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2018 Diabetes Canada CPG — Chapter 12. Glycemic Management in Adults with Type 1 Diabetes
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Types of insulin

Insulin type (trade name)

Duration

BOLUS (prandial or mealtime) insulins

Rapid-acting insulin analogues (clear)

Short-acting insulins (clear)
Insulin regular
Insulin regular U-500

. Insulin aspart 9-20min 1-1.5h 3-5h g 0\@ .
. Insulin glulisine 10-15min 1-1.5h 3.5-5h 6\ . 6‘\\
« Insulin lispro U-100 U-200 10—15min 1-2h 347 53(\a . \-a\\
. Faster-acting insulin aspart 4min 0.5-1.5h \& \ A c:\d\
- —

30min 2-3h %OG\ . v‘k{&\

BASAL insulins

15min 4-8h, Y7240
A2 S
AN e

Intermediate-acting (cloudy)
Insulin neutral protamine NPH

élo (ega (\.*\S?Sh Up to 18h

Insulin glargine U- 300

Insulin glargine bio éoo U (6\0

Insulin deglu

LonIg-aclt.ing(;jl insullin (clear) P\ \U‘ (\?w-nm Not applicable EIJ-IOO. gllaggizr:ﬁl 24h,
+ Insulin detemir s A\ etemir 16—
Insulin glargine U-100 P\?\\’ 0(\g U-300 glargine >30h

degludec 42h

PREMDQ@@«%lu}g(e \&

&g @xgl r%@}‘suhn —NPH (cloudy)
éoéo 40/60, 50/50

A single vial or cartridge contains a fixed ratio of insulin
(% of rapid-acting or short-acting insulin to % of intermediate-acting insulin)

Premixed insulin analogues (cloudy)
Biphasic insulin aspart
Insulin lispro/lispro protamine ( Mix25 and Mix50)




Insulin Therapy in Type 1 %*
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Bolus insulin at meal times + b\g@&?ir@éal?h once or
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Figure 1. Modulation of the
intensiveness of glucose
lowering therapy in T2DM
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Figure 1. Modulation of the intensiveness of
glucose lowering therapy in T2DM
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Y
Persone con diabete con almeno un ricovero o \\o(\ \\ \ 6
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Osservatorio ARNO Diabete. Il profilo assistenziale della popolazione con diabete. Rapporto
2015. http://osservatorioarno.cineca.org



Osservatorio ARNO Disbete

Probabilita di ricovero ospedaliero:

Caratteristiche descrittive

diabetici vs non diabetici

Con diabete
Casi

(N=640.846)

Senza diabete
Controlli
(N=640.845)
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\ 3(\65| 6\
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Soggetti che hanno avuto almeno un ricovero 105.592 ¢ \)\6 \H@‘ -
AN~

Ricoverati almeno una volta nell’anno in regime e 65 ‘\ 60 10.3 60%
ordinario o di Day Hospital (%) “O (’\23 6 '

Tasso di ricovero (per mille soggetti) ?\O : ’ Q(%B 163 110%

fa (AN p—

Tasso di ricovero ordinario (per mille mggﬁgg\ (\‘a;\ 282 122 ( 132%

=

Tasso di ricovero in Day Huspltaﬁp?g%t}re sgg@&\\a 61 42 46%

Ricoveri ordinari [totil&)eé%m poe‘@guna) 180.671 (2,1) 77.973 (1,6) 34%

Ricoveri 1n D ital 80\@5‘- e media per persona) 32.371 (1,5) 22.239 (1,3) 1%

. %\‘?"Q‘ \359}‘ ordinario 86.697 (82%) | 50.173 (76%) 8%

mer{‘pﬁ ne e & del campione)
R“:o")gra“ in Day Hospital 26.591 (25%) |  20.238 (31%) -23%

(numero persone e % del campione )

Degenza media nel ricovero ordinario (numero giornate)

11,2

10,2

,\O\OQ\6

% delle
ﬁ‘on diabete
ca nella fascia
dfeta pari o
superiore ai 65 anni

RSO

Le persone con
diabete sono
ricoverate molto piu
spesso di quelle senza
diabete (in degenza
ordinaria: + 132%).

La degenza media del
diabetico € maggiore
(+10%; circa 11.2
giorni)



Glucose Abnormalities Are Commmon
in Hospitalized Patients 0%
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Swanson CM, et al. Endocr Pract. 2011;17:853-861.



Iperglicemia e mortalita intraospedaliera (ICU)
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Krinsley JS. Mayo Clin Proc 2003; 78(12):1471-8
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The NEW ENGLAND JOURNAL of MEDICINE

‘ | ORIGINAL ARTICLE ”

ve‘o\o
Hypoglycemia and Risk of Death 0\
glycem : c&\ h\"
in Critically Ill Patients (\ \6
The NICE-SUGAR Study Investigators® \\a\\‘a 6\6\\'
NP\
\o 50" o
\ 2
Hazard Ratio for Death from Specific Causes According to th @&9@@&9 of Moderate or Severe Hypoglycemia.
Subgroup Deaths g\a atio (95% Cl) P Value
Ho. P\$ g@
Cardiovascular cause of death ?\O \
Distributive shock \O ) 6\G S
No hypoglycemia o (‘\g\(\ ] 1.00
Moderate hypoglycemia GP‘ ‘??(\e o —- 2.34 (1.69-3.25) <0.001
Severe hypoglycemia (. (g@ — w435 (2.49-7.61) <0.001
o CSN(~
ther cause of death ,a(’b \.a
Mo hypoglyce 8 107 ' 1.00
Moderat r%? 100 — 1.46 (0.99-2.15) 0.05
Sev %ypo? mla 17 S 2.98 (1.51-5.88) 0.002
0\0@ 0.12 1.00 8.00
Decreased Increased
Risk of Death Risk of Death

N Engl ] Med 2012;367:1108-18.



LE FLUTTUAZIONI GLICEMICHE NELLE 24 ORE SONO
PERICOLOSE - Giycema N
P

17
= 15 } A—%@’& I
3 - A\
i I~ -J\—@_A_V.-_—;Q:"—‘—— N
. poaps e e . T \
Mean HbA,, HbA, variability, and mortality in people with "} ™ T FON Sl KRV ~%
- - A\l i
diabetes aged 70 years and older: a retrospective cohort study 5 At IERXY &\
2\l (OX) i
3 \X fa a \‘ § . § .
Angus Forbes, Trevar Murrells, Henrietta Mulnier, Alan | Sindair ‘@, \\ .8 @. iz 18 s an
. P tinnges (h)
Ampie osc o S\
p Background Glycacmic targets for older people have been revised in recent years because of concern thal MOMe  Lesces Disbeses . O . 6\\,
siringent targets are associated with increased monality. We aimed 1o investigate the association between glycaemic  puisbes \ FMO
m m O I/ L O ‘ control {mean HbA, ) and variability (variability of HbA,, over time) and monality in older people with diabetes. MI&F@ o @ %
m]-na 0o
- - Methods We did a 5-year retrospective cohort study using The Health Imp , which i aﬂm . s ‘G 8.0 = L
rl S C h I O r data from 587 UK primary care pnniu’:s We included patients of either sex who were aged 70 years and wm‘ma : TN N
type 1or type 2 diabetes, The primary outcome was time to all-cause mortality. Our ]lnmary exposure sz,
- mean HbA, and variability of HbA,_ over time. The observation included a 4-year run-in ( ] gwuuud x T
C ro n I C h e ( baseline, with a S-year follow-up (from 2007 to 2012). We assessed mean HbA,, in mé Mackoritery & Palliatrer & e
HbA, for 2003-06 (model 1), the mean across the whole follow-up period (model 2), ng Coom, Kingfs Callagn London, Eammmn
H H i mean (model 3). A variability score (from 0 [low] to 100 [high]) was calculatgd s of n m:m:::':m
OSSId atlvo HbA,, of 0-5% (5-5 mmaol/maol) or more from lmlmzmlartmhe' @ ily,hasndan Foundation for Diabetes T T 1
E mean as per cach model with a minimum of six readings. Research in Okder Peope. 12 18 24 48
I H H Disbetes Frail Luton. UK thne (h)
g Icemila C Findings The cohort consisted of 54803 people, of w m@ §14 [30- @ uomenandmpj 83 of [rih e
26786 men) died during the observation peri 77 per 1000 person-years (73 Per Univeeity of Aston,

data showed a J-shaped distribution for —Semingbam, ux N grotyrgsine
er than 8% (64 mmoljmol) and less than el A1 5edad

m m O I L 1000 person-years for women and 80 per -years for
mortality risk in both sexes, with sigpd ses with H

