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BACKGROUND
It is thought that a reduction in the frequency of basal insulin injections might 
facilitate treatment acceptance and adherence among patients with type 2 diabetes. 
Insulin icodec is a basal insulin analogue designed for once-weekly administration 
that is in development for the treatment of diabetes.

METHODS
We conducted a 26-week, randomized, double-blind, double-dummy, phase 2 trial 
to investigate the efficacy and safety of once-weekly insulin icodec as compared 
with once-daily insulin glargine U100 in patients who had not previously received 
long-term insulin treatment and whose type 2 diabetes was inadequately controlled 
(glycated hemoglobin level, 7.0 to 9.5%) while taking metformin with or without 
a dipeptidyl peptidase 4 inhibitor. The primary end point was the change in gly-
cated hemoglobin level from baseline to week 26. Safety end points, including 
episodes of hypoglycemia and insulin-related adverse events, were also evaluated.

RESULTS
A total of 247 participants were randomly assigned (1:1) to receive icodec or 
glargine. Baseline characteristics were similar in the two groups; the mean base-
line glycated hemoglobin level was 8.09% in the icodec group and 7.96% in the 
glargine group. The estimated mean change from baseline in the glycated hemo-
globin level was −1.33 percentage points in the icodec group and −1.15 percentage 
points in the glargine group, to estimated means of 6.69% and 6.87%, respec-
tively, at week 26; the estimated between-group difference in the change from 
baseline was −0.18 percentage points (95% CI, –0.38 to 0.02, P = 0.08). The ob-
served rates of hypoglycemia with severity of level 2 (blood glucose level, <54 mg 
per deciliter) or level 3 (severe cognitive impairment) were low (icodec group, 0.53 
events per patient-year; glargine group, 0.46 events per patient-year; estimated rate 
ratio, 1.09; 95% CI, 0.45 to 2.65). There was no between-group difference in insu-
lin-related key adverse events, and rates of hypersensitivity and injection-site reac-
tions were low. Most adverse events were mild, and no serious events were deemed 
to be related to the trial medications.

CONCLUSIONS
Once-weekly treatment with insulin icodec had glucose-lowering efficacy and a 
safety profile similar to those of once-daily insulin glargine U100 in patients with 
type 2 diabetes. (Funded by Novo Nordisk; NN1436-4383 ClinicalTrials.gov number, 
NCT03751657.)
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Evolving guidelines for standards 
of care from the American Diabetes As-
sociation and the European Association 

for the Study of Diabetes recommend treatment 
escalation when individualized glycemic targets 
are not reached in patients with type 2 diabetes.1,2 
Despite these recommendations, clinical inertia 
is highly prevalent in the management of type 2 
diabetes, with the longest delays reported for 
insulin initiation (median time from initiation 
of treatment with one or more oral antidiabetic 
drugs to initiation of insulin treatment, 1.2 to 
4.9 years).3,4 Previous data have indicated that 
patients with type 2 diabetes would generally 
prefer fewer injections and greater f lexibility 
than is typical of the current once-daily treat-
ment options.5 Therefore, reducing the number 
of injections could potentially increase accep-
tance of and adherence to insulin treatment 
among patients with type 2 diabetes,6 thereby 
potentially improving glycemic control.

Insulin icodec (proposed international non-
proprietary name) is a basal insulin analogue 
administered once weekly that is in development 
for the treatment of patients with diabetes. With 
a time to maximum concentration of 16 hours 
and a half-life of approximately 1 week, insulin 
icodec has a pharmacokinetic and pharmacody-
namic profile suitable for once-weekly injection.7 
Here, we report the findings of a phase 2 clinical 
trial designed to investigate the efficacy and 
safety of once-weekly insulin icodec as com-
pared with once-daily insulin glargine U100 in 
patients who had not received insulin previously 
and whose type 2 diabetes was inadequately 
controlled while taking metformin with or with-
out a dipeptidyl peptidase 4 inhibitor.

