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Rosalyn Yalow
Radioimmunoassay
(RIA) for insulin level

Progress of insulin

Eli Lilly
Nordisk
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2. DNA sequencing

Source: Br J Diabetes Vasc Dis @ 2010 Sherbourne Gibbs, Ltd.
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Senior, P and I. Hramiak (2019). "Fast-Acting Insulin Aspart and the Need for New Mealtime Insulin Analogues in Adults With T1 and T2D" Can J Diabetes.
Mathieu, C,, et al. (2017). "Insulin analogues in type 1 diabetes mellitus: getting better all the time." Nat Rev Endocrinol 13(7): 385-399.
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Progress of long-acting basal insulin

First generation basal insulin Second generation basal insulin

Insulin glargine Insulin degludec

NPH Insulin detemir Glargin U300



Amino acid structure of long-acting analogues

NPH

insulin A chain

B chain

Insulin
glargine

Insulin
detemir

29 30 31 32

Mathieu, C,, et al. (2017).

Threonine removed
14-carbon fatty acid added

NH

O

10 11 12

"Insulin analogues in type 1 diabetes mellitus: getting better all the time." Nat Rev Endocrinol 13(7): 385-399.



Mode of action: protraction principles

Insulin glargin Insulin detemir
- skin Protraction principle I: Protraction principle II:
— e e = di-hexamerisation binding to albumin
Slow dissolution of free

' Hoxameric and dimeric disassociation I::?: Mo:::t:'s
<>
Vo —§
Zinc® ' Pcwaaod;aomoon
4 4

Handbook of Insulin Therapies pp 15-53
Whittingham et al. Biochemistry 1997;36:2826 Data on File at Novo Nordisk



https://link.springer.com/book/10.1007/978-3-319-10939-8

Compact depot formation with Gla-300 results in more gradual insulin
release as compared with Gla-100

[ Insulin Glargine R

Samccee B
) J b3
B- cham QQQ IR D COOM

T ™

Smaller volume of

injection

Gla-300

More compact SC
depot with smaller
surface area

More gradual and
slower release from
depot surface

300 Units/mL
Reduction of
volume by 2/3

.

' 100 Units/mL

r

Adv Ther (2019) 36:1018-1030

Mathieu, C,, et al. (2017). "Insulin analogues in type 1 diabetes mellitus: getting better all the time." Nat Rev Endocrinol 13(7): 385-399.
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Mode of protraction of

® ° °
Insulin degludec dihexamers folrnéejﬁgn lﬂS“lln degIUdec
@® Phenol (T,R,-state)
Degludec
—phenol

In the vial

-Zn?
Insulin degludec dimers

EHEDEHEHED

> Absorption

Insulin degludec monomers

Multihexamer
(>5,000kDa)

After administration
under the skin
|

Insulin degludec multihexamers Depot ' %
(T,-state) formation n
Dihexamers

Insulin
degludec

Threonine removed
16-carbon fatty acid added
through a glutamic acid spacer

D

Inthe capillaries
—

Adv Ther (2019) 36:1018-1030



First-generation 2l=¢l CH| Second-generation basal insulin 2| 7%

2000s

How next-generation basal insulins

First-Generation comparela-]
Basal Insulins
(Detemir/Gla-100)

Equally effective in lowering HbAlc

Longer duration of action: 224
hours coverage

Even flatter action profile - less

variability
2010s : .
» Safer - lower risk for hypoglycemia,
Next-Generation especially nocturnal

Basal Insulins
(Deg-100/Gla-300)

a. Borgoio, CA, et al. Endocrin Metab Clin North Am. 2012;41:1-24; b. Hermansen K, et al. Diabetes Obes Metab.
2007;9:209-217; c. Owens DR, et al. Diabetes Metab Res Rev. 2014;30:104-119.



Pharmacodynamic action profiles of long-acting insulins

GIR (mg/kg per min)
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> ] — NPH insulin (12-16h) Insulin glargine U300 (~32h)
= Insulin glargine U100 (~24h) = Insulin degludec
H T = Insulin detemir (~20-24h) U100 and U200 (~42h)
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6 8
Time (h)

Mathieu, C,, et al. (2017). "Insulin analogues in type 1 diabetes mellitus: getting better all the time." Nat Rev Endocrinol 13(7): 385-399.

