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1 Executive Summary  

Novo Nordisk is seeking approval for insulin icodec, a basal insulin for once-weekly subcutaneous 

administration. Insulin icodec is a once-weekly long-acting human insulin analogue which was 

developed to provide glycemic control in adults with diabetes (BLA 761326). 

The purpose of the EMDAC meeting is to discuss the benefit-risk of insulin icodec for the treatment 

of people with type 1 diabetes (T1D).  Therefore, this document will focus on T1D based on the 

single randomized, controlled pivotal study known as ONWARDS 6. In addition, this document 

also includes data from five randomized, controlled studies (ONWARDS 1 to 5) supporting a 

positive benefit-risk in patients with type 2 diabetes, since those data inform the overall benefits and 

safe use of insulin icodec. 

1.1 Diabetes overview and unmet medical need (Section 2)  

Diabetes mellitus is a metabolic disorder characterized by the presence of hyperglycemia due to 

defective insulin secretion, defective insulin action or both. Diabetes mellitus is generally classified 

according to etiological factors, where type 1 diabetes (T1D) and type 2 diabetes (T2D) constitute 

the vast majority of cases. The number of people living with diabetes worldwide is predicted to 

increase to 783 million by 2045. In the United States, 37.3 million people (11.3% of the population) 

are affected by diabetes which represents a significant medical, social and economic burden.1, 2 

The chronic hyperglycemia of diabetes mellitus is associated with clinically significant long-term 

complications that entail macrovascular and microvascular complications and may greatly affect 

people’s quality of life. The microvascular disorders associated with diabetes are typically 

retinopathy, nephropathy, and neuropathy. Maintaining tight glycemic control (70–180 mg/dL) 

reduces the risk of long-term complications associated with diabetes.3  

Given its progressive nature, the current treatment cascade for T2D follows a stepwise approach 

comprising lifestyle changes in combination with pharmacological intervention that may eventually 

lead to more intensive therapies, including basal insulins. Since T1D is characterized by absolute 

insulin deficiency, the current gold standard of care is insulin therapy involving multiple daily 

injections of bolus and basal insulin or continuous subcutaneous insulin infusion 4,5, 6.  

Insulin is highly effective in lowering blood glucose, and different insulin formulations are 

currently approved for the treatment of T2D and T1D. Hypoglycemia is an inherent risk of all 

insulins and the choice of insulin should be balanced against the benefits for each individual person. 

In addition, the complicated treatment requirements are considered by both people living with 

diabetes and physicians to be a barrier to insulin therapy initiation and adherence, as insulin therapy 

may require frequent injections to maintain glycemic control.7, 8 Importantly, the degree of 

adherence to insulin treatment has been shown to be a significant predictor of reductions in HbA1c
9, 

10 and decreased adherence is associated with the development of microvascular disorders.    

In current practice, clinicians and people living with diabetes can choose from a range of insulins 

that can be employed in various regimens to suit an individual’s needs, based on the pathology, 

individual requirements, lifestyle, and personal preferences.11 Insulin icodec, as a once-weekly 

basal insulin, would represent an alternative option for people with T2D or T1D, conferring the 

additional benefit of a simplified and more convenient basal insulin treatment.  
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1.2 Product description and molecular mechanism (Section 4)  

Insulin icodec is a novel long-acting human insulin analogue, which has been designed to retain the 

same, well-established biological/metabolic effects of human insulin while extending the half-life to 

cover the basal insulin requirements for a full week allowing for a once-weekly subcutaneous 

injection.  

The insulin icodec molecule consists of a modified insulin peptide backbone and a fatty acid-

containing sidechain. The addition of the C20 fatty-diacid-containing chain imparts a strong but 

reversible binding to albumin which leads to the formation of a depot of essentially inactive insulin 

icodec, from which insulin icodec is slowly and continuously released. In addition, three amino acid 

substitutions in the peptide backbone of insulin icodec provide molecular stability and contribute to 

attenuating insulin receptor binding and clearance, resulting in a considerably extended half-life 

(Figure 4-1).  

1.3 Clinical pharmacology (Section 6)  

Pharmacokinetic assessments demonstrated that steady state for insulin icodec was reached after 

2-4 weeks of once-weekly administration. At steady state, the concentration-time profile showed 

that insulin icodec exposure covered the one-week dosing interval (Figure 6-1). The terminal 

half-life of insulin icodec at steady state was approximately 1 week. Total exposure and maximum 

concentration increased proportionally with increasing dose. The within-subject variability in 

insulin icodec exposure from week to week at steady state was found to be low (Section 6.2). 

Pharmacodynamic assessments demonstrated that, at steady state, the glucose-lowering effect of 

insulin icodec covered the full weekly dosing interval both in T2D and T1D, with the greatest 

glucose lowering- effect occurring on Days 2-4 after the weekly administration (Figure 6-2 and 

Figure 6-3). The day-to-day differences in glucose-lowering effect over the weekly dosing interval 

were larger in T1D than in T2D, similar to what has been shown over the daily dosing interval for 

daily basal insulin products (Section 6.3). 

Population pharmacokinetic analysis showed that insulin icodec exposure was comparable across 

age, sex, race (White, Black, Japanese, Chinese, Other Asian), ethnicity, anti-insulin icodec 

antibody level, albumin level, and diabetes population (T2D versus T1D) (Figure 6-4). Increased 

body weight was associated with reduced insulin icodec exposure, which was expected because 

clearance and volume of distribution generally scale with body size. In practice, this effect of body 

weight is mitigated by individual dose titration. The pharmacokinetic properties of insulin icodec 

were not affected to any clinically meaningful extent by renal or hepatic impairment (Section 6.4).  

1.4 Overview of phase 3 program (Section 8)  

The clinical development program of insulin icodec consisted of 18 clinical trials in total (six phase 

3a, three phase 2, and nine clinical pharmacology trials), including trials in both T1D and T2D 

populations. Phase 3a trials were referred to as ‘ONWARDS’ trials and their key features are 

summarized in Figure 1-1. 
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burden. However, the overall event rate may not be reflective of the experience of individual 

participants, as some individuals experience a large number of episodes. 

Figure 1-2 Classification of hypoglycemia  

Level Glycemic criteria Description 

Hypoglycemia alert value 

(level 1) 

< 3.9 mmol/L (70 mg/dL) and  

≥ 3.0 mmol/L (54 mg/dL) 

Sufficiently low for treatment with fast-acting 

carbohydrate and dose adjustment of glucose-lowering 

therapy 

Clinically significant 

hypoglycemia (level 2) 

< 3.0 mmol/L (54 mg/dL) Sufficiently low to indicate serious, clinically 

important hypoglycemia 

Severe hypoglycemia 

(level 3) 

No specific glucose threshold Hypoglycemia associated with severe cognitive 

impairment requiring external assistance for recovery 

Notes: The Novo Nordisk terms are adapted from IHSG18, ADA19, ISPAD20, type 1 diabetes outcomes program21, 

ATTD22. Severe hypoglycemia as defined by Seaquist23 and ISPAD20 

Continuous glucose monitoring (CGM) was utilized at pre-specified time periods in selected 

ONWARDS trials. As a post-hoc analysis, hypoglycemia has also been evaluated using CGM-based 

data. CGM-based hypoglycemia detection and reporting is well established in current clinical 

guidelines24 and regulatory guidance25, 26. The method is based on extensive data with 5-minute 

interval glucose values and, contrary to the self-measured blood glucose (SMBG)-based approach, 

is not dependent on the frequency of measuring and manual reporting by the patient, thereby giving 

a more unbiased assessment of hypoglycemia. The analysis of hypoglycemia based on CGM data is 

intended to be complementary to SMBG-based analysis, in order to provide the most accurate 

evaluation of hypoglycemia.  

Mirroring the parameters defining hypoglycemic levels based on SMBG, CGM-based 

hypoglycemic episodes are classified as “clinically significant” or “level 2”, when interstitial 

glucose (IG) was <54 mg/dL for at least 15 consecutive minutes at any time during the episode. The 

episodes are considered resolved when IG is maintained ≥70 mg/dL for at least 15 consecutive 

minutes. 

It should be noted that severe (level 3) hypoglycemic episodes are defined as episodes associated 

with severe cognitive impairment requiring external assistance for recovery, and not by a specific 

threshold of glycemia. Therefore, severe (level 3) hypoglycemic episodes are not defined based on 

CGM data or SMBG data, but on symptoms and management only. 

1.6 Clinical results in participants with T2D (Section 9)  

1.6.1 Efficacy in participants with T2D (Section 9.2)  

In all T2D populations (ONWARDS 1 to 5), insulin icodec was demonstrated to be non-inferior to 

daily basal insulin in terms of change from baseline in HbA1c. In addition, in T2D insulin naïve 

participants and in participants on basal only prior to trial, once-weekly injection with insulin 

icodec provided statistically superior reductions in HbA1c compared to daily basal insulin, in a 

secondary pre-specified multiplicity adjusted analysis (Figure 1-3). Although statistical superiority 

was achieved, the clinical relevance of the difference between treatments has not been established. 
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characteristics can be used by the healthcare practitioners to assess hypoglycemia risk at the 

individual level, similarly to what they already do in clinical practice for daily basal insulins. 

1.8 General clinical safety (Section 11)  

The secondary objective of all ONWARDS trials was to evaluate the safety of insulin icodec in 

comparison with a daily basal insulin. In the ONWARDS trials the safety profile of insulin icodec 

has been evaluated in 2170 participants with T1D or T2D, with a total exposure of 2119 patient-

years. The ONWARDS program demonstrated that insulin icodec had a safety profile similar to the 

well-established profile of daily basal insulin, and no unexpected findings or unacceptable risks 

were identified. 

1.9 Benefit-risk assessment (Section 12)  

Novo Nordisk considers the overall benefit-risk profile of insulin icodec to be favorable in people 

living with diabetes mellitus.  

Once-weekly insulin icodec represents a valuable option for people with diabetes who need basal 

insulin as part of their therapy and can benefit by a reduced treatment burden. With the once-weekly 

dosing regimen, insulin icodec has the potential to reduce time to insulin initiation and improve 

treatment adherence. It is well established that on time and sustained glycemic control leads to 

greatest reduction in long term micro- and macrovascular complications. 29,30,31,32,33,9, 10 

For people with T2D the absolute risk of hypoglycemia (level 2 or level 3) was low and within the 

same range as reported for other marketed basal insulins. With an overall similar safety profile, a 

comparable reduction of HbA1c, a higher proportion of patients reaching relevant HbA1c targets 

without hypoglycemia, and a greater TIR compared to daily basal insulins, the benefit-risk profile 

of insulin icodec is favorable.  

For people with T1D, Novo Nordisk acknowledges that the higher risk of hypoglycemia needs to be 

balanced in an individualized manner while considering other potential benefits of a weekly insulin.  

Insulin icodec demonstrated non-inferiority to insulin degludec in terms of improvement in 

glycemic control from baseline in participants with T1D, as assessed by HbA1c reduction. 

The safety profile was similar between treatment arms except for hypoglycemia, where a higher risk 

was identified for insulin icodec compared to insulin degludec. Hypoglycemia is the main risk for 

all insulins and extensive analyses have been performed to characterize the nature and root cause of 

the excess risk of hypoglycemia in participants with T1D. Severe hypoglycemic episodes (level 3) 

occurred in similar proportion of participants between the two treatment arms and the higher rates 

in the insulin icodec arm are mostly due to 1 participant experiencing 70% of the episodes. In both 

treatment arms the severe hypoglycemia episodes were of similar duration and managed and 

resolved in the same way. Clinically significant (level 2) episodes were more frequent among 

participants treated with insulin icodec compared to insulin degludec. Several baseline and 

demographic characteristics were analyzed and no factor associated with a higher risk of 

hypoglycemia has been identified as unique for insulin icodec. In fact, the risk factors identified 

were the same for both insulin icodec and insulin degludec and consistent with those described in 

literature for daily basal insulins. Taken together, these analyses indicate that healthcare 
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practitioners can use the same risk factors as for daily basal insulins to evaluate the risks and 

balance them against the benefit that a once-weekly posology can infer. Similarly, people living 

with T1D can use the same means to manage hypoglycemic episodes as for other daily basal 

insulins with which they are already familiar. In summary, while the risk of hypoglycemia can be 

effectively managed by guidance provided from physicians considering the individual clinical 

situation, the availability of a weekly insulin could provide an important and unique alternative 

treatment option for some people living with T1D.  
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List of abbreviations  

ADA American diabetes association 

AE Adverse event 

AGP Ambulatory glucose profile  

ANCOVA Analysis of covariance 

AUC Area under the curve 

BLA Biologic License Application 

BMI Body mass index 

CGM Continuous glucose monitoring 

CHMP Committee for Medicinal Products for Human Use 

CI Confidence interval 

CSII Continuous subcutaneous insulin infusion 

CV Cardiovascular 

DKA Diabetic ketoacidosis 

DPP-4i Dipeptidyl peptidase-4 inhibitor 

DTSQ Diabetes Treatment Satisfaction Questionnaire 

EAC Event adjudication committee 

ECG Electrocardiogram 

EMA European Medicines Agency 

EMDAC Endocrinologic and Metabolic Drugs Advisory Committee 

ERR Estimated rate ratio 

ETD Estimated treatment difference 

ETR Estimated treatment ratio 

EU European Union 

FAS Full analysis set 

FDA Food and drug administration 

FPG Fasting plasma glucose 

eGFR Estimated glomerular filtration rate 

GIR Glucose infusion rate 

GLP-1 Glucagon-like peptide 1  
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HR Hazard-ratio 

ICH International council for harmonisation 

IG Interstitial glucose 

IND Investigational New Drug 

IV Intravenously 

MACE Major adverse cardiovascular event 

MDI Multiple daily injections 

NPH Neutral protamine Hagedorn 

OAD Oral antidiabetic drug 

PD Pharmacodynamics 

PG Plasma glucose 

PRO Patient reported outcome 

PT Preferred term 

PK Pharmacokinetics 

PYE Patient years of exposure  

QD Quaque die 

SAE Serious adverse event 

SAS Safety analysis set 

SD Standard deviation 

SGLT-2i Sodium-glucose cotransporter-2 inhibitor 

SMBG Self-measured blood glucose 

T1D Type 1 diabetes mellitus 

T2D Type 2 diabetes mellitus 

TAR Time above range 

TBR Time below range 

TIR Time in range 

US United States 

WHO World Health Organization 
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diabetic neuropathy results in significant morbidity and mortality39, 40 and is the leading cause for 

non-traumatic amputations secondary to foot ulceration.41 Especially in people with T1D, insulin 

deficiency can cause hyperglycemia and metabolic acidosis leading to the development of diabetic 

ketoacidosis (DKA), an acute and potentially life-threatening complication.34 

2.2 Current therapies 

Type 1 diabetes 

Since T1D is characterized by absolute insulin deficiency, insulin therapy is a life-saving treatment. 