Me thods

Trial Design

We conducted a 26-week, randomized, double-
blind, double-dummy, treat-to-target, active-con-
trolled, parallel-group, multinational phase 2 trial. 
Patients were randomly assigned in a 1:1 ratio to 
receive either once-weekly subcutaneous icodec 
plus once-daily placebo or once-daily subcutane-
ous glargine plus once-weekly placebo; random-
ization was stratified according to dipeptidyl 
peptidase 4 inhibitor use (Fig. S1 in the Supple-
mentary Appendix, available with the full text of 

this article at NEJM.org). The trial included a 
2-week screening period, a 26-week treatment 
period, and a 5-week follow-up period. The treat-
ment exposure period was defined as the period 
from the date of first dose of icodec or glargine 
until the last follow-up visit or the day of the last 
dose of icodec or glargine plus 5 weeks (for 
glargine) or 6 weeks (for icodec), whichever came 
first. The treatment exposure period without 
ancillary treatment was defined as the period 
from the date of first dose of icodec or glargine 
until the initiation of ancillary treatment (de-
fined as any diabetes medication other than the 
trial drugs, metformin, or a dipeptidyl peptidase 4 
inhibitor), an increase in metformin or dipeptidyl 
peptidase 4 inhibitor doses, or the end date of 
the treatment exposure period if no ancillary 
treatment was initiated.

Patients who were 18 to 75 years of age and 
who had not previously received long-term insu-
lin treatment, who had received a diagnosis of 
type 2 diabetes at least 180 days before screen-
ing, who were receiving stable daily doses of 
metformin with or without dipeptidyl peptidase 4 
inhibitor, and who had a glycated hemoglobin 
level of 7.0 to 9.5% were eligible for enrollment. 
Previous short-term insulin treatment (maximum 
of 14 days) or previous insulin treatment for 
gestational diabetes were allowed. The inclusion 
and exclusion criteria are summarized in Table S1.

Treatment

The starting dose of icodec was 70 U once per 
week, and the starting dose of glargine was 10 U 
once per day. After randomization, insulin doses 
were adjusted weekly to achieve a pre-breakfast 
patient-measured blood glucose target of 70 to 
108 mg per deciliter (3.9 to 6.0 mmol per liter). 
The adjustment algorithm, which was based on 
the three preceding patient-measured blood glu-
cose levels, is summarized in Table S2. Once-
weekly injections were performed with a pen in-
jector, and once-daily injections were performed 
with a vial and syringe.

Efficacy End Points

The primary end point was the change in the 
glycated hemoglobin level from baseline to week 
26, with the primary “estimand” (a precisely 
defined estimated measure of treatment effect) 
being the trial-product estimand, defined as the 
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between-group difference in the change in gly-
cated hemoglobin level from baseline to week 26 
among all patients who underwent randomiza-
tion, had all patients continued to receive the 
trial product without receiving ancillary thera-
pies. A more detailed explanation of the ratio-
nale for estimands and of the estimands used in 
this trial is provided in the Supplementary Ap-
pendix. Key secondary end points included the 
changes in fasting plasma glucose level, body 
weight, and the mean of the 9-point patient-
measured blood glucose profile from baseline to 
week 26 and the mean weekly insulin dose dur-
ing the last 2 weeks of treatment. In addition, 
the time spent with the blood glucose level in 
the tight glycemic range of 70 to 140 mg per 
deciliter (3.9 to 7.8 mmol per liter), monitored by 
flash glucose monitoring (FreeStyle Libre Pro) 
during the last 2 weeks of treatment, was a pre-
specified exploratory end point. Both the inves-
tigators and the patients were unaware of the 
flash glucose monitoring results. Only patients 
with at least 70% flash glucose monitoring cov-
erage over 13 days were included in the analysis.

Safety End Points

Key safety end points included the number of 
adverse events during the treatment exposure 
period from baseline to week 31 (end of the 
5-week follow-up period), including serious ad-
verse events, the number of overall and noctur-
nal hypoglycemic alert events (level 1; blood 
glucose level, ≥54 and <70 mg per deciliter [≥3.0 
and <3.9 mmol per liter], confirmed by blood 
glucose meter), the number of hypoglycemic 
events that were either clinically significant 
(level 2; <54 mg per deciliter [<3.0 mmol per liter], 
confirmed by blood glucose meter) or severe 
(level 3; severe cognitive impairment requiring 
external assistance for recovery), and the num-
ber of severe hypoglycemic events only. Whenever 
a hypoglycemic event was suspected, patient-
measured blood glucose levels were obtained to 
provide confirmation. In addition, all hypoglyce-
mic events confirmed during patient-measured 
blood glucose monitoring were recorded, even if 
the patient was asymptomatic. Reported major 
adverse cardiovascular events, hypersensitivity, 
and injection-site reactions were adjudicated by 
an independent, external committee, the mem-
bers of which were unaware of the treatment-
group assignments.

