
OR I G I N A L A R T I C L E

Efficacy and hypoglycaemia outcomes with once-weekly
insulin icodec versus once-daily basal insulin in individuals
with type 2 diabetes by kidney function: A post hoc
participant-level analysis of the ONWARDS 1–5 trials

Peter Rossing MD1 | Malik Benamar MD2 | Alice Y. Y. Cheng MD3 |

Bharath Kumar MSc4 | Christian Laugesen MD5 | Harpreet S. Bajaj MD6

1Steno Diabetes Center Copenhagen, Herlev, Denmark and Department of Clinical Medicine University of Copenhagen, Copenhagen, Denmark

2Global Medical Affairs, Novo Nordisk A/S, Søborg, Denmark

3Trillium Health Partners and Unity Health, University of Toronto, Toronto, Ontario, Canada

4Biostatistics, Novo Nordisk India Private Limited, Bangalore, India

5Medical & Science, Novo Nordisk A/S, Søborg, Denmark

6Endocrine and Metabolic Research, LMC Diabetes and Endocrinology, Brampton, Ontario, Canada

Correspondence

Peter Rossing, Copenhagen University

Hospital - Steno Diabetes Center Copenhagen,

Clinical and Translational Research,

Complications Research, Borgmester Ib Juuls

Vej 83, 2730 Herlev, Denmark.

Email: peter.rossing@regionh.dk

Funding information

Novo Nordisk

Abstract

Aim: This post hoc analysis of ONWARDS 1–5 assessed the efficacy and hypoglycae-

mia outcomes with once-weekly insulin icodec (icodec) versus once-daily basal insulin

comparators (degludec, glargine U100 or glargine U300) in insulin-naive (ONWARDS

1, 3 and 5) and insulin-experienced (ONWARDS 2 and 4) adults (aged ≥18 years) with

type 2 diabetes (T2D) by kidney function subgroup.

Materials and Methods: Treatment outcomes were analysed by trial according to kid-

ney function subgroup (estimated glomerular filtration rate [eGFR] ≥90; eGFR 60–

<90; eGFR 30–<60; eGFR <30; all mL/min/1.73m2). Severe kidney function impair-

ment (eGFR <30) at screening was an exclusion criterion for ONWARDS 1–4, but not

ONWARDS 5.

Results: ONWARDS 1–5 included 3765 participants; 3763 were included in this

analysis. In ONWARDS 1, 3 and 5, there were no statistically significant treatment

interactions by kidney function subgroup for change in glycated haemoglobin

(HbA1c) from baseline to end of treatment (EOT); there were statistically significant

subgroup interactions in ONWARDS 2 and 4 (both p-interaction <0.05). Change in

body weight (baseline to EOT) across kidney function subgroups was comparable

between treatment arms. Across trials, there was no consistent trend by kidney func-

tion subgroup for mean weekly insulin dose during the last 2 weeks of treatment or

rates of combined clinically significant or severe hypoglycaemia. There were no
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statistically significant treatment interactions by kidney function subgroup for the

achievement of HbA1c <7% without clinically significant or severe hypoglycaemia; all

p-interaction >0.05.

Conclusions: Efficacy and hypoglycaemia outcomes of icodec versus once-daily com-

