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More than 80% of patients with T1D are NOfeat

O
their glycaemic goal 5%

f\"
\O
6(\0 \6\
. . Mean HbA, levels from &\'@\) ?-'fge Clinic Network?!*
* Only 8% of patients enrolled in the (25,833 part| N@ ro \ s in the United States)

T1D Exchange Clinic Network had an HbA, . below 9,0% 1
s 5%
T8 1% 1,1%

6.5%!
° %l 8 °\_084A,

* The mean HbA, . of a cohort of participants with
T1D (n=2764) from 31 centers in 16 European Psg
countries enrolled in the EURODIAB study wa,i "

S\
8.4%? ?@ ‘a\e 7,5%
¢ Only 11.6% of Brazilian patients\é @éd |n (b%ss- o ]
sectional, multicentre study@ﬁm (@&}\ goal of '

<7.0% for HbA, 3
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1. Beck RW, et al. J Clin Endocrinol Metab. 2012;97:4383—-4389. 2. Schoenaker DA, et al. J Clin Endocrinol Metab. 2014;99:800-807. 3. Gomes MB, et al. Diabetes Res Clin Pract. 2012;97:63—70. 4. Danne T, et al.
Diabetes Care. 2017;40:1631-1640.
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T1D is associated with a significant loss of life -
expectancy 0%

. . . . : 0‘\6\0 ‘

« Patients with T1D are at a 2- to 4-fold increased risk of death’ A e

» The estimated life expectancy at birth of patients with T1D is 68.6 years, roughly 12 year%le& r‘e&\ﬁgé\% those
A\

without diabetes? \ o\ @6
N
. . . e AN 5
Mortality among patients with Xpectancy
T1D vs control!
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1. Lind M, et al. N Engl J Med. 2014;371:1972-1982. 2. Huo L, et al. Diabetologia. 2016;59:1177-1185.



Glycemic Control and Excess Mortality in Type 1 Diabetes:
Swedish National Diabetes Register

&9

20°
e W

Subgroup

Type 1 Diabetes

Reference

no. of events (%)

Death from any cause

Male
18-34yr 160 (1.6)
35-49yr 428 (8.9)
5064 yr 631 (21.6)
265 yr 367 (50.3)
Female
18-34yr 90 (1.1)
35-49yr 239 (6.2)
50-64 yr 482 (19.6)
265 yr 304 (43.4)
Death from cardiovascular causes
Male
18-34yr 18 (0.2)
35-49yr 144 (3.0)
50-64 yr 238 (8.2)
>65yr 149 (20.4)
Female
18-34yr 11 (0.1)
35-49 yr 67 (1.7)
50-64 yr 161 (6.5)
265 yr 139 (19.8)

283 (0.6)
524 (2.2)
1217 (8.4)
1046 (29.2)

110 (0.3)
280 (1.4)
638 (5.2)
737 (21.3)

26 (0.1)
140 (0.6)
414 (2.9)
416 (11.6)

8 (0.0)

46 (0.2)
112 (0.9)
282 (8.1)

Hazard Ratio (95% Cl)

—e—
R
050 100 2. ooA,x 200 16 00

P Value
2.84 (2.34-3.45)  <0.001
4.26 (3.75-4.84) <0.001
2.86 (2.60-3.15)  <0.001
2.20 (1.96-2.48) <0.001
4.11 (3.11-5.43) <0.001
4.39 (3.70-5.22) <0.001
417 (3.70-4.69)  <0.001
262 (2.29-3.00)  <0.001
3.49 (1.91-6.36)  <0.001

5.36 (4.25-6.77)
3.17 (2.70-3.72)

<0.0

16-10. 92) ‘
92 (6.22- 1

312( 53 <0 1

&\
2.25 (1.87- 2?\).
(27 17.25) <0001
L

Table 3. Adjusted Hazard Ratios for Death from Any Cause @S‘l}n from
with Type 1 Diabetes versus Controls, Accordmg thl

Disease Status, Model 3.*

ted

. ,\\\6

\ascular Causes among Patients
ted Hemoglobin Level and Renal

,((‘

N Engl J Med 2014;371:1972-82.

Variable 6OG\V
XD 0\\6 (G 6
Time-updat glycat gq\)globm level

Ino

o.ofe \ts

PRQerenceQ@ (controls)
6\?5%

7.9-8.7%
8.8-9.6%
>9.7%

\6\‘ i

Death from
Any Cause

7386/200,539

1.00

2.36 (1.97-2.83)
2.38 (2.02-2.80)
3.11 (2.66-3.62)
3.65 (3.11-4.30)
8.51 (7.24-10.01)

Hazard Ratio

Death from
Cardiovascular Disease

2326/200,539

1.00
2.92 (2.07-4.13)
3.39 (2.49-4.61)
4.44 (3.32-5.96)
5.35 (3.94-7.26)
10.46 (7.62-14.37)

HBA1 > 7.0 %

28,3%

%

HBAlc > 8.0 %

36,6%

63,4%

HbAlc 29.0%

DM1

<
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Relative Mortality Rate
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Diabetes Care 2016;39:1378-1383 |



DCCT/EDIC: Intensive vs. conventional treatment in E&D
\O

Glycaemic control and microvascular complications®-2

*p=0.006 **p=0.002 m Conventional ¥ Intensive
18 =

Retinopathy Renal

16 A

14 -

12 A

10 A

% of patients who progressed

(any predefine

0.12 4

0.02 41

6
0\’6‘

| ‘& ?
and rr:emém \(§§@cat|ons3

600 \6\\' Conventional
\\antenyé t@tment reduced CV risk

b =0.02)