T | | 1 1 | | 1
10 12 14 16 18 20 22 24

7t

[ -



Glucose infusion rate profile of Gla-300
and 1Deg compared with Gla-100

o))
IS

Gla-100 0.4 U/kg
Gla-300 0.4 U/kg

[+
1

When compared with Gla-100,
Gla-300 and Insulin degludec are
associated with a flatter and more

Glucose Infusion Rate (mg/kg/min)
- n

o

: _ 0 6 12 18 24 30 36
consistent glucose-lowering effect, b Time After Dosing (hours)
with more evenly distributed PK/PD ‘- -
profiles ;. G1a-100 0.4 Urkg

2 -

1 _ﬁ\
‘I1 é 1I2 1I6 2r0 2‘4
Adv Ther (2019) 36:1018-1030 Time After Dosing (hours)

Glucose Infusion Rate (mg/kg/min)
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EDITION T2DM Trials Meta-Analysis:
Glargine U300 vs Glargine U100

EDITION 1 EDITION 2 EDITION 3

; OAD +
Population Basal-Bolus 542 units Bl OAD
N 807 811 878
hie NS NS NS
(primary outcome)
U300 Insulin dose =10% higher =10% higher =15% higher

Ze d 2Ho S| M el 2aka oty 10~15% HE
: | 820

Ritzel R, et al. Diabetes Obes Metabol. 2015;17:859-867.



Cumulative Mean Events, n

EDITION T2DM Trials Meta-Analysis:

Lower Confirmed/Severe and Nocturnal Hypoglycemia With Glargine

U300 vs U100

Hypoglycemia at any time (24 h)
Cumulative mean number of confirmed* and/or
severe events

[y
o
1

B u300

c

B Glargine )

8 1 =

. z

.. Rate ratio 0.86 p

(0.77 to 0.97) g
P=.0116
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Nocturnal hypoglycemia (00:00-05:59 h)
Cumulative mean number of confirmed* and/or
severe events

B u3o00
B Glargine

Rate ratio 0.69

(0.57 to 0.84)
P = .0002

o
1

Time, wk

*Confirmed events based on plasma glucose <70 mg/dL (3.9 mmol/L)

Ritzel R, et al. Diabetes Obes Metabol. 2015;17:859-867.



Degludec vs Glargine U100: BEGIN Trials

Meta-Analysis of Patients With T2DM on High Doses of
Insulin

HbAlc was reduced by the same extent with
Insulin degludec and glargine U100

Lower Rates of Hypoglycemia With Degludec

Less overall hypoglycemia
(P=.02)

Less nocturnal
hypoglycemia (P = < .01)

Rodbard HW, et al. Endo Pract. 2013;18:285-292.



Hypoglycemia Rates With Novel Basal Analogues
Meta-Analysis: Insulin Degludec vs Glargine

Confirmed Hypoglycemia

Nocturnal Confirmed

RRR in Total Treatment Period RRR in Maintenance Period
Overall
Insulin-naive T1DM and I " Overall d
T2DM  Pooled T2DM Pooled TIDM  T2DM InsLiln-naive T an
T2DM  Pooled T2DMPooled TIDM  T2DM
=) 10% . 5= 2%
10 ] .g 0 - T T _ T 1
w
5 I . ; -5 |
= 0 : : : B |
: 2310
E 57 £ 915 -
~_10 - 2.0 4 -16%*
-9%* £
15 & -25 -
_1702% _170,% - _IJLos#
20 - 17% 17% S 30 - ogacs 25%
Nocturnal Nocturnal
Insulin-naive T1DM and Insulin-naive T1DM and
T2DM  Pooled T2DM Pooled TIDM  T2DM T2DM  Pooled T2DMPooled TIDM  T2DM
0 Bt T I 0 - T T T 1
-5 -
o 2]
8 -10 - l g -10
€15 - £ E 20 -
£ -20 - 17% g ¢
[Y] = o i
g -25 - ’ 5 %0 -25%*
T -30 -26%* g & _40 - -32%*
35 Lt T -38%*
& ] -32%"* _2 50 -
40 4 _3p%* -49%*
-60 .
*P<.05

Ratner RE, et al. Diabetes Obes Metab. 2013;15:175-184.