.8
6% (42 mmol/mol), although exc riality risk -significant in model 1 for men at HbA, values of 8% ma:l:u-n- . _¢\
(64 mmol fmol) to less tha % mmol/ models 1and 3 for both sexes assessed individually at HbA, - C 20 C00 Flm0 . FE N g N N O
values less than 6% r@: ol). Mo ased substantially with increasing HbA, variability in all models  yaiter & Pt Car. -6 AP ; .
{overall and for | For the A, measure, the adjusted hazard ratios comparing patients with a g (olege Loadon, London 5 . — _% _ % e — _} -
10 100 with those with a score of 0 to 20 were 2.47 (955 CI 2-08-2.93) for S8 fWA LK 4 §:'—” 3
-6 I%rnm Fitting the mean HbA_ models with the glycaemic variability score aliered the *"7'*=S=* : \\{;,(/
ion was most marked in the model 2 analysis, in which a significant increased risk was -3 = =
A, values greater than 9-5% (80 mmol /mol) in women and 9% (75 mmol/mol) in men. -2
A T T T T 1
\Qa n Both low and high levels of glycaemic control were associated with an increased morality risk, and the (] 6 = 18 = 48
6 c'\v of variability also seems to be an important factor, suggesting that a stable gjycaemlc level in the middle range is time (h)
O ? woculed with lower risk. Glycaemic variability, as assessed by variability over time in HbA,_, might be an important
aQ factor in understanding mortality risk in older people with diabetes. Hyperglycemic clamps in diabetic patients. For 24 h, glycemia 1)
0\ reased at 15 mmold every & h and normalized for the next 6 h
) maintained at 15 mmold (@) (peak value), and 3) maintained

Funding King's College London and Diabetes Frail. imol/l (&) {mean glycemia value/24 h of experiment 1). B and

mnd mitrotyrosine measured during the experiments and 24 h
Conmiaht & W2 Floavine Tod_All rinhic sacaeund he end. Bars indicate SEM.

Ceriello et al. Diabetes 2008 May; 57(5): 1349-1354

www. thelancet comydiabetes-endocrinology  Published online Apeil 16, 2008 hitp:jjdw.dol.ong/10.1016/52213-8587(18)30048-2



Pathophysiology/Complications
ORIGINAL ARTICLE

Increased Glycemic Variability Is Ax—
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of Stay and Mortality in Noncritically : | g
Il Hospitalized Patients I
For every 10-mg/dL increase in SD and 10- \? S0 c‘,\d\"'a
L . N ST
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Mendez CE et al. Diabetes Care, volume 36, december 2013

| MIIG 90-180 mg/dL

MHCG >180 mg/dL.




Pathophysiological cardiovascular consequenges
of hypoglycaemia 0%
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Inflammation
Effects last up to 7 days*
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6\\\\‘ < \ abnormalities T Heart workload
Qo < Heart rate T Contractility

o
CRP, C-reactive protein; IL-6, interleukin 6; VEGF, vascular endothelial growth factor.

Adapted from Desouza CV et al. Diabetes Care 2010;33:1389; 2. Frier BM et al. Diabetes Care 2011;34 (Suppl. 2):S132;
3. Wright RJ et al. Diabetes Care 2010;33:1591-7; 4. Chow EYK et al. Diabetologia 2013;56 (Suppl. 1):5243.
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Hypoglycaemia is associated with 5o8®

ECG abnormalities R
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ECG, electrocardiogram.
Laitinen T et al. Ann Noninvasive Electrocardiol 2008;13:97-1051.



L'IPERGLICEMIA POST-PRANDIALE
CORRELA CON L'AUMENTO .
DEL RISCHIO DI IMA E DELLA MORTALITA
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postprandial glucose (P
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‘@@\)

Pan Chan gYu

k\%

Category

[ Good

M Borderline
W Poor

FPG

PPG

I@&nce of myocardial infarction (A) and mortality (B) according to PPG and FPG levels [38]. The categories good,

O\ borderline and poor for blood glucose level were according to the cut-off limits of the NIDDM Policy Group. FPG: fasting
plasma glucose; NS: not significant; PPG: postprandial glucose.
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Schematic representation. Adapted from Monnier & Colette. Diabetes Metab 2015;41:179-82



Omeostasi post-prandiale \03?"

/ Distribution of glucose load \

GLUCOSE .
Muscle

glucose
appearance

[ Plasma glucose ] (.D Stimulatory

Promoted

Pancreas Rate of signal
e glucose Inhibitor
. Suppressed
Insulin suppresses glucagon == Signal
secretion and hepatic EGP and
promotes glucose disposal in Tissues
the periphery
Muscle Fat

Shrayyef & Gerich. In Poretsky (ed.). Principles of Diabetes Mellitus. 2010. DOI:10.1007/978-0-387-09841-8_2

EGP, endogenous glucose production; PPG, postprandial plasma glucose
Adapted from Aronoff et al. Diabetes Spectr 2004;17:183-90



Determinants of PPG 06\0\
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° GIu%@Bﬁa{ ?&her counter-regulatory hormones

@«@?sme and meal content

P\f?‘é/ ® Gastric emptying and incretin hormones

FPG, fasting plasma glucose; PPG, postprandial plasma glucose
1. Ceriello. Int J Clin Pract 2010;64:1705-11; 2. Alsahli & Gerich. Ref Mod Biomed Res 2014;doi:10.1016/B978-0-12-801238-3.03827-7



Cosa si intende per PPG
Linee guida internazionali e nazionali e
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AACE; American Association of Clinical Endocrinologists; ACE, American College of Endocrinology; ADA, American Diabetes Association; CDA, Canadian Diabetes
Association; EASD, European Association of the Study of Diabetes; ESC, European Society of Cardiology; FPG, fasting plasma glucose; IDF, International
Diabetes Federation; PPG, postprandial glucose

ADA. Diabetes Care 2016;39(Suppl. 1):S1-119; CDA. Can J Diabetes 2013;37:531-4; Handelsman et al. Endocr Pract 2015;21(Suppl. 1):1-87; Ryden et al. Eur
Heart J 2013;34:3035-87; IDF. Diabetes Res Clin Pract 2014;103:256-68; Standard italiani 2016



Conseguenze di un mancato controllo
della PPG

L'iperglicemia postprandiale nelle persone con
diabete si associa a:

Guideline
\o for Management
_ _ _ 6\5\66\'\‘6‘6 of PostMeal Glucose

e malattie cardiovascolari o 6\60(\ in Diabetes
e retinopatia P§O o
e tumori \Q?‘O oS

: , e OF o
e disturbi cognitivi ?\\} SO
e aterosclerosi asi&gﬁr%‘ggj'@%
e stress ossi %iﬂﬁ’fammazione e disfunzione

endotel; R
‘,i\\\a '\OG

0‘5\ @((

0‘\09 ?

PPG, postprandial plasma glucose
Ceriello. Nutr Metab Cardiovasc Dis 2008;18:517-33
IDF. 2011 Guideline for Management of Postmeal Glucose in Diabetes. www.idf.org



Analogo dell’insulina ad azione ultra-rapida: verso un -
meccanismo d’azione piu simile al profilo fisiologicg\o\o@

Insulina endogena

fA 1N
[ Ve

o)
17 u. \
g || ).\ Analogo rapido
g1 [ \\
E ‘||'\II \ o P\$O
= |\ LN A% @0 &\
S |t & M N, Insulina umana \O \C
@ II’ /I‘It\ \ \ P\G . ‘(\a
E L7 ,' ' \ ~ ?\\/ (\g\
.’ . O
2 P \ T S
\ 63 g\Q
s ® 3\6 )\ .
(e.o@( 6(‘8\6
065'\\‘62( {\Oeﬁlempo (h)
3

Irace C. Media 2016; 16:193-200; Home PD. Diabetes Obes Metab 2015;17:1011-20;

Heinemann L. ] Diabetes Sci Technol 2012;6(4):728-742

. 0‘\6\9

L'insul\ina ultra-rapida potrebbe:

offrire un profilo d’azione piu fisiologico
nel soggetto con DT1

mimare la prima fase di secrezione
insulinica nel DT2

avere un profilo d’azione migliore quando
utilizzato in pompa



Diversi approcci sperimentali per ottenere un ms&lfma

ultra-fast 2 oe‘o
N
\6

Formulation \‘\0(\

. Additives, for example: 600\6
« EDTA/citric acid 6\ 0
« Magnesium d\) <
* Bio- chap og@ @\
* Niaci