O‘\lo% decrease in HbA, =20% reduction
in CV events (p=0.01)

Intensive

0.00

0 2 4 6 8§ 10 12 14 16 18 20

Years since entry

CV, cardiovascular; DCCT, Diabetes Control and Complications Trial; EDIC, Epidemiology of Diabetes Interventions and Complications; T1D, type 1 diabetes

1. DCCT/EDIC Group. JAMA 2002;287:2563-9; 2. Martin et al. Diabetes Care 2006;29:340—4; 3. Nathan et al. N Eng J Med 2005;353:2643-53



Standard Italiani SID- AMD ©
(O

Lo schema di terapia raccomandato é& quello basal-bolus da realizzare tramite tera %‘Oe
multiiniettiva o con microinfusore. 6

ROIRCS
Nella terapia basal-bolus multiiniettiva, si devono usare analoghi a breve durata d\a\ e\éh\'ﬁ\
prandiali e analoghi a lunga durata d'azione come insulina basale. 5
o\‘a _\\?D
. Ko\

ADA Standard g@%

PHARMACOLOGIC THERAPY FOR TE@‘P\&I@B@I‘ES

Recommendations P‘ eg‘a
9.1 Most people with \(ﬁﬁﬁ dlaj,)eQes should be treated with multiple daily
injections of R\ﬁ & asal insulin, or continuous subcutaneous insulin
infusion, W)™ 0(\
2 M(}Tvlg@ﬁ} with type 1 diabetes should use rapid-acting insulin analogs
(@ redut® hypoglycemia risk. A
<©9.3 é&&ﬁ?ﬁer educating individuals with type 1 diabetes on matching prandial
\\\ NS (\(}G insulin doses to carbohydrate intake, premeal blood glucose levels, and
0\3\) ?3 anticipated physical activity. E
9.4 Individuals with type 1 diabetes who have been successfully using continuous
subcutaneous insulin infusion should have continued access to this therapy
after they turn 65 years of age. E




Discovery Lispro insulin Glargine Detemir Ulirs- xox;g-actnng IFaslt_—ax:tingrt
of insulin’ approved! approved! Iaunched1 Az Udec s a./ed1 "Z‘:);’T,OVZT
1923 1936 1950 1953 1963 1981 1996 1999 2000 200\ 2045 2007 2012 2014 2016 2017

NPH i i Aspart Insulin Siulisires Inhaled insulin
marketed?! i approved apzvsved! Exubera approved'
irst C - First artificial pancreas Inhaled insulin
1 device approved? Afrezza approved®

NDecpite 2dvances for optimising insulin replacement therapy,
many patients with T1D struggle to attain glycaemic control

*Approved in USA only.
CGMS=continuous gluco%mormg S @%PH neutral protamine hagedorn; T1D=type 1 diabetes.

O\QQ ?6
Unmeet needs



Overall glucose exposure is the sum of
physiological, basal and postprandial equw?es

A\
R \’<>
Glycaemia .a\\‘a(\ 6\6\\'6
(mmol/L; mg/dL) Postprandial < \’\ . @
hyperglycaemia ! C;\G\‘a J\‘@\\a
A g 6‘, 4 PPG increment:

PPG peak—preprandial glycaemia

Diabetes

Additional overall glucose in

people with diabetes

* Basal hyperglycaemia

* Postprandial
hyperglycaemia

Basal hyperglycaemia

Normal

Postprandial
glycaemia

Physiological exposure

e e e 'szi'sz' b T *
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Schematic representation. Adapted from Monnier & Colette. Diabetes Metab 2015;41:179-82



Why is good PPG control imp

[ PPG

A meta-analysis found that:

Increased PPG and FPG drive

increase in HbA, ! FI'G is the yredominant contributor

in pa-ients with satisfactory to good
control of diabetes, whereas the
contribution of FPG increases with
worsening diabetes?

PPG has a stravcei%otreleiisn

ortant?

-

0\
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:@100
&

o)
\)’ga &Y
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5
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=
§ o

% <7.3
mmol/mol <56

7.3-8.4 |8.5-9.2 9.3-10.2 =>10.2
69-77 78—88 >88

HbA,. range

PPG is a major contributor to overall

with tihe, than PG*

glycaemic control

1. Monnier et al. Diabetes Care 2007;30:263-9; 2. Monnier et al. Endocr Pract 2006;12:51:42-6; 3. Ketema & Kibret. Arch Public Health 2015;73:43; 4. Monnier et al. Diabetes Care

2003;26:881-5;




Relatively complex network controlling
Q@
postprandial plasma glucoseo,&b go®

AV ot
PRGRRCN
>\ 2
A8 e\
6\

*Basal glycaemic Ie\\tgﬁo
e‘e
®Insulin seg&}% msulln sensitivity

Qﬁiéaggm‘a%d other counter-regulatory hormones
.a\e

ﬁeal size, content and duration

\P~<’

®@Gastric emptying and incretin hormones

Ceriello. Int J Clin Pract 2010;64:1705-11;



The effect of post-meal hyperglycaemia

Post-meal hyperglycaem:’a is
associated with:

Treatment with agents that There is a lack of direct RCT
[ target post-meal plasma glucose evidence showing that correcting
are independent risk factors for * Increascu risk of nancer reduces vascular events in post-meal hyperglycaemia
macrovascular disease v impaired cognitive function in prediabetes improves clinical outcomes
eldaiiy people with type 2
aiavetes

Post-meal and

o e AD
post-challenge hyperglycaemia * Increasec n-k of retincpztny

CV, cardiovascular; RCT, randomised controlled trial

Madsbad. J Diabetes Complications 2016;30:374-85; IDF Diabetes Atlas 2019 (9th edition). Available at https://diabetesatlas.org/en/



