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United Nations Resolution 61/225:
World Diabetes Day

On 20 December 2006, the United Nations General Assembly passed Resolution 61/225.

This landmark Resolution recognizes diabetes as a chronic, debilitating and costly disease
associated with major complications that pose severe risks for families, countries and the
entire world. It designates 14 November, the current World Diabetes Day, as a United Nations

Day to be observed every year beginning in 2007.

December 20, 2006
This United Nations resolution recognized

that tackling diabetes is likely to be one of the most important
challenges for the global public health community in
the 21st century




President Obama proclaims November 2010 as National
Diabetes Month to support diabetics

Nowvember 3, 2010 —
Fresident Barack Ohama
recently praclaimed
Movermber 2010 to be
Mational Diabetes Maonth,
during which he urged
Armericans to learn the
risk factors and warning
signs that are assaociated
wiith twpe 1 and type 2
diabetes.

Approximately 24 million
diabetics live with this
diagnosis in the LS.

today. Type 1 diabetes - commonly known as juvenile onset diabetes - is most

often diagnosed inyvound peaple, while the risk oftype 2 diabetes is highest

among individuals who are older, overweight, inactive or hawve a family history of

diabetes.
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. How First looks in pictures......
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The First Insulin Commercially

Labl o] The first insulin vials and first U-20
Aﬂr In the U States and U-40 formulations were

i Lilly and Company. It wan the fiest Insulin commercially  [f packaged in wooden containers.

< Spraplir. o o An insulin filling line (up) and finishing
The great demand for Ietin (Tnsalin, Lilly) ’ (1923)

s i g ek e b o e B line 8down), at Eli Lilly and Company,
thsds o preparati dardizativn that immre parity, || the first company to mass produce
insulin, beginning in 1923.

Ll 7S ric

7 ansd
stabulity and constant strength within marrow biskogical limirs.
Patients who use Ietin (Insulin, Lilly) are aforded peo-
bection against disturhances which might fallow & change
from oo kot to anccher if the lots in question were not uni.
farm. A service wholesaler can supply Ietin (Insulin, Lilly)
hmwﬁ-uhh@}mw-m
PEMOTEr G & BT, iEvesETeen,

Early advertisements informed the

public of the availability of the first

commercial insulin in 1923. It was

manufactured and marketed by Eli Lilly ~ First News paper publication — Toronto
and Company. Daily Star
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DIET ADJUSTMENT AND INSULIN
THERAPY IN DIABETES
MELLITUS*

By ERNEST 5. du BRAY, M. I, San Franclsco

CALIFORNIA STATE JOURNAL OF MEDICINE
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the adult, and a somewhat higher figure in infancy
and childhood. With these figures as a basis for
calculation, the proper caloric wal--- =~ dia-
betes are readily A=+~ :

(From the Department of Medicine in the University of Ty A “11
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SATURDAY, FEBRUARY 15th, 1936

ADVANCES

British Medical Fournal

IN INSULIN THERAPY

acids containing one or more of the basic constituents
lysine, arginine, and histidine. The raw material from
which the protamines are obtained is the ripe sperm
of fish. Tnvestigating the solubility in serum of various
protamines Hagedorn and his colleagues finally hit upon
a protamine (not hitherto described) from the sperm of
Salmo iridews, which formed a compound with insulin
having a lower solubility ‘than any they had so far
used: the minimum solubility is reached at a pH of
7.3—that is, near the reaction of serum. For a period
of more than two years they treated about eighty-five
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- THE PRESENT POSITION OF INSULIN
THERAPY.*

By GEoraeE Gragawm, M.D,, F.RH.C.P.LoND,,

AESIETANT PHYSICTAN, ST, BABRTHOLOMEW'S HOSPITAL;
FHYSICTAN, ROVAL NORTHERLN MO=FITAT.

T® opening n discussion on the present position of the
treatment of diabetes with insmlin it is annecoszary to apeak
in detail about some aspecta which had to be considered a
vear ago, and I would rather discoss the prineiples which
are controlling ils use. FEwvervone will agree that while
insulin is invaluable in the trestment of disbetes it cannot
b called a cure. The pointa which T would like to con-
gider afe these :(—(1) The aims of treatment with inaalin.
(%) The type of case which should be teeated with insalin.
{2) The best type of diet. (4) The value of insulin in the
treatment of coma. } The walue of insulin in tha treat-
ment of other infections and minor ocomplications.