\ L 00 \65

EDTA, ethylenediamine tetra-acetic acid



Insulin aspart

1. Adocia BioChapercone. Available at: https://www.adocia.com/technology/bicchaperone-technology-2/ (Last accessed: January
2018); 2. Kazda et al. Diabetes 2017;66 (Suppl. 1):A247-8; 3. Heise et al. Clin Pharmacokinet 2017;56:551-9
rUL e ar reudieal Artalis utaltiiiy viny
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BioChaperone Technology

Insulin,
Growth factors, Protein




Fast-acting Insulin Aspart
Nuova formulazione di aspart

"2
,&O\OQ»
. o\0C
o
A A\
Niacinamide: facllltatore{{@ %Jem}éﬁt
\6\66 6\\6
\ :
6\ N&"L‘o Vitamin B3
\> et
03d ? %b‘\
2 il insuli
0P§ Q GQ» -arginina: stabilizzatore dell’insulina
& e Y NH 0
A\ : :
®) H,N )LN/\/\()\o‘ Ammino acido
H
NH,

«Fast-acting Insulin Aspart» e una formulazione di insulina aspart prandiale nella quale

I’29¢iunta di nicotinamide (vitamina B3) determina un assorbimento iniziale piu rapido
dellinsulina rispetto alla sola insulina aspart.

Irace C. Media 2016; 16:193-200; RCP Fast- acting Insulin Aspart



La vitamina B3 aumenta la dissociazione monomerica e

- - cymg X - . - \O*
il tasso di permeabilita endoteliale di insulina aspart 209°
‘0‘\'6\0
ad\ \\6“\\
Tasso di permeabilj@‘@“ N\
endoteliale in cg\bu\ie\@ C
600\ o

Dissociazione monomerica

+35% > 6\\6
0.057 6" 106 - QI @

o
o
IS

]

£ 0.037

_ O\
002 O(\Q% 2" 1076 A B Human insulin (no NA)

Il Insulin aspart (no NA)
B Insulin aspart (with NA)

Volume fraction of
monomer in buffer

NA: niacinamide, HDMEC: human dermal microvascular endothelial cells
Buckley ST et al., ATTD 2016 (ATTD-0083)
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RESEARCH PAFER

‘\6‘
Elucidating the Mechanism of Absorption of Fast-Acting {6\@ lir
Accspart: The Role of MNMiacinamide <)

. O\
Jonas K_ik:l-%aarcl' = St=phen T Budd-e’:.r' - Rasmus H. Mislsen ' « Gro K. Poddsen ' - Torben Seested ' - l._.llla Q- I—lé\h'e B. Oisen '
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leppe Sturis '

I.::E_--4:;::1-1-111“:5”:::{:—“1?:”21I 18 / Avccopoed: 21 Jamaucary 20019 \‘a 6\6

La niacinamide ¢ risultata aumentare jl tasso di assorbimento di FA nei suini e dopo I'ini Z,gl%@egh %\é\l umani i modelli di farmacocinetica
hanno rilevato che questo effetto e piu pronunciato a ~ 30-40 min. i 3

0

Il meccanismo attraverso cui la niacinamide provoca un assorbimento piu ra%«ﬁ\éell |@@D‘%aspart sembra essere dovuto a pil meccanismi.

La niacinamide aumenta il frazionamento monomerico di aspart d|$® p @tygﬁeablllta dell'insulina aspart attraverso |'endotelio di ~ 27%.

Le misurazioni SAXS (Small angle X-ray scattering) hanrg?@rato %\ n|aC|nam|de aumentata la frazione monomerica di insulina aspart in
formulazioni diluite e questo & indipendente dalla pre i fe m-cresolo. E documentato da questi esperimenti SAXS che la niacinamide ha

un forte effetto neutralizzante sula oligomerizzazi @1\2 dente di insulina aspart. Entro pochi minuti dall’esaurimento di eccipienti, come
Zn2+, fenolo e m-cresolo, nel deposito di m.e@@?g i"di insulina si destabilizzano e il risultato € un aumento di dimeri e monomeri.

E probablle la presenza di niacinami &@ enzm@\%olo la distribuzione iniziale di ollgomerl nel deposito di iniezione, ma anche la distribuzione
durante l'intero corso del proces (bd sor dovuto all'assemblaggio gerarchico dell'insulina esamero e I' accopplamento di equilibri tra gli

oligomeri. \‘3
Inoltre, le mlsuraZ|on§§ res e vascolari delle arterie porcine sottocutanee isolate, del flusso sanguigno e della perfusione cutanea nei
maiali indica che.| Ina dia un effimero effetto vasodilatatore locale (tran5|tor|a e concentrazione dipendente), che pud aumentare
I' assorblmen;g\ ul|{15( art.

\09 ?

Volendo sintetizzare la niacinamide aumenta l'iniziale abbondanza di monomeri di insulina aspart e

trasporto di insulina aspart dopo somministrazione sottocutanea e anche media un effetto
vasodilatatore transitorio e locale.



Early insulin exposure -
pooled analysis

Twice as fast onset of appearance

The pooled analysis showed an approximately 5 min
i:arht:,r onset of appearance, a two times h\}gbﬂr early
insulin exposure and a 74% great 6@9 glucose-
lowering effect for faster as&%‘@%rsus IAsp.

Two-fold higher insulin exposure within the first 30 min AR\
P\
NG
73300 - .6\\9 e\ — Faster aspart
E o \‘\0\\0 —— Insulin aspart
5,250 1 S
2
(@] 200 AUCIAsp, 0-15 min
© 3.83 (3.41;4.29)b"
S 150 . AUC; ., o- & ‘ie 3 AUC:ae 0-11 AUC;xqp, 0-21
3 | 2.01 (1 \6%@ 5\9 1.32 (1.26+1.39)b" 1.10 (1.06+1.14)>"
£ 100 - : Fg - AN
© . \\ \g
& :QP‘?\ eo(
© 501 3~ N
£ - :\16(
3 [ ]
0 \\\\1695 (\oe\‘ 30 60 90 120
. o el Onset of appearance Time (min)
(ﬁa&t of appearance | _4.9 (-5.3;-4.4) min®*

*p<0.001; aTreatment difference, 95% CI; bTreatment ratio, 95% CI

Pooled analysis of six phase 1 randomised, double-blind, crossover trials: 3887, 3888, 3889, 3891, 3921, 3978; n=261 (faster aspart), n=256 (insulin aspart)
AUC, area under the curve; CI, confidence interval; faster aspart, fast-acting insulin aspart; IAsp, insulin aspart

Heise et al. Clin Pharmacokinet 2017;56:551-9



The pooled analysis showed an approximately 5 min
earlier onset of appearance, a two times higher early

Ea rly inSUIin aCtion - insulin exposure and a 74% greater eaé{gglucme-
pooled analysis lowering effect for faster a-:part v@sﬁ TAsp
74% greater insulin action within the first 30 min 3 0\9

GIR (mg/kg*min)

\
@e@? t t
R4 aster aspar
. \’\Q\\‘a 5\6\— Insulin aspart

8- >
NS A\
AP\ _
6 :
4+ :
2 E P~Au AUCgg, o-1 1 AUCcrg, oo
& S| 1.34 (1.25;1.43) 1.13 (1.07;1.19)>* | =
(6\6 .35\1'0‘( :
o~ \o : :
0~ SSAPRENE I I |
0 N AP e.2 30 60 90 120
‘f'QO Ons@ @t action Time (min)
O\C 4.9 (-6.9;-3.0) min®*

*p<0.001; @Treatment difference, 95% CI; "Treatment ratio, 95% CI
Pooled analysis of three phase 1 randomised, double-blind, crossover trials: 3887, 3891, 3978; n=163 (faster aspart), n=160 (insulin aspart)

AUC, area under the curve; GIR, glucose infusion rate
Heise et al. Clin Pharmacokinet 2017;56:551-9



Fast- acting Insulin Aspart
Proprieta farmacologiche

300
Fast- acting insulin aspart vs < oo
aspart presenta: 3
~ 200
e ) 2
Comparsa in circolo 2 volte piu & 12g
veloce @?00@-
\_ /\QP\ 3 Q‘e
Na\ e }\eg\ 50—
Quantlta di insulina dlsp?g\@}lg’l \(\ R
circolo due volte magg® o t1 30 60
g— 4 9 Time (min)

\
_primi 30 minuti 9\6 \,,\\6‘5 )
e Q(ev \‘e“ ™
Effettogprb%el{:aﬁqlzzante maggiore
d%\ Yo nel primi 30 minuti

