical Efficacy 
*Bold formatting denotes a statistically significant difference between groups in final analyses.  No inferential testing of the 
italicized endpoints was performed due to a preceding insignificant result. Descriptive statistics for these are provided. FPG = 
central lab derived fasting plasma glucose. 
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Table 17: Hierarchical Testing Order for Confirmatory Secondary Endpoint 
Degludec/aspart 
Trials 

(duration) 1st Priority 2nd Priority 3rd Priority 4th Priority 5th Priority 

Premix or Basal Insulin Once Daily, Prandial Insulin with Meals, Type 1 DM 

3594 
(26 wks) 

Change from 
baseline in 
FPG# 

HbA1c <7.0% 
at end-of-trial 
without severe 
hypoglycemic 
episodes 

Number of 
nocturnal 
confirmed 
hypoglycemic 
episodes 

  

Premix or Basal Once Daily, Added  to Combination of OADs, Type 2 DM 

3592 
(26 wks) 

Change from 
baseline in 
FPG# 

Number of 
confirmed 
hypoglycemic 
episodes 

HbA1c <7.0% 
at end-of-trial 
without 
confirmed 
hypoglycemic 
episodes 

Change from 
baseline in 
body weight 
after 26 weeks 

Number of 
nocturnal 
confirmed 
hypoglycemic 
episodes* 

3597 
(26 wks) 

Change from 
baseline in 
FPG# 

Number of 
confirmed 
hypoglycemic 
episodes 

HbA1c <7.0% 
at end-of-trial 
without 
confirmed 
hypoglycemic 
episodes 

Change from 
baseline in 
body weight 
after 26 weeks 

Number of 
nocturnal 
confirmed 
hypoglycemic 
episodes* 

Premix or Basal Twice Daily, Added  to Combination of OADs, Type 2 DM 

3593 
(26 wks) 

Prandial PG 
increment at 
main evening 
meal 

HbA1c <7.0% 
at end-of-trial 
without 
confirmed 
hypoglycemic 
episodes* 

Fluctuation in 
nocturnal 
interstitial 
glucose as 
measured by 
CGM after 26 
weeks 
(subpopulation 
only) 

Number of 
nocturnal 
confirmed 
hypoglycemic 
episodes* 

Change from 
baseline in 
body weight 
after 26 weeks 

3590 
(26 wks) 

Prandial PG 
increment at 
breakfast 
meal after 26 
weeks 

Fluctuation in 
nocturnal 
interstitial 
glucose as 
measured by 
CGM after 26 
weeks 
(subpopulation 
only) 

HbA1c <7.0% 
at end-of-trial 
without 
confirmed 
hypoglycemic 
episodes* 

Number of 
nocturnal 
confirmed 
hypoglycemic 
episodes* 

Change from 
baseline in 
body weight 
after 26 weeks 

Source: 203313: 2.7.3: SCE: Table 1-10.  Bold font indicates that the endpoint met superiority for the 
hierarchical testing procedure.  Normal font indicates that the endpoint did not meet superiority and 
formal testing procedure was stopped.  Italicized font indicates that these endpoints were not formally 
tested. 

5.5.13.5. Populations Used in Analyses: 

Data from the full analysis dataset (i.e., Full Analysis Set or FAS) were used for 
the sponsor’s primary efficacy analyses.  This dataset comprised all randomized 
subjects.  Statistical evaluation followed an intention to treat principle.  Exclusion 
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of some randomized subjects was allowed and was the responsibility of the study 
group.  Exclusion required adequate documentation justifying the reason for 
exclusion.  Subjects lost to follow-up after randomization where exposure 
information was not available were excluded from the FAS.  
   
Reviewer Comment:  The population used in the primary analysis is usually 
comprised of all randomized subjects who received at least one dose of study.  
Although unclear from the sponsor’s definition it appears that subjects who were 
randomized, lost to follow-up and had no exposure information were excluded 
from the FAS population. 
 
 
Table 18:  Other Analyses Datasets Used 
Dataset Name Population Defined by Dataset 

Per Protocol 
Analysis Set 

 
Includes all subjects in the Full Analysis Set who fulfill the 
following criteria: 

a. Have not violated any inclusion criteria 
b. Have not fulfilled any exclusion criteria 
c. Have a non-missing HbA1c at screening or 

randomization 
d. Have at least one non-missing HbA1c after 12 

weeks of exposure 
e. Have at least 12 weeks of exposure 

 

Safety 
Analysis Set 

Includes all subjects receiving at least one dose of the 
investigational 
product or its comparator. Subjects in the safety set were to 
contribute to the evaluation “as treated”. 

6. DEMOGRAPHIC AND BASELINE CHARACTERISTICS  

Note: Pooled analyses of the sponsor’s defined FAS population, by disease type, 
are shown to facilitate data presentation.  Notable differences between trials are 
highlighted in ‘Reviewer Comments’.   

6.1. Type 1 DM Trials: Degludec Program:  

Baseline demographic characteristics, for the pool (N=1577) of patients with 
T1DM who were randomized to degludec once daily or comparator in the full 
analysis set population, were balanced between intervention groups (see  
Table 19).  No imbalance was noted when characteristics were reviewed by 
individual study3.  The mean (SD) age of participants was 43 (14) years [range: 
18-82 years].  93% of patients were 65 years old or younger and 0.9% of 
                                                 
3 Source Data NDA 203314: 5.3.5.3: Appendix 6.2: Tables 18, 30, 38 and 42 
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analysis set population were balanced between intervention groups (see Table 
20). 
 
The mean (SD) age of participants was 58 (9.8) years [range: 20-87 years].  76% 
of patients were 65 years old or younger and 3.0% of participants were older 
than 75 years5. 56% of participants were men. 
 
Approximately 70% of the participants were White, 21% were Asian (i.e., Asian 
Indian and Asian non-Indian) and 7% were Black.  A total of 499 subjects with 
T2DM were of Hispanic ethnicity (12%). In the T2DM trials with U.S. participation 
(Trials 3582, 3579, 3672 and 3580), the proportion of Black subjects ranged from 
7% to 14%, and the proportion Hispanic subjects ranged from 8% to 21%.   
 
Other characteristics were matched at baseline between degludec and 
comparators overall (see Table 20) and for each individual studies.  On average 
the population was obese per BMI criteria with a mean BMI of 31 kg/m2 (range: 
16-45).  Comparison across trials showed that a greater proportion of individuals 
(i.e., ~30% versus 10-20%) had severe obesity (BMI > 35 kg/m2) in trials 3582 
(Basal-bolus) and 3672 (Basal U200 + OAD).  Trial 3586 (Asia) had the least 
(0.2%) number of individuals with severe obesity and the most with BMI <25 
kg/m2 (50 versus ~10% for all others) (NDA 203314: 5.3.5.3: Appendix 6.2: Table 
36).   
 
Participants had had diabetes for an average (range) of 11 (7) years and had 
inadequate baseline glycemic control with a mean HbA1c of 8.4 (0.9).  The 
proportion of participants with any diabetes complications at baseline ranged 
from 11-39%. The most commonly reported diabetes-related complications in the 
pool of patients from the full analysis set enrolled in the five degludec once daily 
+ OAD trials were neurologic (~11%) followed by ophthalmic (~8%) and renal 
(5%).   
 
Hypertension (69.0%), hyperlipidemia (28.6%), dyslipidemia (20.7%), 
hypercholesterolemia (13.7%), obesity (10.8%), osteoarthritis (10.5%) and gastro 
esophageal reflux disease (10.5%) were the most commonly associated co-
morbid conditions reported at baseline.  The proportion of subjects on specific 
classes of oral anti-diabetic medication at baseline and mean dose is shown in 
Table 20.  In Trial 3582 (Basal-bolus) ~ 40% of individuals were receiving 
glargine at baseline and 30% were receiving insulin aspart at baseline (see Table 
21).    
 
The majority of trial participants in these trials were recruited from North America 
37% (N=1512), Europe 38% (N=1545) and Asia (Japan excluded) 15% 
(N=613)6.  
 
                                                 
5 NDA 203314: 5.3.5.3: ISE: Appendix 6.2: Table 52 
6 Source Data NDA 203314: 5.3.5.3: ISE: Appendix 6.2: Tables 48 and 49 
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Table 21: Types of Insulin Used at Baseline in Basal Bolus Type 2 DM Degludec OD trial, 

Characteristic Degludec 
 

Comparator 
 

Basal Insulin 541 (72.7) 185 (74.6) 
Insulin Glargine 322 (43.3) 104 (42.3) 
Insulin Detemir 112 (15.1) 49 (19.8) 
Insulin Neutral Protamine Hagedorn 105 (14.1) 23 (12.9) 
Insulin Neutral Protamine Lispro 3 (0.4) 1 (0.4) 

Bolus Insulin 430 (57.8) 137 (55.2) 
Insulin Regular Human 88 (11.8) 25 (10.1) 
Insulin Aspart 223 (30.0) 65 (26.2) 
Insulin Glulisine 28 (3.8) 20 (8.1) 
Insulin Lispro 97 (13.0) 27 (10.9) 

6.3. Type 1 DM (Trial 5401-3594):  Degludec/aspart; Once Daily Indication 

Baseline demographic characteristics, for the 548 patients with T1DM who were 
randomized to Degludec/aspart and comparator, once daily, in the full analysis 
set population, are shown in Table 22. The mean (SD) age of participants was 
41.3 (13) years [range: 18-80 years].  95% of patients were 65 years old or 
younger and 1.1% (6 subjects) of participants were older than 75 years old (NDA 
203313: 5.3.5.3: Appendix 6.2: Table 11).  More subjects randomized to 
Degludec/aspart were younger than 65 years old (97% versus 92%). Overall, 
~50% of participants were men but more subjects randomized to the 
Degludec/aspart arm were men.  The study population consisted of ~90% 
Whites, ~2.9% Blacks and ~1.3% Asians (i.e., Asian Indian and Asian non-Indian 
combined. In total, 17 subjects with T1DM were of Hispanic ethnicity (3.1%). 
 
Other characteristics were balanced at baseline.  On average the population was 
overweight per BMI criteria with a mean BMI of 26 kg/m2 (range: 16-36).  
Participants had had diabetes for an average (SD) of 17 (12) years and had poor 
glycemic control based on mean HbA1c [8.3 (0.8)]. 35% of participants had one 
or more diabetes complication at baseline. The most common diabetes related 
complications were ophthalmic (~27%) followed by neurologic (~18%).   
 
There were imbalances in the associated co-morbid conditions between arms.  
18% versus 11% of participants in the Degludec/aspart arm versus comparator 
arm had a diagnosis of hypothyroidism.  32% of participants in the 
Degludec/aspart arm versus 40% in the comparator arm had hypertension.  
These two conditions were also the two most prevalent co-morbidities. 
 
Approximately 90% of participants used a basal-bolus regimen pre-trial.  Glargine 
(66%) and aspart (50%) were the most frequently used basal and short acting 
insulins respectively.  At baseline the mean total daily insulin dose was balanced 
between intervention arms (i.e., 0.7 U/kg).   
 
Reviewer Comment:  This average dose reflects expected dose for this 
population.  There were small imbalances in characteristics noted at baseline.  
The influence of such imbalance is uncertain.   
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 Randomization 

Characteristic Degludec/aspart 
(N=366) 

Detemir 
(N=182) 

 n (%) or mean (SD) n (%) or mean (SD) 

Table 1.  Population: Full analysis set for except for concomitant illnesses (safety analysis set used). 

 

6.4. Type 2 DM Trials: Degludec/aspart  Program; Once daily or Twice daily 
indication 

Baseline demographic characteristics for the pool (N=1860) of randomized 
patients with T2DM in the four confirmatoryDegludec/aspart trials were balanced 
between intervention groups (see Table 23). 
 
The mean (SD) age of participants was 58 (9.7) years [range: 20-89 years].  74% 
of patients were 65 years old or younger (range: 68-92%) and 3% of participants 
were older than 75 years (range 2-5%)8. 54% of participants were men. 
 
Approximately 47% of the participants were White, 48% were Asian (i.e., 18% 
Asian Indian and 31% Asian non-Indian) and 4% were Black.  A total of 137 
subjects with T2DM were of Hispanic or Latino ethnicity (7.4%). 
 
Reviewer Comment: The pooled results reflect demographic characteristics for 
each of the individual studies9 except for race and ethnicity.  Trial NN5401-3597 
was carried out in Asia and >95% of participants were Asian non-Indian. The 
number of races and ethnic groups represented and the proportion of subjects in 
each do not accurately reflect the demographics of the United States population.  
Certain racial and ethnic groups (e.g., American Indians, Blacks and Hispanics) 
are underrepresented and Asians are overrepresented.   
 
Other baseline characteristics were balanced between intervention arms in the 
overall pool of studies (see Table 23) and within each trial.  The pooled population 
of type 2 DM patient was overweight to obese with a mean BMI of 29 kg/m2 
(range: 16-48). Comparison across trials showed that mean BMI was consistent 
with the overall population except for Trial NN5401-3597 (Asia) where the mean 
BMI was 25 kg/m2 and the proportion of severely obese individuals was 0.5% 
(i.e., BMI > 35 kg/m2).  In trials NN5401-3592, NN5401-3593 and NN5401-3590, 
13-20% of individuals were severely obese (i.e., BMI > 35 kg/m2). 
 
Participants had diabetes for an average (range) of 12 (9-16) years and had 
inadequate baseline glycemic control [mean HbA1c of 8.5 (0.9)].  The proportion 
of participants with any diabetes complications at baseline ranged from 15-69%. 
The most commonly reported diabetes related complications, at baseline, in the 

                                                 
8 NDA 203313: 5.3.5.3: ISE: Appendix 6.2: Table 12 
9 NDA 203313: 5.3.5.3: ISE: Appendix 6.2: Tables 10, 12, 14, 16, 18, 20, 22 
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Table 24: Subject Disposition, Pooled Type 1 DM trials, Degludec Program 
 

Degludec 
N (%) 

Comparator 
N (%) 

Total 
N (%) 

Screened   1783 (100.0) 
Screening Failures    205 (11.5) 
    
Randomized 1104 (100.0) 474 (100.0) 1578 (100.0) 
Exposed 1102 (99.8) 467 (98.5) 1569 (99.4) 
Withdrawn* 140 (12.7) 47 (9.9) 187 (11.9) 
Reason for Withdrawal    

Adverse Event* 24 (2.2)  4 (0.8) 28 (1.8) 
Ineffective Therapy 5 (0.5)  3 (0.6) 8 (0.5) 
Non-Compliance With Protocol 22 (2.0) 10 (2.1) 32 (2.0) 
Withdrawal Criteria* 33 (3.0) 8 (1.7) 41 (2.6) 
Other 56 (5.1) 22 (4.6) 78 (4.9) 

Completed Trial 964 (87.3) 427 (90.1) 1391 (88.1) 
Full Analysis Set 1103 (99.9) 474 (100.0) 1577 (99.9) 
Per Protocol Analysis Set 1032 (93.5)  447 (94.3) 1479 (93.7) 
Source Data: NDA 203314; Module 2.7.3; SCE; Table 3-1. 
N: Number of subjects; %: Proportion of randomized subjects; Ineffective Therapy: Either documented by HbA1c or undocumented and at 
investigator discretion. 
* Proportion nominally higher in degludec arm 

Withdrawals for ‘Other’ 
 
Cases of withdrawal listed under the category “Others” were reviewed and 
manually categorized by the sponsor.  Reasons for withdrawal in this subset of 
patients were matched except for ‘hypoglycemia’ and ‘lack of effect’.  This is 
summarized in Table 25.  After review of line listings it appears that subjects 
mentioned hypoglycemia as the reason for no longer wanting to participate in the 
study.  No details surrounding the exact nature of hypoglycemic events are 
provided.    
   
Table 25: Categorization of Withdrawal Events Classified as “Others”, 
Pooled Type 1 DM trials, Degludec Program 

 
Degludec 

N (%) 
Comparator 

N (%) 
 1102 (100) 467 (100) 

Randomized in Error 8 (0.7) 2 (0.4) 
Withdrew consent 11 (1.0) 7(1.5) 
Lost to follow-up 4 (0.4) 1 (0.2) 
Site Closure or Move 6 (0.5) 4 (0.9) 
Lack of effect 1 (0.1) 0 
Hypoglycemia 7 (0.6) 0 
Safety other than hypoglycemia 0 (0.0) 0 
Miscellaneous 19 (1.7%) 8 (1.7%) 
Source: NDA203314; Module 2.7.4. SCS, Table 1-11 
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Withdrawals due to ‘Adverse Events’ 
 
The proportion of subjects with T1DM discontinuing the trial due to adverse 
events was 2.2% for degludec and 0.8% for comparators.  Subjects randomized 
to degludec had a higher number (AEs: 38 versus 4 events and SAEs: 14 versus 
3) and rate of both total adverse events (5.2 vs. 1.4 ‘adverse event’ leading to 
discontinuations per 100 patient-years) and serious adverse events leading to 
discontinuations (2.2 versus 1.0 ‘serious adverse event’ leading to 
discontinuation per 100 patient-years)15.   
 
Nearly half of the adverse events leading to withdrawal in subjects with T1DM in 
the degludec arm and the majority of the adverse event in the comparators group 
were serious adverse events. Most events were derived from the metabolism and 
nutrition disorders system organ class and the two most common preferred terms 
were hypoglycemia and hypoglycemia unconsciousness16.  I review 
hypoglycemia related withdrawals in greater details below. 

Withdrawals due to Hypoglycemia 
 
Reviewer Comment:  More subjects with type 1 DM diabetes in the degludec arm 
withdrew due to hypoglycemia and more of these withdrawals were due to 
serious adverse events or were judged by the investigators to be causing a 
safety problem. 
 
Hypoglycemia leading to withdrawal was reported across multiple withdrawal 
categories.  Table 26 compares the proportion of individuals who withdrew due 
hypoglycemia between degludec and comparator.  The data show a numerical 
imbalance not favoring degludec across all categories.  Overall, 2.5% of 
participants in the degludec arm versus 0.85% in the glargine arm withdrew due 
to hypoglycemia. 
 
Table 26:  Withdrawals Due to Hypoglycemia Across All Categories of 
Withdrawal, Pooled Type 1 DM Trials, Degludec Program 
 Degludec Comparator 
 N=1102 N=467 
 N (%) N (%) 
Hypoglycemia SAE 6 (0.5) 1 (0.2) 
Hypoglycemia non SAE 3 (0.3) 0 (0.0) 
Hypoglycemia causing a 
safety problem 
withdrawal criteria 

12 (1.1) 3 (0.6) 

Hypoglycemia 
caterorized as ‘Other’ 7 (0.6) 0 (0.0) 

                                                 
15 Source 203314: 5.3.5.3: ISS: Appendix 1.12 Tables 6 and 7. 
16 Source 203314: 5.3.5.3: ISS: Appendix 1.12 Tables 6 and 7. 
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reason for withdrawal 
Source: 203314:  2.7.4 SCS: Table 2-48 p.160 
 
More subjects randomized to degludec [N=6 (0.5%)] withdrew due to a serious 
adverse event of hypoglycemia [N=1 (0.2%)].  
 
Note:  The proportion of individuals with serious adverse events of hypoglycemia 
(i.e., whether or not they led to withdrawal) were similar between groups and will 
be shown later. 
 
Reviewer comment:  Narratives for each of these cases were reviewed (Source 
ISS Table 2-83).  The sponsor states that at least 2 events were intentional 
overdoses.   For one case this appears to be justified.  For the other (Subject 
743001), not enough information is provided to determine the cause.  The 
narratives are summarized below.    
 

• Trial 1250-3583 Subject 402006:  The case describes a 39 year old male. 
The patient experienced a severe hypoglycemic event while canoeing.  
The episode occurred after lunch, 192 days after the patient had been 
randomized to degludec. The patient fell in the water, had to be rescued 
and was treated with glucose on shore.  No risk factors except for physical 
activity or warning signs were identified. 

 
• Trial 1250-3583 Subject 631002:  The case describes a 55 year old 

female with longstanding type 1 DM (1955). Seven days after the patient 
had been randomized to degludec, the patient experienced a severe 
hypoglycemic a night (2 AM).  The patient had injected aspart at 9:00PM 
and degludec at 10:00 PM.  The patient was unresponsive and 
paramedics administered intravenous glucose.   Patient withdrew consent 
and stated that she could not ‘feel’ hypoglycemic episodes on her new 
regimen. 

 
• Trial 1250-3583 Subject 643005:  The case describes a 46 year old male 

with longstanding type 1 DM (1990).  138 days after the patient had been 
randomized to degludec, the patient presented with an intentional insulin 
aspart overdose.  The patient had self-injected two insulin aspart pens.  
The narrative states that the patient was depressed because of marital 
problems.  The patient remained responsive and had a reported blood 
glucose of 20 mg/dL.  He was treated in the emergency room and 
transferred to a psychiatric inpatient unit for treatment of depression. 

 
• Trial 1250-3583 Subject 657006:  The case describes a 21 year old male 

with longstanding type 1 DM (1992).  193 days after the patient had been 
randomized to degludec, the patient had an episode of hypoglycemia with 
seizure and unconsciousness while visiting a friend at 9:00 AM.  
Paramedics were called; blood glucose was reported to be 52 mg/dL.  
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Inpatient workup revealed a frontal lobe lesion per CT scan (not further 
described; patient advised to follow-up with MRI and neurology).  Patient 
had drunk three alcoholic drinks prior to event.  

 
• Trial 1250-3585 Subject 402004:  The case describes a 64 year old male 

with longstanding type 1 DM (1971).  35 days after the patient had been 
randomized to detemir, the patient lost consciousness while sitting down 
for lunch.  Patient’s spouse administered glucagon and patient recovered.  
Two days later the patient had another severe hygolycemic episode and 
the patient was withdrawn. 

 
• Trial 1250-3770 Subject 726002:  The case describes a 62 year old male 

with longstanding type 1 DM (1993), peripheral vascular disease, CAD 
and GERD.  49 days after the patient had been randomized to degludec, 
had a severe hypoglycemic episode while driving.  The patient pulled over, 
lost consciousness and was surrounded by paramedics when he regained 
consciousness.  Patient was told by paramedics that his blood glucose 
was 30 mg/dL. 

 
• Trial 1250-3770 Subject 743001:  The case describes a 46 year old 

female with longstanding type 1 DM (1990).  158 days after the patient 
had been randomized to degludec, the patient “possibly attempted 
suicide” and drank alcohol.  The patient was found in a diabetic coma nine 
hours after “drinking had stopped.” The patient died.  No information 
concerning insulin dose is available.  History of relationship issues and 
suicide notes is noted in narrative. 

 
Reviewer Comment:  I also reviewed narratives for serious adverse events that 
led to withdrawal with preferred terms that could represent misclassified severe 
hypoglycemic events.  In all but two cases, information provided in the narrative 
was not sufficient to rule in or out the diagnosis.  One of the two cases likely 
representing misclassified hypoglycemia (Subject 722001) occurred in a 
degludec treated individual. The other subject (Subject 631005) was in the 
glargine arm. 

 
• Trial 1250-3770, Subject 743001, TIA:  The case describes a 58 year old 

male with longstanding type 1 DM (1989) and ASCVD.  The patient 
developed slurred speech and left sided weakness, three days after he 
had been randomized to degludec.  A brain MRI was negative.  Thoracic 
MRI revealed cervical myelopathy.  The patient was diagnosed with an 
acute TIA.   The narrative does not contain details to confirm diagnosis. 
Reviewer Comment: Hypoglycemia is not invoked as a putative cause.  
Neuroglycopenia can cause TIA like symptoms.  Details to rule this in or 
out are not available. 
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• Trial 1250-3585, Subject 108006, Fracture:  The case describes a 46 
year old female with type 1 DM.  81 days after starting degludec the 
patient was involved in a traffic accident which resulted in fractures to the 
pelvis and ribs.  Reviewer Comment: Hypoglycemia is not invoked as a 
putative cause.  Other details to rule this in or out are not available.  

 
• Trial 1250-3770, Subject 722001, Adrenal Insufficiency:  The case 

describes a 65 year old female with type 1 DM.  10 days after she had 
been randomized to degludec the patient developed ‘severe adrenal 
insufficiency’.  No other information is provided.  The patient recovered the 
same day after being administered 50% IV dextrose. Reviewer Comment: 
This likely represents a misclassified case of severe hypoglycemia.  
Severe adrenal insufficiency would not be expected to respond to IV 
dextrose.  Severe adrenal insufficiency is treated with corticosteroids. 

 
• Trial 1250-3583, Subject 631005, Convulsion:  The case describes a 69 

year old female with type 1 DM (1986).  Three months after starting 
degludec the patient had two seizures.  Blood glucose measured before 
and after the event was reported to be 200 and 229 mg/dL respectively.  
The patient was found to be hypertensive during the event.  CT-scan of 
the brain was not consistent with hemorrhagic or ischemic stroke. 

 
• Trial 1250-3583, Subject 631005, Dead in Bed:  The case describes a 

26 year old female with type 1 DM (1988) who was found ‘dead in bed’ by 
a relative 32 days after randomization to glargine.  Reviewer Comment:  
This event could represent an episode of unrecognized hypoglycemia. 

Withdrawals due to ‘Withdrawal Criteria’ 
 
Between 1% and 3% of randomized individuals in each trial were withdrawn due 
to meeting one or more predefined withdrawal criteria (see 5.5.12 for criteria).  
Table 27 summarizes these data. The most frequent withdrawal criterion met 
was ‘Hypoglycemia Causing a Safety Problem’: 1.1% and 0.6% of subjects 
randomized to degludec and comparator were withdrawn on this basis.  This was 
driven by Trials 3583 (0.8% versus 0.0% for degludec versus glargine) and the 
fixed flexible degludec arm in trial 3770 (2.4% versus 0.6% for degludec versus 
glargine).  Protocol deviations and lack of effect after 12-weeks were the next two 
most frequent withdrawal criteria which occurred most frequently in the degludec 
group.  Protocol deviations occurred most frequently in Trials 3583 (Basal-bolus 
52-weeks) and 3585 (Basal-bolus Asia).  
 
Table 27: Withdrawals due to Withdrawal Criteria, Degludec, Type 1 DM 

 
Degludec 

N (%) 
Comparator 

N (%) 
 1103 (100) 474 (100) 
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Pregnancy 4 (0.4) 3 (0.6) 
Hypoglycemia causing a safety 
problem 12 (1.1) 3 (0.6) 

Protocol deviation 11 (1.0) 0 (0.0) 
Significant change in treatment 3 (0.3) 1 (0.2) 
Lack of effect after 12-weeks 4 (0.4) 1 (0.2) 
Failure to comply with SMBG 1 (0.1) 0 (0.0) 
Source: 203314: ISS: 5.3.5.3: Appendix 6.2: Table 6. 

Withdrawals due to Ineffective Therapy 
 
Withdrawals due to ineffective therapy were reported across the following 
categories of withdrawal: ‘Reason for Withdrawal’, ‘Withdrawal Criteria’ and the 
category ‘Other’.  Table 28 shows withdrawal due to ineffective therapy across all 
categories.  In the pool of patients with type 1 DM a similar small proportion of 
patients withdrew due to ineffective therapy in the degludec and comparator arm 
(0.4% versus 0.3%).   
 
Table 28:  Withdrawals Due To Ineffective Therapy, Across All Categories 
of Withdrawals, Type 1 DM 
 Degludec 

N (%) 
Comparator 

N (%) 
 1103 474 

Ineffective therapy 5 (0.5) 3 (0.6) 
Withdrawal Criterion ‘lack of 
effect after 12 weeks’ 

4 (0.4) 1 (0.2) 

Other 1 (0.1) 0 
Adapted from Source: 203314; 2.7.4; SCS: Table 1-12   

7.2. Disposition Type-2 DM Trials Degludec Program 

5983 subjects with type 2 DM were screened for eligibility.  32% of the population 
was ineligible.  The most frequent reason for ineligibility was failure to meet one 
or more of the specified inclusion/exclusion criteria.   
 
2713 and 1339 subjects with type 2 diabetes were exposed to degludec and 
comparator respectively in the six degludec once daily trials.  These six trials 
contributed a cumulative exposure to degludec and comparator of 1889 and 827 
patient-years, respectively, at the time of NDA filing17.  In addition, 460 and 463 
subjects were exposed to degludec and comparator in two degludec three times 
per week trials. These two trials contributed an additional 221 and 217 patient-
years of exposure to degludec and comparator, respectively. 
 
The completion rate for the pooled population of subjects with type 2 DM was 
83% and was balanced between degludec and comparator (shown in Table 29).  
                                                 
17 Source Data: 203314: 5.3.5.3: ISE: Appendix 6.2: Tables 494-496. 
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The proportion of randomized subjects who completed the six confirmatory type 
2 DM trials ranged from 76% in trial 3580 (degludec versus sitagliptin) to 91% in 
trial 3586 (degludec + OAD Asia).   
 
The most frequent reason for withdrawal (9%) in both arms was the category 
“Other”.  A slightly greater proportion of participants withdrew from the degludec 
arm due to adverse events.  The proportion of subjects with T2DM discontinuing 
the trial due to adverse events in the six confirmatory efficacy studies was 2.6% 
for degludec and 1.9% for comparators.  For the other categories, frequency of 
withdrawal was balanced between arms.  No relationship between proportion of 
withdrawals and trial duration was seen in the six confirmatory type 2 DM trials 
(data not shown)18.  
  
Reviewer Comment:  Review of disposition by individual trials19 and in particular 
for study 3668 (Fixed Flexible Schedule) or 3672 (Degludec U200 OD) was 
consistent with the pooled estimates.  Addition of the two three times per week 
trials (3718 and 3724) results in qualitatively similar findings to those shown in 
the table below (data not shown)20. 
 
Table 29: Subject Disposition, Pooled Type 2 DM, Degludec Once Daily 
trials* 

 
Degludec 

N (%) 
Comparator 

N (%) 
Total 
N (%) 

Screened   5983 (100) 
Screening Failures   1907 (31.8) 
    
Randomized 2733 (100.0) 1343 (100.0) 4076 (100.0) 
Exposed% 2713 (99.3) 1339 (99.7) 4052 (99.4) 
Withdrawn 469 (17.2) 221 (16.5) 690 (16.9) 
Reason for Withdrawal    

Adverse Event 70 (2.6) 25 (1.9) 95 (2.3) 
Ineffective Therapy 15 (0.5) 6 (0.4) 21 (0.5) 
Non-Compliance With Protocol 90 (3.3) 49 (3.6) 139 (3.4) 
Withdrawal Criteria 45 (1.6) 27 (2.0) 72 (1.8) 
Other 249 (9.1) 114 (8.5) 363 (8.9) 

Completed Trial 2264 (82.8) 1122 (83.5) 3386 (83.1) 
Full Analysis Set 2716 (99.4) 1332 (99.2) 4048 (99.3) 
Per Protocol Analysis Set 2423 (88.7) 1200 (89.4) 3623 (88.9) 
Source Data: NDA 203314; 2.7.3; SCE; Table 3-2 
N: Number of subjects; %: Proportion of randomized subjects; Ineffective Therapy: Either documented by HbA1c or 
undocumented and at investigator discretion. 
% Safety Analysis Set 
*Comparator: IGlar (3582, 3579, 3672, 3586, 3668) and Sitagliptin (3580) 

                                                 
18 Source Data: NDA 203314: 5.3.5.3 ISS; Appendix 1.3 Figure 24 
19 Source Data: NDA 203314: 5.3.5.3 ISE; Appendix 6.2 Table 2 and 3 
20 Source Data: NDA 203314: 5.3.5.3 SCE Table 1-13 

Reference ID: 3251542



EMDAC November 8th 2012 
Clinical Review Document 
NDAs 203313 and 203314 

 58

Withdrawals for ‘Other’ 
 
Cases of withdrawal listed as “Others” for the pool of eight trials performed in 
type 2 DM subjects [i.e., exposure includes the two three times per week trials 
(3718 and 3724)], were reviewed and manually categorized by the sponsor.  
Reasons for withdrawal in this subset of patients were matched except for 
withdrawal of consent and hypoglycemia.  The proportion in each category was 
small. This is summarized in Table 25. 
   
