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non fare pubblicita di qualsiasi tipo relativamente a specifici prodotti di interesse sanitario
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Il passato, il presente ed il futuro dell’innovazione nella
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* BID, twice-daily; NPH, neutral protamine Hagedorn; OD, once-daily; OW, once-weekly

Insuline basali: I'elogio della... lentezza!




'insulina ideale

Evoluzione della terapia insulinica

“Nuova terapia insulinica”

1921 1946 1979 Anni ‘90 e 2000 . L. .
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TABLE 1 Mechanisms by which bioengineered modifications of

A st C the structure of insulin have prolonged the duration of action of basal
) insulin analogues

_ 2 NPH insulin Mechanism of protraction Analogues
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Diabetes Obes Metab. 2022;

Figure 1: Physiological insulin secretion and pharmacologic principles. (A) Pattern of insulin concentrations in the blood of healthy people following meals (adapted from [260]). (B)
Insulin self-association equilibrium within SQ space. Depending on analog formulation, insulin may form zinc hexamers (blue hexagons) or multi-hexamer assemblies: these
dissociate to liberate zinc-free dimers, as well as monomers amenable to capillary absorption (red). (C) Schematic PK profiles (24 h cycle).  movecuLar mETABOLISM 52 (2021)



In the vial

After administration
under the skin

In the capillaries

oP

Duration

Rate of
absorption

Degludec

Dihexamers

(elete he:lle)

Multihexamer

(>5,000 kDa)

D

Differente assorbimento e durata d’azione delle insuline
umane vs gli analoghi

Insulin glargine Insulin glargine Insulin Human Human Insulin lispro, Fast-acting
U300 U100 detemir NPH insulin regular aspart and insulin aspart
insulin glulisine
© o B % 9@ 9
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protamine multimers Key pOiI"ItS

* Established rapid-acting and long-acting insulin analogues have enabled more
patients with type 1 diabetes mellitus to reach better glucose targets, with lower

©

@ @ % S C;) @ D S = hypoglycaemia rates and a better quality of life than was possible with short-acting
@ @ &C’O a C? and long-acting human insulin
¢ e patients who are prone to severe hypoglycaemia, using a full analogue regimen is
Concentrated Hexamer Dihexamers— Hexamer— Hexamers, Hexamers, Hexamers, rapidly cost saving and should therefore be the standard of care in all patients with
hexamer aggregates albumin protamine dimers and dimers and dimers and . .
aggregates monomers monomers monomers type 1 dlabEtes mEIlltUS
* The new long-acting insulin analogues insulin glargine U300 and insulin degludec
have shown increased stability, which translates to a reduced risk of nocturnal
o o O@ @ @ @ @ hypoglycaemia and increased flexibility in timing of administration

» Faster and shorter acting insulin analogues are needed for use in insulin pumps and
future ‘artificial pancreas’ systems; fast-acting insulin aspart, a new formulation of
aspart, is well advanced in clinical development
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Motivazione della raccomandazione

Vi sono numerose evidenze provenienti da triai clinici che mostrano come I‘'uso degli anaioghi ienti
dell'insulina a maggiore durata di azione si associ ad un rischio minore di ipoglicemie totali e
notturne e ad una tendenziale riduzione degli eventi ipoglicemici severi a parita di controllo
metabolico e senza aumenti di peso corporeo.

La qualita delle evidenze & moderata, in particolare per il disegno in aperto della maggior parte degli
studi inclusi e per la presenza di elevata eterogeneita per alcuni degli outcome critici.

Gli studi di farmacoeconomia mostrano che le nuove formulazioni hanno costi diretti maggiori;
tuttavia, il rapporto costo-efficacia & generalmente favorevole per QALY guadagnati e per gli effetti
positivi su rischio ipoglicemico. La disponibilitd di biosimilari con costi diretti ridotti pud
ulteriormente migliorare il rapporto costo-efficacia.

\ ASSOCIAZIONE
S \EDICI
PRCEZAN DiasEToLOG!

Linea Guida della Societa Italiana di Diabetologia (SID) e
dell’Associazione dei Medici Diabetologi (AMD)

Societa Italiana

di Diabetologin

Considerazioni sull'implementazione

Gli analoghi lenti sono gia considerati in Italia lo standard of care”2. La prescrizione di analoghi lenti
a maggiore durata di azione dovrebbe essere incoraggiata e gradualmente sostituita a quelli a
minore durata di azione indipendentemente dal controllo glicemico. | medici di medicina generale
e gli specialisti dovrebbero essere informati sui contenuti di questa raccomandazione attraverso
specifici corsi di educazione continua in medicina.

Raccomandazione forte a favore dell’intervento, con qualita delle prove moderata

Si raccomanda 'uso degli analoghi lenti dell’insulina a maggiore durata di azione, rispetto a quelli a minore
dura di azione, per tutti i pazienti con diabete di tipo 2 che necessitano di insulina basale.




Insulina Descrizione

Analogo insulinico basale a
lunga durata d’azione

Degludec

¢ o « L . _ Formulazione 3 volte

Ana |Ogh| INSU | INICI Glargine U-300 concentrata di glar;ine U-100
basali di Seconda

Generazione

* Le nuove insuline Degludec e Glargine U300 sono caratte-

rizzate da una maggiore durata d'azione e una minore va-

riabilita glicemica rispetto a Glargine U100
e —————————



GIR (mg/kg per min)

Profili di azione delle
insuline long-acting

Long-acting insulins
* Duration of action — favours insulin analogues

— NPH insulin (12-16h) Insulin glargine U300 (~32h) * Flat profile —favours insulin analogues

* Variability — favours insulin analogues

= Insulin glargine U100 (-24h) Insulin degludec
— Insulin detemir (~20-24h) U100 and U200 (-42h) * Risk of hypoglycaemia — favours insulin analogues

* Need for evening snacks — favours insulin analogues

* Risk of nocturnal hypoglycaemia — favours insulin analogues
* Flexibility —favours insulin analogues

e Cost— favours human insulin

* Experience — favours human insulin

- \ * Availability — favours human insulin
: * Availability of concentrated forms — favours insulin analogues

Time (h)

NATURE REVIEWS | ENDOCRINOLOGY 2017



Differentiating Basal Insulin Preparations:
Understanding How They Work Explains Why They
Are Different

\ . ) i ) Injected
\ Insulin degludec dihexamers formulation
. (T;R,-state)
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Insulin degludec monomers

= @Gla-300 delivers the same dosage of insulin as Gla-100, -
but in one-third of the volume. This results in reduced
surface area of injection depot, ultimately resulting in a
slower and more gradual release of monomers of Gla-

300 as compared with Gla-100. Adv Ther (2019) 36:1018-1030




Differentiating Basal Insulin Preparations:
Understanding How They Work Explains Why They
Are Different

Gla-100 0.4 U/kg
Gla-300 0.4 U/kg
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ra
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IDeg 0.4 U/kg
Gla-100 0.4 U/kg
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1 m
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CONCLUSIONS

The time-action profile of an insulin prepara-
tion is determined by its time course and pat-
tern of absorption and distribution from the
subcutaneous injection site. Basal insulins have
distinct mechanisms of protraction that give
rise to equally distinct PK/PD profiles and
accompanying clinical properties in people
with T1D and T2D. Understanding these dif-
ferential mechanisms is important to explain
ond-generation basal insulin analogs Gla-300
and IDeg over the earlier generation of basal
insulins, Gla-100 and IDet. Gla-300 and IDeg
show longer duration of action and smoother
PK/PD profiles than these earlier-generation
basal insulin analogs, leading to smaller gly-
cemic excursions and a lowered risk of hypo-
glycemia, while retaining similar levels of
glycemic control. Understanding the differ-
ences among first- and second-generation basal
insulin analogs aids healthcare providers in
making the most appropriate treatment deci-
sions to address individual patient needs.

Adv Ther (2019) 36:1018-1030




Insulina Degludec vs Insulina Glargine 100:

riduzione delle ipoglicemie
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*Significant difference. Overall hypoglycaemia: severe or BG-confirmed hypoglycaemia; nocturnal hypoglycaemia, severe or BG-confirmed hypoglycaemia occurring between 00:01 am and 05:59 am, both inclusive; severe hypoglycaemia, an episode requiring
third-party assistance and external adjudication

BG, blood glucose; glargine U100, insulin glargine 100 units/mL; T1D, type 1 diabetes; T2D, type 2 diabetes

Lane et al. JAMA 2017;318:33-44; Wysham et al. JAMA 2017;318:45-56; Marso et al. N Engl J Med 2017;377:723-32



Degludec: la flessibilita
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Insulin degludec: a novel ultra-
long-acting basal insulin for
use in Type 1 and 2 diabetes

“Flexibility in the timing of insulin administration can
benefit patients who find it challenging to always

(low/joww) **yqH

inject insulin at the same time each day.”?

" egmsieilS W _agstending type. . o
. sifiestyle modfication, oral agents, and ghucagonikE Pep, P wascs
Y T that hird in use & leypog | th

risk of bypoglycemia while improving ghyeemic contml. Insulin deghudee (TDeg) is 2 novel basal

“...In particular, this could include individuals who travel
regularly ... Shift workers may also greatly benefit from

the freedom to change their dosing schedule...”!