GIR (mg/kg/min)
N

J

]
0 30 60
GIR, glucose infusion rate; IAsp, insulin aspart; SC, subcutaneous Time (min)
Heise T et al. Diabetes 2016;65(S1):A239; Heise T et al. Clin Pharmacokinet 2017;



Tre generazioni di insuline ai pasti: verso un

- m N\ - - -
profilo sempre piu fisiologico e
SO°
: 0‘\@\0
(\36\ \'\6“\\
. R\ 6
. \’\0\\‘a 5\6\\
C;\G‘ . 0\\6
10 - Human insulin vs insulin aspart F\Qgé aasgm vs insulin aspart
I RN _
o 8 - . Oe 60‘\ AUCGIR,O—30 min ratio [-950/0 CI]
= AUCgp 0-30 min Fatio [95% CI] @) GA _d;\ Faster aspart/Insulin aspart
I= i Insulin aspart/human insulin P‘ ¢ g’a 1.74 [1.13; 2.02]
£ 6 1.38 [0.78; 2.89] \O?‘O eé‘\Q\
s \ ()}
3 4. \,P*G g\(\‘a > 4
E p& of £
= 2 4 — Insulin aspart 660 é\o(\e g
© — Human insulin,a(a’\6 ‘3\‘6( © 27
0 = R ,
“’\“‘\‘a -“\('I;.eq 1 1 1 1 0 II I
o°\s ee! *10 15 20 25 30 0 30 60

0
0\69 Time (min)

Time (min)

CI, confidence interval; GIR, glucose infusion rate; IAsp, insulin aspart; s.c., subcutaneous
Modified from Heinemann L et al. Exp Clin Endocrinol Diabetes 1997;105:140-4; Heise T et al. Diabetes 2016;65(S1):A239; Heise T et al. Clin Pharmacokinet 2017
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Overview of the onset programme for faster a%paﬁ:
O\

AR\
T1D T2D . N0
P i

anset s onset 8
T1D Purap T1D MDI
X0 iraster azpart vs. insulin Basal insulin degludec
\8) aspart faster aspart vs.
d\ insulin aspart

onset 1 onset 3

T1D MDI T2D
Faster aspart pre-meal Faster aspart MDI vs.
& post-meal vs. basal insulin
c

insulin aspart
g@

onset 7/ onset9
T1D MDI T2D MDI
Children & adolescents Basal insulin degludec
Faster aspart vs. faster aspart vs.
insulin aspart insulin aspart

onset 2
T2D MDI T1D, Pump
Faster aspart vs. 6-week compatibiiity:
insulin aspart l-aster aspart vs.
insuitin-aspart

. Completed

. Ongoing/in

Faster aspart, fast-acting insulin aspart; MDI, multiple daily injections; T1D, type 1 diabetes; T2D, type 2 diabetes plannmg

Trial.gov



onset 1: trial design

A randomised, treat-to-target trial in T1D

Double-blind Faster aspart (mealtime) + detemir n=381

Insulin aspart + insulin

detemir i i i n=380

TRandomlsatlon (1:1:1) G\O?\ 8 ‘5\ Primary endpoint EOT

(\‘a for 26-week trial
( P m on basal-bolus treatment: \
i i g | e to week 52

Key endpoints from baseline 2 212 months

+ Change in HbA, WO | - @hale or female aged 218 years ¢ episodes
+ Change in PPG in?ﬂ& \?  Basal-bolus insulin for =12 months pergent AEs
* Number of tr e t @‘& «  Insulin detemir or insulin glargine for >4 months seline at 52 weeks

eIDISOd {\_ «  HbA,. 7.0-9.5% (53-80 mmol/mol) 1 meal test)

k @@@ of?@gment emer{ - BMI <35.0 kg/m?2 rom baseline at 52 weeks
ﬂ\

This trial is registered at ClinicalTrials.gov: NCT01831765. aFU (7-30 days)

AE, adverse event; BMI, body mass index; DBL, database lock; faster aspart, fast-acting insulin aspart; FU, follow-up; PPG, postprandial plasma glucose;
T1D, type 1 diabetes

Russell-Jones et al. Diabetes Care 2017;40:943-950; Mathieu et al. Diabetes 2017;66(Suppl. 1):992-P



onset 1: estimated mean HbA,_  change 2
from baselinel:2 S0°

20
Greater HbA, . reduction with mealtime faster aspart vs. insulin aspart N>

&V

Change in HbA,. (%)

) . \ Faster_aspart
Week 26 \\6\\0“ .5‘6\\6\_._ I(:mtialtlme) ,
< aster aspar
0.1 Faster aspart (mealtime) - insulin aspart d\e\‘a‘ 6\\6 (post-meal)
A ETD: -0.15% (95% CI: —0.23;-0.07)* 60 %\6\\ —— Insulin_ aspart
Faster aspart (post-meal) - insulin a @.6\ (G o (mealtime)
0.0 ETD: 0.04% (95% CI: —0.04;(6!‘5%- . e 0.01%
C c
\)v 0y (ou‘
\
O © g@d -0.08% Week 52
_01 E @P’O . ‘G
\O 6\Q Faster aspart (mealtime)
-‘Q\Wo - insulin aspart
-0.2 . . g\ ETD: -0.10%
0(\ (95% CI: —0.19;-0.00)+
-0.3 4
\\ D -0.32%
_0 4 LI “?}' '3\‘ L L Ll ' Ll T T )
0 045\\\ @6‘ N2 16 20 24 26 34 40 46 52
()'\09 Time since randomisation (weeks)

*p=0.0003; tp=0.042. Change from baseline in HbA,. was analysed using an MMRM. Error bars: % standard error from the MMRM

BMI, body mass index; CI, confidence interval; ETD, estimated treatment difference (faster aspart-insulin aspart); faster aspart, fast-acting insulin aspart;
MMRM, mixed-effect model for repeated measurements

1. Russell-Jones et al. Diabetes Care 2017;40:943-950; 2. Mathieu et al. Diabetes 2017;66(Suppl. 1):992-P



onset 1: PPG increment at week 26

Standardised meal test: mealtime comparison
Week 26

\ Faster aspart
\\‘3(\ Wo (mealtime)
0.67 |/%._?9E1;Dg: 1.29; -0.04] Insulin aspart
-0. mmo % CI: -1.29; -0. ;
. -12.0 mg/dL [95% CI: -23.3; -0.7] (mealtime)
% 6 - - 108 g
£ . o0 o
E 7
e 4 - 72 g
() D
£ 3. L 54 2
g 5 1-h ETD*: L 36 3
Q) =1.1& mimol/L [95% CI: -1.65; -0.71] —~
a -21.2 mg/dL [95% CI -29.7; -12.8] .
a 17 : ( Superior 2-h PPG
0 - : : : control with mealtime
Bolu @3'\ ?e‘ o120 180 faster aspart was
5& i Time (min) confirmed?

Error bars =+ standard error (mean). *p<0.0001; **p=0.0375.
P-values are 2-sided. ETD represents PPG changes from baseline estimates. Changes from baseline in PPG increments were analysed based on an ANOVA model.
aCompared with mealtime insulin aspart.

ANOVA, analysis of variance; CI, confidence interval; ETD, estimated treatment difference (faster aspart-insulin aspart); PPG, postprandial plasma glucose
Russell-Jones et al. Diabetes Care 2017;40:943-950



onset 1: conclusions xO©

\ N \
/Faster aspart effectively improved glycaemic control in subjects with T1D (\60 \9‘\
« Non-inferiority in HbA;. reduction (mealtime and post-meal) to msulm Q@\é? \:onflrmed
after 26 weeks

« The reduction in HbA,. with faster aspart (mealtime) was stat@ﬁfé\lg\gr@%ﬂcantly larger than
with insulin aspart. \\

- Statistically significantly greater reduction in HbA; 8@‘&%%@@‘%@ at week 52 with faster
aspart (mealtime) vs. insulin aspart b ;

At week 26, superior PPG control with @g@‘témg\@cs’ter aspart vs. insulin aspart (2-h PPG increment at
meal test) was observed B& P‘

© At week 52, a statistically

\
tcé%erence was observed only for 1-h PPG increment

. (o &>
No statisticall g&gﬁc@ef%ifference in the overall rate of hypoglycaemia

oy < . — ]
SIQ}IaI’ overall safety profiles, and as expected for insulin aspart

Faster aspart, fast-acting insulin aspart; PPG, postprandial plasma glucose; T1D, type 1 diabetes
Russell-Jones et al. Diabetes Care 2017;40:943-950; Mathieu et al. Diabetes 2017;66(Suppl. 1):992-P




