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Criteri di valutazione
• Insulin Steady State

• Dynamic equilibrium in insulin concentration within therapeutic limits between
doses (us. to 3 to 5 half-lives)

• Controlled Accumulation
• Depending on the half-life(t/2), the dose, the frequency

• Peak-to-Trough (P/T) ratio
• Difference between the peak and the nadir concentrations

• (rate of absorption, half-life, dosing interval) 

• High P/T ratio desirable for a given dose of rapid acting
• Low P/T ratio desirable for basals

• Loading Dose/One Time Starting Dose
• Initial one time dose used to shorten the time to reach the steady state



Physiological Basis for Insulin Replacement

• Structures and Structural Properties
• Duration of action; day to day or within day absorption variability, hypo risk

• Signaling and Biology

• Whole Body Distribution
• Hydrodynamic size; distribution in hepatic and parenchymal tissues

• Clearance
• 30-80% kydney; binding to HSAalbumin

• Distribution Challenges 

• Pharmacokinetic Variability



Caratteristiche dell’Insulina Basale Ideale

• Profilo farmacocinetico parafisiologico

• Farmacocinetica e farmacodinamica che minimizzano la variabilità 
intergiornaliera

• Gradiente fegato/periferia con basso rischio di iperinsulinizzazione epatica e 
basso rischio di ipoglicemia

• Bassa frequenza di iniezioni

• Semplicità di dose

• Risposta al cambiamento glicemico



























Insulin icodec
Designed to achieve a long half-life by changes to the human insulin molecule

Three amino acid substitutions
• Molecular stability
• Reduced enzymatic degradation
• Reduced receptor-mediated clearance

C20 icosane fatty diacid
• Strong, reversible binding to albumin
• Reduced receptor-mediated clearance
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Molecular  Engineering of Insul in Icodec, the First Acylated Insulin Analog for  Once-Weekly Administration in Humans Thomas B Kjeldsen. . 2021 Jul 8;64(13):8942-8950. doi: 10.1021/acs.jmedchem.1c00257. Epub 2021 May 4; Molecular  and pharmacological characterization of insulin icodec: a 
new basal insulin analog designed for once-weekly  dosing Er ica Nishimura 1. BMJ 2021 Aug;9(1):e002301. 



Preclinical studies show increased albumin binding with icodec gives longer half-life

.
1. Nishimura E et al. 2020 ADA Scientific Sessions 236–OR.
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Glargine U100

Icodec
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Pharmacodynamic modelling showed an increase in 
glucose-lowering effect over time
Based on phase 1 clinical data

Simulated glucose-lowering effects at comparable insulin dose levels of icodec and glargine U100 (equivalent to 0.4 U/kg/day for both). U, unit(s).
1. Nishimura E. Expanding horizons of treat ing diabetes: Looking into newer possibilities. Lecture presented at 14th National Insulin Summit 2020; December 12, 2020. ht tps://vimeo.com/489887511. Accessed 11 Jun 2021.

Icodec achieves similar glucose-lowering effect at steady state 
(after 3–4 weekly doses) with considerably fewer injections 

compared to once-daily insulin



The first injection
Icodec mode of action

• The formulation (700 U/mL) ensures
the injection volume is similar to
once-daily insulin

• After injection, hexamers slowly dissociate into 
monomers and bind to albumin

• Although a week’s worth of insulin 
is administered, almost all icodec is 
albumin-bound to form an inactive depot 

• Slowly, a small fraction of icodec reaches 
the insulin receptors at target tissues 
to stimulate glucose lowering

U, unit(s).
1. Nishimura E et al. 2020 ADA Scientific Sessions 236–OR.
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At steady state
Icodec mode of action

• After 3–4 injections, steady state* is achieved, giving 
the full effect of the icodec dose

• The icodec albumin-bound depot is sufficiently large 
enough to provide slow and continuous release of 
active icodec to achieve effective glucose lowering 
throughout the week

• At steady state, any variations in dosing time and 
amount lead to minimal changes in immediate 
glucose-lowering effects 
due to the slow release of icodec

*When the number of molecules dosed = number of 
molecules cleared. For illustrative purposes the albumin to 
icodec ratio have been considerably exaggerated (eg, 

in reality, at steady state, ~2000:1 albumin:icodec molecules).
1. Nishimura E et al. 2020 ADA Scientific Sessions 236–OR.
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Novo Nordisk®Overview ONWARDS programme

