


ANDREA FONTANELLA M.D, Ph.D, FCCP. 
Presidente Nazionale FADOI 
Direttore del Dipartimento di Medicina 
dell’Ospedale del Buon Consiglio-
Fatebenefratelli Napoli

Il sottoscritto Andrea Fontanella, ai sensi dell’art. 3.3 sul Conflitto di Interessi, 
pag. 17 del Reg. Applicativo dell’Accordo Stato-Regione del 5 novembre 2009, 
per conto di Fondazione FADOI

dichiara
che negli ultimi due anni ha avuto i seguenti rapporti anche di finanziamento 

con soggetti portatori di interessi commerciali in campo sanitario: 
Alfa Wassermann, Bayer, Boehringer-Ingelheim, Bristol Myers Squibb, Daichii
Sankyo, Novo Nordisk, Pfizer, Sanofi Aventis.
Il sottoscritto dichiara altresì che detti rapporti non sono tali da poter
influenzare l’attività di docenza espletata nell’ambito di codesto evento
pregiudicando la finalità esclusiva di educazione/formazione di professionisti.
Il dott. Andrea Fontanella non si trova pertanto in una situazione di conflitto di
interessi rispetto all’evento ai sensi e per gli effetti dell’Accordo Stato-Regioni
del 5 /01/2009.



Andrea Fontanella

Il mondo delle insuline



… più che un mondo un universo



Europe USA

FIAsp (NN-1218):
an ultra-rapid-acting formulation 
of NovoLog / NovoRapid (insulin 
aspart).

Phase III clinical trials
presented ADA 2016

Tresiba (insulin degludec):
ultra-long acting basal insulin,
lasts 42+ hours,
with flexible time of dosing.
Day-to-day variability is 20%.

launched in 2013
approved in Sep 2015.
Expected launch: Q1 2016

Ryzodeg 70/30
(insulin degludec / insulin 
aspart):
pre-mixed basal-bolus 
formulation.

same as above

Novo Nordisk

http://www.ukmi.nhs.uk/applications/ndo/record_view_open.asp?newDrugID=6349
http://adisinsight.springer.com/drugs/800032144
http://www.ukmi.nhs.uk/applications/ndo/record_view_open.asp?newDrugID=4951
http://diatribe.org/fda-approves-ultra-long-acting-basal-insulin-tresiba-taken-any-time-day
http://www.ukmi.nhs.uk/applications/ndo/record_view_open.asp?newDrugID=4948


Novo Nordisk

From the current R&D pipeline of Novo Nordisk: two 
more insulin formulations are at a very early phase 
(Phase I) of clinical trials:
•LAI338 (NN1438) – long-acting basal for daily 
administration
•LAI287 (NN1436) – long-acting basal intended for 
once-weekly dosing

http://www.novonordisk.com/rnd/rd-pipeline.html


LILLY

Europe USA

Abasaglar / Basaglar
(insulin glargine biosimilar):
cheaper analogue of Sanofi’s 
Lantus

Approved in Sep 2014.
Launched in Aug 2015 (UK).

Launch postponed
to December 15, 2016
after a patent dispute with 
Sanofi

ultra-rapid insulin Phase I clinical trials

SUSPENDED: PLANS TO RELEASE THEIR NEW BASAL INSULIN PEGLISPRO BECAUSE OF LIVER SAFETY 

ISSUES IN CLINICAL TRIALS.

Europe USA

http://www.ukmi.nhs.uk/applications/ndo/record_view_open.asp?newDrugID=5484
http://www.diabetes.co.uk/forum/threads/uk-launch-for-new-insulin-glargine-biosimilar-abasaglar.83173/
http://www.pmlive.com/pharma_news/settlement_clears_path_for_lillys_lantus_biosimilar_in_us_-_next_year_830766
http://www.lilly.com/SiteCollectionDocuments/Pipeline/Clinical Development Pipeline/8.html
http://diatribe.org/lilly-discontinues-development-liver-selective-basal-insulin-peglispro


SANOFI

Toujeo (insulin glargine 
U300, longer-acting version 
of insulin glargine) – with a 
goal of converting Lantus 
users to Toujeo, since the 
patents for Lantus have 
expired.

Launched in Aug 2015 (UK) Launched in Apr 2015

SAR342434: new insulin 
lispro biosimilar to Lilly’s 
Humalog

Phase III clinical trials

Europe USA

http://www.ukmi.nhs.uk/applications/ndo/record_view_open.asp?newDrugID=6085


MANNKIND

Europe USA

Afrezza:
an ultra-rapid-acting 
inhaled insulin.
Previously marketed by 
Sanofi. 