Table 30: Categorization of Withdrawal Events Classified as “Others”, 
Pooled Type 2 DM trials, Degludec Program 

 
Degludec 

N (%) 
Comparator 

N (%) 
 3173 1807 

Randomized in Error 86 (2.7%) 54 (3.0%) 
Withdrew consent 72 (2.3%) 30 (1.7%) 
Lost to follow-up 27 (0.9%) 17 (0.9%) 
Site Closure or Move 33 (1.0%) 16 (0.9%) 
Lack of effect 8 (0.3%) 1 (0.1%) 
Hypoglycemia 4 (0.1%) 0 
Safety other than hypoglycemia 9 (0.3%) 4 (0.2%) 
Miscellaneous 40 (1.3%) 19 (1 
Source: 203314: Module 2.7.4. SCS: Table 1-14 
Note: Greater total exposure reflects addition of three times per week trials 3718 and 3724 

 
Reviewer Comment:  To verify the sponsor’s categorization, I audited the listing21 
of withdrawals for reason “Other” in subjects randomized to degludec in the six 
type 2 DM trials (N=2733) and used similar categories as those proposed by the 
sponsor.  Overall, I confirmed the sponsor’s finding. In my review I found 78 
(2.9%) events of withdrawals due to randomization errors or protocol violations.  
The most common error was violation of ≥1 inclusion/exclusion criterion; the 
most common violation was patients randomized on less than a ½ maximal dose 
of OAD.  The other common protocol violation was subject on prohibited OAD.  
The next most common categories were miscellaneous [~ 2.4% (i.e., patients no 
longer wanted to participate, professional reasons)], withdrawal of consent 
(1.5%) and lost to follow-up (0.7%).  I counted 5 withdrawal events where the 
word hypoglycemia was listed in the reason for withdrawal in the degludec arm 
and 0 in the comparator arm.  Events with the words adverse events and weight 
gain listed in the reason were low (<0.2%) and balanced between arms.  

Withdrawals due to ‘Adverse Events’ 
 

                                                 
21 Source 203314: 5.3.5.3: ISE: Appendix 2.2 Listing 12. 
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To analyze withdrawals due to adverse events (AEs) in participants with T2DM, 
the sponsor pooled participants from eight clinical trials conducted in this 
population (see  
Table 4). Subjects randomized to degludec were slightly more likely to 
discontinue due to an adverse event (2.3% versus 1.4%).  The rate of adverse 
events resulting in discontinuation was also greater in the degludec arm (4.5 
events per 100 patient-years versus 2.7 events per 100 patient-years). Half of the 
events leading to withdrawal in the degludec group and a majority of the adverse 
events in the comparator groups were serious adverse events. The rates of the 
serious adverse events leading to withdrawal were similar for degludec and 
comparator (2.4 versus 1.9 events per 100 patient years).  There was no 
imbalance between intervention arms with regards to types of events.  Two 
participants discontinued due to hypoglycemia (0.2%) in each arm in this pool of 
patients. 

Withdrawals due to Hypoglycemia 
 
Hypoglycemia leading to withdrawal was reported across multiple withdrawal 
categories.  Table 26 compares the number of individuals who withdrew due to 
hypoglycemia across all categories of withdrawal in the pool of studies examining 
once daily degludec in type 2 diabetes (i.e., the two degludec three times per 
week studies are excluded).   
 
Reviewer Comment:  The data shows that the proportion of withdrawal due to 
hypoglycemia across all categories was low and balanced between degludec and 
comparators (0.6% versus 0.5%). 
 
Table 31:  Withdrawals Due To Hypoglycemia, Across All Categories Of 
Withdrawal, Pooled Type 2 DM Trials, Degludec Program 
 Degludec Comparator 
 N=2487 N=1111 
 N (%) N (%) 

Hypoglycemia SAE 0 (0.0) 2 (0.2) 
Hypoglycemia non SAE 2 (0.1) 0 (0.0) 
Hypoglycemia causing a 
safety problem 
withdrawal criteria 

9 (0.4) 4 (0.4) 

Hypoglycemia 
caterorized as “Other’ 
reason for withdrawal 

4 (0.2) 0 (0.0) 

Source: 203314:  Module 2.7.4 SCS: Table 2-50 p.165 
 
Withdrawals due to ‘Withdrawal Criteria’ 
 
Between 1.1 and 4.2% of randomized individuals, in each of the six degludec 
once daily trials, were withdrawn due to meeting one or more of the predefined 
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withdrawal criteria.  The pooled data for these participants summarizing the 
frequency of withdrawals according to each predefined withdrawal criteria is 
shown below (see Table 27). The withdrawal criteria most frequently resulting in 
withdrawals were ‘Protocol deviation’ and ‘Hypoglycemia causing a safety 
problem.’  
 
1.1% of subjects randomized to degludec and comparator were withdrawn due to 
protocol deviations.  In the degludec arm the trials with the highest withdrawals 
due to protocol deviations were Trials 3586 (Asia) (3.5% versus 0.7% for 
degludec versus glargine) and 3668 (1.7% versus 0.9% for degludec flexible 
versus glargine).   
 
In the comparator arm, protocol deviation was most frequently reported as a 
withdrawal criterion in Trial 3579 (1.3 versus 3.2% for degludec versus glargine).  
The frequency of withdrawal for the hypoglycemia criteria was balanced overall.  
Trial 3582 (Basal-bolus) showed the largest imbalance in withdrawals due to 
meeting the hypoglycemia withdrawal criterion [0.5% (n=4) versus 0.0% for 
degludec and glargine]. 
 
Table 32: Withdrawals Due To Withdrawal Criteria, Degludec, Type 2 DM 

 
Degludec 

N (%) 
Comparator 

N (%) 
 2716 1332 

Pregnancy 2 (0.1) 0 (0.0) 
Hypoglycemia causing a safety 
problem 9 (0.3) 4 (0.3) 

Protocol deviation 29 (1.1) 14 (1.1) 
Significant change in treatment 5 (0.2) 7 (0.5) 
Lack of effect after 12-weeks 1 (0.0) 0 (0.0) 
Donation of blood 1 (0.0) 0 (0.0) 
Source: 203314: module 5.3.5.3: ISS: Appendix 6.2: Tables 7 and 8. 

 
Withdrawals due to Ineffective Therapy 
 
Withdrawals due to ineffective therapy were reported across the following 
categories of withdrawal: reason for withdrawal, withdrawal criteria and the 
category other.  Table 33 shows withdrawal due to ineffective therapy across all 
categories.  In the pool of patients with type 2 DM a similar small proportion of 
patients withdrew due to ineffective therapy in the degludec and comparator arm 
(0.8% versus 0.5%).   
 
Table 33:  Withdrawals Due To Ineffective Therapy, Across All Categories 
of Withdrawals, Type 2 DM 
 Degludec 

N (%) 
Comparator 

N (%) 
 3173 1802 
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Ineffective therapy 18 (0.6) 9 (0.5) 
Withdrawal Criterion ‘lack of 
effect after 12 weeks’ 

1 (0.0) 0 (0.0) 

Other 8 (0.3) 1 (0.1) 
Adapted from Source: 203314; 2.7.4; SCS: Table 1-15   
Note: Greater total exposure reflects addition of three times per week trials 3718 and 3724 
 

7.3. Disposition Type 1 DM Trials Degludec/aspart Program 

22% of individuals were found ineligible to participate at the screening visit 
because they did not meet one or more of the inclusion/exclusion criteria. 
 
362 and 180 subjects with type 1 diabetes were exposed to Degludec/aspart and 
Comparator, respectively, in one Degludec/aspart trial.  This trial contributed a 
cumulative exposure to Degludec/aspart and Comparator of 297 and 146 patient 
years respectively at the time of NDA filing22.  
 
A high proportion of randomized subjects completed the first 26 weeks of the 
confirmatory type 1 DM trials (i.e., 87% and 86% in the Degludec/aspart and 
detemir arm respectively). The most frequent reason for withdrawal in both arms 
was the category “Other”.  No relationship between proportion of withdrawals and 
trial duration was seen23. 
 
Table 34: Subject Disposition, Type 1 DM trial NN5401-3594, 
Degludec/aspart Program 

 
Degludec/aspart 

N (%) 
Detemir 

N (%) 
Total 
N (%) 

Screened   706 
Screening Failure   158 (22.4) 
    
Randomized 366 (100.0)  182 (100.0) 548 (100.0) 
Exposed 362 (98.9)  180 (98.9) 542 (98.9) 
Withdrawn 46 (12.6) 26 (14.3) 72 (13.1) 
Reason for Withdrawal    

Adverse Event 4 (1.1) 3 (1.6) 7 (1.3) 
Ineffective Therapy 2 (0.5) 0 (0) 2 (0.4) 
Non-Compliance With Protocol 8 (2.2) 6 (3.3) 14 (2.6) 
Withdrawal Criteria 7 (1.9) 5 (2.7) 12 (2.2) 
Other 25 (6.8) 12 (6.6) 37 (6.8) 

Completed Trial 320 (87.4) 156 (85.7) 476 (86.9) 
Full Analysis Set 366 (100.0) 182 (100.0) 548 (100.0) 
Per Protocol Analysis Set 336 (91.8) 168 (92.3) 504 (92.0) 
Source Data: NDA 203313; module 2.7.3; SCE; Table 3-1 
N: Number of subjects; %: Proportion of randomized subjects; Ineffective Therapy: Either documented by HbA1c or undocumented and at 

                                                 
22 Source Data: 203313: 5.3.5.3: ISE: Appendix 6.2: Table 313. 
23 Source: NDA 203313: 5.3.5.1 report-body nn5401-3594 Figure 14.1.3 
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investigator discretion. 

 
Reviewer Comment: In the Summary of Clinical Safety the sponsor analyzes 
disposition and reasons for withdrawal by pooling both the parent (3594) and 
extension trial (3645).  Results are qualitatively similar to the parent trial (refer to 
Table 35).  The analyses that follow include both parent and extension trial. 
 
Table 35: Disposition, Type 1 DM trial, Parent (3594) and Extension trial 
(3645) 

 
Degludec/aspart 

N (%) 
Detemir 

N (%) 
Total 
N (%) 

Screened   706 
Screening Failure   158 (22.4) 
    
Randomized 366 (100.0)  182 (100.0) 548 (100.0) 
Exposed 362 (98.9)  180 (98.9) 542 (98.9) 
Withdrawn 67 (18.3) 35 (19.2) 102 (18.6) 
Reason for Withdrawal    

Adverse Event 7 (1.9) 3 (1.6) 10 (1.8) 
Ineffective Therapy 2 (0.5) 0 (0) 2 (0.4) 
Non-Compliance With Protocol 12 (3.3) 7 (3.8) 19 (3.5) 
Withdrawal Criteria 9 (2.5) 6 (3.3) 15 (2.7) 
Other 37 (10.1) 19 (10.4) 56 (10.2) 

Completed Parent and 
Extension Trial 233 (63.7) 113 (62.1) 346 (63.1) 

Completed Parent Trial (26-
weeks) but Did Not Enter 
Extension 

66 (18.0) 34 (18.7) 100 (18.2) 

Entered Into Extension Trial 254 (69.4) 122 (67.0) 376 (68.6) 
Source Data: NDA 203313; 2.7.4; SCS; Table 1-9 
N: Number of subjects; %: Proportion of randomized subjects; Ineffective Therapy: Either documented by HbA1c or undocumented and at 
investigator discretion. 

 
Withdrawals for reason ‘Other’ 
 
The sponsor reviewed the cause of withdrawal for this category and categorized 
them in Table 36.  The majority of subjects withdrew citing miscellaneous 
reasons which included: belief that the treatment was ineffective, unwillingness or 
inability to comply with protocol demands due to issues related to lifestyle.  
Another frequently cited reason in the category “other” was withdrawal of consent 
without providing explanation.  Hypoglycemia was a reason more frequently 
given by participants treated with Degludec/aspart than those treated with 
detemir 4 (1.1%) versus 1 (0.6%). 
 
Table 36: Withdrawals Events Classified as “Others”, Type 1 DM, 
Degludec/aspart Parent and Extension Trial (N5401-3594/3645) 

 
Degludec 

N (%) 
Comparator 

N (%) 
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 362 180 

Randomized in Error 3 (0.8) 1 (0.6) 
Withdrew consent 7 (1.9) 7 (3.9) 
Lost to follow-up 3 (0.8) 4 (2.2) 
Site Closure or Move 2 (0.8) 1 (0.6) 
Lack of effect 3 (0.8) 1 (0.6) 
Hypoglycemia 4 (1.1) 1 (0.6) 
Safety other than hypoglycemia 1 (0.3) 2 (1.1) 
Miscellaneous 14 (3.9) 2 (1.1) 

Source: 203313: module 2.7.4; SCS; Table 1-10. 

 
Withdrawals for reason ‘Adverse Events’ 
 
Seven (1.9%) and three (1.3%) subjects randomized to Degludec/aspart and 
Detemir, respectively, withdrew due to an adverse event.  More withdrawals were 
due to serious adverse events in the Degludec/aspart (N=6) arm compared to the 
detemir arm (N=1).   Four out of six events were related to hypoglycemia 
(discussed below). 
 
Withdrawals due to Hypoglycemia 
 
Hypoglycemia leading to withdrawal was reported across multiple withdrawal 
categories.  Table 37 compares the proportion of individuals who withdrew for 
hypoglycemia across all categories of withdrawal in the single study examining 
Degludec/aspart in type 1 diabetes.   
 
Withdrawals for hypoglycemia across all categories accounted for 3% and 2% of 
all withdrawals in the Degludec/aspart and detemir arm, respectively.  In contrast 
to detemir, more withdrawals due to hypoglycemia in the Degludec/aspart arm 
were due to serious adverse events and safety reasons (i.e., 7 versus 3).  
 
Table 37:  Withdrawals Due To Hypoglycemia, Across All Categories Of 
Withdrawal, Pooled Type 1 DM Trials, Degludec/aspart Program 
 Degludec/aspart Detemir 
 N=362 N=180 
 N (%) N (%) 

Hypoglycemia SAE 5 (1.4) 0 (0.0) 
Hypoglycemia non SAE 0 (0.0) 0 (0.0) 
Hypoglycemia causing a 
safety problem 
withdrawal criteria 

2 (0.6) 3 (1.7) 

Hypoglycemia 
caterorized as “Other’ 
reason for withdrawal 

4 (1.1) 1 (0.6) 
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Source: 203313:  module 2.7.4; SCS: Table 2-51 p.159 

 
In the Degludec/aspart group, most withdrawals due to serious adverse events 
(N=4) were related to hypoglycemia related preferred terms [(i.e., hypoglycemic 
unconsciousness (2 events), hypoglycemia (1 event), hypoglycemia seizure (1 
event)]24.  No hypoglycemia related events led to withdrawal in the detemir 
group.  One serious event of diabetic ketoacidosis led to withdrawal in the 
detemir group.  Narratives for withdrawals due serious adverse events of 
hypoglycemia are provided below. 
 
• Trial NN5401-3594, Subject 103022, Hypoglycemia Unconsciousness:  

The case describes a 62 year old female from Poland with a past medical 
history significant for type 1 DM since 2007 and hypothyroidism, 
hypercholesterolemia and hypertension.  39 days after the patient was 
randomized to Degludec/aspart she was hospitalized for a severe 
hypoglycemic episode (27 mg/dL) with loss of consciousness.  The patient’s 
Degludec/aspart dose was decreased.  Four days after the initial event and 
while still in the hospital, she had another severe hypoglycemic episode (29 
mg/dL).  Degludec/aspart was discontinued.  The patient was switched to 
Humalog and Humulin N.  She experienced a third episode of severe 
hypoglycemia seven days after the initial event. 

 
• Trial NN5401-3594, Subject 107004, Hypoglycemia Unconsciousness:  

The case describes a 40 year old female from Poland with type 1 DM arterial 
hypertension and depression who experienced four episodes of severe 
hypoglycemia 13, 15, 17 and 21 days after being randomized to 
Degludec/aspart.  The fourth episode was associated with loss of 
consciousness and led to permanent discontinuation of the trial product.   

 
• Trial NN5401-3594, Subject 402001, Hypoglycemia Unconsciousness:  

The case describes a 53 year old male from Denmark with type 1 DM (1968).  
The patient experienced two severe hypoglycemic episodes with altered 
consciousness 37 and 95 days after being randomized to Degludec/aspart 
and discontinued the trial.  

 
• Trial NN5401-3594, Subject 503007, Hypoglycemic Seizure:  The case 

describes a 30 year old female from the United Kingdom with type 1 DM 
(1998).  The patient experienced two early morning (i.e., 6:30-7:00 am) 
hypoglycemic seizures 114 and 131 days after being randomized to 
Degludec/aspart and discontinued the trial. 

 
Withdrawals for reason ‘Withdrawal Criteria’ 
 

                                                 
24 Source: 233013: 5.3.5.3: ISS: Appendix 1.12. Table 7. 
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15 subjects (9 vs. 6 in Degludec/aspart vs. Detemir) were withdrawn because 
they met one of the protocol-defined withdrawal criteria.  Hypoglycemia causing a 
safety problem was more frequently reported in subjects randomized to detemir.  
Otherwise withdrawals in this category were balanced.  These data are 
summarized in the table below by category.  
 
Table 38:  Withdrawals Due to Withdrawal Criteria, Type 1 DM, 
Degludec/aspart Parent and Extension Trial (N5401-3594/3645) 

 
Degludec 

N (%) 
Detemir 

N (%) 
 366 182 

Pregnancy 2 (0.5) 1 (0.5) 
Hypoglycemia causing a safety 
problem 2 (0.5) 3 (1.6) 

Protocol deviation 0 (0.0) 2 (1.1) 
Significant change in treatment 3 (0.8) 0 (0.0) 
Lack of effect after 12-weeks 1 (0.3) 0 (0.0) 
Donation of blood 1 (0.3) 0 (0.0) 
Adapted from Source: 203313: module 5.3.5.3; ISS; Appendix 1.3: Table 14. 

 
Withdrawals due to Ineffective Therapy 
 
Withdrawals due to ineffective therapy could be reported across the following 
categories of withdrawal: reason for withdrawal, withdrawal criteria and the 
category other.  Table 33 shows withdrawal due to ineffective therapy across all 
categories.  In the pool of patients with type 1 DM a higher proportion of patients 
withdrew due to ineffective therapy in the Degludec/aspart arm [2.0% (n=7) 
versus 0.6% (n=1)].   
 
Table 39:  Withdrawals Due To Ineffective Therapy, Across All Categories 
of Withdrawals, Type 1 DM, Degludec/aspart Program 
 Degludec/aspart 

N (%) 
Detemir 

N (%) 
 362 180 

Category ‘Ineffective 
therapy’ 2 (0.6)  (0.0) 

Withdrawal Criterion ‘lack of 
effect’ 

1 (0.3) 0 

Withdrawal Criterion ‘lack of 
effect after 12 weeks’ 

1 (0.3) 0 (0.0) 

Category ‘Other’ 3 (0.8) 1 (0.6) 
Adapted from Source: 203313; 2.7.4; SCS: Table 1-11 
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7.4. Disposition Type-2 DM Trials Degludec/aspart Program 

33% of the 2785 individuals screened to participate in the degludec/aspart 
program were ineligible.  The most important reason for failing the screening visit 
was failure to meet one or more of the inclusion/exclusion criteria.   
 
998 and 857 subjects with type 2 diabetes were exposed to Degludec/aspart and 
Comparator, respectively, in the four Degludec/aspart trials.  These four trials 
contributed a cumulative exposure to Degludec/aspart and Comparator of 453 
and 393 patient-years, respectively, at the time of NDA filing.25  
 
The proportion of randomized subjects who completed the four confirmatory type 
2 DM trials was high and ranged from 85% to 88%.  The completion rate for the 
pooled population of subjects with type 2 DM was 86% and was balanced 
between Degludec/aspart and comparator arms (shown in Table 40).  The most 
frequent reason for withdrawal was the category “Other” (5.7%) followed by the 
category “Withdrawal Criteria” (4.1%).  A slightly greater proportion of 
participants withdrew from the Degludec/aspart arm due to ”Withdrawal Criteria” 
(discussed below).  The proportion of subjects with T2DM discontinuing the trial 
due to other categories withdrawal was balanced between arms.  No relationship 
between proportion of withdrawals and trial duration was seen in the six 
confirmatory type 2 DM trials (data not shown) 26.  
  
Table 40: Subject Disposition, Pooled Type 2 DM Trials, Degludec/aspart 
Program 

 
Degludec/aspart 

N (%) 
Comparator 

N (%) 
Total 
N (%) 

Screened   2785 
Screening Failure   919 (33.0) 
    
Randomized 1004 (100.0) 862 (100.0) 1866 (100.0) 
Exposed 998 (99.4) 857 (99.4) 1855 (99.4) 
Withdrawn 147 (14.6) 111 (12.9) 258  (13.8) 

Adverse Event 18 (1.8) 13  (1.5) 31   (1.7) 
Ineffective Therapy   9 (0.9) 6   (0.7) 15   (0.8) 
Non-Compliance With 
Protocol 17 (1.7) 12   (1.4) 15   (0.8) 

Withdrawal Criteria 45 (4.5) 31   (3.6) 76   (4.1) 
Other 58 (5.8) 49   (5.7) 107 (5.7) 

Completed 857 (85.4)        751  (87.1)       1608  (86.2) 
Full Analysis Set 1000(99.6) 860  (99.8)     1860 (99.7) 
Per Protocol Analysis Set 895  (89.1)         776  (90.0)   1671 (89.5) 
Source Data: NDA 203313; 2.7.3; SCE;  Table 3-2 

 

                                                 
25 Source Data: 203313: 5.3.5.3: ISE: Appendix 6.2: Table 314. 
26 Source Data: NDA 203313: 5.3.5.3 ISS; Appendix 1.3 Figure 19 
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Withdrawals for ‘Other’ 
 
Cases of withdrawal listed as “Others” for the pool of four trials performed in type 
2 DM subjects were reviewed and manually categorized by the sponsor.  
Reasons for withdrawal in this subset of patients were matched.  The proportion 
in each category was small. This is summarized below. 
   
Table 41: Categorization of Withdrawal Events Classified as “Others”, 
Pooled Type 2 DM trials, Degludec/aspart Program 

 
Degludec/aspart 

N (%) 
Comparator 

N (%) 
 998 857 

Randomized in Error 28 (2.8) 20 (2.3) 
Withdrew consent 19 (1.9) 10 (1.2) 
Lost to follow-up 1 (0.1) 5 (0.5) 
Site Closure or Move 2 (0.2) 2 (0.2) 
Lack of effect 1 (0.1) 0 (0.0) 
Hypoglycemia 1 (0.1) 3 (0.4) 
Safety other than hypoglycemia 1 (0.1) 1 (0.1) 
Miscellaneous 5 (0.5) 9 (1.1) 
Source: 203313: 2.7.4. SCS: Table 1-13 

 
Withdrawals due to ‘Adverse Events’ 
 
In the pool of four Degludec/aspart trials in patient with type 2 diabetes, no 
difference in the proportion of subjects who discontinued due to an adverse event 
was noted (1.8% versus 1.5%)27.  The rate of adverse events resulting in 
discontinuation was also similar (4.2 versus 4.3 events per 100 patient years). 
Most of the events leading to withdrawal in both arms were serious adverse 
events. The rates of serious adverse events leading to withdrawal were similar 
for Degludec/aspart and comparator (2.9 versus 3.1 events per 100 patient 
years).  There was no clear imbalance between intervention arms with regards to 
type of events (See section for further discussion).  Two participants discontinued 
due to a hypoglycemia related PT in the Degludec/aspart versus 1 in the 
comparator arm. 
 
Withdrawals due to Hypoglycemia 
 
Hypoglycemia leading to withdrawal was reported across multiple withdrawal 
categories.  Table 42 compares hypoglycemia as a reason for withdrawal across 
all categories of withdrawal in the pool of studies examining Degludec/aspart in 
type 2 diabetes.  The data shows that the proportions of participants with type 2 
DM who withdrew due to hypoglycemia across all categories of withdrawal were 

                                                 
27 Source 203313: 5.3.5.3: ISS: Appendix 1.12 Tables 9 and 10. 
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low and balanced between Degludec/aspart and comparators (0.8% versus 
0.7%).   
 
However, most events in the Degludec/aspart arm were either identified as 
serious or as causing a safety problem. 
 
Table 42:  Withdrawals Due To Hypoglycemia, Across All Categories Of 
Withdrawal, Pooled Type 2 DM Trials, Degludec/aspart Program 
 Degludec/aspart Comparator 
 N=998 N=857 
 N (%) N (%) 

Hypoglycemia SAE 2 (0.2) 1 (0.1) 
Hypoglycemia non SAE 0 (0.0) 0 (0.0) 
Hypoglycemia causing a 
safety problem 
withdrawal criteria 

5 (0.5) 1 (0.1) 

Hypoglycemia 
caterorized as “Other’ 
reason for withdrawal 

1 (0.1) 3 (0.4) 

Source: 203313:  2.7.4 SCS: Table 2-53 p.164 

 
Withdrawals due to ‘Withdrawal Criteria’ 
 
Forty four and 31 subjects with type 2 diabetes randomized to Degludec/aspart 
and Comparator, respectively, were withdrawn due to meeting one or more of the 
predefined withdrawal criteria (see 5.5.12 for criteria).  The proportion of subjects 
withdrawn for each predefined withdrawal criteria is shown below (see Table 43). 
The withdrawal criterion most frequently resulting in withdrawals for both arms 
was ‘Protocol deviation’. ‘Hypoglycemia causing a safety problem’ was a more 
frequent cause of withdrawal in the Degludec/aspart arm.    
 
Table 43: Withdrawals Due To Withdrawal Criteria, Degludec/aspart, Type 2 
DM 

 
Degludec/aspart

N (%) 
Comparator

N (%) 

 1000 860 
Hypoglycemia causing a safety problem  5 (0.5) 1 (0.1) 
Protocol deviation 35 (3.5) 25 (2.9) 
Significant change in treatment  3 (0.3) 5 (0.6) 
Lack of effect after 12-weeks  2 (0.2) 0 (0.0) 
Adapted from 203313: Module 5.3.5.3: ISS: Appendix 1.3: Table 20. 

 
Withdrawals due to Ineffective Therapy 
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Withdrawals due to ineffective therapy were reported across the following 
categories of withdrawal: reason for withdrawal, withdrawal criteria and the 
category other.  Table 44 shows withdrawal due to ineffective therapy across all 
categories.  In the pool of patients with type 2 DM a higher proportion of patients 
withdrew due to ineffective therapy in the Degludec/aspart arm (1.2% versus 
0.7%).   
 
Table 44:  Withdrawals Due To Ineffective Therapy, Across All Categories 
of Withdrawals, Type 2 DM 
 Degludec/aspart 

N (%) 
Comparator 

N (%) 
 998 857 

Ineffective therapy 9 (0.9) 6 (0.7) 
Withdrawal Criterion ‘lack of 
effect after 12 weeks’ 

2 (0.2) 0 (0.0) 

Other 1 (0.3) 0 (0.0) 
Adapted from: 203313; Module 2.7.4; SCS: Table 1-14 

8. EFFICACY FINDINGS: 

Refer to the statistical review package by Drs. Cynthia Liu and Dongmei Liu for 
FDA analyses and discussions of key efficacy findings.  The sponsor’s reported 
findings were generally consistent with FDA analyses and are shown below. 

