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Learning Objectives

o Brief description of T2DM pathogenesis

o Guidelines approach to T2DM treatment according to ADA
and AACE guidelines

o Rationale for starting basal insulin
o Role of GLP-1 Receptor agonists in the treatment of T2DM
o Rationale for combining GLP-1 RAs with basal insulin

o Basal insulin/GLP-1 RASs fixed combination: clinical trials
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Natural History of T2DM
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PPG = postprandial plasma glucose.
Adapted with permission from Bergenstal R et al. Endocrinology. Philadelphia, PA: WB Saunders Co; 2001:821-835.




Figure 1 First and second phase insulin
release and corresponding glycaemia after

an intravenous glucose challenge

300

250+

(1/joww) 8s092n|5

50
0 \ | \ | — 0
0 30 60 90 120
Time (min)
— IGT/T2DM insulin level — Normal insulin level
-~ |GT/T2DM glucose level == Normal glucose level

Jenssen, T. & Hartmann, A. (2015) Emerging treatments for post-transplantation diabetes mellitus
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Hyperglycemia in Type 2 Diabetes

Neurotransmitter dysfunction

* GLP-1 receptor X, Increased lipolysis and reduced
agonists g ;" glucose uptake

* Amylin » Thiazolidinediones
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enesis of type 2 diabetes:

Effective Tx of Tx should be Tx must be
T2DM - multiple based on known started early in the

drugs in | pathogenic natural Hx of
combination to abnormalities, T2DM >
correct multiple = NOT SIMPLY on prevention of
pathoggf)éscgoglcal . ALC | progressive B-cell

failure.

Implications for therapy



GLYCEMIC CONTROL ALGORITHM

LIFESTYLE THERAPY

(Including Medically Assisted Weight Loss)

Entry A1C < 7.5% Entry A1C > 7.5% Entry A1C > 9.0%
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* Order of medications represents a suggested hierarchy of usage;
length of line reflects strength of recommendation

Use with caution
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Entry A1C < 7.5% Entry A1C > 7.5%

Metformin

GLP-1RA

SGLT-2i

DPP-4i

If not at goal in 3 months
proceed to Dual Therapy

-

MET |

or other
1st-line Basal Insulin

agent
Colesevelam

Bromocriptine QR
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If not at goal
in 3 months
proceed to
Triple Therapy

* Order of medications represents a suggested hierarchy of usage;
length of line reflects strength of recommendation
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herapy in T2DM

St with Monotherapy unless

—— AIC is greater than or equal to 9%, consider Dual Therapy.

AIC is greater than or equal to 10%, blood gluoose |s greater than or equal to 300 mg/dL,
or patient is markedly symptomatic, id ion Inj ble Tt (See Figure 8.2).

r

Monotherapy Metformin Lifestyle Management

EFFICACY* high

HYPO RISK low risk

WEIGHT neutral/loss
SIDE EFFECTS Gl/lactic acidosis
COSTS* low

If AIC target not achieved after approximately 3 months of monotherapy, proceed to 2-drug combination (order not
meant to denote any specific preference — choice dependent on a variety of patient- & disease-specific factors):

Y

& Dual Therapy Metformin + Lifestyle Management
sutoniures | Thiolidinedions | 0ep-sinisior | SGLT2inhibitor | 0Lp-recntorvons [T

EFFICACY" high high intermediate intermediate high highest
HYPO RISK moderate risk low risk low risk low risk low risk high risk
WEIGHT gain gain neutral loss loss gain

SIDE EFFECTS hypoglycemia edema, HF, fxs rare GU, dehydration, fxs Gl hypoglycemia
COSTS* low low high high high high

If AIC target not achieved after approximately 3 months of dual therapy, proceed to 3-drug combination (order not

meant to denote any specific preference — choice dependent on a variety of patient- & disease-specific factors):
4

Triple Therapy Metformin + Lifestyle Management

Sulfonylurea+ | Thiazolidinedione + ~ DPP-4 inhibitor+  SGLTZinhibitor+  GLP-I receptor agonist +
.~ Tzp su su su
DPP-4-i or  DPP-4- or [TZD 1 o [LTZD
or  SGLT24 or  DPP-4+

or  GLP-1-RA Insulin® or  GLP-1-RA

If AIC target not achieved after approximately 3 months of triple therapy and patient (1) on oral combination, move to
basal insulin or GLP-1RA, (2) on GLP-1 RA, add basal insulin, or (3) on optimally titrated basal insulin, add GLP-1RA or
mealtime insulin. Metformin therapy should be maintained, while other oral agents may be discontinued on an individual
basis to avoid unnecessarily complex or costly regimens (i.e.,adding a fourth antihyperglycemic agent).

emd Combination Injectable Therapy (See Figure 8.2)




Glycemia Reduction Approaches in Diabetes: A

=
GRADE Comparative Effectiveness Study

To provide unbiased comparison of most commonly used drugs
to Tx DM in metformin treated patients with relatively recent-
onset T2DM.

To determine patient characteristics and mechanisms
associated with differential responses to medications to
facilitate individualization of diabetes care.

To compare drugs over a clinically meaningful period of time
(>4 years).




Screening
T2DM

Tx: Metformin alone
A1C: 26.8% at screening
< 10 year duration at screening

A

=y

Metformin Run-In
Titrate Metformin to 1000(min) — 2000 (goal) mg/dl

'A1C 6.8 — 8.5% at final run-in visit:
-
Randomization

n = 5000 eligible subjects
‘ N e

Insulin
(Glargine)
N =1250

Sulfonylurea DPP-4 Inhibitor
(Glimepiride) (Sitagliptin)
n =1250 N =1250

GLP Analog
(Liraglutide— 1)
N =1250




Rationale for Starting Basal Insulin

Oral
hypoglycemic . Various studies:
agents no Suppression of Effective control AVG doses of
longer maintain overnight with basal insulin basal insulin
control... hepatic glucose added to oral from 0.33
Adding basal production, hypoglycemic units/kg BW
insulin through direct SRS (wﬁh_msglln
effects on the Requires: glargine) to
liver & 0.78 units/kg
‘ e adequate dose (with insulin
indirect effects titration detemir)3...
shown to | through ‘
entire 24-h suppression of If
fasting blood free fatty release Titration is
glucose profilel by adipose Target Alc & stopped at lower
tissue doses
‘ l! mia
improvement

results from




* Directly compared:
once-daily bedtime insulin

glargine When Basal Insu

Vs
once-daily NPH + oral iS Not EnOugh... |
hypoglycemic agents

e [nsulin titration: Fasting <100

mg/dI
i

e Similar mean fasting blood
glucose and HbA1lc between
groups

» 42% of patients treated with
basal insulin and oral agents did
not achieved target HbA1c
<7.0%

6 years after initiation of basal
insulin...