RIASSUNTO DELLE CARATTERISTICHE DEL PRODOTTO

Efficacia e sicurezza clinica \O g\6
\O
I : stato studiato in 2.068 pazienti adulti randomizzati con diabete mellito tipo 1 (1.143 paz1ent1é60\®\0
con diabete mellito tipo 2 (925 pazienti) in 3 sperimentazioni di efficacia e sicurezza a lungo '[611’1]51 W \\
(18-26 settimane di trattamento). \\,a\\'a\(\ \d\’\6
Pazienti con diabete mellito tipo 1 \'3\6
L’effetto del trattamento il ¢ stato valutato nel ragglungere il contro &\ uando

’{@t 0 @n eriore a
%@ﬁ\lstlcamente significativo
here una riduzione dell’HbA,.

somministrato ai pasti o dopo/ il i BIEl somministrato ai pasti
I <] ridurre ’HDA ., e il miglioramento dell’ HbAlC ﬁa

a favore di il somministrato dopo 1 pasti ha p @
simile a quella di [ BB somministrato ai p &6%

211111t-::- una HbA |, target < 7% nispetto al 23.3%

2° o dei pazienti trattati con || Nl prandiale.

e, U \q@{ Alcf 7% era maggiore in modo statisticamente

11 33.3% de1 pazient1 trattati co1 P
dei pazienti trattati con [l post- \;@éﬁle @
La probabilita stimata di 1'122%11@

significativo con [ Il o aj I prandiale (odds ratio: 1.47 [1.02: 2.13 Jose, 1)
Non é stata osserv El?’@‘é\ﬂ%ﬁ\@.&hﬂ enza statisticamente significativa tra [IlMllpost-prandiale e
I ;-0 ef

e oe\‘

N\
w&%\\ﬁ@@ato ai pasti ha fornito un aumento del glucosio post-prandiale significativamente
2iore a 1 orae 2 ore rispetto a | somministrato ai pasti. [IMlllsomministrato dopo i pasti
ha determinato un aumento del glucosio post-prandiale a 1 ora piu elevato € un aumento del glucosio
post prandiale a 2 ore sovrapponibile rispetto a || M somministrato ai pasti (Tabella 3).



UltraRapid Lispro

Day 1 Day 3 .

200 - 200 - - \og\a‘

2 g LisPro . —— EEICH @‘09‘0
(7] A . X

§%‘ 180 - - [VREEE 8 ~+ 180 il Ultrarapid 6\0\ TT5
0% ' g _g ] WK -
gE 160 s £ . &
wn C J E e :: e |
S 6 5 S J
O F 140 - = ®
L = —~ .
n s L =
28 120 ] 2§20,
e % 500
S~ 100 - 100
= - =

80’ _____ ?\\,P\ (\g\«?‘ , 80 - | | | | |

-1 0 1 %GP‘ \8‘\6 © 5 -1 0 1 2 3 =
T@@ost M€§I (h) Time Post Meal (h)

Abbrew@&‘ag H H ur; SE Standard Error; SS = Standard Single-Wave Bolus; _

Figure: Mean plasma glucose concentration over time for _

Company) on Day 1 (left) vs. Day 3 (right).
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Il panorama delle insuline concentrate \OG\O\OQ

2
6\0‘\ 3
NE
Non tutte le insuline concentrate sono uguajl\\
Insuline ravide lnsuline basali
&
oP )
Bioequivalenti:) ?‘ae ‘5\@'} 200 U-200
\,P~ o ISpro degludec
P?‘ 0(\
o
9\96 =
@Q e‘em’" U-500 U-300
Qoé\g\\\; ((\ \Bequwalenti humulin R glargine
ow




5 - ir!sulina
o — 500 Lispro 100
s g U/ml
E-hah insulina
EE L.l Lispro 200
5.2
;g 8 200 OP‘$O
83 -
E o) 100 4 . (\6\
0 -
0 1 2,00 . 50@ 7 s
\ 66\‘6(6\6
2% \2
Q7 e S
‘\‘QQ . 66&&) dalla somministrazione della
Q0.5\’\\ 0 of N dose (h)
Ov

600

®

Insulina sieric\iﬁibe@ (pmoll/l)
2 8

)

(-]
(-]
1

o
o
1% 1

5
(=]
1

o
L

Tempo dalla dose (h)

Adattato da: de la Pena A. et al. Clinical Pharmacology in Drug Development, Wiley online, DOI 10.1002/cpdd.221 — August 2015



LisPro 200 U/ml vs. LisPro 100 U/ ml

D
)
oo
\0‘\6 X
Insulina Lispro 200 U/ml & disponibile solo nella formulazione 200 Ulml‘po(x\méi‘ a\‘\@‘\
preriempita (non sono prodotte le formulazioni in flacone ed in Ca(tl\&@é? %\d\\
6\6\6‘\6\'\3
S0 '\Q\
No~ 2%
M (e
SO et
¢ 3 ml di insulina lispro 200U/ ml O e @?%i insulina lispro 100U/ ml
¢ 600 unita in 1 penna OP\ ) «ag 00 unita in 1 penna
¢ Stessa lunghezza del pi 66\ ¢ Stessa lunghezza del pistone a
parita di dose selezionata (\Ci\(\ parita di dose selezionata
¢+ Meta volume da i i@@é\a %arité ¢+ Doppio volume da iniettare a
di dose selezio\g \‘6(6\ parita di dose selezionata
Es. Dose insu&gﬁs%aé(lg‘@ Es. Dose insulinica 40 U
ot e\@@‘i@‘ware 40 U - Selezionare 40 U
‘ Qc)‘”v\ &uale lunghezza del pistone - Uguale lunghezza del pistone
0\6 - 0,2 ml di insulina iniettata - 0,4 ml di insulina iniettata

Equivalenza 1:1 tra i dosaggi di IL 200 U/ml e IL 100 U/ml



&
BENEFICI ?\\,P (\g\(\
* Maggiore velo&gaq;( fq@ﬁﬁnlezmne
. Magglqse’é}curw‘éﬁel fare l'iniezione fino in fondo e non tirare via troppo presto I'ago
,8 &ﬁrr@b@&fl piu piccoli
. 09 WOre percezione di «invasivita» durante I'iniezione
\}
O * Il paziente accetta meglio un aumento del dosaggio perché ha la sensazione di iniettarsi
meno “farmaco” di prima



Benefici LisPro 200 U/ ml

0
Mlllﬂl' fﬂl’lﬂ []IB
0\0

INCA

BENEFICI
* Facilita la S\Mn |one al paziente con problematiche artrosiche o
con seﬁg nENaa ita
‘,i\\\ﬁl\?a ‘é sicurezza di arrivare fino in fondo all’iniezione... sentendo
‘ 0906\ @no resistenza
19)

* || paziente percepisce una minore «invasivita», dovendo esercitare
minore forza



0\09

os©,

Benefici LisPro 200 U/ ml

BENEFICI \o?‘ e o0
4
* Metapenneda ptl; ?%m aso di viaggio

* Meta scor eten ‘19 frigo 40U/giorno x 30 gg =1200U
nexs

W%IEQ@W prescrizione (meno volte dal
N©
\\\\3‘% \c@

30U/giorno x 30 gg = 900U

?\ﬁeta volte dal farmacista

* Meta penne da smaltire

La dove c’é un ticket sulle confezioni ci potrebbe essere una minima convenienza

1,5 vs 3 penne

2 vs 4 penne

0\09\6‘
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Catena-A -e\a‘ \
X % % 0\\6

«aocmmeeoggggggg cooH

12 345 67 8 9 101112

.a No
?\\SP‘ O(\Q\(\ S Zinco

X X %k Glu

66 5 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

s 0
Catena-B

A2 Ile; A3 Val; A19 Tyr; B6 Leu; B12 Val; B23 Gly; B24 Phe; B25
Phe.