Trial Oversight

The trial was conducted in compliance with the 
principles of the Declaration of Helsinki and in 
accordance with Good Clinical Practice guide-
lines of the International Conference for Har-
monisation. The protocol, which is available at 
NEJM.org, was reviewed and approved by the 
appropriate institutional review boards and in-
dependent ethics committees. All patients provid-
ed written informed consent before trial entry.

A combination of academic authors and au-
thors who are employees of the sponsor partici-
pated in developing the trial concept and design 
and in collecting the data. All the authors were 
involved in the analysis and interpretation of data 
and participated in preparing the manuscript 
that was submitted, with the support of a medi-
cal writing agency (paid for by Novo Nordisk). 
The first, fifth, sixth, and seventh authors vouch 
for the accuracy and completeness of the data 
and for the fidelity of the trial to the protocol. 
All the authors read and approved the submitted 
version of the manuscript.

Statistical Analysis

All presented analyses, with the exception of the 
incidence of hypoglycemia, were prespecified. The 
sample size was determined such that the width 
of the two-sided 95% confidence interval for the 
between-group difference, under an assumption 
of normally distributed data for the change in 
glycated hemoglobin level from baseline to 26 
weeks, was 0.5 percentage points. The standard 
deviation for the glycated hemoglobin level was 
expected to be 1.0% for all treatment groups on 
the basis of previous observations with glargine. 
A total of 246 patients, with 123 in each treat-
ment group, would meet this requirement. The 
trial was not powered to detect significant dif-
ferences between the treatments in any of the 
end points, and no adjustment for multiplicity 
was applied.

All efficacy end points were summarized and 
analyzed with the trial-product estimand period 
(treatment exposure period without ancillary 
treatment) and the full analysis set, defined as 
all patients who underwent randomization (Ta-
ble S3). Safety end points were summarized with 
the use of the treatment exposure period and the 
safety analysis set, defined as all patients who 
received at least one dose of trial medication, 
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and were analyzed with the use of the full 
analysis set.

The change from baseline in glycated hemo-
globin level after 26 weeks was analyzed with a 
linear mixed model for repeated measures with 
an unstructured covariance matrix. The model 
included the use of a dipeptidyl peptidase 4 in-
hibitor (yes or no), geographic region, assigned 
treatment, and visit as fixed factors and baseline 
glycated hemoglobin level as covariate. Interac-
tions between visit and all factors and covariates 
were also included in the model. Missing data 
were imputed with a mixed model for repeated 
measures to reflect the primary estimand. The 
estimated mean treatment difference and the 
confidence interval are provided together with 
the corresponding two-sided P value. In the fol-
lowing, this mixed model for repeated measures 
will be referred to as the “standard” mixed 
model for repeated measures. The binary re-
sponse end points, defined as whether a patient 
had had a hypoglycemic event or met a specific 
glycated hemoglobin target (<7% or ≤6.5%) at 
26 weeks, were analyzed with a logistic-regression 
model with the same factors and covariates 
(with the exception of visit) after imputing miss-
ing glycated hemoglobin measurements with the 
use of a mixed model for repeated measures.

Changes from baseline in fasting plasma glu-
cose level, body weight, and the mean of the 
9-point patient-measured blood glucose profiles 
were analyzed with the standard mixed model 
for repeated measures, with relevant baseline 
values as the covariates. A linear mixed-effects 
model was fitted to the 9-point patient-measured 
blood glucose profile data at week 26. The model 
included treatment, geographic region, use of a 
dipeptidyl peptidase 4 inhibitor, time, interaction 
between treatment and time, interaction between 
geographic region and time, and interaction 
between use of dipeptidyl peptidase 4 inhibitor 
and time as fixed factors and patient as a ran-
dom effect. The time spent in the tight glycemic 
range and the logarithmically transformed mean 
weekly dose during the last 2 weeks of treatment 
were evaluated by analysis of covariance, includ-
ing use of a dipeptidyl peptidase 4 inhibitor (yes 
or no), geographic region, and treatment as 
fixed factors. Missing end-point values were not 
imputed.