parators were generally consistent among adults with T2D, regardless of kidney

function.
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1 | INTRODUCTION

In type 2 diabetes (T2D), impaired glucose homeostasis affects multi-

ple major organs, including the kidneys.1 This can lead to diminished

kidney function, which is associated with reduced insulin clearance,

prolonged insulin activity and reduced insulin requirements as esti-

mated glomerular filtration rate (eGFR) declines.2–4 Taken together,

this results in a substantially increased risk of hypoglycaemia in people

with impaired kidney function who are using insulin.5,6 Therefore,

assessment of the efficacy and safety of novel insulin products in peo-

ple with T2D across a spectrum of kidney function levels is

warranted.7

Insulin icodec (icodec) is a basal insulin analogue suitable for

once-weekly administration.8,9 Previously, the impact of kidney func-

tion impairment on the pharmacokinetic profile of icodec was investi-

gated in 58 individuals without diabetes with varying levels of kidney

function impairment (normal kidney function [eGFR ≥90 mL/

min/1.73m2]: n = 12; mild kidney function impairment [eGFR 60 to

<90 mL/min/1.73m2]: n = 12; moderate kidney function impairment

[eGFR 30 to <60 mL/min/1.73m2]: n = 12; severe kidney function

impairment [eGFR <30 mL/min/1.73m2]: n = 12; and end-stage kid-

ney disease [individuals requiring haemodialysis treatment]: n = 10).10

Similar to what has been observed for other basal insulins, icodec

exposure (i.e., the serum concentration of icodec) trended numerically

slightly higher in individuals with any level of kidney function impair-

ment compared with those who had normal kidney function.10–12 The

study concluded that, because icodec is already dosed according to

each individual's needs, no specific adjustment of icodec should be

made in individuals with kidney function impairment.10 However, clin-

ical data on the efficacy and safety of icodec by kidney function

impairment have not been published.

The ONWARDS phase 3a clinical trial programme included five

trials (ONWARDS 1–5) which investigated the efficacy and safety of

icodec against once-daily (OD) comparators in individuals across the

spectrum of T2D, and in a variety of clinical scenarios (ClinicalTrials.gov:

NCT04460885; NCT04770532; NCT04795531; NCT04880850;

NCT04760626).13–17 In these trials, icodec demonstrated non-inferior

and/or superior reductions in glycated haemoglobin (HbA1c) versus

OD comparators, with comparable rates of hypoglycaemia. This post

hoc analysis of ONWARDS 1–5 assessed the efficacy and hypogly-

caemia outcomes with once-weekly icodec versus OD basal

comparators in insulin-naive and insulin-experienced adults with T2D

according to kidney function subgroup.

2 | MATERIALS AND METHODS

2.1 | Trial design and participants

The ONWARDS 1–5 trial designs have been published; key points are

summarized in this section.8,13–17 ONWARDS 1–5 investigated the

efficacy and safety of icodec in insulin-naive (ONWARDS 1, 3 and 5)

or insulin-experienced (ONWARDS 2 and 4) adults (aged ≥18 years)

with T2D. All five trials were randomized, multicentre, phase 3a trials

with a treatment period of 26 weeks (ONWARDS 2–4) or 52 weeks

(ONWARDS 1 and 5). ONWARDS 1 had a 26-week extension phase,

data from which are included in this analysis. As such, the planned

time to end of treatment (EOT) differed between trials (ONWARDS

1, week 78; ONWARDS 2–4, week 26; ONWARDS 5, week 52).

Key eligibility criteria for ONWARDS 1–5 included an HbA1c at

screening between 7.0% (53 mmol/mol) and 10.0% (86 mmol/mol;

ONWARDS 2 and 4), or 11.0% (97 mmol/mol; ONWARDS 1 and 3) or

no upper limit (ONWARDS 5). Severe kidney function impairment

(eGFR <30 mL/min/1.73m2) at screening was an exclusion criterion in

ONWARDS 1–4; ONWARDS 5 incorporated real-world elements to

better reflect clinical practice, and had no inclusion or exclusion cri-

teria for kidney function impairment.17 Across the trials, treatment

with background non-insulin glucose-lowering medication was permit-

ted; however, the use of sulphonylureas and glinides was either dis-

continued at randomization (ONWARDS 1, 2 and 4) or the dose was

reduced by 50% (ONWARDS 3 and 5).8 For ONWARDS 4, eligible

participants were already on a pretrial basal-bolus regimen.8

In ONWARDS 1–4, eligible participants were randomized (1:1) to

icodec or an OD insulin comparator (degludec: ONWARDS 2 and 3;