4



Insulin glulisine ha un profilo d’azione piu rapido
vs. RHI e insulin lispro in soggetti obesi non,o 0d®

(9
diabetici ov°
6\ S
\‘\’3‘(\ A\ A
/ N=18 non-diabetic subjects; %\\6 @5\
', 6 mean BMI: 34.7 kg/m2 C;\e' . 6\‘\‘a
= -1 (range: 30-40); dose: 0.3 IU/kg 60 ;\6\\,
E
g
e
(’5‘66 \‘e‘fgo ———
(eQa ‘G\‘a 0 120 240 360 480 600
. QQ . e\\e Time (minutes)
oé\“\‘ge‘ o
\oP
o

Becker RH, et al. Exp Clin Endocrinol Diabetes 2005;113:435-43
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Azione piu rapida di insulina glulisina Vs

. a‘
- - - - - O\og\
insulina aspart in volontari sani A0
. O\
3O %
Randomized, double-blind, crossover euglycemic clamp study comparing the PK/PD profile of insulin glulisine vs. insulin is\%'(\az h&\w\a

volunteers R \\3

A\
- o\ .
Mean (SD) or median (range)- in case of time parameter%uﬁt\%paﬁ\@‘g%ts

AUC-GIR, 5, - (Mg/kg) 16 (18) 0.0421

GIR o109 (Min) 17 (3-20) 0.0146

o

S R 3 (0-15) 12 (1-15) 0.0005

INS,,xti0% (Min)

AUC-GIR 3y min = Area unde s€ infusig, ra@S}e rom 0 to 30 min after drug administration

.

GIR ooy, (min) = Time 1@ the mag ucose infusion rate

INS ztgq, (min) = Tié 0% of t{g&é'um observed insulin concentration
O

,Q\\,a : an earlier onset of action and a faster absorption compared
QG‘ with insulin aspart

Arnolds S, et al. Exp Clin Endocrinol Diabetes
2010;118:662-4.



Livelli piu bassi di glucosio con glulisina |
Vs aspa!rt dopo Ia_prima! ora dopo il pasto e,\O\cfé‘r"'
in soggetti obesi con DMT2 d\g\a‘?\\

Randomized, double-blind, crossover study comparing the PK/PD profile of insulin glulisine with insulin aspart in 30 insuIiQ-\na(é es \\'a\\a

subjects with type 2 diabetes . \\ A\
s O‘a \‘.\% o4
R Mean plasma glucose concentrations over tirgoo\ . 6\\6\
Insulin injection SEM=standard error of mean (5\
2min prior to \\'a
start of test meal __ Test meal \0 6 ‘G

180 W[ ° GGC}“'\}U"wﬁ‘\"ee 10

s 5
= $O 3,Anﬁ‘h}in aspart s
5 9 £
S 160 . Q(G g
g_ e\ 2_
S 140 | 8 85
LW -1 1175
g ] 21
(=] [%)
SHED 7S5
\& &S 65
0o S\ady £
e e‘% 1 5 %
~ oi] i Jx}
‘\Oe E 80 T : T T T T T T T T T T T T T T T T T Ll E
-20 0 20 40 60 80 100 120140160180 200 220 240 260 280 300 320 340 360

Time (min)

Bolli GB, et al. Diabetes Obes Metab 2011;13:251-7.



Lispro® and SAR342434 ‘
The same chemical structure 0O

O
‘ O‘\’&\O‘e

Insulin lispro

First short-acting insulin

analogue molecule on the (@) 0 30 29 28

market
$C‘) e®?

Insulin lispro
Biosimilgrsa

2\
A%\
o et
‘\&\\13 (‘\Oe 30 29 28
6 ? 6‘ Positions of proline and lysine in

human insulin are reversed at B28 and
B29



Current and Emerging Prandial Insulins

D
\O\OQ\
Prandial ‘\6\06
Human insulins A(:\aal?dg-s ( l:'lza’l%g{\ ‘\6<\6
(short-acting) P .e’l\% o
acting) 600\ ‘ S&M
\
Regular human Lisoro Asbart é}\h? .@65 Technosphere
insulin (RHI) P P 66\)\6 O<\\‘% inhaled insulin
U-100 RHI Ul '%&\X“Faia ting
i 5\9 spart?®
CNI\
AP 9%
U-500 RHC,P e
2 O lispro
29% &
o2 \a\°
e® S Follow-on
el
<\OG\‘ lispro®
Ultra-rapid

lispro?
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N Thanks to all
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Biosimilare: definizione \o\o

XV
0 \3\\6\ 0@6\6\
A

O
EUROPEAN MEDICINES AGENCY,
SCIENCE MEDICINES Hr/\qé\\@% 6%\

WP e
23 October 2014 06 %0
CHMP/437/04 Rev 1 d\
Committee for Medicinal Products for Human P)

o

Guideline on @\Qr bus‘i@%al medicinal products
A\ P\ -\O\
O\‘

Un farn@réocfn \m"{}are e un prodotto biologico contenente una versione
rg attlvo del farmaco biologico originale gia autorizzato
(err\?g(ﬁ di riferimento) nel SEE.

6\\\\‘ ((\@a similarita al prodotto di riferimento in termini di caratteristiche
O\QQO qualitative, attivita biologica, sicurezza ed efficacia deve essere stabilita
sulla base di un esercizio di comparabilita completo

M. Weise, EMA perspectives on Biosimilars. 37th National Congress SIF, 2015.
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- oN
5‘\\\‘6 c©

Razionale dello sviluppo di biosimilari

\o\og\a‘

/ Razionale dell’introduzione dei biosimilari

\!
¢ Possono aumentare il numero di opzioni terapeu\tzg:‘ﬁ@
disponibili per i pazienti, i medici prescrltto%gqp%a\mﬁ\

di somministrazione che pud e%@?é‘ dé'y,éﬂs%/migliore da
quello del prodotto di rifeg{@eﬁto&g W

¢ Possono ampliagr;dﬁé?ﬁr@e@?programmi di
supporto/eerc& n&l@@h@ponibili per i pazienti, i medici
prescrit@pk% 28 s

¢ ngﬁ% '@(ﬁbﬂo ad incrementare la concorrenza e la

(e\ﬂ%@g@re sostenibilita del SSN?

}ﬁ\fe
VY, ®
a“aé\c\\\’&

¢ | biosimilari potrebbero disporre di u{)a@\%c@a?esdispositivo

/

Rotenstein LS et al. Clin Diabetes 2012;30:138-50

De Vries H. Diabetes, Obesity and Metabolism 17: 445-451, 2015
http://www.fda.gov/downloads/Drugs/Guidance ComplianceRegulatorylnformation/Guidances/UCM273001.pdf

AE=Adverse Event: PD=Pharmacodynamic: PK=Pharmacokinetic
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: 6\@".?
d\‘ \'\0‘\

» Copie di farmaci a basso
peso molecolare che
derivano da processi di

O
produzione chimici' ?\OP\

 Strutture chimich d@a\(aqe(\.a\e » Le differenze nei processi di
a quelle del & g|6q produzione biotecnologici tra le

. Prod t@(% U&Q organismi
tr%lqﬁe iotecnologia’#

&éé&lenza aminoacidica deve

sere identica a quella del

o
>Q. farmaco originatore?

el¢

commer aziende fanno si che i prodotti

. Sta Iﬁ'é(‘;l’a blosqgllantW essere

Q Q@}%mw considerati identici’-

QQ e G\‘e » Complesso stabilire la
ORI riproducibilita’
o oet TP
Q
9)5s

1. Sekhon BS, Saluja V. Biosimilars 2011;1:1-11;
2. EMA. Guideline on Similar Biological Medicinal Products Containing Biotechnology-derived Proteins as Active Substance: Quality Issues (Revision 1).
2012;

3. Owens DR et al. Diabetes Technol Ther 2012;14:989-996
4. Declerck PJ. GaBl J 2012;1:13-6



Produzione di prodotti biologici

¢ La produzione su vasta scala di proteine viene eseguit W\ \a\\
principalmente mediante I'utilizzo di batteri, I@Vﬂg@“ﬁ@g\d\

cellulari di mammiferi'-2 N\
CLONAGGIO RYOUZIORE POST-
\)\5 Q%.? PRODUZIONE
rlsolamentoY F eq‘t\azion FEIN’%\nalisi )
del gene Espression Coltura Cel@'“' F\RA G%geadelle Conserva-
P cre \ \ : Formulazione .
. e della o\ proteine zione e
LsSpent cellula P‘? z&@ ’ trattament
o nel . . riempimento/
. ospite Purificazione . o]
vettore di . chiusura del
e delle proteine )
DNA o0 _A_ contenitore )

2 \o
\‘QQ‘QP ei‘prodottl biologici attualmente disponibili come biosimilari
090 S\ o \)engono prodotti usando la tecnologia del DNA ricombinante3
OV
Sekhon BS and Saluja V. Biosimilars 2011;1:1-11

Owens DR et al. Diabetes Technol Ther 2012;14(11):989-96
3. http://goo.gl/x8LP6Z

N —



Il processo inizia con una linea cellulare

¢ |l processo inizia con una banca
primaria delle cellule prodotte

biologicamente o

¢ Le cellule vengono modﬁmg@éxﬁaque
produrre la proteina d@@lée@ﬁé

¢ Le cellule prod@@?t%\w\ﬁrotema in condizioni

QO
SpeCIfICh% ?\\,P‘ (\g Transformation Host Cell
R ) T
a( ‘3 Re omb antplasmid
(GQ e(e containing desired gene
. QQ . eq '/Mlt05|
0‘5\\\\\9 el o
\oP
ow

/\, 7

0/

Mellstedt H et al. Ann Oncol 2008;19:411-9

Cell
expansion



0\09

05\\

La fermentazione aumenta il volume
cellulare della proteina desiderata

¢ Inizialmente, le cellule vengono
fatte crescere in beute per

aumentare il volume di Iavogg@a\\,e,__ Lot S

¢ Con I'aumento del V%I@D'Fe 6‘60
le beute vengog@ﬂ%@‘aﬁe in
cisterne %q@é}eog&? grandi

¢ | reag@‘??ggﬁ\?a fermentazione
\lagfﬁ?%Le‘ﬁ\ genere sono ali
?ehuanto una casa a due piani!