Approaching the physiological insulin profile could

improve PPG control

Glucose is Postprandial state )
primarily a
derived from [ : f E
the gut Less suppression of EGP £
@®©
()

~,
~. ~
- ~
~. ~
~~~~~
~ N

S

Insulin acti

Ll

\O\og\

\OG
@ Stimulatory

Promoted

' signal
O Inhibitory

Suppressed
=» signal

Rate of
glucose disappearance

Under-insulinisation of hepatic tissue
results in insufficient suppression of

el \ i EGP

Muscle Fat
EGP, endogenous glucose production; PG, plasma glucose; PPG, postprandial plasma glucose

Itra-fast insulin should:
Better approach physiological insulin secretion

Provide greater early suppression of EGP

Adapted from: Aronoff et al. Diabetes Spectr 2004;17:183-90; Gerich et al. Diabet Med 2010;27:136—42; Home. Diabetes Obes Metab 2015;17:1011-20



Early insulin secretion is important for controllingo\B@G
S

2, ‘ab
@ $ O
‘ 3
\

Early insulin secretion plays a
role in prandial glucoregulation
and abolition of this release

Eari/insulin secretion is absent In the absence of early insulin
in T1D and blunted early in the secretion, the stimulatory effect
development of glucagon on EGP is enhanced,
of T2D thereby contributing to PPG

results in postprandial
hyperglycaemia

1. Firth et al. J Clin Invest 1986;77:1525-32; 2. Luzi et al. Am J Physiol 1989;257:E241-6; 3. Launay et al. Diabetes Care 1998;21:1627-31;
4. Bruttomesso et al. Diabetes 1999;48:99-105; 5. Woerle et al. Am J Physiol Endocrinol Metab 2006;290:E67—-77; 6. Basu et al. Clin Endocrinol Metab 2013;98:E409-17
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TABLE 1. RAPID-ACTING INSULIN ANALOG PRODUC&S\G\'@ ,\\\0\\6
Time to \\6‘:> (7, oW Dosage
2 (S
Insulin type Product action (min) concentraé@)?hn@‘o(\ﬂjg action (h) (U/mL) Vial  Pen
Insulin aspart*®~*® B 10-20 ’(‘ P\G4 @(@ o 3-5 100 v v
gnﬁ"\ e\ %0—50 3-5 100 v v
Insulin gluhsme @ 2 2-5 100 v v
Insulin lispro>® _ O\P‘ 15, g\ 30—70 2-5 100/200 X v
\, O e~ ot
a \\
R e
Short acting (re&g&? nx@) 30-60 2-4 h 6-12
5\\\ < (\O
0\®Q °°

Diab Obesity Metab 22:743, 2020; Diab Tecn & Therap, 22 (5), 2020



PROFILO D'’AZIONE GLULISINA, LISPRO, RHI 9%

XO
0‘\0\0?
\ '6‘\\
n=18 (\‘a 6\\'6\
obese 5‘“’1“‘3\6\\
(BMI3D 5«3 g)ca
6 \agoc’
n u® uli
= 5 \ﬂ% ar Insulin
‘= I |spro
g 4 '8"
~
S 3
£
o
O 1\‘(‘
696(06%
‘\‘QQ(G\‘G‘12345678910
6\\\?6( 1\ Time (h)

Becker RH et al. Exp Clin Endocrinol Diabetes 113:435-443, 2005



Insulin exposure with conventional insulin asparfe.

. . . xO
compared with human insulin =~ e®
‘ad\ ‘ 6\-\6‘\\'
20— Serum insulin profiles in healthy subjects* X \\6\‘\6(\ 6\6\\'
e\ . \'\3@
i OG\ N\ -

35 S S Human soluble insulin
N e?

30 X0 ‘\\16 . Conventional insulin aspart
0

25—

20—

154 7

Serum insulin (mU/L)

104

Time (min)

A\
6\@(’0 < 120 240 360 480

*Corrected for endogenous insulin

Home et al. Eur J Clin Pharmacol 1999;55:199-203



Short-acting insulin analogues versus regular human 05
insulin on postprandial glucose in type 1 dlabetesgmvéﬁltus

xa\a

0
POSTPRANDIAL GLUCQS6 0\"’
\\‘3 (S 6
Short-Acting Insulin Regular Human Insulin &Q\Qean Di ‘ﬂa Mean Difference

Study or Subgroup Mean SD Total Mean , 95% Cl IV, Random, 95% CI
Anderson et al, 1997 2196 9497 174 234 91, 64 P~ 1. 0%6\1 40 (-34.36, 5.56) e ——
Annuzzi et al, 2001 147.28 472 85 166 05 1 35 18.77 |-32.80,-4.74) —_—
Brock Jacobsen et al, 2011 1242 51. 35 14 ﬁ -41.85(-86.78, 3.08] +
Cherubini et al, 2006 133 1 1 19 ‘ -10.00 (-23.24, 3.24) —
Fairchild et al, 2000 19431 52 19 -1.71[-27.59, 24.17)
Gale et al, 2000 152.55 W 166 4@ 1 9% -13.50(-28.18,1.18) —_—
Garg et al, 2005 143.5 286 345 2?8 37.7% -21.42[-22.05,-20.79) L]
Heller et al, 1999 \ 931 43.31 67 1.5% -15.30 [-31.60, 1.00]