glargine U100: ONWARDS 1 and 4). In ONWARDS 4, participants in

both arms also received 2–4 daily injections of insulin aspart.8,16 Par-

ticipants in ONWARDS 5 were randomized (1:1) to icodec with a dos-

ing guide app or an OD comparator (degludec, glargine U100 or

glargine U300 at the investigators' discretion).8 In insulin-naive partici-

pants (ONWARDS 1, 3 and 5), the starting dose of icodec was 70 U/

week. For those individuals switching to icodec in ONWARDS 2 and

4, the weekly icodec dose was calculated as the participant's pretrial
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basal insulin dose multiplied by seven. A 50% one-time additional

dose was administered with the first injection,8 and the calculated

once-weekly dose was administered from the second injection.

In ONWARDS 1–4, icodec and OD insulin comparator doses

were titrated weekly based on pre-breakfast self-measured blood glu-

cose values (target: 80–130 mg/dL [4.4–7.2 mmol/L]).8 In ONWARDS

5, icodec titration was guided by the dosing guide app, while OD com-

parator doses were titrated at the investigators' discretion, as per

standard clinical practice.17

During ONWARDS 1, 2 and 4, participants wore a continuous

glucose monitoring (CGM) device (Dexcom G6) at prespecified

4-week intervals (weeks 0–4 [ONWARDS 1, 2 and 4], weeks 22–26

[ONWARDS 1, 2 and 4], weeks 48–52 [ONWARDS 1] and weeks 74–

78 [ONWARDS 1]); CGM data were not collected in ONWARDS

3 and 5. CGM data were blinded to the participant and the investiga-

tor, and not used for the reporting of hypoglycaemic episodes or to

aid insulin dose titration.8

2.2 | Outcomes

The following treatment outcomes were analysed by trial across kid-

ney function subgroups: change in HbA1c from baseline to planned

EOT; CGM metrics during the last 4 weeks of treatment (ONWARDS

1, 2 and 4), including the proportion of time in range (TIR; 70–

180 mg/dL [3.9–10.0 mmol/L]), the proportion of time above range

(TAR; >180 mg/dL [>10.0 mmol/L]) and the proportion of time below

range (TBR; <70 mg/dL [<3.9 mmol/L] and <54 mg/dL [<3.0 mmol/

L]); change in body weight from baseline to planned EOT; mean

weekly insulin dose during the last 2 weeks of treatment; the number

of episodes of clinically significant hypoglycaemia (level 2; blood glu-

cose level: <54 mg/dL [<3.0 mmol/L], confirmed by blood glucose

meter) or severe hypoglycaemia (level 3; hypoglycaemia associated

with severe cognitive impairment requiring external assistance for

recovery) from baseline to week 83 (ONWARDS 1), to week

31 (ONWARDS 2–4) or to week 57 (ONWARDS 5); and the achieve-

ment of HbA1c <7.0% at EOT without clinically significant or severe

hypoglycaemia in the previous 12 weeks.

Kidney function subgroups were based on eGFR at screening:

normal kidney function (eGFR ≥90 mL/min/1.73 m2); mild kidney

function impairment (eGFR 60–<90 mL/min/1.73 m2); moderate kid-

ney function impairment (eGFR 30–<60 mL/min/1.73 m2); and severe

kidney function impairment (eGFR <30 mL/min/1.73 m2). eGFR was

calculated based on a participant's creatinine value using the Chronic

Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.

Baseline characteristics and rates of hypoglycaemia in participants

who had hypoalbuminaemia (baseline serum albumin: <35 g/L) were

summarized descriptively.

2.3 | Statistical analyses

The statistical methods used in ONWARDS 1–5 have been published

previously.8,13–17

Across all statistical analyses, the following standard fixed factorswere

used: treatment, region, personal continuous glucose-monitoring device

use (yes or no) (ONWARDS 2 and 4 only), use of sulfonylureas or glinides

(yes or no) (ONWARDS 3 only), kidney function impairment subgroup and

treatment by subgroup interaction. Changes in HbA1c and body weight

from baseline to planned EOT were analysed using an analysis of covari-

ance (ANCOVA) model, with standard fixed factors and the baseline

response as a covariate. CGM end-points (TIR and TAR) were analysed

using an analysis of variance (ANOVA) model with standard fixed factors.