{

24% of patients needed additional
short-acting insulin to limit
hyperglycemia following meals

it to Target trial



START BASAL (Long-Acting Insulin)

TDD 2 U/kg TDD 3 U/kg Or >GLi-2i

Or DPP-4i

Basal Plus 1, Plus 2, Basal Bolus
Insulin titration every 2-3 days Plus 3
y y ._

to reach glycemic goal:

. : Begin prandial Begin prandial
Fixed regimen: Increase TDD by 2 U insulin before insulin before
Adjustable regimen: Glycemic largest meal each meal

FBG > 180 mg/dL: add 20% of TDD Control Not If not at goal, 50% Basal /

FBG 140-180 mg/dL: add 10% of TDD tG I* progress to 50% Prandial
FBG 110-139 mg/dL: add 1 unit ata0a injections before TDD 0.3-0.5 U/kg

If hypoglycemia, reduce TDD by: 2 or 3 meals

BG < 70 mg/dL: 10% - 20%

BG < 40 mg/dL: 20% - 40% Start: 10% of basal « Start: 50% of TDD

dose or 5 units in three doses
before meals

Consider discontinuing or reducing sulfonylurea after
starting basal insulin (basal analogs preferred to NPH) L o

Insulin titration every 2-3 days to reach glycemic goal:
*Glycemic Goal:

Increase prandial dose by 10% or 1-2 units if 2-h postprandial

<7% for most patients with T2D; fasting and premeal gaesatRiaoialolese e bianty 0 o L

BG < 110 mg/dL; absence of hypoglycemia « If hypoglycemia, reduce TDD basal and/or prandial insulin by:

A1C and FBG targets may be adjusted based on patient’s BG consistently < 70 mg/dL: 10% - 20%
age, duration of diabetes, presence of comorbidities, - Severe hypoglycemia (requiring assistance from another

diabetic complications, and hypoglycemia risk person) or BG < 40 mg/dL: 20% - 40%

COPYRIGHT © 2017 AACE MAY NOT BE REPRODUCED IN ANY FORM WITHOUT EXPRESS WRITTEN PERMISSION FROM AACE. DOI 10.4158/EP161682.CS




Combination Injectable Therapy in T2DM

Initiate Basal Insulin

Usually with metformin +/- other noninsulin agent

Start: 10 U/day or 0.1-0.2 U/ka/day

Adjust: 10-15% or 2-4 units once or twice weekly to reach FBG target

For hypo: Determine & address cause; if no clear reason for hypo,
LW dose by 4 units or 10-20%

If A1C not controlled, consider
combination injectable therapy

Add 1 rapid-acting

insulin injection before
largest meal

Start: 4 units, 0.1 U/kg, or 10%
basal dose. If AIC <8%, consider
¥ basal by same amount
Adjust: # dose by 1-2 units or
10-15% once or twice weekly
until SMBG target reached
For hypo: Determine and
address cause; if no clear reason
for hypo, ¥ corresponding dose
by 2-4 units or 10-20%

I
If A1C not controlled,
advance to basal-bolus

\

Add =2 rapid-acting

insulin injections before
meals (‘basal-bolus’)

Start: 4 units, 0.1 U/kg, or 10%
basal dose/meal. If AIC <8%,
consider ¥ basal by same amount

Adjust: + dose(s) by 1-2 units or
10-15% once or twice weekly to
achieve SMBG target

For hypo: Determine and
address cause; if no clear reason
for hypo, ¥ corresponding dose
by 2-4 units or 10-20%

Add GLP-1RA

If not tolerated or AIC
target not reached,
change to 2 injection
insulin regimen

-

.

If goals not met, consider
changing to alternative
insulin regimen

T i

If goals not met, consider
changing to alternative
insulin regimen

- ——

"

L

Change to premixed
insulin twice daily (before
breakfast and supper)

Start: Divide current basal dose
into ¥ AM, ¥4 PM or ¥ AM, ¥2 PM

Adjust: » dose by 1-2 units or
10-15% once or twice weekly
until SMBG target reached

For hypo: Determine and
address cause; if no clear reason
for hypo, ¥ corresponding dose
by 2-4 units or 10-20%

If A1C not controlled,
advance to 3rd injection

\

Change to premixed

analog insulin 3 times daily
(breakfast, lunch, supper)

Start: Add additional injection
before lunch

Adjust: t doses by 1-2 units or
10-15% once or twice weekly to
achieve SMBG target

For hypo: Determine and
address cause; if no clear reason
for hypo, ¥ corresponding dose
by 2-4 units or 10-20%

American Diabetes Association Standards of Medical Care in Diabetes.

Approaches to glycemic treatment. Diabetes Care 2017; 40 (Suppl. 1): S64-S74




Adding Prandial Insulin




Rationale for
Combining
GLP-1 RAS
with Basal

Insulin
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GLP-1 Modulates Numerous Functions
INn Humans

Promotes satiety and
reduces appetite

Alpha cells:
{ Glucose-dependent

postprandial
glucagon secretion\

- = Liver; & — 7

{ Glucagon reduces
Beta cells: hepatic glucose output
Enhances glucose-
dependent insulin secretion
Stomach:
Helps regulate

gastric emptying

Data from Flint A, et al. J Clin Invest 1998;101:515-520. Data from Larsson H, et al. Acta Physiol Scand 1997;160:413-422.
Data from Nauck MA, et al. Diabetologia 1996;39:1546-1553. Data from Drucker DJ. Diabetes 1998;47:159-169.