L'emivita dell’insulina degludec e
di 25,4 ore mentre l'insulina
glargine U100 ha emivita di 12,1 h

Lempaisorption giofile through's wes,.. .
granslates into a very loag duration of action thatfliSees, .. ou. il e et
most patients.? Previously available basal-insulin products have shorter durations of action
thai sometimes require iwice-daily dosing, alihough ihe basal-insulin analogs glargine

Time (weeks)

Glargine U100, insulin glargine 100 units/mL; NS, not significant; OD, once daily

Ledu

{Lanuws®; Sanofi SA, Paris, France) and detemir (Levemir®; Novo Nondisk) are often

1. Aye & Atkin. Drug Healthc Patient Saf 2014,6:55—-67; 2. Meneghini et al. Expert Rev Endocrinol Metab 2012;7:9-14; 3. Meneghini et al. Diabetes Care 2013;36:858-64
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		19.5714285714		19.5714285714		19.5714285714

		19.7142857143		19.7142857143		19.7142857143

		19.8571428571		19.8571428571		19.8571428571

		20		20		20

		20.1428571429		20.1428571429		20.1428571429

		20.2857142857		20.2857142857		20.2857142857

		20.4285714286		20.4285714286		20.4285714286

		20.5714285714		20.5714285714		20.5714285714

		20.7142857143		20.7142857143		20.7142857143

		20.8571428571		20.8571428571		20.8571428571

		21		21		21

		21.1428571429		21.1428571429		21.1428571429

		21.2857142857		21.2857142857		21.2857142857

		21.4285714286		21.4285714286		21.4285714286

		21.5714285714		21.5714285714		21.5714285714

		21.7142857143		21.7142857143		21.7142857143

		21.8571428571		21.8571428571		21.8571428571

		22		22		22

		22.1428571429		22.1428571429		22.1428571429

		22.2857142857		22.2857142857		22.2857142857

		22.4285714286		22.4285714286		22.4285714286

		22.5714285714		22.5714285714		22.5714285714

		22.7142857143		22.7142857143		22.7142857143

		22.8571428571		22.8571428571		22.8571428571

		23		23		23

		23.1428571429		23.1428571429		23.1428571429

		23.2857142857		23.2857142857		23.2857142857

		23.4285714286		23.4285714286		23.4285714286

		23.5714285714		23.5714285714		23.5714285714

		23.7142857143		23.7142857143		23.7142857143

		23.8571428571		23.8571428571		23.8571428571

		24		24		24

		24.1428571429		24.1428571429		24.1428571429

		24.2857142857		24.2857142857		24.2857142857

		24.4285714286		24.4285714286		24.4285714286

		24.5714285714		24.5714285714		24.5714285714

		24.7142857143		24.7142857143		24.7142857143

		24.8571428571		24.8571428571		24.8571428571

		25		25		25

		25.1428571429		25.1428571429		25.1428571429

		25.2857142857		25.2857142857		25.2857142857

		25.4285714286		25.4285714286		25.4285714286

		25.5714285714		25.5714285714		25.5714285714

		25.7142857143		25.7142857143		25.7142857143

		25.8571428571		25.8571428571		25.8571428571

		26		26		26



IDeg_OD_FF

IDeg_OD

IGlar_OD

Confirmed hypoglycaemia 
(cumulative events per patient)