Patients who Will Benefit Most from Second-Generation
basal insulin

* All patients who need insulin, in particular those:[2-]
— Using basal insulin, but experiencing hypoglycemia
— Currently using twice-daily basal insulin

— Starting insulin

— Vulnerable patients who may have a higher risk for
hypoglycemia

7|& glargine, detemir ClH|
Same efficacy
Long duration
Less hypoglycemia

a. Garber AJ, et al. Lancet. 2012;379:1498-507; b. Zinman B, et al. Diabetes Care. 2012;35:2464-2471; c. Gough SC, et al. Diabetes
Care. 2013;36:2536-2542; d. Meneghini L, et al. Diabetes Care. 2013;36:858-864; e. Onishi Y, et al. J Diabetes Invest. 2013;4:605-612; f.
Riddle MC, et al. Diabetes Care. 2014;37:2755-2762; g. Yki-Jarvinen H, et al. Diabetes Care. 2014;37:3235-3243; h. Bolli GB, et al.
Diabetes Obes Metab. 2015;17:386-394; i. Terauchi Y, et al. Diabetes Obes Metab. 2016;18:366-374.



Insulin degludec Vs Glargine U300

Diabetes Care Volume 41, October 2018 2147

| Check for
updates

- - y 4+ Julio Rosenstock,® Alice Cheng,”
More Similarities Than robert s ok Byt
Differences Testing Insulin hristine Devisme, Ao 1.6 <ol

Glargine 300 Units/mL Versus Xonalng Wong, i P s
Insulin Degludec 100 Units/mL in e ®®"™
Insulin-Naive Type 2 Diabetes:

The Randomized Head-to-Head

BRIGHT Trial

Diabetes Care 2018;41:2147-2154 | https://doi.org/10.2337/dc18-0559



Insulin degludec Vs Glargine U300
The Bright study
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Insulin degludec Vs Glargine U300. The Bright study

Anytime (24=h) hypoglycemia

Favors Favors Event rate
Incidence, % Gla-300 |DE'Q-1 (1] wents per patient-year) Favers Favors
Gla-300 IDeg-100 OR (95% CI) Pvalyy = - Gla-300 IDeg-100 RR {95% CI) P value Gla-300 IDeg-100
24-week period
Confirmed (=70 mg/dL [53.9 mmaoliL]) B66.5 69.0 0.88 (D.66t01.17) 0.371 —— 934 10.83 0.86 (0.71 10 1.04) ©0.130 (e ]
Confirmed {<54 mg/dL [<3.0 mmol/L]) 14.7 184 076 (0.53to 1.08) 0123 —— 0.61 0.88 0.69 (045 to 1.08) 0104 ——
0-12 weeks
Caonfirmed (=70 mg/dL [£3.9 mmal/L]) 47.4 543 0.74 (0.57 to 0.97) 0.030 —— 8.08 1047 0.77 (0.62 to 0.896) 0.023 =
Confirmed {<54 mg/dL [<3.0 mmol/L]}) 7.8 1.7 063 (040t0 0.99) 0, ——— 0.49 0.886 0.57 (0.34 to 0.97) 0.038 ———
13-24 weeks
Confirmed {70 mg/dL [=3.9 mmal/L]) 54,1 558 083(0.72t01.22) 0618 —H 10.64 11.21 0.95 (0.76 to 1.19) 0.850 G
Confirmed (<54 mg/dL [<3.0 mmol/L]) 9.8 1.2 0.86 (0.56 to 1.33) 0.505) i 0.73 0.91 0.81 (0.48 t0 1.39) 0448 7
I I 1
0.3 1.0 0 0.3 1.0 3.0
OR (95% CI) RR (95% CI)
Nocturnal {0000-0558 h) hypoglycemia
Event rate
Incidence, % Favers Favors (events per patient-year) Favers Favors
Gla-300 IDeg-100  OR (95% CI) P valu Gla-300 |Deg-100 Gla-300 IDeg-100 RR (95% CI) P value Gla-300 1Deg-100
24-week period
Confirmed (=70 mg/dL [53.9 mmoliL]) 28.6 288 0.99 (0.74 10 1.32) 0.931 l—<.J>—¢ 1.83 2.26 0.81 (0.58 to 1.12) 0.204 ——H
Confirmed (=54 mg/dL [<3.0 mmol/L]) 6.1 6.1 1.00 (058 t0 1.72) 0.991 —— 0.24 022 1.08 (060 to 2.00) 0777 ———
0-12 weeks
Confirmed (=70 mg/dL [23.9 mmal/L]) 15.2 188 0.77 (0.54 to 1.08) 0.133 —— 142 220 0.65(0.43 to 0.98) 0.040 ——
Confirmed (<54 mg/dL [<3.0 mmol/L]}) 28 35 0.80 (0.38 to 1.69) G_SSAH ——— 016 0.19 08504010 1.79) 0862 e
13-24 weeks
Confirmed {70 mg/dL [=3.9 mmal/L]) 21.4 210 1.03(0.74to 1.42) 08381 —— 2.24 233 0.96 (0.66 to 1.40) 0838 ——
Confirmed (<54 mg/dL [<3.0 mmol/L]}) 4.5 38 1.16 (061 to 2.29) 0620 T 0.33 0.26 1.27 (0.57 to 2.83) 0.555 T
I I 1