Holcombe et al, 2002 65 5 1 59 65 69.43 235 2.6% =12.15[-24.46, 0.16]
Hollernan et al, 1997 3? 7 162 45 5408 98  2.0% -24.75(-38.94,-10.56) —_———
Home etal, 1 Ba\/ ‘25 104 1521  64.97 104  15% -2970[46.09,-13.31) &—
Home et al, 2@ X 66.22 707 1647 6566 358 52% -13.05[-21.42,-4.68) E—
Jac @ (% 825 7311 12 1539 6566 12 01% -25.65[-81.25,20.95) +
&l al, 2001 \16 1494 5582 213 1746 56.25 213 3.4% -25.20(-35.84,-14.56)
< le et al, 2 14895 453 586 167.94 5.42 598 37.9% -18.99(-19.56,-18.42) L}
(G CI) 2688 2343 100.0% -19.44[-21.49, -17.39] &
rogenew Tau*= 2.81; Chi*= 44.95, df= 14 (P < 0.0001);, F=69% t } t y
6\\'\ ('\G Testfor overall effect Z= 18.56 (P < 0.00001) o LI

QQ ? Fig. 4 Forest plot representing postprandial glucose (for aspart, glulisine and lispro). SAl Short-acting insulin, RH/ Regular human insulin

Melo et al. Diabetol Metab Syndr (2019) 11:2



Rapid-Acting Insulin Analogues Versus Regular Human .

Insulin In T1D

o%
e’\o\

Postprandial glucose

a
Study

MD (95% Cl), p-value

Ciofetta et al. 1999 [15], (n=24)
Lalli et al. 1999 [16], (n=56)
Heller et al. 1999 [18], (n=135)
Pfiitzner et al. 1996 [24], (n=107)
Tamas et al. 2001 [28], (n=423)
Valle et al. 2001 [28], (n=1184)
Vignati et al. 1997 [30], (n=379)
OVERALL

Cochran Q 9.03 p-value 0.17

(1234%)
-70  -60

Change in BG foIIowin%@vEél

Study

I ——

-50 -40 -30 -20 -10 0 10

-10.8 (-23.2; 1.6), 0.089
-28.8 (-39.2; -18.4), <0.0001
-15.3 (-34.2; 3.6), 0.112
-35.8 (-54.7; -16.9), 0.0002
-17.4 (-32.5; -2.3), 0.024

-156.3 (-32.3; 1.7), 0.077

L — -27.0 (-38.1; -15.94), <0.0001
o -22.2 (-27.4; -17.0), <0.0001
Favors RAIA Favors RHI

¢ g\@e

‘a\/ ..\0(\ MD (95% Cl), p-value

Ciofetta et al. 1999 [15], (n=24)

Lalli et al. 1999 [16], (n=56)

Pfitzner et al. 1996 [24]Q
Vignati et al. ﬂq@ 79)

B e
0 6 chran Q 0.16 p-va eoss

(120%)

-21.6 (-80.5; 37.3), 0.472
-25.2 (-64.0; 13.6), 0.203
-29.2 (-145.4; 87.4), 0.623
-34.2 (-72.8; 4.3), 0.082

g\\@.—l

Favors RAIA

-60 -50 -40 -30 -20 -10 O 10 20

-28.3 (-52.6; -4.1), 0.022

Favors RHI

Nicolucci et al. Diabetes Ther (2020), 11:573

c Preprandial g

Study

M\

w N

0\ a\\

MD (95% Cl), p-value

Ciofetta et al. 1999 [15], (n=24)
Lalli et al. 1999 [16], (n=56)
Pfutzner et al. 1996 [24], (

<36

\G\. \\@—-—108 -1.6; 23.2), 0.089

0% \Q\L%

-3.6 (-14.0; 6.8), 0.496

-6.7 (-23.0; 9.7), 0.425

Vignati et al. 1997 \le w1 7.2(-2.2;16.6),0.134
Bruneme @ 36] (n 35K\ —— 4.6 (-3.7; 12.9), 0.280
d\ R 3.5(-1.2; 8.2), 0.143

Favors RAIA Favors RHI

@(&galue 0.26

-60 -50 -40

30 -20  -10 0

10 20

a Glycated Haemoglobin

Study

MD (95% Cl), p-value

Ciofetta et al. 1999 [15], (n=24)

0.12 (-0.43; 0.67), 0.671

Lalli et al. 1999 [16], (n=56) T -0.37 (-0.66; -0.08), 0.013
Heller et al. 1999 [18], (n=135) i -0.20 (-0.49; 0.09), 0.173
Gale et al. 2000 [19], (n=93) Raskin — 0.11(-0.35; 0.55), 0.661
etal. 2000 [20], (n=882) - -0.15 (-0.26; -0.03), 0.010
Beisswenger et al. 2001 [21], (n=21) i -0.24 (-0.99; 0.51), 0.532
Provenzano et al. 2001 [22], (n=12) L] -0.22 (-1.58; 1.14), 0.751
Pfiitzner et al. 1996 [24], (n=107) —.— 0.01 (-0.28; 0.30), 0.946
Tamas et al. 2001 [28], (n=423) . -0.16 (-0.30; 0.02), 0.024
Valle et al. 2001 [29], (n=1184) — -0.10 (-0.27; 0.07), 0.25
Vignati et al. 1997 [30], (n=379) —— -0.10 (-0.39; 0.19), 0.50
Annuzzi et al. 2001 [32], (n=85) —. -0.15 (-0.50; 0.20), 0.399
Brunetti et al. 2010 [36], (n=395) i -0.15 (-0.31; 0.01), 0.064
Home et al. 2000 [37], (n=1070) - -0.12 (-0.22; -0.02), 0.016
Ferguson et al. 2001 [40], (n=33) —_— -0.30 (-0.98; 0.38), 0.391
Heller et al. 2004 [41], (n=155) ] 0.00 (-0.27; 0.27), 1.000
OVERALL - -0.13 (-0.18; -0.08), <0.0001
Cochran Q 7.32 p-value 0.95 Favors RAIA Favors RHI

2
(#0%) -2 -1 0 1 2