Adverse events during the treatment exposure 
period were evaluated descriptively as the num-

ber of patients with at least one event, the per-
centage of patients with at least one event, the 
number of events, and the event rate (events per 
patient-year of exposure). Hypoglycemic events 
were summarized and analyzed for each category 
separately with a negative binomial regression 
model in which treatment, geographic region, 
and use of a dipeptidyl peptidase 4 inhibitor (yes 
or no) were used as fixed factors and the loga-
rithm of the time period in which the hypogly-
cemic events were considered was used as an 
offset.

R esult s

Patients

Of the 385 patients who underwent screening, 
247 were randomly assigned to one of the two 
treatment groups; 125 were assigned to receive 
icodec, and 122 were assigned to receive glargine. 
All 247 patients were included in the full analy-
sis set and the safety analysis set. Similar num-
bers of patients in each group completed the 
week 26 visit without having discontinued treat-
ment (121 [96.8%] in the icodec group and 115 
[94.3%] in the glargine group). In total, 4 pa-
tients in the icodec group and 7 in the glargine 
group discontinued treatment, and 1 and 2 pa-
tients, respectively, initiated ancillary treatment 
(Fig. S2). The demographic and baseline charac-
teristics were well balanced between the groups, 
with the exception of a slightly longer duration 
of diabetes in the icodec group (Table 1).

Efficacy End Points

The mean (±SD) glycated hemoglobin level in 
the icodec group decreased from 8.09±0.70% at 
baseline to an estimated mean of 6.69% at week 
26; in the glargine group, the level decreased 
from 7.96±0.65% to 6.87%. The estimated mean 
change in the glycated hemoglobin level from 
baseline at week 26 was −1.33 percentage points 
for icodec and −1.15 percentage points for 
glargine (Fig. 1A), for an estimated mean treat-
ment difference of −0.18 percentage points (95% 
confidence interval [CI], −0.38 to 0.02; P = 0.08). 
The estimated percentages of patients reaching 
a glycated hemoglobin level of less than 7% at 
week 26 were 72% in the icodec group and 68% 
in the glargine group (estimated odds ratio, 1.20; 
95% CI, 0.98 to 2.13), and the percentages of 
patients reaching a glycated hemoglobin level of 
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6.5% or less were 49% and 39%, respectively 
(estimated odds ratio, 1.47; 95% CI, 0.85 to 2.52) 
(Fig. 1B). The results of the analysis of the gly-
cated hemoglobin level with the use of the 
treatment-policy estimand, which reflects an 
intention-to-treat analysis, are shown in Table S4.

The mean patient-measured blood glucose 
level was lower in the icodec group than in the 
glargine group at all time points (Fig.  1C). A 
greater reduction in the mean 9-point patient-
measured blood glucose level from baseline to 
week 26, a lower insulin dose, and a greater time 
spent within the tight glycemic range (70 to 140 mg 
per deciliter) during the last 2 weeks of treat-
ment were also found in the icodec group (Ta-
ble 2 and Fig. 1D). The change from baseline to 
week 26 in the fasting plasma glucose level and 
in body weight were similar in the two groups 
(Table 2).

Safety End Points

Approximately 50% of patients in each treatment 
group had an adverse event (Table 3). Two seri-

ous adverse events were reported in 2 patients 
receiving icodec, and 12 serious adverse events, 
including 10 events occurring in 1 patient, were 
reported in 3 patients treated with glargine 
(Table S5). None of the serious adverse events 
were considered by the investigators to be pos-
sibly or probably related to the trial medications. 
Injection-site reactions were reported in 5 pa-
tients treated with icodec (28 events, including 
20 events of mild erythema reported in 1 patient) 
and in 3 patients treated with glargine (4 events); 
all reactions were mild and resolved quickly. 
None of the confirmed adjudicated hypersen
sitivity reactions (1 with icodec and 3 with 
glargine) were considered by the investigators to 
be related to the trial medications. No deaths 
occurred during the trial.