HbA1c, glycated haemoglobin; IAsp, insulin aspart; IDeg, insulin degludec; glargine  U100, insul in glargine U100; n, number of subjects; OD, once daily; PRO, patient reported outcomes; RCT, randomised controlled trial; T1D, type 1 diabetes; T2D, type 2 diabetes; TIR, t ime in range

Once-weekly  basal insulin icodec: Looking O NWARDS from pharmacology to clinical tr ials Awadhesh Kumar Singh  2022 Sep;16(9):102615.doi: 10.1016/j.dsx.2022.102615, Rationale and design of the phase 3a development programme (ONWARDS 1-6 trials) invest igating once-
weekly  insulin icodec in diabetes Athena Philis-Tsimikas. . 2023 Feb;25(2):331-341. doi: 10.1111/dom.14871
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Insulin naïve T2D, N=970, 78 weeks

Primary endpoint: HbA1c non-inferiority
Secondary endpoints: TIR, HbA1c superiority

Insulin naïve T2D, N=580, 26 weeks

Primary endpoint: HbA1c non-inferiority

RCT with real world elements
Insulin naïve T2D, N=1096, 52 weeks

Primary endpoint: HbA1c non-inferiority

Icodec + non-insulin anti-diabetic drugs

IDeg+ non-insulin anti-diabetic drugs

Icodec + non-insulin anti-diabetic drugs

Glargine U100 + non-insulin anti-diabetic drugs

Icodec with DoseGuide

Ideg or Gla U100 or Gla U300

Basal switch T2D, N=520, 26 weeks

Primary endpoint: HbA1c non-inferiority

Basal-bolus T2D, N=580, 26 weeks

Primary endpoint: HbA1c non-inferiority

Basal-bolus T1D, N=580, 52 weeks

Primary endpoint: HbA1c non-inferiority

Icodec + IAsp ± non-insulin anti-diabetic drugs

Glargine U100 + IAsp ± non-insulin anti-diabetic drugs

Icodec + non-insulin anti-diabetic drugs

IDeg + non-insulin anti-diabetic drugs 

Icodec + IAsp

IDeg + IAsp
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Rosenstock J et al. N Engl J Med 2023; DOI: 10.1056/NEJMoa2303208

Weekly icodec versus daily glargine U100 in
type 2 diabetes without previous insulin

Julio Rosenstock, Stephen C Bain, Amoolya Gowda, Esteban Jódar, Bo 
Liang, Ildiko Lingvay, Tomoyuki Nishida, Roberto Trevisan and Ofri 

Mosenzon for the 
ONWARDS 1 study investigators

Published online in The New England Journal of Medicine on 24 June 2023

Trial number: NCT04460885

ONWARDS 1



Rosenstock J et al. N Engl J Med 2023; DOI: 10.1056/NEJMoa2303208

Trial design 

Methods

• A 78-week, randomized, open-label, treat-to-target, phase 3a trial

• Participants were randomized 1:1 to receive once-weekly icodec or once-daily glargine U100

Adapted from manuscript Figure S1
ONWARDS 1 was conducted at 143 sites in 12 countries (Croatia, India, Israel, Italy, Japan, Mexico, Poland, Russia, Slovakia, Spain, the UK and the USA). Pretrial non-insulin glucose-lowering treatments were 
continued after randomization, except for sulfonylureas and glinides, which were discontinued. Continuous glucose monitoring profiles 
were collected intermittently at the following time points: randomization to week 4; week 22 to week 26; week 48 to week 52; week 74 to week 78; and in the follow-up period 
(week 78 to week 83)
Glargine U100, insulin glargine U100; HbA1c, glycated hemoglobin; icodec, insulin icodec; T2D, type 2 diabetes

Home

Supplementary Figure S1. Trial design984 randomized participants

• Insulin-naive adults (≥ 18 years old) 

with T2D 

• HbA1c of 7.0–11.0% 

(53.0–96.7 mmol/mol)

• Body mass index of ≤ 40 kg/m2

at screening



Rosenstock J et al. N Engl J Med 2023; DOI: 10.1056/NEJMoa2303208

Treatment titration

Methods

(n=263)

(n=263)