0

0

0

0.0044247788

0.0131004367

0.0043668122

0.017699115

0.0174672489

0.0087336245

0.0354768928

0.0131004367

0.0488102262

0.0218532138

0.057699115

0.0218340611

0.0621435595

0.0351275501

0.030605991

0.0843657817

0.0484018864

0.0393779208

0.0572514439

0.0437638857

0.0978186965

0.0616762227

0.1112716113

0.0661010014

0.0481498506

0.1157559162

0.0705257802

0.133693136

0.0749702246

0.0525746294

0.1381774409

0.0838591135

0.0614241869

0.1017162564

0.1427023278

0.1061805421

0.1472477823

0.1517932369

0.1106448278

0.1700580771

0.1196538368

0.0658884726

0.1883229172

0.0703527583

0.2020843851

0.1286628458

0.074817044

0.1377126196

0.211300975

0.0792813297

0.2159092699

0.1422580741

0.0926741869

0.2344277884

0.1513489832

0.0971384726

0.243730114

0.1741800334

0.1016027583

0.2624217028

0.1924448736

0.2717674972

0.1970110837

0.1194599012

0.2857861888

0.2061435038

0.1239241869

0.2998048804

0.2152759239

0.1373771017

0.3091506748

0.2244925137

0.1463457116

0.3138676559

0.2291008087

0.1598592251

0.3374525616

0.1688682341

0.3657544484

0.3751884106

0.2337304383

0.3940563351

0.1778772431

0.3987733163

0.2383816011

0.2476839267

0.1869270168

0.4082072785

0.2523350894

0.1914519037

0.422425288

0.2662885778

0.2050265644

0.441382634

0.2709397406

0.218601225

0.4556006435

0.2755909034

0.2367007725

0.46033998

0.2849366978

0.2412256594

0.4650793165

0.2503165685

0.4698186529

0.289609595

0.2594074776

0.2942824922

0.2776723177

0.4840366624

0.3036282866

0.2822385278

0.4887759989

0.3269927726

0.3096357881

0.5029940084

0.3410114641

0.5077333449

0.3504011355

0.3188101

0.3644856426

0.3691804782

0.3326349848

0.5124726814

0.3738753139

0.341894244

0.5266906909

0.3973494923

0.5456480368

0.4208236707

0.3511535033

0.5503873733

0.4442978491

0.3650423922

0.5646053828

0.5693447193

0.4489926848

0.369693555

0.5835627288

0.4536875205

0.3790393494

0.4677720275

0.393058041

0.6026103478

0.4724668632

0.4024038354

0.6264198716

0.4959410416

0.4070767325

0.6359436812

0.51941522

0.4117496297

0.6454674907

0.5241322011

0.6502293954

0.5382831445

0.6549913002

0.5524340879

0.4164225269

0.6692770145

0.5571510691

0.4304412185

0.6740389193

0.4351141157

0.6835627288

0.5807359747

0.4445037871

0.6883246335

0.5854529559

0.4538934584

0.6978484431

0.7073722526

0.6043208804

0.4586104396

0.6090602169

0.4633274207

0.7265110086

0.472761383

0.7360803866

0.6137995534

0.4821953452

0.7408650756

0.6280175629

0.5057802509

0.7552191425

0.6422355723

0.5152142132

0.5246481754

0.5387991188

0.6564535818

0.5529500622

0.7600038315

0.6611929183

0.581251949

0.7791425875

0.6991076103

0.6001198735

0.8030660325

0.7228042927

0.6189877981

0.8269894775

0.7370223022

0.6425727037

0.8365588555

0.7417616387

0.6472896849

0.860597317

0.7512403117

0.6567236471

0.8654050093

0.7559796482

0.6661576094

0.8750203939

0.7654583212

0.6897425151

0.8894434708

0.7844156671

0.6944594962

0.9086742401

0.7891550036

0.6991764773

0.9134819324

0.7986336766

0.7038934584

0.8033730131

0.7133274207

0.923097317

0.8081123496

0.722761383

0.8128516861

0.7369123264

0.9279282349

0.8175910226

0.7511303359

0.8365483685

0.7700876818

0.9424913417

0.8555057145

0.7748270183

0.7843056913

0.9570544485

0.8744630605

0.9667631863

0.879202397

0.8839417335

0.8934204065

0.7985237008

0.9764719242

0.9123777524

0.8127417103

1.0007437689

0.9218564254

1.0104525067

0.9360744349

0.8222203832

1.0201612446

0.9408137714

0.8269597197

1.0250156135

0.9502924444

1.0298699824

0.8316990562

1.0395787203

0.9645104539

0.8601350752

1.0541418271

0.9787284633

0.883944599

1.0687049339

1.0024251458

0.902992218

1.0929767786

1.0214727648

0.9126076027

1.1124889737

1.0406115208

0.9318383719

1.1466353151

0.9414537565

1.1515133639

1.0549655878

0.9510691411

0.9702999104

1.1711212071

0.9847229873

1.1760231678

1.0693196548

0.9943383719

1.1907290502

1.0932430998

1.0087614488

1.195631011

1.0980277888

1.0135691411

1.2054349326

1.1028124778

1.0183768334

1.2250427757

1.1075971668

1.0231845257

1.239748658

1.1171665447

1.0376076027

1.2544545404

1.1267359227

1.042415295

1.2691604228

1.1410899897

1.0712614488

1.2740623835

1.1506593677

1.0760691411

1.2789643443

1.1603212035

1.2838904527

1.1651521213

1.2937426694

1.1748139571

1.090492218

1.3085209946

1.1893067107

1.1001076027

1.3430037532

1.1941610796

1.1097229873

1.3577820783

1.2087241864

1.1145306796

1.3873387286

1.2135785554

1.1193383719

1.2281416622

1.1241460642

1.3922648369

1.2329960311

1.1385691411

1.2378740799

1.1481845257

1.3971909453

1.2476301774

1.4267475956

1.2622643238

1.4415259207

1.2720204213

1.1577999104

1.2768984701

1.167415295

1.446452029

1.1722462128

1.1916636886

1.2817765189

1.2013724264

1.4563042458

1.2915326165

1.2110811643

1.4661564625

1.3061667628

1.2159355332

1.4710825709

1.3208009091

1.23049864

1.3305570067

1.235353009

1.3354350555

1.2499161158

1.3403131043

1.2547704847

1.4809347877

1.2741879604

1.4907870044

1.3598252994

1.2985782043

1.3744594457

1.3229684482

1.5006392212

1.3327245458

1.5055653295

1.3842155433

1.3376025946

1.3619928385

1.5104914379

1.3890935921

1.371748936

1.5154175463

1.4037277384

1.5203436547

1.4183618848

1.3815528576

1.4282141015

1.3913567792

1.525269763

1.4331402099

1.5301958714

1.4380663183

1.4109646223

1.5351219798

1.4429924266

1.4256705047

1.5548264133

1.4577707518

1.440376387

1.5696047384

1.4626968601

1.4550822694

1.5991613887

1.4774751852

1.4599842301

1.6090136054

1.487327402

1.4844940341

1.6139397138

1.4971796187

1.4942979556

1.6188658222

1.5021057271

1.4991999164

1.6237919305

1.5119579439

1.509003838

1.6336441473

1.5384156027

1.5316623774

1.6385702556

1.5513668109

1.5581200362

1.643496364

1.566145136

1.5679722529

1.6533973541

1.5710712444

1.5876766864

1.6632983442

1.5975289032

1.6781498294

1.6025794082

1.6832518702

1.6296064353

1.6938901681

1.6081082814

1.652333708

1.7229599355

1.6533060215

1.7212992252

1.7505461424

1.6996636374



conf_hypo_mean_cum_3668

		trl_id		week		IDeg_OD		IDeg_OD_FF		IGlar_OD

		NN1250-3668		0		0		0		0

		NN1250-3668		0.1428571429		0.0044247788				0.0131004367

		NN1250-3668		0.2857142857		0.017699115		0.0043668122		0.0174672489

		NN1250-3668		0.4285714286		0.0354768928		0.0087336245

		NN1250-3668		0.5714285714		0.0488102262		0.0131004367		0.0218532138

		NN1250-3668		0.7142857143		0.057699115

		NN1250-3668		0.8571428571		0.0621435595		0.0218340611		0.0351275501

		NN1250-3668		1		0.0843657817		0.030605991		0.0484018864

		NN1250-3668		1.1428571429				0.0393779208		0.0572514439

		NN1250-3668		1.2857142857		0.0978186965		0.0437638857		0.0616762227

		NN1250-3668		1.4285714286		0.1112716113				0.0661010014

		NN1250-3668		1.5714285714		0.1157559162		0.0481498506		0.0705257802

		NN1250-3668		1.7142857143		0.133693136				0.0749702246

		NN1250-3668		1.8571428571		0.1381774409		0.0525746294		0.0838591135

		NN1250-3668		2				0.0614241869		0.1017162564

		NN1250-3668		2.1428571429		0.1427023278				0.1061805421

		NN1250-3668		2.2857142857		0.1472477823

		NN1250-3668		2.4285714286		0.1517932369				0.1106448278

		NN1250-3668		2.5714285714		0.1700580771				0.1196538368

		NN1250-3668		2.7142857143		0.1883229172		0.0658884726

		NN1250-3668		2.8571428571		0.2020843851		0.0703527583		0.1286628458

		NN1250-3668		3				0.074817044		0.1377126196

		NN1250-3668		3.1428571429		0.211300975

		NN1250-3668		3.2857142857		0.2159092699		0.0792813297		0.1422580741

		NN1250-3668		3.4285714286		0.2344277884		0.0926741869

		NN1250-3668		3.5714285714						0.1513489832

		NN1250-3668		3.7142857143		0.243730114		0.0971384726		0.1741800334

		NN1250-3668		3.8571428571		0.2624217028		0.1016027583		0.1924448736

		NN1250-3668		4		0.2717674972				0.1970110837

		NN1250-3668		4.1428571429		0.2857861888		0.1194599012		0.2061435038

		NN1250-3668		4.2857142857		0.2998048804		0.1239241869		0.2152759239

		NN1250-3668		4.4285714286		0.3091506748		0.1373771017		0.2244925137

		NN1250-3668		4.5714285714		0.3138676559		0.1463457116		0.2291008087

		NN1250-3668		4.7142857143		0.3374525616		0.1598592251

		NN1250-3668		4.8571428571		0.3657544484		0.1688682341

		NN1250-3668		5		0.3751884106				0.2337304383

		NN1250-3668		5.1428571429		0.3940563351

		NN1250-3668		5.2857142857		0.3987733163		0.1778772431		0.2383816011

		NN1250-3668		5.4285714286						0.2476839267

		NN1250-3668		5.5714285714		0.4082072785		0.1869270168		0.2523350894

		NN1250-3668		5.7142857143		0.422425288		0.1914519037		0.2662885778

		NN1250-3668		5.8571428571		0.441382634		0.2050265644		0.2709397406

		NN1250-3668		6		0.4556006435		0.218601225		0.2755909034

		NN1250-3668		6.1428571429		0.46033998		0.2367007725		0.2849366978

		NN1250-3668		6.2857142857		0.4650793165		0.2412256594

		NN1250-3668		6.4285714286		0.4698186529		0.2503165685		0.289609595

		NN1250-3668		6.5714285714				0.2594074776		0.2942824922

		NN1250-3668		6.7142857143		0.4840366624		0.2776723177		0.3036282866

		NN1250-3668		6.8571428571		0.4887759989		0.2822385278		0.3269927726

		NN1250-3668		7		0.5029940084		0.3096357881		0.3410114641

		NN1250-3668		7.1428571429		0.5077333449				0.3504011355

		NN1250-3668		7.2857142857				0.3188101		0.3644856426

		NN1250-3668		7.4285714286						0.3691804782

		NN1250-3668		7.5714285714		0.5124726814		0.3326349848		0.3738753139