Potential benefits of combining insulin with GLP-1 RAs

GLP-1 based therapies

1 Insulin secretion
(glucose dependant)
! Glucagon secretion

! Body weight
1 PPG/FPG

Basal insulin therapy

Insulin levels
(non-insulin dependant)
Beta cell rest

Body weight

FPG/PPG




GLP-1 Release is Reduced in Type 2 Diabetes

20 T
15 4
=
o]
=
o
= 10 -
T«
(a1
- O NGT (n=33)
G . O |GT (n=15)
® Type 2 diabetes (n=54)
*P<0.05 between type 2
diabetes and NGT groups
0 ' T ' | ' ! - 1
0 60 120 180 240
min

From: Determinants of the Impaired Secretion of Glucagon-Like Peptide-1 in Type 2 Diabetic Patients
J Clin Endocrinol Metab. 2001;86(8):3717-3723. doi:10.1210/jcem.86.8.7750




Increase B-cell
mass

AB RES 2008; 40(3):172-180.



Comparison of physiologic effects of
short-acting and long acting GLP-1 RAs.

Parameter Short-acting GLP-1 RAs Long-acting GLP-1 RAs
Molecule Lixisenatide Exenatide BID Liraglutide

Exenatide LAR

Albiglutide

Dulaglutide
Half-life 2-5h 12 h to several days
Effects

Fasting blood glucose
Postprandial glucose excursion
Fasting insulin secretion
Postprandial insulin secretion
Glucagon secretion

Gastric emptying rate

Blood pressure

Heart rate

Reduction of body weight
Induction of nausea

Modest reduction

Marked reduction

Modest stimulation
Reduction

Reduction

Marked deceleration
Reduction

No effect or mild increase (0-2 bpm)
1-5 kg

20-50%, slow attenuation
(from weeks to months)

Marked reduction

Modest reduction

Marked stimulation

Modest stimulation
Reduction

No effect or mild deceleration
Reduction

Moderate increase (2-9 bpm)
2-5kg

20-40%, rapid attenuation
(about 4-8 weeks)

BID, twice daily; bpm, beats per minute; GLP-1 RA, glucagon-like peptide-1 receptor agonist; LAR, long-acting release.
Reprinted by permission from Macmillan Publishers Ltd: Nat Rev Endocrinol (Meier JJ. GLP-1 receptor agonists for individualized
treatment of type 2 diabetes mellitus. 8:728-742), copyright (2012).

GIORGINO F, ET AL. DIABETES METAB RES REV 2016; 32: 497-511.




Differences in mechanism of action and clinical profiles
between short-acting and long-acting GLP-1 RAs: Head-

to-head studies

Liraglutide QD vs

Exenatide BID vs Exenatide BID (added

Lixisenatide QD vs

w1l Liraglutide QD3
Q to Met, SU or both)? & 2
( . Great
reater
Gr_eatgr reductions in FPG Gr.eatfar
reduction in PPG and HbA1c with reduction in PPG
with BID . with lixi
lira
_ \ y
f [ ( Great
Greater delay of Greater [EalS:
. X L reductions in PP
gastric emptying reduction in PPG lucagon and
with BID with exenatide _Eucagom and
insulin with lixi
_J o o
( Greater
reduction in FPG
and HbA1c with
Qw

1. DRUCKER DJ, ET AL. LANCET 2008; 372(9645): 1240-1250. 2. BUSE JB, ET AL. LEAD-6. LANCET 2009; 374(9683): 39-
47.3. KAPITZA C, ET AL. DIABETES OBES METAB 2013; 15(7): 642-649.



Differences in mechanism of action and clinical profiles
between short-acting and long-acting GLP-1 RAs:
Head-to-head studies

«

Dulaglutide QW vs
Exenetide BID (added to
Met and pio)?

w v

@«

Lixi QD vs Lira QD as add-
on to basal insulin?

 Greater reduction in PPG with lixi e Greater reduction in Alc with

e No difference in Alc dulaglutide

e Delayed gastric emptying and e Greater reduction in prandial glucose
glucagon suppression with lixi excursions with exenatide

e Increased insulin release with lira e Greater reduction in FPG and overall

hyperglycemia with dulaglutide

1. Meier JJ, et al. Diabetes Care 2015; 38(7): 1263-1273. 2. Wysham C, et al. AWARD-1. Diabetes Care 2014;
37(8): 2159-2167.