8.1. Primary Analyses 

Table 45: Primary Efficacy Findings, Type 1 DM, Insulin Degludec Program 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
HbA1c 
(SD) 

LSMean 
Change in 
HbA1c 
(SE) 

Treatment 
Difference  
(95% 
Confidence 
Interval) 

Mean Total 
Daily Basal 
Insulin* 
in U/kg 
(SD) 

Mean 
Total 
Daily 
Prandial* 
Insulin in  
U/kg 
(SD) 

Basal Insulin Once Daily and Prandial Insulin with Meals 
3583 (52) Degludec 472 7.69 (0.9) -0.36 (0.05) -0.01 (-0.14; 0.11) 0.35 (0.18) 0.40 (0.24) 
 Glargine 157 7.72 (1.0) -0.34 (0.07)  0.39 (0.19) 0.44 (0.27) 
3585 (26) Degludec 302 7.98 (1.0) -0.71 (0.06) -0.09 (-0.23; 0.05) 0.36 (0.19) 0.54 (0.40) 
 Detemir 153 7.99 (0.9) -0.61 (0.07)  0.41 (0.25) 0.63 (0.38) 
3770 (26) Degludec FF 164 7.69 (1.0) -0.40 (0.05) 0.17 ( 0.04; 0.30)∫ 0.42 (0.25) 0.35 (0.15) 
 Degludec OD 165 7.70 (0.9) -0.41 (0.05) 0.01 (-0.13; 0.14)# 0.38 (0.23) 0.33 (0.23) 
 Glargine 164 7.73 (0.9) -0.57 (0.05)  0.42 (0.23) 0.42 (0.46) 
Adapted from NDA 203314; Clinical Summary of efficacy; module 2.7.3; Tables 3-12 and 3-13 and Tables 14.2.10  (or 9) and 14.2.22  of individual 
study reports (section 5.3.5.1)  
Analysis performed on full analysis set using LOCF to impute missing data. Treatment difference analyzed by ANCOVA with treatment assignment, 
anti-diabetic therapy at screening regions and sex, used as fixed factors and baseline HbA1c and age as covariates in the model. LSMean; model-
based adjusted mean change in HbA1c from baseline (i.e., ΔHbA1c = end of trial – baseline).    
*Insulin doses were derived from the safety data set at end of treatment with LOCF to impute missing data.  
∫ Degludec flexible dosing interval (FF) versus Glargine once daily (primary objective). 
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# Degludec flexible dosing interval (FF) versus Degludec once daily 

 
Table 46: Primary Efficacy Findings, Type 2 DM, Insulin Degludec Program 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
HbA1c 
(SD) 

LSMean 
Change in 
HbA1c 
(SE) 

Treatment 
Difference  
(95% 
Confidence 
Interval) 

Mean Total 
Daily Basal 
Insulin* 
in U/kg 
(SD) 

Mean 
Total 
Daily 
Prandial* 
Insulin in  
U/kg 
(SD) 

Basal Insulin Once Daily and Prandial Insulin with Meals, added to OADs 
3582 (52) Degludec 744 8.27 (0.8) -1.10 (0.06)  0.08 (-0.05; 0.21) 0.75 (0.43) 0.72 (0.58) 
 Glargine 248 8.36 (0.9) -1.18 (0.08)  0.69 (0.40) 0.74 (0.58) 

Basal Insulin, Once Daily, Added to Combination of OADs 
3579 (52) Degludec 773 8.16 (0.8) -1.06 (0.04)  0.09 (-0.04; 0.22) 0.59 (0.35) -- 
 Glargine 257 8.21 (0.8) -1.15 (0.06)  0.60 (0.32) -- 
3672 (26) DegludecU200 228 8.29 (1.0) -1.18 (0.09)  0.04 (-0.11; 0.19) 0.62 (0.32) -- 
 Glargine 229 8.24 (0.9) -1.22 (0.08)  0.66 (0.30) -- 
3586 (26) Degludec 289 8.45 (0.8) -1.42 (0.06)  0.11 (-0.03; 0.24) 0.28 (0.17) -- 
 Glargine 146 8.46 (0.8) -1.52 (0.07)  0.35 (0.23) -- 
3580 (26) Degludec 225 8.77 (1.0) -1.52 (0.07) -0.43 (-0.61; -0.24) 0.50 (0.30) -- 
 Sitagliptin 222 8.97 (1.0) -1.09 (0.10)  -- -- 
3668 (26) Degludec FF 229 8.50 (1.0) -1.17 (0.08)  0.04 (-0.12; 0.20)∫ 0.55 (0.34) -- 
 Degludec OD 228 8.38 (1.0) -1.03 (0.08) -0.13 (-0.29; 0.03)# 0.52 (0.31) -- 
 Glargine 230 8.41 (0.9) -1.21 (0.08)  0.52 (0.25) -- 
Adapted from NDA 203314; Clinical Summary of efficacy; module 2.7.3; Tables 3-14 and 3-15 and Tables 14.2.10 of individual study reports (section 
5.3.5.1)  
Analysis performed on full analysis set using LOCF to impute missing data. Treatment difference analyzed by ANCOVA with treatment assignment, 
anti-diabetic therapy at screening regions and sex, used as fixed factors and baseline HbA1c and age as covariates in the model. LSMean; model-
based adjusted mean change in HbA1c from baseline (i.e., ΔHbA1c = end of trial – baseline).    
*Insulin doses were derived from the safety data set at end of treatment with LOCF to impute missing data.  Mean and median insulin dose values were 
similar (difference between mean and median was in most instances < 0.10) in all trials with mean values being slightly larger. 
∫ Degludec flexible dosing interval (FF) versus Glargine once daily (primary objective). 
# Degludec flexible dosing interval (FF) versus Degludec once daily 

 
Table 47: Primary Efficacy Findings, Type 1 and 2 DM, Degludec/aspart 
Program 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
HbA1c 
(SD) 

LSMean 
Change in 
HbA1c 
(SE) 

Treatment 
Difference  
(95% 
Confidence 
Interval) 

Mean Total 
Daily 
BasalΔ 
Insulin* 
in U/kg 
(SD) 

Mean 
Total 
Daily 
Prandial* 
Insulin in  
U/kg 
(SD) 

Premix or Basal Insulin Once Daily, Prandial∫∫ Insulin with Meals, Type 1 DM 
3594 (26) IDegAsp OD 366 8.30 (0.8) -0.75 (0.06) -0.05 (0.18; 0.08) 0.37 (0.16) 0.49 (0.29) 
 Detemir  OD 182 8.28 (0.7) -0.70 (0.08)  0.46 ( 0.23) 0.54 (0.42) 

Premix or Basal Insulin Once Daily, Added  to Combination of OADs, Type 2 DM 
3590 (26) IDegAsp  OD 266 8.86 (1.0) -1.72 (0.08) 0.03 [-0.14; 0.20] 0.75 (0.39) -- 
 Glargine  OD 263 8.91 (0.9) -1.75 (0.03)  0.67 (0.33) -- 
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3593 (26) IDegAsp  OD 230 8.29 (0.8) -1.00 (0.08) -0.03 [-0.20; 0.14] 0.69 (0.34) -- 
 Glargine  OD 233 8.36 (1.0) -0.97 (0.08)  0.69 (0.36) -- 

Premix or Basal Twice Daily, Added  to Combination of OADs, Type 2 DM 
3592 (26) IDegAsp  BID 224 8.33 (0.8) -1.31 (0.09) -0.03 [-0.18; 0.13] 1.08 (0.53) -- 
 BIAsp 30 BID 222 8.40 (0.9) -1.29 (0.10)  1.20 (0.57) -- 
3597 (26) IDegAsp  BID 280 8.45 (0.8) -1.39 (0.05) 0.05 [-0.10; 0.20] 0.79 (0.48) -- 
 BIAsp 30 BID 142 8.44 (0.9) -1.44 (0.10)  0.99 (0.61) -- 
Adapted from NDA 203313; Clinical Summary of efficacy; module 2.7.3; Tables 3-13 to and 3-16 and Tables 14.2.10 of individual study reports (section 
5.3.5.1)  
Analysis performed on full analysis set using LOCF to impute missing data. Treatment difference analyzed by ANCOVA with treatment assignment, 
anti-diabetic therapy at screening regions and sex, used as fixed factors and baseline HbA1c and age as covariates in the model. LSMean; model-
based adjusted mean change in HbA1c from baseline (i.e., ΔHbA1c = end of trial – baseline).    
*Insulin doses were derived from the safety data set at end of treatment with LOCF to impute missing data.  Mean and median values insulin dose were 
similar (difference between mean and median was in most instances <  0.10 for type 2 DM and 0.05 U/kg for type 1 DM) in all trials with mean values 
being slightly larger. 
Δ Basal refers to DegAsp in all trials except 3594 where DegAsp units shown are actually basal degludec component units only.  Aspart component are 
shown in total daily prandial units column. 
∫ Degludec flexible dosing interval (FF) versus Glargine once daily (primary objective). 
# Degludec flexible dosing interval (FF) versus Degludec once daily 

 

8.2. Secondary Analyses:  Weight Change 

Table 48: Change in Body Weight (Kg), Type 1 DM, Degludec Program 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
Weight 
(SD) 

LS Mean 
Change in 
Weight (SE) 

Treatment 
Difference  
(95% Confidence 
Interval) 

Basal Insulin Once Daily and Prandial Insulin with Meals 
3583 (52) Degludec 472 79.0 (14.3) 2.14 (0.30)  0.18 [-0.54; 0.91] 
 Glargine 157 78.3 (16.2) 1.95 (0.40)  
3585 (26) Degludec 302 66.5 (14.9) 1.50 (0.20)  1.08 [0.58; 1.57] 
 Detemir 153 66.7 (13.4) 0.42 (0.24)  
3770 (26) Degludec FF 164 81.7 (15.5) 1.26 (0.26)  
 Degludec OD 165 79.6 (15.5) 0.93 (0.26)  0.33 [-0.38; 1.03] # 
 Glargine 164 80.4 (15.6) 1.70 (0.26) -0.44 [-1.14; 0.27] ∫   
Adapted from NDA 203314; module 5.3.5.3 Tables; 336 and 337 
LSMean; model-based adjusted mean change in weight from baseline to end of treatment in full analysis set using LOCF 
for missing values (i.e., change in weight = end of trial – baseline).   
Treatment difference=IDeg-Comparator 
Treatment difference analyzed by ANCOVA with treatment assignment, anti-diabetic therapy at screening regions and 
sex, used as fixed factors and baseline weight and age as covariates in the model.  
∫  Degludec flexible dosing inverval (FF) versus Glargine once daily (primary objective). 
# Degludec flexible dosing inverval (FF) versus Degludec once daily 
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Table 49:  Change in Body Weight (Kg), Type 2 DM, Degludec Program 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
Weight 
(SD) 

LS Mean 
Change in 
Weight (SE) 

Treatment 
Difference  
(95% Confidence 
Interval) 

Basal Insulin Once Daily and Prandial Insulin with Meals, added to OADs 
3582 (52) Degludec 744 92.6 (17.9) 3.23 (0.33) -0.31 [-0.98; 0.37] 
 Glargine 248 92.2 (17.2) 3.54 (0.41)  

Basal Insulin, Once Daily, Added to Combination of OADs 
3579 (52) Degludec 773 89.4 (17.7) 2.57 (0.17)  0.28 [-0.32; 0.88] 
 Glargine 257 91.8 (15.8) 2.29 (0.27)  
3672 (26) DegludecU200 228 92.2 (18.5) 2.30 (0.36)  0.44 [-0.20; 1.08] 
 Glargine 229 92.7 (18.4) 1.86 (0.35)  
3586 (26) Degludec 289 64.9 (11.5) 1.54 (0.17) -0.17 [-0.59; 0.26] 
 Glargine 146 67.4 (11.6) 1.71 (0.21)  
3580 (26) Degludec 225 83.9 (19.3) 2.71 (0.44)  2.75 [1.97; 3.54] 
 Sitagliptin 222 86.1 (19.8) -0.05 (0.43)  
3668 (26) Degludec FF 229 81.4 (16.2) 1.86 (0.27)  
 Degludec OD 228 81.7 (17.1) 1.59 (0.26) -0.00 [-0.53; 0.52] 
 Glargine 230 82.0 (16.5) 1.86 (0.25)  0.27 [-0.25; 0.79] 
Adapted from NDA 203314; module 5.3.5.3 Tables; 339-343 
LSMean; model-based adjusted mean change in weight from baseline to end of treatment in full analysis set using 
LOCF for missing values (i.e., change in weight = end of trial – baseline).   
Treatment difference=IDeg-Comparator 
Treatment difference analyzed by ANCOVA with treatment assignment, anti-diabetic therapy at screening regions and 
sex, used as fixed factors and baseline weight and age as covariates in the model.  
∫  Degludec flex ble dosing inverval (FF) versus Glargine once daily (primary objective). 
# Degludec flexible dosing inverval (FF) versus Degludec once daily 

 
Table 50:  Body Weight Changes, Type 1 and 2 DM, Degludec/Aspart 

Study# 
(weeks) 

Treatment 
Arms n 

Mean 
Baseline 
Weight 
(SD) 

LS Mean 
Change in 
Weight (SE) 

Treatment Difference  
(95% Confidence 
Interval) 

Premix or Basal Insulin Once Daily, Prandial Insulin with Meals, Type 1 DM 
3594 (26) IDegAsp OD 366 76.7 (14.6) 2.7 (0.32)  1.04 (0.38; 1.69) 
 Detemir  OD 182 76.0 (14.0) 1.7 (0.42)  
Premix or Basal Insulin Once Daily, Added  to Combination of OADs, Type 2 DM 

3590 (26) IDegAsp  OD 266 85.0 (17.9) 2.9 (0.28)  1.31 [0.72; 1.89] 
 Glargine  OD 263 85.1 (18.6) 1.6 (0.26)  
3593 (26) IDegAsp  OD 230 84.7 (19.9) 1.7 (0.24)  0.33 [-0.17; 0.83] 
 Glargine  OD 233 83.9 (19.2) 1.4 (0.23)  

Premix or Basal Twice Daily, Added  to Combination of OADs, Type 2 DM 
3592 (26) IDegAsp  BID 224 81.5 (18.1) 2.2 (0.31) -0.62 [-1.15; -0.10] 
 BIAsp 30 BID 222 78.9 (17.6) 2.8 (0.33)  
3597 (26) IDegAsp  BID 280 66.1 (11.2) 1.3 (0.19) -0.38 [-0.96; 0.21] 
 BIAsp 30 BID 142 66.0 (11.2) 1.7 (0.25)  
Adapted from NDA 203313; module 5.3.5.3; Appendix 6.2 Tables 220-221 and 223-224. 
LSMean; model-based adjusted mean change in weight from baseline to end of treatment in full analysis set using LOCF for 
missing values (i.e., change in weight = end of trial – baseline).   
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Treatment difference=IDeg-Comparator 
Treatment difference analyzed by ANCOVA with treatment assignment, anti-diabetic therapy at screening regions and sex, used 
as fixed factors and baseline weight and age as covariates in the model.  

 

9. RELIABILITY AND GENERALIZABILITY OF THE 
HYPOGLYCEMIA DERIVED DATA 

Reviewer Comment:  The sponsor performed several pre-specified secondary 
analyses of hypoglycemia data in individual trials in the degludec and 
degludec/aspart program and a pre-planned meta-analysis to compare the risk of 
“confirmed hypoglycemic events” between insulin degludec and insulin glargine.  
The results of these analyses are reviewed in the background documents by Drs. 
Andraca-Carrera and Cynthia Liu. In the next section of this background package 
I summarize factors that could impact the reliability and generalizability of the 
trial-derived hypoglycemia data to the actual clinical use of degludec.  These 
factors should be considered in assessing whether the data support a 
comparative claim of benefit of degludec over comparators with respect to a 
reduced hypoglycemic risk.  
   
Clinically meaningful hypoglycemia has been identified as a barrier to 
achievement of good glycemic control.  A novel insulin preparation that offers a 
comparative advantage in terms of hypoglycemic risk over existing insulins 
should theoretically allow individuals to achieve a superior level of glycemic 
control compared to one that does not.  In trials comparing two products, 
subjects randomized to such therapy could in theory be more likely to achieve 
glycemic goals. 
 
Clinically meaningful hypoglycemic episodes, can be defined as those episodes 
that lead to either immediate (i.e., life-threatening) or future (i.e., predisposes to 
future and/or recurrent hypoglycemia) adverse clinical outcomes.   
 
It is difficult to capture all clinically meaningful hypoglycemic episodes in large 
clinical trials because neither biochemical evidence of a low blood glucose alone 
nor symptoms alone are specific.  The lack of specificity results from the fact that 
blood glucose measurements can be falsely low for any number of reasons (see 
below) and that many clinical conditions, other than hypoglycemia, mimic the 
clinical presentation of this disorder.   
 
To address this lack of specificity, the ADA workgroup28 has proposed several 
definitions of hypoglycemia for use in clinical trials.  The most specific but least 
sensitive of these definitions is the definition for “severe hypoglycemia”.  “Severe 
hypoglycemia” captures episodes characterized by the presence of life-
threatening neuroglycopenic symptoms and by the inability of the affected 
individual to self-treat.  For all episodes that do not fall in this category, the ADA 

                                                 
28 Diabetes Care, Volume 28, Number 5, May 2005 
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workgroup recommends defining events based on both biochemistry (i.e., < 70 
mg/dL) and symptoms (i.e., ‘documented symptomatic hypoglycemia’).    The 
magnitude of the reduction that would be considered clinically meaningful differs 
according to the definition used.  The ADA workgroup proposes that an agent 
that reduces ‘severe’ and ‘symptomatic hypoglycemia’ by 10 and 30% 
respectively would be clinically meaningful. 

9.1. Issues related to the design of phase 3 trials: 

Specific exclusion of patients at most risk:  Patients with hypoglycemia 
unawareness and patient with frequent hypoglycemic episodes were excluded 
from the confirmatory trials.  Lack of information on the most susceptible 
individuals limits generalizability of the findings. 
 
Open-label nature of trials:  This may have influenced capture/reporting of 
events, patient/investigator behavior and have introduced bias. 
   
Completeness of data capture:  Hypoglycemia was captured by patients at the 
point of care.  Completeness of data capture is uncertain (e.g., in type 2 trials up 
to 40% of patients reported no events at all).  Reliability of the estimate assumes 
that all patients with clinically meaningful hypoglycemia at some point in the trial: 
recognized the event, self-measured blood glucose, accurately recorded blood 
glucose in their diaries, reported this information to the investigator, who in turn 
transmitted this information to the sponsor.  In the clinical setting, blood glucose 
in the hypoglycemic range that is not associated with symptoms would go 
unnoticed (this is more likely to occur at night).  Alternatively, a patient may self-
treat at the appearance of symptoms, which may or may not be related to 
hypoglycemia, before checking blood glucose.  (See issues related to 
endpoints) 
 
Familiarity with comparator product: A large proportion of participants in the 
comparator arm were familiar with the comparator product(s).  This may have 
influenced use behavior and/or capture/reporting behavior and have introduced 
bias. 
 
Influence of different timing of injections:  Timing of injections between 
degludec and comparators differed.  This may have biased the timing of 
hypoglycemic events to specific time periods during the day (i.e., nocturnal 
versus other) based on the different pharmacokinetic and pharmacodynamic 
profiles of the investigational and comparator insulins (see below). 
 
Primary analysis:  The pre-specified primary analysis for all trials except 3580 
was to test non-inferiority between degludec and comparators based on HbA1c. 
Non-inferiority is not equivalence.  A product can be declared non-inferior but still 
afford slightly worst glucose control than comparator.  The point estimate in 
clinical trials involving type 2 DM was to the left of unity suggesting a slightly 
worst outcome for degludec-treated patients.  The magnitude of the observed 
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difference was not unacceptably worst (i.e., the upper bound of the 95% CI was 
contained within the pre-specified non-inferiority margin). 

9.2. Issues related to endpoints selected for analyses 

Novo Nordisk ‘Confirmed Hypoglycemia’:  The definition for the endpoint 
‘Novo confirmed hypoglycemia’ used in hypoglycemia analyses did not require 
the presence of contemporaneous hypoglycemic symptoms.  The endpoint ‘Novo 
confirmed hypoglycemia’ represents all hypoglycemic events that were 
considered serious + all recorded self monitored blood glucose of ≤ 56 mg/dL 
regardless of symptoms or other considerations (i.e., timing in relation to meals).   
 
The analytical accuracy of point of care devices in the clinical setting can be 
affected by multiple factors (discussed below) and definitions that include 
symptoms are regarded as more specific.  The sponsor was asked to perform 
sensitivity analyses using the ADA definition for ‘documented symptomatic 
hypoglycemia’ which relies on both biochemical evidence of a low blood glucose 
(e.g., < 70 mg/dL) and the presence of clinical symptoms. 
 
Sensitivity analyses are important to gauge the clinical relevance of the observed 
findings.  The clinical relevance of an observed effect suggesting a comparative 
advantage for one drug over another would be difficult to interpret in a scenario 
where: 
 

• No advantage was seen for severe hypoglycemic events  
• The advantage seen using a less specific definition was not consistent 

across other less specific definitions (i.e., Novo Confirmed definition 
versus ADA documented symptomatic definition). 

 
‘Nocturnal’ Hypoglycemia:  The sponsor had prospectively defined ‘nocturnal 
hypoglycemia’ as events of ‘Novo confirmed hypoglycemia’ occurring between 
00:01 and 05:59 am across Phase 3 trials.  In a Phase 2 trial (e.g., NN5401-
1792) the sponsor had defined nocturnal hypoglycemia as events occurring 
between 23:00-05:59.  This illustrates that from a clinical science perspective 
there is no accepted definition of “nocturnal” per se.   
 
In head-to-head, open-label comparisons, an observation of a reduced number of 
hypoglycemic events for a specific bracket of time during a 24-hour period could 
be a true finding or could be an artifact reflecting differences related to: timing of 
injection (e.g., time to reach maximal effect of degludec at steady state is ~12 
hours and 4 hours for glargine in T1DM see Figure 1), missing data, and or 
familiarity with comparator product rather than a true benefit.  The applicant was 
asked to test the robustness of the observed significant difference for the 
‘nocturnal period’ by testing the remainder of the day alone, or changing the 
bracket by +/- 2 hours. 
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Figure 2:  Mean Glucose Infusion Rate Over 24 Hours At Steady State in Type 1 DM Subjects Treated 
with Degludec Insulin and Glargine Insulin (Source: NDA 203314; Module  2.7.2; Figure 3-35).   
 
A reduction in nocturnal episodes absent a demonstrated reduction in total 
episodes over the entire 24-hour period is problematic to interpret.  Patients are 
less likely to check their blood glucose while sleeping and completeness of data 
capture in this setting is even more uncertain.  For example, results for the 
nocturnal time period in the degludec arm of trial 3583 are based on about 1/10th 
the number of confirmed events those for the 24-hour time period (refer to  
Table 51 and Table 53).   
 
Incidence rate versus event rate:  The sponsor presents analyses using event 
rates (total number of events per 100 patient-year of exposure).  Since event rate 
differences could be driven by a few individuals contributing a lot of events, the 
applicant was recommended to confirm findings based on event rates by also 
examining incidence rates (i.e., number of patients with at least one event per 
100 patient year of exposure). 

9.3. Issues related to analytical accuracy of point of care glucose meter 
devices.   

Point-of-care glucose meter devices can lack accuracy in the clinical setting 
increasing the likelihood that observed differences between groups based on a 
dichotomous endpoint (i.e., presence or absence of a hypoglycemic event based 
on crossing a glucose threshold) may be due to chance. 
 
Analytical accuracy:  Analytical accuracy of glucose meter device is usually 
defined in terms of closeness of agreement between a glucose meter derived 
value and a clinical laboratory reference method (i.e., YSI glucose analyzer 
method).  In the US, a device could be approved if 95% of all device measured 
values fall within +/- 15 mg/dL of the reference method measured values when 
the true glucose concentration is ≤ 75 mg/dL.  This means that a point of care 
glucose meter-derived value of 55 mg/dL, could reflect a laboratory measured 
glucose value of 40 mg/dL (i.e., severe hypoglycemia) or 70 mg/dL (i.e., low 
normal fasting glucose) and still be considered “analytically” accurate. 
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Analytical accuracy in the clinical setting:  Accuracy is expected to be worst 
in the clinical outpatient setting. 
 
There are many factors in the clinical setting which could worsen further 
analytical accuracy of point of care glucose meter devices.  These can be 
categorized into environmental (e.g., air exposure of strips, altitude, humidity, 
temperature), physiologic (e.g., hematocrit, prandial state, hyperlipidemia, 
oxygenation and pH), operational (e.g., hemolysis, anticoagulants, improper 
calibration, defective or wrong strips, reuse of strips), and drug (e.g., maltose, 
acetaminophen, ascorbate, mannitol, dopamine) related factors.  These factors 
are hard to capture and their influence hard to quantify in large clinical trials.   
 
The precision Xtra® meter used in all trials, for example, requires that patient 
perform calibration with each new box of strips29.  If this was not consistently 
done accuracy could have been affected.  Another example of an event 
potentially affecting the quality of data derived from patients concerns a recall in 
December 2010 by Abbott inc. for certain lots of precision Xtra® glucose test 
strips due to an error potentially causing falsely low readings.  Potentially 
defective strips were used at some US sites in trials # 3583, 3672, 3770 and 
3889 but according to the sponsor the likelihood that data quality was impacted is 
low. 

9.4. Issues related to pooling multiple trials for the purpose of a meta-
analysis of hypoglycemia data. 

On October 8th 2010 the Agency communicated, via responses to a meeting 
request, concerns regarding the poolability of the data Novo Nordisk planned to 
use for their hypoglycemia meta-analysis.  The Agency stated that it was unlikely 
that we would allow the sponsor to label results for such an analysis given the 
trial design issues highlighted above and reservations related to the poolability of 
the data.  The applicant was told that a final decision regarding labeling would 
not be made until after review of the data. 
  
Hypoglycemia data were pooled from trials with a heterogeneous patient 
population.  Heterogeneity stemmed from differences in: the type of disease 
studied (i.e., Type 1 DM versus Type 2 DM), the stage of disease (advanced 
versus early) and geographical location of study participants (i.e., in some trials 
participants were recruited predominantly form North America and Europe, in 
other trials participants were recruited exclusively in Asia).  In addition, 
differences in terms of concomitant therapies used for glucose control and 
concomitant diseases at baseline are expected to result in heterogeneity within 
pooled data.  In the sponsor’s meta-analysis of hypoglycemia, data from trials 
using insulin comparators other than glargine (i.e., detemir) are excluded. 

                                                 
29 https://www.abbottdiabetescare.com/products/patient/pxtra-overview/pxtra-owners-guide.html 
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10. HYPOGLYCEMIA 

Refer to background documents by Drs. Cynthia Liu, Dongmei Liu and Andraca-
Carrera for statistical analyses of hypoglycemia data.  This section summarizes 
the descriptive data for hypoglycemia for each trial.  The descriptive data show a 
lack of consistency across trials, across hypoglycemia definitions, across time 
period considered and across comparators and do not suggest an advantage of 
degludec over comparator for the risk of hypoglycemia. 

10.1. Capture of Hypoglycemia 

Hypoglycemic episodes were considered treatment emergent from randomization 
to seven days after the last dose of the randomized trial product.   
 
These data were obtained from patient diaries and transferred at site visits and 
telephone contacts into the electronic case report form by investigators.  Data in 
diaries could be derived from glucose meter devices or continuous glucose 
monitoring systems provided these were entered in the patient diary. 

 
Reviewer Note: CGMS devices are even less accurate than glucose meter 
devices.     

10.2. Definitions of Hypoglycemia 

Statistical analyses were based on “confirmed” hypoglycemic episodes and 
nocturnal episodes. 
   
 A “confirmed” hypoglycemic episode was defined as sum of episodes 
qualifying as either severe hypoglycemic episodes or as Novo Nordisk minor 
hypoglycemic episodes.   
 
1. Severe hypoglycemic episode: An episode requiring assistance of another 

person to actively administer carbohydrate, glucagon, or other resuscitative 
actions  

2. Novo Nordisk minor hypoglycemic episode:  An episode not requiring third 
party assistance where a plasma glucose < 56 mg/dl or whole blood glucose 
< 50 mg/dl was recorded (i.e., with or without presence of hypoglycemic 
symptoms). 

 
A nocturnal episode was defined as a “confirmed” episode occurring between 
00:01 and 05:59am.   
 
Documented symptomatic hypoglycemia was another definition used in 
descriptive analyses which describes an episode of hypoglycemia during which 
typical symptoms of hypoglycemia are accompanied by a measured plasma 
glucose concentration of ≤ 70 mg/dl. 
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10.3. Hypoglycemia Descriptive Data:  Degludec Program 

Table 51:  Hypoglycemia, Type 1 DM, Degludec Program, Across Definitions 
   ADA Severe ADA Documented Symptomatic Novo Nordisk Confirmed 
Study# 
(weeks) 

Treatment 
Arms N n (%) Event Event Rate n (%) Event  Event 

Rate  n (%) Event  Event Rate  

3583 (52) Degludec 472 58 (12.3) 90 21 450 (95.3) 25517 5902 451 (95.6) 18389 4254 
 Glargine 154 16 (10.4) 23 16 151 (98.1) 8155 5653 147 (95.5) 5796 4018 
3585 (26) Degludec 301 32 (10.6) 45 31 286 (95.0) 10116 6948 280 (93.0) 6673 4583 
 Detemir 152 16 (10.5) 28 39 143 (94.1) 4503 6244 139 (91.4) 3295 4569 
3770 (26) Degludec FF 164 17 (10.4) 25 34 154 (93.9) 7471 10277 154 (93.9) 5988 8238 
 Degludec OD 165 21 (12.7) 28  37 161 (97.6) 9467 12425 164 (99.4) 6724 8825 
 Glargine 162 16 (9.9) 37 47 153 (95.0) 7964 10139 156 (96.9) 6263 7973 
Source 203314: module 5.3.5.3: ISE: Appendix 6.2 Table 260 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100 years of exposure 
Definitions: 
ADA Severe:  an episode requiring assistance of another person to actively administer carbohydrate, glucagon, or other resuscitative actions  
ADA Documented Symptomatic:  Episode associated with both symptoms of hypoglycemia and a documented blood glucose < 70 mg/dL 
Novo Nordisk Confirmed: The sum of ADA severe and episodes where blood glucose < 56 mg/dL was recorded (i.e., with or without symptoms) 
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Table 51 summarizes the results for hypoglycemia at any time of the day across the 
three pivotal type 1 DM trials for three definitions of hypoglycemia (ADA Severe, ADA 
Documented Symptomatic, Novo Nordisk Confirmed).   
 
Overall the descriptive data do not suggest a clear benefit or harm of degludec over 
comparators for hypoglycemia in type 1 diabetes.  Consistent findings related to 
hypoglycemia for degludec over comparator are lacking between trials, between 
endpoints (i.e., proportion versus event count) and across definitions used.    

10.3.1. Severe Hypoglycemia Type 1 DM 

The proportion (%) of study participants randomized to degludec who experienced at 
least one protocol defined ADA severe hypoglycemic event was slightly but consistently 
greater compared to control across all trials (degludec – comparator difference: 1.9%, 
0.1%, 2.8% in trials 3583, 3585 (no US sites) and 3770 respectively).   
 
Proportions were consistent with event rates for ADA severe hypoglycemia except in 
the detemir arm in trial 3585 and glargine arm in trial 3770.  The observed difference is 
accounted for by the occurrence of a higher number of events in these two arms 
compared to the rest (1.8 and 2.3 events per individuals respectively versus < 1.6 for all 
other intervention arms).   
 
Hypoglycemia reported as a serious adverse event30 across the entire degludec type 1 
DM program is shown in Table 52 by system organ class and preferred term.  58 
patients experienced at least one serious adverse event related to hypoglycemia on 
degludec (7.99 incident cases per 100 patient years) and 22 on comparators (7.46 
incident cases per 100 patient years).  Event rates were similar between groups.  
 
Note:  In the fixed flexible arm of 3770 there were 11 serious adverse events related to 
hypoglycemia ‘preferred-terms’ versus 6 in the degludec once daily arm and 8 in the 
glargine once daily arm (Source: 203314: 5.3.5.1: Report Body nn1250-3770: Table 12-
12).   