Phase III clinical trials launched in Jan 2015 

http://www.ukmi.nhs.uk/applications/ndo/record_view_open.asp?newDrugID=4631


ADOCIA

Type Insulin Status

ultra-rapid acting 

BioChaperone Lispro – an 
accelerated version of 
lispro (Humalog) – in 
collaboration with Lilly –
standard version U100 and 
concentrated version U200

Clinical trials

rapid acting 

Hinsbet U100 and U500 –
cost-effective rapid insulin 
and its concentrated 
version

Clinical trials

mixed 

BioChaperone Combo –
mixed basal/bolus, a 
combination of Lantus and 
Humalog, mainly for type 2

Clinical trials

http://www.adocia.fr/WP/products/biochaperone-ultra-fast-analog-insulin/
http://www.adocia.fr/WP/products/hinsbet-ultra-fast-acting-human-insulin/
http://www.adocia.fr/WP/products/biochaperone-insulins-combo-based-on-glargine/


BIODEL

Insulin Status

BIOD-123 – ultra-rapid acting insulin Phase II clinical trials

BIOD-238 and BIOD-250 – ultra-rapid 
acting insulin 

Phase I clinical trials

BIOD-531 – concentrated bolus/basal –
ultra-rapid acting insulin with basal 
duration of action – primarily for type 2

Phase I clinical trials

http://www.biodel.com/content/pipeline/rhi-based-ultra-rapid-acting-insulin.htm
http://www.biodel.com/content/pipeline/analog-based-ultra-rapid-acting-insulin.htm
http://www.biodel.com/content/pipeline/concentrated-ultra-rapid-acting-insulin.htm


BIOCON

Insulin Status

•Proprietary: new oral insulin IN-105 Phase III clinical trials

•Biosimilar glargine, cheaper version of 
Lantus (with Mylan)
•Recombinant human insulin (rh-insulin)

Phase III clinical trials

•Biosimilar lispro, cheaper version of 
Humalog
•Biosimilar aspart, cheaper version of 
Novolog

early development,
not yet in trials

BASED IN INDIA. DEVELOPS CHEAPER VERSIONS OF INSULINS WHICH PATENTS EXPIRED.

http://www.business-standard.com/article/companies/biocon-s-oral-insulin-project-expected-to-be-delayed-further-113122300378_1.html


MERCK

Insulin Status

MK-2640 (“Smart Insulin”):
Glucose-responsive insulin which starts 
and stops working depending on glucose 
levels.
Expected launch: 2021 or later.
Previously known as “L-490“. 

Phase I clinical trials

insulin glargine biosimilar (generic Lantus) Phase III clinical trials

http://www.nytimes.com/2014/11/16/magazine/why-are-there-so-few-new-drugs-invented-today.html?_r=0
http://cureresearch4type1diabetes.blogspot.com/2015/03/smart-insulin-mk-2640-starts-clinical.html
https://clinicaltrials.gov/ct2/show/NCT02269735
http://www.ukmi.nhs.uk/applications/ndo/record_view_open.asp?newDrugID=6234


OTHER COMPANIES

Company Insulin type Status

Generex
insulin oral, insulin buccal 
(Oral-lyn, Oralgen)

launched in United Arab 
Emirates and India, 
awaiting approval or Phase 
III trials in several other 
markets

Halozyme
ultra-rapid acting: Insulin-
PH20 & Analog-PH20

Phase II clinical trials

Oramed insulin oral
Phase II clinical trials for 
T1D in Israel. An orally 
ingestible insulin capsule.

http://adisinsight.springer.com/drugs/800010312
http://adisinsight.springer.com/drugs/800025074


SUMMARY

Market trends:
new ultra-rapid acting insulins to replace Humalog and Novolog
(patents expired), important for pump users and real-time artificial
pancreas;
new attempts to create oral insulin, as ingestible capsules;
cheaper versions of Lantus and other insulins with expired patents;
new basal insulins with longer action, more important for type 2 
diabetes;
mixed formulations for type 2 market: mixed basal/bolus and other 
mixed medications;
exploration of non-insulin drugs for glucose control in type 1 
diabetes.



James J. Chamberlain, et al. Ann Intern 
Med. 14 March 2017.



James J. Chamberlain, et al. Ann Intern 
Med. 14 March 2017.



Open source insulin
As a part of do-it-yourself movement, there is an 
initiative to create an open-source protocol for insulin.



Insulin Secretion in Healthy People

Kruszynska Y, et al. Diabetologia. 1987; 30: 16-21.

Lo scopo è ottenere questo !!!