The composite assessment (achievement of HbA1c <7.0% without clini-

cally significant or severe hypoglycaemia) was analysed using a logistic

regression model with log-link function, standard fixed factors and the

baseline HbA1c value as a covariate. Missing values were imputed using

multiple imputation. Sensitivity analyseswere not performed.

3 | RESULTS

3.1 | Trial participants

Of the 3765 participants in ONWARDS 1–5, 3763 had eGFR mea-

surements at screening and were included in this analysis. Overall,

1875 participants (49.8%) had normal kidney function, 1450 (38.5%)

had mild kidney function impairment, 429 (11.4%) had moderate kid-

ney function impairment and eight (0.2%) had severe kidney function

impairment (Table 1). At baseline, HbA1c values were broadly similar

for each kidney function subgroup across trials. Generally, participants

in the mild and moderate kidney function impairment subgroups had a

numerically higher mean duration of T2D at baseline than those in the

normal kidney function subgroup.

3.2 | Glycaemic outcomes

Estimated treatment differences (ETD) in change in HbA1c from base-

line to EOT by kidney function subgroup are summarized in Figure 1.

In ONWARDS 1, 3 and 5, there were no statistically significant treat-

ment interactions by kidney function subgroup for change in HbA1c

from baseline to planned EOT; however, in ONWARDS 2 and 4, there

were statistically significant subgroup interactions (p-interaction

<0.05 for both trials). In ONWARDS 2 and 4, participants with normal

kidney function or with moderate kidney function impairment had

either a numerically or statistically significantly larger reduction in

HbA1c with icodec versus the OD comparator, whereas those with

mild kidney function impairment had either a comparable or statisti-

cally significantly larger reduction in HbA1c with the OD comparator

versus icodec. Hence, no clinically relevant pattern was observed.

In ONWARDS 1, 2 and 4, the observed proportions of TIR and

TAR from week 74 to week 78 (ONWARDS 1) and from week 22 to

week 26 (ONWARDS 2 and 4) showed no consistent trends by kidney

function subgroup across trials (Supplementary Figure 1). There was

no statistically significant treatment by subgroup interactions for pro-

portion of TIR or TAR by kidney function subgroup (p-interaction

>0.05 for all three trials) (Table 2).
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3.3 | Body weight and insulin dose

In all five trials, across normal, mild and moderate kidney function sub-

groups there was a small numerical difference in change in body

weight from baseline to EOT that was comparable for icodec versus

OD comparators (Supplementary Figure 2).

No consistent substantial differences were observed between

kidney function subgroups in the mean weekly basal insulin doses for

F IGURE 1 Estimated treatment differences in change in HbA1c (%-points) from baseline to planned end of treatment by kidney
function. Planned EOT: ONWARDS 1, week 78; ONWARDS 2–4, week 26; ONWARDS 5, week 52. For two individuals, eGFR was not
measured at screening; all eGFR values are presented in mL/min/1.73m2. Individuals with severe kidney function impairment were
excluded from ONWARDS 1–4 and were only included in ONWARDS 5. Kidney function categories were based on eGFR, calculated using
the CKD-EPI creatinine equation.25 Change in HbA1c from baseline to planned EOT was analysed using an ANCOVA model, with
treatment, region, kidney function impairment subgroup and treatment by subgroup interactions, and, if applicable, additional relevant
factors as fixed factors, and the baseline response as a covariate. Bold values denote statistical significance at the p < 0.05 level. aTwo-
sided p-interaction value for the test of no treatment by kidney function subgroup interactions. bIncludes moderate kidney function
impairment (n = 56) and severe kidney function impairment (n = 1). In ONWARDS 1, one participant with severe kidney impairment was
erroneously randomized to receive treatment and was included in the moderate kidney function impairment subgroup for the purpose of
this analysis. cIn ONWARDS 5, participants in the OD comparator arm received degludec, glargine U100 or glargine U300 at the
investigators' discretion. ANCOVA, analysis of covariance; aspart, insulin aspart; CI, confidence interval; CKD-EPI, Chronic Kidney Disease
Epidemiology Collaboration; degludec, insulin degludec; eGFR, estimated glomerular filtration rate; EOT, end of treatment; glargine U100,
insulin glargine U100; glargine U300, insulin glargine U300; HbA1c, glycated haemoglobin; icodec, insulin icodec; LCL, lower 95%
confidence limit; OD, once-daily.
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icodec versus OD comparators during the last 2 weeks of treatment