Mellstedt H et al. Ann Oncol 2008;19:411-9



Isolamento e purificazione della proteina

¢ La proteina pu0 essere separata dal
materiale cellulare con metodi diversi
(ad es., centrifugazione, filtrazione)'

o S
¢ Fasi di purificazione sono usate pe\r 2\
rimuovere le impurita legate aloed?

prodotto e al processo; la0 ° .2
Eﬁsdaﬂr"’

f lazi ‘ A gt
ormulazione puo a\\(y@ € ante

questo passa@\gw@i(@m

N
¢ Dopo {g@?@{@@ﬁ%ne, la proteina

Vj i a in un contenitore per la
aqgo((@aﬂ?azione finale?

N

W et

A00° 99 . . s

0\69 « Spesso questi passaggi vengono eseguiti in
una struttura separata

1. Mellstedt H et al. Ann Oncol 2008;19:411-9
2. Sharma B. Biotechnol Adv 2007;25(3):325-31



API: formulazione finale e riempimento

20

¢ |l lavoro di formulazione viene effettuato in condizi%rti;\O\\\a;\\

specifiche per evitare la contaminazione \\6\‘\0“ é\(\‘\\’&
¢ La formulazione viene trasferita in una%igt'a%“%{&\a
riempimento e riempita in condlz!gérg\\@sgémﬁe
©
¢ Tutti i farmaci destinati ai p%zie‘ﬁi{gé%no superare
rigorosi test analitici _y\\° .62

e . -
s

R

APT=Active Pharmaceutical Ingredient

Sharma B. Biotechnol Adv 2007:25(3):325-31



Tipico processo per la produzione di insulina

Gene Expression Host cell . 0‘\0\0
sequence vector (E. coli or yeast)a o\

- —~
? 2N
6\)\6 .
5 o< ¢
B e A
o —
OF L o
Final product \Q’% ea‘fion Fermentation/Culture
(insulin) ?\\,P\C? am process) (upstream process)
O
X0\

Crommelin DJA et al. Pharmaceutical Biotechnology: Fundamentals and Applications, 3 Edition, 2008



Impatto del processo di produzione sullo sviluppo dei
prodotti biologici'-3

Cellula ospite: influenza la
sequenza aminoacidica e la
modificazione post-
traslazionale, come
glicosilazione e deaminazione

Processo di purificazione:
incide su livello e tipo di
impurita

Differenze in formulazione,
eccipienti e sistema di
chiusura del contenitor(:}P‘

influenzano gli atfri L@a
qualitativi deM N2
\o
@0 @
. gaﬂqﬁ’e, spedizione e
oX t?@e reddo: influenzano
0‘\69 gli atiributi qualitativi del \

prodotto

1. Mellstedt H et al. Ann Oncol 2008;19:411-9

2. Owens DR et al. Diabetes Technol Ther 2012;14:989-
96

3. Sharma B. Biotechnol Adv 2007;25(3):325-31




ORIGINAL Biologic POST-
Biologic PRODUCTION

BIOSIMILAR GENERIC (Full dossicr) CHANGE

DEVELOPMENT (studies) 0 0

—

S:;E;:;d ¢ Head-to-head
Clinical comparison

studies —

PE / PD ¢ He.nd-to-.head Hes.i»i'hlhull
comparison o nparison

Ds

Preclinical studies
{toxicity)

dsad-ln-htad

blht}' ' :ompn.nsnn

Quality stud ‘g\

{structural an biol

n(e o\ e
Aercan

O el
69 ? SCIENTIFIC GROUNDS FOR
o ¢
STUDIES NEEDED

F. De Mora, Br J Clin Pharmacol, DOI: 10.1111/bcp.12656, 2015

studlies varies




Sintesi normativa: requisiti per la

biosimilarita':2

p
Similarita dimostrata in studi preclinici in vitro e

in vivo di PD e tossicologia
\

p
Similarita dimostrata in studi clinici dlse

valutare PK e PD secondo limiti déaﬁge({\aﬁ?ﬁ standard

(%
p O‘%&
Nessuna differenza c@@g\m&w@ ignificativa in termini
o s O
| di |mmunogen{|$\t@\, O ot

A2 ~ OV
— 0 o
Stug@@ cI|n|C| comparativi volti a individuare

\,Q\ral e @‘rfé rilevanti in termini di efficacia o sicurezza
o @@Yrelata al farmaco

1. http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/UCM291128.pdf
2. hitp:/lwww.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2013/06/WC500144124.pdf




R
Nessun prodotto biofarmaceutico, che sia originale o b|05|r%\1\@% ed\\’b\
privo di rischi; tuttavia, quando a un biosimilare VJ%@
'autorizzazione all'immissione in commekgo \\%\1 ‘area
sottoposta a una regolamentazione mgllﬁs\ 9 come I'EU,
I'approvazione si fonda su un so&d& plg@é?so scientifico di
sviluppo che garantisce un eq&@ﬁo rl%ﬁx\beneflu comparabile.

Pertanto, un b|0$| \?’ato sotto l'egida dell’lEMA, o di un
ente regola co (@@I simili, € semplicemente un altro
prodott falo @%l alta qualita che, una volta autorizzato, segue
|Igg&|ogqﬁ:%rso terapeutico e commerciale.

(GQ 6(3

\|
5\\\\‘6Q OG

0\09 ? 6‘

F. De Mora, BrJ Clin Pharmacol, DOI: 10.1111/bcp.12656, 2015



Estrapolazione Indicazioni
D
| | o
* Lestrapolazione delle indicazioni si riferisce al principio normativo per cui e\
prodotto approvato come biosimilare per una indicazione (ad ese@@ Iy
una particolare popolazione di pazienti) & approvato per I'uf\g(h?‘t 1@\\%‘
popolazioni di pazienti e gli stati di malattia in cuiel,'\g}éﬂ.\%@%é stato
: 1 AT\
autorizzato. 0 é\d«a

\@
3@ 2. @

* Lestrapolazione dei dati € un princigiqﬁmo&g@ﬁo e scientifico stabilizzato
che e gia stato esercitato per B a%@aad esempio, in caso di importanti
cambiamenti nei proceé\icsﬁé@l{gigj‘@éi farmaci biologici originator. 2

AP (g
P 6O
* Nel caso d@'bbm@;]@%ri, I'estrapolazione dei dati di efficacia e sicurezza da
ugﬁa@ﬂg ad un’altra puo essere considerata se la biosimilarita al
‘ aqs ‘ dg@tﬁedi riferimento e stata dimostrata attraverso un esercizio di
05‘\\\\‘ egd?ﬁparabilité completo, che include sicurezza, efficacia ed immunogenicita

0‘\09 in una indicazione chiave che e adatta a rilevare potenziali differenze

clinicamente rilevanti.?

1. Heinemann Let al., Diabetes Technol Ther. 2015 Jul;17(7):510-26
2. Weise M. et al., Blood 124:3191-96; 2014



Che cos’e un “biosimilare”?

Il termine “biosimilare” rappresenta per lo pit O\og\a‘
una designazione normativa ‘\9\06\
Un farmaco biologico ottenuto mediante C\\O ‘ 6‘\\
O+

processi di produzione biotecnologici, la cui
qualita produttiva é fondamentale3?