10.3.2. Hypoglycemia Broad Definitions Type 1 DM 

Greater than 90% of participants had at least one event which met the protocol 
definition of an ADA Documented Symptomatic or a Novo Nordisk Confirmed 
Event.    In trial 3583 the direction of the findings (i.e., not favoring degludec) was 
consistent across all three definitions.  This was not the case for trials 3585 (no US 
sites) and 3770.   In these trials the event rate for ADA Severe hypoglycemia was not 
consistent with event rates for the two, broader, less specific definitions.  Event rates 

                                                 
30 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. 
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between ADA Documented Symptomatic and Novo Nordisk Confirmed definitions 
were consistent (i.e., same general direction).  Rate ratios (Event Rate Degludec/Event 
RateComparator) using the Novo Nordisk Confirmed definition were more favorable than 
rate ratios using ADA Documented Symptomatic episodes (i.e., 1.06, 1.00, 1.10 
versus 1.04, 1.11, 1.23 for Novo Nordisk Confirmed versus ADA Documented 
Symptomatic in trials 3583, 3585 and 3770 respectively).  
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Table 52: Hypoglycemia Reported as Serious Adverse Events, Type 1 DM, Degludec  
 Degludec Comparator 
       
Safety Analysis Set (N) 1102   467   
Total Exposure (yrs)   726.8   294.9   
 n (%) Event  Event Rate  n (%) Event  Event Rate  
Metabolism and Nutrition SOC       

Hypoglycemia 32 (2.9) 40 5.5 12 (2.6) 16 5.4 
Hypoglycemia Unconsciousness 20 (1.8) 22 3.0   8 (1.7)   8 2.7 
Hypoglycemia Seizure   1 (0.1)   1 0.1   2 (0.4)   2 0.7 

Nervous System Disorders SOC       
Hypoglycemic Coma   5 (0.5) 5 (0.7) 0 (0.0)   

All Hypoglycemia Related Preferred Terms 
Serious Adverse Event Related To 
Hypoglycemia  63 8.7  26 8.8 
Adapted From: 203314: module 5.3.5.3: SCE: Table 2-11.   
Discreet events across preferred terms and SOCs were added to derive  “Serious adverse event related to hypoglycemia” 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100  years of exposure 
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10.3.3. Nocturnal Hypoglycemia Type 1 DM Degludec Program 

Table 53 summarizes the results for hypoglycemic events that occurred between 00:01 
and 5:59 am (Novo Nordisk Nocturnal Hypoglycemia) across the three pivotal type 1 
DM trials for three definitions of hypoglycemia (ADA Severe, ADA Documented 
Symptomatic, Novo Nordisk Confirmed).  

10.3.3.1. Severe Nocturnal Hypoglycemia 

The proportion (%) of study participants randomized to degludec who experienced at 
least one protocol defined ADA severe hypoglycemic event at night was greater in trial 
3583 but similar to controls in trials 3585 (detemir) and 3770 (glargine).  Proportions 
were consistent with event rates for ADA severe hypoglycemic episodes except in the 
glargine arm for trial 3770.  The difference between proportion and event rate is 
accounted for by more numerous events per individuals in the glargine arm (2.6 versus 
< 1.3 events per individuals for all other intervention arms). 

10.3.3.2. Nocturnal Hypoglycemia Broad Definitions 

Between 59 to 74% of participants experienced at least one event which met the 
protocol definition of an ADA Documented Symptomatic or a Novo Nordisk 
Confirmed nocturnal hypoglycemic event.    In trial 3583 the direction of the findings 
and conclusions to be drawn from the findings were not consistent across definitions.  
Relative to glargine participants on degludec were 2.5-fold (Rate Ratio) more likely to 
experience an ADA severe event but 25% less likely to experience a Novo Nordisk 
Confirmed event.  Event rates between ADA documented and Novo Nordisk 
Confirmed were consistent (i.e., same general direction) except for the degludec OD 
versus glargine comparison in trial 3770 where the direction changed to favor degludec 
if the Novo Nordisk Confirmed definition was used over the ADA Documented 
Symptomatic definition.  Rate ratios (Event RateDegludec/Event RateComparator) calculated 
using the Novo Nordisk Confirmed definition were slightly more favorable than rate 
ratios calculated using the ADA Documented Symptomatic definition except in trial 
3585 (Asia) (i.e., 0.75, 0.70, 0.96 versus 0.80, 0.79, 1.11 Novo Nordisk Confirmed 
versus ADA Documented in trials 3583, 3585 and 3770 respectively). 

10.3.4. Inferential Testing: Hypoglycemia Type 1 DM 

In trial 3583 and 3585 the Applicant had prospectively designated ‘Nocturnal Novo 
Nordisk Confirmed’ hypoglycemia as the first key secondary endpoint to test in their 
hierarchical ordering of secondary endpoints. In trial 3583, the observed rate of 
‘Nocturnal Novo Nordisk Confirmed’ hypoglycemic episodes per 100 patient-years 
was 441 episodes with degludec and 586 episodes with glargine. Statistical superiority 
of degludec over glargine was demonstrated in terms of a lower rate of nocturnal 
confirmed hypoglycemic episodes [estimated rate ratio (95% CI): 0.75 (0.59; 0.96)].  In 
trial 3585, the observed rate of nocturnal confirmed hypoglycemic episodes per 100 
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patient-years was 414 episodes with degludec and 594 episodes with detemir. 
Statistical superiority of degludec over detemir was demonstrated in terms of a lower 
rate of nocturnal confirmed hypoglycemic episodes; [estimated rate ratio (95% CI) 0.66 
(0.49; 0.88)]31.   
 
Reviewer Comment:  Trial 3583 shows a numerically worst outcome for degludec over 
glargine across all hypoglycemic definitions when hypoglycemic episodes across a 24 
hour period are considered.  When one considers only the nocturnal period an 
imbalance not favoring degludec is seen for ADA severe episode (i.e., the most 
objective definition).  Given these findings it is difficult to interpret the clinical meaning of 
the statistically significant result for ‘Nocturnal Novo Nordisk Confirmed’ 
hypoglycemia. 
 
Recall that all subjects randomized to degludec, except those in the fixed flexible 
schedule, were told to inject degludec with the evening meal while subjects randomized 
to glargine could inject at anytime of the day.  Since the maximum glucose lowering 
effect at steady state for type 1 DM is not achieved until 12 hours, timing of injection 
could have biased estimate of the rate of nocturnal hypoglycemia (i.e., one would 
expect more hypoglycemic episode in the early morning as degludec effect reaches a 
maximum).  To explore the relationship between timing of injection and hypoglycemic 
episodes rate and assess the robustness of the findings the following, May 21, 2012, 
information request was issued. 
 
“For each of the eight individual studies evaluating degludec once daily 
(including the flexible schedule arms), provide an updated set of analyses for 
'confirmed nocturnal hypoglycemia' by defining the nocturnal time period as 
episodes occurring between 00:01-7:59 AM for one set of analyses and 9:59PM-
05:59AM for another set of analyses. Present the data in table format and include 
N (%), Event, and Event Rate for degludec and control groups.” 
 
The Applicant responded on May 25th 2012.  When 2 hours are added to the nocturnal 
time period (i.e., 00:01-7:59 AM), the advantage of degludec over comparator 
disappears (source data: Addendum to NDA 203314, eCTD sequence #24, Date 
5/25/2012, Section 1.2, Table 1). The rate ratios for nocturnal Novo Nordisk 
Confirmed episodes change from 0.75, 0.70, 0.96 to 0.90, 0.80, 1.14 for trial 3583, 
3585 and 3770 respectively.  When 2 hours are taken away from the sponsor’s defined 
nocturnal time period (i.e., 9:59-5:59 AM) the advantage of degludec over comparator 
also disappears (source same as above Table 4).  In this scenario, the rate ratios for 
nocturnal Novo Nordisk Confirmed episodes change from 0.75, 0.70, 0.96 to 0.86, 
0.90, 0.90 for trial 3583, 3585 and 3770 respectively.   
 
Reviewer Comment:  These data support the notion that occurrence of hypoglycemia at 
night was influenced by timing of injection (i.e., more hypoglycemic episodes in the early 

                                                 
31 Note: to calculate this estimated ratio the Applicant uses a rate of 391 and 592 for degludec and 
detemir respectively refer to Source 203314: 5.3.5.3: ISE: Appendix 6.2 Table 331, the discrepancy 
between the reported rate and the rate used for inferential testing was not explored. 
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morning as degludec action peaks).  If both degludec and glargine were to have been 
injected in the morning conclusions regarding the risk of hypoglycemia at night could 
have been different.        
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Table 54: Hypoglycemia, Type 2 DM, Degludec Program, Across Definitions 
   ADA Severe ADA Documented Symptomatic Novo Nordisk Confirmed 
Study# 
(weeks) 

Treatment 
Arms N n (%) Event Event Rate n (%) Event  Event 

Rate  n (%) Event  Event Rate  

Basal Insulin Once Daily and Prandial Insulin with Meals added to OADs 
3582 (52) Degludec 753 34 (4.5) 41 6.1 637 (84.6) 13820 2061 609 (80.9) 7437 1109 
 Glargine 251 11 (4.4) 12 5.2 215 (85.7) 5360 2342 206 (82.1) 3120 1363 

Basal Insulin Once Daily added to OADs 
3579 (52) Degludec 766 2 (0.3) 2 0.3 428 (55.9) 2678 401 356 (46.5) 1014 152 
 Glargine 257 5 (1.9) 5 2.3 132 (51.4) 806 370 119 (46.3) 403 185 
3672 (26) DegludecU200 228 0 (0.0) 0 0.0 93 (40.8) 357 338 65 (28.5) 129 122 
 Glargine 228 0 (0.0) 0 0.0 96 (42.1) 388 363 70 (30.7) 152 142 
3586 (26) Degludec 284 0 (0.0) 0 0.0 209 (73.6) 1286 964 142 (50.0) 397 298 
 Glargine 146 0 (0.0) 0 0.0 99 (67.8) 627 892 78 (53.4) 260 370 
3580 (26) Degludec 226 1 (0.4) 1 1.0 96 (42.5) 452 446 96 (42.5) 311 307 
 Sitagliptin 228 0 (0.0) 0 0.0 32 (14) 120 123 29 (12.7) 123 126 
3668 (26) Degludec FF 230 1 (0.4) 2 2.0 149 (64.8) 841 790 117 (50.9) 388 365 
 Degludec OD 226 2 (0.9) 2 2.0 124 (54.9) 770 739 99 (43.8) 378 363 
 Glargine 229 2 (0.9) 2 2.0 139 (60.7) 803 760 113 (49.3) 368 348 
Source 203314: module 5.3.5.3: ISE: Appendix 6.2 Table 261-262 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100 years of exposure 
Definitions 
ADA Severe:  an episode requiring assistance of another person to actively administer carbohydrate, glucagon, or other resuscitative actions  
ADA Documented Symptomatic:  Episode associated with both symptoms of hypoglycemia and a documented blood glucose < 70 mg/dL 
Novo Nordisk Confirmed: The sum of ADA severe and episodes where a blood glucose < 56 mg/dL was recorded (i.e., with or without symptoms) 
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Table 54 summarizes the results for hypoglycemia at any time of the day across the six 
pivotal type 2 DM trials for three definitions of hypoglycemia (ADA Severe, ADA 
Documented Symptomatic, Novo Nordisk Confirmed).  The table shows proportions, 
event counts and event rates for each definition. 
 
Overall the descriptive data do not suggest a clear benefit or harm of degludec over 
comparators for hypoglycemia in type 2 diabetes.  Consistency in the effect of degludec 
versus comparator for hypoglycemia is lacking between trials, between statistics 
considered (i.e., proportion versus event count) and across definitions used.    

10.3.5. Severe Hypoglycemia Type 2 DM 

The proportion (%) of study participants who experienced at least one protocol defined 
ADA Severe hypoglycemic event was low (i.e., <5%) and in some trials no trial 
participants in either arm experienced a severe event.  This is consistent with that fact 
that enrollees were not at risk for hypoglycemia.  The trial with the largest proportion of 
individuals with severe hypoglycemic events was trial 3582.  In this trial participants 
were at higher risk of hypoglycemia as they were receiving both basal and prandial 
insulin for glycemic control. There was no consistent trend favoring degludec across 
type 2 DM trials.  Proportions were generally consistent with severe event rates.    
 
Hypoglycemia reported as a serious adverse event (see footnote 29) is shown in  Table 
55 by system organ class and preferred term.  23 patients experienced at least one 
serious adverse event related to hypoglycemia on degludec (1.0 incident cases per 100 
patient years) and 6 on comparators (0.6 incident cases per 100 patient years).  Event 
rates were also higher in the degludec compared to active control groups (1.3 versus 
0.6 events per 100 patient years for degludec versus comparator).   
 
Reviewer Comment:  In trial 3580 the comparator was sitagliptin (i.e., DPP4-inhibitor) 
which is known to have a lower hypoglycemic risk than insulin.  In this trial, a greater 
risk of hypoglycemic is seen for degludec vs. sitagliptin across all three definitions (ADA 
Severe, ADA Documented Symptomatic and Novo Nordisk Confirmed).  This level 
of consistency is lacking across trials for the different comparator. 

10.3.6. Hypoglycemia Broad Definitions Type 2 DM 

The proportion of participants with at least one event which met the protocol definition of 
an ADA Documented Symptomatic or a Novo Nordisk Confirmed event ranged from 
29 to 86%.  The proportion of individuals with events was highest in subjects treated 
with basal and prandial insulin (i.e., ~80% with at least one event over 12 months).   In 
trials studying addition of degludec or glargine, delivered at fixed timed intervals, to a 
regimen of OAD, similar proportions of subjects experience at least one event were 
seen.  A higher proportion of individuals with at least one event and a higher event rate 
was seen in trial 3668 in patients injecting degludec on a flexible schedule.  
 
In trial 3582 the direction of the results and the conclusion one would draw from the 
results changes based on the definition considered.  In this trial the rate of ADA Severe 
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hypoglycemic episode is observed to be 17% higher for degludec (i.e., 6.1/5.2 events 
per 100 patient treated for one year suggesting harm) but the rate of Novo Nordisk 
Confirmed events is 19% lower (suggesting benefit).  Event rates between ADA 
Documented Symptomatic and Novo Nordisk Confirmed definitions were not 
consistent in trials 3579, 3586 and 3668 (i.e., not going in the same general direction).  
Rate ratios (Event RateDegludec/Event Rateglargine) using the Novo Nordisk Confirmed 
definition were more favorable than rate ratios using the definition for ADA 
Documented Symptomatic episodes (i.e., 0.81, 0.82, 0.86, 0.81, 1.0 versus 0.88, 1.1, 
0.93, 1.1, 2.0 for Novo Nordisk Confirmed versus ADA Documented Symptomatic 
in trials 3582, 3579, 3672, 3586 and 3668 respectively). 
 
Reviewer Comment:  The low observed severe event rates highlights the fact that 
subjects enrolled in the type 2 DM program were not particularly susceptible to 
hypoglycemia.   
 
A drug that reduces hypoglycemic episodes in a clinically meaningful way should 
reduce the proportion and number of life-threatening episodes in an at risk population.  
No consistent reduction in life threatening episodes or in the number of life threatening 
episode was seen when a definition for severe episode was used or when one 
considers episodes coded as serious adverse events.  Because severe/serious 
hypoglycemic events tend to be clinically dramatic events, they are less susceptible to 
being false positive events and are more reliable measures of hypoglycemic risk.   
 
Other definitions may be more sensitive but are less specific.  It is difficult to argue that 
the definition proposed by Novo Nordisk is more clinically meaningful than the one 
proposed by the ADA (i.e., documented symptomatic).  Both seek to capture events that 
lead to recurrent hypoglycemic episodes and its associated deleterious clinical 
consequences (i.e., severe episodes and inability to achieve control).  Even if one 
considers the Novo Nordisk definition to be able to reliably quantify risk, the impact on 
clinical outcome of the observed 14-19% risk reduction for this particular endpoint 
remains uncertain. 
 
The results for Nocturnal Hypoglycemia in the Type 2 DM degludec program are shown 
in Table 56.  Inconsistencies across definitions are highlighted in yellow.   
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Table 55: Hypoglycemia Reported as Serious Adverse Events, Type 2 DM, Degludec 
 Degludec Comparator 
       
Safety Analysis Set (N) 3173   1802   
Total Exposure (yrs) 2101.4   1044.2   
 n (%) Event  Event Rate  n (%) Event  Event Rate  
Metabolism and Nutrition SOC       

Hypoglycemia 17 (0.5) 17 0.8 5 (0.3) 5 0.5 
Hypoglycemia Unconsciousness   6 (0.2)  8 0.4 1 (0.1) 1 0.1 
Hypoglycemia Unawareness   1 (0.0)  1 0.0    
Hypoglycemia Seizure   1 (0.0)  1 0.0    

All Hypoglycemia Related Preferred Terms 
Serious Adverse Event Related To 
Hypoglycemia  27 1.3  6 0.6 
Adapted From: 203314: Summary of Clinical Safety: Table 2-13.   
Discreet events across preferred terms and SOCs were added to derive  “Serious adverse event related to hypoglycemia” 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100  years of exposure 
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Table 56: Nocturnal Hypoglycemia, Type 2 DM, Degludec Program, Across Definitions 

   Nocturnal ADA Severe Nocturnal ADA Documented 
Symptomatic 

Nocturnal Novo Nordisk 
Confirmed 

Study# 
(weeks) 

Treatment 
Arms N n (%) Event Event Rate n (%) Event  Event 

Rate  n (%) Event  Event Rate  

Basal Insulin Once Daily and Prandial Insulin with Meals added to OADs  
3582 (52) Degludec 753 10 (1.3) 14 2.1 339 (45.0) 1380 206 298 (39.6) 930 139 
 Glargine 251 3 (1.2) 3 1.3 134 (53.4) 643 281 119 (47.4) 422 184 
 
3579 (52) Degludec 766 1 (0.1) 1 0.1 156 (20.4) 429 64 106 (13.8) 169 25 
 Glargine 257 0 (0.0) 0 0 58 (22.6) 198 91 39 (15.2) 84 36 
3672 (26) DegludecU200 228 0 (0.0) 0 0 29 (12.7) 52 49 14 (6.1) 19 18 
 Glargine 228 0 (0.0) 0 0 34 (14.9) 67 63 20 (8.8) 30 28 
3586 (26) Degludec 284 0 (0.0) 0 0 93 (32.7) 325 244 58 (20.4) 104 78 
 Glargine 146 0 (0.0) 0 0 48 (32.8) 194 276 35 (24.0) 87 124 
3580 (26) Degludec 226 0 (0.0) 0 0 28 (12.4) 66 65 29 (12.8) 53 52 
 Sitagliptin 228 0 (0.0) 0 0 8 (3.5) 18 19 13 (5.7) 29 30 
3668 (26) Degludec FF 230 1 (0.4) 2 1.9 62 (27.0) 138 130 31 (13.5) 67 63 
 Degludec OD 226 0 (0.0) 0 0 47 (19.0) 119 114 24 (10.6) 58 56 
 Glargine 229 0 (0.0) 0 0 61 (26.6) 158 150 49 (21.4) 79 75 
NDA 203314; 5.3.5.3; Appendix 6.2;  Tables 265-266 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100 years of exposure 
Nocturnal period:  Defined as the time period between 00:01 and 5:59 AM inclusive. 
Definitions: 
ADA Severe:  an episode requiring assistance of another person to actively administer carbohydrate, glucagon, or other resuscitative actions  
ADA Documented Symptomatic:  Episode associated with both symptoms of hypoglycemia and a documented blood glucose < 70 mg/dL 
Novo Nordisk Confirmed: The sum of ADA severe and episodes where a blood glucose < 56 mg/dL was recorded (i.e., with or without symptoms) 
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10.4. Hypoglycemia Descriptive Data Degludec/Aspart Program 

10.4.1. Hypoglycemia Type 1 DM 

Table 57 summarizes hypoglycemia data across three definitions and five 
degludec/aspart trials.  13% of patients with type 1 DM (3594) randomized to 
degludec/aspart versus 18% of individuals randomized to detemir (once or twice 
daily) experienced at least one event of severe hypoglycemia.  Hypoglycemic risk 
with degludec/aspart was numerically lower than risk with detemir for all 
definitions considered.  The number and rate of hypoglycemic events categorized 
as ‘serious events’ were higher in degludec/aspart compared to detemir (see 
Table 58). 

10.4.2. Hypoglycemia Type 2 DM 

The number of individuals with severe events was low.  A comparative 
advantage for severe events was suggested by one trial examining once daily 
degludec/aspart compared to glargine but not confirmed in the other.   Compared 
to subjects injecting glargine once daily, subjects injecting degludec/aspart once 
daily were more likely to experience hypoglycemia defined using broad 
definitions of hypoglycemia.  One trial comparing twice daily degludec/aspart to 
twice daily 70/30 aspart insulin suggested an advantage of degludec/aspart over 
70/30 aspart insulin across all definitions.  This was not confirmed in the other 
trials. 
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Table 57: Hypoglycemia, IDegAsp Program, Across Three Definitions 
   ADA Severe ADA Documented Symptomatic Novo Nordisk Confirmed 
Study# 
(weeks) 

Treatment 
Arms N n (%) Event Event Rate n (%) Event  Event 

Rate  n (%) Event  Event Rate  

Type 1 DM Once Daily 
3594 (52) IDegAsp OD 362 48 (13.3) 79 26.6 330 (91.2) 14038 4729 344 (95.0) 9450 3183 
 Detemir  OD 180 33 (18.3) 65 44.7 162 (90.0) 7611 5233 169 (93.9) 5342 3673 

Type 2 DM Once Daily 
3590 (26) IDegAsp  OD 265 1 (0.4) 1 0.8 160 (60.4) 987 835 132 (49.8) 500 423 
 Glargine  OD 261 1 (0.4) 1 0.8 146 (55.9) 679 557 96 (36.8) 226 185 
3593 (26) IDegAsp  OD 230 0 (0.0) 0 0.0 138 (60.0) 858 821 121 (52.6) 451 431 
 Glargine  OD 233 3 (1.3) 4 3.7 149 (63.9) 904 841 112 (48.1) 344 320 

Type 2 DM Twice Daily 
3592 (26) IDegAsp  BID 224 7 (3.1) 9 8.8 168 (75.0) 2330 2280 148 (66.1) 993 972 
 BIAsp 30 BID 222 16 (7.2) 25 25.3 176 (79.3) 2533 2565 153 (68.9) 1379 1396 
3597 (26) IDegAsp  BID 279 4 (1.4) 6 4.7 219 (78.5) 2741 2136 205 (73.5) 1227 956 
 BIAsp 30 BID 141 2 (1.4) 2 3.1 120 (85.1) 1228 1883 107 (75.9) 621 952 
NDA 203313; 5.3.5.3; Appendix 6.2;  Tables 151-156 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100  years of exposure 
Definitions: 
ADA Severe:  an episode requiring assistance of another person to actively administer carbohydrate, glucagon, or other resuscitative actions  
ADA Documented Symptomatic:  Episode associated with both symptoms of hypoglycemia and a documented blood glucose < 70 mg/dL 
Novo Nordisk Confirmed: The sum of ADA severe and episodes where a blood glucose < 56 mg/dL was recorded (i.e., with or without symptoms) 
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Table 58: Hypoglycemia Reported as a Serious Adverse Event, Type 1 DM, Trial NN5401-3594/3465 
 IDegAsp Comparator 
       
Safety Analysis Set (N) 362   180   
Total Exposure (yrs) 296 (yrs)   146   
 n (%) Event  Event Rate  n (%) Event  Event Rate  
Metabolism and Nutrition SOC       

Hypoglycemia 15 (4.1) 25 8.4 9 (5.0) 9 6.2 
Hypoglycemia Unconsciousness   7 (1.9)   7 2.4 4 (2.2) 4 2.7 
Hypoglycemia Seizure   2 (0.6)   3 1.0 1 (0.6) 1 0.7 

Nervous System Disorders SOC       
Hypoglycemic Coma   1 (0.3)   2  0.7 0 0 0 

All Hypoglycemia Related Preferred Terms 
Serious Adverse Event Related To 
Hypoglycemia  39 13.2  14 9.6 
Adapted From: 203313: module 5.3.5.3: ISS: Table 2-17.   
Discreet events across preferred terms and SOCs were addted to derive  “Serious adverse event related to hypoglycemia” 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100  years of exposure 
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Table 59: Hypoglycemia Reported as Serious Adverse Events, Type 2 DM, Degludec/Aspart 
 Degludec Comparator 
       
Safety Analysis Set (N) 998   857   
Total Exposure (yrs) 453.4   393.4   
 n (%) Event  Event Rate  n (%) Event  Event Rate  
Metabolism and Nutrition SOC       

Hypoglycemia 3 (0.3) 5 1.1 7 (0.3) 7 1.8 
Hypoglycemia Unconsciousness 3 (0.3) 3 0.7 7 (0.1) 7 1.8 

All Hypoglycemia Related Preferred Terms 
Serious Adverse Event Related To 
Hypoglycemia  8 1.8  14 3.6 
Adapted From: 203313: module 5.3.5.3: ISS: Table 2-19.   
Discreet events across preferred terms and SOCs were added to derive  “Serious adverse event related to hypoglycemia” 
Population:  Safety analysis set 
n: number of subjects with at least one episode 
Event:  Total event count (i.e., more than one event could have occurred in a single patient) 
Event Rate:  Total event count normalized to exposure and presented per 100  years of exposure 
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1.

 
Regulatory requirements to file a marketing application for an 

 injectable insulin product

2.

 
Benefits and risks associated with insulin use

3.

 
Insulin and cardiovascular risk

4.

 
Regulatory requirements for CV risk assessment in type‐2 

 diabetes products

5.

 
Regulatory requirements for CV risk assessment in insulin 

 products

6.

 
Purpose of the regulatory briefing
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Injectable Insulin Injectable Insulin 
 Clinical Requirements for SubmissionClinical Requirements for Submission

Sponsors developing novel injectable insulin products 
 are required to establish the clinical safety and 

 efficacy of the new product

The development program may include clinical trials to 
 specifically evaluate:

•
 

The impact of a new method of use (e.g., novel 
 injection schedule)

•
 

The impact of a new product characteristic (i.e., a 
 novel formulation strength)

Guettier  December 7th

 

2012
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Characteristics of Characteristics of 
 Insulin Development ProgramsInsulin Development Programs

Patients with type 1 and patients with type 2 diabetes 
 mellitus are studied

Trials are active comparator controlled and not placebo 
 controlled 

Doses of investigational insulin and comparator are 
 individually titrated to target a specific glycemic goal

Trials are open‐label 

Long term safety is assessed by use of controlled 
 extensions

Guettier  December 7th

 

2012
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Exogenous InsulinExogenous Insulin
 and CV Risk:  Type 1 DMand CV Risk:  Type 1 DM

Use of exogenous insulin to control glycemia in type 1 diabetes has 

 
not been associated with increased CV risk

In DCCT improvement in glucose control over 6.5 years achieved by 

 
intensification of insulin therapy was associated with:
–

 
Non significant reduction in CV events

–

 
Improvement in lipid parameters

–

 
No increase in hypertension

The EDIC study followed 93% of DCCT participants for an additional 10 

 
years after intervention had stopped.

After 17 years of follow‐up subjects who had been randomized to 

 
intensive insulin therapy in DCCT had:

‐A 42% (95% CI: 9‐63) reduction in the risk of total cardiovascular 

 
events

‐A 57%  (95% CI: 12‐79) reduction in the risk of nonfatal 

 
myocardial infarction, stroke or death from CV disease

Guettier  December 7th

 

2012
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Exogenous InsulinExogenous Insulin
 and CV Risk:  Type 2 DMand CV Risk:  Type 2 DM

Use of exogenous insulin to control glycemia in type 2 diabetes has not been 

 
associated with increased CV risk

No excess CV harm subgroup of individuals randomized to insulin in the UKPDS 

 
study

Randomization to intensive glucose control with insulin immediately post‐

 
myocardial infarction in subjects with type 2 diabetes was

•

 

Reported to reduce mortality in DIGAMI‐1

•

 

Benefit was not confirmed in the similarly designed DIGAMI 2 study 

•

 

Neither studies suggested excess CV harm with insulin use in this high risk 

 
population  

A published report for the ORIGIN study showed that normalization of plasma 

 
glucose using insulin glargine in 12,537 subjects with dysglycemia at high risk of 

 
CV events was reported to not be associated with either a beneficial or harmful 

 
effect on major adverse cardiovascular events over a mean follow‐up time of 

 
6.5 years compared to standard of care therapy [Hazard Ratio for

 

MACE 1.02 

 
(95% CI: 0.94‐1.11)]
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2012
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Patients with diabetes are at increased risk of 
 cardiovascular disease

In December 2008, FDA issued a guidance outlining an 
 approach to cardiovascular risk assessment for 

 investigational new drugs intended for the treatment 
 of type 2 diabetes

–

 
Pre‐market CV safety analysis should demonstrate a 

 “reassuring”

 
point estimate of risk

–

 
Pre‐market CV safety analysis should definitively exclude 

 an 80% risk 
–

 
Post‐market CV safety analysis should definitively exclude 

 a 30% risk increase

Cardiovascular Risk Cardiovascular Risk 
 AssessmentAssessment

Guettier  December 7th

 

2012
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Purpose of the BriefingPurpose of the Briefing

Novo Nordisk agreed with FDA recommendations

A detailed protocol outlining the planned statistical analyses of 

 cardiovascular data across the degludec program was received and

 reviewed in early 2010

Cardiovascular safety analyses submitted at the time of NDA filing 

 were based on 5444 patient‐years of exposure

A signal suggesting degludec was associated with cardiovascular harm 

 was observed in sensitivity analyses performed by FDA on the 

 original dataset

Cardiovascular safety data from the majority of long‐term controlled 

 extensions of Phase 3 trials were not available in the original CV 

 safety dataset

The applicant was asked to update the original cardiovascular analysis 

 with these additional data in April 2012

Guettier  December 7th

 

2012
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Purpose of the BriefingPurpose of the Briefing

An analysis on data including extensions based on 7716  patient‐

 years of exposure was performed and received in May 2012

The signal of harm suggesting degludec could increase the risk of 

 cardiovascular death, non‐fatal myocardial infarction, non‐

 fatal stroke and unstable angina relative to comparators was 

 again seen in this analysis

Dr. Li will present the results of this analysis

I will follow her presentation with results of hypoglycemia 

 analyses

After these two presentations you will be asked to weight in on 

 the following four questions

Guettier  December 7th

 

2012
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Question 1Question 1

Do you agree that the CV risk assessment for 
 degludec and degludec‐aspart should include 

 the planned, controlled‐extensions of 6 trials, 
 as specified in Novo Nordisk’s statistical 

 analysis plan?

Guettier  December 7th

 

2012
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Question 2Question 2

Do you find the CV safety signal based on the 
 meta‐analysis sufficiently concerning to affect 

 approvability of these two NDAs?
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Question 3Question 3

Is there convincing evidence that degludec has a 
 lower risk of hypoglycemia than comparator 

 insulins?
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Question 4Question 4

A cardiovascular outcomes trial will be required of Novo 
 Nordisk to further investigate the CV signal arising from 

 the meta‐analysis.  Please comment on:

•
 

using glargine as the sole comparator in this trial

•
 

whether degludec must show superiority or non‐
 inferiority to comparator(s)

•
 

if a non‐inferiority trial is to be conducted, what risk 
 margin must be excluded?

Guettier  December 7th

 

2012
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HypoglycemiaHypoglycemia
 AnalysesAnalyses

 
December

 

,  127, 2012
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Clinical Team Leader
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Hypoglycemia
•

 

The applicant believes degludec insulin offers a hypoglycemia benefit over currently 

 
available basal insulin and in particular over the other available once daily insulin, 

 
insulin glargine

•

 

Hypoglycemic risk was assessed over the entire duration of exposure

•

 

Hypoglycemic risk was also assessed over a segment of the total duration of exposure

–

 

Exposure in these analyses was limited to a 6‐hour segment of the 24‐hour time 

 
period (i.e., midnight to 6 AM).  This will be referred to as the “Nocturnal”

 

time 

 
period.