In the U.S., approximately 1.7 million people live with T1D and use insulin.2 The current gold 

standard of care is based on intensive insulin therapy with multiple daily injections of bolus and 

basal insulin or continuous subcutaneous insulin infusion via an insulin pump. 42 Based on 

individual needs, several treatment regimens exist using either human insulin or insulin-analog 

products. These include: 

• Continuous subcutaneous insulin infusion (CSII) via pump with a rapid acting insulin analog, 

whereby a fixed or variable basal rate is infused 24 hours a day and bolus doses are delivered at 

mealtimes by insulin pump. Approximately 1 million people with T1D in the US are treated 

with CSII regimen. 2,43 

• Basal-bolus therapy – also referred to as MDI (multiple daily injections), in which basal 

(intermediate- or long-acting) insulin is injected once or twice daily to cover the basal insulin 

requirements, and bolus (short-acting) insulin is administered at meals to cover postprandial 

glucose excursions. Approximately 350,000-700,000 people with T1D in the US are treated 

with MDI regimen. 2,43 

• Administration of mixed insulin products, which contain both intermediate or long-acting 

insulin and short-acting insulin to cover both basal and meal-related requirements with a 

reduced number of injections.  

For many people, insulin delivery by infusion pump has radically improved the clinical 

management of their diabetes. Nonetheless, more than a third of people living with T1D in the US 

(across races and ethnicities) still require multiple injections of insulin and use a basal insulin as the 

foundation of their therapy. 43,44 

Hypoglycemia with daily basal insulins 

All insulins carry an inherent risk of hypoglycemia, including long-acting insulins which are 

commonly used by people living with T1D. The risk of clinically significant (level 2) hypoglycemia 

reported for the most recently approved long-acting insulins (insulin glargine U300 and insulin 

degludec) in people with T1D was approximately 18 to 43 episodes per patient year of exposure 

(PYE) in the phase 3a pre-approval clinical trials, and 22 to 30 episodes per PYE in post-approval 

clinical trials. 45,46,47,48 It is important to note that these trials were conducted with both glucose 

targets and definitions of “clinically significant hypoglycemia” that were slightly different from 

what has been used in the clinical development program of insulin icodec. Therefore, comparisons 

should be made with caution. 

Type 2 diabetes 
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For T2D, the current treatment cascade follows a stepwise approach. In asymptomatic individuals, 

the first line of treatment is always lifestyle modifications, such as healthier eating patterns and 

increased physical activity with the aim of reducing weight and improving insulin sensitivity5, 49, 

which may also have a beneficial effect on lipids and blood pressure.  

When lifestyle changes become insufficient to control glycemia, glucose-lowering agent 

monotherapy is generally recommended as the initial pharmacology therapy. As the disease 

progresses, single agent therapy is followed by a combination therapy with other oral antidiabetic 

drugs (OADs),50 glucagon-like peptide 1 (GLP-1) receptor agonists51, 52 and eventually insulin, 

based on basal insulins and even basal-bolus insulin therapies in the most advanced cases.53 

Currently, in the U.S. approximately one third of people living with T2D are treated with insulin, 

corresponding to about 7.4 million people.54,55,2 

2.3 Unmet need  

The recognized core objective of diabetes treatment is to prevent or forestall the complications 

associated with hyperglycemia, both short term (diabetic ketoacidosis, hyperosmolar coma) and 

long-term (micro- and macro-vascular). It has been shown that maintaining tight glycemic control 

with HbA1c<7% reduces the risk of long-term complications. However, in real-world practice 

approximately almost a half of people with diabetes do not reach this target, indicating that 

optimizing glycemic control remains a challenge for many.3,56,2  

Insulin therapy is highly effective in lowering blood glucose and different insulin formulations are 

currently approved for the treatment of T2D and T1D. As presented in the section above, currently 

in US more than 30% of people living with diabetes are on insulin therapy.55  

Insulin therapy is associated with a significant treatment burden, since it requires at least one or 

more daily injections for people with T2D on a basal-only therapy and typically four injections (at 

least one basal and at least three bolus) for people with T2D on basal-bolus treatment and people 

with T1D not using an insulin pump. The burden of multiple daily injections is considered by both 

patients and physicians to be a barrier to insulin therapy initiation and adherence.7, 8 This is also 

highlighted by a high rate of non-adherence in both people with T2D and T1D, spanning from 

33-88%.57,8,58 Delay in insulin therapy initiation and low adherence contribute to triggering a spiral 

of negative consequences such as poor clinical outcomes, comorbidities, increased hospitalization, 

and mortality.8,59, 60,61 Therefore, an unmet medical need remains for an efficacious and simpler 

insulin treatment of diabetes mellitus. Due to the intrinsic needs of a clinical trial design, treatment 

adherence cannot be measured in a clinical trial setting. However, real-world evidence 

demonstrated that once-weekly GLP-1 receptor agonists (GLP-1 RA) have higher therapy 

persistence and adherence, compared to once-daily GLP1-RA.62,63 Similar results showing that 

reduced treatment frequency improves adherence were published from across a range of therapeutic 

areas including growth hormone deficiency, multiple sclerosis, and osteoporosis. 64,65,66,67, 68  

Therefore, based on experience with other medications, it can be reasonably expected that once-

weekly insulin icodec will improve adherence to insulin therapy in select individuals with diabetes.  

In current practice, clinicians and patients can choose from a range of insulins that can be employed 

in various regimens to suit an individual’s needs, based on the pathophysiology, individual 

requirements, lifestyle, and personal preferences.11,69 Once-weekly insulin icodec would represent 
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an alternative basal insulin option for people living with T2D or T1D, with the additional benefit of 

a simplified and more convenient treatment regimen. 

Type 2 diabetes  

In real world practice, glucose control is inadequate among insulin-treated patients, in part 

attributable to insulin omission/non-adherence and lack of dose adjustment. 8 Indeed, almost a half 

of people leaving with diabetes is not reaching target HbA1c as defined per guidelines 2, whereas 33-

88% is reporting non adherence. 57,8,58 This highlights that improved adherence has the potential to 

achieve better glycemic control. It is well established that early and sustained glycemic control 

leads to greater reductions in microvascular and macrovascular complications and mortality.  

In patient and physician studies, 93% of people on insulin would like to have good blood sugar 

control without daily injections and 59% of physicians identified the number of daily injections as a 

difficulty for people living with T2D.8,70, 71 A comprehensive systematic literature review identified 

real-world factors affecting adherence to insulin therapy in people with diabetes, where ‘real-world’ 

refers to factors encountered by the average person using insulin outside a controlled clinical setting 

such as a clinical trial. One of the barriers identified by patients is a concern regarding injections 

and the need to fit them into their daily life.8, 72 A once-weekly dosing regimen would reduce the 

number of basal insulin injections from at least 365 per year to approximately 52 leading to a 

simplified and more convenient insulin treatment, especially for people with T2D who are on basal-

only insulin therapy. Beside the impact on their everyday life, this would have the potential to 

translate to better persistence and adherence to therapy. This in turn could lead to better glycemic 

control and reduced long-term diabetes-related complications, such as microvascular diseases, 

hospitalization rates, and mortality.73, 74  

Type 1 diabetes 

Due to the complete absence of endogenous insulin, exogenous insulin is indispensable for people 

living with T1D. Therefore, all people with T1D need to follow a therapeutic regimen based on 

utilization of insulin, for which there is a limited number of options. When adding a new basal 

insulin option, it is reasonable to consider the types of patients who might use the new treatment in 

clinical practice. While a weekly basal insulin may not be the preferred approach for all people with 

T1D, it has the potential to be helpful for some. Those who might prefer or benefit from weekly 

basal insulin could include individuals who struggle to use daily basal insulin consistently (due for 

example to work schedules or forgetfulness), those who rely on caregivers, those with recurrent 

DKA due to erratic insulin use, or those who simply want to take fewer injections. Some of these 

hypothetical situations, which were not explicitly called out in the clinical trials, are discussed 

below.  

Despite insulin treatment, only a third of patients with T1D reach clinically meaningful targets of 

HbA1c.
75 Consequently, many people with T1D on a basal-bolus therapy do not have optimal 

glycemic control, resulting in a higher risk of developing microvascular or macrovascular 

complications. This seems to be at least partially due to lack of consistency with daily basal insulin 

administration and suggests that alternative insulin options may be beneficial to reduce treatment 

burden and improve adherence. Based on real-world data, it has been estimated that the probability 

of missing at least one basal insulin dose over any given 14-day period was 22%, and that lack of 

adherence to basal insulin is associated with a decreased glycemic control as evaluated by time-in-
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range measured by CGM, and is in alignment with other findings reported in the literature.76,77 

Missed injections of basal insulin could be potentially compensated by adjusting the bolus dose, but 

this requires careful monitoring by the individual and would only be possible during daytime.  

Lack of consistency with daily basal insulin administration is also linked to increased rates of 

diabetic ketoacidosis (DKA) in people with T1D who have recurrent DKA, including young adults 

(18-25 years old).78 These patients, who were not specifically studied in ONWARDS 6, could also 

benefit from a once-weekly basal insulin option, reducing the risk of DKA linked to a missed basal 

insulin dose and preventing DKA-related hospitalization. 78 

A simplified treatment could therefore lead to better glycemic control and better clinical outcomes, 

especially for patients with T1D who struggle to adhere to therapy. 
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3 Regulatory history  

The insulin icodec IND was submitted to the FDA on August 6, 2018 and cleared on September 5, 

2018. A Type C Guidance meeting on May 18, 2020 and a Type B End-of-Phase 2 (EOP2) meeting 

on December 11, 2020 were held with the Agency to discuss the clinical phase 3 programs in 

participants with type 2 diabetes and participants with type 1 diabetes, respectively. During these 

meetings the FDA provided feedback on the overall clinical program proposed by Novo Nordisk to 

support the insulin icodec BLA submission for the indication of treatment of diabetes mellitus.  

During the conduct of the clinical phase 3, two Type C meeting Written Responses were received 

from the Agency where FDA agreed with the Novo Nordisk proposed pooling strategy for clinical 

safety data, the presentation of safety and efficacy data in the BLA and the proposed strategy for 

assessing neutralizing effect of anti-insulin icodec antibodies in the phase 3 trials. 

The Type B pre-BLA meeting was held on November 29, 2022 where the Agency agreed to the 

overall content and format of the BLA submission.  

At the time of the finalization of this document, insulin icodec has been submitted for regulatory 

approval in several countries worldwide in addition to US. These included, but are not limited to, 

EU, Canada, Switzerland, Australia, Brazil, Japan and China.  

At this time, insulin icodec has been approved in Canada and Switzerland, and the Committee for 

Medicinal Products for Human Use (CHMP) issued a positive opinion to EMA with the 

recommendation of approval of insulin icodec in Europe for the treatment of diabetes mellitus in 

adults.   
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5 Overview of clinical development program  

The development program supporting the efficacy and safety of insulin icodec consisted of a total 

of 18 clinical trials in T1D and T2D populations. the insulin icodec clinical development program is 

summarized in Figure 5-1 and includes: 

 

• 9 clinical pharmacology trials  

• 3 phase 2 exploratory trials 

• 6 phase 3 confirmatory efficacy and safety trials   

 

Figure 5-1 Overview of insulin icodec clinical development  

 

Clinical pharmacology trials are summarized in Section 6. 

Phase 3a trials were referred to as ONWARDS and represent the main source of data for the 

evaluation of insulin icodec efficacy and safety in T1D and T2D populations. The ONWARDS 

development program was designed to evaluate insulin icodec for the treatment of adult patients 

with diabetes mellitus. Details of ONWARDS trial design are provided in Section 8. 
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effect was assessed using pharmacokinetic-pharmacodynamic modelling based on the observed 

pharmacokinetic data and clamp data.  

The pharmacokinetic and pharmacodynamic properties of insulin icodec were investigated in 

relevant populations including participants with T2D or T1D, and both men and women were 

included in all the trials. Standardized inclusion and exclusion criteria were applied to facilitate 

comparisons across trials. As people with diabetes often suffer from renal and/or hepatic 

impairment,82, 83 two trials were designed to include participants without diabetes and with various 

degrees of renal or hepatic impairment. The control groups in these trials were healthy participants.  

6.2 Pharmacokinetic properties  

6.2.1 Absorption and dose-concentration relationship  

The steady-state concentration-time profiles for insulin icodec showed that insulin icodec exposure 

covered the one-week dosing interval both in participants with T2D and T1D (Figure 6-1). The 

median time to maximum concentration was comparable across all clinical pharmacology trials and 

was generally between 15 and 18 hours after dosing at steady state.  

Figure 6-1 T2D and T1D – Mean insulin icodec concentration-time profiles across one week 

at steady state  

 
Abbreviations: N = number of individuals; T1D = type 1 diabetes; T2D = type 2 diabetes; U = units 

Notes: T2D (Trial 4569): One-week pharmacokinetic profile at steady state after minimum 8 weeks of insulin icodec 

treatment at an individualized dose (1.5–5.64 U/kg body weight) (N=42). T1D (Trial 4225): One-week pharmacokinetic 

profile at steady state after 8 weeks of insulin icodec treatment at an individualized dose (1.09–3.33 U/kg body weight) 

(N=65). 

 

The total exposure and maximum concentration of insulin icodec increased proportionally with 

increasing dose both in T2D and T1D. 

6.2.2 Distribution and elimination  

The fatty acid moiety of insulin icodec allows it to bind strongly but reversibly to albumin in the 

bloodstream corresponding to a plasma protein binding of >99%. As a result, distribution of insulin 

icodec is likely limited to tissues where albumin distributes, i.e. the vascular and extravascular 

space. Volume of distribution (Vd) for insulin icodec is small and around Vd for albumin (0.1 L/kg). 

As for all other insulin products, elimination of insulin icodec is primarily mediated by the insulin 

receptor with non-specific degradation as a minor pathway. The initial peptide cleavage of insulin 
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icodec is the same as seen for human insulin. Results in participants with and without renal 

impairment demonstrated negligible renal clearance of intact insulin icodec. 

6.2.3 Terminal half-life  

The terminal half-life of insulin icodec at steady state was approximately 1 week, independent of 

dose, supporting once-weekly dosing in both T2D and T1D populations. 

6.2.4 Time to steady state  

Based on Trial 4569 in participants with T2D, clinical steady state – defined as 90% of the final 

plateau exposure level 84 – was reached after 3-4 weeks when the administered insulin icodec 

starting dose was equal to 7 times the daily basal insulin dose prior to the trial, i.e. when initiating 

insulin icodec without a one-time additional dose. When adding a one-time additional dose of 50% 

with the first insulin icodec dose (i.e. when the first dose of insulin icodec was 10.5 times the usual 

daily basal insulin dose), the time to steady state was shortened to 2-3 weeks.  

Based on Trial 4225 in participants with T1D, clinical steady state was reached after 2-3 weeks 

without a one-time additional dose, and 1 week faster when adding a one-time additional dose of 

50% with the first insulin icodec dose.  

For details about the starting dose, please refer to Section 7. 

6.2.5 Within-individual variability  

Within-individual variability in insulin icodec exposure from week to week was evaluated in Trial 

4569 in individuals with T2D based on observed serum icodec concentrations during three 

consecutive weeks at steady state. The within-individual variability in total exposure and maximum 

concentration at steady state (measured as CV%) was found to be low (5.9% and 8.3%, 

respectively). 

6.3 Pharmacodynamic properties  

Part of the protraction of insulin icodec occurs at the insulin receptor level (Section 4). The action 

of insulin icodec may therefore be better reflected by its pharmacodynamic rather than by its 

pharmacokinetic properties. This is particularly so in situations of increased or decreased insulin 

icodec absorption, where the depot of albumin-bound insulin icodec can serve as a buffer. 

