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

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.
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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/1.73m?). 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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p-interaction >0.05.

function.
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1 | INTRODUCTION

In type 2 diabetes (T2D), impaired glucose homeostasis affects multi-
ple major organs, including the kidneys.! 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.>™* Taken together,
this results in a substantially increased risk of hypoglycaemia in people
with impaired kidney function who are using insulin.>® 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.”

Insulin icodec (icodec) is a basal insulin analogue suitable for
once-weekly administration.2? 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 290 mL/
min/1.73m?]: n = 12; mild kidney function impairment [eGFR 60 to
<90 mL/min/1.73m?]: n = 12; moderate kidney function impairment
[eGFR 30 to <60 mL/min/1.73m?]: n = 12; severe kidney function
impairment [eGFR <30 mL/min/1.73m?]: n = 12; and end-stage kid-
ney disease [individuals requiring haemodialysis treatment]: n = 10).1°
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.2°"*2 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.'® 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).*Y7 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

statistically significant treatment interactions by kidney function subgroup for the

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

Conclusions: Efficacy and hypoglycaemia outcomes of icodec versus once-daily com-
parators were generally consistent among adults with T2D, regardless of kidney

basal insulin, glycaemic control, hypoglycaemia, insulin analogues, type 2 diabetes

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

according to kidney function subgroup.

2 | MATERIALS AND METHODS

21 | Trial design and participants

The ONWARDS 1-5 trial designs have been published; key points are
summarized in this section.®**"1” 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 218 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/1.73m?) 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-

t.17 Across the trials, treatment

teria for kidney function impairmen
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).®2 For ONWARDS 4, eligible
participants were already on a pretrial basal-bolus regimen.®

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.®*¢ 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).2 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.’

During ONWARDS 1, 2 and 4, participants wore a continuous
glucose monitoring (CGM) device (Dexcom Gé) 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.®

22 | Outcomes

The following treatment outcomes were analysed by trial across kid-
ney function subgroups: change in HbAlc 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 HbAlc <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 (€GFR 290 mL/min/1.73 m?); mild kidney
function impairment (€GFR 60-<90 mL/min/1.73 m?); moderate kid-
ney function impairment (eGFR 30-<60 mL/min/1.73 m?); and severe
kidney function impairment (€GFR <30 mL/min/1.73 m?). 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 &13-17

Across all statistical analyses, the following standard fixed factors were
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 HbAlc <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 analyses were 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 HbAlc
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 HbAlc 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).



ROSSING ET AL.

sJeah {(Qs) uesw

(WAL VAY (T'8) LCC (€8)681T  (06)L6T (£01) 891 (CHARA4" (T6)9sT (94 LGT (Tooer (LTSt ‘de. o uoneing
31(as)
(T'ST) L8 (r'v1) 068 (£02) 598 (9'£1)9°€8 (S'6T) C'96 (T'T2) 596 (8'8T) 918 (1'02) ¥'96 (r'L1) 628  (€61)6L8 ueaw ‘ysiam Apog
sJesA
(C6) 159 (6°2) L Y9 (L9TL9  (98)CTL (L1) €69 (€8) LL9 (6'9) L'99 (6°£) 199 (82299  (66)T99 ‘(@s) ueaw ‘a8y
(S'%S) T (6'8Y) €T (6'09) 82 (9°04) ¥T (€19) 1V (8'SS) 6T (¢91)91 (€'82)81 (rvs) 1€ (T'1L) 2e (%) u ‘ojew xag
144 Ly 14 € 19 49 12 €z ol Sv u

qlzWEL T/UlW/TW 09>-0€ Y4D3) Judsuniiedw uoiouny Asupiy| a1eapoln
LWELT/UIW/ W
(68) 1L (€8) TvL (68)8%L  (98)€9L (L8 eLL (9°8) 9'5£ (€8)£9,L  (98)€8L (re)ecoL (L8 L LL ‘(@s) ueaw Y499
(8£°0) 618 (£8°0) 618 (c80) 708 (6910)0T'8 (8C°T) 98 (o'T)0L8 (660128 (WT'T)8Y8 (660)9€8  (£6'0)LE8 % ‘(AS) uesw OTyqH
sJeah {(@gs) uesw
('8) L'8T (c6)T0C (€8)941  (1'8)89T (cooet (62)9€T Ty9zr  (TLsTT (cover  (oneet ‘Azl o uoneing
3 (as)
(€'£T) L 28 (T'£1) 528 (T91)6'6L (2'8T) 808 (£'8T) 06 (8T2) 96 (1) TL8  (€8T) 968 (r81)Te8  (L'LT)L€8 ueaw qy3am Apog
sJesh
(6'8) LT9 (€'8) 629 w8 vv9  (28)9€9 (£'8) L 29 (c6) 6€9 (88) 679  (08)TH9 (S8)TT9  (£8)8T9 ‘(@s) uesw ‘a3y
(0'5S) 99 (6£5) 0L (9'%S) 65 (2916 (0'29) 901 (¢°65) €01 (9°€9) 95 (0'89) 99 (To9)gzTt  (0'19)9¢T (%) u ‘sjew xos
0zt 121 80T GET TLT 174" 88 L6 €12 €T u