Pre-breakfast SMBGa
Icodec

dosage adjustment (U/week)

Glargine U100

dosage adjustment (U/day)

0 

–20 

0 

+3 +20 

Home

Insulin doses were titrated weekly to achieve a pre-breakfast SMBG target of 80–130 mg/dL (4.4–7.2 mmol/L)a

Lowest SMBG value 
< 80 mg/dL
(< 4.4 mmol/L)

Down-titration 

Mean of SMBG values in the 
range 80–130 mg/dL
(4.4–7.2 mmol/L)

–3 

Mean of SMBG values > 130 
mg/dL 
(> 7.2 mmol/L)

Up-titration

Target

Starting dosages: 70 U/week for icodec and 10 U/day for glargine U100



Rosenstock J et al. N Engl J Med 2023; DOI: 10.1056/NEJMoa2303208

Results

• Estimated mean change in 
HbA1c from baseline to week 
52 was  −1.55%-points with 
icodec and −1.35%-points 
with glargine U100 (ETD [95% 
CI]: −0.19 [−0.36, −0.03] 
%-points) 

• Noninferiority (P < 0.001) and 
superiority (P = 0.02) of 
icodec to glargine U100 were 
confirmed

Change in HbA1c from baseline

Home



Rosenstock J et al. N Engl J Med 2023; DOI: 10.1056/NEJMoa2303208

Results

• During weeks 48–52, and during weeks 74–78, participants 
receiving icodec spent a significantly greater proportion of 
time in range than those receiving  glargine U100 (ETD [95% 
CI]: 4.27 [1.92, 6.62] %-points), confirming superiority of 
icodec (P < 0.001)

• This translates to approximately 1 hour and 1 minute 
of additional time spent in range per day with icodec
compared with glargine U100

• On average, icodec, but not glargine U100, achieved the 
international recommended target for time in range of 
> 70% in both trial phases1,a 

CGM: Percentage of time spent with glucose levels in range (70–180 mg/dL [3.9–10.0 mmol/L])

Home

Figure 1B. Continuous glucose monitoring 



Rosenstock J et al. N Engl J Med 2023; DOI: 10.1056/NEJMoa2303208

Results

• At both week 52 and week 78, a greater proportion of 
participants receiving icodec than of those receiving 
glargine U100 achieved:

• HbA1c < 7.0%

• HbA1c < 7.0% without clinically significant or severe 
hypoglycemia

Proportion of participants achieving HbA1c targets

Home



Rosenstock J et al. N Engl J Med 2023; DOI: 10.1056/NEJMoa2303208

Overall hypoglycemic episodes

Results

• Hypoglycemia rates in both treatment arms were below one hypoglycemic event per PYE from baseline to week 52 
and from baseline to week 83

• From baseline to week 83, 226 clinically significanta hypoglycemic events occurred in 61 participants (12.4%) 
receiving icodec compared with 114 events in 66 participants (13.4%) receiving glargine U100

• Over the trial duration, three participants (0.6%) receiving icodec experienced 105 of the 226 clinically significanta

hypoglycemic events 

• One episode of severeb hypoglycemia occurred with icodec, and seven episodes occurred with glargine U100

aClinically significant (level 2) hypoglycemia: blood glucose < 54 mg/dL (< 3.0 mmol/L), confirmed by blood glucose meter. bSevere (level 3) hypoglycemia: hypoglycemia associated with severe cognitive impairment 
requiring external assistance for recovery
Glargine U100, insulin glargine U100; icodec, insulin icodec; PYE, patient-year of exposure (1 PYE = 365.25 days)

Home



Rosenstock J et al. N Engl J Med 2023; DOI: 10.1056/NEJMoa2303208

Once-weekly insulin icodec vs once-daily insulin degludec in 
adults with insulin-naive type 2 diabetes: the ONWARDS 3 

randomized clinical trial

Ildiko Lingvay, Marisse Asong, Cyrus Desouza, Pierre Gourdy, 
Soumitra Kar, André Vianna, Tina Vilsbøll, Siri Vinther, Yiming Mu

Published online in JAMA on 24 June 2023

ONWARDS 3

A randomized, double-masked, double-dummy, active-
controlled, treat-to-target, phase 3a trial



Lingvay I et al. JAMA 2023; DOI: 10.1001/jama.2023.11313 (NCT04795531)