Short-acting insulin analogues versus regular human&‘

insulin on hypoglycemia in type 1 diabetes m%{

HYPOGLYCEMIA

S

.a\
NOCTURNAL HYP%@‘B&?I\%\@\\Q\

elght Y K @)?

Rate Ratio

Study or Subgroup log[Rate Ratigi~ IV, Random, 95% CI

A\

Rate Ratio Rate Ratio
Study or Subgroup log[Rate Ratio] SE _Weight IV, Random, 95% CI IV, Random, 95% CI
Anderson et al, 1997 -0.094 00518 6.2% 0.91 [0.82,1.01] —
Annuzzi et al, 2001 0.2231 00933 45% 1.25[1.04,1.50]
Brock Jacobsen et al, 2011 -0.298 0.0848 49% 0.74[0.63,088] e —
Cherubini et al, 2006 -0173 03409 08% 0.84 [0.43,1.64]
Danne et al, 2007 0.0488 0.088 Not estimable
Fairchild et al, 2000 0.2808 01695 24% 1.32[0.95,1.85)
Ferguson et al, 2001 0.0361 0.0419 6.6% 1.04[096,1.13] T
Ford-Adams etal, 2003 -0.0828 00586 5.9% 0.92(0.82,1.03] 1
Gale etal, 2000 -0.1759 01535 27% 0.84[0.62,1.13) —
Garg et al, 2005 0.0197 0.0451 65% 1.02(0.93,1.11] -
Heller et al, 1999 -0.3999 0.0464 6.4% 0.67[0.61,0.73] —— «
Heller et al, 2004 -0.0971 00346 68% 0.91 [0.85, 0.97] —= "
Holcombe et al, 2002 -0.0835 00454 6.4% 0.92[0.84,1.01] — "
Hollernan et al, 1997 -0.0414 0.0295 7.0% 0.96[0.91,1.02) g \"
Home etal, 1998 -0.0813 00582 6.0% 0.92[0.82,1.03] g e
Home etal, 2000 0.0444 00442 65% 1.05(0.96,1.14) ‘a\
Jacobs etal, 1997 00305 01123 39%  097[0.78,1.21] E— * (\
Provenzano et al, 2001 -0.5548 01647 25% 057[0.42,0.79) b \
Raskin et al, 2000 -0.0497 01326 33% 0.95[0.73,1.23] —“é\
Tamas et al, 2001 0.0156 01022 42% 1.02(0.83,1. | ~ 1
Tupola et al, 2001 0.1076 0.14 N ab e
valle et al, 2001 -0.0203 00433 B5% O(\ -
Total (95% CI) 100, \a:ﬁ [0.87, 2(6
Heterogeneity: Tau*= 0.01; Chi*= 102.10,df= 19 (P < { =81% ¢ 1=5 é
Testfor overall effect Z=2.21 (P = 0.03) \ Favm SAl Favors RHI
Fig. 1 Forest plot representing all hypoglm &Q(foraspau@ @ea d lispro). SAl Short-acting insulin, RHI Regular human insulin

O
O\QQ ?

(\Ge\\b‘

Melo et al. Diabetol Metab Syndr (2079) 11:2

Fairchild et al, 2000 SO s sv%\w 0.37,3.75)
Ferguson et al, 2001 \\éesz 1.1547 % 0.33(0.03,3.20)
Ford-Adams etal, 2003 la g 1.00(0.06, 15.99)
Gale etal, zouu tﬁ 13, 9% 0.39(0.23, 0.64] —
{2&5 1026 19.6%  0.93[0.76,1.13) -
O 72 01573 17.8%  0.28(0.21,0.39) ——
al, 200 76\ 6 -05307 0.0829 202%  0.59[0.50,0.69) -
-05725 0.0942 19.9%  0.56(0.47,0.66) -
Tolal % 100.0%  0.55[0.40, 0.76] <>
o= = (= ¢ i i i
il Tau? = 0.12; Chi* = 44,89, df= 7 (P < 0.00001); I*= 84% = . t ik

ror overall effect: Z = 3.68 (P = 0.0002) UFams SAl Favores RHI

Fig. 2 Forest plot representing nocturnal hypoglycemia (for aspart, glulisine and lispro). SA/ Short-acting insulin, RHI Regular human insulin

SEVERE HYPOGLYCEMIA

Rate Ratio Rate Ratio

Study or Subgrou log[Rate Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI

Brock Jacobsen et al, 2011 -0.1336 05167 16% 0.87[0.32,2.41] —

Danne et al, 2007 -0.4056 09128 05% 0.67[0.11,3.99)

Fairchild et al, 2000 -06931 1.2247 03% 0.50 [0.05, 5.51]

Ferguson et al, 2001 -0.4236 01732 143% 0.65[0.47,0.92] -

Gale etal, 2000 -1.204 06582 1.0% 0.30[0.08, 1.09] r

Garg et al, 2005 -0.9274 03123 44% 040[0.21,0.73] ——

Heller et al, 1999 -0.4056 04564 21% 0.67 [0.27,1.63] ————

Heller et al, 2004 -0.2942 0.2143 93% 0.75[0.49,1.13] =1

Holcombe et al, 2002 01823 06054 1.2% 1.20[0.37,3.93] s i

Holleman et al, 1997 -0.4771 0121 95% 0.62[0.41,0.94] s

Home et al, 1998 -0.7886 0.2697 59% 0.45[0.27,0.77] —_—

Home et al, 2000 -0.4056 0.2601 6.3% 0,67 [0.40,1.11] —T

Raskin et al, 2000 -0.2167 08908 05% 0.81[0.14, 4.61]

Tamas et al, 2001 00317 0252 68% 1.03[0.63,1.69] N

Valle et al, 2001 -0.3241 01088 36.2% 0.72[0.58, 0.90] -

Total (95% CI) 100.0% 0.68 [0.60, 0.77] [ ]

Heterogeneity: Tau®= 0.00; Chi*= 11,49, df = 14 (P = 0.65); F= 0% 01;]5 042 g 21‘0