6.3.1 Glucose-lowering effect at steady state in individuals with T2D  

At steady state, the glucose-lowering effect of insulin icodec in individuals with T2D was close to 

evenly distributed across the one-week dosing interval, and the duration of glucose-lowering effect 

covered one week at clinically relevant doses (Figure 6-2). The mean daily proportions of 

glucose-lowering effect during the one-week dosing interval ranged from 12.0% (on Day 7) to 

16.1% (on Day 2) of the total weekly effect (Figure 6-2). 
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Figure 6-4 Forest plot of covariates included in the population pharmacokinetic analysis 

and their effect on dose-normalized insulin icodec exposure at steady state  

 

Abbreviations: Cavg = dose-normalized average exposure; CI = confidence interval; N = number of individuals 

Notes: The population pharmacokinetic analysis included phase 2 Trial 4383 and phase 3 trials ONWARDS 2, 3, 4 and 

6 (N=1244). Each covariate is presented with test categories compared to a reference category. Body weight and 

albumin test categories represent the 5th and 95th percentiles in the data. The exposure ratio for each test category 

relative to the reference category is plotted as blue dots with 90% CI (and also listed to the right). Vertical lines 

corresponding to equal exposure (dashed line) and the typical pharmacokinetic equivalence interval from 0.8 to 1.25 

(dotted lines) are included for comparison. 

A large fraction of insulin icodec in the circulation is present as an essentially inactive form bound 

to albumin. In the circulation on average, albumin is roughly 2000 times more abundant than insulin 

icodec, which occupies less than 0.05% of the total albumin pool. Thus, it is unlikely that low levels 

of serum albumin could have an impact on insulin icodec effect or mode of action. This was 

confirmed in Trials 4226 and 4570, conducted to evaluate the pharmacokinetic properties of insulin 

icodec in participants with different degrees of renal or hepatic impairment, respectively, 

representing a range of serum albumin levels between 2.7 g/dL and 5.1 g/dL. There was no 

clinically meaningful impact of renal or hepatic impairment on the exposure of insulin icodec. 

Furthermore, results from both trials did not indicate any association between observed baseline 

albumin concentration and total exposure of insulin icodec (Appendix A, Figure 14-1). 

6.5 Hypoglycemia frequency and physiological response to double or triple doses of insulin 

icodec  

Given the unique pharmacokinetic and pharmacodynamic properties of insulin icodec, attention to 

potential hypoglycemic risk was a focus throughout development. As part of this focus, a clinical 

pharmacology trial investigated the physiological response to double or triple doses of insulin 

icodec compared to double or triple doses of insulin glargine U100 in a controlled, clinical setting 

in participants with T2D. Individuals in the trial were also monitored by CGM following the 

intentional insulin over-exposure. Results are summarized below and have been published in 

detail87. 
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In a crossover design, participants were treated with once-weekly insulin icodec (for 6 weeks) and 

once-daily insulin glargine U100 (for 11 days) at equimolar total weekly doses based on each 

participants’ usual basal insulin dose. At steady state, double and triple doses of insulin icodec and 

insulin glargine U100 were administered followed by hypoglycemia induction starting at the 

expected time of maximum glucose-lowering effect for each insulin product. During the 

hypoglycemia induction experiments, plasma glucose was allowed to decrease to no less than 

45 mg/dL (PGnadir). Thereafter, euglycemia was restored by constant IV glucose infusion 

(5.5 mg/kg/min) and maintained by variable glucose infusion.  

Following the double and triple insulin doses, comparable proportions of participants experienced 

clinically significant hypoglycemia (level 2, PGnadir<54 mg/dL) during the hypoglycemia induction 

experiments for insulin icodec versus insulin glargine U100 (Figure 6-5). 

Figure 6-5 Proportion of individuals with T2D with clinically significant hypoglycemia after 

double and triple dose  

 
Abbreviations: CI = confidence interval; N = number of individuals; OR = odds ratio; PG = plasma glucose. 

Note: Trial 4462: Crossover trial in individuals with T2D receiving double and triple doses of insulin icodec and insulin 

glargine U100 during insulin icodec treatment (for 6 weeks) and insulin glargine U100 treatment (for 11 days) at 

equimolar total weekly doses based on each participants’ usual basal insulin dose. Double dose: N=43 for insulin icodec 

and N=42 for insulin glargine U100; Triple dose: N=38 for insulin icodec and N=40 for insulin glargine U100.  

Full recovery from level 2 hypoglycemia (<54 mg/dL) to a plasma glucose level of 100 mg/dL was 

achieved within 30 minutes for both insulin icodec and insulin glargine U100 when a constant IV 

glucose infusion of 5.5 mg/kg/min was applied. The amount of glucose needed to restore and 

maintain euglycemia was similar for insulin icodec and insulin glargine U100 (Appendix A, 

Figure 14-2).  

Overall, these data suggest that a double or triple dose of insulin icodec did not lead to an increased 

risk of hypoglycemia compared to a double or triple dose of insulin glargine U100, and that the 

management of the immediate recovery from hypoglycemia was similar between treatments.  

CGM data showed that mean percentage time spent below range from the end of the hypoglycemia 

induction until 14 days after the double insulin icodec dose and until 7 days after the triple insulin 

icodec dose was well below the consensus guidance clinical targets for CGM data.28 Importantly, 

for participants who experienced a clinically significant (level 2) hypoglycemic episode during the 
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hypoglycemia induction experiment, the percentage of time spent below range was within the 

recommended threshold. As the next dose of insulin after the double or triple dose was skipped in 

this trial, it reflects the clinical situation when administration of a higher-than-normal dose is 

discovered and mitigated prior to the next planned dose. Importantly, no severe (level 3) 

hypoglycemic episodes were observed for either of the two treatments. 

Based on this trial, the physiological response to hypoglycemia induced by insulin icodec was 

considered appropriate. Concentrations of the counterregulatory hormones adrenaline, 

noradrenaline, glucagon, cortisol, and growth hormone increased during hypoglycemia induction 

for both insulin icodec and insulin glargine U100 following double and triple doses. During 

hypoglycemia induced by double or triple insulin doses, comparable symptomatic and moderately 

greater endocrine responses were elicited by insulin icodec versus insulin glargine U100. No 

differences in subjective clinical responses to the hypoglycemia were noted between treatments.  
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Table 7-1 Dose initiation algorithm  

 1st dose 2nd dose 

T2D 

Insulin naïve 70 U (follow titration algorithm) 

Basal only 
1.5 x daily basal x 7 Daily basal x 7 

Basal-bolus 

T1D 

HbA1c <8% 

1.5 x daily basal x 7 Daily basal x 7 Insulin glargine U300 

Twice daily basal insulin 

HbA1c ≥8%  2 x daily basal x 7 Daily basal x 7 

Abbreviations: HbA1c = glycosylated hemoglobin; T1D = type 1 diabetes; T2D = type 2 diabetes; U = units   

 

In all cases with a higher single starting dose, it was received one time only and as a single 

injection. 

It is important to note that, due to insulin icodec’s molecular properties, the higher first dose did not 

lead to an increased risk of hypoglycemia. This is shown by the fact that across all trials 

hypoglycemia rates in the insulin icodec arm are not higher during the first month of treatment 

compared to subsequent months (Figure 10-11) for participants with T1D, not shown for 

participants with T2D). This was expected since the vast majority of the injected insulin icodec 

becomes bound to albumin forming an inactive depot, as described in Section 4.  

Titration 

The subsequent doses (second dose for insulin naïve participants and third dose for participants 

previously on basal insulin) were calculated based on the self-monitored blood glucose (SMBG). 

Titration followed a “treat-to-target” approach with the aim of maintaining fasting glucose levels 

between 80 and 130 mg/dL. The doses of insulin icodec were adjusted once weekly by the 

investigator in connection with the scheduled visit or phone contacts.  

In the clinical trials, the dose adjustment was based on the three pre-breakfast SMBG values 

measured on the day of titration and on the two preceding days. For both insulin icodec and daily 

basal insulins used as comparators, the same algorithms were used by the investigators, except for 

ONWARDS 5 for which insulin icodec dose recommendations were integrated into a dose guidance 

application (DoseGuide System). Insulin icodec was adjusted by increments of +/- 20 units, while 

the daily basal insulin by increments of +/- 3 units. 

For participants with T2D, the following algorithm was applied: 

• if the lowest of the three SMBG values was below 80 mg/dL insulin would be down-titrated, 

regardless of the mean value.  

• if all three SMBG values were above 80 mg/dL, the mean of all three measurement was 

calculated:  

o if the mean was between 80 and 130 mg/dL, no dose adjustment would be required,  

o if above 130 mg/dL insulin would be up-titrated.  
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For participants with T1D, the algorithm was based on the lowest SMBG value only, regardless of 

the mean. If the lowest of the three SMBG values was below 80 mg/dL insulin would be down-

titrated, if between 80 and 130 mg/dL no dose adjustment would be required, and if above 

130 mg/dL insulin would be up-titrated.  

In the ONWARDS trials, for both populations the titration guideline in the protocol emphasized that 

information such as symptoms of hypoglycemia, hyperglycemia, previous response to dose 

adjustments, additional glucose measurements and other indicators of the patient’s level of 

glycemic control, were to be taken into consideration when decisions on dosing were made. Thus, 

the investigator could overrule the titration algorithm based on relevant clinical situations. This is in 

line with normal clinical practice and aligned with the recommendation to individualize treatment 

with insulin.88  
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with the results obtained in the other ONWARDS trials, suggesting that the open-label approach did 

not affect the outcomes. 

8.1 Eligibility criteria  

The eligibility criteria for the trials were set to ensure that the enrolled participants represented the 

intended target population for insulin icodec.  

Both male and female participants were enrolled to obtain information on efficacy and safety of 

insulin icodec treatment in both sexes, and there was no upper age limit, so that efficacy and safety 

in elderly participants could be evaluated.  

The exclusion criteria precluded enrolment of participants with concomitant conditions which could 

jeopardize the safety of the participants or compliance with the protocol. This was to safeguard 

participants, and to avoid compromising trial validity and confounding of trial results.  

Most inclusion and exclusion criteria were common for ONWARDS 1-4 and 6, while a more 

minimal set applied to ONWARDS 5 allowing for a broader T2D population. Inclusion and 

exclusion criteria are presented in Table 8-1 and Table 8-2.  
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Table 8-1 Inclusion criteria  

 T2D T1D 

OW1 OW2 OW3 OW4 OW5 OW6 

General 

  Informed consent obtained before any trial-related activities X X X X X X 

  Male or female of at least 18 years of agea X X X X X X 

HbA1c limits 

  7.0–10.0% (53–85.8 mmol/mol)  X  X   

  7.0–11.0% (53−96.7 mmol/mol) X  X    

  Above 7.0% (53 mmol/mol)     X  

  Below 10% (85.8 mmol/mol)      X 

Diabetes history at screening 

  Diagnosed with T1D ≥ 1 year       X 

  Diagnosed with T2D ≥ 180 days  X X X X X  

  Intensification with insulin is indicated to achieve glycemic 

target (4.4-7.2 mmol/L [80-130 mg/dL]) at the discretion of 

the treating investigator 

    X  

Anti-diabetic treatment at screening 

  Insulin naïve  X  X  X  

  Once or twice daily basal insulin ≥ 90 days   X     

  Basalb-bolus insulin regimen    Xc  Xd 

  Stable dose(s) for ≥ 90 days of OAD monotherapy, OAD 

combination therapy, or injectable GLP-1 RA 
X Xe X Xe X  

Body mass index (BMI) 

  BMI ≤ 40.0 kg/m2 X X X X   

Abbreviations: GLP-1 = glucagon like peptide-1; HbA1c = glycated hemoglobin; OAD = oral anti-diabetic drug; OW = 

ONWARDS; RA = receptor agonist; T1D = type 1 diabetes; T2D = type 2 diabetes 

Notes: a 
Japanese subjects (in ONWARDS 1, 2, 4 and 6) had to be ≥20 years at the time of signing informed consent. 

b basal insulin analogues or neutral protamine hagedorn insulin in ONWARDS 4, in ONWARDS 6 only basal insulin 

analogues. c For ≥90 days prior to screening, 
d 

For ≥1 year prior to screening, 
e 

Only for subjects on non-insulin. 
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anti-diabetic treatment (which they were to continue during the trial), subjects were not required to be on non-insulin 

anti-diabetic treatment to be in the trial.  

Table 8-2 Exclusion criteria  

 T2D T1D 

OW1 OW2 OW3 OW4 OW5 OW6 

Known or suspected hypersensitivity to trial product(s) or related 

products. 

X X X X X X 

Previous participation in the trial. Participation is defined as 

signed informed consent. 

X X X X X X 

Female who is pregnant, breast-feeding or intends to become 

pregnant or is of child-bearing potential and not using an 

adequate contraceptive method (adequate contraceptive measures 

as required by local regulation or practice). 

X X X X X X 

Participation in any clinical trial of an approved or non-approved 

investigational medicinal product within 90 days before 

screening.a 

X X X X X X 

Any disorder, except for conditions associated with type 2 

diabetes mellitusb, which in the investigator’s opinion might 

jeopardise subject’s safety or compliance with the protocol.c 

X X X X X X 

Myocardial infarction, stroke, hospitalisation for unstable angina 

pectoris or transient ischaemic attack within 180 days prior to the 

day of screening. 

X X X X  X 

Chronic heart failure classified as being in New York Heart 

Association (NYHA) Class IV at screening. 

X X X X  X 

Planned coronary, carotid or peripheral artery revascularisation. X X X X  X 

Renal impairment with estimated glomerular filtration rate 

(eGFR) value of eGFR < 30 ml/min/1.73m2 at screening by 

central laboratory analysis. 

X X X X  X 

Impaired liver function, defined as alanine aminotransferase 

(ALT) ≥ 2.5 times or bilirubin >1.5 times upper normal limit at 

screening by central laboratory analysis. 

X X X X  X 

Inadequately treated blood pressure defined as systolic 

≥180 mmHg or diastolic ≥110 mmHg at screening. 

X X X X  X 

Treatment with any medication for the indication of diabetes or 

obesity other than stated in the inclusion criteria within 90 days 

prior to the day of screening. 

X X X X  X 

Anticipated initiation or change in concomitant medications (for 

more than 14 consecutive days) known to affect weight or 

glucose metabolism (e.g. treatment with orlistat, thyroid 

hormones, or corticosteroids). 

X X X X  X 

Uncontrolled and potentially unstable diabetic retinopathy or 

maculopathy. Verified by a fundus examination performed within 

the past 90 days prior to screening or in the period between 

screening and randomization. Pharmacological pupil-dilation is a 

requirement unless using a digital fundus photography camera 

specified for non-dilated examination. 

X X X X  X 

Presence or history of malignant neoplasm (other than basal or 

squamous cell skin cancer, in-situ carcinomas of the cervix, or in 

situ prostate cancer) within 5 years prior to the day of screening. 