The observed incidence of level 1 hypoglyce-
mia alerts was 53.6% in the icodec group and 
37.7% in the glargine group, and the observed 
rates of this end point during the treatment ex-
posure period were 5.09 and 2.11 events per 
patient-year of exposure for icodec and glargine, 

Table 1. Demographic and Baseline Characteristics (Full Analysis Set).*

Characteristic
Icodec 

(N = 125)
Glargine 
(N = 122)

Total 
(N = 247)

Male sex — no. (%) 70 (56.0) 69 (56.6) 139 (56.3)

Age — yr 59.7±8.2 59.4±9.5 59.6±8.9

Diabetes duration — yr 10.5±8.4 8.8±6.1 9.7±7.4

Body weight — kg 89.7±16.5 91.3±15.7 90.5±16.1

Body-mass index† 31.1±4.9 31.4±4.4 31.3±4.6

Glycated hemoglobin level — % 8.09±0.70 7.96±0.65 8.02±0.68

Fasting plasma glucose level — mg/dl 182±42 180±42 181±42

Dipeptidyl peptidase 4 inhibitor use — no. (%) 59 (47.2) 56 (45.9) 115 (46.6)

Diabetes complications — no. (%)

Any complication 27 (21.6) 22 (18.0) 49 (19.8)

Microvascular complication 22 (17.6) 15 (12.3) 37 (15.0)

Diabetic neuropathy 15 (12.0) 8 (6.6) 23 (9.3)

Diabetic retinopathy 4 (3.2) 5 (4.1) 9 (3.6)

Diabetic nephropathy 3 (2.4) 4 (3.3) 7 (2.8)

Other 3 (2.4) 1 (0.8) 4 (1.6)

Atherosclerotic cardiovascular disease 8 (6.4) 5 (4.1) 13 (5.3)

Other 1 (0.8) 3 (2.5) 4 (1.6)

*	�Plus–minus values are means ±SD. Patients in the trial received either once-weekly insulin icodec or once-daily insulin 
glargine U100. The full analysis set included all patients who underwent randomization. To convert glucose values to 
millimoles per liter, multiply by 0.05551.

†	�The body-mass index is the weight in kilograms divided by the square of the height in meters.
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respectively (estimated rate ratio, 2.42; 95% CI, 
1.50 to 3.88). For both icodec and glargine, the 
observed incidence of combined level 2 or level 3 
hypoglycemia was low (16.0% and 9.8%, respec-

tively); the observed event rates were 0.53 and 
0.46 events per patient-year of exposure, respec-
tively, with an estimated rate ratio of 1.09 (95% 
CI, 0.45 to 2.65) (Table 3). The odds ratios for a 
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level 1 and a level 2 or 3 hypoglycemic event are 
shown in Table 3.

The numbers of level 1 and level 2 nocturnal 
hypoglycemic events were very low in both treat-
ment groups, with no level 3 events occurring 
(Table S6). One patient in the icodec group had 
a severe hypoglycemic event that was defined by 
the investigator as requiring external assistance; 
however, it was characterized by a blood glucose 
level of 58 mg per deciliter (3.2 mmol per liter), 
and the patient had a full recovery with only oral 
carbohydrate administration.

Discussion

In this 26-week, phase 2 clinical trial investigat-
ing a once-weekly basal insulin analogue, the use 
of icodec resulted in glycemic control similar to 
that of once-daily glargine without significantly 

affecting rates of clinically relevant hypoglyce-
mia (level 2 or 3) in patients with type 2 diabetes 
that had been inadequately controlled with met-
formin with or without a dipeptidyl peptidase 4 
inhibitor. During the trial, a similarly robust 
reduction in the glycated hemoglobin level was 
observed with both drugs, with more than two 
thirds of patients reaching a glycated hemoglo-
bin level of less than 7%; the reduction in the 
fasting plasma glucose level was also similar in 
the two groups, and greater improvements in 
the 9-point patient-measured blood glucose pro-
file were observed with once-weekly insulin 
icodec than with once-daily glargine, which is 
currently the most commonly used basal insulin 
analogue. Insulin icodec had a favorable side-
effect profile, and no unexpected safety findings 
occurred. In our trial, the blinded design with a 
double-dummy strategy provided robustness to 
the efficacy and safety findings.