(LWELT/UIW/TW 06>-09 ¥4DB) Juswtedw) uoiduNny ASUpB| PlIA
LWEL T /Uiy W

26 | \WILEY.

(9'8) 5001 (T'6) 9°T0T (99)066  (98)866 (¢6) TC0T (€°6) 8'C0T (58)£10T  (S°6) T'¥0T (c6)TToT  (¥'8)9'T0T ‘(@s) uesw Y499
(£L6'0) 158 (¥8°0) LV'8 (2008 (160)€€8 (€9'T) 806 (ELT) V16 (6600098 (TTT)198 (c01)858 (TOT)L98 % (AS) uesw OTyqH
sieah (Qs) uesw
(19 zet (82) 0¥ (cL)9st (872)0'ST (99)s01 (6'S) 50T (£s) g0t (£9) 86 (§6)s0T  (99) 0T ‘Qzl Jo uoneing
3 (as)
(0'8T) 628 (6'81) T°£8 (c91)1'18  (¥'8T)0'88 (cee) €66 (cee)zes (€81)Z18 (C'02)0C8 (691)6€8  (SLT)198 ueaw qysam Apog
sJesA
(€'6) 655 (€0T) 9'vS (1) 685  (9°6) VLS (€6) 5SS (6°6) 8'7S (T6)9ss  (68)T€S (86)8YS  (L6)6¥S ‘(@s) ueaw a8y
(¢'L¥) 09 (9'6v) 19 (9'8v) €5 (0°09) LY ('eS) ¥91 (€95) LT (S09)21T  (8'£S) 00T (89%) ¥OT  (£'99) LT1 (%) u ‘olew xag
LTT €zt 60T 76 £0€ 11€ 681 €LT (444 vee u
(;WELT/UIW/TW 06 2 Y4D3) UoRIUNY ASUPD| [BWLION
(162 = u) pedse (téz =u) (e9z=u) (€92 =U) (ZpS = u) .Son3oleue (¢S = u) dde (r6c=u) (e62=U) (c6v=u)00TN (c6 =U)
+ 00Tn duisie  pedse 4 29pod| 29pn|8aq 29p03| uinsul o Y}IM 29p03| J9pn|8aq 29p0o3| auidie|n 29p0o3|
(snjoq-jeseq) (Ya3ms |eseq) (9A1eU-UINSUI) (aA1eu-urnsur) (9AreU-ulnsul)
¥ SQYVMNO C SQYVMNO S SQYVMNO € SQYVMNO T SQYVMNO

“uoiduny Asuppy Aq syuedpipied G-T SQYVMNO 3U3 104 soisHapdeleyd suljeseg T 379V L



WILEY_| 2%

ROSSING ET AL

‘sisAjeue siy1 Jo asodind ay3 104 dnoi3qgns Juswiiiedw uoIdUNY ASUpPIY 91eJ9POW 3Y] Ul PIPN|DUl SEM PUB JUSWIEa.] SAI9I3. 0] pPaziuopuel

Ajsnoauouia sem jusauiedul uo3ouny Asupij 49A9s YIm juedidiied suQ (T = u) Juswdiedul uoouny ASUp 319A3S pue (9G = u) Jusawliedwi uoduNy ASUpf delspowl sapnpdul syl ‘T SAYVMNO 404,
"uoilaJdsIp s4o1ediIsaAul syl 1e 0OgN auidie|d 1o 00T N auldie|3 oapn|3sp Ajlep-aduo paAladal wie Jojesedwod syl ul syuedidided ‘G SQYVMNO Ul