Struttura dell’insulina
L’insulina umana è stato il 
primo farmaco biologico creato 
mediante tecnologia del DNA 
ricombinante nel 1982

Krämer I and Sauer T. Br J Diabetes Vasc Dis 2010; 10(4): 163-71



FARMACI BIOLOGICI sono macromolecole (es. proteine, glicoproteine o
polisaccaridi) ottenuti mediante procedimenti di produzione diversi dalla
sintesi chimica, utilizzando processi estrattivi da fonti biologiche (es.
colture di cellule procariotiche o eucariotiche non modificate, plasma).

FARMACI BIOTECNOLOGICI sono una sottocategoria di farmaci biologici a
struttura macromolecolare (proteine, glicoproteine) ottenuti mediante
processi di estrazione e purificazione a partire da substrati
cellulari/animali che hanno subito un procedimento di ingegnerizzazione
genetica (inserzione del gene di interesse) o modifica (fusione cellulare,
linee continue, monoclonali) di varia entità.

http://www.sifact.it/joomla/images/img/congresso/2014/relazioni/Canonico.pdf

Ovvero come imitare la Natura e la sua perfezione



I farmaci biologici sono più complessi
delle molecole di piccole dimensioni

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMateri
als/Drugs/AdvisoryCommitteeforPharmaceuticalScienceandClinicalPharmacology/
UCM315764.pdf MW=Molecular Weight

http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/AdvisoryCommitteeforPharmaceuticalScienceandClinicalPharmacology/UCM315764.pdf


… ma imitare la struttura molecolare potrebbe 
non essere sufficiente considerando che anche i 
percorsi sono differenti…



Insulin Distribution in Normal Physiology



Distribution of Exogenous Insulin



PEGylated Lispro (Peglispro)

Hansen RJ et al. Diabetes. 2012; 61 (suppl 1): A228

Insulina epatoselettiva ?

Come imitare il percorso e andare dal centro alla 
periferia?



Hydrodynamic Characteristics

Hansen RJ et al. Diabetes. 2012; 61 (suppl 1): A228



Peglispro Characteristics

Sinha VP, et al. Diabetes. 2012; 61 (suppl 1): A273



The Endothelial Sieve and Peglispro

Herring R et al. Diabetes Obes Metab. 2014; 16: 1-8



analogo rapido
prima di colazione

analogo rapido
prima di pranzo

analogo rapido
prima di cena

analogo lento
prima di dormire

Come mimare al meglio il profilo insulinico fisiologico?

Accelerare l’assorbimento Rallentare l’assorbimento



ADA. Diabetes care. 2016; 39 Suppl 1: S1-S104.
Inzucchi SE, et al. Diabetes Care. 2012; 35: 1364-1379. IDF, 2012

Glycemic Target Goals for Patients With T2DM



Major Mechanisms Linking Elevated PPG
To Diabetes Complications



Elevated PPG Is Associaced With
Diabetes Complications



Limitations of Current Rapid-Acting Insulins



Faster Aspart: a New Formulation of 
Insulin Aspart



Early PK of Faster Aspart: Pooled Analysis of 6 
Studies in Patients With T1DM



Faster Aspart: Onset and «Offset» Exposure*



Faster Aspart: Onset and «Offset» of Metabolic Activity*





Use of BioChaperone
Lispro, the company's
reformulated version of 
the standard lispro insulin, 
resulted in faster
absorption and reduced
postprandial glucose
excursions compared with 
standard premeal lispro in 
type 1 patients



Ultra-Rapid Formulation of Lispro U 100: T2DM



Ultra-Rapid Formulation of Lispro U 100: T1DM



Potential Role of Ultra-Acting 
Insulins in Clinical Development



Gli analoghi lenti ed ultralenti non differiscono 
nella struttura molecolare dell’insulina 

Quello che li differenzia è la formulazione 
che ne varia la farmacocinetica 

Le differenze farmacocinetiche sono quelle 
responsabili delle diversità farmacodinamiche



Brange et al. Diabetes Care 1990;13:923–54

Modifiche della
formulazione dell’insulina
o Protamina
o Zinco
o Cobalto

Modifiche della sequenza 
aminoacidica 
dell’insulina

o Shift pH isoelettrico
o aciliazione 

A. Insulin glargine 
precipitates

B. NPH crystals

A

B

In vivo (pig s.c.)