Glycemic parameters from clinical studies

combining GLP-1 RAs and basal insulin

Patients (%) achieving Mean FPG change from Mean PPG change from Mean body weight change from
HbA, . <7.0% baseline, mmol/L baseline, mmol/L baseline, kg
Treatments Between- Between- Between- Between-
added to GLP-1 group GLP-1 group GLP-1 group GLP-1 group
Reference basal insulin RA Comparator difference | RA  Comparator  difference RA  Comparator  difference RA  Comparator difference
Buse et al., Exenatide 60 35 25 -1.6 -1.5 -0.1 NR NR NR -1.78 0.96 -2.74
2011 [44] 10 ug BID (51, 69) (25, 45) (12,39); | (1.9, (-1.8,-1.2) (-0.52,0.32); (-2.48, (0.23,1.70) (-3.74,-1.74);
versus p<0.001 | -1.3) p=0.63 -1.08) p<0.001
placebo;
30 weeks
GetGoal-L Asia; Lixisenatide 35.6 5.2 30.4; -0.42 0.25 -0.67; -7.96 -0.14 -7.83 -0.38 0.06 -0.44
Seino et al., 20 ng QD p < 0.0001 p=0.0187 (-8.89, -6.77) (-0.925, 0.061);
2012 [20] versus p < 0.0001 p =0.0857
placebo;
24 weeks
GetGoal-Duo1; Lixisenatide 56 39 17; 0.3 0.5(0.2) -0.1 -3.1 0.1 (0.5) -3.2 0.3 1.2(03) -0.89
Riddle et al., 20 ng QD p=0.0001 (0.2) (-0.5,0.2); @ (0.5 (-4.0, -2.4); (0.3) (1.4, -0.4);
2013b [19] versus p=0.5142 P <0.0001 p=0.0012
placebo;
24 weeks
GetGoal-L; Lixisenatide 28.3 12.0 16.3; -0.6 -0.6 (0.3) 0.1 -5.5 -1.7 (0.5) -3.8 -1.8 -0.5(0.3) -1.3
Riddle et al., 20 ug QD p<0.0001 (0.2) (-0.6,0.4); (0.5 (-4.7,-2.9); (0.2) (-1.8,-0.7);
2013a 18] versus p=0.7579 p < 0.0001 p < 0.0001
placebo;
24 weeks
BEGIN: Liraglutide 58.0 44.9 p =NS -0.14 -0.04 -0.1; -0.8* -1.0* p=NS -2.8 0.9 (2.5) -3.75
VICTOZA >1.8 mg QD p=NS (3.8) (~4.70, -2.79);

ADD-ON; versus insulin p < 0.0001
Mathieu et al,, as part QD;
2014 [48] 28 weeks

Values in parentheses are 95% confidence intervals or standard error. These were not reported for all studies.

*Meal with largest decrease from baseline.

BID, twice daily; FPG, fasting plasma glucose; GLP-1 RA, glucagon-like peptide-1 receptor agonist; NS, nonsignificant; NR, not reported; PPG, postprandial plasma glucose;
QD, once daily.

Giorgino F, et al. Diabetes Metab Res Rev 2016; 32: 497-511.



owing the likelihoc
omposite endpoint of HbA1
omatic hypoglycemia and no we

Study or Lixisenatide Placebo Odds ratio Odds ratio
subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

GetGoal-Duo1 60 215 39 221 47.7% 1.81[1.14, 2.85] ——
GetGoal-L 42 304 8 158 30.2% 3.01 [1.37, 6.57] —i—
GetGoal-L-Asia 21 146 5 154 22.2% 5.01 [1.83, 13.66]

Total (95% CI) 665 533 100.0% 2.64 [1.48, 4.70] ‘

Total events 123 52 | 1
20 5 1 0.2 0.05
Favours lixisenatide Favours placebo

Heterogeneiity: Tau? = 0.13; Chi? = 3.86, df =2 (p = 0.14); I = 48%
Test for overall effect: Z = 3.31 (p = 0.0009)

Cl, confidence interval; df, degrees of freedom; M=H, Mantel-Haenszel test.
Reproduced with permission from: Charbonnel B, Bertolini M, Tinahones FJ, Domingo MP, Davies M. Lixisenatide plus basal insulin
in patients with type 2 diabetes mellitus: a meta-analysis. J Diabetes Complications 2014; 28; 880-886.

al. Diabetes Metab Res Rev 2016;




Fixed-Combination Products Available

IDegLira
1 dose steps= 1 unit of insulin degludec + 0.036 mg of liraglutide
16 dose steps= 16 units of insulin degludec + 0.6 mg of liraglutide
32 dose steps= 32 units of insulin degludec + 1.2 mg of liraglutide
50 dose steps= 50 units of insulin degludec + 1.8 mg of liraglutide

LixiLan
2 units of insulin glargine + 1 mcq lixisenatide

10 units of glargine + 5 mcg lixisenatide
60 units of glargine + 30 mcg lixisenatide



IDeglira Clinical Trials: Summary of Trial Designs

DUAL1 DUALII DUAL Il DUAL IV DUALYV
Trial Number 3697 (pivotal) 3912 (pivotal ) 3851 3951 3952
Objective IDeglura vs. IDeg vs. | IDegluwa vs. [Deg | [Deglira vs. GLP- | IDegLlara vs. | IDegLlra vs.
hra (3 anm factonal | with dose cap 1 analog alone placebo wsulin glargine
smdy)
HbAlc entry criteria | 7-10% 7.5-10% 7-9% 7-9% 7-10%
Blinding Open Blind Open Blind Open
Control Acuve (IDeg and | Active (IDeg) Active Placebo Active
lira) (exenatde and lira) (glargine)
Duration 26 weeks + 26 week | 26 weeks 26 weeks 26 weeks 26 weeks
extension
Background therapy | Met=Piwo Met Met = SU = pio Met = SU Met
Randomization ratio 2:1:1 1:1 21 2:1 1:1
(IDegLira: IDeg lira)
Population Add on to OAD Previous msulin | Previous  GLP1 | Addonto OAD | Previous mnsulin
Insulin naive users analog users Insulin naive users
Hypothesis test NI to IDeg and | Supenonty Supernonty Supenonty NI

Superionty to lira

Met= metfornun >1500 mg 'day or maxinm tolerated dose, Pio=proghtazone > 30 mg day, SU= sulfonylurea at (172 max of approved dose), IDegLira=
msulin degludec and lrraglutide, lira=liraglutide, IDeg=insulin degludec, OADs=oral antidiabetic drugs, FAS=Full analysis set, NI=non-infenonty




DUAL IV: IDeglira vs Placebo

IDeglira/Place

IDeglira + SU * \
Starting Dose:

metformin

10 dose steps
Subjects with (n=289) . P
tvpe 2 diabetes Maximum Dose:
yp Placebo + SU * 50 dose steps

(N=435) _

metformin Titrate to target
(n=146) FPG 4-6 mmol/L
(72-108 mg/dl)

Type 2 diabetes
SU + metformin
HbAlc 7.0-9.0%

Age > 18 years
BMI < 40 kg/m?