•

 

Hypoglycemic risk was evaluated in each of the 16 individual trials

•

 

Hypoglycemic risk was also evaluated as a part of a pre‐specified integrated meta‐

 
analysis of seven glargine once daily comparator trials in NDA 203314

•

 

I will begin by presenting the main results from this integrated

 

analysis presented by 

 
Dr. Andraca Carrerra form the at the November 7th

 

EMDAC advisory committee 

 
meeting.

•

 

I will then present key clinical considerations with regards to hypoglycemia data and 

 
show individual trial data
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Meta-analysis of Hypoglycemia

• Novo Nordisk conducted a meta-analysis of 7 RCTs 
comparing IDeg once daily (OD) vs. IGlar OD on the rate of 
Novo confirmed hypoglycemia

• The objective of the meta-analysis was to show superiority 
(lower rate) of IDeg vs. IGlar

• Primary Endpoint: Novo Confirmed hypoglycemia 
• glucose < 56 mg/dL or 
• requiring assistance from another person to actively 

administer carbohydrate, glucagons or resuscitative 
actions

Meta-Analysis of Hypoglycemic Events
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• Novo confirmed hypoglycemia events ~ Negative Binomial

• Fixed effects: trial, treatment, baseline insulin, gender, 
region of randomization, age, treatment x type of 
diabetes.
o Offset: log(time)

Secondary Analysis Model

Meta-Analysis of Hypoglycemic Events
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OutlineOutline

1.
 

Review the process of  hypoglycemia data capture
2.

 
Review factors important in  assessing whether the 

 results are generalizable
3.

 
Review definitions of hypoglycemic episodes

4.
 

Review endpoints used in analyses
5.

 
Review trends in hypoglycemia data across 

 definitions
6.

 
Review hypoglycemia findings in light of efficacy 

 results
7.

 
Comment on nocturnal hypoglycemia analyses
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2012
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Hypoglycemia Risk FactorsHypoglycemia Risk Factors

Characteristics of patients at greatest risk for hypoglycemia

Type of diabetes (type 1 DM >> 2 DM)

Use of multiple daily insulin injections to target tight 
glucose control (all type 1 trials and trial 3582 in type 2)

History of recurrent severe events

Hypoglycemic symptoms “unawareness”

Have significant end‐organ dysfunction (e.g., renal failure)

Subjects with three of these characteristics were excluded from 

 participating in the Degludec and Degludec/Aspart program

Guettier  December 7th

 

2012
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Hypoglycemia Hypoglycemia 
 Clinical PresentationClinical Presentation

•As an acute life threatening event

•As a mild event with non‐specific signs and symptoms

Hypoglycemia can present in different ways

Guettier  December 7th

 

2012
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Capturing Hypoglycemic Capturing Hypoglycemic 
 EpisodesEpisodes

Defining hypoglycemia based on a low glucose value alone can be 

 misleading

•

 

Point‐of‐care devices lack accuracy

•

 

Glucose can be low due to normal physiology or can be falsely low

Defining hypoglycemia based on the presence of hypoglycemic 

 symptoms alone can also be misleading

•

 

Symptoms lack specificity

For mild hypoglycemic episodes, the most specific definitions rely on 

 demonstrating the concurrent presence of low glucose and 

 hypoglycemic symptoms

Guettier  December 7th

 

2012

  







































•

 
In insulin programs interpretation of results of a purported 

 hypoglycemic benefit is complicated by issues related to:

The secondary nature of hypoglycemia analyses

Generalizability of the findings to the population most at 
risk

The open‐label nature of the trial

Questions surrounding the completeness of data capture

Questions surrounding the specificity of the definitions used 
in analyses

Questions surrounding the impact of slight differences 
efficacy or dose in observed in treat to target non‐inferiority 
designs

Hypoglycemia SummaryHypoglycemia Summary
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•In the degludec
 

program
A consistent hypoglycemic benefit across definitions and in 

particular for objective definitions was not seen

The safety advantage based on the Novo “confirmed”
hypoglycemia definition did not translate into an efficacy 
advantage

Differences in pharmacodynamic profiles between 
comparators compounded by inadequacy of data capture in 
the nocturnal time period confound interpretability of 
reported differences in nocturnal event counts between 
comparators

Hypoglycemia SummaryHypoglycemia Summary
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1 Recommendations/Risk Benefit Assessment 
This document contains the clinical safety review for Tresiba and Ryzodeg, NDA 
203314 and NDA 203313, respectively.  Insulin degludec (Tresiba) is abbreviated as 
IDeg throughout this review.  The fixed-ratio combination product of insulin degludec 
and insulin aspart (Ryzodeg) is abbreviated as IDegAsp.  General background materials 
pertaining to these two applications, along with the review of clinical efficacy, are 
addressed in a separate review conducted by Dr. Jean-Marc Guettier. 

1.1 Recommendation on Regulatory Action 

This clinical safety reviewer does not recommend approval of insulin degludec or the 
fixed-ratio combination of insulin degludec and insulin aspart on the basis of a strong 
and credible cardiovascular (CV) safety signal detected in these two development 
programs.     
 
Validity of the safety data is supported by the Applicant’s extensive CV risk evaluation 
process, including detailed, pre-planned study procedures that were strictly followed 
throughout the Phase 3 experience.  The Applicant used consistent, robust, and pre-
specified methods for detection and evaluation of major adverse CV events, and these 
endpoints were objective, valid, and well defined.  Moreover, an extensive data analysis 
plan also was pre-specified, and the data were collected prospectively from relatively 
large, controlled clinical trials.  Reliability of the cardiovascular safety data was further 
enhanced by the Applicant’s use of trial extensions.  The Applicant’s statistical analysis 
plan stipulated that the planned extension trials would be included in the CV meta-
analysis.  These extensions were controlled and applied the same methodology and 
rigor as those employed in the main trials.  Furthermore, the extensions served to 
augment the exposure and inform the long-term safety of insulin degludec.  The 
retention rates from the main trials into the controlled extensions were high, and the 
events were well-defined a priori.  Rigorous methods were developed for capturing and 
assessing major adverse cardiovascular events (MACE), and these events were 
adjudicated by an independent, blinded panel of experts in accordance with a detailed 
charter. 
 
While it is possible that the CV signal could have occurred by chance alone, the 
likelihood that it is spurious—given the magnitude of the signal and consistency of the 
findings—is relatively small.  Although one might speculate about possible etiologies, a 
biologically plausible mechanism and potential risk factors have not been identified.  
When considering clinical safety from a regulatory framework, assessing the potential 
impact on public health should be the overriding concern.  The burden should not fall on 
the FDA to prove causation—rather the Applicant must demonstrate that the signal is 
either false or unlikely to signify substantial risk.  For its part, the Applicant did not offer 
any compelling arguments to suggest anything other than a play of chance as the 
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explanation for the finding of harm.  Reporting bias was raised as another possible 
reason, but there were no objective data to support such an assertion.    
 
It is the view of this reviewer that, based on the available evidence, the potential for 
increased cardiovascular risk with these insulin degludec products cannot be mitigated 
or adequately addressed through mechanisms such as labeling, post-marketing 
requirements, or a comprehensive risk minimization strategy.  Further exploration of the 
safety signal and evaluation of the uncertainty about the extent of the risk, its potential 
clinical significance, and whether it can be reasonably mitigated are imperative.  To this 
end, a well-designed, dedicated cardiovascular outcomes trial (CVOT) would be 
required to confirm or refute the validity of the safety signal.  For ethical considerations, 
such a trial should only be conducted prior to marketing in order to avoid unnecessarily 
exposing a larger number of patients to the potential for harm. 
 
This reviewer would not favor approval of IDeg or IDegAsp for use in treating only those 
with type 1 diabetes.  Although the CV signal is not pronounced in this patient subgroup, 
the absence of a strong signal is not reassuring as the subjects with type 1 diabetes 
were younger, had fewer baseline cardiovascular co-morbidities, and had an insufficient 
number of events as to be informative of CV risk.   
 
Details concerning the CV safety signal are addressed in Section 7 of this review and 
are also described in greater detail in Dr. Bo Li’s comprehensive biostatistical review of 
the Applicant’s CV meta-analysis.  

1.2 Risk Benefit Assessment 

This review focuses on clinical safety alone and does not address efficacy.  The 
purported benefits of insulin degludec and insulin degludec/insulin aspart are addressed 
in Dr. Jean-Marc Guettier’s clinical efficacy review.  Dr. Guettier’s review suggests that 
these insulin products are generally effective for their intended use.  The Applicant 
claims that IDeg and IDegAsp confer an added benefit in terms of reduced risk of 
hypoglycemia over other insulin comparators.  However, the data provided by the 
Applicant in support of this assertion appear to be inconclusive (refer to the clinical 
efficacy review for details).  In the absence of concrete, clinically meaningful benefits to 
offset the strong CV safety signal, the overall risk/benefit balance does not favor 
approval.  Alternative approved long-acting basal insulin products are available for 
glycemic control in adults with type 1 and type 2 diabetes mellitus.  Details of the 
potential CV risks are addressed in Section 7 of this review. 

1.3 Recommendations for Post-market Risk Evaluation and Mitigation 
Strategies 

Not applicable, as approval is not recommended.  
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concern for insulin products is based on observational studies linking insulin glargine to 
an increased risk of certain cancers.  However, the evidence presented in these studies 
is inconclusive due to methodological limitations, and, at present, there are no definitive 
data to suggest that such a risk actually exists for insulin glargine or other insulin 
products.   
 
Tresiba and Ryzodeg are both insulin products that contain insulin degludec, a human 
insulin analog, which is produced by recombinant DNA technology (rDNA origin) 
utilizing Saccharomyces cerevisiae.  Insulin degludec and insulin degludec/insulin 
aspart have been studied under IND 76,496 and 73,198, respectively.  The proposed to-
be-marketed formulations are clear, sterile solutions for subcutaneous injection.  
Tresiba (insulin degludec) is a long-acting insulin analog intended for once-daily use as 
a basal insulin for the treatment of patients with type 1 and type 2 diabetes; Ryzodeg is 
a fixed-ratio combination of long- and short-acting insulin analogs (insulin degludec 70% 
and insulin aspart 30%) to be given once or twice daily.  The dosage of both drugs is to 
be individualized based on glycemic response.  Following subcutaneous administration, 
insulin degludec is slowly absorbed and demonstrates a relatively flat pharmacokinetic 
profile (i.e., no pronounced peak plasma concentration).  Two other long-acting insulin 
analog products—insulin glargine (Lantus) and insulin detemir (Levemir)—are currently 
approved for use in the United States.  Insulin degludec was recently approved for 
marketing in Japan, but it has not to date been approved in other countries.  As such, 
post-marketing experience with Tresiba and Ryzodeg are not available at this time.       
 
A general overview of these two applications, along with relevant background 
information (including demographics, baseline characteristics, and subject disposition) 
can be found in the Dr. Jean-Marc Guettier’s clinical efficacy review.  Given the 
similarities in the IDeg and IDegAsp development programs, this review discusses both 
applications together but highlights key differences where they exist.  Except where 
specifically noted, the safety analyses presented in this review generally address the 
pooled IDeg and IDegAsp data from the safety analysis dataset. 
 

3 Ethics and Good Clinical Practices 
Overall, the data submitted in this NDA were of sufficient quality and completeness to 
permit a substantive review of safety.  The datasets provided by the Sponsor were 
SDTM/ADaM compliant.  No major irregularities were identified, and the reported 
protocol violations detected would not be expected to appreciably influence the overall 
safety findings.  The Applicant provided listings of all recorded protocol deviations. 
These did not appear to cluster among any one site and were not likely to influence the 
integrity of the studies. 
 
The Applicant asserts that the trials addressed in these two application were conducted 
in accordance with the Declaration of Helsinki and the International Conference on 
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Harmonization (ICH) Good Clinical Practice (GCP) standards and applicable country 
and/or local statutes and regulations regarding ethical committee review, informed 
consent, and the protection of human subjects participating in biomedical research. 
 
Please refer to Dr. Jean-Marc Guettier’s clinical efficacy review for details pertaining to 
Section 3, including financial disclosures.  Additional information pertaining to the 
sources of safety data are addressed in Section 5 of this review.   
 

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines 

The primary reviews pertaining to CMC, clinical microbiology, preclinical 
pharmacology/toxicology, and clinical pharmacology have been completed.  However, 
no significant safety issues pertaining to these disciplines have been raised.  The 
biostatistical reviews of efficacy for IDeg and IDegAsp support non-inferiority to the 
insulin comparators.   
 
Please refer to the safety-related biostatistical reviews concerning hypoglycemia and 
cardiovascular risk by Dr. Eugenio Andraca-Carrera and Dr. Bo Li, respectively. 
 
Please refer to Dr. Jean-Marc Guettier’s clinical efficacy review for additional details 
pertaining to Section 4.  Dr. Guettier also summarizes the formulations of IDeg and 
IDegAsp that were used during clinical development and addresses the studies used to 
bridge these formulations to the proposed commercial formulations.     
 

5 Sources of Clinical Data 
Refer to Dr. Jean-Marc Guettier’s clinical review of efficacy for additional information 
regarding the sources of clinical data and for detailed descriptions of the individual 
clinical studies conducted in support of the safety and effectiveness of IDeg and 
IDegAsp.   
 
In these two new drug applications, the Applicant submitted data from 62 clinical studies 
combined to support the safety and efficacy of insulin degludec and insulin 
degludec/insulin aspart for improving glycemic control in adults with type 1 and type 2 
diabetes mellitus.  The Applicant is relying on the therapeutic confirmatory trials as the 
primary source of data to serve as the foundation for scientific evidence in support of 
safety and efficacy.   
 
Overall, these trials were similar in design.  In general, they were non-inferiority trials 
with a randomized, controlled, open-label, parallel-group, treat-to-target design whereby 
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IDeg was compared to an active insulin comparator (mostly insulin glargine but also 
insulin detemir), except for one superiority trial which used oral sitagliptin as the 
comparator.  The inclusion and exclusion criteria employed in these trials, as well as 
subject characteristics at baseline are described in Sections 6 and 7 of Dr. Guettier’s 
clinical efficacy review.  The duration of the therapeutic confirmatory trials was either 26 
weeks or 52 weeks.  Five of the IDeg therapeutic confirmatory trials (3 in subjects with 
T1DM and 2 in subjects with T2DM) were extended by an additional trial period of 26 or 
52 weeks with the goal of investigating long-term safety. Similarly, two of the IDegAsp 
confirmatory trials (Trials 3594 and 3590 in T1DM and T2DM, respectively) were 
extended for an additional 26-week period.  Updated information about serious adverse 
events from the completed therapeutic confirmatory trials was included after the 
database lock and until March 31, 2011.  
 
Reviewer’s Comment:  An open-label design in clinical trials has inherent limitations, 
with the potential to introduce bias particularly when assessing differences in subjective 
study outcome measures.  Nonetheless, it is widely acknowledged that use of masking 
in insulin studies may not be practical or safe considering the need for individualized 
dosage and careful titration during the course of a clinical trial. 
 
Note:  Sources of clinical data, along with tabular summaries and detailed descriptions 
of the clinical trials, are addressed in the clinical review of efficacy.  Key issues of 
relevance to the understanding and interpretation of the safety findings such as study 
objectives, design, study inclusion and exclusion criteria, formulations, dosing and 
administration, comparators, and concomitant medications are addressed in Dr. 
Guettier’s efficacy review.   
 
The following is a brief summary of the clinical data sources for the two applications 
insofar as they apply to the evaluation of clinical safety: 
 
Insulin Degludec:  The clinical safety review for IDeg included the 41 clinical studies 
completed as of the January 31, 2011 cut-off date for the application.  These studies 
included 25 clinical pharmacology trials, 3 therapeutic exploratory trials, 11 therapeutic 
confirmatory trials, and 2 trials that did not fit any of these categories.  Six insulin 
degludec studies were still ongoing at the time of NDA submission.  Five of these 
studies are controlled extensions of completed therapeutic confirmatory trials, and one 
study is a 26-week trial comparing the efficacy and safety of two titration algorithms of 
IDeg.  As of the date of the 120-day safety update, three of the five extension studies 
were completed (Trials 3585, 3770, and 3582) with a cutoff date of October 6, 2011, 
while four studies were newly initiated and three studies were still ongoing.  The focus 
of the safety evaluation was based largely on the 11 therapeutic confirmatory trials 
because these accounted for the majority of the exposure, were randomized and 
controlled, had the longest duration of controlled exposure, and evaluated the to-be-
commercialized formulation.   
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Insulin Degludec/Insulin Aspart:  The clinical safety review for IDegAsp included the 21 
clinical studies completed as of the January 31, 2011 cut-off date for this application.  
These studies included 13 clinical pharmacology trials, 3 therapeutic exploratory trials, 
and 5 therapeutic confirmatory trials.  Two IDegAsp trials were still ongoing at the time 
of NDA submission.  Trial 3726 is a controlled extension of Trial 3590, a completed 
therapeutic confirmatory study.  Trial 3896 was another therapeutic confirmatory trial 
being conducted in Japan.  At the time of 120-day safety update, both of these were 
completed with a cutoff date of October 6, 2011.  One additional study, a 
bioequivalence study comparing IDegAsp 100 units/mL to IDegAsp 200 units/mL is 
included in the updated safety database with a cutoff date of November 11, 2011.  The 
focus of the safety evaluation was based largely on the 5 therapeutic confirmatory trials 
because these accounted for the majority of the exposure, were randomized and 
controlled, had the longest duration of controlled exposure, and evaluated the to-be-
commercialized formulation.     
 
Reviewer’s Comment:  Overall, the data submitted by the Applicant were of sufficient 
quality and completeness to permit a substantive review of clinical safety.  The long-
term therapeutic confirmatory studies and study extensions were particularly informative 
in regards to rare or unusual adverse experiences and adverse experiences that may 
occur with prolonged exposure to the drug.     
 
Reviewer’s Comment:  Trial 3718 and Trial 3724 compared thrice weekly 
administration of insulin degludec to once daily basal insulin.  The Sponsor included 
these two trials in the overall safety assessment.  It should be noted that differences in 
exposure to insulin degludec compared to the daily dosing used in the other trials could 
bias the interpretation of safety.  However, the contribution from these two trials was 
relatively small and is unlikely to have substantially confounded important safety 
endpoints. 

5.1 Tables of Studies/Clinical Trials 

A tabulation and detailed description of all completed and ongoing clinical studies in the 
IDeg and IDegAsp development programs is provided in Section 5 of Dr. Jean-Marc 
Guettier’s clinical efficacy review.  These are not reproduced in this review in order to 
minimize duplication.   
 
Key issues of relevance to the understanding and interpretation of safety findings such 
as study objectives, design, study inclusion and exclusion criteria, formulations, dosing 
and administration, comparators, and concomitant medications are addressed in 
Section 7 of this review.  Figure 1 provides a summary of all clinical trials conducted 
with insulin degludec as of January 31, 2011 (Reproduced from NDA203314; 5.3.5.3; 
ISS).  Figure 2 provides a summary of all clinical trials conducted with insulin 
degludec/insulin aspart as of January 31, 2011 (Reproduced from NDA203313; 5.3.5.3; 
ISS). 
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Figure 1:  IDeg Clinical Trials 
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Figure 2:  IDegAsp Clinical Trials 

 

5.2 Review Strategy, Pooling of Data, and Analysis Datasets 

The evaluation of safety considered all IDeg and IDegAsp clinical studies.  The safety 
pool was comprised of the completed therapeutic confirmatory trials, which accounted 
overwhelmingly for the overall exposures reported in both development programs.  
Given that IDeg is the basal component of IDegAsp, and given that there was 
considerable exposure to IDeg in the IDegAsp therapeutic confirmatory trials, a number 
of the major safety analyses were pooled for IDeg and IDegAsp as this provides a broad 
perspective on the overall safety experience.  Pooled data were also presented 
separately for subjects with T1DM, and also for subjects with T2DM.   
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Data for most key safety endpoints were provided for selected subpopulations, including 
those with T1DM and insulin-naïve subjects with T2DM.  All references in this review to 
the combined pooled safety data for IDeg and IDegAsp follow the abbreviation 
IDeg+IDegAsp.  Because of the potential for variation in safety profiles that may be 
attributable to inherent pharmacokinetic, pharmacodynamic, or formulation differences 
with the two insulin products (insulin degludec vs. insulin aspart) or to the two 
concentrations of insulin degludec investigated (U100 vs. U200), safety data were 
appropriately not pooled but rather presented separately for the purpose of investigating 
selected endpoints, including hypoglycemia, injection-site reactions, and antibody 
formation. 
 
The safety datasets provided by the Sponsor were Study Data Tabulation Model 
(SDTM) and Analysis Data Model (ADaM) compliant.   
 
-Safety analysis set: included all subjects receiving at least one dose of the 
investigational product or its comparator. Subjects in the safety set contribute to the 
evaluation ‘as treated.’ 
 
-Full analysis set: included all randomized subjects. The statistical evaluation of the full 
analysis set follows the intention-to-treat principle, and subjects contribute to the 
evaluation ‘as randomized.’ 
 
Descriptive safety data provided by the Applicant were based on the safety analysis set. 
The statistical analyses of body weight, lipids, and QTc were pre-specified for each 
individual trial and based on the full analysis set. 
 
Two separate, prospectively planned meta-analyses—one for hypoglycemia and one for 
cardiovascular safety—were conducted by the Applicant.  These are addressed in 
separate FDA biostatistical reviews by Drs Eugenio Andraca-Carrera and Dr. Bo Li, 
respectively.   
 
Hypoglycemia was considered by the Applicant to be an efficacy parameter and is 
addressed as a safety and efficacy outcome in Dr. Jean-Marc Guettier’s efficacy review.   

5.3 Discussion of Individual Studies/Clinical Trials 

Refer to Section 5.3 of Dr. Jean-Marc Guettier’s clinical review for a discussion of the 
individual studies that contributed to the evaluation of safety and efficacy.   
 
Safety parameters assessed in the therapeutic confirmatory trials are addressed in 
Section 7 of this review. 
  
Table 1 summarizes the Phase 3 trials from the original NDA submission.  The 11 IDeg 
trials are shaded in blue; the 5 IDegAsp trials are at the bottom of the slide and are 
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6 Review of Efficacy 
The efficacy and purported benefits of insulin degludec and insulin degludec/insulin 
aspart are addressed in Dr. Jean-Marc Guettier’s clinical efficacy review.  The review 
suggests that both IDeg and IDegAsp are generally effective for their intended use (i.e., 
generally non-inferior to insulin comparators in terms of achieving glycemic targets).   
 

7 Review of Safety 
Safety Summary 
Overall, the study populations of both the IDeg and comparator groups and the IDegAsp 
and comparator groups were generally well matched with respect to subject 
demographics and baseline characteristics.  Exposure to the investigational products in 
terms of both the number and type of subjects exposed and also in terms of the duration 
and extent of exposure is reasonably adequate to assess the safety of IDeg and 
IDegAsp relative to the comparators.  The overall safety assessment plan used in both 
development programs was adequate in terms of the nature and frequency of 
assessments.  
 
Treatment-emergent adverse events (TEAE) were generally comparable between the 
IDeg regimens and comparators, and most adverse events in all treatment groups were 
generally tolerable, reversible, and self-limiting.  The most frequently reported AEs for 
both IDeg and comparators and for IDegAsp and comparators included nasopharyngitis, 
upper respiratory tract infection, headache, and diarrhea.  Other common AEs in both 
programs included sinusitis, oropharyngeal pain, nausea, gastroenteritis, influenza, 
cough, back pain, peripheral edema, weight gain, lipodystrophy, and injection-site 
reactions.  The most frequently reported severe adverse events were for hypoglycemia.   
 
In both development programs, serious adverse events (SAEs) were few and 
reasonably balanced among the study treatment arms, and the adverse events 
experienced by subjects in the trial were generally consistent with the established safety 
profiles of approved insulin products, including the two long-acting insulin analogs, 
insulin glargine and insulin detemir.  In subjects with T1DM, the most frequently 
reported SAEs (≥1% of the subjects) were events of hypoglycemia in the Metabolism 
and nutrition disorders System Organ Class (SOC), and rates were similar for both IDeg 
and comparators.  In subjects with T2DM, ≥1% of those in the IDeg group reported 
SAEs in the Cardiac disorders and Infections and infestations SOCs.  For IDegAsp and 
comparators, the most frequently reported SAEs were events of hypoglycemia.  Overall, 
the types and rates of SAEs across trials, as well as withdrawal due to SAEs, were 
generally similar between IDeg and comparators and also IDegAsp and comparators.     
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A CV meta-analysis conducted by the Applicant raised concerns regarding the 
possibility of excess risk of major adverse cardiovascular events (MACE) in the pooled 
IDeg and IDegAsp data compared to the pool of active controls.  Given that additional 
data were available from trials that were ongoing at the time of the original NDA 
submission, an information request was submitted to the Sponsor to provide an updated 
CV safety analysis (the information request is presented in Appendix 9.4). The updated 
analyses (described in Dr. Bo Li’s biostatistical review) consistently pointed to potential 
harm associated with use of the insulin degludec products.  Subject demographics and 
selected baseline characteristics for the updated CV analysis data set are presented in 
Appendix 9.5. 
 
Reviewer’s Comment:  With the exception of hypoglycemia and cardiovascular 
findings, this reviewer generally concurs with the applicant’s overall assessment of 
safety based on the parameters that were assessed in the Phase 3 program.  
Hypoglycemia is addressed in Dr. Guettier’s clinical efficacy review.   

7.1 Methods 

7.1.1 Studies/Clinical Trials Used to Evaluate Safety 

Refer to Section 5.1 of this review for a summary of the clinical trials pertinent to clinical 
safety.  More detailed information about the individual studies can be found in Dr. Jean-
Marc Guettier’s clinical review of efficacy.   

7.1.2 Categorization and Definition of Adverse Events 

All serious and non-serious adverse events reported in the therapeutic confirmatory 
trials were recorded on a standardized AE-collection form and was included as part of 
the case report forms.  If more than one sign or symptom was reported, a separate AE 
form was to be used for each.  AE records included a description of the event, level of 
seriousness, onset and resolution date, severity, relationship to trial medication as 
judged by the investigator, any action taken, and outcome.  For SAEs, a separate form 
was used in addition to the standard AE form. 
 
AEs were defined as any undesirable medical event occurring in a subject in the clinical 
trial, whether or not related to the trial products. AEs were assessed at every study visit 
and were categorized by the investigator as mild, moderate, or severe; and causality 
was assessed as probable, possible, or unlikely according to commonly accepted 
criteria.  SAEs were in accordance with FDA’s definition, and included hospitalization, 
life threatening illness, and death.  TEAEs in the therapeutic confirmatory trials were 
defined as an event that has onset date on or after the first day of exposure to 
randomized treatment and no later than 7 days after the last day of randomized 
treatment. 
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The Applicant identified certain medical events to be of special interest and developed 
specific reporting procedures for these events.  In the therapeutic confirmatory trials 
(including the extension trials), the Applicant planned to capture additional information 
for AEs of special interest (severe hypoglycemia, cardiovascular events, neoplasms, 
allergic reactions, antibody development, and injection-site reactions) even if these 
events were not assessed as serious.   
 
Note:  For hypoglycemia and cardiovascular adverse events, the Applicant conducted 
separate meta-analyses which are the subject of two separate FDA biostatistical 
reviews. 
 
AEs were coded using the Medical Dictionary for Regulatory Activities (MedDRA) 
Version 13.0 or Version 13.1 for classification of adverse event data into the SOC.  
Differences in preferred terms between these two versions were reviewed and do not 
appear to be significant enough to alter this safety review in a meaningful way. 
 
Reviewer’s Comment:  This reviewer compared a random sample of the terms used 
by the investigators in describing an AE to the preferred term.  AEs appear to have 
been appropriately classified. 

7.1.3 Safety Endpoints 

The safety endpoints routinely collected in therapeutic confirmatory trials of IDeg and 
IDegAsp were as follows: 
 
• Extent of Exposure to Investigational Product 
 
• Adverse Events 
 -Treatment-Emergent Adverse Events 

-Deaths and Other Serious Adverse Events 
-Other Severe or Significant AEs 
 

• Withdrawals due to AEs 
 
• Hypoglycemic Episodes  
Note:  Hypoglycemia is addressed in Dr. Jean-Marc Guettier’s review of efficacy 
 
• Physical exam 
 
• Fundoscopic exams/fundus photography 
 
• Vital signs 
 
• Electrocardiography (ECG) 
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• Body weight changes 
 
• Pregnancy 
• Clinical laboratory parameters 

-Insulin antibodies 
-Hematology parameters 
-Biochemistry parameters 
-Lipid parameters 
-Cardiovascular risk markers 
-Urinalysis 

 
Note:  Hematology parameters, biochemistry values, vital signs, ECG, fundoscopy, and physical 
examination were evaluated by the Applicant for all of the therapeutic confirmatory trials.  For 
the clinical pharmacology trials and the therapeutic exploratory trials, these safety parameters 
were not included in the Applicant’s assessment of the safety data but were included in the 
individual trial reports and were considered in this clinical review of safety. 

7.2 Adequacy of Safety Assessments 

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

A total of 7510 subjects were exposed to IDeg and/or IDegAsp.  A small number of 
subjects in crossover clinical pharmacology studies were exposed to both IDeg and 
IDegAsp and, therefore, may be counted in more than one study treatment arm.  
Because of the skewed randomization to ensure adequate exposure to IDeg and 
IDegAsp, the pooled comparator group consisted of only 4404 subjects.  As expected, 
the therapeutic confirmatory trials accounted for the majority of the exposures to IDeg 
and IDegAsp, both in terms of number of subjects exposed and exposure duration. 
 
In the IDeg clinical development program, 5624 subjects were exposed to IDeg, with 
4275 subjects coming from the therapeutic confirmatory trials.  A total of 3758 subjects 
(88%) were exposed for at least 6 months, and a total of 1635 subjects (38%) were 
exposed for at least 12 months in the therapeutic confirmatory trials.  The duration of 
exposure for IDeg is presented in Table 2.   
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Table 2:  IDeg Exposure Duration (Safety Analysis Set) 

 
Source:  N203314, SCC, Table 1-3. 
 
In the IDegAsp clinical development program, 2031 subjects were exposed to IDegAsp, 
with 1360 subjects coming from the therapeutic confirmatory trials.  A total of 1181 
subjects (87%) were exposed to IDegAsp for at least 6 months, and a total 235 subjects 
(17%) were exposed to IDegAsp for at least 12 months.  Exposure duration for IDegAsp 
is presented in  
Table 3.   
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Table 3:  IDegAsp Exposure Duration (Safety Analysis Set) 

 
Source:  N203313, SCC, Table 1-3. 
 
In the pooled IDeg+IDegAsp population, the number of subjects exposed to IDeg or 
IDegAsp for at least 6 months in the therapeutic confirmatory trials increased to 4939 
subjects, and for at least 12 months increased to 1870 subjects.   
 