The findings in the present trial suggest that 
once-weekly insulin has the potential to facili-
tate insulin management, providing clinical bene-
fits and reducing the number of injections per 
year from 365 to 52. In addition to the improve-
ment in the mean of the 9-point patient-measured 
blood glucose profile and the better post-break-
fast and post-lunch measurements in that profile 
with icodec than with glargine, patients treated 
with once-weekly icodec spent a greater amount 
of time in the tight glycemic range (70 to 140 mg 
per deciliter) than did those treated with once-
daily glargine. The estimated treatment differ-
ence was 5.4 percentage points, corresponding 
approximately to an extra 78 minutes spent in 
the target glycemic range per day in the icodec 
group. It is worth noting that the most recent 
consensus paper on time spent in the glycemic 
range of 70 to 180 mg per deciliter states that 
each 5% incremental increase in that measure is 
associated with clinically significant benefits.8-11

Once-weekly insulin icodec had a favorable 
side-effect profile, with rates of level 2 hypogly-
cemic events similar to those with glargine. The 
higher number of level 1 hypoglycemic events in 
the icodec group than in the glargine group may 
reflect the trial design and suggests that the 
fasting glucose target may need to be slightly 
higher and the insulin dose increments smaller 
to ensure an efficacious initiation and adjust-
ment of insulin icodec with even fewer hypogly-
cemic events. However, it is reassuring that the 

Figure 1 (facing page). Efficacy End Points.

Panel A shows the mean change from baseline in glycat-
ed hemoglobin levels over time among patients who 
received either once-weekly insulin icodec or once-daily 
insulin glargine U100. Error bars indicate the standard 
error. The data shown at week 26* are the estimated 
mean values and corresponding 95% confidence inter-
vals at week 26 derived on the basis of a mixed model 
for repeated measures with an unstructured covariance 
matrix. The model included use of a dipeptidyl pepti-
dase 4 inhibitor (yes or no), geographic region, treatment, 
and visit as fixed factors and the glycated hemoglobin 
baseline value as the covariate. Interactions between 
visit and all factors and covariates were also included  
in the model. Panel B shows estimated percentages of 
patients who had reached a glycated hemoglobin level 
of less than 7% or of 6.5% or lower after 26 weeks. The 
binary response end points after 26 weeks were analyzed 
with a logistic-regression model with the same factors 
and covariates (except for visit) after imputing missing 
glycated hemoglobin measurements with the use of a 
mixed model for repeated measures. Panel C shows the 
9-point patient-measured blood glucose profiles at base-
line and at week 26. Patient-measured blood glucose 
levels were assessed with a glucose meter as plasma 
equivalent values of capillary whole-blood glucose. The 
9-point profile values after 26 weeks were analyzed with 
a linear mixed-effects model. The model included treat-
ment, geographic region, use of a dipeptidyl peptidase 
4 inhibitor, time (within the 9-point profile), the inter
action between treatment and time, the interaction be-
tween geographic region and time, and the interaction 
between use of a dipeptidyl peptidase 4 inhibitor and 
time as fixed factors and patient as a random effect; 
measurements within patients were assumed to be cor-
related with a compound symmetry covariance matrix. 
Panel D shows the mean weekly insulin dose over time.
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incidence of clinically significant (level 2) and 
severe (level 3) hypoglycemia was similar with 
the two types of insulin, with only one case of 
questionable severe hypoglycemia reported in a 
patient receiving icodec, which was resolved 
with oral carbohydrate administration. More-
over, in previous treat-to-target insulin trials in 
which glargine was evaluated, the overall num-
bers of events of hypoglycemia per patient-year 
(using values similar to level 1 and level 2) with 
glargine were generally higher than what we 
observed in the current trial in either group, al-
though this comparison should be considered in 
the context of differences in methods, threshold, 
and oral antidiabetic treatment.12-14

The mean weekly insulin dose was higher in 
the glargine group than in the icodec group. 
Given the expected equipotency between the two 
drugs, this finding awaits further clinical trials 
to determine whether the difference is observed 
consistently. Despite the observed difference in 
dose, no difference in changes in body weight 
was noted between the two treatment groups.