X X X X  X 
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 T2D T1D 

OW1 OW2 OW3 OW4 OW5 OW6 

Any episodes of diabetic ketoacidosis according to medical 

records within 90 days prior to screening 

X X X X  
 

Anticipated change in lifestyle affecting glucose control X X X X   

Known hypoglycaemic unawareness as indicated by the 

investigator according to Clarke’s questionnaire question  

 X  X  X 

Recurrent severe hypoglycemic episodes within the last year as 

judged by the investigator 

 X  X  X 

Abbreviations: eGFR = estimated glomerular filtration rate; OW = ONWARDS; T1D = type 1 diabetes; T2D = type 2 

diabetes  

Notes: a Simultaneous participation in a trial with the primary objective of evaluating an approved or non-approved IMP 

for prevention or treatment of COVID-19 disease or postinfectious conditions was allowed if the last IMP dose was 

received more than 30 days before screening. b For ONWARDS 6: type 1 diabetes mellitus. c In ONWARDS 5 the 

criterion was: “Any disorder which in the investigator’s opinion might jeopardize subject’s safety”. 

 

Stratification was conducted in 2 trials: 

• In ONWARDS 3, randomization was stratified by region (Asia, North America, South 

America, Europe) and treatment with sulfonylureas or glinides (yes/no).  

• In ONWARDS 6, randomization was stratified by pre-trial basal insulin regimen (either 

twice daily/insulin glargine U300 or once daily) and HbA1c at screening (either <8% or 

≥8%). 

To minimize the risk of hypoglycemia, treatment with glinides or sulfonylureas was to be 

discontinued (ONWARDS 1, 2 and 4) or reduced by approximately 50% (ONWARDS 3 and 5) at 

randomization, in line with clinical practice. 

8.2 Endpoints and assessments  

For trials with an extension phase (ONWARD 1 and ONWARDS 6), please note that: 

• efficacy and hypoglycemia were evaluated considering main phase only, as per trial design. 

However, results for the main efficacy and hypoglycemia-related endpoints (change in 

HbA1c, CGM-metrics and rate of hypoglycemia) considering the complete trial 

(main+extension) are also included.  

• safety evaluation of all parameters, is presented for main+extension phase data, since the 

main purpose of extension phases was to assess safety after a longer period of insulin icodec 

treatment. 

The primary objective of the phase 3 program was to demonstrate the effect on glycemic control of 

once weekly insulin icodec. The secondary objective of all ONWARDS trials was to compare the 

safety of insulin icodec with daily basal insulin.  

8.2.1 Efficacy evaluation  

In all ONWARDS trials, the primary endpoint was the change in HbA1c from baseline to the 

landmark visit. To further evaluate glycemic control, time in range was a pre-specified confirmatory 

primary endpoint in ONWARDS 1.  
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Efficacy assessments are presented in Table 8-3 and described below.  

Table 8-3 Efficacy assessments  

 T2D T1D 

 Insulin naïve Basal switch Basal-bolus Basal-bolus 

 OW1 OW3 OW5 OW2 OW4 OW6 

Primary objective – efficacy parameters 

Primary endpoint 

Change in HbA1c  X X X X X X 

Confirmatory secondary endpoint 

Time spent in range (70-180 

mg/dL)a 

X      

Supportive secondary endpoints 

Change in FPG X X  X X X 

CGM metricsa X X  X X X 

Patient reported outcome   X X  X 

Mean weekly insulin doseb X X  X X X 

Abbreviations: CGM = continuous glucose monitoring; FPG = fasting plasma glucose; HbA1c = glycosylated 

hemoglobin; OW = ONWARDS; T1D = type 1 diabetes; T2D = type 2 diabetes 

Notes: a in the last 4 weeks of treatment; b in the last 2 weeks of treatment. 

 

Achievement of HbA1c targets without hypoglycemia – prespecified analysis 

According to international recommendations, a clinical meaningful target achievement is reached 

when HbA1c is below 7.0% for T2D and T1D, and below 6.5% for some T2D, as these levels are 

associated with reduced risks of diabetes complications. Combining the achievement of these 

glycemic targets with not having experienced any clinically significant or severe hypoglycemic 

episodes (level 2 or level 3) enables a meaningful evaluation of the balance between HbA1c 

reduction and risk of hypoglycemia, which is a key consideration in clinical practice. Classification 

of hypoglycemia is provided in Table 8-5. 

CGM metrics - prespecified analyses 

Key CGM measurements comprise the percentage of readings within a target glucose range (TIR), 

below target glucose range (TBR) and above target glucose range (TAR). The primary goal for 

effective and safe glucose control is to increase the TIR while reducing the TBR. The target range is 

defined when interstitial glucose is between 70 and 180 mg/dL. Additional targets and clinical 

recommendation to achieve optimal glycemic control are provided in Table 8-4. 

Dexcom G6® CGM system has been used consistently across all trials. 
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Table 8-4 Guidance on CGM targets for assessment of glycemic control for adults with 

T1D or T2D  

TBR TIR TAR 

% of readings Below target 

range 

% of readings Target range % of readings Above target 

range 

<4 <70 mg/dL >70 70-180 mg/dL <25 >180 mg/dL 

<1 <54 mg/dL     

Abbreviation:  CGM = continuous glucose monitoring; TBR = target below range; TIR = target in range; TAR = target 

above range; T1D = type 1 diabetes; T2D = type 2 diabetes 

Note: Adapted from 24. 

8.2.2 Safety evaluation  

A general evaluation of safety, incorporating knowledge of the therapeutic area and interactions 

with the Agency, included, but were not limited to, the following assessments: 

• Number and nature of adverse events 

• Safety focus areas, including  

o Cardiovascular disorders 

o Injection site reactions 

o Immunogenicity 

 

Pre-specified secondary safety endpoints for all ONWARDS trials were: 

• Number of severe (level 3) hypoglycemic episodes 

• Number of clinically significant (level 2) hypoglycemic episodes, confirmed by SMBG 

• Number of severe (level 3) or clinically significant (level 2) hypoglycemic episodes 

confirmed by SMBG 

• Change in body weight 

 

In addition to the above, post-hoc analyses of hypoglycemic episodes have been performed based 

on CGM data. Details about how hypoglycemia was analyzed are provided below. 

8.2.2.1 Analysis of hypoglycemia  

Hypoglycemia is a known risk associated with all insulins. Hypoglycemic episodes have been 

carefully analyzed as part of the overall safety evaluation in the insulin icodec development 

program.  

Hypoglycemia data are reported as the percentage of participants who experienced one or more 

episodes, as well as the event rate which reflects the total number of episodes per exposure time. 

Thus, the event rate reflects the total hypoglycemia event burden. However, the overall event rate 

may not be reflective of the experience of individual participants, as some individuals experience a 

large number of episodes. 

In the ONWARDS trials, participants were asked to measure their pre-breakfast SMBG daily and as 

needed (i.e. in case of symptoms of hypoglycemia), from week 0 to end of trial. Based on the 
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SMBG value and/or on the management of the symptoms, the hypoglycemic episode was registered 

as level 1, 2 or 3, according to the international guidelines (Table 8-5). 

Please note that level 2 episodes (clinically significant) are defined by the level of SMBG 

(<54 mg/dL), regardless of the symptoms or the management for recovery. Symptoms of a level 2 

hypoglycemic episode can be very broad, ranging from no symptoms to various levels of 

discomfort, but that do not require external assistance.  

Table 8-5 Classification of hypoglycemia  

Level Glycemic criteria Description 

Hypoglycemia alert value 

(level 1) 

<3.9 mmol/L (70 mg/dL) and  

≥3.0 mmol/L (54 mg/dL) 

Sufficiently low for treatment with fast-acting 

carbohydrate and dose adjustment of glucose-lowering 

therapy 

Clinically significant 

hypoglycemia (level 2) 

<3.0 mmol/L (54 mg/dL) Sufficiently low to indicate serious, clinically 

important hypoglycemia 

Severe hypoglycemia 

(level 3) 

No specific glucose threshold Hypoglycemia associated with severe cognitive 

impairment requiring external assistance for recovery 

Notes: The Novo Nordisk terms are adapted from IHSG18, ADA19, ISPAD20, type 1 diabetes outcomes program21, 

ATTD22. Severe hypoglycemia as defined by Seaquist23 and ISPAD20. 

At the discretion of the investigator, a hypoglycemic episode could also be reported as an AE. If 

reported as an AE, any hypoglycemic episode, irrespective of the classification, could be reported 

as an SAE if it fulfilled the following criteria (as for any other AE):  

• Results in death 

• Is life-threatening 

• Requires inpatient hospitalization or prolongation of hospitalization 

• Results in persistent or significant disability/incapacity 

• Is a congenital anomaly/defect 

• Important medical event 

 

Please note that there is no direct correlation between a level 3 (severe) or level 2 (clinically 

significant) hypoglycemic episode and an SAE (serious adverse event). As a consequence, a level 3 

hypoglycemic episode is not necessarily classified as an SAE, as it may not fulfil any of the above 

conditions. 

CGM-based hypoglycemia  

As a post-hoc analysis, hypoglycemia has also been evaluated using continuous glucose monitoring 

(CGM)-based data. CGM-based hypoglycemia detection and reporting is well established in current 

clinical guidelines24 and regulatory guidance25, 26. The method is based on extensive data with 5-

minute interval glucose values and, contrary to the self-measured blood glucose (SMBG)-based 

approach, is not impacted by the frequency of measuring and manual reporting by the patient, 

thereby giving a more objective assessment of hypoglycemia. CGM-based hypoglycemia detection 

has been shown to capture hypoglycemic episodes to a significantly larger extent than traditional 

SMBG-based hypoglycemia 24,48 and – as stated in the FDA 2023 draft guidance26 on efficacy 

endpoints in diabetes clinical trials – CGM-based hypoglycemia collection has certain advantages 
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over SMBG-based hypoglycemia measurements. Since CGM-based hypoglycemia is independent 

on the participant measuring and reporting hypoglycemia, it is particularly relevant for the 

evaluation of nocturnal hypoglycemia. As a result of the different methodologies, the hypoglycemia 

rates may differ between CGM-based and SMBG-based hypoglycemia reporting. 

CGM-based hypoglycemic episodes are defined as an interstitial glucose (IG) <70 mg/dL for at 

least 15 consecutive minutes and are considered resolved when IG has been ≥70 mg/dL for at least 

15 consecutive minutes.22,24 Mirroring the parameters defining hypoglycemic level based on 

SMBG, CGM-based hypoglycemic episodes are classified as follows: 

• Clinically significant (level 2) hypoglycemic episode: IG <54 mg/dL for at least 15 

consecutive minutes at any time during the episode 

• Hypoglycemia alert value (level 1) episode: all other CGM-based hypoglycemic episodes 

not meeting the criterion for being a level 2 hypoglycemic episode. 

It should be noted that severe (level 3) hypoglycemic episodes are defined as occurring when 

associated with severe cognitive impairment requiring external assistance for recovery, and not by a 

specific threshold of glycemia, therefore, severe (level 3) hypoglycemic episodes cannot be defined 

based on CGM data or SMBG data, but on symptoms and management only. 

8.3 Statistical considerations  

8.3.1 Statistical methods  

The sample size for each clinical trial provided adequate power with respect to the primary 

hypothesis for the primary endpoint of testing non-inferiority for HbA1c. ONWARDS 1 was also 

powered with respect to confirming statistical superiority of icodec in terms of Time in Range and 

change in HbA1c.  

The statistical evaluations were based on pre-specified analyses for each trial individually, using 

common statistical principles and analysis methods across the phase 3a program. In addition, a 

meta-analysis of cardiovascular safety was prospectively planned. The pre-specified primary 

statistical evaluation of efficacy was based on the full analysis set (FAS) adhering to the intention-

to-treat principle. 24 Safety evaluations were presented descriptively based on the safety analysis set 

(SAS) with statistical analyses being based on the FAS. 

8.3.2 Estimand  

In all trials, the treatment policy estimand was assessed. As such, the estimand was defined as the 

treatment difference between insulin icodec and once daily basal insulin comparator of the change 

in HbA1c from baseline to the landmark visit (week 26 for ONWARDS 2, 3, 4 and 6 or week 52 for 

ONWARDS 1 and 5) for all randomized participants, irrespective of adherence to randomized 

treatment and changes to anti-diabetic background medication. Hence, the treatment policy strategy 

was applied to the following intercurrent events: 

• treatment discontinuation or  

• initiation of bolus treatment lasting for more than 2 weeks in bolus-naïve participants 

(ONWARDS 1, 3, and 5).  
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based on trial participants in the comparator arm who had completed the trial and had a 

measurement at the landmark visit. 

Missing data for the achievement of HbA1c targets were imputed by applying the threshold to the 

imputed HbA1c values. Participants who discontinued randomized treatment prematurely had the 

dichotomous outcome also evaluating hypoglycemia set to ‘no’. 

For participants who discontinued their randomized treatment, the number of SMBG-based 

hypoglycemic episodes in the missing period was imputed using a multiple imputation technique 

assuming the event rate during the missing period followed that of the once daily insulin 

comparator. 

Further details on missing data imputation can be found in Appendix B, Section 15.1. 

8.3.5 Statistical considerations  

Continuous endpoints (including the primary endpoint of change in HbA1c) except time below 

glycemic range (TBR) were analyzed using a standard analysis of covariance (ANCOVA) including 

treatment, stratification factor (ONWARDS 3 and 6), personal CGM device use (y/n) (ONWARDS 

2 and 4) and region as fixed effects and the baseline value of the response as covariate (where 

relevant). Log-transformation was applied for analyses of mean insulin dose during the last two 

weeks of treatment. Binary assessments were analyzed using a logistic regression model. TBR and 

number of hypoglycemic episodes were analyzed using a negative binomial regression model with a 

log-link function, and the logarithm of the observation period as offset. The observation period used 

as offset for TBR and CGM-based hypoglycemia was the CGM wear period. Both models included 

the same fixed factors as specified for the ANCOVA model. The logistic regression model also 

included baseline as covariate (when applicable).  

Post-hoc analyses to evaluate treatment effect in subgroups were done by applying similar models 

as in the full study evaluation but with the addition of subgroup and treatment by subgroup 

interaction as fixed effects. Missing data was imputed the same way as in the full study evaluation 

of the respective assessments.  

Data were pooled for the purpose of evaluating adverse events. To minimize the potential risk of 

confounding by trial (Simpson's Paradox) caused by any differences in trial population, adjustments 

were made for the proportion of participants with events and the event rates for the phase 3a and the 

T2D pool respectively by using Cochran-Mantel-Haenszel weights.90  

While safety assessments were generally pooled across studies, certain safety parameters, like e.g. 

hypoglycemia, body weight and immunogenicity, are expected to be quite different between trial 

populations of insulin naïve, previous insulin users, T1D and T2D. Hence, by-trial evaluation has 

been made for these assessments. 

For details on statistical considerations for other assessments see Appendix B, Section 15. 
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T2D treatment population. Overall, a broad, diverse population of participants with varying degrees 

of T2D has been studied in the clinical development program.  

9.1.1 Baseline and demographic characteristics  

Key baseline and demographic characteristics of the participants enrolled in the insulin icodec arms 

in T2D trials (ONWARDS 1 to 5) are presented by trial, since they are dependent on specific trial 

design and can affect the efficacy results (Table 9-1 and Table 9-2). 

The overall disease-related baseline characteristics of the trial populations were representative of a 

broad T2D population as seen in clinical practice in terms of treatment regimen, BMI, renal 

impairment, diabetes duration, HbA1c and FPG levels. The overall demographic characteristics were 

also representative of typical T2D population with regards to age, race, ethnicity and country of 

origin.  