Rodbard HW, et al. Diabetes 2015; 64



DUAL IV: HbAlc over time

(a) 8.5 - EOT - 70
HbA.,
A HbA . :
8.0 - 'l 64 -8- |Deglira (n=289)
-#- Placebo (n=146)
7.5 - Y - 58 T
_ -0.46% =
2 5
T2 7.0 1 - 53 3
< 3
T 2
6.5 - Yy 48 3
-1.45% =
6.0 - -1.02% - 42
b [-1.18;-0.87]"
0.0 T T 1T 1T 1T 1T"1 - 0

T T T 1
0 2 46 81012141618202224 26
Time (weeks)

Mean observed values with error bars (standard error mean) based on full analysis set and last observation carried forward imputed
data. Treatment difference estimated using ANCOVA model on full analysis set and last observation carried forward.

RODBARD HW, ET AL. DIABETES 2015; 64




DUAL IV: 9-point SMBG profile

(c) 14.0 - ~ 252
13.0 -8 [DegLira (n=289) . 240
. * Placebo (n=146) e Greater reduction in
-’E—, . { - 204 & mean 9-P SMBG
' - 192 & . . .
E 155 | iga = profile with IDeglLira vs
) ’ Q
2 oo - 168 £ Placebo
g ¥ - 156 O
> 8.0 - - 144 @
£ 40 - 123 a Treatment difference
S -1 a
o 6.0 - ‘ - 108 ~ '2797 mg/dl_,
50 -- Week 0 — Week 26 - 96 P<0.001
) Week 0 Week 26 ; 84
0.0 +— I I 1 I l I I | -0
S & ) (\Q\ 6@ O ‘66
NGEPSUIRY Q& S S S > NG
@@'@ PV P EES P \‘2(%5

*p<0.05 based on lineal mixed model with an unstructured residual covariance matrix. Mean observed values based on full analysis set and last observation carried

AT Rodbard HW, et al. Diabetes 2015; 64



DUAL IV: Change in body weight over time

(d)2.0 -
-4
15 -8- |[DeglLira (n=289)
5 -3 o ® Placebo (n=146)
X =
= 10- > 2
© Aweight| = 8§
o =t
= 05|, 3
> g
g T &
c -0 =
= o,
2 -1 2
e —
S , &
' - -3
=15 Frrrr 11t 1T 17 1T 1T 1T T" L -
024 6 8101214161820 22 24 26 .
. 1.48 kg
T k
ime (weeks) [0.90: 2.06]*

Mean observed values with error bars (SEM) based on FAS and LOCF imputed data. Treatment difference estimated using an ANCOVA model. ETD [95% Cl], *P < 0.001.




\L IV: Confirmed hypoglycemia

IDeglira Placebo
(n=288) (n=146)
% Subjects Rate % Subjects Rate
(# subjects) (Episodes/PYE) (# subjects) (Episodes/PYE)
0.7% 0.02
Severe 2/288)
H 41.7% 3.52 17.1% 1.35*
Confirmed A (25/146)

End-of-trial HbAlc:

IDeglira 6.4%

Placebo 7.4%

analysis set. Estimated treatment ratios are from a negative binomial model. %, percentage of partic

RODBARD HW, ET AL. DIABETES 2015; 64



DUAL I: IDeglira vs IDeg vs Liraglutide

IDegLira OD'+ metformin + pioglitazone
(n=834)

Patients with [Biam GEF el < e fiemee
(n=1663)

Liraglutide OD (1.8 mg) + metformin + pioglitazone -
(n=415)

0 26 weeks

Randomized 2:1:1
Open label

Titration algorithm: IDeglira and IDeg 'T"cplgs‘szrfacbr;Z';'a
Yy |

Mean Fasting PG Dose Change Insulin naive-treated

mg/dL mmol/L Dose steps or U with metformin
<72 <4.0 2 pioglitazone
HbA1c 7.0-10.0%
72-90 4.0-5.0 0 BMI < 40 kg/m?
>90 >5.0 +2 Age > 18 years* *Singapore age >21 years

GOUGH, BODE ET AL. LANCET DIAB ENDO 2014



DUAL I: IDegLira vs IDeg vs Liraglutide

Mean Daily Doses

C D -o- |Deglira
- Insulin degludec
100 4- . .
-# Liraglutide
= (@]
2 £ 3
I 9
-§ 60 S
Eﬂ 53 5 2 1.8 ug
- -
£ 407 $su T -
= =
£ > 1
fa Hg
0 | | | | | | | | | 1 1 | | 0 | | 1 1 ] | | | | | | | |
02 4 6 8 10 12 14 16 18 20 22 24 26 0 2 4 6 8 10 12 14 16 18 20 22 24 26

Gough, Bode Et al. Lancet Diab Endo 2014



DUAL I: IDeglira vs IDeg vs Liraglutide

HbA1 over time

A
9.0 — ~ -o- IDeglira — /5
- Insulin degludec
85 = Liraglutide - 69
. 8:0- -64 T
g >
s 7.5 - -58 7
= :
/-0 —¥r53 2
3
65— 4 S
6-0, T T < = 42
/ ) | 74
01— T T T T T T T T 1 0

|
O 2 4 6 8 10 12 14 16 18 20 22 24 26

GOUGH, BODE ET AL. LANCET DIAB ENDO 2014



L I: IDegLira vs IDeg vs Liraglut

age of subjects to target

lLlraqutldeF()Q;éloloéll) M IDeg (n=413) m IDeglira (n=833)

100 p<0.0001 p<0 0001

90 v p<0 0001

80

70
@ 60.
)
3 50
S 40
X

HbAlc < 7.0% HbAlc < 6.5%

Gough, Bode Et al. Lancet Diab Endo 20



DUAL I: 9-point SMBG: Post-prandial PG increment

234 1
Week 0
216 A1
- & - Liragiutide
~ 198 1 *whs+ [Deg
= 180 9 IDegLira
o
-
E, 162
) 144 4 Week 26
a 126 4 - Liraglutide
b [De
108 4 9
IDeglira
90 4
3
0 T L] L} Ll L] Ll T L) 1
G & P, & S & & & o
e & & & S & & s @ 4
N () » S & & o & < Nl
2 ¥ i
o ) ) & & K of e“?pf}
&
g n p=NS P p=NS Week 26
T a———L T ——  EEEE————
S p<0.001 p<0.01 <0.0003 Bl Liraglutide
g 4 el — — M [Deg
- IDeglira
S 2
E
@
g 18
L_D p-values from separate ANCOVAs
a 0
Breakfast' Lunch! Evening meal’