Test for overall effect: Z= 592 (P < 0.00001) Favors SAl Favors RHI
Fig. 3 Forest plot representing severe hypoglycemia (for aspart, glulisine and lispro), SA/ Short-acting insulin, RH/ Regular human insulin




Conclusion 1: Short-acting vs. regular humanm@u?m
ad NG
\\-a(\ 6\6
@ar human
insulin in TIDM patients for the f@&i@ﬁg{qg‘%utcomes
* postprandial glucose (\K‘EQ@Q@
» HbA1c »\) \v\? e
* total hyp@g#)@ eplsodes
. ngc&@rga\?hypoglycemla
098¢ se\?ere hypoglycemia

Short-acting insulin analogues are supe%g{,\ét%



Approaching the physiological insulin profile could

improve PPG control

Glucose is Postprandial state
primarily

derived from

the gut [ Less suppression of EGP
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., ~<
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Ll

Rate of
glucose disappearance

Under-insulinisation of hepatic tissue
results in insufficient suppression of

el \ i EGP

Muscle Fat

S

ealtime)*

Insulin acti

\O\og\

\OG
@ Stimulatory

Promoted

' signal
O Inhibitory
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=» signal

EGP, endogenous glucose production; PG, plasma glucose; PPG, postprandial plasma glucose

Time (h)

Ultra-fast insulin should:
Better approach physiological insulin secretion
Provide greater early suppression of EGP

Adapted from: Aronoff et al. Diabetes Spectr 2004;17:183-90; Gerich et al. Diabet Med 2010;27:136—42; Home. Diabetes Obes Metab 2015;17:1011-20



Rapid- acting insulin analogues 4o

O
e\
TABLE 1. RAPID-ACTING INSULIN ANALOG PRODUCTS . d\a\o N
1 \ \~ ; :\\'
Time to D 0 6\\6
Onset of peak insulin Duration 6 tlz,b
Insulin type Product action (min)  concentration (min)  of actlorg(fg)\» (. %@ Vial  Pen
Insulin aspart*®™*® R 10-20 40-50 50@5 \()\’\'a 100 v v
N\ 2°
Insulin gluhsme 10-20 d\) (\ 2-5 100 v v
Insulin lispro™° i 15 300\ ‘5 2-5 100/200 X v
P ed?
Short acting (regular human) 30 6 ’(\« Qﬁ% 6-12
TABLE 1 Current second-generation rapid- xPQ&nsulga(\ﬁXgues in development
ore insulin
Drug Compa ya 6 6\0 structure Added excipients Mechanism of action
Faster aspart®’ 6 ordi B‘Ag%vaerd Insulin aspart Niacinamide (vitamin B3), Increased subcutaneous blood flow
(G Deé L-arginine
Ultra- rapt&\l’a \@\‘Ily Indianapolis, IN Insulin lispro Treprostinil, citrate Enhanced vascular permeability and
?Q e( increased local vasodilation
Oblo haperone Adocia, Lyon, France Insulin lispro BioChaperone BC222,? Enhanced diffusion
Lispro®© citrate

Diab Obesity Metab 22:743, 2020; Diab Tecn & Therap, 22 (5), 2020



Second-generation rapid-acting insulins in TJQBBR/I
6066\\

aspart Ultra-rapid lispro BioChaperone Lispro \la(\‘a 6\\’6
Faster t . (@ Faster

Comparator Administration Aspart Lispro Aspart aspart Lis;c\e\‘ 6‘“&& aspart
Pharmacokinetics 50

Onset (tearys0%cmar) sc injection —9.5 min>2 —-8.8%to —13.9 min* 5@\@3 e min*48 NR NR
~12.5%% min d\)\.‘a (\\] e_e

csli —11.8 min®>  —8.6 min® N e wlﬁ NR —11.7 min®®  -0.7 min®°
Offset (t ate50%Cmax) sc injection —122min®2  —7.0%to XP\ —21. 1@@ —9.5min*® 282 min**® NR NR
\’82 2 mi Q NR NR NR NR

Csli -354 rg V\Z
Early exposure sc injection 943- 12.4-fold*® 11.2-fold*® 12.5%%.1t02.7%- NR NR

(AUC30 min) \> (\(}) fold

6 O:(@S 11.5-fold*° NR NR NR NR NR
Pharmacodynamic \6 6\
Onset (tear ? ’ﬂw —9.5 min>? —12.2 min®*® NR NR —10.0 min*’ NR NR
V
Q( \‘G(qu —-11.1min>*>  NR NR NR NR —-13.0min®*  +1.3 min*
\'\\‘&Set (t(‘\i@&max sc injection —14.3 min®2 0 min°®® NR NR NR NR NR
QQ ? e( csli —240min>> NR NR NR NR —382min*®  —19.6 min*°
0\ Early effect sc injection 1~1.7-fold®?>  NR NR NR 1>3-fold*” NR NR

(AUCGIRBO min)

csli 1~2-fold>® NR NR NR NR NR NR



Second-generation rapid-acting insulins in T1DO 4@