Diabetes Care Volume 41, October 2018 03 10 1 03 10 30

OR (95% CI) RR (95% CI)




Bright Study: Results summary

« Similar glycemic control improvements with 1deg-100 and Gla-300
« Similar variability with ldeg-100 and Gla-300

* Ahigher mean daily insulin dose for Gla-300 at study end

* Hypoglycemia incidence and rates were comparable with both

Insulins during the full study period but lower in favor of Gla-300
during the titration period.

Diabetes Care Volume 41, October 2018



RWE for Second-Generation Basal Insulins

Insulin-naive patients with T2DM

* LIGHTNING - lower rates of severe hypoglycemia when using
Gla-300 vs Deg-100!2]

CONFIRM - lower rates of hypoglycemia in those using Deg-
100 than with Gla-300!]

Patients with T2DM switching basal insulin

* LIGHTNING - comparable rates of severe hypoglycemia when
switching to either Gla-300 or Deg-100%]

DELIVER - less hypoglycemia in patients switching to Gla-300
than other basal insulins! 9]

a. Pettus J, et al. ADA 2018. Abstract 2289-PUB; b. Tibaldi J, et al. ADA 2018. Abstract 98-LB; £
Ye F, et al. ADA 2016. Abstract 943-P; d. Zhou FL, et al. ENDO 2017. Poster LB SUN 81.



New long-acting insulin analogue 2| A&

* [nsulin na’ive patients
* Type 2 DM
- A2 E2F2 105H2] EE£& 0.2unit /kg. 2HAF @ EHO| ™ L Of| 2} adjust
- 29| titration = 3-4Y tAC 2
» Type 1 DM: multi dose injectionO| & &
- Total dose = 0.2~0.4 unit /kg
- Total dose 2| 1/3 ~ 1/2 2 basal insulin 2 =

« Switching from Gla-100 or Detemir

+ 7|E9| Insulin analogue £ IS MOZ ALESIEH H2= HEAY 27t
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Degludec Variable Dosing" vs
Glargine U100 or Degludec Dosed Regularly*

“ ﬁ ﬁ—{ .-_ ‘-— @—_
Mornlng‘ I Morning ‘ Morning ‘

Variable dosing with degludec had similar efficacy and similar hypoglycemia
compared with either regular dosing regimen

*687 patients with T2D in a 26-wk, randomized, open-label, parallel-group, treat-to-target trial;
"Dosing schedule provided for a maximum dosing interval of 40 h and a minimum dosing
interval of 8 h; *Morning defined as time period from waking up to first meal of day;

§Evening defined as time period from start of evening meal to bedtime.

Meneghini L, et al. Diabetes Care. 2013;36:858-864.
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The use of extreme dosing intervals of 8-40 h demonstrates that the daily injection
time of 1Deg can be varied without compromising glycemic control or safety

Diabetes Care 2013 Apr; 36(4): 858-864




Progress of rapid-acting insulin

Regular Insulin aspart Rapid acting-insulin

insulin > Insulin glurigin momm)  aspart

Insulin lispro



Pharmacokinetic action profiles of rapid-acting insulins
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Mathieu, C,, et al. (2017). "Insulin analogues in type 1 diabetes mellitus: getting better all the time." Nat Rev Endocrinol 13(7): 385-399.