Please note that demographic and baseline characteristics were similar between participants in the 

insulin icodec and daily basal insulin arms within each trial. 
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Table 9-1 T2D – Key demographic characteristics – by trial   

 T2D  

(N=3765) 

Insulin Naïve  

(N=2657) 

Basal Switch Basal-bolus 

ONWARDS 1 ONWARDS 3 ONWARDS 5 ONWARDS 2 ONWARDS 4 

N=984 N=588 N=1085 N=526 N=582 

Sex, N (%) 

Male 558 (56.7) 369 (62.8) 622 (57.3) 302 (57.4) 304 (52.2) 

Female 426 (43.3) 219 (37.2) 463 (42.7) 224 (42.6) 278 (47.8) 

Age (years) 

Mean (SD) 59.0 (9.9) 58.1 (10.0) 59.3 (10.5) 62.5 (9.1) 59.8 (10.0) 

Age group, N (%) 

≥18 - <65 years 665 (67.6) 411 (69.9) 722 (66.5) 294 (55.9) 373 (64.1) 

≥65 - <75 years 278 (28.3) 158 (26.9) 304 (28.0) 198 (37.6) 188 (32.3) 

≥65 years 319 (32.4) 177 (30.1) 363 (33.5) 232 (44.1) 209 (35.9) 

≥75 years 41 (4.2) 19 (3.2) 59 (5.4) 34 (6.5) 21 (3.6) 

Race, N (%) 

White  650 (66.1) 354 (60.2) 971 (89.5) 298 (56.7) 370 (63.6) 

Black or African American 27 (2.7) 15 (2.6) 52 (4.8) 23 (4.4) 21 (3.6) 

Asian 274 (27.8) 165 (28.1) 47 (4.3) 196 (37.3) 188 (32.3) 

Other 33 (3.4) 23 (3.9) 14 (1.3) 9 (1.7) 2 (0.3) 

Missing 0 31 (5.3) 1 (0.1) 0 1 (0.2) 

Ethnicity, N (%) 

Not Hispanic or Latino 878 (89.2) 393 (66.8) 989 (91.2) 494 (93.9) 476 (81.8) 

Hispanic or Latino 106 (10.8) 164 (27.9) 95 (8.8) 32 (6.1) 105 (18.0) 

Missing 0 31 (5.3) 1 (0.1) 0 1 (0.2) 

Region 

Europe 471 (47.9) 142 (24.1) 557 (51.3) 167 (31.7) 205 (35.2) 

North America 220 (22.4) 149 (25.3) 528 (48.7) 1393 (26.4) 133 (22.9) 

South America 41 (4.2) 152 (25.9) 0 0 66 (11.3) 

Africa 0 0 0 50 (9.5) 0 

Asia 252 (25.6) 145 (24.7) 0 170 (32.3) 178 (30.6) 

Abbreviations: % = Percentage of participants, BMI = Body mass index; N = Number of participants; SD = standard 

deviation; T2D = type 2 diabetes 

Notes: “Other race” includes American Indian or Alaska Native, and Native Hawaiian or other Pacific Islander. 

Participants from France did not report race and ethnicity and are included in the row ‘Missing’. 
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Table 9-2 T2D – Key baseline diabetes characteristics – by trial    

 T2D (N=3765) 

Insulin Naïve (N=2657) Basal Switch Basal-bolus 

ONWARDS 1 ONWARDS 3 ONWARDS 5 ONWARDS 2 ONWARDS 4 

N=984 N=588 N=1085 N=526 N=582 

BMI (kg/m2) 

Mean (SD) 30.1 (4.9) 29.6 (5.1) 32.8 (7.0) 29.3 (5.0) 30.3 (5.0) 

Renal function (eGFR, mL/min/1.73m2) 

Normal (≥90) 446 (45.3) 358 (60.9) 618 (57.0) 203 (38.6) 250 (43.0) 

Mild impairment (≥60 -<90) 436 (44.3) 185 (31.5) 345 (31.8) 243 (46.2) 241 (41.4) 

Moderate impairment (≥30 - <60) 101 (10.3) 44 (7.5) 113 (10.4) 80 (15.2) 91 (15.6) 

Severe impairment (<30) 1 (0.1) 0 8 (0.7) 0 0 

Missing 0 1 (0.2) 1 (0.1) 0 0 

Duration of diabetes 

<10 years 441 (44.8) 274 (46.6) 471 (43.4) 102 (19.4) 117 (20.1) 

≥10 years 543 (55.2) 314 (53.4) 614 (56.6) 424 (80.6) 465 (79.9) 

HbA1c (%) 

Mean (SD) 8.5 (1.0) 8.5 (1.1) 8.9 (1.6) 8.1 (0.8) 8.3 (0.9) 

<8%, N 358 (36.4) 217 (36.9) 346 (31.9) 251 (47.7) 237 (40.7) 

≥8%, N 626 (63.6) 371 (63.1) 738 (68.0) 275 (52.3) 345 (59.3) 

FPG (mg/dL) 

Mean (SD) 185.5 (50.3) 181.4 (50.4) N/A 151.5 (44.3) 169.8 (59.0) 

History of cardiovascular disease 

Yes, N (%) 232 (23.6) 140 (23.9) 261 (24.2) 183 (34.9) 188 (32.3) 

No, N (%) 752 (76.4) 447 (76.1) 819 (75.8) 342 (65.1) 394 (67.7) 

Abbreviations: % = Percentage of participants; eGFR = estimated glomerular filtration rate; FPG = fasting plasma 

glucose; N = number of participants; BMI = body mass index; SD = standard deviation; T2D = type 2 diabetes 

Notes: FPG was not collected in ONWARDS 5. Data from ONWARDS 1-5, only main phase of ONWARDS 1. 

Baseline refers to week 0 except for renal function, which was evaluated at screening. Renal function categories are 

based on eGFR derived using the 2009 Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine 

equation.  

 

Most participants in the T2D-ONWARDS trials were from Europe, Asia and North America, and 

most were White. In total, 174 participants ≥75 years were included in the T2D-ONWARDS trials. 

The percentage of participants from North America was between 24% and 51% across trials, with a 

good representation across race and ethnicity that aligns with US demographics, including 

138 (3.7%) Black or African American participants.  

Trial populations across ONWARDS 1 to 5 included people with T2D in need of insulin initiation 

(ONWARDS 1, 3 and 5, with mean diabetes duration of 11-12 years) and people with T2D 

previously on a basal only insulin regimen (ONWARDS 2 with a mean diabetes duration 

16.7 years) or on basal-bolus regimen (ONWARDS 4 with a mean diabetes duration of 16.9 years). 
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The mean baseline HbA1c ranged from 8.1% to 8.9% and mean FPG from 151.5 to 185.5 mg/dL. 

Fasting plasma glucose was not measured as part of the clinical laboratory assessments in 

ONWARDS 5 to mimic a clinical practice setting and optimize patient retention by not including 

fasting visits. 

All T2D trials included participants with various degrees of renal impairment; across trials, 7.5% to 

15.6% of participants had moderate renal impairment. In ONWARDS 5, 8 participants with severe 

renal impairment were included, as specific eGFR values were not an exclusion criterion for this 

trial. 

The anti-diabetic background medication that participants were receiving at screening (and 

continued during the ONWARDS T2D trials, with pre-specified dose adjustments) covered a range 

of non-insulin, anti-diabetic treatments, reflecting the wide range of treatments employed in T2D 

(Table 9-3). 

Table 9-3 T2D – Anti-diabetic non-insulin background medication at screening  

 Insulin naïve Basal Switch Basal-bolus 

ONWARDS 1 ONWARDS 3 ONWARDS 5 ONWARDS 2 ONWARDS 4 

N (%) N=984 N=588 N=1085 N=526 N=582 

Metformin 885 (89.9) 530 (90.1) 998 (92.0) 440 (83.7) 385 (66.2) 

SGLT-2i 359 (36.5) 214 (36.4) 474 (43.7) 173 (32.9) 168 (28.9) 

GLP-1 RA 175 (17.8) 112 (19.0) 306 (28.2) 137 (26.0) 71 (12.2) 

DPP-4i 347 (35.3) 156 (26.5) 306 (28.2) 128 (24.3) 83 (14.3) 

SU 446 (45.3) 260 (44.2) 439 (40.5) 114 (21.7) 44 (7.6) 

Alpha-glucosidase inhibitor 45 (4.6) 38 (6.5) 6 (0.6) 28 (5.3) 18 (3.1) 

Thiazolidinediones 49 (5.0) 45 (7.7) 45 (4.1) 21 (4.0) 18 (3.1) 

Glinides 26 (2.6) 11 (1.9) 13 (1.2) 19 (3.6) 2 (0.3) 

Abbreviations: % = percentage of participants; DPP-4i = dipeptidyl peptidase-4 inhibitor; GLP-1 RA = glucagon-like 

peptide-1 receptor agonist; N = number of subjects; SU = sulfonylureas; SGLT-2i = sodium-glucose cotransporter 2 

inhibitor; T2D = type 2 diabetes 

9.1.2 Participant disposition  

Participant disposition was similar between treatment arms for the main phase (Table 9-4). 

Corresponding tables including data from extension phase of ONWARDS 1 are presented in 

Appendix A, Table 14-1. Across the T2D-ONWARDS trials and across treatment arms, the 

proportions of participants completing the scheduled end-of-treatment visit at the end of main phase 

were high (ranging from 91.3% to 98.7%). Hence, retention rates were adequate to preserve trial 

integrity with limited need for endpoint imputation. As expected, the lowest proportion of 

completers was in ONWARDS 5, where a sparse visit schedule more consistent with clinical 

practice led to lower retention in both treatment arms. The proportion of participants completing the 

scheduled end-of-treatment visit without discontinuation of insulin icodec treatment was also high, 

ranging from 89.1% in ONWARDS 5 to 97.3% in ONWARDS 2. The proportion of participants 

who discontinued the trial product was comparable between treatment arms across the trials. 
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Change in HbA1c from baseline to the end of ONWARDS 1 complete trial (including the 26-week 

extension) confirmed the results at the end of the main phase, demonstrating that glycemic benefit 

was sustained for up to 78 weeks. 

9.2.2  CGM metrics   

CGM metrics were evaluated during the first 4 weeks and the last 4 weeks in 3 T2D trials: 

ONWARDS 1 (insulin naïve), ONWARDS 2 (previously on daily basal insulin as the only insulin 

therapy) and ONWARDS 4 (on a basal-bolus insulin regimen) (Figure 9-3). Both participants and 

investigators were blinded to the measurements. CGM data were not collected before 

randomization. 

In ONWARDS 1 (insulin naïve population), time in range was a pre-specified confirmatory 

endpoint to assess the efficacy of insulin icodec and was tested in a hierarchical approach for 

superiority (see Figure 8-2). Percentage time in range for insulin icodec was statistically superior to 

insulin glargine, further confirming the efficacy of insulin icodec on glycemic control. Importantly, 

the estimated treatment difference for time in range between insulin icodec and insulin glargine arm 

can be considered clinically meaningful, as it was above the threshold of 3% defined by 

international guidelines.24 In this population, time above range was lower in the insulin icodec arm 

compared to insulin glargine, while time below range was similar between the 2 treatment arms.  

In ONWARDS 2 and ONWARDS 4, the average percentage of time spent in range, below or above 

range showed a similar pattern between the 2 treatment arms.  

In all T2D populations where CGM was evaluated, the average percentage of time spent below 

range is well within the recommended window (Table 8-4), indicating that insulin icodec met the 

international consensus guidelines and did not lead to safety concerns based on these parameters. 

CGM metrics collected during the last 4 weeks of the ONWARDS 1 complete trial (Weeks 74-78) 

supported the results observed in the main phase at Weeks 48-52 (Figure 9-3). 
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compared to daily basal insulin are driven by clinically significant (level 2) hypoglycemia 

(Table 9-6).   

Table 9-6 T2D – Level 3* (severe) or level 2 (clinically significant) hypoglycemic episodes 

estimated rate ratio  

Trial Estimated Rate Ratio [95% CI] 

Insulin icodec/Daily basal insulin 

Insulin naïve 

ONWARDS 1 (Main) 1.64 [0.98; 2.75] 

ONWARDS 1 (Main + Extension) 1.63 [1.02; 2.61] 

ONWARDS 3 1.82 [0.87; 3.80] 

ONWARDS 5 1.17 [0.73; 1.86] 

Basal switch 

ONWARDS 2 1.93 [0.93; 4.02] 

Basal-bolus 

ONWARDS 4 0.99 [0.73; 1.33] 

Abbreviations: CI = confidence interval; T2D = type 2 diabetes  

Note: *Across all T2D trials, 8 severe hypoglycemic episodes (1 episode in ONWARDS 1 and 7 episodes in 4 subjects 

in ONWARDS 4) in the insulin icodec arm, and 14 in the daily basal insulin arm were reported. 

 

When put into context, the rates calculated for ONWARDS 1 and 3 can be translated into the fact 

that a single insulin naïve T2D patient who starts treatment with insulin icodec would experience 1 

additional clinically significant (level 2) hypoglycemic episode within the next 6–7 years compared 

to if started with daily insulin. When considering the rates observed in ONWARDS 5, 1 additional 

clinically significant hypoglycemic episode would occur within 24 years after starting treatment 

with insulin icodec instead of another daily basal insulin. 

Level 2 hypoglycemic episodes in the insulin icodec arm were reported by a few individuals, some 

of whom experienced many episodes. For example: 

• In ONWARDS 1 (main phase), 3 participants (0.6%) accounted for 61 of 143 (43%) level 2 

episodes reported in the insulin icodec arm.  

• In ONWARDS 3, 2 participants (0.7%) accounted for 15 of the total 53 (28%) level 2 

episodes in the insulin icodec arm. No other participants in the insulin icodec arm had more 

than 4 episodes. 

In the basal-bolus trial (ONWARDS 4), the proportion of participants with high frequency of 

hypoglycemic episodes was similar between treatment arms.  

A post-hoc analysis of hypoglycemia has been performed using CGM data from ONWARDS 1, 

ONWARDS 2 and ONWARDS 4. As described in Section 8.2.2.1, by assessing hypoglycemia via 

CGM data, the reporting of hypoglycemia is independent of the frequency of SMBG measurements. 

The estimated rate ratios between insulin icodec and daily basal insulin for level 2 hypoglycemia 

are presented below, including nocturnal hypoglycemia (Table 9-7). The level 2 hypoglycemia rate 

ratios are lower with CGM data than with SMBG data, suggesting a smaller difference between 

treatments. 
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Table 9-7 Level 2 (clinically significant) hypoglycemic episodes estimated rate ratios – 

CGM-based  

Trial Estimated Rate Ratio (95% CI) 

Insulin naïve 

ONWARDS 1 (Main) 

Total 1.23 [1.04; 1.45] 

Nocturnal 1.02 [0.83; 1.26] 

ONWARDS 1 (Main + Extension) 

Total 1.27 [1.08; 1.48] 

Nocturnal 1.08 [0.89; 1.31] 

ONWARDS 2 

Total 1.25 [0.97; 1.62] 

Nocturnal 1.01 [0.72; 1.40] 

Basal-bolus 

ONWARDS 4 

Total 1.20 [0.97; 1.47] 

Nocturnal 0.87 [0.68; 1.11] 

Abbreviations: CGM = continuous glucose monitoring; CI = confidence interval 

Notes: Clinically significant hypoglycemia (level 2): interstitial glucose value of < 54 mg/dL for at least 15 minutes 

confirmed by CGM. The number of events was analyzed using a negative binomial regression model (log link) with 

treatment, region and personal CGM device use as fixed factors, and the logarithm of the time period for which the 

events are considered as an offset (derived based on number of recorded measurements). Nocturnal: The period between 

00:01 and 05:59 (both included). 