Published data have indicated that treatment 
with an injectable once-weekly glucagon-like 

peptide 1 (GLP-1) receptor agonist was associat-
ed with significantly better treatment adherence 
and persistence than once-daily treatment,15 and 
greater treatment satisfaction without compro-
mising glycemic control was also observed in 
patients with type 2 diabetes who switched from 
once-daily to once-weekly therapy with a GLP-1 
receptor agonist.16 Extrapolating these data to 
our trial results could suggest that once-weekly 
insulin icodec has the potential to improve treat-
ment satisfaction, adherence, and persistence in 
patients who are going to receive basal insulin. 
The smaller number of injections associated 
with once-weekly icodec than with once-daily 
basal insulin may facilitate treatment initiation 
in patients with type 2 diabetes who have not 
previously taken insulin, by reducing clinical 
inertia and promoting better acceptance of insu-
lin therapy.

A strength of this study was the double-blind, 
double-dummy design. The high number of pa-
tients who completed therapy during the 26-week 
treatment period was another strength. How-
ever, the results should be interpreted in the 
context of several limitations. This phase 2 trial 

Table 2. Key Secondary End Points.

End Point
Icodec 

(N = 125)
Glargine 
(N = 122)

Difference or 
Ratio (95% CI)

No. of 
Patients

Change from 
Baseline

No. of 
Patients

Change from 
Baseline

End points assessed as estimated mean change from 
baseline to week 26*

Fasting plasma glucose level — mg/dl 121 −57.74 116 −53.86 −3.9 (−11.9 to 4.2)†

Mean 9-point patient-measured blood glucose level  
— mg/dl

112 −48.63 111 −40.77 −7.86 (−14.10 to −1.62)†

Body weight — kg 122 1.49 119 1.56 −0.08 (−1.08 to 0.93)†

End points assessed as estimated mean during the last 
2 weeks of treatment‡

Time with glucose level in range of 70–140 mg/dl — % 85 66.11 83 60.71 5.39 (0.69 to 10.09)†

Insulin dose — U/wk 120 229.06§ 117 284.05¶ 0.81 (0.69 to 0.94)‖

*	�Fasting plasma glucose level, mean 9-point patient-measured blood glucose level, and body weight were analyzed with a linear mixed model 
for repeated measures with an unstructured covariance matrix. The model included use of dipeptidyl peptidase 4 inhibitor (yes or no), geo-
graphic region, treatment, and visit as fixed factors and the relevant baseline value as covariate. Interactions between visit and all factors and 
covariates were also included in the model.

†	�Value is the estimated difference between the groups (icodec minus glargine).
‡	�Time in range and weekly insulin dose were analyzed in an analysis of covariance with dipeptidyl peptidase 4 inhibitor use (yes or no), geo-

graphic region, and treatment as fixed factors and with no imputation of missing data. The weekly insulin dose was log-transformed before 
analysis.

§	� Value represents approximately 33 U per day.
¶	�Value represents approximately 41 U per day.
‖	�Value is the estimated ratio (icodec:glargine).
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was not powered to detect significant differ-
ences between treatments for any end point, but 
these data suggest that such a trial design may 
be worth exploring in the future. In addition, 
the double-blind, double-dummy design and the 
requirement to use a treat-to-target approach in 
regulatory trials necessitated an identical dose-
adjustment frequency for both treatments, which 
meant that insulin adjustment was not tailored 
for each treatment. Patients treated with sulfo-
nylureas were excluded from the trial, and fur-
ther investigation will be needed in a larger and 

more diverse patient population to evaluate the 
hypoglycemic profile of icodec.

In this trial, the once-weekly basal insulin 
analogue, insulin icodec, provided glucose-
lowering effects and a safety profile similar to 
those of once-daily glargine.

Supported by Novo Nordisk.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
A data sharing statement provided by the authors is available 

with the full text of this article at NEJM.org.
We thank Dr. Nicolas Bertheleme of Oxford PharmaGenesis 

for editorial support (funded by Novo Nordisk) with an earlier 
version of the manuscript.