in ONWARDS 1, 2 and 3 (Supplementary Table S1).

3.4 | Hypoglycaemia outcomes

Across trials, there was no consistent trend by kidney function sub-

group for overall rates of combined clinically significant or severe

hypoglycaemia (Table 3). In ONWARDS 1, 2, 3 and 5, rates of com-

bined clinically significant or severe hypoglycaemia were low (<1 epi-

sode per patient-year of exposure [PYE]) across kidney function

subgroups with icodec and OD comparators. Furthermore, in

ONWARDS 4 (basal-bolus trial), rates of combined clinically significant

or severe hypoglycaemia were comparable across kidney function

subgroups, and between treatment arms (icodec: 5.46–5.85 episodes

per PYE; glargine U100: 5.10–7.67 episodes per PYE). In the

ONWARDS 5 severe kidney function impairment subgroup, one of

the five participants receiving icodec with app reported a clinically sig-

nificant hypoglycaemic episode (no severe hypoglycaemic episodes

were reported in any of the five participants); none of the three par-

ticipants in the OD comparator arm reported a clinically significant or

severe hypoglycaemic episode.

Across all kidney function subgroups and in both treatment arms

in ONWARDS 1–5, the number of severe hypoglycaemic episodes

reported was low (Table 3); eight severe hypoglycaemic

episodes were observed with icodec and 18 were observed with OD

comparators. No consistent trend was observed across kidney func-

tion subgroups in ONWARDS 1–5.

3.5 | Composite assessment

In general, across all trials and kidney function subgroups, there was a

pattern towards a higher estimated proportion of participants achiev-

ing HbA1c <7% at EOT without clinically significant or severe hypo-

glycaemic episodes in the prior 12 weeks with icodec versus OD

comparators (Figure 2). There were no statistically significant treat-

ment interactions by kidney function subgroup for the composite

assessment (all p-interactions >0.05).

3.6 | Hypoalbuminaemia

Of the 1881 participants across ONWARDS 1–5 who received icodec,

three (0.2%) reported hypoalbuminaemia (serum albumin: <35 g/L):

one participant from ONWARDS 1 (insulin-naive; aged 58 years;

baseline HbA1c: 9.6%; baseline eGFR: 116 mL/min/1.73 m2), one par-

ticipant from ONWARDS 4 (basal-bolus regimen; aged 67 years;