Achievement of HbA1C targets 

Results: - 1.6% with Icodec vs – 1.4% with Degludec

Home

• Based on achievement of noninferiority (p < 0.001), superiority was tested and confirmed (p = 0.002)

Once-weekly icodec (n = 294) Once-daily degludec (n = 294)



Rosenstock J et al. N Engl J Med 2023; DOI: 10.1056/NEJMoa2303208

Once-weekly insulin icodec with dosing guide app versus 
oncedaily basal insulin analogues in insulin-naive type 2 

diabetes (ONWARDS 5)

Harpreet S. Bajaj, MD, MPH; Jens Aberle, MD; Melanie Davies, 
MBChB, MD; Anders Meller Donatsky, MD, PhD;

Marie Frederiksen, MSc; Dilek G. Yavuz, MD; Amoolya Gowda, MD; 
Ildiko Lingvay, MD, MPH, MSCS; and Bruce Bode, MD

Published on Annals of Internal Medicine doi:10.7326/M23-1288

ONWARDS 5

1085 individuals, RCT of 1 yr duration



Change in HbA1c and safety summary
Icodec in insulin-naïve T2D, in an RCT with real-world elements

Baseline HbA1c: 8.9%

No statistically significant difference in estimated rate of 
clinically significant or severe hypoglycaemia

The trial demonstrated non-inferiority and superiority in HbA1c change from baseline to week 52
with insulin icodec with dosing guide app compared to once-daily basal insulin analogues

Rate of severe or clinically significant hypoglycaemia†

(events per patient-year exposed to treatment)

Icodec with dosing guide app 0.19

Once-daily basal insulin analogues* 0.14
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ETD [95% CI]:
-0.38% [-0.66 to -0.09];
p<0.0001*; p=0.009**

Icodec with dosing guide app Once-daily basal insulin analogues



DTSQ treatment satisfaction score change from baseline to 
week 52
Icodec in insulin-naïve T2D, in an RCT with real-world elements

Statistically significantly higher change from baseline to week 52 in total treatment satisfaction score 
with once-weekly icodec with dosing guide app versus once-daily analogues
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ETD [95% CI]
0.78 [0.10 to 1.47];

p=0.025*

The treatment satisfaction score is calculated 
from six questions covering: 

• Convenience 

• Flexibility 

• Satisfaction 

• Willingness to recommend treatment

Icodec with dosing guide app OD analogues



Lingvay I et al. JAMA 2023; DOI: 10.1001/jama.2023.11313 (NCT04795531)

Switching to once-weekly insulin icodec versus once-daily insulin glargine U100 
indivudals with basal-bolus insulin-treated type 2 diabetes (ONWARDS 4): a phase 

3a, randomised, open-label, treat-to-target, non-inferiority trial

Chantal Mathieu, Björg Ásbjörnsdóttir, Harpreet S Bajaj, 
Wendy Lane, Ana Laura S A Matos, Sreenivasa Murthy, 

Karolina Stachlewska, Julio Rosenstock

Published online in The Lancet on 5 May 2023

Trial number: NCT04880850

ONWARDS 4



Lingvay I et al. JAMA 2023; DOI: 10.1001/jama.2023.11313 (NCT04795531)

Results 

• Estimated mean change in HbA1c from 
baseline to week 26 was −1.16%-points 
for icodec and −1.18%-points for 
glargine U100, with an ETD of 0.02%-
points (95% CI −0.11–0.15) 

• Non-inferiority of icodec versus glargine 
U100 was confirmed
(p < 0.0001)

Home

Change in HbA1c from baseline to week 26 (primary endpoint)

Figure 2A. Mean glycated haemoglobin over time

Icodec (n = 291) Glargine U100 (n = 291)



Lingvay I et al. JAMA 2023; DOI: 10.1001/jama.2023.11313 (NCT04795531)

Making sense of the available studies

• Once weekly insulin Icodec is effective. 

• It can reduce HbA1c to a similar, if not to a greater extent, compared with daily 
analogues.

• It is safe. 

• There were no signs of specific reactions to the drugs in terms of injection site reactions, 
systemic reactions, tumorigenesis, excessive weight gain or production of antibodies 
against the molecules. 

• Icodec is a promising tool in the diabetologist’s armamentarium for diabetes treatment. 
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