References
1.	 Davies MJ, D’Alessio DA, Fradkin J,  
et al. Management of hyperglycaemia in 
type 2 diabetes, 2018: a consensus report 
by the American Diabetes Association 
(ADA) and the European Association for 
the Study of Diabetes (EASD). Diabetolo-
gia 2018;​61:​2461-98.
2.	 American Diabetes Association. 8. Phar
macologic approaches to glycemic treat-
ment: Standards of Medical Care in Dia-
betes — 2018. Diabetes Care 2018;​41:​
Suppl 1:​S73-S85.
3.	 Khunti K, Gomes MB, Pocock S, et al. 
Therapeutic inertia in the treatment of 
hyperglycaemia in patients with type 2 
diabetes: a systematic review. Diabetes 
Obes Metab 2018;​20:​427-37.
4.	 Pantalone KM, Misra-Hebert AD, 
Hobbs TM, et al. Clinical inertia in type 2 
diabetes management: evidence from a 
large, real-world data set. Diabetes Care 
2018;​41(7):​e113-e114.
5.	 Polonsky WH, Fisher L, Hessler D, 
Bruhn D, Best JH. Patient perspectives 
on once-weekly medications for diabe-
tes. Diabetes Obes Metab 2011;​13:​144-
9.
6.	 Peyrot M, Barnett AH, Meneghini LF, 
Schumm-Draeger P-M. Insulin adher-
ence behaviours and barriers in the mul-
tinational Global Attitudes of Patients 

and Physicians in Insulin Therapy study. 
Diabet Med 2012;​29:​682-9.
7.	 Hövelmann U, Brønsted L, Kristensen 
NR, et al. Insulin icodec, an insulin ana-
log suited for once-weekly dosing in type 2 
diabetes. Diabetes 2020;​69:​Suppl 1:​237. 
abstract.
8.	 Battelino T, Danne T, Bergenstal RM, 
et al. Clinical targets for continuous glu-
cose monitoring data interpretation: recom-
mendations from the international con-
sensus on time in range. Diabetes Care 
2019;​42:​1593-603.
9.	 Beck RW, Bergenstal RM, Riddles
worth TD, et al. Validation of time in range 
as an outcome measure for diabetes clini-
cal trials. Diabetes Care 2019;​42:​400-5.
10.	 Lu J, Ma X, Zhou J, et al. Association 
of time in range, as assessed by continu-
ous glucose monitoring, with diabetic 
retinopathy in type 2 diabetes. Diabetes 
Care 2018;​41:​2370-6.
11.	 Lu J, Ma X, Shen Y, et al. Time in range 
is associated with carotid intima-media 
thickness in type 2 diabetes. Diabetes 
Technol Ther 2020;​22:​72-8.
12.	 Swinnen SG, Dain M-P, Aronson R,  
et al. A 24-week, randomized, treat-to-
target trial comparing initiation of insu-
lin glargine once-daily with insulin de-
temir twice-daily in patients with type 2 

diabetes inadequately controlled on oral 
glucose-lowering drugs. Diabetes Care 
2010;​33:​1176-8.
13.	 Ratner RE, Gough SCL, Mathieu C,  
et al. Hypoglycaemia risk with insulin de-
gludec compared with insulin glargine in 
type 2 and type 1 diabetes: a pre-planned 
meta-analysis of phase 3 trials. Diabetes 
Obes Metab 2013;​15:​175-84.
14.	 Rosenstock J, Davies M, Home PD, 
Larsen J, Koenen C, Schernthaner G. A ran-
domised, 52-week, treat-to-target trial com-
paring insulin detemir with insulin glargine 
when administered as add-on to glucose-
lowering drugs in insulin-naive people with 
type 2 diabetes. Diabetologia 2008;​51:​408-
16.
15.	 Mody R, Huang Q, Yu M, et al. Adher-
ence, persistence, glycaemic control and 
costs among patients with type 2 diabetes 
initiating dulaglutide compared with liraglu-
tide or exenatide once weekly at 12-month 
follow-up in a real-world setting in the United 
States. Diabetes Obes Metab 2019;​21:​920-9.
16.	 Takase T, Nakamura A, Yamamoto C, 
et al. Improvement in treatment satisfac-
tion after switching from liraglutide to 
dulaglutide in patients with type 2 diabe-
tes: a randomized controlled trial. J Dia-
betes Investig 2019;​10:​699-705.
Copyright © 2020 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org by PARASKEVI MENTZELOPOULOS on October 21, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 