F IGURE 2 Estimated proportion of participants who achieved HbA1c <7.0% at end of treatment (EOT) without clinically significant or severe
hypoglycaemia in the previous 12 weeks by kidney function. Planned EOT: ONWARDS 1, week 78; ONWARDS 2–4, week 26; ONWARDS
5, week 52. For two individuals, eGFR was not measured at screening; all eGFR values are presented in mL/min/1.73m2. In the severe kidney
function impairment subgroup of ONWARDS 5, one of five participants receiving icodec with app and one of three participants receiving an OD
comparator achieved HbA1c <7.0% at EOT without clinically significant or severe hypoglycaemia in the prior 12 weeks. Individuals with severe
kidney function impairment were excluded from ONWARDS 1–4 and only included in ONWARDS 5. Kidney function categories were based on
eGFR, calculated using the CKD-EPI creatinine equation.25 Clinically significant hypoglycaemia: blood glucose level of <54 mg/dL (<3.0 mmol/L),
confirmed by blood glucose meter. Severe hypoglycaemia: hypoglycaemia associated with severe cognitive impairment requiring external
assistance for recovery. The achievement of HbA1c <7.0% without clinically significant or severe hypoglycaemia was analysed using a logistic
regression model with log-link function with treatment, region, subgroup and treatment by subgroup interaction as fixed factors, and the baseline
HbA1c value used as a covariate. ap-interaction value for treatment by subgroup interaction. bIn ONWARDS 1, a single participant with severe
kidney function impairment was erroneously randomized to receive treatment and was included in the moderate kidney function impairment
subgroup for the purpose of this analysis. cIn ONWARDS 5, participants in the OD comparator arm received degludec, glargine U100 or glargine

U300 at the investigators' discretion. Aspart, insulin aspart; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; degludec, insulin
degludec; eGFR, estimated glomerular filtration rate; EOT, end of treatment; glargine U100, insulin glargine U100; glargine U300, insulin glargine
U300; HbA1c, glycated haemoglobin; icodec, insulin icodec; OD, once-daily.
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baseline HbA1c: 8.8%; baseline eGFR: 80 mL/min/1.73 m2) and one

participant from ONWARDS 5 (insulin-naive; aged 62 years; baseline

HbA1c: 8.1%; baseline eGFR: 80 mL/min/1.73 m2). The participant

from ONWARDS 1 withdrew consent after 16 weeks of treatment,

with a change in HbA1c of �1.1%-points from baseline and no

reported episodes of hypoglycaemia; at week 16, their weekly icodec

dose was 3.5 U/kg (approximately 0.5 U/kg/day). The participant

from ONWARDS 4 had a change in HbA1c of �1.2%-points from

baseline to planned EOT and reported two episodes of clinically sig-

nificant hypoglycaemia from baseline to week 31. During the last

2 weeks of treatment, the mean weekly icodec dose for this partici-

pant was 5.3 U/kg (approximately 0.8 U/kg/day). The participant from

ONWARDS 5 had a change in HbA1c of �2.1%-points from baseline

to planned EOT with no reported episodes of hypoglycaemia; their

mean weekly icodec dose during the last 2 weeks of treatment was

1.2 U/kg (approximately 0.2 U/kg/day).

Of the 1882 participants across ONWARDS 1–5 who received

OD comparators, four (0.2%) reported hypoalbuminaemia: one partici-

pant from ONWARDS 1 (insulin-naive; aged 56 years; baseline

HbA1c: 8.7%; baseline eGFR: 102 mL/min/1.73 m2) and three partici-

pants from ONWARDS 5 (all insulin-naive; aged 50, 52 and 56 years

with baseline HbA1c levels of 10.2%, 9.2% and 10.6%, and baseline

eGFR values of 90 mL/min/1.73 m2, 98 mL/min/1.73 m2 and 32 mL/

min/1.73 m2, respectively). The participant from ONWARDS 1 had a

change in HbA1c of �2.8%-points from baseline, with no reported

episodes of hypoglycaemia, and their mean weekly glargine U100

dose during the last 2 weeks of treatment was 4.2 U/kg (approxi-

mately 0.6 U/kg/day). Of the three participants from ONWARDS

5, the first had a change in HbA1c of �3.7%-points from baseline to

planned EOT and reported one episode of clinically significant hypo-

glycaemia; during the last 2 weeks of treatment, their mean weekly

insulin dose was 4.9 U/kg (approximately 0.7 U/kg/day). The second

participant discontinued the trial and was lost to follow-up before

receiving their first dose of treatment. The third participant withdrew

from the trial after 26 weeks of treatment with a change in HbA1c of

�1.7%-points and no reported episodes of hypoglycaemia; during the

last 2 weeks of treatment, their mean weekly insulin dose was 1.1 U/

kg (approximately 0.2 U/kg/day).