PG Incremant = change In pre-meal level to 50 min post-meal. Mean values based on FAS and LOCF-imputed data




DUAL I: Change in body weight over time

Change in bodyweight (kg)

!
]

1

Time (weeks)

GOUGH, BODE ET AL. LANCET DIAB ENDO 2014

| T T T T T T T 1
4 6 8 10 12 14 16 18 20 22 24 26

-2.22 kg (p < 0.0001)

244 kg (p<
0.0001)




DUAL [: Rate of confirmed hypoglycemia by HbAlc

50 +
= [Deg predicted rate (n=413)
A IDeg observed rate
- [Deglira predicted rate (n=833)
® IDeglira observed rate

4.0 -

Rate of hypoglycemia
(events per patient-year of exposure)
@

1

T 1
50 55 6.0 6.5 7.0 75 8.0 85 9.0
HbA,. (%) at end of trial

GOUGH, BODE ET AL. LANCET DIAB ENDO 2014



Nausea over time

124 #- |DegLira
| % |Deg
10- O Lira

Percentage of patients

0 4 8 12 16 20 24 26
Time (weeks)

IDezLira = insulm degludes laraghutide: IDeg = insulin degludec: Lira = liraghunde,

Gough, Bode Et al. Lancet Diab Endo 2014
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DUAL II:
IDeglira vs
Degludec in

patients on basal
insulin

(9]

-

FPG (mmol/L)
Q QAPONNDDODO O

O cuouowouUIouo
=t T

Daily IDeg dose (units) 1T

o

Participants
with nausea (%)

Change in A1c (%)

0246 8101214161820222426

" 5302
3
'90
0

024 6 8101214161820222426

=)

> R 8 8
(Ip/Bw) ©d4
FPG (mmol/L)

8

ETD: -0-02 units
NS

Change in body weight (kg) m

0
0246 8101214161820222426

=

Cumulative confirmed hypoglycemic
episodes per subject

0 Q0 0 9 O = 2 a

0246 8101214161820222426
Time (weeks)

N

5 d
024 68 101214161820222426

ETD: -0-73 mmol/l
0019

024 6 8101214161820222426

024 68 101214161820222426

0246 8101214161820222426
Time (weeks)

— IDegLira —— IDeg

2
o

(1ow/joww) o}y uy 9bueyd

(p/Bw) ©d4

ETD: -2'5 kg
p<0-0001

Rate ratio: 0-66



DUAL II: IDegLira vs Degludec in patients on
basal insulin

ViDeg ®IDeglira
14+ @ |DegLira statistically significantly different from IDeg [ 252
13- - 234
- 216
- 198
- 180
- 162
- 144
- 126
-+ 108

Blood glucose (mmol/L)
©
|

(p/Bw) asoan|b6 poolg

o
1
1
— |
o ©
o

0 T 1 1 1 1 1 1 1 1 1
g & & & & & ¢ N &
& F & & & & Al
U @ & L &P 5;90 ¢
QNI S-S S
X & &
ey g

Mean 9-point self-monitored blood glucose profiles at baseline (dotted line) and after 26 weeks (full line).

JOHN B. BUSE ET AL. DIA CARE 2014;37:2926-2933




eglira vs unchanged GLP-1

IDeglira + metformin % pio £ SU
(n=292)

Unchanged GLP-1 RA + metformin
(n=146)

26 27
End of trial Follow up

Randomized 2:1

Inclusion Criteria

Type 2 diabetes

GLP-1 RA max dose + met

+ pio £ SU
HbAlc 7.0-9.0%
Age > 18 years
BMI < 40 kg/m?

Mean Fasting PG

mg/dL mmol/L
<72 <4.0

72-90 4.0-5.0
>90 >5.0

IDeglira

Starting dose:

16 dose steps (16
U IDeg + 0.6 mg
liraglutide
Maximum dose:
50 dose steps (50
U IDeg and 1.8
mg liraglutide

Titration Dose
Change
Dose steps/U
-2

0
+2




DUAL III: IDegLira vs unchanged GLP-1 RA

HbAlc over time ‘o IDeglira (n=292)

8.0 -o- Unchanged GLP-1RA (n=146) :&T AHbA1C—64
1c
7.4% l 58
‘—0.30/0 I
O
- 53 ;;>
]
6.4%
__________ Y t48 2
-1.3% g
] =
6.0 - —0.94% - 42
I F1.115-0.78) o0
T p < 0.001 ¥
0.0 T T T T T T T 1 =

| I N U
0 2 46 8101214161820222426
Time (weeks)

Mean observed values with error bars (standard error of the mean) based on FAS and LOCF imputed data. ETD is from ANCOVA analysis, and change in HbAlc (D) values are observed; both are
based on FAS and LOCF imputed data. Dotted lines represent ADA/EASD and AACE HbA1c targets of 7.0% and 6.5%, respectively.