		NN1250-3668		7.7142857143		0.5266906909		0.341894244		0.3973494923

		NN1250-3668		7.8571428571		0.5456480368				0.4208236707

		NN1250-3668		8		0.5503873733		0.3511535033		0.4442978491

		NN1250-3668		8.1428571429		0.5646053828		0.3650423922

		NN1250-3668		8.2857142857		0.5693447193				0.4489926848

		NN1250-3668		8.4285714286		0.5835627288		0.369693555		0.4536875205

		NN1250-3668		8.5714285714				0.3790393494		0.4677720275

		NN1250-3668		8.7142857143		0.6026103478		0.393058041		0.4724668632

		NN1250-3668		8.8571428571		0.6264198716		0.4024038354		0.4959410416

		NN1250-3668		9		0.6359436812		0.4070767325		0.51941522

		NN1250-3668		9.1428571429		0.6454674907		0.4117496297		0.5241322011

		NN1250-3668		9.2857142857		0.6502293954				0.5382831445

		NN1250-3668		9.4285714286		0.6549913002				0.5524340879

		NN1250-3668		9.5714285714		0.6692770145		0.4164225269		0.5571510691

		NN1250-3668		9.7142857143		0.6740389193		0.4304412185

		NN1250-3668		9.8571428571		0.6835627288		0.4351141157		0.5807359747

		NN1250-3668		10		0.6883246335		0.4445037871		0.5854529559

		NN1250-3668		10.1428571429		0.6978484431		0.4538934584

		NN1250-3668		10.2857142857		0.7073722526				0.6043208804

		NN1250-3668		10.4285714286				0.4586104396		0.6090602169

		NN1250-3668		10.5714285714		0.7265110086		0.4633274207

		NN1250-3668		10.7142857143		0.7360803866		0.472761383		0.6137995534

		NN1250-3668		10.8571428571		0.7408650756		0.4821953452		0.6280175629

		NN1250-3668		11		0.7552191425		0.5057802509		0.6422355723

		NN1250-3668		11.1428571429				0.5152142132

		NN1250-3668		11.2857142857				0.5246481754

		NN1250-3668		11.4285714286				0.5387991188		0.6564535818

		NN1250-3668		11.5714285714		0.7600038315		0.5529500622		0.6611929183

		NN1250-3668		11.7142857143		0.7791425875		0.581251949		0.6991076103

		NN1250-3668		11.8571428571		0.8030660325		0.6001198735		0.7228042927

		NN1250-3668		12		0.8269894775		0.6189877981		0.7370223022

		NN1250-3668		12.1428571429		0.8365588555		0.6425727037		0.7417616387

		NN1250-3668		12.2857142857		0.860597317		0.6472896849		0.7512403117

		NN1250-3668		12.4285714286		0.8654050093		0.6567236471		0.7559796482

		NN1250-3668		12.5714285714		0.8750203939		0.6661576094		0.7654583212

		NN1250-3668		12.7142857143		0.8894434708		0.6897425151		0.7844156671

		NN1250-3668		12.8571428571		0.9086742401		0.6944594962		0.7891550036

		NN1250-3668		13		0.9134819324		0.6991764773		0.7986336766

		NN1250-3668		13.1428571429				0.7038934584		0.8033730131

		NN1250-3668		13.2857142857		0.923097317		0.7133274207		0.8081123496

		NN1250-3668		13.4285714286				0.722761383		0.8128516861

		NN1250-3668		13.5714285714		0.9279282349		0.7369123264		0.8175910226

		NN1250-3668		13.7142857143				0.7511303359		0.8365483685

		NN1250-3668		13.8571428571		0.9424913417		0.7700876818		0.8555057145

		NN1250-3668		14				0.7748270183

		NN1250-3668		14.1428571429		0.9570544485		0.7843056913		0.8744630605

		NN1250-3668		14.2857142857		0.9667631863				0.879202397

		NN1250-3668		14.4285714286						0.8839417335

		NN1250-3668		14.5714285714						0.8934204065

		NN1250-3668		14.7142857143		0.9764719242		0.7985237008		0.9123777524

		NN1250-3668		14.8571428571		1.0007437689		0.8127417103		0.9218564254

		NN1250-3668		15		1.0104525067				0.9360744349

		NN1250-3668		15.1428571429		1.0201612446		0.8222203832		0.9408137714

		NN1250-3668		15.2857142857		1.0250156135		0.8269597197		0.9502924444

		NN1250-3668		15.4285714286		1.0298699824

		NN1250-3668		15.5714285714		1.0395787203		0.8316990562		0.9645104539

		NN1250-3668		15.7142857143		1.0541418271		0.8601350752		0.9787284633

		NN1250-3668		15.8571428571		1.0687049339		0.883944599		1.0024251458

		NN1250-3668		16		1.0929767786		0.902992218		1.0214727648

		NN1250-3668		16.1428571429		1.1124889737		0.9126076027		1.0406115208

		NN1250-3668		16.2857142857		1.1466353151		0.9318383719

		NN1250-3668		16.4285714286		1.1515133639		0.9414537565		1.0549655878

		NN1250-3668		16.5714285714				0.9510691411

		NN1250-3668		16.7142857143		1.1711212071		0.9702999104

		NN1250-3668		16.8571428571		1.1760231678		0.9847229873		1.0693196548

		NN1250-3668		17		1.1907290502		0.9943383719		1.0932430998

		NN1250-3668		17.1428571429		1.195631011		1.0087614488		1.0980277888

		NN1250-3668		17.2857142857		1.2054349326		1.0135691411		1.1028124778

		NN1250-3668		17.4285714286		1.2250427757		1.0183768334		1.1075971668

		NN1250-3668		17.5714285714		1.239748658		1.0231845257		1.1171665447

		NN1250-3668		17.7142857143		1.2544545404		1.0376076027		1.1267359227

		NN1250-3668		17.8571428571		1.2691604228		1.042415295		1.1410899897

		NN1250-3668		18		1.2740623835		1.0712614488		1.1506593677

		NN1250-3668		18.1428571429		1.2789643443		1.0760691411

		NN1250-3668		18.2857142857						1.1603212035

		NN1250-3668		18.4285714286		1.2838904527				1.1651521213

		NN1250-3668		18.5714285714		1.2937426694				1.1748139571

		NN1250-3668		18.7142857143		1.3085209946		1.090492218		1.1893067107

		NN1250-3668		18.8571428571		1.3430037532		1.1001076027		1.1941610796

		NN1250-3668		19		1.3577820783		1.1097229873		1.2087241864

		NN1250-3668		19.1428571429		1.3873387286		1.1145306796		1.2135785554

		NN1250-3668		19.4285714286				1.1193383719		1.2281416622

		NN1250-3668		19.5714285714		1.3922648369		1.1241460642		1.2329960311

		NN1250-3668		19.7142857143				1.1385691411		1.2378740799

		NN1250-3668		19.8571428571		1.3971909453		1.1481845257		1.2476301774

		NN1250-3668		20		1.4267475956				1.2622643238

		NN1250-3668		20.1428571429		1.4415259207				1.2720204213

		NN1250-3668		20.2857142857				1.1577999104		1.2768984701

		NN1250-3668		20.4285714286		1.446452029		1.167415295

		NN1250-3668		20.5714285714				1.1722462128

		NN1250-3668		20.7142857143				1.1916636886		1.2817765189

		NN1250-3668		20.8571428571		1.4563042458		1.2013724264		1.2915326165

		NN1250-3668		21		1.4661564625		1.2110811643		1.3061667628

		NN1250-3668		21.1428571429		1.4710825709		1.2159355332		1.3208009091

		NN1250-3668		21.2857142857				1.23049864		1.3305570067

		NN1250-3668		21.4285714286				1.235353009		1.3354350555

		NN1250-3668		21.5714285714				1.2499161158		1.3403131043

		NN1250-3668		21.7142857143		1.4809347877		1.2547704847

		NN1250-3668		21.8571428571		1.4907870044		1.2741879604		1.3598252994

		NN1250-3668		22				1.2985782043		1.3744594457

		NN1250-3668		22.1428571429		1.5006392212		1.3229684482

		NN1250-3668		22.2857142857		1.5055653295		1.3327245458		1.3842155433

		NN1250-3668		22.4285714286				1.3376025946

		NN1250-3668		22.5714285714		1.5104914379		1.3619928385		1.3890935921

		NN1250-3668		22.7142857143		1.5154175463		1.371748936		1.4037277384

		NN1250-3668		22.8571428571		1.5203436547				1.4183618848

		NN1250-3668		23				1.3815528576		1.4282141015

		NN1250-3668		23.1428571429		1.525269763		1.3913567792		1.4331402099

		NN1250-3668		23.2857142857		1.5301958714				1.4380663183

		NN1250-3668		23.4285714286		1.5351219798		1.4109646223		1.4429924266

		NN1250-3668		23.5714285714		1.5548264133		1.4256705047		1.4577707518

		NN1250-3668		23.7142857143		1.5696047384		1.440376387		1.4626968601

		NN1250-3668		23.8571428571		1.5991613887		1.4550822694		1.4774751852

		NN1250-3668		24		1.6090136054		1.4599842301		1.487327402

		NN1250-3668		24.1428571429		1.6139397138		1.4844940341		1.4971796187

		NN1250-3668		24.2857142857		1.6188658222		1.4942979556		1.5021057271

		NN1250-3668		24.4285714286		1.6237919305		1.4991999164		1.5119579439

		NN1250-3668		24.5714285714		1.6336441473		1.509003838

		NN1250-3668		24.7142857143				1.5384156027		1.5316623774

		NN1250-3668		24.8571428571		1.6385702556				1.5513668109

		NN1250-3668		25		1.643496364		1.5581200362		1.566145136

		NN1250-3668		25.1428571429		1.6533973541		1.5679722529		1.5710712444

		NN1250-3668		25.2857142857		1.6632983442		1.5876766864

		NN1250-3668		25.4285714286		1.6781498294		1.5975289032

		NN1250-3668		25.5714285714		1.6832518702		1.6025794082

		NN1250-3668		25.7142857143		1.6938901681		1.6296064353		1.6081082814

		NN1250-3668		25.8571428571		1.7229599355		1.652333708		1.6533060215

		NN1250-3668		26		1.7505461424		1.7212992252		1.6996636374
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		TRL_ARM_SHORT_LB		week		mean		standard_error		trl_id		find_std_unit				TRL_ARM_SHORT_LB		week		mean		trl_id		find_std_unit

		IDeg OD		-1		8.4618421053		0.0634794422		NN1250-3668		%				IDeg OD		-1		68.9821223684		NN1250-3668		mmol/mol

		IDeg OD		0		8.3771929825		0.0620733997		NN1250-3668		%				IDeg OD		0		68.0569921053		NN1250-3668		mmol/mol

		IDeg OD		12		7.4903508772		0.0613182421		NN1250-3668		%				IDeg OD		12		58.3646947368		NN1250-3668		mmol/mol

		IDeg OD		16		7.3973684211		0.0665552465		NN1250-3668		%				IDeg OD		16		57.3484894737		NN1250-3668		mmol/mol

		IDeg OD		26		7.3109649123		0.0682839499		NN1250-3668		%				IDeg OD		26		56.4041855263		NN1250-3668		mmol/mol

		IDeg OD FF		-1		8.5855895197		0.0623449499		NN1250-3668		%				IDeg OD FF		-1		70.3345578603		NN1250-3668		mmol/mol

		IDeg OD FF		0		8.5017467249		0.0628066371		NN1250-3668		%				IDeg OD FF		0		69.4182399563		NN1250-3668		mmol/mol

		IDeg OD FF		12		7.4065502183		0.0520182152		NN1250-3668		%				IDeg OD FF		12		57.4488373362		NN1250-3668		mmol/mol

		IDeg OD FF		16		7.3152838428		0.0543264381		NN1250-3668		%				IDeg OD FF		16		56.4513871179		NN1250-3668		mmol/mol

		IDeg OD FF		26		7.2170305677		0.0577919876		NN1250-3668		%				IDeg OD FF		26		55.3775770742		NN1250-3668		mmol/mol

		IGlar OD		-1		8.5213043478		0.062621912		NN1250-3668		%				IGlar OD		-1		69.6319852174		NN1250-3668		mmol/mol