Serum insulin levels after sc injection Glucose infusion rate in clamp studies after Postprandial glucose af&@@injection following a
sc injection liquid meal \ \\'

e\

aooj — Fasteraspart 02 Ukg (A) sj T et (%;‘ ‘a(\‘a 6‘\6\ — Faster aspart 0.2 U/kg
S : . G\:@g E 75 ‘\6@
i 4 ] G\ = 3\
N S0 OB \—/\/
i \ 6 ¢ 2
- N\ :

'\
T T LS 1
T T T 1
0 60 120 180 \2'0 30 \l G \ T \ \ \ T \ )
0 60 120 180 240 300 @l\) (a\ -60 0 60 120 180 240 300 360
.

=

Serum insulin aspart
concentration (pmol/L)
Glucose infusion rate
(mg/kg/min)

Time postinjection (min) Time postinjecﬁé E < Nominal time (min)
(B) 400 — Ultra-rapid lispro* (B) 400 d\ (B) 180 — ’ N
— Ultra-rapid lispro*
o 2 —_
g ) 300 © 300 3
2= c 5
£ g 2T 2 E’ 160 |
2L 2E 9=
£5 200 2 38 J
E% c 8
25 — Ultra-rapid lispro 15U S E
68 100 =8 140
c g 100 O\ . 14
S5 <]
20 \ )
) N ov *
B r T T T T 1
0 r T T T T e 0 60 120 180 240 300 120
0 60 120 180 240 @ ® Time postinjection (min) f T T T T 1
Time postinjection (min) 6 6\ 0 60 120 180 240 300
C 8+ Time post meal (min)
(C) 100 6\, e( ©)
6( 1 — BioChaperone lispro 0.2 U/kg
5 _ 80 h I 2& & 57 (C) oo
2~ aperone i = ] .
2 % 8 E 4 — BioChaperone lispro 0.2 U/kg
El ]
2 E °
TE e £ 4 g 160
2< 32 S
32 §= )
SE 3 2 S 140
c 2 4 s &
g (T3 c
o g
r T T T T T T T 1 = 120 -
0 60 120 180 240 300 360 420 480
[; 6;0 1&0 12;0 2j10 32)0 3(;0 Time postinjection (min) 100

Nominal time (min) T T T T T T 1
0 60 120 180 240 300 360

Nominal time from dosing (min)

Diab Obesity Metab 22:743, 2020;



TABLE3A Key features and results of phase 3 trials comparing mealtime faster aspart with different comparators

Parameter

Compantor

Bamal msulfin used

Participants (n)

Duration (weeks)

Glyaemic control
AHbALC X

HbA 1c <7.0% OR

Med test
Compasibon

Comsumption time

APPGys, mmal/L

APPGzs. mmal/L
SMPG

APPGy,. mmol/L

APPG,,,. mmal/L

PFG,_, £7.8 mmdl/L OR
PRG,_, £ 7.8 mmol/L without SH.O

Hypoglycaemia
Ovedllﬁ

@@Q

\Y
OG\}.oe

1@3@\\&9 szt

25wx 12

TADM basal-boks T2DM basal-boks
Onset14%42 Onset 85344 Omset 7% Onset 2% Onset 9™ ouu‘"
Ao gurt Aozt Amat At Acpart
IDet IDeg IDeg G100 IDeg \\
B1ve 30 W13 32w IR 260vs. 258 35 va 344 5%\’59
2 w2 26 26 2% G\G’& \
60 '\6
015 -a10 o -0.17 P < S Do -a94
147 97 088 1.30° D5 - 1S NR 931
ed\)\ N
Liquic® Liquid Liquid 785 CHO '{F@;c%d Liuid, -eo.cno Liquid® NA
€12 min €12 min €12 min \*‘ < 12 NR NA
-118 -a91 \ « N%\ Q -a59 -040 NA
-Q67 @?\ -0.36 0.0 NA
R v{t/\) Q&\g -0 NR -a25 “11e
021- 6‘3 825 O(\%n NR NR NR 24w
o\
.aga \Le( 154" NR 118 NR a9
Q e \'a NR NR 123 NR 442
101 084 111 109 as1 824
137 109 NS 129 116 NR
NR mr NR o7s' NS 160 a97 NR

Qe
be@"

-Q14
NR

NA
NA
NA
NA

NR
Q77

NR

NR

098
NR
NR

Onset 57

Sl aspart

236 vz 236

16

0746

212 min
-091

~0A&~



TABLE 3B  Key features and results of reported phase 3 trials
comparing mealtime ultra-rapid lispro with mealtime lispro

Parameter
Comparator
Basal insulin used
Participants (n)
Duration (weeks)
Glycaemic control

A HbA1c (%)
Meal test?

Composition

Consumption time
APPG4 .1, mmol/L
APPG,., mmol/L
APPGg., mmol/L
APPG,4., mmol/L
Hypoglycaemia rate®
Documented, RR
Post-meal <1 h, RR
Post-meal <2 h, RR

Post-meal >1 to <

@(GQ G(G

T1DM basal-bolus

T2DM basal-bolus

PRONTO-T1D”*78
Mealtime lispro
Gla-100/1Deg

451 vs. 442

26 (52)

-0.08

Liquid®, ~100 g
CHO (~57%
kcal)

NR

—1.55

-1.73

NR (P < 0.001)
NR (P < 0.05)

0.92
1.16

a’\@

ﬁ@’a\»z to <4¢ (\Q

\’&Qost-mea. X

Post-meal >4 h, RR

1.06
0.62 (P < 0.001)

Diab Obesity Metab 22:743, 2020;

PRONTO-
T2D76,79

Mealtime lispro
Gla-100/1Deg
336 vs. 337

26

+0.06

Liquid®

NR

—-0.66

-0.96

NR (P < 0.001)

NR (P \SG\

\61 33

231

1.44

NR
0.95

HbA1c (%)

PRONTO-T1D

HbA1lc

8.29