'sa1aqelp g 9dA ‘QzL ‘uollelAsp piepuels ‘gs ‘Ajlep-9ouo ‘gQ 23podl uljnsul 99poal ‘ulqojSowsey pajedA|d OTyqH

‘00T N 2ui84e|3 ulnsul ‘00T N duIS4el3 93ed uoljeJy|ly Jejniawo|3 pajewiss ‘Y499 Dapn|dap ulnsul ‘9apn|3ap ‘uoljeioqe||o) ASojolwapid] aseasiq Asupiy dluoayd ‘|d3-adD ‘Medse ulnsul ‘uedse :suoljeinalqqy
5z uolenba auiuizeald |d3-gMD dy3 Suisn paje|ndjed Y499 U paseq oM SaLI03a3ed

uolduNny Asupiy ‘S SAYVAMNO Ul papnjaul Ajuo pue -1 SQYVYMNO WO} papn|oxa aiam juswiiedw] uoilouny Asupiy a49A3S YlIM s[enplAIpu| “3Uluaa.ds 18 PaInseall JoU SeM Y499 ‘S|enplAIpUl OM] 10 310N

ZUELT/UW/ W

- - - - (£9) LvT (Le)vie = - - - (as) ueaw ‘4499
- - - - (ST0)€T8 (59'0)86°L = = - - 9%4as) uesw OTvqH
sJeah {(@s) uesw

- - - - (T'9) ¥eT S0 LTt - - - - ‘z.L 40 uoneing
3 @as)

- - - - (S'82) ¥'€0T (9°£T) L8 = = - - ueaw ysiem Apog
SJeah

- - - - (S'6) L'99 (S'6)8TL = > - - (as) ueaw ‘e8y
- - - - (£99) ¢ (oov) T ® ® = = (%) U ‘Sjew xas
0 0 0 0 € S 0 0 0 0 u

(ZWeL T/ulw/ W Og > Y493) Jusuuiedw UoHIUNY ASUPD B49A3S

LUEL T/UIW/TW

(8°L) vév (8°9) 905 (L1)98p (T'6) 6Ly (1) 008 (62)18Y (€ 8Ly (89) 08t (9°£) 108 (1) z0s ‘(@s) vesw 4499

(88°0) 818 (¢80) 908 (£9°'0)008  (¥90)86L (cc1) €98 (95°7) €88 (91T 1)298 (80T)Cv'8 (L0T)CT8 (S60)¥E8 % ‘(AS) uesw OTvqH
(T62 = U) Hedse (t6T =U) (€9z=u) (€92 =U) (cvS = u).san3ojeue (2ps = u) dde (v6z=u) (e6c=u) (z6v=Uu)00TN  (Z6¥7 =U)
+ 00TN 2uiSie|n  uedse 4 23pod| J9pn|SaQq J9p0d)| ulnsul o UHM 29p02| J9pniSaq 29p0I| auisie|n 29p0I|
(snjoq-jeseq) (Ya3ms |eseq) (9A1eU-UINSUI) (aA1eu-urnsur) (9AreU-ulnsul)
¥ SAWVMNO ¢ SQYVMNO S SAQYVMNO € SAIVMNO T SAYVYMNO

(penupuod) T 3714VL



2264 | Wl LEY ROSSING ET AL.