Un prodotto biologico contenente una
versione del principio attivo del farmaco
biologico originale gia autorizzato (prodotto 6\)\0

di riferimento) nel SEE ! &

. O 2
Una molecola proteica cw (Gg
deve avere una sequenz &1
identica a que//o‘g@ ro
riferime, 1‘9\ erc:o2

Nessuna d/gérenz g@ﬁ)camente significativa
ini ratteristiche qualitative,
Q(GQG%{&Q@ biologica, sicurezza o efficacia
\\\\3 o al prodotto di riferimento, sulla base
0° ?3 di un esercizio di comparabilita completo?

0\09

%0‘\\‘

1. M. Weise, EMA perspectives on Biosimilars. 37th National Congress SIF, 2015
2. EMA. Guideline on Similar Biological Medicinal Products Containing Biotechnology-
derived
Proteins as Active Substance: Quality Issues (Revision 1). 2012;
3. EMA. Guideline on Similar Biological Medicinal Products — Draft. 2013;
4. Sharma B. Biotechnol Adv. 2007;25(3):325-31



Inhaled Human Insulin

* Limitations of use
— Adults
— In T1DM, use with basal insulin
— Not for diabetic ketoacidosis, persons who smoke

e Contraindicated in chronic lung ¢lisease
— Assess lung function prior-toand daring treatment

* Hypokalemia- moniter-at-rick persons
* Fluid retention/tHeart failure with concomitant TZD

* Most comriion@adverse events
— Hypoglyceinia, cough, throat pain/irritation

Afrezza [package insert]. Bridgewater, NJ: sanofi-aventis U.S. LLC; January 2016



Regular Human Insulin U-500

* Limitations of use
— Use in adults/children requiring >200 units insulin/day
— Safety/efficacy in combination with other insulins has:not been
determined

* |f using vial/syringe, use only U-500.syringe
* Hypokalemia- monitor at-risk-persons
e Fluid retention/Heart faiiure with concomitant TZD

* Most comiion adverse events
— Hypoglycemia, allergic reactions, injection site reactions, lipodystrophy,
pruritus, rash

Humulin R U-500 [package insert]. Indianapolis, IN: Eli Lilly and Company; March 2017.



Inhaled Technosphere Insulin in T2DM

5.0 = |nhaled TI (48 units)
o === SC RHI (24 units)
- 4.0 —
O
o
c £
8 E
0N
£
~= 0
8 E
o
9
=
G}

0 €0 140 180 240 300 360 420 480 540
Time, min

| »< Duration of action for inhaled insulin is much shorter than for RHI*
« ‘Almost complete PPG suppression has been observed in a double-blind, placebo-
controlled trial in insulin-naive patients with T2DM using OADs?

1. Rave K, et al. J Diabetes Sci Technol. 2008;2:205-212.
2. Rosenstock J, et al. Diabetes Care. 2015; 38(12):2274-2281.



e\
‘0‘\'30
_ _ SV
Properties of ideal analogues « a\'\@(\i\d\\z\\\
2 \Q
A€ ™
Properties of an ideal mealtime (bc:\\%sﬁg e
» Fast onset \)\0 \‘eﬂe

» Short duration of ac 8@5 © 6\60‘
o
» Predictability 0 ‘eg
\O\?\ 65\

Prop g\&\eal basal analogue:
g«;xc{@fﬁlon of action

,a(a\r‘} \F ateéroﬂle (no peak)

QKGQ \‘e@ Predictability



Advantages of Insulin Analogues \\a“ R
\¥2 e\

1. They provide better control of sugars \e\a 2@

2. They carry low risk of hypoglycemia R@Qﬂ:}g@‘?‘]y
nocturnal hypoglycemia @0\6 \\16‘6

3. They do not have to be J@(jr %dﬁ\aelf an hour before
meals O?‘O

4. Compliance @\Jhﬁp(@\ﬁl?d W|th long acting analogues as
once a Ql@\pc@ sulm

5. T@@egcbf‘br snacks between meal may be reduced with

aQSQ@er‘{ actlng analogues
" e



A. Lispro insulin

first recommended DNA analogue. 6\0\
structurally modified human recombinant |r\m\¢\\’3‘
inversion of proline at position 28 wﬁhé&@%g@a@t@pmmtmn 29.
change eliminates the ability to c:lng@\\?é@?esults in faster
absorption rates 5e® d\%c"

administer 0 - 15 min pl@@’\ﬁ‘%ad‘e%s 30 - 45 min

peak action in 0.5 ?j‘], O(@\z‘\i 5-2h.

Insulin lispro h@fescbg\éﬁ tested for use in pregnancy and
gestatlmn@dﬁéﬁgﬁs’@tes

It wai,a\f%:uﬁa to be as effective as regular insulin and no
@\?%tc}gemc effects were found



Insulin lispro




B.Insulin Aspart 0o

* Substitution of proline at 28 position wg;slno gﬁpartlc

oo a2
\2 o\
acid. 2 2

* This analogue also prevents me f@?ﬁwatlon of
hexamers leading to rq)tuﬁ @b&‘mrptlﬂn from
subcutaneous tlé@ﬁ%\ h%‘n soluble insulin

* |t has 5IWI|@P~% g properties and mitogenecity
chara@t% us’ﬂch as regular human insulin and has

aﬁ@gw@el\‘ent immunogenecity.

Pregnancy cat B

o



Insulin aspart 9

Al

Asn Gln His @

Val

-3 Phe, Val




Insulin aspart: safety issues

Insulin receptor affinity and
mitogenicity

Hypoglycaemia

AN e

MIthEﬂ%bﬁ%E %55 than human
msuh@\\@ Ga%

o
?% {d,é\'lce similar or lower than with

Sk (e@?hman insulin

?\O 85\9

Hypoglycaemic awaregfe s\(\a
T o

?6‘
Q}dverse events

Physiological responses were
preserved and equivalent for aspart
compared with human insulin

Transient increase in antibodies. No
correlation with efficacy or safety

Similar to soluble human insulin



C.Insulin Glulisine

Substitution of asparagine at position B3 by O\OQ»\
lvsine and lysine at position B 29 by glut%m'ﬁll\e
It exerts its action by causing insulin n. @Qf‘égg
substrate-2 (IRS-2) phﬂsphﬂrvlatlg‘g@ @a Iso
has antiapoptotic activity aga t:ag’i?é:%)g:c:kme and
fatty acid induced a-cell dg&é‘?rdq@ on.

Due to EﬁtlEprtDth Q\@‘Lgléﬁt%’ it counteracts
autoimmune an%\b%qgsta?clcltv induced a-cell
destruction. P\?\\,P‘ g\“

But msulg\g@@?t@@glne carry the risk of
tumc{e@e‘t@%mty due to increased binding to
I(%\Ex\ﬁf r\@ceptcr and increases mitogenic activity

el
-0\0%arﬁf trial results indicate less “clumping” - may

be insulin of choice
Pregnancy cat C



Insulin glulisine




Glargine U300 vs Glargine U100

Mean Serum Insulin Glargine Time Profiles \\‘3(\6

\\0 '\d\’\‘a

G\e’} @}\ @hql
ng |'._‘r-1llh.|;t|
2 3\\6 9)

-?e 9- 300 (0.6 U
Oed\)\' 60(\\‘.* \J-300 (0.9 U/ l-.'_;tl

Glargine

1012 14 1618 20 22 24 26 28 30 32 34 38

Time 1' h r"l




onset 2: trial design e
A double-blind, treat-to-target trial in T2D '9‘06‘

Basal insulin dose Bolus intensification
optimisation

Patients with T2D
on basal insulin
and metformin *
other OADs

. Faster aspart + insulin glargine U100 + metformin n=345
Insulin

glargine U100
+ metformin Insulin aspart + insulin glargine U100 + metformin n=344

1 week/30 days
Follow-up

Run-in Randomisation (1:1) &O © g@ d\ End of treatment

Key endpoints \O & S
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Change from baseline in HbA,. was analysed using a mixed-effect model for repeated measurements
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BMI, body mass index; CI, confidence interval; EOT, end of trial; ETD, estimated treatment difference (faster aspart-insulin aspart); faster aspart, fast-acting
insulin aspart
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onset 2: PPG increment at week 26

Significantly greater reduction at 1 h with faster aspart vs. insulin aspart

PPG increment (mmol/L)
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20198."Confirmatory secondary endpoint, not statistically significant
ETD represents PPG change from baseline estimates. The analysis was based on an ANOVA model
Error bars: £ standard error (mean). ANOVA, analysis of variance; CI, confidence interval; ETD, estimated treatment difference (faster aspart-insulin aspart);

faster aspart, fast-acting insulin aspart; PPG, postprandial plasma glucose
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