		IGlar OD		0		8.4117391304		0.0610300645		NN1250-3668		%				IGlar OD		0		68.4345469565		NN1250-3668		mmol/mol

		IGlar OD		12		7.337826087		0.0562280125		NN1250-3668		%				IGlar OD		12		56.6977513043		NN1250-3668		mmol/mol

		IGlar OD		16		7.2156521739		0.0568530547		NN1250-3668		%				IGlar OD		16		55.3625126087		NN1250-3668		mmol/mol

		IGlar OD		26		7.1473913043		0.061060409		NN1250-3668		%				IGlar OD		26		54.6164895652		NN1250-3668		mmol/mol
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Minori ipoglicemie diurne e notturne con Glargine 300

EDITION 1-2-3 T2DM Pooled Analysis
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Rate per patient-year
RR (95% Cl) vs U100 0.69 (0.57 to 0.84)

P value 0.0002

*Confirmed events based on plasma glucose <3.9 mmol/L (<70 mg/dL)
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PK-PD of Gla-300 and Gla-100 at Clinical Doses

—e— Gla-300 (0.35 + 0.08 U/kg)

25

. L Plasma Free Insulin —0— Gla-100 (0.28 + 0.07 U/kg)
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” Conclusions: Individualized, clinical doses of Gla-300 and Gla-100 resulted in a similar euglycemic
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g potential under SS conditions. However, Gla-300 exhibited a more stable profile, with lower variability
“-::) 1.5 and more physiological modulation of EGP compared with Gla-100.
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Time post dosing Porcellati F. et al., Diabetes Care 2019



Real-World Effects of Second-Generation Versus
Earlier Intermediate/Basal Insulin Analogues on Rates
of Hypoglycemia in Adults with Type 1 and 2 Diabetes
(iNPHORM, US)

Table 4 Population-average adjusted hypoglycemia rate ratios comparing second-generation to earlier intermediate/basal
insulin analogue use, by type of diabetes, event severity, and timing

Type of Estimated population-average adjusted rate ratios (95% CI)
hypoglycemia
All (2 = 413) TIDM (z = 81) T2DM (n = 332)

Non-severe p-value p-value p-value
Overall 0.81 (0.68-0.97)  0.02* 0.85 (0.62-1.17) 033 0.81 (0.66-1.00)  0.05
Daytime 0.91 (0.76-1.10)  0.32 0.94 (0.67-1.31)  0.72 0.92 (0.73-1.15) 045
Nocturnal 0.57 (044-0.74) < 0.001* 052 (0.34-0.81)  0.003*  0.63 (0.46-0.86)  0.004*

Severe p-value p-value p-value
Overall 0.87 (0.65-1.16)  0.35 0.52 (026-1.07)  0.07 097 (0.70-136)  0.88
Daytime 0.98 (0.71-1.36) 091 0.60 (0.27-1.33) 021 1.10 (0.76-1.59)  0.60
Nocturnal 0.56 (0.35-0.90)  0.02* 0.23 (0.06-0.93)  0.04* 0.63 (0.38-1.06)  0.08

Diabetes Ther (2023) 14:1299-1317

This study evaluates the impact of second-
generation insulins (insulin degludec and
glargine U-300) versus earlier intermediate
and basal insulins (NPH, insulin glargine
U-100 and detemir, premixed and fixed-
ratio [FRC] insulins) on rates of overall,
daytime, and nocturnal non-severe and
severe hypoglycemia

What was learned from the study?

The most salient effects were observed for
nocturnal hypoglycemia. Overall, second-
generation insulin versus earlier
intermediate/basal insulin users reported
a 43% reduction in non-severe nocturnal
hypoglycemia (p < 0.001) and a 44%
reduction in severe nocturnal
hypoglycemia (p = 0.02). These trends
persisted across diabetes types

Among patients with either type 1 or 2
diabetes mellitus on basal insulin (with or
without bolus), the use of second-
generation basal insulins over earlier
formulations should be prioritized
whenever possible



Glycaemic control, risk of hypoglycaemia and all-cause mortality in
new users of second-generation basal insulin with type 2 diabetes and chronic kidney disease:

a nationwide register-based cohort study
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Deg-100 and Gla-300 are equally effective and safe in a population with T2D and CKD
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Conclusions/interpretation We found no difference in HbA _ reduction, hospitalisation for hypoglycaemia or all-cause
mortality between Gla-300 and Deg-100 in a real-world population of new users with type 2 diabetes and moderate to end-
stage chronic kidney disease. Therefore, we conclude that these two treatment options are equally effective and safe in this

vulnerable population.
Diabetologia Published online: 28 July 2023



Medical need for alternative options to intensify
basal insulin in type 2 diabetes
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1. Dale et al. Prim Care Diabetes 2010;4:85-9; 2. Giugliano et al. Diabetes Care 2011;34:510-17; 3. Hex et al. Diabet Med 2012;29:855—
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Fixed-ratio combination of basal insulin and GLP-1 receptor
agonist: is two better than one? Stefano Del Prato
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Combinazioni a rapporto fisso di insulina basale + GLP-1 RA:
quali opportunita per medici e pazienti ?

Barriere Potenziali soluzioni
Intensificare con molecole associate ad un basso
rischio di ipoglicemia 2
Ipoglicemia

Intensificare con molecole associate ad un
. basso rischio di aumento del peso?
Barriere

all’intensificazione della  rumentopeso

terapia insulinica !
Intensificare semplificando il regime
terapeutico?

Complessita del
trattamento

Una singola iniezione giornaliera potrebbe garantire

Aderenza

la comodita per il paziente e di conseguenza
I’'aderenza alla terapia 2

1- Russel-Jones D et al., Diabetes Obes Metab 2018;20:488-496
2 - Liakopoulou P, et al. Endocrine 2017;56:485-94.



Complementary actions of basal insulin and GLP-1 analogue target the

underlying pathophysiology of T2DM

BRAIN
GLP-1 analogue Decreased energy

intake y LIVER
Increased satiety . ' Inhibition of hepatic
" a glucose production
Inhibition of hepatic

PANCREAS glucose production

GLP-1 analogue Glucose-dependent insulin
and glucagon secretion

ADIPOSE TISSUE
’ Insulin receptor

Insulin synthesis
| | activation
| \n\ SKELETAL MUSCLE
GI TRACT | Increased glucose disposal
GLP-1 Inhibits gastric emptying

analogue

Basal insulin

GLP-1
analogue

Basal insulin

Basal insulin




Rationale for a titratable fixed-ratio co- Mechanisms of GLP-1 and GLP-1 receptor agonist action.

formulation of a basal insulin analog and a @mﬁe o
glucagon-like peptide 1 receptor agonist in \ S

| Gastric emptying

Insulin
} Glucagon

patients with type 2 diabetes ‘
CURRENT MEDICAL RESEARCH AND OPINION el L ol
2019, VOL. 35, NO. 5, 793-804 / 9

Short-acting GLP-1
receptor agonists

(8

= Reducing regimen complexity has the potential to curtail
clinical inertia and, along with fewer adverse events, improve
adherence and persistence to therapy, which may improve
clinical outcomes .

Table 2. The complementary mechanisms of action of basal insulin and a GLP-1 receptor agonist. '
% }Insulin

} Transpyloric
flow
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Glucagon-like peptide-1 receptor agonist and basal insulin
combination treatment for the management of type 2
diabetes: a systematic review and meta-analysis

Conrad Eng*, Caroline K Kramer*, Bernard Zinman, Ravi Retnakaran
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Interpretation GLP-1 agonist and basal insulin combination treatment can enable achievement of the ideal trifecta in
diabetic treatment: robust glycaemic control with no increased hypoglycaemia or weight gain. This combination is
thus a potential therapeutic strategy that could improve the management of patients with type 2 diabetes.
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Fixed-Ratio combinations (Basal Insulin Plus
GLP-1RA) in Type 2 diabetes. An analytical review
of pivotal clinical trials
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Figure 2. Results of th: DUAL program on: c1anges in Alc value; effects on body weight; and hypoglycemic events in participants with OADs -DUAL
IV, VI, VIII, and IX- (a); aiconiaoica par tcipaits with GLP-1RA -DUAL III- (b); and uncontrolled participants with BI -DUAL II, V, and VII- (c)
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The purpose of this review was to evaluate and analyze the
results of pivotal studies with both fixed-ratio combinations in
individuals with type 2 diabetes, finding that, they are capable of
achieving better glycemic control when compared with each ot
its components separately (with a lower risk of hypoglycemia vs
basal insulin and lower risk of gastrointestinal adverse effects vs
GLP-1 receptor agonists) in various clinical scenarios, especially
in individuals who do not achieve control with oral antidiabetics
or who do not achieve control with basal insulin (associated with
oral antidiabetics) or in those under management with GLP-1RA
plus oral antidiabetics.