Rapid-acting insulins aspart

In a pharmacokinetic study

. A faster onset of action than insulin aspart (4.9 min versus 11.2
min) and reached the 50% maximum concentration more quickly
(20.7 min versus 31.6 min)

. The greatest difference occurred during the first 15 min, when the
area under the curve was 4.5-fold greater with fast-acting insulin
aspart

In a pharmacodynamic analysis

. A greater glucose-lowering effect within 90 min after dosing than
Insulin aspart

. Similar overall potency but that a shift of action to earlier time

Mathieu, C,, et al. (2017). "Insulin analogues in type 1 diabetes mellitus: getting better all the time." Nat Rev Endocrinol 13(7): 385-399.



HbA . (%)

Diabetes Care Volume 40, July 2017

A

e
Fast-Acting Insulin Aspart
Improves Glycemic Control in
Basal-Bolus Treatment for Type 1
Diabetes: Results of a 26-Week
Multicenter, Active-Controlled,
Treat-to-Target, Randomized,
Parallel-Group Trial (onset 1)

Diabetes Care 2017;40:943-950 | https://doi.org/10.2337/dc16-1771
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Rapid-acting insulins aspart

* In real-life settings,

These few minutes make a considerable difference to the lives of
people with diabetes

Type 1 DM
Type 2 DM 7

Gaining another 4-5 min in speed of onset of insulin action will
contribute to more flexibility in people’s lives without
compromising efficacy or safety of the insulin regimens

Mathieu, C, et al. (2017). Nat Rev Endocrinol 13(7): 385-399.



Progress of premixed formulations

Regular NPH/RI Insulin protamine aspart/aspart Insulin degludec/
Insulin 70/30 Insulin protamine lispro/lispro insulin aspart
50/50 70/30, 75/25, 50/50 70/30

—



P

Glucose Infusion Rate (mg/kg/min)

re-mixed formulations
Insulins Compounds
Premixed insulin products e NPH/Regular 70/30
4 1 Insulin Aspart 0.3 U/kg - LiSprO 50/50

....... Human Insulin 0.3 U/kg

= NPH Insulin 0.3 U/kg

3- ———  IDet 0.8 Ukg e Lispro 75/25

e Gla-100 0.8 U/kg

21 e Aspart 70/30
1 Lispro protamine
Aspart protamine
0
0
Time Following Injection (hours)
orY ™A A4 OFAl

 —

ADA. (2019). "9. Pharmacologic Approaches to Glycemic Treatment: Standards of Medical Care in Diabetes-2019." Diabetes Care 42(Suppl 1): S90-S102.



Pre-mixed insulin: IDegAsp (Ryzodeg®)

IDeg di-hexamers (70%)

(A)

oo
o o
IAsp hexamers (30%)
o
¢ o
(B)
Subcutaneous tissue
Y i, ¥
Ya¥ IAsp hexamer
\ Rapid
IDeg multi-hexamer " Slow dissociation
+ dissociation b
Y 4
AA A 4)
w y
IDeg monomers 4 ‘ IAsp monomers
——

Capillary membrane

Kumar, A., et al. (2016). "Clinical use of the co-formulation of insulin degludec and insulin aspart." Int J Clin Pract 70(8): 657-667.
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Pre-mixed insulin: IDegAsp
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Insulin analog formulations with duration of action

Ultra-long-acting analogues
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acting
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Chatterjee, S., et al. (2017). "Type 2 diabetes." Lancet 389(10085): 2239-2251.



Summary
* 1. Insulin degludec, Glargin U300

« Same efficacy

« Longer duration> better flexibility (Degl>U300)

* Less hypoglycemia

- U3002| 8% FL|7I 7|0 LEF AEot= A0 EHE|d

—_

» 2. Faster aspart
« ZZA[7H0| 5~102 O WL}
. Type 1 DM ZHX},
« MZ0| FAFE SHOLOF S= Z 2 (more flexibility)
e 3. Pre-mixed insulin: Insulin degludec/Aspart
+ Basal-plus HES 1H TA ROE FASIF+E =Y
« 7|Z2| Pre-mixed insulin 2L} flexibility 7| =L}