Strategie di ritardo 
dell’assorbimento dell’insulina 
dal deposito sottocutaneo



Control fasting blood glucose 
with one injection per day

ALLOW FLEXIBILITY

Longer duration 
of action

Flat 
time-action 
profile

Less 
day-to-day 
variability

Lower risk of hypoglycaemia

Lower risk of hypoglycaemia

Potential for titration to lower FPG target

Ideal characteristics  of 
basal insulin



Novel Basal Insulin 
Analogues
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Insulin degludec: rationally designed, 
beyond sequence modification



Insulin degludec: PK & PD 

Emivita lunga = migliore qualità del profilo farmacocinetico allo steady state



Insulin degludec: PK & PD 

AUCGIR,0–12h AUCGIR,12–24h

AUCGIR,0–6h AUCGIR,6–12h AUCGIR,12–18h AUCGIR,18–24h

AUCGIR,0–12h AUCGIR,12–24h

AUCGIR,0–6h AUCGIR,6–12h AUCGIR,12–18h AUCGIR,18–24h

Heise et al. Diabetes 2011;60(Suppl. 1):LB11; 
Heise et al. Diabetologia 2011;54(Suppl. 1):S425 

AUC = area under the curve 
GIR = glucose infusion rate 
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GLA-300 is a new long-acting basal insulin with a 
more even and prolonged PK/PD profile vs GLA-100  
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Steinstraesser A et al. Diabetes Obes Metab. 2014;16:873-6; Becker RHA et al. Diabetes Care. 
2014 Aug 22. pii: DC_140006. [Epub ahead of print]

GLA-100



Time, h
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More even and prolonged profile with GLA-300 vs 
GLA-100 in T1DM after 8 days’ treatment

GLA-300 0.4 U/kg

GLA-100 0.4 U/kg
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Becker RHA et al. Diabetes Care. 2014 Aug 22. pii: DC_140006. [Epub ahead of print]

Smoother start Better stay



… vi è un’altra frontiera per la basalizzazione

… oltre l’insulina?



James J. 
Chamberlain, et al. 
Ann Intern Med. 14 
March 2017.



Complexity of diabetes pathophysiology may benefit 
from a multi-targeted approach

Adipose tissue

Insulin receptor 
activation

Skeletal muscle

Glucose disposal

Liver

Hepatic glucose 
production

GLP-1, glucagon-like peptide-1; *in animal studies
Baggio, Drucker. Gastroenterol 2007;132:2131–57

Brain
Energy intake
Satiety
Learning and memory*
Neuroprotection

Liver
Hepatic glucose output

Pancreas
Glucose-dependent 
insulin and glucagon 
secretion 
Insulin synthesis
Beta-cell mass*

Heart
Cardioprotection

Cardiac function

GI tract
Gastric emptying

GLP-1 analogue Basal insulin

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Wd0hLltyYQpDiM&tbnid=NERwKCoR-F2XIM:&ved=0CAUQjRw&url=http://sciweb.hfcc.edu/Biology/AP/134/lab/lab guide images/Histology/adipose.ct.html&ei=NJgoUu_tI8WC2gXAq4CIDA&bvm=bv.51773540,d.aWc&psig=AFQjCNG5_r4yO0GIphG_0AuLHYZC89AoMw&ust=1378478481211175
http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Wd0hLltyYQpDiM&tbnid=NERwKCoR-F2XIM:&ved=0CAUQjRw&url=http://sciweb.hfcc.edu/Biology/AP/134/lab/lab guide images/Histology/adipose.ct.html&ei=NJgoUu_tI8WC2gXAq4CIDA&bvm=bv.51773540,d.aWc&psig=AFQjCNG5_r4yO0GIphG_0AuLHYZC89AoMw&ust=1378478481211175


Complexity of diabetes pathophysiology may benefit 
from a multi-targeted approach

Figure: Schematic representation of the potential synergistic effects of 
treatment with basal insulin and a longacting GLP-1 agonist

Del Prato www.thelancet.com/diabetes-endocrinology Vol 2 November 2014



Combining therapies offers opportunities to 
enhance efficacy and diminish side effects

HbA1c FPG PPG Weight Hypoglycaemia

Basal insulin
GLP-1 RA monotherapy

0

+

-

GLP-1 RA/insulin combined

For illustrative purposes only, not meant to quantify or imply magnitude of change in either direction

Nausea



GRAZIE DELL’ATTENZIONE

NOVONORDISK IS ALSO DEVELOPING IDegLira, A MIX OF BASAL INSULIN 
Degludec WITH GLP-1 Liraglutide TARGETED AT TYPE 2. 

SANOFI IS ALSO DEVELOPING LIXILAN, A MIX OF BASAL INSULIN Glargine WITH 
GLP-1 Lixisenatide TARGETED AT TYPE 2. 

http://www.ukmi.nhs.uk/applications/ndo/record_view_open.asp?newDrugID=6131
http://www.ukmi.nhs.uk/applications/ndo/record_view_open.asp?newDrugID=6131