Abbreviations: Alc: glycosylated hemoglobin; PYE: events per patient-year of exposure; 1WT: once-weekly titration; 2WT: twice-weekly titration
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A Randomized Controlled Trial Comparing the Efficacy and
Safety of IDegLira Versus Basal-Bolus in Patients With Poorly
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A Randomized Controlled Trial Comparing the Efficacy and Safety of IDeglLira versus Basal-Bolus in Patients
with Poorly Controlled Type 2 Diabetes and Very High HbA, = 9-15%:

DUAL HIGH Trial

' Primary Outcome  Secondary Outcome

IDeglira, insulin degludec and liraglutide;
NS, not significant.

IDeglira

:‘% p n=72 -3.18% +1.24 kg
Basal-Bolus ° @

[

+ In this randomized controlled trial of patients with type 2 diabetes and very high HbA;; =9-15% (75—-140.4 mmol/mol),
the fixed-ratio combination of basal insulin degludec and liraglutide resulted in similar improvement of glycemic control
but less hypoglycemia, less weight gain, and lower insulin requirements compared with basal-bolus insulin regimen.

« This study calls for a paradigm shift to change from the widely used basal-bolus insulin approach to a simpler
and more physiologic combination regimen of basal insulin and glucagon-like peptide-1 receptor agonist as the
preferred option for patients with severe hyperglycemia and very high HbA;. =9-15% (75—140.4 mmol/mol).

Study population

Randomized Clinical Trial (n = 145)

Weight Hypoglycemia
Mean Age 54-2 £ 9-9 years

i
Mean HbA, 10.8% + 1.3

[ ]
(ﬁ Mean BMI 32 + 6-4 kg/m’
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Direct comparison two fixed-ratio

combination glucagon-like peptide receptor
agonist and basal insulin on glycemic and non

glycemic parameters in type 2 diabetes

Conclusion

Our results had showed that more patients with iDegLira
had HbAlc less than 7% and these combination had bet-
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ter effect on weight loss. Both preparations had similar
- P IGlarLixi IDegll
effect on FPG and PPG, benefit on lipid profile and simi- s ibard mibesta
131’ rate Df h}rpoglycemia_ Table 1 Baseline, demographics and disease characteristics, baseline and the end of study
IDegLira IGlarLixi
Baseline At the end p value Baseline At the end p value
Gendermale, % 535 535 ns 485 485 ns
Age, years 586497 592435 ns 60.2+83 608+74 ns
Duration of DM, years 96+36 102+£3.2 ns 105+£39 11.01+£4.1 ns
HbATC % 89411 7741 <0.001 9414 79411 <0.001
FPG, mmol/| 75415 6041.1 <0.001 78+£17 644037 <0.001
PPG, mmol/I 101+£25 83409 <0.001 103+£18 83412 <0.001
Weight, kg 8714154 8534145 <0.001 8944149 88.74+145 <0.001
P " . B, |-<g/l"|"|2 302473 288+32 <0.001 308443 302441 <0.001
¥ EMC Endocnne DISDrdEF'S (2023) 2328 Insulin dose, units 27455 26+4 <005 2845 26+35 <0.001




Effetti complementari di insulina basale e analoghi GLP-1

+
Effetti collaterali

B GLP-1 RA monoterapia
| Insulina basale
pm GLP-1 RA/insulina basale in combinazione




The study provides a comprehensive overview of the
intensification strategies adopted in the real-world
following GLP-1 RA treatment, the switch to BI being the
most common approach. Further education on the role of
combination therapy of Bl and GLP-1RA is needed to
optimize T2D therapy at the right time. The effectiveness
and the safety of adding-on or switching to BI or FRC in
everyday clinical activity was documented, although
under-titration has been observed. As per the guidance, to
overcome clinical inertia, given the proven effectiveness
and safety of intensification with BI, the timely addition
and titration of the new BI analogs to GLP-1 RA and
appropriate FRC use could be considered as one of the
valuable therapeutic options.

Treatment intensification following glucagon-like peptide-1
receptor agonist treatment in type 2 diabetes: The RESTORE-G real-
world study

Table 2 Effectiveness analyses. Changes in estimated mean levels of continuous endpoints during the follow-up and within-group comparisons (overall population, TO =2011).

Endpoints Visit ADD-ON (N = 718) SWITCH-BI (N = 2138) SWITCH-FRC (N = 308)
Estimated mean Estimated mean p-value  Estimated mean Estimated mean p-value = Estimated mean Estimated mean p-value
levels (95%Cl) difference from TO levels (95%Cl) difference from TO levels (95%Cl) difference from
and 95% CI and 95% Cl TO and 95% Cl
HbA1c (%) TO 9.03(8.89;9.17) 9.41 (9.33; 949) 8.98 (8.81; 9.15)
T6 7.97(7.84; 8.10) —1.06 (—1.22;-0.90) <0.0001 8.25(8.18; 8.32) —-1.16 (—1.25;-1.07) <0.0001 8.00(7.82; 8.18) —0.98 (-1.20;-0.76) <0.0001
Ti12 8.03(7.89; 8.17) —0.99 (-1.16;-0.82) <0.0001 8.26(8.18; 8.34) -1.15(-1.25;-1.05) <0.0001 7.92(7.69; 8.15) -1.06 (-1.31;-0.81) <0.0001
FBG (mg/dl) TO 206.72 (200.19; 213.36 (209.84; 197.47 (188.79;
213.25) 216.88) 206.15)
T6  158.80 (153.26; —47.92 (—55.88;- <0.0001 163.64 (160.59; —49.73 (—54.05;- <0.0001 15525 (146.76; —42.22 (—53.26;- < 0.0001
164.34) 39.96) 166.69) 45.41) 163.74) 31.18)
Ti12 161.23 (155.07; —45.49 (—53.66;- <0.0001 165.57 (162.23; —47.79 (-52.18;- <0.0001 14897 (138.10; —48.49 (—61.96;- < 0.0001
167.39) 37.32) 168.91) 43.40) 159.84) 35.02)
Body weight (kg) TO  95.16 (93.60; 96.72) 91.35 (90.43; 92.27) 93.63 (91.16; 96.10)
T6 9491 (93.36; 96.46) —0.25(-0.74; 0.24) 0.31 92.25 (91.34; 93.16) 0.90 (0.61; 1.19) <0.0001 93.93 (91.45; 96.41) 030 (-042; 1.02) 042
Ti12 95.19 (93.59; 96.79) 0.02 (—0.65; 0.69) 0.94 92.97 (92.04; 93.90) 1.62 (1.23; 2.01) <0.0001 94.97 (92.40; 97.54) 1.34(0.14; 2.54) 0.03
Basal insulin To 1212(11.71; 12.53) 1239 (12.15; 12.63) 16.61 (15.96; 17.26)
dose (U) T6 18.72 (17.87; 19.57) 6.61 (5.84; 7.38) <0.0001 18.17 (17.69; 18.65) 5.79 (5.36; 6.22) <0.0001 20.89 (19.53; 22.25) 4.28 (3.02; 5.54) < 0.0001
Ti12 21.52 (20.49; 22.55) 9.40(8.41; 10.39) <0.0001 20.08 (19.51; 20.65) 7.69 (7.14; 8.24) <0.0001 22.87 (21.00; 24.74) 6.26 (4.45; 8.07) < 0.0001
Basal insulin TO 0.13(0.12; 0.14) 0.14 (0.14; 0.14) 0.18 (0.17; 0.19)
dose (U[kg) T6 0.20(0.19; 0.21) 0.07 (0.06; 0.08) <0.0001 0.20(0.19; 0.21) 0.06 (0.05; 0.07) <0.0001 0.23(0.21; 0.25) 0.04 (0.02; 0.06) < 0.0001
Ti12 0.23(0.22; 0.24) 0.10 (0.09; 0.11) <0.0001 0.21 (0.20; 0.22) 0.07 (0.06; 0.08) <0.0001 0.25(0.23; 0.27) 0.06 (0.04; 0.08) < 0.0001

p-values = paired t-test derived from linear mixed models for repeated measurements. Statistically significant p-values (p < 0.05) are in bold.

R. Candido et al.

Nutrition, Metabolism & Cardiovascular Diseases https://doi.org/10.1016/j.numecd.2023,



1. Drugs with independent actions
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Figure 2—Mechanistic principles for net effects of drugs in combination therapy. The quantitative
or net effect of two or more drugs depends on whether the individual drug effects are in-
dependent or interactive. When drug effects are independent, the quantitative effect is either
additive or subadditive. When drug effects interact, the quantitative effect can be subadditive
by antagonism or interference, or superadditive by enhancement or synergism. The effect of
the individual drugs is indicated next to the arrows, and the net effect of the combination is
indicated by the number at the right of each pair. The maximum effectis 100. Arepresents drug
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Figure: Schematic representation of the potentia' synergistic effects ¢ f treatment with basal insulinand a

longacting GLP-1 agonist

Fixed-ratio combination of basal insulin and GLP-1 receptor

agonist: is two better than one?

Stefano Del Prato
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Insulina basale e analoghi GLP-1:
Effetti positivi sulla qualita di vita

European Review for Medical and Pharmacological Sciences 2021; 25: 923-931

Real-world study on the effectiveness and
safety of basal insulin IDeglira in type 2
diabetic patients previously treated with
multi-injective insulin therapy

DTSQ test

27.6
20.1
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o}

baseline

%

6 months

Figure 2. Variation of Diabetes Treatment Satisfaction
Questionnaire score from baseline to 6 months (n=21).
*p<0.0001. DTSQ: Diabetes Treatment Satisfaction Ques-
tionnaire.