Treatment arm (n) Estimated treatment p value
difference (95% CI) for interaction?
ONWARDS 1 (insulin-naive) Icodec Glargine U100
Normal kidney function -0.13
(eGFR >90) 224 222 (-0.28, 0.03)
Mild kidney function impairment -0.09
(eGFR 60-<90) 223 213 (-0.25, 0.06) 0.9593
Moderate or severe kidney 45 576 -0.11
function impairment (eGFR <60) (-0.46, 0.24)
ONWARDS 3 (insulin-naive) Icodec Degludec
Normal kidney function -0.28
(eGFR >90) 173 185 (-0.44, -0.11)
Mild kidney function impairment -0.09
(eGFR 60-<90) 97 88 (-0.31, 0.13) 0.4317
Moderate kidney function 23 21 -0.20
impairment (eGFR 30-<60) (-0.69, 0.30)
ONWARDS 5 (insulin-naive) Icodec OD insulin
with app analogues*©
Normal kidney function -0.38
(eGFR >90) 311 307 (-0.69, -0.08)
Mild kidney function 174 171 -0.43
impairment (eGFR 60-<90) (-0.81, -0.05) 0.8955
Moderate kidney function 52 61 -0.18 ’
impairment (eGFR 30-<60) (-0.80, 0.44)
Severe kidney function 5 3 -0.59
impairment (eGFR <30 ) (-2.96, 1.79)
ONWARDS 2 (basal switch) Icodec Degludec
Normal kidney function -0.32
(eGFR >90) o4 109 (~0.56, -0.09)
Mild kidney function -0.02
impairment (eGFR 60-<90) 135 108 (-0.22, 0.19) 0.0138
Moderate kidney function 34 46 -0.58
impairment (eGFR 30-<60) (-0.94, -0.22)
ONWARDS 4 (basal-bolus) Icodec+ Glargine U100+
aspart aspart
Normal kidney function -0.11
(eGFR >90) 123 127 - (-0.31, 0.09)
Mild kidney function impairment 0.21
(eGFR 60-<90) 121 120 e (0.01, 0.41) 0.0493
Moderate kidney function -0.13
impairment (eGFR 30-<60) 47 44 = (-0.47, 0.20)
3 2 -1 0 1 2

Favours icodec Favours OD comparator

FIGURE 1 Estimated treatment differences in change in HbAlc (%-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/1.73m?. 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.?> 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. *Two-
sided p-interaction value for the test of no treatment by kidney function subgroup interactions. PIncludes 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. °ln 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; Cl, 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.

3.3 | Body weight and insulin dose weight from baseline to EOT that was comparable for icodec versus
OD comparators (Supplementary Figure 2).
In all five trials, across normal, mild and moderate kidney function sub- No consistent substantial differences were observed between

groups there was a small numerical difference in change in body kidney function subgroups in the mean weekly basal insulin doses for
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® Normal kidney function (eGFR =90) ® Moderate kidney function impairment (eGFR 30-<60)
Mild kidney function impairment (eGFR 60-<90) ® Severe kidney function impairment (eGFR <30)

w00 p=0.6421° p=0.86782 p=0.70122 p=0.5272: p=0.85172
c 501 %
So 2
= .
5< 40 2 % 2
2 M / .
£ 5 30 _ o 9. % ,
: . % P :
E2 1] %% 7% 7 77
0l
Icodec Glargine Icodec Degludec Icodec oD Icodec Degludec Icodec+  Glargine
u100° with app insulin aspart U100+
analogues® aspart
ONWARDS 1 ONWARDS 3 ONWARDS 5 ONWARDS 2 ONWARDS 4
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FIGURE 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/1.73m?. 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.?® 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. 2p-interaction value for treatment by subgroup interaction. °In 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. “ln 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.

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

(Table 3);
episodes were observed with icodec and 18 were observed with OD

reported was low eight severe hypoglycaemic
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 HbAlc <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 m?), one par-
ticipant from ONWARDS 4 (basal-bolus regimen; aged 67 years;
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baseline HbA1lc: 8.8%; baseline eGFR: 80 mL/min/1.73 m?) and one
participant from ONWARDS 5 (insulin-naive; aged 62 years; baseline
HbAlc: 8.1%; baseline eGFR: 80 mL/min/1.73 m?). The participant
from ONWARDS 1 withdrew consent after 16 weeks of treatment,
with a change in HbAlc 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 HbAlc 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 HbAlc 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
HbA1lc: 8.7%; baseline eGFR: 102 mL/min/1.73 m?) 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 m?, 98 mL/min/1.73 m? and 32 mL/
min/1.73 m?, respectively). The participant from ONWARDS 1 had a
change in HbAlc 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 HbAlc 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 HbAlc 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 HbAlc across a variety of kidney function
levels.*?>'81 Here, a statistically significant treatment by subgroup
interaction was found in ONWARDS 2 and 4 (insulin-experienced par-
ticipants) for change in HbAlc 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,**¢

indicating no clear pattern between
ETD in change in HbAlc and worsening kidney function in any of the
trials. Additionally, in the present analysis, the proportion of partici-
pants achieving HbAlc <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.2° 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%,?* 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.}?8 |n
the primary ONWARDS 1-5 trials, no consistent substantial differ-
ences were observed in the mean weekly dose of icodec versus OD

comparators.’®>~” 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.?2

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),%° 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.” Moreover, each albumin molecule has at least four high-
affinity binding sites.? 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.” 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-
als?¥). 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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