ONWARDS 1 (Main) based on weeks 0-4, 22-26, and 48-52, (Extension) based on weeks 0-4, 22-26, 48-52 and 74-78 

ONWARDS 2 and 4 based on weeks 0-4 and 22-26. 

 

Although the overall rates of hypoglycemic episodes across ONWARDS 1 to 5 were higher in the 

insulin icodec arm, the number of episodes that were reported as SAEs was similar in the 

2 treatment arms (3 in insulin icodec arm and 4 in daily basal insulin). Importantly, in insulin 

icodec-treated participants all SAEs associated with hypoglycemia were resolved and none led to 

permanent treatment discontinuation. 

Duration of clinically significant or severe (level 2 or level 3) hypoglycemic episodes was similar 

between treatment arms. All episodes were manageable and resolved using the same methods as 

with daily basal insulins (data not shown).  

9.4 Composite efficacy and safety assessments  

To investigate whether glycemic control came at the cost of increased hypoglycemia, an analysis 

was performed to estimate the proportion of participants who achieved the HbA1c targets (<7.0% or 

≤6.5%) without experiencing any level 2 and level 3 hypoglycemic events in the previous 12 weeks. 

This analysis showed similar proportions of participants achieving HbA1c targets without level 2 or 

level 3 hypoglycemia between treatment arms (Figure 9-6), suggesting that the glycemic control 

with insulin icodec was achieved without an increased risk of hypoglycemic episodes.  
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10.1.1 Baseline and demographic characteristics  

Key baseline and demographic characteristics of the participants enrolled in the insulin icodec arm 

in ONWARDS 6 are presented in Table 10-1 and Table 10-2. 

The overall disease-related baseline characteristics of the insulin icodec treated population were 

representative of a broad T1D population as seen in clinical practice in terms of treatment regimen, 

BMI, renal impairment, diabetes duration, HbA1c and FPG levels. The overall demographic 

characteristics were also representative of typical T1D with regards to age, race, ethnicity, and 

country of origin.  

Demographic and baseline characteristics were similar between participants in the insulin icodec 

and insulin degludec arms. 

Table 10-1 T1D – Key demographic characteristics (ONWARDS 6)  

  ONWARDS 6 

N=582 

Sex, N (%) 

Male 337 (57.9) 

Female 245 (42.1) 

Age (years) 

Mean (SD) 44.2 (14.1) 

Age group, N (%) 

≥18 - <65 years 538 (92.4) 

≥65 - <75 years 38 (6.5) 

≥65 years 44 (7.6) 

≥75 years 6 (1.0) 

Race, N (%) 

White  448 (77.0) 

Black or African American 11 (1.9) 

Asian 123 (21.1) 

Ethnicity, N (%) 

Not Hispanic or Latino 562 (96.6) 

Hispanic or Latino 20 (3.4) 

Region 

Europe 275 (47.3) 

North America 191 (32.8) 

Asia 116 (19.9) 

Abbreviations: % = percentage of participants; N = number of participants; SD = standard deviation; T1D = type 1 

diabetes  
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Table 10-2 T1D – Key baseline diabetes characteristics (ONWARDS 6)    

 ONWARDS 6 

N=582 

BMI (kg/m2) 

Mean (SD) 26.5 (4.8) 

Renal function eGFR, N (%) 

Normal (≥90 mL/min/1.73m2) 387 (66.5) 

Mild impairment (≥60 -<90 mL/min/1.73m2) 181 (31.1) 

Moderate impairment (≥30 - <60 mL/min/1.73m2) 14 (2.4) 

Duration of diabetes, N (%) 

<10 years 157 (27.0) 

≥10 years 425 (73.0) 

HbA1c (%) 

Mean (SD) 7.6 (0.9) 

<8%, N (%) 378 (64.9) 

≥8%, N (%) 204 (35.1) 

FPG (mg/dL) 

Mean (SD) 175.7 (73.1) 

History of cardiovascular disease, N (%) 

Yes 48 (8.2) 

No 534 (91.8) 

Abbreviations: % = percentage of participants; BMI = body mass index; eGFR = estimated glomerular filtration rate; 

FPG = fasting plasma glucose; N = number of participants; SD = standard deviation; T1D = type 1 diabetes 

Notes: Data from main phase of ONWARDS 6. Baseline refers to week 0 except for renal function, these are evaluated 

at screening. Renal function categories are based on eGFR derived using the 2009 Chronic Kidney Disease 

Epidemiology Collaboration (CKD-EPI) creatinine equation.  

 

Participants from Europe, North America and Asia were included in the ONWARDS 6 insulin 

icodec arm, and the majority were White. The participants with T1D (ONWARDS 6) were 

generally young, with few participants ≥75 years included in ONWARDS 6 (n=6). Approximately 

one third of participants in ONWARDS 6 were from North America and there was good 

representation across race and ethnicity that aligns with US T1D demographics.  

When considering only the US population, Black or African Americans enrolled in the US centers 

were 4.9% of the total US trial population in ONWARDS 6 (data not shown), which is in line with 

the percentage of African Americans living with T1D in US (2.9 – 4.7%).91 

ONWARDS 6 covered people with long-standing T1D on basal-bolus regimen with a mean 

diabetes duration of 19.5 years in the insulin icodec arm. The mean baseline HbA1c was 7.6% and 

mean FPG was 175.7 mg/dL. ONWARDS 6 included insulin icodec treated participants with 

various degrees of renal impairment, including 2.4% of participants with moderate renal 

impairment. 
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10.1.2 Participant disposition  

In ONWARDS 6, participant disposition was similar between treatment arms (for main phase, see 

Table 10-3. The proportion of participants completing main phase was over 95% in both treatment 

arms, over 93% of participants completing the scheduled end-of-treatment visit without 

discontinuation of insulin icodec treatment. Hence, retention rates were adequate to preserve trial 

integrity and minimize the need for imputation.  

The proportion of participants who discontinued the trial product was higher in the insulin icodec 

arm than in the insulin degludec arm. 

In the ONWARDS 6 trial, a total of 5 participants indicated hypoglycemia or fear for hypoglycemia 

as the reason for permanent discontinuation of the trial product in the insulin icodec arm 

(1 participant reported “hypoglycemic episode” as the reason for discontinuation, while 4 

participants indicated “hypoglycemia” or “fear of hypoglycemia” in the “other reason” category). In 

the insulin degludec arm, no one withdrew from the trial reporting a reason related to hypoglycemia 

(Table 10-3).  

Corresponding tables including data from the extension phase of ONWARDS 6 can be found in 

Appendix A, Table 14-2. 
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within the recommended target range, while time spent below 54 mg/dL was 1% which corresponds 

to the threshold recommended by international consensus guidelines Figure 10-3. The estimated 

treatment difference in TIR between insulin icodec and insulin degludec observed at week 26 was 

not clinically meaningful, as it was below the 3%-point threshold defined in the international 

consensus guidelines.24  

In general, CGM data collected at the end of the extension phase (weeks 48-52) supports the results 

observed in weeks 24-26. TIR results from week 48 to week 52 did not show a clinically 

meaningful difference between insulin icodec and insulin degludec although in the insulin icodec 

arm, a decrease in TIR was observed at week 52 compared to week 26. TBR <54 mg/dL between 

arms was not different during weeks 48-52, while the mean TBR <54 mg/dL in the insulin icodec 

arm was higher than in the insulin degludec arm during weeks 22-26. In addition, in the insulin 

icodec arm, observed mean TBR <54 mg/dL was on the threshold of the internationally 

recommended target (<1%) during weeks 22–26 (1.0%) and below the target during weeks 48–52 

(0.8%), while at both time points observed mean TBR <70 mg/dL was below the recommended 

target of <4%. 

Figure 10-3 T1D – CGM ranges at end of main phase and extension phase  

 

Abbreviations: CGM = continuous glucose monitoring; CI = confidence interval; ETD = estimated treatment 

difference; T1D = type 1 diabetes; TAR = time spent above range; TIR = time spent in range; TBR = time spent below 

range                         

Notes: observed data; time spent is defined as 100 times the number of recorded measurements in a given range, 

divided by the total number of recorded measurements; * 24.  

10.2.3 Patient reported outcomes (PROs)  

DTSQ is a widely used PRO tool in diabetes research and is officially approved by World Health 

Organization (WHO) and the International Diabetes Federation (IDF) 92,93 and was used in 

ONWARDS 6 to assess treatment satisfaction from the patients’ perspective. However, the PRO 

tool was not assessed per FDA COA Qualification program for use with once-weekly insulin. As 

described in Section 8, ONWARDS 6 was unblinded and therefore the results of the PROs may be 

biased, and the outcomes should be taken with caution. Participants were defined as responders if 

the change in score is >0.5SD in favorable direction, where SD is the standard deviation for all 

participants at baseline (using observed baseline data). In both treatment arms, an improvement 

from baseline in DTSQs total treatment satisfaction score was reported that can be translated to the 

Basal-Bolus

Weeks 48-52Weeks 22-26T1D Study

-2.42%-point [-4.90 ; 0.07]-2.00%-point [-4.38; 0.38]ETDTIR [95% CI]

CGM 

Ranges

(%)

Icodec Degludec

TBR < 54 mg/dL

TIR 70 – 180 mg/dL

TAR > 180 mg/dL

TBR 54 – 69 mg/dL

Icodec Degludec

<25%

<1%
<4%

Target Time 

in Range

>70%
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insulin icodec arm in comparison with insulin degludec arm (47 vs. 17 in the insulin icodec and 

insulin degludec arm, respectively) reflecting that a few participants experienced many severe 

(level 3) hypoglycemic episodes. In particular, one participant in the insulin icodec arm reported 33 

out of the 47 severe (level 3) hypoglycemic episodes (70%), while one participant in the insulin 

degludec arm reported 7 out of the 17 severe (level 3) hypoglycemic episodes (41%). 

Hypoglycemia in these participants is described in more details in Section 10.3.3.1.  

Severe (level 3) nocturnal hypoglycemia occurred in 2 participants (0.7%) in the insulin icodec arm 

and 3 participants (1.0%) in the insulin degludec arm (Appendix A, Table 14-4).  

The clinical presentation of severe (level 3) hypoglycemic episodes in participants with T1D was 

similar between treatment arms in terms of duration, management, and recovery. Most severe 

(level 3) episodes were managed without a visit to the clinic, the emergency room or the hospital 

(89.4% and 88.2% in the insulin icodec and insulin degludec arms, respectively), and were treated 

with eating or drinking carbohydrates only (83.0% and 76.5% in the insulin icodec and insulin 

degludec arm, respectively) (Table 10-6). In all insulin icodec cases, participants recovered after 

treatment (Appendix A, Table 14-5, “did the patient feel better after treatment?”). The most 

common symptoms for level 3 hypoglycemic episodes reported in the T1D population treated with 

insulin icodec were “feeling dizzy”, “impaired balance”, and “sweating”. 
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10.3.9 Evaluation of characteristics associated with hypoglycemic risk  

In order to better characterize the higher risk of hypoglycemia observed among participants treated 

with insulin icodec, extensive post-hoc analyses of several intrinsic and extrinsic factors that may 

have an impact on the risk of hypoglycemia have been performed. Cut-offs for subgroups were 

selected based on guidelines - where available - or on previous experience. Where cut-offs were not 

easily identified (e.g., for diabetes duration), additional cut-offs were investigated, even though only 

one is presented here.  

Since the number of hypoglycemic episodes based on CGM data are higher than those based on 

SMBG data, and due to the small number of participants falling in the analyzed subgroups, CGM-

based data were used to estimate the rate ratio of level 2 hypoglycemia between treatments within 

subgroups and between subgroups within each treatment arm. However, please note that in some of 

the subgroups the number of participants is very low, and therefore the results should be taken with 

caution. 

The estimated rate ratio of clinically significant (level 2) hypoglycemic episodes between insulin 

icodec and insulin degludec was similar across different subgroups, indicating that no unique risk 

factor for insulin icodec has been identified (Figure 10-12). 
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– i.e. a summary of each patient’s glucose data – which healthcare professionals, including non-

diabetologists, use routinely to evaluate the glycemic control for patients. An extensive analysis of 

efficacy and safety parameters has been conducted in participants with T1D having low glycemic 

variability (CV) at the beginning of the trial and is presented below. 

10.3.9.1 Efficacy and safety in subpopulations with CV % ≤36%  

Glycemic variability is a measure of the dynamic glucose variations that characterizes the 

amplitude, frequency, and duration of these fluctuations. Glycemic variability is expressed as the 

coefficient of variation (CV%) and is calculated as 100 × (standard deviation divided by mean 

glucose).24 CV is a well-established risk factor for hypoglycemia and a clear cut off of ≤36% has 

been identified as associated with a lower risk of hypoglycemia. 27, 100 Glycemic variability is 

measured by CGM device which ensures data robustness and standardization. Moreover, CV is part 

of the standardized ambulatory glucose profile (AGP) report 28 – i.e. a summary of each patient’s 

glucose data – which healthcare professionals, including non-diabetologists, use routinely to 

evaluate the glycemic control for patients.  

Below are presented efficacy and safety results in the subgroup of participants with CV ≤36% or 

>36%, for both treatment arms. It is important to note that CGM was not collected prior to 

randomization and therefore glycemic variability was not assessed prior to trial. However, average 

CV during the first 2 weeks of the trial was deemed to be appropriate to approximate glycemic 

variability at baseline and was used for these analyses. To evaluate robustness to the results, the 

same analyses have been performed using different cut-offs (CV ≤ and >32%, 34%, 38%, and 40%) 

and show that a lower risk of hypoglycemia is consistently associated with lower CV%, in both 

treatment arms, as expected.  

Hypoglycemia – SMBG-based  

There were no statistically significant treatment-by-subgroup interactions for any of the 

hypoglycemia endpoints.  

 

The rates and the proportion of participants with level 2 or level 3 hypoglycemia (SMBG-based) 

were significantly lower with both insulins in the CV ≤36% subgroup compared to the rates in the 

respective total population, with an estimated rate ratio (insulin icodec vs insulin degludec) 

comparable in the CV ≤36% subgroup and the total ONWARDS 6 population.  

By restricting the population to participants with CV ≤36%, the rate of level 2 or level 3 

hypoglycemia is reduced from 19.92 to 9.99 episodes per year for insulin icodec and from 10.37 to 

5.73 episodes per year for insulin degludec Table 10-13. The rate observed in the insulin icodec 

≤36% CV subgroup (~10 episodes per year per patient) is comparable to the rate observed in all 

participants treated with insulin degludec, a marketed insulin with a well-known benefit in reducing 

hypoglycemia risk compared to other daily basal insulins, including insulin glargine.96  

There were few severe (level 3) hypoglycemic episodes reported in the CV ≤36% subgroup; 

3 (2.68%) participants reported a total of 5 episodes in the insulin icodec arm and 1 (0.71%) 

participant reported 1 episode in the insulin degludec arm.  