LINJAWIS, ET AL.DIABETES THER (2017) 8:101-114




DUAL III: IDegLira vs unchanged GLP-1 RA

FPG over time 117 -e- IDegLira (n=292)
-+ Unchanged GLP-1RA (n=146)  _ -190
10
FPG AFPG
8.8 mmol/L * 170
= T
= —060 | 450 o
E 81 3
© =
T 4 L130 £
6.0 mmol/L
6- — o Y 110
—2.98
O’ | I U I I N I R A D D A I | 1.0
0246 81012141618202224 26

—2.64 mmol/L  (-47.6 mg/dl)
[-3.03; -2.25]__,
p<0.001

Time (weeks)

LINJAWI'S, ET AL.DIABETES THER (2017) 8:101-114




DUAL Ill: IDeglLira vs unchanged GLP-1 RA

-o- IDeglira (n=292) A body
2.57 _e Unchanged GLP-1RA (n=146) weight
Change vol +2.0 kg%
in bod 5 bt g
Y < 151 3 3
. - s |
weight 2 1.0 > ©
= =1
over g 05 1 g
. o &
time R 03
> .-
§ 0.5 ! .
L2 =
—1.0 -0.8 kg
L3
_15 | | | | | | | | | | | | | | -
202 4 6 81012141618202224 26 -
) 2.89 kg
Time (weeks) [2.17;3.62] _, .,
p<0.001

LINJAWIS, ET AL.DIABETES THER (2017) 8:101-114




DUAL lII: IDegLira vs unchanged GLP-1 RA

144 o IDegLira (n=292) r252
9-point SMBG profile 13 ® Unchanged GLP-1RA (n=146) e
~ 12- -216 13
Greater reduction in mean 9-P b= -204
. 5 . 114 »
SMBG profile with IDeglLira E -192 g
versus GLP-1 RA ~ 104 -180 o
[} —
@ 9- -168 §
Treatment difference: E -156 %
<32 mg/d|, S 8- 144 =
P<0.001 £ 7 -182 g
& -120 &
o B4 -108
5] ----Week0 — Week 26 96
L --- Week 0 — Week 26 584
o771 717 7 71 71 710
> & Q > > Q QO 3
SN $S o & o 1S
\Q’fb XQ, N/ ch \\Q 6\ xg P Q &Q)fb..‘,}
Linjawi S, et al.Diabetes Ther (2017) 8:101-114 2 N7 (\?J *p<0.001 (post hoc analysis).



JAL Studies: IDeglira Fixed Dose Combinat
vs Comparators

Less weight gain than insulin comparators

More weight gain than GLP-1 comparator
| T—




LixiLan Proof of Concept
Lixilan vs iGlargine in insulin Naive T2DM

Patients

Parameter LixiLan iGlargine
Baseline HbAlc 8.1+0.8% 8.0+ 0.8%
Week 26 HbA1lc 6.3% 6.5%

Final daily insulin doses 36 Units 39 Units
Symptomatic hypoglycemia 21.7% 22.8%
Nausea 15.5% 9.3%

AEs leading to discontinuation 3.7% 0

ROSENSTOCK J, ET AL. DIABETES CARE 2016




LixiLan Proof of Concept: Study Design

Inclusion Criteria Insulin Glargine + metformin
Type 2 Diabetes (n—162)

Metformin = 1500 mg/day
Alc>7.0and £10.0%
BMI >20 and < 40 kg/m?

Lixisenatide + Glargine + metformin
(n=161)
A ——
I el
Titration Target: FPG 80-100 mg/dL

Fixed ratio 2U 1pg . i .
Insulin Glargine dose no upper limit
LixiLan capped at 60 U / 30 pg

Initial dose 0ouU 5ug

Max dose 60 U 10 ug

ROSENSTOCK J, ET AL. DIABETES CARE 2016




GetGoal Duo 2 Trial

Lixisenatide + Basal Insulin vs Insulin Glulisine either
as basal-plus or basal-bolus in T2DM

= Entry criteria: patients with T2DM on OAD + basal insulin

= 298 patients per group
o Lixisenatide 20 mcg once daily
° Insulin glulisine once daily
° Insulin glulisine 3x daily

= Screening HbAlc 8.5%, after run-in, 7.8-7.9%

= Insulin glargine dose: screening 39 - 41 units, after run-in, 65 — 68 units

ROSENSTOCK J, ET AL. DIABETES CARE 2016; 39: 1318-1328




GetGoal-2 Trial: Results

HbAlc, % baseline

HbAlc, % week 26 7.2 7.2 7.0
Change body weight -0.6 kg +1.0 kg +1.4 kg
iGlargine dose, units/day 67 65 65
iGlulisine dose, units/day - 10+ 8 20+ 13
TDD 67 + 32 74 + 39 81+34
Symptomatic hypoglycemia 35.9% 46.5% 52.4%
Lixi vs iGlu Hypo 0.75 0.49

ROSENSTOCK J, ET AL. DIABETES CARE 2016; 39: 1318-1328




LixiLan-O: LixiLan vs Lixi vs Glargine
Change in FBG and Weight

0.0 -
_0_2_
T -0.4
< _0.6-
I
o
Py —-0.8 1
[=)]
S
8 1.0-
o
c
S 1.2
£
B 1.4
164 B GlarLixi
[ iGlar
=1.8= p<0.0001 Lixi
\—p<0.0001

Rosenstock J, et al. Diabetes Care 2016; 39: 1318-1328
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LixiLan-O: LixiLan vs Lixi vs Glargine

Change in 2-h PPG and 7-pt profile

0+ 0 240 - - m
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LixiLan-O: LixiLan vs Lixi vs Glargine
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GLP-1 RA and Insulin: Efficacy Outcomes

Study Study Drug and Overall Severe Hypoglycemia Overall Hypoglycemia Definition
Comparator Hypoglycemia

Diamant®a EXN BID + GLAR 335 events
BBT 881 events
Mathieu2® LIRA QD + DEG 1.00 EPY
BBT 8.15 EPY
Gough3cf LIRA FRC QD 1.77 EPY
DEG 2.79 EPY
Rosenstock®d LIXI FRC QD 22%
GLAR 23%
Blonde>® DULA QW + LIS 10.42 EPY
BBT 13.23 EPY

a. BLA1c 8.5%, BL Wt 89 kg; 30 weeks; b. 26-weeks, BL
Alc 7.7%, BL Wt 91-95 kg, BL BMI 32-33 kg/m2, age 61,
diabetes duration 12-13y; c. 26-weeks BL Alc 8.3%, BL
Wt 87 kg; d. 24 weeks, BL Alc 8.0%, BLBMI 32.1 kg/m2, e.
DULA 1.5 mg, BL Alc 8.5%, BL Wt 91 kg, 26 wk results