—=— Mealtime URLi —4— Lispro ==+ Postmeal URLi
65
8.0
7.89
7.6 ETD post-meal URLi - lispro
+0.13% [0.04, 0.22], P=0.003
” O
7.4 P 5
7.29
\Q‘ID mealtime. @
, SNl
0

T%mgrando

Blood glucose (mg/dL)

Q2

2 . 1 &2‘\ 2 26 28
mlzath@e

53

ow 91LVaH
Pt
Q. D
@Osjons.(ﬂ( L)

PPG

Q

@(IOWII

126

*k

1-h ETD

\OQ\

MCU rsion

2-h ETD
—1.73 mmol/L (95% Cl -2.28, —1.18)

—1.55 mmol/L (95% Cl —1.96, —1.14)

—=— Mealtime URLi

—4— Lispro =o-

Post-meal URLi

r7

T
60

1
Time po:

T T
20 180

st meal (min)
r12.2

F11.1

- 10.0

(1/10ww) asoan|b poojg

F7.8

180
160
140
—&- Mealtime URLi &~ Lispro ==+ Post-meal URLi
T T T T T T T T T T 6.7
o > > > > 2 » > 2 @
5 & & & & & & & & «
<& & & & & & < & & &
N o o & K < S & &
¢ & « Q o
& . Ng & A & Q
<€ & & A & o < & &
& & & « « & &
& ~ ~ < <

T
240

Diab Technol Ther (2020: 22:10
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Ultra-Rapid Lispro Improves Postprandial Glucose Control
and Time in Range in Type 1 Diabetes Compared to @s@%
PRONTO-T1D CGM Substudy

Hourly average glucose during continuous glucose
monitoring at week 26.

=k 20 1 —e— Mealtime Lispro (n=81) —=— Mealtime URLi (n=85) --J--Postmeal URLi (n=66)
T 11
S 200 - CY 3
s 10.7
S 180 { DGO~ 4 Q
S c
- (2]
5 160 - o
3 87 @
% 140 - 3 ; :
g 77 g sih %o oA COmpooi  Posimeal URLIvs Mealtme Lispo
= = H H i
= 120 —+ 67 © STE o | g ——————  Postmeal URLi vs Mealtime URLi

0123435 {@1912 1&@\916 17 168F>1r31 20 21 22 23 o | RS il

MIdrH ght 6 AM -100 -50 50 -100 100 204 30

N ( A~ \aur LSM Difference (95% CI), min (%); p-value
20~ et

*P<0.05 for@%{t\me Ué(l \fe\gﬂs mealtime lispro

0\69
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Conclusion 2: second generation rapid- actm&wg\%uﬁm
o2 6\6\6\
R

Second generation of rapid acting insulin: 6\@\\")

c0°
0\\6 (Ga

- lesser PPG increment at 1 or 2 howg&&’i (\\‘e
(Gga
- minimal improvement @ﬁ&‘
\(\6\

\P~
- similar risk ofé té}c ﬂalal hypoglycemic episodes
@"a

- Addi t@ﬁ%\\‘é& %les is required for solid meals mimicking real-life
N o
0\6\3%50 Rftions



Postprandial glucose excursions oo

* Postprandial glucose excursions may be better controlle gd»? Q\@}ﬁstmg

W O
the timing of prandial insulin dose admmlstrathgm 2\
c,0¢ 56\
A0 00
* The optimal time to administer pra Q\sa‘i?n varies, based on the

OG
type of insulin used (re%J.{{a?P‘r@pﬁ?actmg analog, inhaled, etc.),

measured blood glg@%’e&g@é‘rf} timing of meals, and carbohydrate con-
(ya 6\0(\
sumption. aa\") =)
%@e%eymt@hdatlons for prandial insulin dose administration should
0\
therefore be individualized.



Assessment of optimal insulin administration timing for standard L
carbohydrates-rich meals using continuous glucose moth(gém?(%n
children with type 1 diabetes: A cross-over random|z%d>\§h¢\@{v
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&u‘\q’flmﬁle of mean postprandial glucose concentrations (dots,

Figure 2 | Profile of mean postprandial glucose concentration rises
n values; whiskers, standard deviation).

(dots, mean values; whiskers, standard deviation).
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FUTURE TRENDS OF INSULINS 9o

R
* Oral administration of basal insulin would avoid injections and mﬁyﬁ@g\@@\%\r the
. X\O \o
insulin in @ more physiologic manner through absorptioné@@@é’é\&@%ortal vein
G ?)\\? eX® °
o)

«?\m@@%\%@a’%elp patients avoid hypoglycemic

events. This could be accomp&@éﬁﬁé\g y

* ““‘Smart” or glucose-responsive insulin
S : : : .
@undmg the insulin molecules with a matrix

that can sense bloodé@x&eoc@@%%trations and release the insulin accordingly. In
other cases, t&l&&m{g@%ﬁ:cule itself is modified to allow activation under glucose-
(v @
repletga%%d‘t@\%.
. ‘\]QQ ‘ e\le
W ((C