Subjects included in the two development programs were reasonably representative of 
the broader diabetic population in the U.S. with respect to type of diabetes, disease 
severity, sex, age, and race/ethnicity.  The trial population in the IDeg program was 57% 
male, and 20% of the subjects were greater that 65 years of age.  North America (U.S. 
and Canada combined) accounted for 41% of the trial population, with 39%, 10%, and 
5% from Europe, Asia, and Japan, respectively.  Whites accounted for 75% of the trial 
population, while Asians, Hispanics/Latinos, and Blacks/African-Americans accounted 
for 18%, 10%, and 6%, respectively.   
 
The majority of exposed subjects in the therapeutic confirmatory trials (74%) had T2DM, 
including those with early-stage disease who were insulin-naïve at baseline as well as 
subjects who were receiving multiple oral antidiabetic medications (with or without 
insulin) or insulin alone.  Within the exposed T2DM population approximately 61% were 
noted to be insulin-naïve.  Mean BMI and body weight were generally higher in trials 
with subjects with T2DM than T1DM.  Mean duration of diabetes was generally longer in 
trials with subjects with T1DM than T2DM.  Lastly, mean HbA1c was generally lower in 
trials with subjects with T1DM than T2DM 
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Exposure by type of insulin degludec regimen and dose is addressed in Dr. Guettier’s 
clinical efficacy review.  In total, 3587 subjects (84%; 2510 patient-year exposure) were 
exposed to IDeg 100 U/mL (all subjects with T1DM and subjects with T2DM in Trials 
3668, 3579, 3586, 3580 and 3582). A total of 688 subjects (16%; 318 patient-year 
exposure) were exposed to IDeg 200 U/mL (all insulin-naïve subjects with T2DM in 
Trials 3672, 3718 and 3724). 
 
The trial population in the IDegAsp program was 54% male, and 19% of the subjects 
were greater that 65 years of age.  Unlike the IDeg program, Europe and Asia recruited 
the majority of subjects, each accounting for 38% of the total.  The U.S. and Canada 
combined accounted for 18% of the trial population.  Overall, Whites accounted for 56% 
of the trial population, while Asians, Hispanics/Latinos, and Blacks/African-Americans 
accounted for 38%, 5%, and 4%, respectively.   
 
The majority of exposed subjects in the therapeutic confirmatory trials (73%) had T2DM, 
including those with early-stage disease who were insulin-naïve at baseline as well as 
subjects who were receiving multiple oral antidiabetic medications (with or without 
insulin) or insulin alone.  Within the exposed T2DM population approximately 27% were 
noted to be insulin-naïve.   
 
Study subject demographics and baseline characteristics (including diabetes-related 
characteristics) for IDeg vs. comparators are presented in Table 4 and Table 5.  
Likewise, demographics and baseline characteristics for IDegAsp vs. comparators are 
presented in Table 6 and Table 7. 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference ID: 3233170



Clinical Safety Review 
Karim Anton Calis, Pharm.D., M.P.H. 
NDA 203314 and NDA 203313 
Insulin degludec (Tresiba) and Insulin degludec/Insulin aspart 70/30 (Ryzodeg) 
 

24 

Table 4:  IDeg Demographics and Baseline Characteristics (Safety Analysis Set) 

 
Source:  N203314, SCC, Table 1-16. 
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Table 5:  IDeg Baseline Diabetes-Related Characteristics (Safety Analysis Set) 

 
Source:  N203314, SCC, Table 1-17. 
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Table 6:  IDegAsp Demographics and Baseline Characteristics (Safety Analysis 
Set) 

 
Source:  N203313, SCC, Table 1-15. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference ID: 3233170



Clinical Safety Review 
Karim Anton Calis, Pharm.D., M.P.H. 
NDA 203314 and NDA 203313 
Insulin degludec (Tresiba) and Insulin degludec/Insulin aspart 70/30 (Ryzodeg) 
 

27 

Table 7:  IDegAsp Baseline Diabetes-Related Characteristics (Safety Analysis Set) 

 
Source:  N203313, SCC, Table 1-16. 
 
Reviewer’s Comment:  Overall, the study populations of both the IDeg and comparator 
groups and the IDegAsp and comparator groups were generally well matched with 
respect to subject demographics and baseline characteristics.  
 
Reviewer’s Comment:  Exposure to the investigational products in terms of both the 
number and type of subjects exposed and also in terms of the duration and extent of 
exposure is reasonably adequate to assess the safety of IDeg and IDegAsp relative to 
the comparators.  Also, the overall safety assessment plan used in both development 
programs was adequate in terms of the nature and frequency of assessments.  The 
safety evaluation plan included routine assessments, as well as a focus on important 
potential risks, defined from pre-clinical observations and from experience with the 
earlier-phase clinical studies and with other insulin products. 
   
Note:  Subject disposition is addressed in the clinical efficacy review.  Withdrawals or 
discontinuations due to adverse events are addressed in Section 7.3.3 of this review. 
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7.2.2 Concomitant Diseases in Exposed Subjects 

Concomitant illnesses were recorded for all study subjects as part of the medical 
history, a subset of which included known diabetes-related complications.  Except 
where specifically noted, these were generally similar for IDeg and comparators and 
also for IDegAsp and comparators.  Of note, in the IDeg program, diabetes 
complications at screening were reported by approximately 24% of all subjects with 
T1DM and 22% in those with T2DM.  Approximately 86% of all subjects with T1DM in 
the therapeutic confirmatory trials were reported to have a medical history/concomitant 
illness at the time of screening, and the most frequent were hypertension (27.5%), 
hyperlipidemia (18.1%), diabetic retinopathy (17.0%), and mild or moderate renal 
impairment (12%) based on estimated creatinine clearance.  Approximately 97% of all 
subjects with T2DM in the therapeutic confirmatory trials were reported to have a 
medical history/concomitant illness at the time of screening, and the most frequent were  
hypertension (69.0%), hyperlipidemia (49.3%), and mild or moderate renal impairment 
(16% in IDeg vs. 13% in comparator) based on estimated creatinine clearance.   
 
In the IDegAsp program, diabetes complications at screening were reported by 
approximately 35% of all subjects with T1DM (32.9% vs. 38.9% for comparators) and 
31% (33.8% vs. 27.4% in comparators) in those with T2DM.  A total of 91.5% of all 
subjects with T1DM in the therapeutic confirmatory trials were reported to have a 
medical history/concomitant illness at the time of screening, and the most frequent were 
hypertension (32% vs. 40% for comparators), diabetic retinopathy (24.6% vs. 31.7% for 
comparators), diabetic neuropathy (19.3% vs. 15% for comparator), and mild or 
moderate renal impairment (6% vs. 11% for comparators) based on estimated 
creatinine clearance.  Approximately 97% of all subjects with T2DM in the therapeutic 
confirmatory trials were reported to have a medical history/concomitant illness at the 
time of screening, and the most frequent were hypertension (67.3%), hyperlipidemia 
(51%), and mild or moderate renal impairment (23%) based on estimated creatinine 
clearance.   

7.2.3 Concomitant Medications in Exposed Subjects 

Concomitant medications taken at screening or during the trial were recorded for all 
subjects in the therapeutic confirmatory trials, and experience with IDeg and IDegAsp 
was similar.  In all, for subjects with T1DM, the most common concomitant medications 
included antidiabetics, antihypertensives, antihypercholesterolemics, and medications 
for general pain and for thyroid hormone replacement.  Apart from insulin products, the 
most common concomitant medications taken by ≥10% of all subjects with T1DM were 
acetylsalicylic acid and simvastatin at screening, and acetylsalicylic acid, ibuprofen, 
acetaminophen, simvastatin, and levothyroxine during the trial treatment period. With 
the exception of an overall increase in the use of acetaminophen during the trial period 
compared to baseline and also a slightly lower proportion (14% vs. 20% in the 
comparators) of simvastatin use among subjects with T1DM specifically in the IDegAsp 
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program, the use of concomitant medications, both at screening and after 
randomization, did not differ appreciably between treatment groups.  For subjects with 
T2DM, the most common concomitant medications used at screening and during the 
trial treatment period included antidiabetics, antihypertensives, 
antihypercholesterolemics, and medications for general pain.  As expected, metformin 
was the most widely used concomitant antidiabetic medication in these subjects.  
Acetylsalicylic acid also was used by at least one third of the subjects and, according to 
the Applicant, its use did not differ between the treatment groups. 

7.3 Major Safety Results 

7.3.1 Deaths 

In total, 21 deaths (14 subjects treated with IDeg and 7 treated with comparators) were 
reported in the completed IDeg clinical trials.  All of the deaths occurred in the 
therapeutic confirmatory trials where 4275 subjects were exposed to IDeg and 2269 
subjects were exposed to comparators.  Adjusted for the skewed randomization, the 
rate of fatal adverse events leading to death was similar for both IDeg and the 
comparators (0.6 events per 100 PYE).  Of all the 21 subjects who died, four subjects 
had T1DM and 17 subjects had T2DM (five of whom were insulin-naïve).  A summary of 
the subjects who died in the IDeg program is presented in Table 8.  Although many of 
the deaths were considered by the study investigators as “unlikely” to be related to the 
study medication, a review of the narratives of all fatal events, albeit incomplete and 
inconclusive in some cases, suggests that at least five of the cardiovascular-related 
deaths in IDeg-treated subjects could possibly have been related to the study product.  
MACE endpoints are discussed in Section 5 of this review and in the FDA biostatistical 
review. 
 
In total, 6 deaths (4 subjects treated with IDegAsp and 2 treated with biphasic insulin 
aspart [BIAsp30]) were reported in the completed IDegAsp clinical trials.  Five of the 
deaths occurred in the therapeutic confirmatory trials.  Two of the deaths in IDegAsp-
exposed subjects were noted to be due to interstitial lung disease that was apparently 
absent at baseline.  Another case of apical lung fibrosis described as “mild” was noted 
in the IDegAsp program in a 49-year-old woman with T1DM who had been on IDegAsp 
for 183 days when the AE was detected.  She had normal renal function and was noted 
to have hyperlipidemia, additional details were not available and the case continued to 
be listed as unresolved.  A summary of the subjects who died in the IDegAsp program is 
presented in Table 9.  Review of the narratives for these deaths supported the causality 
assessment provided by the investigators in all six cases. 
 
Reviewer’s Comment:  Death rates were comparable among IDeg, IDegAsp, and the 
comparator groups.  Deaths were reported more frequently in men than in women, but 
overall, there were no consistent patterns, and no substantial differences relative to 
comparators. 
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Table 8:  Deaths in Completed IDeg Trials 

 

 
Source:  N203314, SCC, Table 2-5. 
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Table 9:  Deaths in Completed IDegAsp Trials 
 

 
Source:  N203313, SCC, Table 2-5. 

7.3.2 Nonfatal Serious Adverse Events 

With regards to serious adverse events and discontinuations due to adverse events, 
hypoglycemia, Cardiac disorders, and Infections were the most commonly reported 
SAEs.  The rates of SAEs were relatively low and generally similar with IDeg and 
comparators.  SAEs reported in the therapeutic confirmatory trials were slightly higher 
for IDeg (15.1 events per 100 PYE) than comparators (13.5 events per 100 PYE), and 
study withdrawal due to an SAE was 1.3% for IDeg and 0.9% for comparators.  In 
subjects with T1DM, the most frequently reported SAEs (≥1% of the subjects) were 
events of hypoglycemia in the Metabolism and nutrition disorders SOC, and rates were 
similar for both IDeg and comparators.  Hypoglycemia is addressed in the efficacy 
review.   
 
In subjects with T2DM, ≥1% of the subjects in the IDeg group reported SAEs in the 
Cardiac disorders and Infections and infestations SOCs.  In the comparators group, 
≥1% of the subjects reported SAEs in the Cardiac disorders SOC.  SAEs reported in 
≥1% of subjects are presented by SOC and preferred term in Table 10.  Overall, the 
types and rates of SAEs across trials, as well as withdrawal due to SAEs, were 
generally similar between IDeg and comparators with few exceptions.  The SAE rate 
was higher for IDeg compared to sitagliptin in Trial 3580 and also for IDeg compared to 
insulin glargine in Trial 3672 (both trials involved insulin-naïve subjects with T2DM). 
 
In the IDegAsp program, the rates of SAEs were similar for IDegAsp (19.9 events per 
100 PYE) and comparators (18.7 events per 100 PYE).  The percentages of subjects 
who withdrew from the trial due to an SAE was 1.4% for IDegAsp and 1.1% for 
comparators, and the rates were 2.8 events per 100 PYE and 2.4 events per 100 PYE 
for IDegAsp and comparators, respectively.  As with the IDeg program, the most 
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frequently reported SAEs were events of hypoglycemia for both IDegAsp and 
comparators.  Overall, the types and rates of SAEs across trials, as well as withdrawal 
due to SAEs, were generally similar between IDegAsp and comparators.  The SAE rate 
was higher for IDegAsp compared to insulin glargine in Trial 3590 (insulin-naïve 
subjects with T2DM).  In subjects with T1DM, the most frequently reported SAEs (≥1% 
of the subjects) were events of hypoglycemia in the Metabolism and nutrition disorders 
SOC, and rates were higher with IDegAsp than comparators.  The difference was driven 
by a single subject who experienced eight separate hypoglycemic episodes that were 
classified as SAEs.   
 
In the subjects with T2DM, most SAEs for both IDegAsp and comparators were 
reported in the Cardiac disorders, Infections and infestations, and Metabolism and 
nutrition disorders SOCs.  SAEs reported in ≥1% of subjects are presented by SOC and 
preferred term in Table 11.  Within the Cardiac disorders SOC, extensive splitting of 
preferred terms may have obscured potential differences in non-MACE cardiovascular 
events.  The FDA review did not focus on this type of methodology, because the 
nonspecific terminology used by the applicant precludes a robust assessment of CV 
safety. 
 
Hypoglycemia accounted for the majority of dropouts due to AEs.  Importantly, there 
were few study withdrawals due to non-MACE cardiovascular adverse events, such as 
angina.  In all, the types and rates of SAEs and adverse events leading to study 
withdrawal were generally similar across trials and between IDeg or IDegAsp and their 
comparators.  However, it should be noted that summarizing safety using such broad 
categories has the potential to obscure concerning safety signals. 
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Table 10:  IDeg Serious Adverse Events (> 1%) by System Organ Class and 
Preferred Term (Safety Analysis Set) 
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Table 10 (Continued).  IDeg Serious Adverse Events (> 1%) by System Organ 
Class and Preferred Term (Safety Analysis Set) 

 
Source:  N203314, SCC, Table 2-9. 
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Table 11:  IDegAsp Serious Adverse Events (> 1%) by System Organ Class and 
Preferred Term (Safety Analysis Set) 

 
Source:  N203313, SCC, Table 2-8. 

7.3.3 Dropouts and/or Discontinuations 

In the IDeg program, the percentage of subjects who withdrew from study due to an AE 
was 2.3% for IDeg and 1.3% for comparators.  In the therapeutic confirmatory trials, the 
rates of AEs leading to withdrawal were higher for IDeg (4.7 events per 100 PYE) than 
comparators (2.4 events per 100 PYE). Nearly half of the AEs leading to withdrawal in 
IDeg group and majority of the AEs in the comparators group were SAEs.  The rates of 
SAEs leading to withdrawal were similar for the IDeg (2.3 events per 100 PYE) and the 

Reference ID: 3233170



Clinical Safety Review 
Karim Anton Calis, Pharm.D., M.P.H. 
NDA 203314 and NDA 203313 
Insulin degludec (Tresiba) and Insulin degludec/Insulin aspart 70/30 (Ryzodeg) 
 

36 

comparators (1.7 events per 100 PYE) groups.  No specific patterns in AEs or SAEs 
leading to withdrawal were observed, and differences between IDeg and comparators 
were relatively small.   
 
In the IDeg group, the most frequent AEs that led to withdrawal of subjects were events 
of hypoglycemia (8 events), weight increased (7 events), and myocardial infarction (6 
events).  Of the AEs leading to withdrawal, 17 events in the IDeg group and 6 events in 
the comparators group were reported as MACE.  In subjects with T1DM, 2.2% in the 
IDeg group discontinued study due to AEs as did 0.9% in the comparator.  The rates of 
AEs leading to withdrawal were higher for IDeg (5.2 events per 100 PYE) than the 
comparators (1.4 events per 100 PYE).  In subjects with T2DM, 2.3% in the IDeg group 
discontinued study due to AEs as did 1.4% in the comparator.  The rates of AEs leading 
to withdrawal were higher for IDeg (4.5 events per 100 PYE) than the comparators (2.7 
events per 100 PYE).  Of the AEs leading to withdrawal of subjects with T2DM, 15 
events in the IDeg group and five events in the comparator group were reported as 
MACE. Of these MACE, nine events resulted in death. 
 
In the IDegAsp program, the percentages of subjects discontinuing study due to AEs 
were 1.8% for IDegAsp and 1.5% for comparators. The majority of the AEs leading to 
withdrawal were SAEs in both IDegAsp and comparators group. The percentages of 
subjects who withdrew from study due to an SAE was 1.4% for IDegAsp and 1.1% for 
comparators, and the rates were 2.8 events per 100 PYE and 2.4 events per 100 PYE 
for IDegAsp and comparators, respectively.  As with the IDeg program, the most 
frequently reported SAEs were events of hypoglycemia for both IDegAsp and 
comparators.  Substantial differences in rates of withdrawal across IDegAsp trials and 
among treatment groups were not observed.  No specific patterns in AEs or SAEs 
leading to withdrawal were observed, and differences between IDeg and comparators 
were relatively small.  Of the AEs leading to withdrawal, 2 events in the IDegAsp group 
and 3 events in the comparators group were reported as MACE.  The majority of AEs 
leading to withdrawals were reported under the SOC, Metabolism and nutrition 
disorders in the IDegAsp group. 
 
As addressed earlier in this review, there were few study withdrawals due to non-MACE 
cardiovascular adverse events, such as angina, which could have potentially 
progressed to MACE.  FDA biostatistical reviewers assessed whether there were 
differences between the treatment groups in terms of rates of dropouts, reasons for 
dropouts (including non-MACE CV events), and characteristics of who those who 
dropped out of study.  Notably, no such differences were observed.  

7.3.4 Significant Adverse Events 

The percentages of subjects reporting AEs leading to dose reduction were 4.4% for 
IDeg and 3.3% for comparators.  The rates of AEs leading to dose reduction were 8.8 
events per 100 PYE for IDeg and 6.6 events per 100 PYE for comparators.  The most 
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frequent AEs leading to dose reduction were events of hypoglycemia.  In subjects with 
T1DM, AEs leading to dose reduction were reported in 8.7% of those receiving IDeg 
and 7.5% of comparators.  The percentages of subjects with T1DM reporting AEs 
leading to dose reduction and the rates of these AEs were higher than those reported 
for all subjects.  
  
In subjects with T2DM, AEs leading to dose reduction were reported in 2.9% of those 
receiving IDeg and 2.2% of comparators.  The percentages of subjects reporting AEs 
leading to dose reduction were 3.5% for IDegAsp and 5.2% for comparators.  The rate 
of AEs leading to dose reduction was lower for IDegAsp (8.5 events per 100 PYE) than 
comparators (13.5 per 100 PYE). The most frequent AEs leading to dose reduction 
were events of hypoglycemia.  This was consistent for subjects with T1DM and also for 
T2DM. 

7.4 Supportive Safety Results 

7.4.1 Common Adverse Events 

For both IDeg and IDegAsp and their comparators, the majority of treatment-emergent 
adverse events (TEAEs) were reported in the following SOCs:  Infections and 
infestations, gastrointestinal disorders, musculoskeletal and connective tissue, nervous 
system disorders, metabolism and nutrition disorders, and general disorders and 
administration-site conditions.  The most frequently reported AEs for both IDeg and 
comparators and for IDegAsp and comparators included nasopharyngitis, upper 
respiratory tract infection, headache, and diarrhea.  Other common AEs in both 
programs included sinusitis, oropharyngeal pain, nausea, gastroenteritis, influenza, 
cough, back pain, peripheral edema, weight gain, lipodystrophy, and injection-site 
reactions.   
 
The most frequently reported severe adverse events were for hypoglycemia, which is 
addressed in greater detail in the clinical efficacy review.  In general, no major 
differences were observed between the IDeg and IDegAsp regimens and their 
comparators for any of the AE preferred terms across the major SOCs.  With a few 
minor exceptions favoring either the comparators or IDeg/IDegAsp, major cross-study 
differences in AEs—particularly in the therapeutic confirmatory trials—were not readily 
apparent.  Exceptions favoring the comparator in the IDeg program included AE rates 
that were higher for IDeg compared to insulin detemir in Trial 3585 (subjects with 
T1DM) and also compared to insulin glargine in Trial 3718 (insulin-naïve subjects with 
T2DM).   
 
In the IDegAsp program, exceptions favoring comparator included AE rates that were 
higher for IDegAsp compared to insulin glargine in Trial 3590 (insulin-naïve subjects 
with T2DM).  Treatment-emergent adverse events in all subjects from the pooled 
therapeutic confirmatory trials for IDeg vs. comparators and IDegAsp vs. comparators 
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are presented in Table 12 and Table 13, respectively.  Adverse events occurring in > 
5% of subjects from the pooled therapeutic confirmatory trials are presented by SOC 
and preferred term in Table 14 and Table 15, respectively, for IDeg vs. comparators 
and IDegAsp vs. comparators.   
 
According to the Applicant, the rates of AEs for all subjects in the confirmatory trials 
were similar for IDeg (428.1 events per 100 patient-years of exposure [PYE]) and 
comparators (418.4 events per 100 PYE).  The majority of the AEs were rated as mild in 
both groups.  The rates of severe AEs were similar for IDeg (20.3 events per 100 PYE) 
and comparators (21.1 events per 100 PYE).  Common adverse events were similar 
overall with IDeg and comparators in subjects with T1DM and also in those with T2DM.  
In subjects with T1DM, the rate of headache was higher and the rate of cough was 
lower for IDeg relative to comparators.   
 
Of note, there was no apparent difference in the rate of injection-site reactions between 
the IDeg 100 U/mL and IDeg 200 U/mL products.  AEs reported with the 200 U/mL 
product were generally similar to those reported with the insulin glargine comparator 
(Trial 3672 in insulin-naïve subjects with T2DM).  Differences in adverse events in the 
other two IDeg 200 U/mL studies (Trial 3718 and 3724) are not addressed in this review 
as the Applicant is not pursuing the three-time weekly dosing regimen studied in these 
trials and also because of the limited exposure and small contribution to the overall 
safety findings. 
 
For IDegAsp, the rates of AEs including all subjects in the therapeutic confirmatory trials 
were similar (387.3 events per 100 PYE vs. 392.7 events per 100 PYE for 
comparators).  The majority of the AEs were rated as mild in severity in both groups.  
However, the rates of severe AEs were lower for IDegAsp (19.6 events per 100 PYE) 
than comparators (25.4 events per 100 PYE).  The difference was driven largely by 
higher reported rates of hypoglycemia in the insulin detemir comparator group.  
Common adverse events were similar overall with IDegAsp and comparators in subjects 
with T1DM and also in those with T2DM.  In subjects with T1DM, the rate of headache 
was higher and the rate of hypoglycemia was lower for IDegAsp relative to insulin 
detemir. 
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Table 12:  IDeg Treatment-Emergent Adverse Events (Safety Analysis Set) 

 
Source:  N203314, SCC, Table 2-1. 
 
Table 13:  IDegAsp Treatment-Emergent Adverse Events (Safety Analysis Set) 

 
Source:  N203313, SCC, Table 2-1. 
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Table 14:  IDeg Treatment-Emergent Adverse Events (> 2%) by System Organ 
Class and Preferred Term (Safety Analysis Set) 

 
Source:  N203314, SCC, Table 2-2. 
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Table 15:  IDegAsp Treatment-Emergent Adverse Events (> 2%) by System Organ 
Class and Preferred Term (Safety Analysis Set) 

 
Source:  N203313, SCC, Table 2-2. 

7.4.2 Laboratory Findings 

Blood and other fluids were sampled at specified time points depending on the 
parameter (most at baseline, 26 weeks, and 52 weeks for some studies).  Samples 
were sent to a central laboratory for analysis. 
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Insulin Antibodies 
 
The Applicant tested for development of IDeg-specific antibodies and insulin antibodies 
cross-reacting with human insulin and concluded that there were no interactions 
between development of insulin antibodies and injection-site reactions or hypoglycemic 
episodes.  In the therapeutic confirmatory trials, the mean change from baseline to 27 
and 53 weeks of treatment in antibodies cross-reacting with human insulin and in 
specific insulin analogue antibodies was low in both the IDeg and the comparator group, 
and there was no difference between the treatment groups.   
 
A relationship between the development of cross-reacting antibodies and change in 
glycemic control also was not observed.  The proportion of subjects experiencing an 
increase in cross-reacting antibody levels and possible lack of effect (as assessed by 
HbA1c) in the IDeg group was similar to the comparator group.  The magnitude of dose 
changes was similar with IDeg and the comparators both for subjects with T1DM and 
subjects with T2DM.  The Applicant inferred the absence of neutralizing antibodies 
based on the low magnitude of the dose changes (i.e., IDeg doses were not increased 
substantially). 
 
A total of 18 subjects with T1DM in the IDeg group experienced an increase in the level 
of cross-reacting antibodies of more than 10% (absolute) and an increase in HbA1c of 
more than 0.2% (absolute).  For 6 of these subjects, the total insulin dose increased 
during the trials, and the IDeg dose increased for 2 subjects.  The IDeg dose was 
increased by 2 U and 16 U over a 12-month period.  In the comparator group, a total of 
8 subjects experienced an increase in the level of cross-reacting antibodies of more 
than 10% (absolute) and an increase in HbA1c of more than 0.2% (absolute).  For 7 of 
these subjects, the total insulin dose as well as the basal insulin dose increased during 
the trials. The increase in comparator dose ranged from 1 U to 39 U from baseline to 
the end of the trial.     
 
A total of 4 subjects with T2DM in the IDeg group experienced an increase in the level 
of cross-reacting antibodies of more than 10% (absolute) and did not have a decrease 
in HbA1c of more than 0.2% (absolute). For 3 of these subjects, the total insulin dose 
increased during the trials. The IDeg dose increases from baseline to the end of the trial 
ranged from 20 U to 68 U.  In the comparator group, a total of 5 subjects with T2DM 
experienced an increase in the level of cross-reacting antibodies of more than 10% 
(absolute) and did not have a decrease in HbA1c of more than 0.2% (absolute).  For 3 
of these subjects, the total insulin dose increased during the trials. The comparator dose 
change ranged from -2 U to 58 U from baseline to the end of the trials.  
 
Reviewer’s Comment:  For additional information regarding antibodies to insulin 
degludec, please refer to the consult review by the Office of Biotechnology Products 
(OBP).    
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Hematology 
 
In the therapeutic confirmatory trials, blood samples were drawn at the screening visit, 
after 26 weeks (all trials), and after 52 weeks (Trials 3579, 3582, and 3583) to 
determine the following hematology parameters:  hemoglobin, erythrocytes, leucocytes, 
thrombocytes, hematocrit, and differential count).  Only a few clinically significant 
changes were noted, and, in general, there were no major differences observed among 
the treatment groups. 
 
Biochemistry 
 
In the therapeutic confirmatory trials, blood samples were drawn at the screening visit 
and at the end of the trial to determine concentrations of the following: creatinine, total 
protein, alanine aminotransferase (ALAT), aspartate aminotransferase (ASAT), alkaline 
phosphatase, sodium, potassium, albumin and total bilirubin.  Few subjects had 
changes from normal to high or low in biochemistry values from baseline to 26 weeks or 
52 weeks, and there was no difference between the two treatment groups for any of the 
measured parameters.  There were no cases meeting the biochemical definition of Hy’s 
Law in either the IDeg or IDegAsp programs.  Changes from baseline to week 26 or 52 
in renal function (based on estimated creatinine clearance, CLCR) from normal (CLCR 
>80 mL/min) to mild (CLCR >50 �80 mL/min) or moderate (CLCR >30 �50 mL/min) 
renal impairment was investigated for all subjects.  Few subjects (both T1DM and 
T2DM) had changes in renal function from baseline to 26 or 52 weeks, and there was 
no difference between the treatment groups. 
 
Lipids 
 
In the therapeutic confirmatory trials, blood samples were drawn at the randomization 
visit and at the end of the trial (26 or 52 weeks) to determine concentrations of the 
following:  HDL cholesterol, LDL cholesterol, total cholesterol and triglycerides. The 
subjects were to be fasting for these samples.  For all subjects, the mean lipid values 
remained stable during the trials, and there was no difference between the IDeg or 
IDegAsp groups and comparators.  Only a few subjects had changes from normal to 
high or low in lipid values from baseline to 26 weeks or 52 weeks, and there was no 
difference observed between the two treatment groups for any of the parameters tested. 
Few clinical laboratory abnormalities were regarded as clinically significant and reported 
as AEs.  Overall, there were no statistically significant differences in the lipid endpoints 
between IDeg or IDegAsp and their pooled comparators, although some minor 
differences of minimal significance were observed in a few studies.  
  
Cardiovascular Risk Indicators 
 
In two of the IDeg therapeutic confirmatory trials (Trials 3579 and 3582, both in subjects 
with T2DM), blood samples were drawn at the randomization visit and after 26 and 52 
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weeks to determine levels of high sensitivity C-reactive protein (hsCRP), for which the 
subject had to be fasting, and brain natriuretic peptide (NT proBNP).  In Trial 3579, the 
mean cardiovascular risk markers remained stable during the trial, and there was no 
apparent difference between the two treatment groups in mean values or mean change 
in values during the trial. 
 
In Trial 3582, the mean cardiovascular risk markers remained stable during the trial, and 
no clinically relevant differences between the two treatment groups in mean values or 
mean change in values during the trial were observed. In addition, no difference was 
found in the change from baseline of the measured cardiovascular risk markers 
analyzed separately using an ANOVA method. 
 
Urinalysis 
 
In the therapeutic confirmatory trials, urine samples were collected at screening and at 
the end of the trial (26 or 52 weeks) and analyzed by dip stick for blood, protein, and 
ketones.  Microalbuminuria and a spot urine albumin/creatinine ratio were collected at 
randomization and at the end of the trial (26 or 52 weeks).  Only a few subjects had 
changes from normal to high or low in urine stick values from baseline to 26 weeks or 
52 weeks, and there was no overall difference between the treatment groups for any of 
the parameters tested.  For all subjects, subjects with T1DM and subjects with T2DM, 
the urine albumin/creatinine ratio values remained stable during the trial, and there was 
no difference between the IDegAsp and comparator groups. 

7.4.3 Vital Signs 

In the therapeutic confirmatory trials, systolic blood pressure, diastolic blood pressure, 
and pulse were assessed at the screening visit and at the end of the trial (26 or 52 
weeks). Measurements were performed with the subject sitting after having rested in a 
chair for 5 minutes.  For blood pressure at the screening visit, three measurements 
were performed and all three values were entered into the case report form.  Any 
clinically significant worsening of the result from baseline was to be reported as an AE.   
 