No participant with hypoalbuminaemia who was randomized to

either treatment arm had severe hypoglycaemia.

4 | DISCUSSION

This post hoc analysis of data from the ONWARDS 1–5 trials demon-

strated that the efficacy and hypoglycaemia outcomes of icodec ver-

sus OD insulin comparators were broadly consistent among insulin-

naive and insulin-experienced adults with T2D who had a kidney

function level ranging from normal function to severe impairment.

However, very few participants with severe kidney function impair-

ment were included. Notably, impaired kidney function did not impact

the efficacy of icodec in terms of improvement in HbA1c in

ONWARDS 1, 3 and 5 (insulin-naive population). Similar findings have

been reported for other basal insulin analogues, including degludec,

glargine U100 and glargine U300, which have also been found to be

effective in reducing HbA1c across a variety of kidney function

levels.12,18,19 Here, a statistically significant treatment by subgroup

interaction was found in ONWARDS 2 and 4 (insulin-experienced par-

ticipants) for change in HbA1c from baseline. Whilst participants with

mild kidney function impairment had either a comparable (ONWARDS 2)

or lower (ONWARDS 4) reduction in HbA1c with icodec versus the

OD comparator, findings in the normal kidney function and moderate

kidney function impairment subgroups were in line with those from

the respective global trials,14,16 indicating no clear pattern between

ETD in change in HbA1c and worsening kidney function in any of the

trials. Additionally, in the present analysis, the proportion of partici-

pants achieving HbA1c <7.0% at EOT without clinically significant or

severe hypoglycaemia in the icodec arm was higher than, or similar to,

the OD comparator arm in ONWARDS 2 and 4, respectively, across

all kidney function subgroups. Achievement of glycaemic control with-

out increased risk of clinically significant or severe hypoglycaemia, as

seen across the ONWARDS trials, including ONWARDS 2 and 4, is

inherently beneficial for individuals with T2D receiving icodec, as it

could potentially enhance treatment adherence. Previously, an analy-

sis of patient-reported outcomes from ONWARDS 2 and 5 demon-

strated improved treatment satisfaction and a strong preference for

once-weekly versus once-daily basal insulin treatment, mainly owing

to less frequent injections and ease of use, which could enhance treat-

ment compliance and lead to improved glycaemic control.20 Across tri-

als, no consistent trend by kidney function subgroup for overall rates

of combined clinically significant or severe hypoglycaemia was

observed in the present analysis.

Rates of combined clinically significant or severe hypoglycaemia

were low (<1 event per PYE) and broadly similar across normal, mild

and moderate kidney function impairment subgroups in both icodec

and OD comparator arms of the ONWARDS 1–3 and 5 trials in which

participants received a basal-only insulin regimen. These results sug-

gest that icodec can be used with no increased risk of clinically signifi-

cant or severe hypoglycaemic episodes across individuals with normal,

mild and moderate kidney function.

Across the ONWARDS 1, 2 and 4 trials, the observed TIR for ico-

dec was generally similar to or higher than that of OD comparators,

while the observed TAR for icodec was similar to or lower than that

of OD comparators. This pattern was generally consistent across all

kidney function impairment subgroups, suggesting that kidney func-

tion impairment did not impact CGM parameters in participants

receiving icodec versus OD comparators. Furthermore, in the icodec

arm of ONWARDS 1, mean TIR was greater than the internationally

recommended target of 70%,21 regardless of mild or moderate kidney

function impairment.