3 events
11 events

0 events
0 events

3 events
2 events

0 events
0 events

0.06 EPY
0.09 EPY

Minor symptomatic or self-treated, BG <
54 mg/dL

Confirmed, BG < 56 mg/dL or severe
Confirmed, BG < 56 mg/dL or severe

Confirmed, BG < 70 mg/dL

Documented symptomatic, PG < 54 mg/dL

1. Diamant M, et al. Diabetes Care 2014; 37:2763-2773.

2. Mathieu C, et al. Diabetes Obes Metab, 2014; 16: 636-644.
3. Gough SC, et al. Lancet Diabetes Endocrinol. 2014; 2: 885-893.
4. Rosenstock J, et al. Diabetologia 2014; 57 (suppl 1) [abstract

241}
3. Blonde L, et al. Lancet 2015; 385: 2057-2066.




and Insulin: Efficacy Out

E GLP-1+ins &= Comparator

BID + GLAR vs EXN BID + GLAR vs EXN BID + GLAR vs EXN BID + GLAR vs EXN B
BBT 1,a BBT 1,a BBT 1,a BBT 1,a

1. Diamant M, et al
veeks, BL Alc 7.7%, BL Wt 91-95 kg, BL BMI 32-33 kg/m2, age 61y, diabetes 2. MathieuC,etal
87 kg; d. 24 weeks, BL Alc 8.0%, BL BMI 32.1 kg/m2, e. DULA 1.5 mg, BL Alc 3. GoughSC, eta
4. Rosenstock




GLP-1 RA and Insulin:

Alc < 7.0% and no hypoglycemia

W GLP-1+ins ™ Comparator

o 100

‘f_. P<0.001 P<0.001

P

= 80

S

% 60

Z 60 54

g 41

> 40

=

T

O 19

< 70 NR NR

v

Z 0 0 .

= 0

= EXN BID + GLARvs  LIRAQD + DEG vs LIRA FRC QD vs LIXI FRC QD vs GLAR D

BBT 1,a BBT 2,b DEG 3,c 4,d
1. Diamant M, et al. Diabet

a. BLA1c 8.5%, BL Wt 89 kg; 30 weeks; b. 26-weeks, BL Alc 7.7%, BL Wt 91-95 kg, BL BMI 32-33 kg/m2, 2. Mathieu C, et al. Diabetes
age 61y, diabetes duration 12-13y; c. 26-weeks BL Alc 8.3%, BL Wt 87 kg; d. 24 weeks, BL Alc 8.0%, BL 3. Gough SC, et al. Lancet Diabe:
BMI 32.1 kg/m2, e. DULA 1.5 mg, BL Alc 8.5%, BL Wt 91 kg, 26 wk results. 4. Rosenstock J, et al. Diabetologia

3. Blondel L, et al. Lance



GLP-1 RA and Insulin: Efficacy Outcomes

Alc < 7.0%, no hypoglycemia, and no weight gain

100
X
£
‘s 80
Q.
©
S
o0 60
c
3
‘= 40
Q
<
2 20
2
®
e 0

NR
0 0

EXN BID + GLAR vs
BBT 1,a

B GLP-1+INS ™ Comparator

P <0.001 P<0.001

36

14

LIRA FRC QD vs
DEG 3,c

7
__8

LIRA QD + DEG vs
BBT 2,b

a. BL Alc 8.5%, BL Wt 89 kg; 30 weeks; b. 26-weeks, BL Alc 7.7%, BL Wt 91-95 kg, BL BMI 32-33 kg/m2, age 61y, diabetes
duration 12-13 y; c. 26-weeks BL Alc 8.3%, BL Wt 87 kg; d. 24 weeks, BL Alc 8.0%, BL BMI 32.1 kg/m2, e. DULA 1.5 mg, BL Alc

8.5%, BL Wt 91 kg, 26 wk results.

P <0.05 P <0.05
29 33
6
____ 8 |
LIXI FRC QD vs DULA QW + LIS vs
GLARA4,d BBT 5,e

1. Diamant M, et al. Diabetes Care 2014; 37: 2763-2773.

2. Mathieu C, et al. Diabetes Obes Metab, 2014; 16: 636-644.
3. Gough SC, et al. Lancet Diabetes Endocrinol. 2014; 2: 885-893.
4. Rosenstock J, et al. Diabetologia 2014; 57 (suppl 1) [abstract

241}.
3. Blondel, et al. Lancet 2015; 385: 2057-2066.




Safety Considerations: GLP-1 RAs Used with Insulin

Contraindications

Warnings and precautions

Adverse reaction

Not indicated for treatment of DKA2P.cd
Personal or family history of MTC224, or MEN syndrome type 2224
Prior history of hypersensitivity reaction to specific agent or components2.cd

Hypoglycemia (with SUs or insulin)2b.cd

Thyroid C-cell tumors in preclinical studies®bd

Discontinue if pancreatitis is suspected®P.cd

Hypersensitivity reactionsP.cd

Use caution in renal impairment®®4; reduce dose or monitor renal function in renal impairment®9; do not use exenatide
BID in severe renal impairment®

Pregnancy category Cab.cd

Gastrointestinal (mild-severe) @P.cd
Allergic reactions (mild-severe) &b
Neurological (mild-moderate)b:cd
Respiratory (mild-moderate) 2
Hypoglycemia®d

Orthopedic (mild-moderate) 2

http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA



http://www.accessdata.fda.gov/Scripts/cder/DrugsatFDA

Summary

v Fixed dose combinations of a GLP1-RA and basal insulin have been extensively
tested for safety and efficacy.

v' Two FDC have been recently approved by the FDA.

v Benefits of FDC:
=Better efficacy than either component given alone
*"Improved fasting and post-prandial glucose levels

= ower rates of hypoglycemia and Wt gain than insulin
monotherapy

v’ Limitations of FDC:
*Nausea remains problematic
*Dose titration is required
=Cost
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