CONCLUSIONS: These real-world findings
show that degludec/liraglutide seems to be more
effective than basal-bolus insulin in achieving
glycemic control, allowing cost sustainability
and improving patient satisfaction.

Diabetes Ther
https://doi.org/10.1007/s13300-022-01267-3
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In people living with T2D with suboptimal
glycemic control during BI therapy,
iGlarLixi confers slightly improved QALY
outcomes at an acceptable cost compared
with premix BIAsp 30.

Base case



Once-weekly vs. once-daily insulin therapy

Improved (or similar) glycaemic control
with low hypoglycaemia risk

Reduced treatment burden

Easier to overcome clinical inertia

Molecular

Longer half-life

More stable PK/PD

Slower clearance rate

Better treatment acceptance and adherence

Diabetes Obes Metab. 2023:.



Insulin

Currently explored Kb
technologic
approaches to
increase half-life

of basal insulin Basal
Insulin Fc 2

Acylated insulin: 20-carbon fatty diacid sidechain
High albumin binding

Reduced enzymatic degradation

Reduced insulin receptor-mediated clearance

Time-action profile (t/2 = approx. 8 days) supports
once-weekly dosing in humans

Currently in Phase 3 Trials

Novel single-chain variant of insulin fused to human
IgG Fc domain

Homo-dimer
Reduced insulin receptor potency with full agonism

Time-action profile (Y2 = approx. 17 days) supports
once-weekly dosing in humans?

Currently in Phase 2 Trials

1. Moyers J et al. Preclinical Characterization of Once Weekly Basal Insulin Fc (BIFJournal of the Endocrine Society, Volume 5, Issue Supplement_1, April-May 2021, Page A442,
https://doi.org/10.1210/jendso/bvab048.903; 2. Heise T et al. Basal Insulin Fc (BIF), A Novel Insulin Suited For Once Weekly Dosing For The Treatment of Patients With Diabetes Mellitus,
Journal of the Endocrine Society, Volume 5, Issue Supplement_1, April-May 2021, Page A329, https://doi.org/10.1210/jendso/bvab048.672.



Serum concentration [% maximum] Pharmacology of once-weekly insulins
200
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Fig. 1 - Simulated pharmacokinetic profiles of insulin glargine U100 (injected once daily), insulin icodec and basal insulin Fc
BIF (both injected once weekly with a loading dose at first administration). Simulated serum concentrations are given as
percentages of maximum concentrations at steady state. BIF as the insulin with the longest half-life needs more time to reach
steady state, but shows the lowest peak-to-trough fluctuations at steady state. Insulin icodec shows similar peak-to-trough
fluctuations over a one-week treatment interval as insulin glargine over 24 h.

DIABETES RESEARCH AND CLINICAL PRACTICE 175 (2021)



» Strong albumin binding combined with reduced in-

I nsu I | n |C0d ec sulin receptor affinity ensures slow clearance and

the formation of an essentially inactive albumin-

Designed to achieve a long half-life by changes to the bound depot, providing slow and continuous insulin
human insulin molecule action.

Three amino acid substitutions » Insulin icodec retains the same biological properties

* Molecular stability as natural human insulin, with no increase in insulin-

* Reduced enzymatic degradation

. Reduced receptor-mediated clearance like growth factor-1 receptor binding or mitogenicity.

Al | Removal
of terminal

G | V E | 0 Q L E N threonine
B29

OCCOCC‘QQOQCOQCGCO‘QOCCCGCCCOC

OH C20 icosane fatty diacid
* Strong, reversible binding to albumin
* Reduced receptor-mediated clearance

*2x (oligoethylene glycol(OEG) y-L-Glu) spacer.
1. Nishimura E et al. 2020 ADA Scientific Sessions 236—0R.



At first injection Prior to second injection

Molecular and pharmacological Day 1 Day 7

characterization of insulin icodec: a new
Q’n e 6 s

basal insulin analog designed for once-
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Figure 3 Schematic depiction of build-up to steady state and mechanism of action of insulin icodec. (A) Distribution of insulin A A

icodec (light blue) bound to albumin (grey) in the different compartments over time from initiation of once-weekly dosing. Chart S .

1: distribution of insulin icodec after the first injection, with the majority of insulin icodec in the subcutis and a small proportion “ \}ﬂw w
Glucose ’f/r' g a8 g\ “ ,r

uptake (\

absorbed into the blood. Chart 2: day 7, prior to the second injection, showing that there is still insulin icodec distributed prior
model showing glucose-lowering effect over time from initiation of once-weekly dosing of insulin icodec and once-daily dosing uptake jz_, “‘ R b *

to the next injection. Charts 3—4: showing the gradual build-up of insulin icodec exposure towards steady state. (B) Conceptual Glucose 'iﬂf"{" e@::é"‘
of insulin glargine U100 (at comparable dose levels). Blue curve: insulin icodec; grey curve: insulin glargine U100. Orange labels /
refer to charts 1-4 in panel A. AU, arbitrary units. Receptor Receptur

activity y Clearance pcthiry Clearance

BMJ Open Diab Res Care 2021;



At steady state

lcodec 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

e 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

Y ﬁ.f;gﬂ'

tissue

*When the number of molecules dosed = number of
molecules cleared. For illustrative purposes the albumin to

+ %
icodec ratio have been considerably exaggerated (eg, O
in reality, at steady state, ~¥2000:1 albumin:icodec molecules). \
1. Nishimura E et al. 2020 ADA Scientific Sessions 236—0R.
receptor
activity




Once-weekly basal insulin icodec: Looking ONWARDS from
pharmacology to clinical trials  piaetes & Metabolic Syndrome: Clinical Research & Reviews 16 (2022)
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ulcodec = Glargine U-100 1t P<0.05 u Icodec = Degludec ONWARDS-1 ONWARDS-4 t1p<0.05 | ONWARDS-2 ONWARDS-3 ONWARDS-6
1P >005 ®lcodec ® Glargine U-100 TP >005 mlcodec = Degludec
Fig. 2. HbA1c lowering with once-weekly insulin icodec vs. once-daily insulin glargine (U-100) or degludec. Fig. 3. Rate of level 2 or 3 hypoglycemia with once-weekly insulin icodec vs. once-daily insulin glargine (U-100) or degludec.

Results: Phase 1 study showed insulin icodec having a half-life of 196 h (>1 week) while a steady state is
achieved after 3 to 4 weekly injections. Phase 2 studies compared once-weekly icodec to insulin glargine
(U-100) and found a similar glucose control with no significantly greater hypoglycemia risks. Top-line
results from the five phase 3 studies reported better glucose control with once-weekly icodec
compared to both once-daily insulin glargine (ONWARDS 1) and once-daily degludec (in both ONWARDS
2 and 4) with similar rates of hypoglycemia in type 2 diabetes, although there was a higher hypoglycemic
event with insulin icodec in type 1 diabetes (ONWARDS 6) compared to once-daily degludec despite a
similar glycemic control.

Conclusion: A brighter prospect of once-weekly insulin icodec is on the card in particular in type 2
diabetes in terms of reducing injection pricks by >85% vs. once-daily basal insulin analogs, although few
unknowns still exist.



Weekly Basal Insulin Fc (BIF)

Weekly basal insulin Fc (BIF Weekly basal insulin Fc) s designed for once-weekly subcutaneous
administration. BIF is comprised of a human insulin receptor (IR) agonist fused to a human immunoglobulin
G2 (IgG2) fragment crystallizable (Fc) domain. Similar to other Fc-conjugated molecules, it is expected that
the presence of the Fc domain, in combination with controlled IR-mediated clearance because of reduced
IR affinity, will lead to prolonged half-life

Attributes
fnker = Selective insulin receptor agonist
A-chaln analogue - Selectivity versus IGF-1 receptor
B-chain analogue ——> 4 = Low mitogenicity potential
- Pharmacokinetic profile consistent with once
WY, g weekly subcutaneous dosing
3 Formulation compatible with single-use or
multi-use devices
1gG2 Fc ——> - Can be co-formulated with weekly
incretins
- Low immunogenicity risk

FIGURE 1 Schematic of weekly basal insulin Fc (BIF) structure.??
1gG2, immunoglobulin G2

Diabetes Obes Metab. 2023:!



Once-weekly basal insulin Fc (BIF) demonstrated similar glycemic control to once-daily insulin degludec in insulin-naive

patients with type 2 diabetes (T2D) in this phase 2 randomized controlled trial. CGM, continous glucose monitoring.