Overall, there were no clinically relevant differences between IDeg or IDegAsp and the 
comparators in vital signs after 26 or 52 weeks of treatment.  Mean systolic and diastolic 
blood pressure in the confirmatory therapeutic trials was essentially unchanged from 
baseline in the IDeg and IDegAsp groups (approximately 130/77 mmHg and 131/78 
mmHg) relative to the comparators. 

7.4.4 Electrocardiograms (ECGs) 

In the therapeutic confirmatory trials, a 12-lead ECG was performed at screening and at 
the end of the trial (26 or 52 weeks).  If a 12-lead ECG had already been performed and 
was available within eight weeks before the randomization visit (Visit 2) and if the 
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results were available, the procedure was not to be repeated.  The ECG was performed 
and interpreted locally by the investigator. The interpretation followed the categories: 
“normal,” “abnormal, not clinically significant,” and “abnormal, clinically significant.” Any 
clinically significant worsening from baseline of the ECG was reported as an AE.  
Overall, there were no clinically relevant differences between IDeg or IDegAsp and the 
comparators in ECG after 26 or 52 weeks of treatment. 
 
In Trial 3579, the QT interval was measured and analyzed.  No statistically significant 
difference between IDeg and the comparator in change from baseline in QTc intervals 
were observed. 

7.4.5 Special Safety Studies/Clinical Trials 

No special clinical safety studies other than those addressed in this review were 
conducted in the degludec program. 

7.4.6 Immunogenicity 

Immunogenicity-related adverse events (allergic or hypersensitivity reactions) are local 
and/or systemic reactions ranging from urticaria to potentially fatal anaphylactic 
reactions.  Allergic reactions were considered AEs of special interest in the IDeg and 
the IDegAsp development programs, and potential reactions were assessed based on 
an evaluation of the events reported in all the completed trials.  In total, 65 
immunogenicity-related AEs were identified in all trials with IDeg and IDegAsp.   
 
Allergic reactions by SOC and preferred term for IDeg+IDegAsp are presented in Table 
16.  Urticaria was the most common allergic reaction both in IDeg+IDegAsp and 
comparators.  Three allergic reactions with IDeg were categorized as serious, while 
none were considered serious in any of the comparators.  One case of anaphylaxis was 
listed in the section on rare adverse events.  Overall, the number of allergic reactions 
was relatively low, and differences between IDeg+IDegAsp and comparators were not 
readily apparent.  
  
Reviewer’s Comment:  Subject 0023 in clinical pharmacology Trial 3538 was a 29-
year-old woman who experienced an “anaphylactic reaction” with generalized pruritus, 
redness, and swelling of lips and upper eye lids one hour after the first dose of IDeg.  
She apparently did not receive any treatment for the event, and the symptoms resolved 
spontaneously.  A blood sample collected 10 days after the event revealed the 
presence of insulin IgE antibodies (possibly cross-reacting), but the concentrations at 
that time were slightly below the cut-off value.  This case perhaps might be better 
described as an anaphylactoid reaction. 
 
Reviewer’s Comment:  Immunogenicity-related adverse events were relatively 
uncommon and appeared to be balanced between treatment groups.  In some cases 
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the narratives lacked sufficient detail about the allergic reaction to allow for adequate 
assessment of causality.  
 
Table 16:  Allergic Reactions for IDeg+IDegAsp by System Organ Class and 
Preferred Term (Safety Analysis Set) 

 
Source:  N203314, SCC, Table 2-15. 

7.4.7 Other Supportive Safety Results 

Injection-Site Reactions & Lipodystrophy 
 
Injection-site reactions of redness, swelling, itching, pain, and hematoma at the injection 
site were assessed as potential risks associated with subcutaneous administration of 
IDeg and IDegAsp.  Occasionally, injection-site reactions may be associated with a 
systemic allergic reaction.  In the IDeg therapeutic confirmatory trials, the rates of 
injection-site reactions were 7.6 events per 100 PYE in the IDeg group and 8.4 events 
per 100 PYE in the comparator group.  For IDegAsp the rate was 5.1 events per 100 
PYE vs. 8.4 events per 100 PYE in the comparator group.   
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The majority of the reactions with both IDeg and IDegAsp were categorized as mild or 
moderate, and none (except for 3 comparator cases) were assessed as severe.  None 
of the reactions in either development program and in any study arm were considered 
serious. For IDeg, the rates were higher in subjects with T2DM for both treatment 
groups.  For IDegAsp, the rates in subjects with T2DM were higher for IDegAsp than 
comparators (6.2 vs. 3.3 events, respectively, per 100 PYE). 
 
The rates of lipodystrophy in the therapeutic confirmatory trials were low for both IDeg 
(0.5 events per 100 PYE) and comparators (0.4 events per 100 PYE), and none were 
assessed as severe or serious.  The rates of lipodystrophy in the IDegAsp therapeutic 
confirmatory trials were lower for IDegAsp than comparators (0.3 vs. 2.2 events, 
respectively, per 100 PYE). None of them were assessed as severe or serious.  Also, 
no differences were observed between IDeg and comparators in the time of onset or 
duration (typically resolved several days after onset) of the injection-site reactions.  
  
Peripheral Edema 
 
The rates of peripheral edema for IDeg and comparators were 4.3 and 3.2 events, 
respectively, per 100 PYE.  The majority of events occurred in subjects with T2DM and 
were mild or moderate in severity.  No serious events were reported.  The rates of 
peripheral edema for IDegAsp and comparators were 4.7 and 4.3 events, respectively, 
per 100 PYE.  The rates were similar for IDegAsp in the subjects with T1DM and the 
subjects with T2DM. 
 
Medication Errors 
 
According to the Applicant, most medication errors were reported in clinical trials using 
a basal bolus regimen and resulted from confusion between bolus and basal insulin and 
in a few cases led to serious adverse events.  Higher rates of errors were observed in 
the IDeg group than in the comparators (7.3 and 4.2 events, respectively, per 100 PYE), 
which the Applicant speculates is likely due to a greater focus on medication errors with 
a new insulin product and also because of possible familiarity with the commercial 
products among the subjects randomized to the comparator. 
 
Diabetic Retinopathy 
 
Given that abrupt improvement in glycemic control can be associated with temporary 
worsening of diabetic retinopathy and severe hypoglycemic episodes can worsen 
proliferative retinopathy, diabetic retinopathy was assessed as an AE of special interest.  
Overall rates of diabetic retinopathy were similar between those treated with IDeg or 
IDegAsp and their comparators.  There were no differences in the time to onset or in the 
duration of the events between the treatment groups, and the majority of events 
occurred after 6 months of treatment.  In subjects with T1DM, the rate of retinopathy 
events was lower for IDegAsp (5.4 events per 100 PYE) than insulin detemir (8.9 events 
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per 100 PYE), whereas in subjects with T2DM the rates of retinopathy events were 
higher for IDegAsp (10.1 events per 100 PYE) than comparators (7.9 events per 100 
PYE). 
 
Rare Events 
 
Rare adverse events were assessed in all studies across both development programs.  
In all, 26 and 15 rare events were reported in the IDeg+IDegAsp and the comparator 
groups, respectively.  The rates of these events were similar for IDeg+IDegAsp (0.7 
events per 100 PYE) and the comparator group (0.8 events per 100 PYE).  
Approximately half of these events in both groups were classified as serious.  The 
specific rare events for IDeg+IDegAsp are presented by SOC and preferred term in 
Table 17. 
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Table 17:  Rare Adverse Events for IDeg+IDegAsp by System Organ Class and 
Preferred Term (Safety Analysis Set) 

 
Source:  N203314, SCC, Table 2-46. 
 
Physical Exam 
 
The physical examination was performed locally by the investigator and reported as 
“normal,” “abnormal, not clinically significant,” and “abnormal, clinically significant.” Any 
clinically significant worsening from baseline was reported as an AE.  Overall, there 
were no clinically relevant differences between IDeg or IDegAsp and the comparators in 
physical examination after 26 or 52 weeks of treatment. 
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produce profound hypoglycemia as might occur in accidental or intentional overdose.  
There was no notable time dependency for most AEs. 

7.5.2 Drug-Drug, Drug-Disease, & Drug-Demographic Interactions 

Formal drug interaction studies were not presented.  The Applicant investigated the 
potential for drug interactions by assessing whether concomitant administration of a 
given group of drugs (glucose increasing, glucose lowering, or protein binding drugs) 
was associated with a difference in rates of events of hyperglycemia or confirmed 
hypoglycemic episodes.  These data were largely unremarkable and generally 
consistent with the experience from approved short- and long-acting insulin products. 
 
Adverse event data were investigated with regards to possible differences due to 
various intrinsic factors.  Except for some minor differences in reporting rates (e.g., 
higher in women than in men for both IDeg/IDegAsp and comparator groups), most 
factors such as age, race/ethnicity, body mass index, end-organ function, and certain 
baseline co-morbidities did not influence AE reporting rates.  Although true differences 
in AE rates might be expected based on factors such as renal dysfunction, statistically 
significant and clinically meaningful differences were not apparent most likely because 
of the relatively small overall number of events.  It should be noted that patients with 
advanced renal or hepatic disease were excluded from the IDeg and IDegAsp trials. 
 

7.6 Additional Safety Evaluations 

7.6.1 Human Carcinogenicity 

A potential relationship between insulin analogues and an increased risk of cancer—
possibly mediated by increased IGF-1 receptor activation or by sustained signaling by 
the insulin receptor—has been proposed but remains a hypothesis.  The Applicant 
considered neoplasms to be events of special interest in the IDeg and IDegAsp 
development programs.  The following is a summary as reported by the Applicant:  A 
total of 211 events of neoplasms reported with IDeg, IDegAsp, or comparators in the 
therapeutic confirmatory trials were sent for classification by an external consultant.  Of 
these, 140 events were classified as benign neoplasms, 46 events were classified as 
malignant, and 25 events were assessed as unclassifiable.  No differences were 
observed between IDeg+IDegAsp and comparators in any of the three categories.   
 
The rates of malignant neoplasms were similar between IDeg+IDegAsp (0.9 events per 
100 PYE) and comparator (0.8 events per 100 PYE). The five most frequently reported 
types of malignancies involved the skin, gastrointestinal tract, breast, thyroid, and 
bladder. Skin and gastrointestinal malignant neoplasms were reported slightly more in 
IDeg+IDegAsp, whereas breast, thyroid, and bladder malignant neoplasms were 
reported slightly more in the comparator group. The majority of the malignant 
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neoplasms in the IDeg+IDegAsp group (52%) were reported within 3 months after start 
of study treatment.  The rates of benign neoplasms were similar between 
IDeg+IDegAsp (2.7 events per 100 PYE) and comparators (2.2 events per 100 PYE). 
Clustering of events was observed within the gastrointestinal system (polyps and 
adenomas) and the urogenital system (renal cysts).  The rates of unclassifiable 
neoplasms were very low for IDeg+IDegAsp and comparators (0.6 events per 100 PYE 
vs. 0.3 events per 100 PYE in comparator). The majority of events assessed as 
‘unclassifiable’ were reported within the gastrointestinal disorders SOC. 

7.6.2 Human Reproduction and Pregnancy Data 

Human reproduction data are not available, and studies in pregnant or lactating women 
were not included in these applications.  The Applicant reports a total of 13 pregnancies 
in the IDeg clinical development program (7 in the IDeg group, 3 in the comparator 
group, and 3 from ongoing trials).  Of the 7 pregnancies in the IDeg group, two women 
had spontaneous abortions, one had an elective abortion, one was a normal delivery of 
a healthy baby, one was a premature delivery of a baby who recovered from medical 
complications, one was a case of intrauterine death, and one was a case where the 
pregnancy was still ongoing.  In the comparator (insulin glargine), one woman had a 
Cesarean delivery of a healthy baby, and two were cases where the pregnancy was still 
ongoing.  In the IDegAsp program, 5 pregnancies were reported (3 in the IDegAsp 
group and 2 in the comparator group).   
 
In the IDegAsp group, one woman chose to have an induced abortion, one woman with 
a history of a previous spontaneous abortion experienced a spontaneous abortion in 
gestational week 6, and one woman gave birth to a healthy female infant in gestational 
week 34 by Caesarean section.  In the comparator group, one woman chose to have an 
induced abortion and one woman was lost to follow-up.  

7.6.3 Pediatrics and Assessment of Effects on Growth 

Pediatric patients were excluded from studies of IDeg and IDegAsp, and there were no 
data provided for subjects under the age of 18 years. 

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound 

Insulin products in general are not known to have a potential for drug abuse, and no 
withdrawal or rebound effects have been observed. 
 
Intentional or accidental injection of insulin in excessive amounts can have severe 
clinical consequences including seizures, coma, permanent neurologic impairment, and 
death.  An excess of insulin relative to food intake, energy expenditure, or both may 
lead to hypoglycemia, which in some cases can be protracted and life-threatening. Mild 
episodes of hypoglycemia usually can be treated with oral glucose, but more severe 
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episodes may require treatment with injectable glucagon or intravenous concentrated 
dextrose solutions.  Intensive medical treatment and close observation for an extended 
period may also be required. 

7.7 Additional Submissions / Safety Issues 

7.7.1 120-Day Safety Update 

The 120-day safety update provided by the Applicant was unremarkable and did not 
add substantially in either quantity or quality to the data included in the original NDA 
submission.  These data are not further addressed in this review as they do not alter the 
interpretation of the original safety results or otherwise further inform the risk profiles of 
IDeg or IDegAsp. 

7.7.2 Cardiovascular (CV) Safety Assessment and CV Meta-analysis 

Given the prevalence of heart disease in diabetic patients, the Applicant sought to better 
characterize cardiovascular adverse events by designating them as medical events of 
special interest (MESI).  Accordingly, the Applicant also designed and prospectively 
conducted a CV meta-analysis of adjudicated major adverse cardiovascular events 
(MACE) in the pool of IDeg+IDegAsp therapeutic confirmatory trials in order to 
demonstrate that these two new insulin products are not associated with an increased 
risk of cardiovascular disease compared to active controls. 
 
Meta-analysis 

 
Objectives 
The primary objective of the meta-analysis was to characterize the cardiovascular 
safety profile of IDeg.  This was done by comparing the pooled insulin degludec 
products (IDeg and IDegAsp) to the pooled comparator products used in the therapeutic 
confirmatory phase 3a trials in terms of the hazard ratio for adjudicated MACE.  The 
comparators consisted of other insulin products (most commonly insulin glargine and 
also insulin detemir and biphasic insulin aspart).  Oral sitagliptin was used as a 
comparator in one trial in subjects with T2DM.    
 
The secondary objective was to explore similarities and/or differences in subgroups of 
age, sex, race, ethnicity, type of diabetes, and cardiovascular history as they relate to 
MACE across the IDeg and IDegAsp therapeutic confirmatory trials.   

 
Definition of MACE 
For purposes of the meta-analysis, the Applicant defined MACE as the composite 
endpoint including the following: acute coronary syndrome (ACS) including unstable 
angina pectoris (UAP) and myocardial infarction (non-ST-elevation myocardial infarction 
[NSTEMI] and ST-elevation myocardial infarction [STEMI]), stroke or cardiovascular 
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death.  In all trial protocols, MACE were required to be reported as medical events of 
special interest (MESI).  The trial protocols included a list of diagnoses (international 
classification of diseases [ICD]-10 codes) that were to be linked to ACS, stroke, or 
cardiovascular death.  Events were pre-defined on the basis of internationally accepted 
criteria at the time of study design (see reference 22 by Thygesen K, et al.).  
 
Note:  The Applicant uses the term MACE to include UAP.  FDA defines strict MACE as 
excluding UAP.  The term MACE is used in a general sense throughout this review.  
However, for the purpose of presenting statistical analyses of CV events, FDA staff refer 
to “MACE” for the strict MACE definition which excludes UAP and to “MACE+” for the 
Applicant’s original definition which includes UAP. 

 
Event Capture  
In order to increase the likelihood of capturing all MACE occurring in the IDeg+IDegAsp 
confirmatory therapeutic trials, a thorough collection procedure was established.  MESI 
were collected using the electronic case record form.  In addition to events reported by 
the investigator as MESI, events reported as adverse events but not initially classified 
as cardiovascular MESI, were  evaluated through a pre-defined standardized Medical 
Dictionary for Regulatory Activities  (MedDRA) query (SMQ) search performed by an 
internal Novo Nordisk Cardiovascular Events Evaluation Group (CEEG) independent of 
the degludec development program.  Events assessed to be possibly related to ACS, 
stroke, or cardiovascular death were sent for clarification with the investigator.  Once 
confirmed as MESI by the investigator, these events were sent for adjudication. The 
Applicant noted that if the investigator could sufficiently substantiate the event 
classification as non-MESI, the event would not be sent for adjudication, but the 
frequency of such cases and other details were not provided.  Of note, a sizeable 
number of events sent for adjudication were not initially reported as MESI but rather 
identified by CEEG using other screening mechanisms.  This reflects the robust process 
employed by the Applicant for capturing events.  In order to ensure that events were not 
overlooked or misclassified, those that initially did not appear to meet the established 
criteria were nonetheless evaluated by a physician from the Novo Nordisk Global Safety 
team who was not directly affiliated with the degludec development program. 
  
Adjudication Process 
All collected cardiovascular MESI and suspected cardiovascular MESI were adjudicated 
in accordance with a pre-defined set of diagnostic criteria. This was done in order to 
ensure an impartial identification of events from the therapeutic confirmatory phase 3a 
clinical program for IDeg and IDegAsp. This was accomplished by an external, blinded 
independent adjudication group referred to as the Cardiovascular Event Committee 
(CEC).  The CEC was appointed by a contract research organization (CRO) which 
coordinated and oversaw the work of the adjudication process.  The selected committee 
members and chair were approved by Novo Nordisk.  The objective of the CEC was to 
independently perform a blinded adjudication of the specific cardiovascular events 
based on pre-defined definitions and classifications.  
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A charter describing the adjudication process was developed by the CRO and submitted 
to the FDA.  The overall adjudication process was based on data sets collected by Novo 
Nordisk based on advice from the CRO.  The CEC included a cardiologist as the chair, 
two additional cardiologist members, and one neurologist.  Two primary adjudicators 
reviewed all cases according to their area of expertise.  Each primary adjudicator of the 
CEC reviewed the data package individually and independently on an ongoing basis 
during the conduct of the therapeutic confirmatory program.  Each adjudicator 
performed the assessments using an electronic review and analysis system.  The 
outcome of the adjudication process was a list of MACE.  Events rejected during the 
adjudication process were not included in the meta-analysis. 
 
Data Process and Quality Control 
Source documents required for the adjudication were provided by the investigators at 
the study sites.  Once the CEEG received copies of all the required source documents 
from the sites, the document package was checked for completeness.  The CEEG then 
transferred the package to the CRO for redaction and processing.  All reviews and 
assessments performed by the CEC adjudicators were captured and audited in  
compliance with the ICH guidelines for Good Clinical  Practice (GCP) and 21 CFR Part 
11.  The audit trail collected date and time stamps and user identity. 
      
Trials Included 
The cross-trial analysis of MACE included data from 16 therapeutic confirmatory trials 
with IDeg or IDegAsp, which were completed as of the cut-off date of 31 January 2011. 
Clinical trials conducted with IDeg are identified by the project number NN1250 followed 
by a unique 4-digit number, and clinical trials with IDegAsp are identified by the project 
number NN5401 followed by a unique 4-digit number.  A list of the trials included in the 
meta-analysis is provided in the FDA biostatistical review.  
 
Trial Design 
A total of 16 controlled therapeutic confirmatory trials were conducted to evaluate the 
efficacy and safety of IDeg (100 U/mL and 200 U/mL) and IDegAsp (100 U/mL). These 
trials covered early-onset T2DM to more advanced stages of T2DM and also individuals 
with T1DM of at least 1-year duration.  All trials were randomized, controlled, open-
label, multicentre, multinational trials of 26- or 52-weeks duration.  All trials were carried 
out using a treat-to-target approach with the intent of achieving a predefined target 
fasting plasma glucose below 90 mg/dL and glycosylated hemoglobin (HbA1c) below 
7.0%, as recommended as an appropriate target level of glycemia for patients with 
diabetes without serious complications.  Trial design is addressed in greater detail in the 
clinical efficacy review.    
 
Trial Extensions 
As outlined in the statistical analysis plan, the intent of the Applicant was to include all 
completed Phase 3 trials and all controlled extensions in the CV meta-analysis.  
However, at the time of NDA submission, only one extension trial (Trial 3645) had been 
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completed.  This trial was included in the analysis by joining the data from the controlled 
extensions with the main trial data.  The joined data were considered as one trial, and 
“baseline” was defined as the randomization visit in the main trial.       
 
Statistical Methods & Analysis Sets 
The statistical methods of the original meta-analysis and the updated analyses are 
addressed in the FDA biostatistical review.  For the primary statistical analysis and the 
sensitivity analyses of time to event, the results were presented as the estimated hazard 
ratio (IDeg+IDegAsp versus comparators) with the corresponding 95% CI.  The primary 
statistical analysis of MACE and all descriptive summaries were based on the full 
analysis set, which included all randomized subjects.  As part of the sensitivity analyses 
the primary statistical analysis was repeated on the safety analysis set. 
 
Calculation of Exposure 
Extent of exposure was derived as time from the first dose administration until last dose 
administration of the trial product.  The total exposure was used to calculate the number 
of MACE per 100 PYE.  Withdrawn subjects contributed to the calculation of exposure 
until the point of withdrawal.   
 
Primary Endpoint 
The primary endpoint was a pre-defined major adverse cardiovascular event, and this 
was analyzed as the time in days from initial drug administration to first adjudicated 
MACE.  The analysis of MACE considered events with an onset, on or after the first day 
of exposure, but no later than 7 days after the last day of randomized treatment.   
 
Reviewer’s Comment:  It should be noted that the 7-day reporting cutoff was not pre-
specified by the Applicant in the statistical analysis plan (SAP) for the CV meta-analysis.  
As such, excluding MACE events with an onset of more than 7 days after the last 
randomized treatment is arbitrary and inconsistent with the typical follow-up period 
generally accepted for CV safety evaluation.  As such, events occurring between 7 and 
30 days after the last randomized treatment could reasonably have been included in the 
original MACE analysis.    
 
Cardiovascular Adverse Events 
 
CV adverse events were considered medical events of special interest in the IDeg and 
IDegAsp development programs.  According to the Applicant, overall rates of CV events 
in the therapeutic confirmatory trials (reported in the SOCs Cardiac Disorders and 
Vascular Disorders) were similar between IDeg+IDegAsp and comparators for both 
T1DM and T2DM.  The rates of the events in the SOC Cardiac Disorders were similar 
between IDeg+IDegAsp (6.4events per 100 PYE) vs. comparators (6.9 events per 100 
PYE).  As described above, a subset of CV events were classified as MACE by an 
independent, blinded external adjudication panel.  MACE for IDeg+IDegAsp are 
presented by SOC and preferred term in Table 19.  Of note, the Applicant 
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acknowledges that the trial protocols were not designed to prospectively capture 
coronary revascularization.  Nonetheless, the number of subjects with coronary 
revascularization was relatively small, but the rate was lower with IDeg+IDegAsp than 
with comparator in both the original NDA and updated datasets. 
 
A meta-analysis of MACE (MACE+ as defined by FDA in this review) was performed by 
the Applicant.  The original analysis included a total of 80 subjects experiencing at least 
one MACE, and the primary endpoint was time from randomization until first MACE.  
The incidence rate of MACE was 1.48 events per 100 PYE in the IDeg+IDegAsp group 
and 1.44 events per 100 PYE in the comparator group.  The incidence rates were based 
on 53 subjects with MACE in the IDeg+IDegAsp group and 27 subjects with MACE in 
the comparator group.  The estimated hazard ratio(HR) for IDeg+IDegAsp versus 
comparators was 1.10 (95% confidence interval [CI]: [0.68; 1.77]).  Of note, three MACE 
were considered non-treatment-emergent cardiovascular events and were not included 
in the original primary analysis: one event of sudden cardiac death which occurred 
11days after stopping treatment, one event of non S-T elevation myocardial infarction, 
which occurred nine days after stopping of treatment, and one event of acute pontine 
stroke which occurred 18 days after stopping treatment.  The initial FDA statistical 
review conducted by Dr. Xiao Ding included these 3 events and yielded an estimated 
HR and accompanying 95% CI for MACE+ of 1.17 (0.73-1.87). 
   
Reviewer’s Comment:  Given that the Applicant did not pre-specify that the primary 
analysis for MACE would include only “treatment-emergent” events (defined as those 
with an onset of no greater than 7 days after the last randomized dose), the three cases 
of MACE that were excluded by the Applicant because they were considered “non-
treatment-emergent” were included by Dr. Ding in his original analysis.  All three events 
were in degludec-exposed subjects.  This reviewer concurs with Dr. Ding’s assessment 
that it is appropriate to include these three events in the meta-analysis. 
 
Based on the totality of the data, the Applicant concluded that there is no evidence that 
IDeg+IDegAsp is associated with a differential cardiovascular risk relative to 
comparators.  However, as noted in this review, updated data were received from the 
Applicant, and this has since been the subject of extensive investigation and FDA 
biostatistical analysis and review.   
 
The Applicant’s and FDA’s own analyses yielded non-significant increases in HRs for 
MACE+, but the point estimates and confidence intervals were not reassuring.  As such, 
an information request (Appendix 9.4) asked the Applicant to provide updated data 
from their ongoing development program.  In the response from the Applicant, it was 
learned that all planned extensions originally intended for consideration in the CV meta-
analysis had been completed, and an additional 26-week trial that had CV events 
prospectively collected and adjudicated was also completed during the same time 
interval.  FDA’s analyses of the updated dataset for all trials and extensions specified in 
the SAP, along with data from the new 26-week main trial, identified an even more 
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concerning CV signal.  The updated meta-analysis revealed a higher estimated HR for 
both MACE and MACE+, with the former reaching statistical significance (see 
Appendices 9.6 & 9.7). 
 
Table 19:  MACE for IDeg+IDegAsp vs. Comparator by System Organ Class and 
Preferred Term (Safety Analysis Set) 

 
Source:  N203314, SCC, Table 2-25. 
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Assessment of CV Safety Parameters  
 
Cardiovascular safety was evaluated based on vital signs (including heart rate and 
blood pressure), body weight, electrocardiograms, clinical laboratory data, and 
incidence of CV-related TEAEs and study withdrawals due to CV adverse events. 
These and other available safety parameters were adequately analyzed across all study 
subjects and study treatment arms to explore similarities and/or differences in MACE 
among subgroups of age, sex, race, ethnicity, type of diabetes, and cardiovascular 
history. 
 
With the exception of the increase in body weight, there were no clinically important 
changes in cardiovascular related safety parameters.  No substantial on-treatment 
changes or categorical shifts from baseline were noted in any of the key clinical safety 
parameters.  Also, there were no major differences in these cardiovascular parameters 
between IDeg or IDegAsp and their comparators.  Furthermore, no differences were 
seen across study groups on the basis of age, race, ethnicity, BMI, duration of diabetes, 
or study region.  Lastly, a qualitative review of the data from individuals with adjudicated 
MACE also did not identify any consistent trends or patterns related to these CV-related 
parameters that could further inform the CV signal.  

7.7.3 Overview of Cardiovascular Safety Signal 

Diabetes mellitus is associated with an increased risk of cardiovascular disease, which 
is the leading cause of morbidity and mortality in this population.  Risk factors for heart 
disease and stroke worldwide include smoking, obesity, diabetes, hypercholesterolemia, 
and hypertension.  An FDA guidance document dated December 2008 is available to 
advise the pharmaceutical industry on evaluation of the CV risk of new medications 
used to treat type 2 diabetes.  The guidance makes recommendations about how to 
demonstrate that new therapies for diabetes are not intrinsically associated with an 
unacceptable degree of excess CV risk beyond that inherent to the underlying glycemic 
disorder.  Although some have proposed that exogenous insulin administration itself can 
increase CV risk through direct atherogenic effects, this remains largely theoretical and 
unproven.  The guidance does not specifically address the use of insulin for type 2 
diabetes but recognizes that “the absolute deficiency of insulin in patients with type 1 
diabetes dictates the need for insulin therapy as an immediate lifesaving treatment for 
which evaluation of long-term CV risk may not be practical.”  It is worth noting that 
exposure to insulin degludec in the clinical development programs represented in these 
two new drug applications involved mainly subjects with type 2, not type 1 diabetes 
mellitus.  After progressive beta-cell destruction or in cases when other therapies have 
failed, insulin may be the only viable treatment option for some patients with type 2 
diabetes.  Insulin therapy may prove useful even earlier in the disease process for 
optimal glycemic control in some patients with this condition. 
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Review of these two applications has identified a CV safety signal that requires further 
investigation.  Based on the Applicant’s own meta-analysis of cardiovascular events 
from the 16 therapeutic confirmatory trials across the IDeg and IDegAsp development 
programs (as confirmed by FDA biostatistical review), the risk of major adverse 
cardiovascular events (MACE) in the pooled IDeg and IDegAsp group was consistently 
higher than the pooled all-comparator group, albeit the confidence interval crossed unity 
in all of the Applicant’s major analyses.  The Applicant pre-defined MACE as a 
composite endpoint of the following:  acute coronary syndrome (ACS) including 
unstable angina pectoris (UAP) and myocardial infarction (non-ST-elevation myocardial 
infarction [NSTEMI] and ST-elevation myocardial infarction [STEMI]), stroke or 
cardiovascular death.  There were relatively few CV deaths reported, and the 
differences in the overall composite endpoint appear to have been largely driven by the 
higher rate of ST-segment elevation myocardial infarction (12 vs. 2 cases for 
IDeg+IDegAsp and comparator, respectively).   
 
The original analyses conducted by the Applicant, along with subsequent re-analyses of 
the original data and updated analyses using data from trials or trial extensions that 
were completed after the original cutoff date of January 31, 2011, are presented in Dr. 
Bo Li’s biostatistical review of the CV meta-analysis (the new cutoff date for the updated 
analyses was May 1, 2012).  While there is uncertainty in these findings, the point 
estimates and confidence intervals in the updated analyses do not provide reassurance 
about the absence of excess CV risk but rather raise added concern because the data 
consistently trend toward harm.  The re-analysis of the original data using a stricter 
definition of MACE (i.e., excluding unstable angina), and the updated analysis using 
data mostly from trial extensions completed after the original cutoff date, only amplify 
the CV signal and suggest even greater potential for risk with IDeg+IDegAsp relative to 
the pooled comparators.  Refer to Dr. Li’s biostatistical review for additional details 
regarding the CV safety analyses. 
 
It should be noted that cardiovascular toxicity was not noted in extensive nonclinical 
studies.  The validity of the cardiovascular safety data, however, are supported by the 
Applicant’s own detailed reports describing the methodology for capturing and 
assessing MACE events for inclusion in their CV meta-analysis.  Although admittedly 
these data were not derived from dedicated CV safety studies (i.e., trials in which 
cardiovascular outcomes were the primary endpoints), the process described by the 
Applicant—which was developed a priori and conducted prospectively—appears to be 
sound and robust.  In all confirmatory therapeutic trials, MACE endpoints were required 
to be reported as medical events of special interest.  Other reported AEs that were not 
initially classified as CV events of special interest were also carefully evaluated using a 
predefined, standardized Medical Dictionary for Regulatory Activities (MedDRA) query 
(SMQ) searches.   
 