In the CV ≤36% subgroup, there were no nocturnal severe (level 3) hypoglycemic episodes in the 

insulin icodec arm and 1 event of nocturnal severe hypoglycemia in the insulin degludec arm, while 
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1 SAE of hypoglycemia was reported in the insulin icodec arm and no SAEs related to 

hypoglycemia were reported in the insulin degludec arm.  

Table 10-13 T1D – Level 2 or level 3 hypoglycemic episodes in total population and CV% 

subgroups  

 Total population CV% subgroup 

≤36% >36% 

Insulin 

icodec 

Insulin 

degludec 

Insulin 

icodec 

Insulin 

degludec 

Insulin 

icodec 

Insulin 

degludec 

Participants, N (%)  247 (85.17) 223 (76.37) 78 (69.64) 86 (61.43) 158 (95.18) 127 (90.71) 

Number of episodes 2836 1495 550 397 2085 1051 

R 19.92 10.37 9.99 5.73 25.41 15.07 

ERR [95% CI] 

Icodec/Degludec 
1.89 [1.54; 2.33] 1.76 [1.29; 2.40] 1.64 [1.26; 2.13] 

Abbreviations: CI = confidence interval; CV = coefficient of variation; ERR = estimated rate ratio; N (%) = number 

(percentage) of participants; R = rate (number of events per 1 PYE); PYE = Patient years of exposure (1 PYE = 365.25 

days); T1D = type 1 diabetes  

Note: Participants with insufficient CGM data to categorize to a subgroup (i.e., those with <70% over the 2-week period 

[week 0–2]; n = 12 in each treatment arm) are not included in this table but are included in the source tables. 

Hypoglycemia CGM-based 

Hypoglycemia analysis based on CGM data is described in Section 8.2.2.1. 

As observed with SMBG-based hypoglycemia, the rates with both insulins were lower in the CV 

≤36% subgroup compared to the rates for the respective arms in the total ONWARDS 6 population. 

In the subgroup with CV ≤36%, the estimated rate ratio (insulin icodec vs insulin degludec) for 

level 2 hypoglycemic events was 1.18 [0.94; 1.49]95% CI, indicating a reduction in the hypoglycemic 

risk in this subgroup compared to the total population (Table 10-14).   

The improved hypoglycemia profile in the insulin icodec CV ≤36% subgroup is supported by the 

TBR results. As shown in Table 10-15, TBR (54 mg/dL and 70 mg/dL) was similar between insulin 

icodec and insulin degludec in the CV ≤36% subgroup, and well within the guideline-recommended 

targets (<4% of time below 70 mg/dL and <1% of time below 54 mg/dL).24. 
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Table 10-14 T1D – Estimated rate ratio of level 2 hypoglycemic episodes in total  population 

and CV% subgroups – CGM-based  

 Total population CV% subgroup 

≤36%  >36% 

ERR (95% CI)  1.38 [1.17; 1.62] 1.18 [0.94; 1.49]  1.25 [1.02; 1.53] 

Abbreviations: CGM = continuous glucose monitoring; CI = confidence interval; CV = coefficient of variation; ERR = 

estimated rate ratio; T1D = type 1 diabetes 

Note: Patients with insufficient CGM data to categorize to a subgroup (i.e., those with <70% over the 2-week period 

[week 0–2]; n = 12 in each treatment arm) are not included in the subgroup evaluation. 

 

Adverse event profile  

The AE profile in the insulin icodec CV ≤36% subgroup was similar to that in the total insulin 

icodec treatment arm, with no notable differences in the proportion of patients reporting AEs or the 

rates of AEs between insulin icodec and insulin degludec, and no unexpected clustering of events. 

Glycemic control  

In order to confirm that a low hypoglycemic risk did not come at the expenses of a less effective 

glycemic control, various efficacy parameters were analyzed in this subpopulation. In both 

treatment arms, in the CV ≤36% subgroup HbA1c at week 26 was lower and TIR was higher 

compared to the total population. Glycemic control was similar between insulin icodec and insulin 

degludec for patients with CV ≤36% in terms of HbA1c and TIR, with no statistically significant 

treatment-by-subgroup interaction for change in HbA1c  Table 10-15. 
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Table 10-15 T1D – Glycemic control in patients with T1D in ONWARDS 6 in the total 

population and in the glycemic variability CV% subgroups – full analysis set  

 Total population CV% subgroup 

≤36%  >36% 

Insulin 

icodec 

Insulin 

degludec 

Insulin 

icodec 

Insulin 

degludec 

Insulin 

icodec 

Insulin 

degludec 

HbA1c (%)  

At week 26 (mean) 7.11 7.08 6.83 6.82 7.29 7.30 

Mean change from baseline to 

week 26  

-0.48 -0.55 -0.52 -0.62 -0.45 -0.48 

FPG 

Mean change from baseline to 

week 26 (mg/dL) 

-19.24  -32.42 -14.65  -33.11  -21.87  -29.07 

Mean time in range (week 22–26) 

70–180 mg/dL 59.10 60.85 66.24 66.53 54.53 55.57 

Mean time above range (week 22–26) 

>180 mg/dL 37.03 36.25 31.55 31.44 40.64 40.57 

Mean time below range (week 22–26) 

<70 mg/dL 3.86 2.90 2.20 2.03 4.83 3.87 

<54 mg/dL 1.02 0.68 0.39 0.36 1.37 1.04 

Abbreviations: CV = coefficient of variation; FPG = fasting plasma glucose; HbA1c = glycosylated hemoglobin; T1D = 

type 1 diabetes 

Notes: Time in range is defined as 100 times the number of recorded measurements in glycemic range 70–180 mg/dL, 

both inclusive, divided by the total number of recorded measurements. Time spent above or below threshold is defined 

as 100 times the number of recorded measurements above/below the threshold, divided by the total number of recorded 

measurements. 

Patients with insufficient CGM data to categorize to a subgroup (i.e., those with <70% over the 2-week period  

[week 0–2]; n = 12 in each treatment arm) are not included in this table but are included in the source tables. 

10.4 Composite efficacy and safety assessment  

As expected for people living with T1D, the estimated proportion of participants achieving HbA1c 

targets without reporting level 3 or 2 hypoglycemia in the last 12 weeks was low in both treatment 

arms (9.6% vs 16.7% for target HbA1c <7%, and 5.5% vs 7.6% for target HbA1c ≤6.5% in insulin 

degludec and insulin icodec arm, respectively).  

10.5 Applicability of non-US data to US population with T1D  

To assess if the results of the ONWARDS 6 trial which included people with T1D across 

33 countries were representative of the US people with T1D, the same analyses of the main 

endpoints performed for the total population were also performed for the US and non-US 

populations and then compared. Details about the methods used for the comparison are given in 

Section 8.3.5. 

In ONWARDS 6 the baseline and demographic characteristics can be considered comparable 

between US and non-US populations. US population did not differ from non-US population in 
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12 Benefit/risk profile  

12.1 Type 2 diabetes  

Across all T2D ONWARDS trials, insulin icodec effectively reduced HbA1c of a magnitude that is 

known to be associated to a significant reduction of the risk of macro- and microvascular 

complications.29,30 Compared to daily basal insulins, insulin icodec was found to be statistically 

superior in HbA1c reduction in T2D insulin naïve participants and participants switching from 

another daily basal insulin, and non-inferior in T2D participants on basal-bolus prior trial. Although 

statistical superiority was achieved, the clinical relevance of the difference between treatments has 

not been established. 

As for all insulins, the main risk with insulin icodec is hypoglycemia. Importantly, in the 

ONWARDS program, 85.9-90.2% of participants with T2D treated with insulin icodec on basal 

only (either insulin naïve or on daily basal only prior to trial) and 48.5% of participants on 

basal-bolus did not experience any clinically significant or severe (level 2 or level 3) hypoglycemic 

episode. The risk of level 3 hypoglycemia in all T2D phase 3a trials was very low and similar 

between treatment arms (8 vs 14 episodes in insulin icodec arm vs daily basal insulin, over a total of 

4340 participants with T2D). Novo Nordisk acknowledges that the rate of level 2 hypoglycemia 

was higher among participants treated with insulin icodec than with daily basal insulins, with a few 

participants contributing with many episodes. To put the rates observed in the clinical trials into 

context, they correspond to 1 additional level 2 hypoglycemic episode per person within the next 6–

7 years if a person with T2D starts with insulin icodec instead of a daily basal insulin. The overall 

level 2 hypoglycemia rates were considered low and comparable to the rates reported in the 

literature for daily basal insulins.105,106  

In addition to providing effective glycemic control, insulin icodec has been designed for once 

weekly administration, meaning a reduction from 365 injections to 52 injections of basal insulin per 

year, for people living with T2D needing insulin treatment. The literature currently lacks an 

evaluation of the comprehensive advantages associated with reducing basal insulin injections from 

daily to once weekly, as such option is currently not available for people in the need of insulin 

treatment. However, real-world evidence pertaining to once-weekly GLP-1 receptor agonists 

(GLP-1 RA) show that inherent benefits linked to this less frequent injection regimen include 

heightened treatment persistence and improved therapy adherence.62,63 Although per design this has 

not been confirmed in the ONWARDS trials, insulin icodec has the potential to prevent delays in 

insulin therapy initiation and to improve adherence and persistence, similarly to what was observed 

with once-weekly GLP-1 RAs. It is well known that initiation of insulin treatment on time and 

therapy adherence are associated with a better glycemic control leading to long-term reduction of 

the risk of micro- and macrovascular complications. 

In conclusion, Novo Nordisk considers that the benefit risk profile of insulin icodec in T2D is 

favorable and supports the approval of insulin icodec in T2D. 

12.2 Type 1 diabetes    

During the main phase of the ONWARDS 6 clinical trial, insulin icodec demonstrated non-inferior 

glycemic improvement from baseline compared to insulin degludec, assessed by change in HbA1c. 
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The magnitude of HbA1c reduction observed in the trial is known to be associated with a significant 

reduction in the risk of macro- and microvascular complications, including preventing blindness, 

kidney failure with need for dialysis, and amputation due to neuropathy. 31,32,33,9, 10 

As in type 2 diabetes, adherence remains a challenge in individuals with type 1 diabetes. Data 

coming from the literature on other drugs - both in the diabetes as well as in other therapeutic areas 

- suggest that given its once-weekly administration, insulin icodec has the potential to increase 

therapy adherence compared to once-daily insulins. As discussed in Section 2.3, high adherence 

directly correlates with better glycemic control and thus with the potential for a reduced risk of 

diabetes-related long-term complications. Improved prevention of short-term complications 

including symptomatic hyperglycemia and diabetic ketoacidosis is also associated with improved 

adherence. Therefore, insulin icodec may represent a valuable treatment alternative for people with 

T1D who perceive daily therapy adherence as a burden or who struggle with consistent daily insulin 

use for a number of reasons, and thus could greatly benefit from its unique once-weekly 

administration. It is important to note that neither these specific populations nor therapy adherence 

were specifically investigated in the ONWARDS 6 trial, because of the intrinsic limitations of a 

clinical trial setting. Nonetheless, healthcare providers will be able to identify patients for whom 

initiation or adherence are challenging, allowing the unique benefits of insulin icodec to be realized 

in practice. 

The safety profile was similar between treatment arms except for hypoglycemia, where a higher risk 

was identified for insulin icodec compared to insulin degludec. When evaluating the risk of 

hypoglycemia for insulin icodec, it is important to consider the general limitations of a controlled 

clinical trial that may not directly translate into real world, and the unique aspects of ONWARDS 6, 

such as the daily insulin used as a comparator. However, since the impact of these factors is not 

known, these considerations are intended to provide context, and not to negate the acknowledged 

increased risk of hypoglycemia in individuals with type 1 diabetes. In this context, it is important to 

note that the comparator was insulin degludec, which is the only basal insulin approved with a 

reduced hypoglycemia risk over the commonly used insulin glargine with regards to severe 

hypoglycemia. 96 Moreover, it should be noted that the overall rate of clinically significant or severe 

hypoglycemia (level 2 or level 3) as assessed in ONWARDS 6 was not higher than previously 

published treat-to-target studies investigating insulin degludec or insulin glargine U300, reaching a 

similar glycemic control in T1D. Of note, the rates of clinically significant hypoglycemia or 

equivalent were between 18 and 43 hypoglycemic episodes per PYE, although the titration target 

and definition of episodes were slightly different, and participants were not wearing a CGM was not 

open.
45,46,47,48 Hence the between trial comparisons should be done with caution.  

Hypoglycemia is an inherent risk of all insulins and therefore has been carefully analyzed 

throughout ONWARDS 6 by pre-specified as well as post-hoc analyses. The rates of severe 

(level 3) hypoglycemic episodes – defined as associated with severe cognitive impairment requiring 

external assistance for recovery – were higher in the insulin icodec arm compared to insulin 

degludec. The proportion of participants who did not experience any severe (level 3) hypoglycemic 

episodes was 97% in both treatment arms. Higher rates of severe hypoglycemia occurring in similar 

proportions of participants indicate that a few participants in the insulin icodec arm experienced 

multiple episodes, which is in line with what is reported for daily basal insulins in people living 

with T1D. In ONWARDS 6, this is illustrated by a single participant in the insulin icodec arm who 
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experienced multiple severe (level 3) hypoglycemic episodes. It is important to note that, despite 

many episodes, this participant remained in the trial and that the rates of severe hypoglycemia 

markedly reduced after appropriate individualization of the insulin doses. 

The rates of clinically significant (level 2) hypoglycemic episodes – defined by SMBG value <54 

mg/dL, independently of the symptoms – and the proportion of patients reporting them were higher 

in the insulin icodec arm compared to insulin degludec. For a comprehensive profiling of the 

hypoglycemic risk CGM-based data should be also considered, as providing a more objective 

assessment. The estimated rate ratio of level 2 hypoglycemia based on CGM was lower than that 

based on SMBG (1.38 vs 1.88). Furthermore, time spent below range (TBR), assessed by CGM, is a 

parameter that closely relates to hypoglycemia. Comparing the TBR in participants treated with 

insulin icodec to TBR targets as defined by international guidelines is relevant to put insulin icodec 

hypoglycemia risk into clinical context. In the insulin icodec arm, TBR was at or below the 

threshold of internationally recommended targets.24 Moreover, consistent with the reassuring results 

observed on CGM-based hypoglycemia, TBR in participants treated with insulin icodec was only 

slightly higher than in participants treated with insulin degludec.   

In order to assess whether insulin icodec carries specific hypoglycemia risks or if hypoglycemia in 

insulin icodec treated participants with T1D is unique in its clinical presentation, the nature of 

hypoglycemic episodes and potential risk factors were analyzed. 