Background v
Once-weekly BIF combines a novel single-chain insulin variant with:a human IgG, Fc domain and B
is designed for once-weekly subcutaneous administration for the treatment of diabetes. A
Patient Population Study Design Main melts
N = 278 insulin-naive 2-week screening/lead-in a5 . (Efficacy Polpculation)
people with T2D l ' p=0292  mBIF @ Degludec
® P 8.0 -
Once-Weekly Basal Insulin Fc 26-week treatment period €75 |
.. . BIF Degludec <70
Demonstrated Similar Glycemic 55% male 45% female e J» administered 2]
Control to Once-Daily Insulin _ - PiceWEEkly once daily .
Mean Baseline Characteristics: . ' ,
* Treat-to-target fasting glucose: BIF used Baseline  Week 26

101-140 mg/dL (5.6 to <7.8 mmol/L) for
the first 2 weeks only; 80-100 mg/dL
(4.4 to <5.6 mmol/L) was used for both
treatments

* All patients underwent intermittent
blinded CGM (Abbott Libre Pro)

‘w HbA, =8.0% —| ° Assessed HbA_, fasting glucose,
incidence and rate of hypoglycemia

Patient-reported Hypoglycemia
(Safety Population)
M BIF O Degludec

Degludec in Insulin-Naive Patients @ e
With Type 2 Diabetes: A Phase 2 =
Randomized Control Trial EEF] Duration of T20 = 10 years

Diabetes Care 2023;46:1060-1067 | https://doi.org/10.2337/dc22-2396

4
3
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Aggregate Rate
(rate/patient/year)

Level 1 Level 2

Conclusion

Once-weekly BIF demonstrated excellent glycemic control similar to Once-daily degludec and no difference in
hypoglycemia or other safety findings in insulin-naive patients with T2D.

ARTICLE HIGHLIGHTS

» This study assessed once-weekly basal insulin Fc (BIF) as a treatment option for insulin-naive patients with type 2
diabetes (T2D).

« The research question was whether BIF is a safe and efficacious treatment for insulin-naive patients with T2D.

« BIF administered once weekly achieved similar glycemic control with similar hypoglycemia risk compared with

once-daily degludec.

BIF has the potential to safely and effectively manage glycemic control in insulin-naive patients with T2D while re-

ducing injection burden.

Diabetes Care 2023;46(5):1060-1067



Novel Once-Weekly Basal Insulin
Fc Achieved Similar Glycemic
Control With a Safety Profile
Comparable to Insulin Degludec
in Patients With Type 1 Diabetes

Diabetes Care 2023;46:1052-1059 | https.//doi.org/10.2337/dc22-2395

Novel Once-Weekly Basal Insulin Fc (BIF) Achieved Similar Glycemic Control With a Comparable Safety Profile

Versus Insulin Degludec in Patients with Type 1 Diabetes (T1D)

~chain insulin variant with a human 1gG2 Fc domain and

Patient Population Study Design Main Results
. 2-week screening/lead-in HbA
N = 266 people with T1D 8.0 1 1c
. . . 78 | o o4t B BIF O Degludec
26-week treatment period 764 T P=0.073
X
BIF 2 l; Degludec =74
62% male 38% female administered administered 3 ;j |
once weekly once daily 68
. e * Treat-to-target fasting glucose: BIF 6.6 -
Mean Baseline Characteristics: used 101-140 mg/dL (5.6 to <7.8 Baseline  Week 26
PR mmol/L) for the first 2 weeks only; 80- CGM-derived Hypoglycemia
ge = &b years 100 mg/dL (4.4 to <5.6 mmol/L) was — 250
used for both treatments 2 200 H BIF O Degludec
=
[ : * All patients underwent unblinded £ T 150
% Duration of T1D = 22 years CGM (Dexcom G6) < % o0
c
— | ° Assessed HbA , fasting glucose, % <
ﬂ Baseline HbA _=7.5% = incidence and rate of §
hypoglycemia = Level 1 Level 2

Conclusion

Once-weekly BIF demonstrated similar glycemic control compared with once-weekly degludec and no difference in
hypoglycemia or other safety findings in patients with T1D.

ARTICLE HIGHLIGHTS

» Once-weekly basal insulin Fc (BIF) was administered as treatment for patients with type 1 diabetes (T1D).

» We wanted to determine if BIF is safe and efficacious for patients with T1D.

« BIF demonstrated similar glycemic control to daily insulin degludec, without increasing the risk of hypoglycemia
in patients with T1D.

» BIF has the potential to safely and effectively provide glycemic control while reducing the injection burden in

T1D.
Diabetes Care 2023;46(5):1052—1059



. Safety and efficacy of once-weekly basal insulin Fc in people
with type 2 diabetes previously treated with basal insulin:
a multicentre, open-label, randomised, phase 2 study

Lancet Diabetes Endocrinol
2023:11: 158-68

Implications of all the available evidence

Weekly BIF treatment resulted in stable glycaemic control in
people with type 2 diabetes previously treated with basal
insulin. The reduced treatment burden of once-weekly insulin
compared with daily insulin has the potential to improve
treatment adherence and positively affect glycaemic
outcomes. These BIF data show promise for patients who
require insulin treatment intensification. These findings
support continued development of BIF as a once-weekly
insulin treatment of diabetes.

Interpretation Weekly BIF achieved a similar efficacy compared with degludec despite higher fasting glucose targets
in the BIF groups. Higher fasting glucose targets and lower glucose variability might have contributed to lower
hypoglycaemia rates for BIF compared with degludec. These findings support continued development of BIF as

a once-weekly insulin treatment for people with diabetes.
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100 = 02 Baseline HbA : -2.0 A 1604 e BIF-A1 (target fasting glucose 140 mg/dL) 8-9
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QE_; t --8.0 ‘i ? 110 g
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Safety and efficacy of once-weekly basal insulin Fcin people
with type 2 diabetes previously treated with basal insulin:

a multicentre, open-label, randomised, phase 2 study

Lancet Diabetes Endocrinol
2023:11: 158-68

In conclusion, in people with type 2 diabetes previously
treated with basal insulin, once-weekly BIF did not show
meaningful differences from once-daily insulin degludec
in terms of safety and efficacy. The findings suggest that
weekly 1nsulin dosing 1s a viable option for this patient
population and might provide the benefit of more stable
glycaemic control with reduced treatment burden.
Further phase 2 studies were conducted to evaluate
BIF in people with type 1 diabetes (NCT04450407) or
type 2 diabetes (insulin-naive patients; NCT04450394)
compared with insulin degludec with a strict glycaemic
target of 100 mg/dL (5-6 mmol/L). Together, these
studies informed a large, phase 3 programme, entitled
Once Weekly Insulin Therapy (QWINT), that is currently
underway.

BIF-A1 BIF-A2 Insulin degludec
(n=135) (n=131) (n=132)
Documented 24-h hypoglycaemia (<70 mg/dL; <3-9 mmol/L)
Incidence 124 (91-85%) 117 (89-31%) 117 (88-64%)
Event rate 23.0 22.5 305
Event rate ratio (90% Cl) 0-75 (0-61-0-93) 0-74 (0-58-0-94)
Documented nocturnal hypoglycaemia (=70 mg/dL; =3-9 mmol/L)
Incidence 105 (77-78%) 88 (67-18%) 105 (79-55%)
Event rate 76 6.5 11-4
Event rate ratio (90% Cl) 0-67 (0-52-0-85) 0-57 (0-43-0-74)
Documented non-nocturnal hypoglycaemia (<70 mg/dL; <3-9 mmol/L)
Incidence 119 (88-15%) 107 (81-68%) 113 (85-61%)
Event rate 150 16-2 190
Event rate ratio (90% Cl) 0-79 (0-62-1.02) 0-86 (0-65-1-12)
Documented 24-hr hypoglycaemia (<54 mg/dL; <3-0 mmol/L)
Incidence 66 (48-89%) 68 (51-91%) 76 (57-58%)
Event rate 2.2 2.4 3-0
Event rate ratio (90% Cl) 0-72 (0-50-1-04) 078 (0-48-1-26)
Documented nocturnal hypoglycaemia (<54 mg/dL; <3-0 mmol/L)
Incidence 39 (28-89%) 32 (24-43%) 46 (34-85%)
Event rate 10 0-8 12
Event rate ratio (90% Cl) 0-83(0-53-1-29) 0-67 (0-43-1-05)
Documented non-nocturnal hypoglycaemia (<54 mg/dL; <3-0 mmol/L)
Incidence 45 (3333%) 52 (39-69%) 56 (42-42%)
Event rate 1.2 1.5 1-8

Event rate ratio (90% Cl) 0-66 (0-42-1-01) 079 (0-46-1-37)




100 anni dell’insulina: il percorso di Leonard

Discovery NPH Recombinant Detemir Degludec
of insulin (1946) human insulin (2005) (2015)
(1921) (1982)
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The option of
weekly therapies
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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

Pharmaceutics 2022,
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Transdermal

1. Poly ethylene glycol (PEG) and hydroxy propyl methyl cellulose (HPA
2. Solid-in-oil nanodispersion

3. Gold nanorods + NIR irradiation

4. Calionic cyclopeptide of TD-1 peptide.
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From insulin injections to stem cell derived islets

Stem cell derived islets

Intramuscular
Intraportal
Kidney capsule
Omental pouch

Subcutaneous
1921 - 2021 ‘ The Future
Insulin injections Immunoprotective Implantation Stem cell derived islets
M approaches strategies
& &
o o
= =
= =
] 8 M"M
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o [aa)]
Encapsulation Differentiation Healthy glucose
technologies protocols Time of day

Time of day
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“Although insulin therapy
has been introduced 100
1 years ago, the development
of insulin has not come to an
end.
It is ssuring 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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