All CV events and suspected events of special interest were adjudicated by a masked, 
independent panel of experts using pre-specified, objective measures.  The fact that 
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these studies were open-label in design may raise legitimate concerns about the quality 
of the data, but this limitation does not diminish the overall validity of the CV safety 
signal, particularly because of the relatively objective endpoints and the systematic and 
pre-specified manner by which CV events were ascertained and evaluated.  A limitation 
of the CV meta-analysis is the limited statistical power owing to the relatively small 
number of MACE in the original data set, which would be expected to contribute to the 
wide observed confidence intervals.  The unbalanced randomization in favor of insulin 
degludec would not be expected to bias the overall finding but it also likely contributed 
to the widening of the confidence intervals.   
 
Review of data regarding subject withdrawal from the therapeutic confirmatory trials did 
not identify a high number of withdrawals due to non-MACE cardiovascular-related 
adverse events (e.g., chest pain) that might have progressed to or otherwise contributed 
to hard MACE endpoints.  With the exception of hypoglycemia and increased weight, 
there were no substantial differences among the treatment groups in other AEs leading 
to early withdrawal that might by their nature be expected to introduce bias in the hard 
MACE endpoint.   
 
Overall, there were no obvious imbalances in key baseline parameters (e.g., 
demographics, concomitant medications, glycemic control, co-morbidities) sufficient to 
introduce bias in favor of the comparator arms and falsely amplify the CV safety signal.  
Specifically, study subject characteristics of potential relevance to the cardiovascular 
system, including sex, age, weight, BMI, blood pressure, heart rate, ECG findings, lipid 
parameters, HbA1c, renal function, duration of diabetes, and concomitant antidiabetic 
medications were not substantially different at baseline among the study arms, both for 
patients with type 1 and type 2 diabetes.  Also, use of medications that affect the 
cardiovascular system, such as aspirin or antihyperlipidemics (mostly statins), did not 
differ among groups at baseline. 
 
Treatment-related differences between the study arms in terms of important clinical 
endpoints of relevance to cardiovascular health were not present.  Substantial end-of-
study differences in endpoints such as heart rate, blood pressure, ECG findings, lipid 
parameters, and pro-coagulant markers or markers of inflammation (where available) 
were not detected.  Furthermore, there were no convincing data to suggest a 
relationship between MACE and differences in glycemic control or in the incidence of 
severe hypoglycemic episodes.  The use of concomitant medications with potential to 
affect MACE endpoints (e.g., aspirin, antihyperlipidemics, antihypertensives) also did 
not differ appreciably between the treatment groups during the course of the trials.  
Differences among the study arms in terms of baseline characteristics or treatment 
response, if present, could possibly have  informed the apparent imbalance in MACE.  
Nonetheless, the absence of a confirmed biological mechanism does not negate or 
diminish the validity of the CV signal.   
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The Applicant asserts that the open-label design may be associated with reporting bias 
illustrated by either lack of reporting or a considerably longer reporting time of potential 
MACE in the comparator arm than in the IDeg+IDegAsp arm, particularly during the trial 
extensions.  While it is true that an open-label design has limitations compared to a 
double-masked scheme, the Applicant has not provided convincing evidence to support 
their assertion about the lack of reporting or longer reporting time, and why such 
reporting bias, if it truly exists, would disproportionately favor the comparator.  
Furthermore, the Applicant has not addressed why reporting biases would be more 
pronounced in the trial extensions, given that a majority of study participants entered the 
controlled trial extensions and also given that the same intensive CV safety monitoring 
plan that was in place for the main trials was also utilized for the study extensions.  The 
Applicant claims that familiarity of the investigators with the comparator insulins (mostly 
insulin glargine and insulin detemir) may have biased the reporting of rare events, 
including MACE.  However, there is no compelling reason to assume that investigators 
in these trials would have preferentially reported serious MACE endpoints for insulin 
degludec over comparators.  
  
The Applicant also asserts that the majority of events “occurred outside the clinical trial 
setting” thereby possibly contributing to underreporting of events.  While this is possible 
with all clinical trials, it should be noted that the investigators were well aware that 
MACE endpoints were medical events of special interest and presumably would have 
been equally vigilant in identifying and reporting AEs for all the study treatments.  Again, 
it cannot be assumed that potential underreporting in this circumstance would 
necessarily be biased in favor of the comparators.  In response to our May 17, 2012 
information request, the Applicant correctly asserts that underreporting of events in the 
comparator arms during the extension studies, if truly present, would have a 
disproportionate effect on the hazard ratio given the skewed randomization scheme 
(exposure is 3 times lower in the comparator arms) used in the therapeutic confirmatory 
trial extensions.  As such, one unreported MACE in the comparator arm would have a 
larger impact than one unreported MACE in the IDeg+IDegAsp arm.  The Applicant also 
notes that the reporting time for CV events sent for adjudication was longer for the 
comparators vs. IDeg+IDegAsp (median of 15 vs. 8 days, respectively) during the 
extension phase of the trials compared to the main trial periods (median of 8 vs. 6 days, 
respectively) thereby lending credibility to the possibility of reporting bias.  
  
In conclusion, a potentially important and credible CV safety signal has been identified 
in the IDeg and IDegAsp development programs.  Although causation has not been 
proven and a plausible mechanism remains to be elucidated, careful investigation of this 
CV safety signal is nonetheless imperative.   
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8 Postmarket Experience 
As of May 27, 2012, insulin degludec or products containing insulin degludec had not 
been approved or licensed for use in any country.  In October of 2012, Ryzodeg was 
approved for marketing in Japan and is currently under review by other regulatory 
authorities. 
 
Postmarketing experience with Tresiba and Ryzodeg, either domestic or foreign, are not 
available.  
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9 Appendices 

9.1 Literature Review/References 

This clinical reviewer conducted an independent review of the published medical 
literature which included a search of PubMed and Embase performed in May of 2012.  
The literature search focused on safety-related findings with insulin degludec.  The 
search strategy included selected indexing terms and the text words “degludec” and 
“insulin degludec.”   
 
The search yielded 20 publications in PubMed and 77 publications in Embase 
specifically pertaining to the investigational drug insulin degludec.  These citations 
consisted mostly of review articles and some published study reports.  The Applicant 
conducted a similar search of the published literature and reported a similar finding.  In 
all, safety concerns identified in the published literature were already identified by the 
Applicant and were adequately addressed in the clinical safety review. 
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9.2 Labeling Recommendations 

Not applicable, as approval is not recommended.  
 

9.3 Advisory Committee Meeting 

The FDA Endocrinologic and Metabolic Drugs Advisory Committee (EMDAC) met on 
November 8, 2012 at the FDA White Oak Campus in Silver Spring, Maryland to address 
the two new drug applications for insulin degludec and insulin degludec/insulin aspart.  
The stated purpose of the meeting was to discuss these pending applications which are 
seeking an indication for the treatment of type 1 and type 2 diabetes mellitus in adults. 
The stated goal of the advisory committee meeting was to discuss the cardiovascular 
safety findings in these two applications and to weigh these findings in light of the 
potential benefits afforded by these two products.  The questions addressed by the 
Committee, along with a brief summary of the discussion and vote tally are excerpted 
from the Advisory Committee staff’s Quick Minutes (see Appendix 9.8).   
 
In short, the Committee unanimously agreed that a CV safety signal was present in 
these development programs, but there was disagreement as to whether the signal 
should preclude approval of these products.  Those who voted in favor of approval 
appeared to suggest that the products have potential benefits over existing marketed 
products and were in support of a post-approval cardiovascular outcomes trial, as 
proposed by the Applicant.  Those who voted against approval appeared not to be 
convinced of the potential benefits touted by the Applicant or that such benefits, if they 
exist, do not outweigh concerns over the potential for cardiovascular risk.   
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9.4 Information Request to Applicant Dated April 27, 2012 

Additional submissions related to CV safety were provided by the Applicant on May 11, 
2012 in response to the following information request: 
 

1. Repeat all of the original analyses (including sensitivity analyses) using the 
original dataset with a cut-off date of January 31, 2011.  In these repeat 
analyses, define MACE as a composite of cardiovascular death, nonfatal MI, and 
nonfatal stroke only.  Include all events reported up to 30 days after drug 
discontinuation. 

 
2. Update the original cardiovascular safety analyses using data from trials or trial 

extensions that have been completed since the previous cut-off of January 31, 
2011.  Clearly delineate how this new dataset differs from the original dataset.  
Provide the new cut-off date and briefly describe (preferably in tabular format) all 
the additional trials, including the number of additional patients and patient-year 
exposure for each trial and overall for all included trials.  Confirm that all 
additional events included in the dataset were prospectively and blindly 
adjudicated.  Repeat the original analyses (including sensitivity analyses) using 
the new cut-off date and present these analyses using both your original broader 
definition of MACE and the Agency’s definition (i.e., cardiovascular death, 
nonfatal MI, and nonfatal stroke).  Include events reported up to 30 days after 
drug discontinuation.  

 
3. Repeat all of the analyses with the expanded dataset as outlined in item 2 above 

(present analyses using both definitions of MACE and including events reported 
up to 30 days after drug discontinuation) but include only studies using other 
insulin products as a comparator (exclude the study employing sitagliptin as the 
comparator) and present the findings in two ways:  1) including the studies of 
patients with T1DM only and 2) including the studies of subjects with both T1DM 
and T2DM.  
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9.5 Demographics and Selected Baseline Characteristics for Updated CV 
Analysis Dataset (FAS Population) 

  IDeg+IDegAsp Comparators MACE MACE+ 

Total Number  
of Subjects 5794 3461 91 132 

Gender        
Male 56.10% 55.20% 71.43% 68.18% 

Female 43.90% 44.80% 28.57% 31.82% 

Age (years) 54.2±12.9 55.1±12.2 61.9±9.1 61.8±8.9 

18-65 79.70% 78.80% 61.54% 62.12% 

65-75 17.70% 18.20% 34.07% 33.33% 

>75 2.60% 3.00% 4.40% 4.55% 

Race        
     White 68.50% 66.50% 74.73% 77.27% 
     Black 5.10% 4.80% 5.49% 6.06% 
     Asian 24.50% 27.10% 18.68% 15.91% 
     Other 1.90% 1.60% 1.10% 0.76% 

Ethnicity        
Hispanic or 

Latino 8.50% 9.30% 10.99% 9.85% 

Not Hispanic  
or Latino 90.00% 88.90% 89.01% 90.15% 

Not Applicable 1.50% 1.80%     

Diabetes        
Type 1 25.30% 19.00% 9.89% 10.61% 

Type 2 74.70% 81.00% 90.11% 89.39% 

Diabetes Duration 
(years) 
 

12.6±9.0 11.8±8.4 14.4±9.4 15.0±9.9 

BMI (kg/m2) 29.0±5.3 29.5±5.4 30.6±5.3 30.8±5.1 

<25 24.70% 22.50% 13.19% 12.88% 

25-30 35.10% 34.00% 36.26% 33.33% 

30-35 25.50% 27.00% 25.27% 31.06% 

>35 14.70% 16.50% 25.27% 22.73% 

Region         
U.S. 31.46% 29.67% 37.36% 43.18% 

Non-U.S. 68.54% 70.33% 62.64% 56.82% 

Source:  Dr. Bo Li, FDA, October 2012. 
 

Reference ID: 3233170





Clinical Safety Review 
Karim Anton Calis, Pharm.D., M.P.H. 
NDA 203314 and NDA 203313 
Insulin degludec (Tresiba) and Insulin degludec/Insulin aspart 70/30 (Ryzodeg) 
 

71 

9.7 Summary of MACE+ Results from Updated Database 

 Censoring: 7 Days  Censoring: 30 Days 
 IDeg/IDegAsp 

(N = 5794) 
[PYE = 5153.6] 

Comparator 
(N = 3461) 

[PYE = 2562.7] 

 IDeg/IDegAsp 
(N = 5794) 

[PYE = 5153.6] 

Comparator 
(N = 3461) 

[PYE = 2562.7] 
MACE+ 95 (1.6) [18.4] 37 (1.1) [14.4]  99 (1.7) [19.2] 39 (1.1) [15.2] 
Acute Coronary Syndrome   59 (1.0) [11.4]    25 (0.7) [9.8]    61 (1.1) [11.8]   25 (0.7) [9.8] 
   UAP * 25 (0.4) [4.9] 16 (0.5) [6.2]  25 (0.4) [4.9] 16 (0.5) [6.2] 
   MI 34 (0.6) [6.6] 9 (0.3) [3.5]  36 (0.6) [7.0] 9 (0.3) [3.5] 
   MI-STEMI 15 (0.3) [2.9] 3 (0.1) [1.2]  15 (0.3) [2.9] 3 (0.1) [1.2] 
   MI-NSTEMI 19 (0.3) [3.7] 6 (0.2) [2.3]  21 (0.4) [4.1] 6 (0.2) [2.3] 
Stroke 24 (0.4) [4.7] 6 (0.2) [2.3]  25 (0.4) [4.9] 7 (0.2) [2.7] 
CV Death 12 (0.2) [2.3] 6 (0.2) [2.3]  13 (0.2) [2.5] 7 (0.2) [2.7] 
Results are reported as counts, (%), and [incident rate per 1,000 PYE] 
* UAP is excluded from strict MACE. 
Source:  Dr. Bo Li, FDA, November 2012. 
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9.8 Excerpts from Quick Minutes of the November 8, 2012 EMDAC Meeting 

Questions to the Advisory Committee: 
 
1. Cardiovascular Safety (Discussion): As agreed with the FDA, the degludec and 

degludec/aspart programs were not designed to rule out a pre-specified margin of 
cardiovascular (CV) risk.  However, at the End-of-Phase 2 meeting, FDA informed 
the applicant that this program was still required to collect and analyze CV data from 
clinical trials as outlined in the December 2008 Guidance for Industry.  Based on the 
information provided in the briefing package and the presentations at today’s 
meeting, please comment on the reliability of the CV risk assessment with respect 
to:   

 
a. The CV endpoints included in the primary analysis for CV risk 

 
b. The adjudication process in the CV meta-analysis 

 
c. The patient population included in the CV risk assessment 

 
d. The design of the clinical program (e.g., open-label nature) and the impact, if 

any, this may have had on reporting, collecting and interpreting the results of the 
CV meta-analysis 

 
Committee Discussion:  The committee discussed questions #1a, #1b, #1c and 
#1d together during one discussion. The committee agreed that this was not a 
primary cardiovascular study and there was a general consensus from the 
committee that the CV endpoints included in the primary analysis for CV risk, which 
included major adverse cardiovascular events (MACE) and MACE+, were 
appropriate and reasonable. The adjudication process in the CV meta-analysis was 
performed by an independent group, looking objectively at these studies and the 
committee agreed that the adjudicating process was performed appropriately. The 
committee noted that the patient population included in the CV risk assessment was 
well-represented with regard to age and gender; however, it was also noted that 
there were a few ethnic groups under-represented in the studies.  The committee 
commented that the open-label design of the clinical program could not be avoided 
and that the applicant did the best that they could to ensure that it would not have 
any impact on reporting, collecting and interpreting the results of the CV meta-
analysis. Please see the transcript for details of the committee’s discussion. 

  
e. The original meta-analysis of 16 clinical trials versus the updated meta-analysis 

of 17 clinical trials including the extension phases of 6 trials in the original meta-
analysis 
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Committee Discussion: There was a general consensus from the committee 
that the original meta-analysis of 16 clinical trials and the data from the updated 
meta-analysis of 17 clinical trials should be included in further analysis, although 
the data from the original analysis presents limitations with regard to the number 
of patients and number of events. The committee cautioned that the results are 
not definitive and further studies need to be conducted because of the limited 
data on cardiovascular (CV) events recorded in the study (since the study was 
not designed to capture CV endpoints) and the lack of understanding regarding 
C-reactive protein (CRP) and other cardiac endpoints such as cardiac echo and 
carotid sonogram. Please see the transcript for details of the committee’s 
discussion. 

 
2. Cardiovascular Safety (Discussion): Based on your response to question 1, 

please discuss whether the CV safety signal identified in the degludec and 
degludec/aspart program represents a clinical concern in the management of Type 1 
and Type 2 diabetes mellitus (DM).  In your discussion, please consider the 
background CV risks of patients requiring insulin for the management of their 
diabetes. 

 
Committee Discussion:  The committee agreed that there was an increase in CV 
risk observed in most of the clinical trials and although some of the results were not 
statistically significant, they are potentially concerning.  The committee 
recommended that further data could be captured with studies of patients with more 
advance cardiovascular disease.  The committee noted that MACE should be used 
but strict cardiac endpoints should be implemented in a longer term trial. Please see 
the transcript for details of the committee’s discussion. 

 
3. Hypoglycemia Risk Assessment (Discussion): The applicant performed several 

pre-specified secondary analyses of hypoglycemia data across several trials in the 
degludec and degludec/aspart programs and a pre-planned meta-analysis to 
compare the risk of “confirmed hypoglycemic events” between insulin degludec and 
insulin glargine.   

 
In these analyses “confirmed hypoglycemic episodes,” represent the sum of “severe 
episodes” and “Novo Nordisk minor episodes.”  

 
• A severe episode was defined as an episode requiring assistance of another 

person to actively administer carbohydrate, glucagon, or other resuscitative 
actions. 

 
• A Novo Nordisk minor episode was defined as an episode not requiring third 

party assistance where a plasma glucose < 56 mg/dL or whole blood glucose 
<50 mg/dL was recorded (i.e., with or without presence of hypoglycemic 
symptoms). 
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Other definitions for hypoglycemia and their rates have been presented.   
 
Based on the information provided in the briefing package and the presentations at 
today’s meeting, please discuss the following:  

 
a. The clinical relevance of the results of the pre-planned meta-analysis of 

hypoglycemia relying on the Novo Nordisk definition of “confirmed” hypoglycemic 
episodes.  Please consider in your discussion the following: 
 

i. the differences in hypoglycemic risk between types of diabetes (Type 1 
DM vs. Type 2 DM) 

 
ii. the differences in hypoglycemic risk between geographic regions  (U.S. 

versus non-U.S.) observed in the meta-analysis of hypoglycemia 
 

Committee Discussion:  The committee discussed the two subparts of question 
#3a during one discussion. The committee noted that the risk of hypoglycemia with 
the two agents between type 1 diabetes and type 2 diabetes are neither increased or 
decreased compared to the comparative agents in the studies; however, it was 
noted that type 1 diabetics are more prone to hypoglycemia episodes in general. 
The committee agreed that the Novo Nordisk definition of “confirmed” hypoglycemia, 
which was used in the studies, seemed appropriate but noted that the American 
Diabetes Association’s (ADA) definition would have been more ideal. Regarding the 
differences in hypoglycemia risk between geographical regions, the committee 
indicated that there were some differences seen between the U.S. versus the non-
US sites but it was not statistically significant; however, they emphasized that further 
studies would be needed to confirm these findings. Please see the transcript for 
details of the committee’s discussion. 

 
b. In the overall program, comment on the clinical relevance of the hypoglycemic 

event findings.  Please consider in your discussion the following: 
 

i. Consistencies and/or inconsistencies of the findings 
 

ii. The time frame used to define the nocturnal time period and how 
pharmacodynamic differences and timing of injection of degludec versus 
comparators might inform these results 

 
iii. The hypoglycemic results in the context of glycemic efficacy of degludec 

relative to the comparators 
 

Committee Discussion: The committee discussed the three subparts of 
question #3b during one discussion.  The committee noted some inconsistencies 
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in the hypoglycemic event findings; however, the committee expressed less of a 
concern over the inconsistencies because of the large number of patients 
enrolled in these studies and the number of exposure years.  The committee 
recommended that the time frame for nocturnal period should be between 10 pm 
or midnight to 6 am, although extending this timeframe until 8 am would also be 
appropriate.  The committee also recommended that measurements are taken to 
capture not only HbA1c but also fasting glucose.  The committee cautioned that 
because some of these studies excluded higher risk patients and thus may have 
underestimated the risks for daytime or nighttime hypoglycemia, further studies 
are needed.  The committee noted the balance between glycemic efficacy versus 
glycemic risk relative to the comparators seemed appropriate and was less 
concerning to the committee overall. Again, the committee would like to have 
more data on the higher risk patient population. Please see the transcript for 
details of the committee’s discussion.  

 
4. Pharmacokinetic Profile (Discussion): Please comment on the long duration of 

action of degludec with respect to its dosing regimen and what clinical relevance this 
may have to patients with Type 1 or Type 2 DM.  

 
Committee Discussion: The committee noted the unique pharmacokinetic profile of 
these two new agents with the half-life of 24 to 25 hours.  It was also noted that 
another advantage of insulin degludec is the ability for it to be mixed with the insulin 
aspart.  The committee recommended further studies on the sites of injection to 
determine if there are differences in dissolution of the drug at the different sites of 
injection, such as the arm, abdomen or leg.  The committee also noted that further 
studies are needed to define the missed dose time frame and when the next dose 
can be safely administered. The committee would like future studies to include 
patients using this type of insulin in conjunction with glucagon-like peptide-1 (GLP-1) 
agonists.  Please see the transcript for details of the committee’s discussion.  

 
5. Vote: Based on the results from the CV meta-analysis, should a cardiovascular 

outcomes trial be conducted for degludec and degludec/aspart?  
 
 Yes: 12  No: 0 
 

a. If you voted “Yes” to question #5, please provide your rationale 
 

Committee Discussion:  The committee unanimously voted “Yes” to require a 
cardiovascular outcomes trial since there are potential signals for CV risk and a 
CV trial would need to be conducted to confirm.  Please see the transcript for 
details of the committee’s discussion. 
 

b. If you voted “No” to question #5, please provide your rationale 
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6.  Vote: Based on the information included in the briefing materials and presentations 
today, has the applicant provided sufficient efficacy and safety data to support 
marketing of degludec and degludec/aspart for the treatment of Type 1 and Type 2 
diabetes mellitus?  

 
 Yes: 8  No: 4 
 

a. If you voted “Yes” to question #6, please provide your rationale and whether you 
recommend any additional studies post-approval. 

 
Committee Discussion:  The committee members who voted “Yes” reiterated 
the need for a properly powered and well-designed study to assess the CV risk 
post-approval and the applicant’s commitment to conduct such a CV trial was 
reassuring. Some members also suggested building some milestones into the 
trials to capture early signals and to allow appropriate action to be taken if 
needed.  Other members recommended specific endpoints in the post-approval 
trials such as lipids, CRP, cardiac echo and carotid doppler. Please see the 
transcript for details of the committee’s discussion. 
 

b. If you voted “No” to question #6, please provide your rationale and discuss what 
additional data are necessary to potentially support approval. 

 
Committee Discussion:  The committee members who voted “No” noted the 
difficulty with their votes and that they have lot of concerns regarding the 
potential CV signals seen in the studies. Several members expressed that 
although insulin degludec and insulin degludec/aspart offer several advantages, 
the potential risk did not outweigh the benefit given that there are other 
alternatives already available on the market. Several members agreed that the 
issue of hypoglycemia should be studied further. Please see the transcript for 
details of the committee’s discussion. 
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NDA/BLA Number: 203314 and 
203313 

Applicant: Novo Nordisk  Stamp Date: September 30th 
2011 

Drug Name: Degludec and 
Degludec Aspart 

NDA/BLA Type: NDA  

 
On initial overview of the NDA/BLA application for filing: 
 
 Content Parameter Yes No NA Comment 
FORMAT/ORGANIZATION/LEGIBILITY 
1. Identify the general format that has been used for this 

application, e.g. electronic CTD. 
Yes   eCTD 

2. On its face, is the clinical section organized in a manner to 
allow substantive review to begin? 

Yes    

3. Is the clinical section indexed (using a table of contents) 
and paginated in a manner to allow substantive review to 
begin?  

Yes    

4. For an electronic submission, is it possible to navigate the 
application in order to allow a substantive review to begin 
(e.g., are the bookmarks adequate)? 

Yes    

5. Are all documents submitted in English or are English 
translations provided when necessary? 

Yes    

6. Is the clinical section legible so that substantive review can 
begin? 

Yes    

LABELING 
7. Has the applicant submitted the design of the development 

package and draft labeling in electronic format consistent 
with current regulation, divisional, and Center policies? 

Yes    

SUMMARIES 
8. Has the applicant submitted all the required discipline 

summaries (i.e., Module 2 summaries)? 
Yes    

9. Has the applicant submitted the integrated summary of 
safety (ISS)? 

Yes    

10. Has the applicant submitted the integrated summary of 
efficacy (ISE)? 

Yes    

11. Has the applicant submitted a benefit-risk analysis for the 
product? 

Yes    

12. Indicate if the Application is a 505(b)(1) or a 505(b)(2).  If 
Application is a 505(b)(2) and if appropriate, what is the 
reference drug? 

   505b(1) 

DOSE 
13. If needed, has the applicant made an appropriate attempt to 

determine the correct dosage and schedule for this product 
(i.e., appropriately designed dose-ranging studies)? 
Study Number:      Study Title: 
    Sample Size: Arms: 
Location in submission:  

  NA Insulin is a titratable 
product; dose is 
individualized to patient’s 
need. A dose range 
reflecting expected dose 
range was studied in pivotal 
trials.  Comparison to 
establish insulin 
concentration that would 
allow a UNIT to UNIT (i.e., 
equipotent) conversion 
between available insulin 
and new insulin in study 
1836 (T1DM) 1836 
(T2DM).  Bioequivalence 
between U100 and U200 in 
trial 3678 
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 Content Parameter Yes No NA Comment 
EFFICACY 
14. Do there appear to be the requisite number of adequate and 

well-controlled studies in the application? 
 
 
 
 

Yes   Sponsor has 14 controlled 
studies to establish efficacy 
of degludec (9) and 
degludec aspart (5) in 
different disease population, 
stage of disease and when 
administered in combination 
with other commonly used 
regimens.  In the 9 degludec 
trials the sponsor has also 
studied two formulation 
strengths (U100 and U200) 
and two different 
administration schedules 
(Once daily at the same time 
and once daily whenever) 

15. Do all pivotal efficacy studies appear to be adequate and 
well-controlled within current divisional policies (or to the 
extent agreed to previously with the applicant by the 
Division) for approvability of this product based on 
proposed draft labeling? 

Yes    

16. Do the endpoints in the pivotal studies conform to previous 
Agency commitments/agreements?  Indicate if there were 
not previous Agency agreements regarding 
primary/secondary endpoints. 

Yes    

17. Has the application submitted a rationale for assuming the 
applicability of foreign data to U.S. population/practice of 
medicine in the submission? 

Yes    

SAFETY 
18. Has the applicant presented the safety data in a manner 

consistent with Center guidelines and/or in a manner 
previously requested by the Division? 

Yes    

19. Has the applicant submitted adequate information to assess 
the arythmogenic potential of the product (e.g., QT interval 
studies, if needed)? 

Yes   Adequate for Insulin 
products 

20. Has the applicant presented a safety assessment based on all 
current worldwide knowledge regarding this product? 

Yes    

21. For chronically administered drugs, have an adequate 
number of patients (based on ICH guidelines for exposure1) 
been exposed at the dose (or dose range) believed to be 
efficacious? 

Yes    

22. For drugs not chronically administered (intermittent or 
short course), have the requisite number of patients been 
exposed as requested by the Division? 

  NA  

23. Has the applicant submitted the coding dictionary2 used for 
mapping investigator verbatim terms to preferred terms? 

Yes   MedDRA 13.1 

                                                 
1 For chronically administered drugs, the ICH guidelines recommend 1500 patients overall, 300-600 
patients for six months, and 100 patients for one year. These exposures MUST occur at the dose or dose 
range believed to be efficacious. 
2 The “coding dictionary” consists of a list of all investigator verbatim terms and the preferred terms to 
which they were mapped. It is most helpful if this comes in as a SAS transport file so that it can be sorted 
as needed; however, if it is submitted as a PDF document, it should be submitted in both directions 
(verbatim -> preferred and preferred -> verbatim). 
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 Content Parameter Yes No NA Comment 
24. Has the applicant adequately evaluated the safety issues that 

are known to occur with the drugs in the class to which the 
new drug belongs? 

Yes    

25. Have narrative summaries been submitted for all deaths and 
adverse dropouts (and serious adverse events if requested 
by the Division)? 
 

Yes    

OTHER STUDIES 
26. Has the applicant submitted all special studies/data 

requested by the Division during pre-submission 
discussions? 

  NA  

27. For Rx-to-OTC switch and direct-to-OTC applications, are 
the necessary consumer behavioral studies included (e.g., 
label comprehension, self selection and/or actual use)? 

  NA  

PEDIATRIC USE 
28. Has the applicant submitted the pediatric assessment, or 

provided documentation for a waiver and/or deferral? 
Yes    

 
 

 
 
 

 
 

 
 

 
 

 
  

ABUSE LIABILITY 
29. If relevant, has the applicant submitted information to 

assess the abuse liability of the product? 
  NA  

FOREIGN STUDIES 
30. Has the applicant submitted a rationale for assuming the 

applicability of foreign data in the submission to the U.S. 
population? 

Yes    

DATASETS 
31. Has the applicant submitted datasets in a format to allow 

reasonable review of the patient data?  
Yes    

32. Has the applicant submitted datasets in the format agreed to 
previously by the Division? 

Yes    

33. Are all datasets for pivotal efficacy studies available and 
complete for all indications requested? 

Yes    

34. Are all datasets to support the critical safety analyses 
available and complete? 

Yes    

35. For the major derived or composite endpoints, are all of the 
raw data needed to derive these endpoints included?  

  NA  

CASE REPORT FORMS 
36. Has the applicant submitted all required Case Report Forms 

in a legible format (deaths, serious adverse events, and 
adverse dropouts)? 

Yes    

37. Has the applicant submitted all additional Case Report 
Forms (beyond deaths, serious adverse events, and adverse 
drop-outs) as previously requested by the Division? 

Yes    

FINANCIAL DISCLOSURE 
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38. Has the applicant submitted the required Financial 

Disclosure information? 
Yes   See comment for OSI.  

Only a small subset of 
participants had 
disclosable amounts. 

GOOD CLINICAL PRACTICE 
39. Is there a statement of Good Clinical Practice; that all 

clinical studies were conducted under the supervision of an 
IRB and with adequate informed consent procedures? 

Yes    

 
IS THE CLINICAL SECTION OF THE APPLICATION FILEABLE? ____Yes____ 
 
If the Application is not fileable from the clinical perspective, state the reasons and provide 
comments to be sent to the Applicant. 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 

1. Clarify why trial 1250-3586 is not labeled 
2. Please provide an explicit statement clarifying whether your current pediatric 

waiver/deferral requests and overall pediatric plan is identical to what you proposed in 
your December 21, 2010, background package.  

 
 
Jean-Marc Guettier; MDCM       11/22/11 
Reviewing Medical Officer      Date 
 
 
Clinical Team Leader       Date 
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