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Past and future advances in insulin development 



L’innovazione nella terapia insulinica basale

• BID, twice-daily; NPH, neutral protamine Hagedorn; OD, once-daily; OW, once-weekly

Administration

Half-life

NPH insulin

5–10 hours

OD/BID OW

Once-weekly
insulin icodec/BIF

~1 week

Ultra long-acting 
basal insulin
analogues

~1 day

OD

1st generation 
basal insulin
analogues

~0.5 day

OD/BID

Insuline basali di nuova generazione: l'elogio della… 
lentezza!



Analoghi insulinici 
basali di Seconda 
Generazione

Insulina Descrizione

Degludec Analogo insulinico basale a 
lunga durata d’azione

Glargine U-300 Formulazione 3 volte 
concentrata di glargine U-100









Comparison of daily and 
weekly insulin regimens



• Once-weekly insulins provide a 
unique opportunity to simplify 
basal insulin therapy and to 
allow good glycaemic control 
with a low risk of 
hypoglycaemia

• As most peptides have a 
relatively short half-life, 
substantial structural changes 
to the insulin molecule are 
required to achieve the 
pharmacokinetic properties 
necessary to ensure a flat 
profile for at least 1 week. 

• The ways in which this has
been achieved for icodec and 
BIF are very different [efsi-tor-a = Fc-receptor-agonist] 

(basal insulin FC)



Pharmacodynamic modelling showed an increase in 
glucose-lowering effect over time in T2D
Based on phase 1 clinical data
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Icodec

Glargine U100

Icodec
S M T W T F S Icodec achieves similar glucose-lowering effect at steady state 

(after 3–4 weekly doses) with considerably fewer injections 
compared to once-daily insulin





Treatment of T2D patients with 
icodec weekly insulin

Up-titration 

Down-titration 

Icodec
dose adjustment (U/week)

Glargine U100 
dose adjustment (U/day)

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

Pre-breakfast 
SMBG

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

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

Target 0 U

+3 U

–3 U

+20 U

0 U

–20 U







+ 3,1%
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The option of 
weekly therapies

Weekly
insulin

Weekly
GLP-1 RA









Groups of T2D patients that 
could benefit from weekly 
insulin treatment

 Once-weekly insulins provide a unique 
opportunity to simplify basal insulin therapy 
and to allow good glycaemic control with a 
low risk of hypoglycaemia

  Diabetologia (2024) 



 Potential alternative routes 
for the delivery of insulin, 
such as oral, nasal, buccal, 
transdermal, vaginal, and 
rectal routes

 These noninvasive insulin 
treatments remain of
interest and could represent 
new paradigms for the future
treatment of diabetes

















• To mitigate acute and chronic 
risks of glucose excursions, 
glucose-responsive insulin (GRI) 
has long been pursued for 
clinical application. 

• By integrating GRI with glucose-
sensitive elements, GRI is 
capable of releasing or 
activating insulin in response to 
plasma or interstitial glucose 
levels without external 
monitoring, thereby improving
glycemic control and reducing 
hypoglycemic risk. 





• We report the design and properties of NNC2215, an insulin 
conjugate with bioactivity that is reversibly responsive to a 
glucose range relevant for diabetes, as demonstrated in vitro and 
in vivo. 

• The insulin receptor affinity for NNC2215 increased 3.2-fold 
when the glucose concentration was increased from 3 to 20 mM.

• In animal studies, the glucose-sensitive bioactivity of NNC2215 
was demonstrated to lead to protection against hypoglycaemia
while partially covering glucose excursions. 

• Future GRIs might offer both fast-acting and long-acting 
formulations for improved postprandial and fasting glycaemic
control. Research is ongoing regarding various GRI 
formulations, and GRIs are not clinically available for 
treatment of diabetes 



0.5

• We describe an alternative approach that exploits an endogenous glucose-dependent switch in hepatic 
physiology: preferential insulin signaling (under hyperglycemic conditions) versus preferential counter-
regulatory glucagon signaling (during hypoglycemia). Motivated by prior reports of glucagon-insulin 
coinfusion, we designed and tested an ultrastable glucagon-insulin fusion protein



“Although insulin therapy 
has been introduced 100 
years ago, the development 
of insulin has not come to an 
end. 
It is reassuring that ongoing 
insulin developments have a 
high potential of further 
improving the safety and 
efficacy of insulin therapy in 
the future”
  Tim Heise 
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