In both treatment arms, hypoglycemia was similar in terms of duration, management, and recovery, 

indicating that the clinical consequences of the episodes occurring with insulin icodec do not differ 

from those occurring with insulin degludec, and that the episodes can be managed in the same way 

as people living with T1D manage the hypoglycemia risk with daily basal insulins. Furthermore, an 

exhaustive analysis of demographic and baseline characteristics has been performed to identify 

specific factors that could be associated with a higher risk of severe or clinically significant 

hypoglycemia in the insulin icodec arm. The intrinsic characteristics identified were identical in 

both treatment arms and had a similar impact on the risk of hypoglycemia. Importantly, they were 

consistent with those already established for daily basal insulins, and therefore well known by 

healthcare practitioners, who routinely use them to evaluate the best insulin therapy for individuals 

with T1D.97 Thus, similar to current clinical practice for daily insulins, these factors can be used by 

healthcare practitioners to make an assessment of the hypoglycemia risk on an individual basis and 

evaluate if the benefits of once-weekly insulin icodec are likely to outweigh the risks. 

A higher risk of hypoglycemia occurred in Days 2-4 of the week consistently across the 

ONWARDS 6 trial, reflecting insulin icodec’s glucose lowering profile. This predictable profile 

will be communicated to healthcare practitioners and patients, and can guide them to more closely 

monitor hypoglycemic risk on those days, as well as to adopt proactive actions to compensate the 

expected low glycemia, such as adjustment of bolus dose or careful planning of daily activities.  

All data collected in ONWARDS 6 should be used in the context of real-world clinical practice, 

which takes into account the needs of people with T1D and how they are currently treated. Because 

of the complete absence of endogenous insulin, people with T1D rely on exogenous insulin or 

insulin analogs for life. Unfortunately, all currently available basal insulins carry a risk of 

hypoglycemia. People living with T1D are experienced users of insulins and have a good 

understanding of the risk of hypoglycemia and its management. Similarly, healthcare practitioners 
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understand the risk factors for hypoglycemia, both when initiating therapy and during the course of 

treatment. In order to identify the best therapy, individuals living with T1D and their healthcare 

practitioners currently work together to customize comprehensive treatment programs with the aim 

of achieving glycemic control, while minimizing the risk of hypoglycemia. These risks are 

continually reassessed, and adjustments can be made to the basal insulin based on the individual’s 

changing status. The increasing use of CGM will provide additional information to the healthcare 

team allowing any needed dose adjustments to be made in a timely manner. Since both risk factors 

and management of hypoglycemia do not differ for insulin icodec vs currently available daily basal 

insulins, insulin icodec will be readily integrated into decision making and prescribing by 

practitioners. 

In summary, the choice of basal insulin for a person living with T1D should be based on an accurate 

evaluation of that individual’s characteristics and personal needs, balancing benefits and risks. 

Insulin icodec should be used to treat people with T1D when a benefit from a once-weekly 

posology can be anticipated and risks can be managed, based on the well characterized risk factors 

and weekly profile. As for any other insulin, in clinical practice, people with diabetes experiencing 

frequent episodes of severe (level 3) or clinically significant hypoglycemia (level 2) would likely be 

guided by their healthcare practitioners to decrease the insulin dose, relax the glycemic target or 

even switch to a different insulin.107 Therefore, Novo Nordisk is of the opinion that the risk of 

hypoglycemia with insulin icodec treatment in individuals with T1D can be effectively mitigated by 

providing guidance to healthcare practitioners, who will consider the individual clinical situation 

and the product characteristics.  

Based on the presented clinical data and adequate risk management, once-weekly insulin icodec is 

evaluated to be associated with a favorable benefit-risk profile and represents an alternative option 

to daily basal insulin for some people living with type 1 diabetes. 

12.2.1 Risk mitigation   

Data from the ONWARDS 6 clinical trial show that the risk of hypoglycemia is higher for insulin 

icodec, compared to insulin degludec in participants with T1D. However, as for daily basal insulins, 

hypoglycemia risk can be mitigated by carefully evaluating each individual’s clinical history, 

baseline and demographic characteristics, lifestyle, as well as the product characteristics. As 

described, the occurrence of hypoglycemia with insulin icodec is characterized by the same well-

known risk factors as daily basal insulins. To aid in appropriate patient selection, Novo Nordisk will 

reinforce measures for hypoglycemia mitigation, such as excluding people with T1D with 

hypoglycemia unawareness or recurrent severe hypoglycemia. If a patient experiences recurrent 

hypoglycemia while using insulin icodec, patients should consult their healthcare provider to 

consider treatment adjustments (e.g. adjustment of the titration target and/or dose reduction) or 

switch to other treatment options. Furthermore, data from ONWARDS 6 showed that hypoglycemia 

occurring with insulin icodec has a predictable pattern over the week, in line with the 

pharmacodynamic profile. Novo Nordisk will ensure that the higher hypoglycemia risk observed on 

the days with maximum glucose lowering effect (Days 2-4) will be communicated to the healthcare 

practitioners and people with T1D wishing to use insulin icodec, allowing for a safe use of insulin 

icodec in an individualized manner. The higher risk could also be mitigated by recommending 

wearing a CGM device, which will ensure a closer monitoring of glycemic level. 
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Novo Nordisk believes that these measures will guide patients and physicians to safely use once-

weekly insulin icodec in people with T1D. 
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Figure 14-2 Recovery from level 2 hypoglycemic episodes after triple doses of insulin icodec 

or insulin glargine U100 in individuals with T2D  

 

 

Abbreviations: AUC = area under the curve; CV = coefficient of variation; GIR = glucose infusion rate; N = number of 

participants; PG = plasma glucose; SD = standard deviation; T2D = type 2 diabetes 

Note: For time to PG recovery, mean and standard deviation (SD) are shown above the bars. For AUCGIR, geometric 

mean (CV%) is shown above the bars. Trial 4462 was a crossover trial in individuals with T2D receiving double and 

triple doses of insulin icodec and insulin glargine U100 during insulin icodec treatment (for 6 weeks) and insulin 

glargine U100 treatment (for 11 days) at equimolar total weekly doses based on each participant’s usual basal insulin 

dose. The double and triple doses were followed by hypoglycemia induction experiments, where PG was allowed to 

decrease to no less than 45 mg/dL. Thereafter, euglycemia was restored by constant IV glucose infusion (5.5 

mg/kg/min) (left and middle panels) and maintained by variable glucose infusion (right panel).  
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Table 14-5 T1D – Management of severe hypoglycemia (level 3)  

———————————————————————————————————————————————————————————————————————————————————————————————————— 

                                                                 Ico                     IDeg       

                                                          ————————————————         ———————————————— 

                                                          N    E     (%)           N    E     (%)   

———————————————————————————————————————————————————————————————————————————————————————————————————— 

                                                                                                    

Number of severe (level 3) hypoglycaemic episodes         9   47   (100.0)         9   17   (100.0) 

                                                                                                    

                                                                                                    

Treatment(s) the patient received 

  Glucagon                                                2    3   (  6.4)         0                

  Iv glucose (drip)                                       4    5   ( 10.6)         2    2   ( 11.8) 

  Something to drink or eat (carbohydrates)               7   42   ( 89.4)         7   13   ( 76.5) 

  Other                                                   2    2   (  4.3)         1    2   ( 11.8) 

                                                                                                    

                                                                                                    

Treatment(s) the patient received, exclusive 

  Intensive intervention                                  5    6   ( 12.8)         2    2   ( 11.8) 

  Something to drink or eat (carbohydrates), only         6   39   ( 83.0)         7   13   ( 76.5) 

  Other                                                   2    2   (  4.3)         1    2   ( 11.8) 

                                                                                                    

                                                                                                    

Did the patient get help by a medical person to 

 handle the episode? 

  Yes                                                     6    8   ( 17.0)         3    3   ( 17.6) 

  No                                                      5   38   ( 80.9)         6   12   ( 70.6) 

  Unknown                                                 1    1   (  2.1)         1    2   ( 11.8) 

                                                                                                    

                                                                                                    

Where did the patient get help? 

  Clinic/emergency room/hospital                          4    5   ( 10.6)         2    2   ( 11.8) 

  Other                                                   6   42   ( 89.4)         7   15   ( 88.2) 

                                                                                                    

                                                                                                    

Was the patient transported by ambulance? 

  Yes                                                     3    4   (  8.5)         1    1   (  5.9) 

  No                                                      1    1   (  2.1)         1    1   (  5.9) 

  Missing                                                 6   42   ( 89.4)         7   15   ( 88.2) 

                                                                                                    

                                                                                                    

Did the patient experience convulsions or fits 

 (Seizure)? 

  Yes                                                     1    1   (  2.1)         2    2   ( 11.8) 

  No                                                      8   46   ( 97.9)         7   15   ( 88.2) 

                                                                                                    

                                                                                                    

Did the patient pass out (Loss of consciousness or 

 coma)? 

  Yes                                                     5   10   ( 21.3)         3    3   ( 17.6) 

  No                                                      4   37   ( 78.7)         6   14   ( 82.4) 

                                                                                                    

                                                                                                    

Did the patient feel better after treatment? 

  Yes                                                     9   47   (100.0)         9   15   ( 88.2) 

  No                                                      0                        1    2   ( 11.8) 

———————————————————————————————————————————————————————————————————————————————————————————————————— 

%: Percentage of events, E: Number of events, N: Number of subjects with one or more events. On- 

treatment: Onset date on or after the first dose of trial product and no later than the first date 

of either the follow-up visit (FU2), the last date on trial product + 5 weeks for once daily insulin 

and + 6 weeks for once weekly insulin or the end-date for the in-trial period. Main-on-treatment: 

Onset date on or after the first dose of trial product and no later than the first date of either 

the end-date of the on-treatment period or the last planned visit in the main phase of the trial. 

Severe hypoglycaemia (level 3): Hypoglycaemia with severe cognitive impairment requiring external 

assistance for recovery. Intensive intervention: Glucagon or iv glucose (drip). 
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15 Appendix B: Statistical considerations  

15.1 Missing data imputation for continuous endpoints  

In the primary imputation model, missing values for the primary endpoint (regardless of treatment 

completion status) was imputed from trial participants, who had experienced an intercurrent event 

prior to the landmark visit and have a measurement at the landmark visit in the following way:  

• First, one thousand (1000) copies of the dataset were generated for HbA1c.  

• Second, for participants who discontinued their randomized treatment or initiated treatment 

with bolus insulin for more than 2 weeks at any time prior to the landmark visit and have an 

HbA1c measurement at the landmark visit, the change in HbA1c from last available planned 

on-treatment value prior to the intercurrent event (LAOT-WOC) to the landmark visit was 

analyzed for each dataset copy using an analysis of covariance (ANCOVA) model with 

randomized treatment as fixed factor and LAOT-WOC value and the time point (study day) 

of this assessment as covariates. The estimated parameters, and their variances, from the 

model was used to impute missing HbA1c values for the change from LAOT-WOC to the 

landmark visit and subsequently the missing HbA1c value at the landmark visit. 

In case the amount of data for the described imputation model (see second step above) was 

insufficient for meaningful imputation, the first alternative was the to simplify the imputation model 

by removing the following two covariates from the model: LAOT-WOC value and the time point 

(study day) of this assessment.  

If the amount of data for this reduced model was still insufficient for meaningful imputation, a 

return-to-baseline imputation approach where missing values at landmark visit was imputed with 

baseline value adding a random error term. The random error term was considered normally 

distributed with mean zero and a standard deviation set equal to the estimated residual standard 

deviation of an ANCOVA analysis on the LAOT-WOC values. 1000 imputations were made. 

Once missing data had been imputed, in each of the complete data sets, the endpoint was analyzed 

using the full ANCOVA model as specified in Section 8.3.5. The estimates and SDs for the 1000 

data sets will be pooled to one estimate and associated SD using Rubin’s rule108. 

The imputation model for primary and first alternative have underlying assumption that subjects 

with missing data behave similarly as subjects having an intercurrent event. 

The imputation model for the second alternative has underlying assumption that subjects with 

missing data return to their baseline level. 

An overview of which imputation approach that had to be applied can be found in Table 15-1. 
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Table 15-1 Imputation model for primary endpoint  

  
ONWARDS 1 ONWARDS 2 ONWARDS 3 ONWARDS 4 ONWARDS 5 ONWARDS 6 

Including 

covariates* 
X    X X 

Not including 

covariates 
 X X    

Retrun-to-baseline    X   

Note: *covariates were last available HbA1c value and study day of this assessment. 

Missing values for the confirmatory secondary endpoint (TIR) and body weight was imputed in the 

same manner as the primary endpoint, whereas other continuous assessments were imputed by a 

return-to-baseline multiple imputation approach (if there was planned data collection at baseline) or 

based on trial participants in the comparator arm who had completed the trial and had a 

measurement at the landmark visit. 

Intermediate missing CGM data (gaps in the profile) was not imputed. Following international 

consensus criteria, it was required that at least 70% of the planned CGM measurements during the 

last four weeks of treatment were available for endpoint data to be derived. Otherwise, the endpoint 

was set to being missing and imputed as described above. 

15.2 Sensitivity analysis  

A two-dimensional tipping point sensitivity analysis was performed on the primary and 

confirmatory endpoints to assess the robustness of the conclusions on non-inferiority and 

superiority respectively. Here, values, Δi, were added or subtracted to the imputed values (e.g., 

HbA1c) before analyzing the data. A plot was constructed depicting which values of Δi would 

change the conclusion.  

15.3 Missing data imputation for hypoglycemic episodes endpoints  

Missing data for SMBG-based hypoglycemia was imputed in the following way: 

For a subject with complete exposure time, L, i.e., no missing data, for any two disjoint time 

intervals [0, t0], [t0,L], the number of hypoglycemic episodes in the first interval, Y1, and in the 

second interval, Y2, are correlated, and it can be shown that the conditional distribution of Y2 given 

Y1 is also negative binomial. This result was used to impute missing data for Y2 when Y2 was 

missing.  

The imputation steps conducted to impute missing hypoglycemic data based on the above result 

were then as follows: 

Step 1  

A Bayesian log-linear negative binomial model with offset was fitted to the observed data and 

independent samples were then drawn from the posterior distribution for the model parameters 

created by multiplying a noninformative prior with the likelihood function. The model parameters 

were the dispersion, intercept, treatment, region, stratification factors (ONWARDS 3 and 6), and 
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own CGM device use (yes/no) (ONWARDS 2 and 4). 1000 random samples of the model 

parameters were obtained. 

Step 2 

The parameters from step 1 were then used to calculate the linear predictors for the two time 

periods of observed data and missing data respectively, for subjects with missing data for Y2. This 

was done for each random sample of the parameters obtained. For L2, a reference-based approach 

was used to mimic an intention-to-treat (ITT) scenario where it was assumed that the event rate 

follows that of the comparator arm in the missing data period. I.e., the treatment effect parameter 

used was that of the comparator in this period.  

Step 3 

Then Y2|Y1 was simulated for subjects with missing data from a negative binomial distribution 

with parameters derived from step 1 and step 2 and the simulated value added to the observed value 

of Y1 to get an imputed value, Y, for the number of hypoglycemic episodes for the entire duration 

of the trial for a subject.  

Step 4 

For each imputed dataset, the number of hypoglycemic episodes was analyzed by a negative  

binomial model with treatment, region, stratification factors (ONWARDS 3 and 6), and own CGM  

device use (yes/no) (ONWARDS 2 and 4) as factors and with log of the planned trial duration as  

offset, i.e., as if the data were complete. The resulting estimates and their standard errors were then 

combined across imputations using Rubin’s rule. 

 

For further details please see reference 109 
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