Findings from previous studies of OD basal insulins suggest that

lower insulin doses are required in individuals with more advanced

kidney function impairment owing to reduced insulin clearance.12,18 In

the primary ONWARDS 1–5 trials, no consistent substantial differ-

ences were observed in the mean weekly dose of icodec versus OD

comparators.13–17 In the present analysis, no consistent substantial
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differences were observed in the mean weekly dose of icodec com-

pared with OD comparators across kidney function subgroups in

ONWARDS 1, 2 and 3. This finding suggests that no specific dose

adjustments are required for the administration of icodec in individ-

uals with T2D who have kidney function impairment. Although, across

ONWARDS 1–5 and in both treatment arms, there was a general

trend towards lower mean weekly basal insulin doses with a lower

eGFR. However, the ONWARDS 1–5 trials were optimized for

between-arm rather than between-subgroup comparisons, and partic-

ipants were not stratified by baseline eGFR upon randomization;

therefore, between-subgroup differences and other confounding fac-

tors could impact comparisons made between subgroups within treat-

ment arms, and the results should be considered in this context. It

should be noted that for all insulin products, including icodec, dosing

should be titrated to suit the needs of each individual.22

Although conclusions cannot be drawn based on the minimal

data available from only three participants with hypoalbuminaemia

who were randomized to icodec in ONWARDS 1–5, the hypoglycae-

mia data from these participants appear to be reassuring. Mechanis-

tically, hypoalbuminaemia is unlikely to affect the hypoglycaemia

profile of icodec. At steady state in individuals with a normal serum

albumin level (35 to 50 g/L),23 the maximum serum concentration of

icodec is substantially lower than that of albumin; the ratio of albu-

min to icodec is approximately 2000:1, and so icodec molecules

occupy less than 0.05% of all albumin molecules available in the

serum.9 Moreover, each albumin molecule has at least four high-

affinity binding sites.9 Therefore, an excess of binding sites exists in

the circulating albumin pool even at relatively higher concentrations

of icodec, and displacement of icodec from albumin due to reduced

levels of albumin (e.g., from hypoalbuminaemia or albuminuria) will

likely be minimal, with no clinically relevant effect on icodec activ-

ity.9 However, further investigations in a larger population of individ-

uals with this condition would be beneficial.

This analysis has several strengths, particularly the use of a data-

set based on a large number of participants (n = 3765) from five dif-

ferent, randomized, multicentre, multinational trial populations

covering the spectrum of T2D, including both insulin-naive and

insulin-experienced individuals treated with basal-only or basal-bolus

regimens. Therefore, the results are likely applicable to a range of

populations with T2D. However, it should be noted that there are

inherent limitations to this post hoc analysis which may limit the

strength of any causal inferences made, namely that these assess-

ments were not prespecified, and participants were not stratified by

kidney function impairment subgroup at randomization. Indeed, most

participants in ONWARDS 1–5 had normal kidney function (49.8%),

and less than 1% of participants in ONWARDS 5 had severe kidney

function impairment (severe kidney function impairment was an

exclusion criterion for ONWARDS 1–4, as is common for phase 3 tri-

als24). Therefore, the generalizability of the findings for individuals

with T2D and severe kidney function impairment is limited. Validation

of the present findings in further prospective studies could be benefi-

cial. Furthermore, as the proportion of participants in each kidney

function impairment subgroup varied between trials, the impact of dif-

ferences in population, trial design and duration between ONWARDS

1–5 would likely be exaggerated in a meta-analysis, limiting its reliabil-

ity and reducing the possibility of scientifically valid data interpreta-

tion. Thus, meta-analysis of the data by kidney function impairment

subgroup was not performed. Similarly, supportive statistical analyses

for hypoglycaemia outcomes could not be performed owing to the

small number of hypoglycaemic episodes in each kidney function

impairment subgroup. Longer follow-up studies could provide addi-

tional insights into the prolonged use of icodec in individuals with

reduced kidney function.

In conclusion, the efficacy and hypoglycaemia outcomes with

once-weekly icodec versus OD comparators were generally consistent

among insulin-naive and insulin-experienced adults with T2D, regard-

less of kidney function. These findings suggest that no adjustments to

the initiation dose or titration of icodec would be necessary based on

kidney function.
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