The Adms of Trealment.

One of the chief difficulties in deciding thesa points is
the improvement which takea place in the clinfeal conditiom
of the patienta on all varieties of treatment with insulin.
The patienls nearly alwayvs feel s0 much belter Lhat it is
difficult to =ay which is the correct line of trestment, mmnd
another five vears may have to before some of these
queations can be answersd with certainty. Before the
introduction of insilin it was accepbed that the patient’s
it should be so adjusted that the wrine did not comtain
any sugar, sand that the fasting value of the bood-suagar
was within the normal Lmits of 0008 to 0-12 or 0013 per cont.
In order to achieve this it was necessary in severs cases o
give a diet of very low caloric value, and the pationts were
all muoch wnder the normal weight. When insulin was
available the nataral t]:muﬁ]u, al moat workers was that the
mtient need no longer be undermnourished. The carbo-

wilrate was increased so that at aome time of the day the
blood-saupar was rajged above the normal level and sugar
wae exXcroted in the urine., Of the cight groups of workers
in Canada and the United States who took part in the
aarly study of insulin only twao, the Toronto achool { Banting,
Camphell, and Flsteher) and Allen's achool, almed at keap-
ing the fasting wvalue of the blood-sugar within normal
limits 3 one, Josling tred to keep the urine sugar-frec 3 bual
the other five all thought that it was unpecessary to keep

of the 156 to 20 per cont. which was common before. Further,
the weight curve should be the gulde to the taotal caloric
valua of the diet and shoald determmine whether 16 abowld
be inereased or decreaszed.  In children there should be a
slow inerease. This is necessary ns tho children hawve to
grow, but they should never be allowed to become fat, and
should always be nnderweight.,

Tndications for Draulin Thevapi.

When insulin was Oest introduced it was =aid that if
patients could take a ressonable amownt of food, say 50 g.
of carbohydrate snd an sdequate calorie value, without
};ﬂ&;i:ﬁ aujg-ar. it was wnnecessary to give them insulin.

his ew 12 gtill held by some, but 1 have never aceepted
it. The improvement which seears in the elinical condition
after o small dose of insualin, 5, 10, or 15 units, is verwy
striking. The patient gains weight and feels cuTmhll%hjaf

&

doing work, even if no change is made in ths diet,
i= o Joslin®s view, and it wounld seem as i insalin
helped  with  some  other  process  besides the  sugar

metabolism, although there iz no other proof of this at
present.

Insulin has been vsed in the treatmwwent of the voung adult
wha has had an acute attack of the discase and has conme
under observation a short while after the onset of symptoms,
The sad experience of these cases before the introduction
of insulin was that this t-'_FpE of patient responded well to
dietetio treatment. but alter one Lo two YVears began to
lose toleranes in spite of all restrictions. Tha WvVerigs
duration of life of this type of patient for the sge-period
20 to 40 was only 53 years (Joslin). It therefore seemed
justifiable to treat these patients with insulin early in the
diseiase 1n order Eo try to prevent the Fisll in SUEAr bl erdun s
and perhaps cauvse a definite rise in sugar tolerance. 1f
emall amononts of carbohvdrate are given together with
sufficient insulin to deal with this sugar the work of the
beta cells will be redueed to a minimum, I have been
watching six pationts and testing the sugar tolerance at
Intervals by means of & dose of sugar. The actual amount
of carbohvdrate varies, as four patients are taking 10 to
20 g., one 30 g, and one 00 g The dose of insulin also
varies from & to 16 unite. 1t is wvsually given in one dose,
biot two patientas take it in two doses.

The blopd-sugar ecurves alter a dose of 50 g show that
the change in tolerance which has taken place has been
very alight, but what change there is,is in faveur of an
improvement. 1t ig too  early to say much about
these patients as it will be another four years befors
they reach the average of their cless., Still it may Provoe
& hopeiul line of research.



Only around one-third of patients” in
developing countries achieve HbA, . <7%:

o0 - The International Diabetes Management Practice Study
| (IDMPS)
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Patients* with HbA,_ <7% (%)
o

Asia Eastern Europe Latin America All
(n=3,438)  (n=1,444) (n=1,292).  (n=6,346)

*Patients with HbA, . test (36% of overall population)
Chan JC, et al. Diabetes Care 2009;32:227-33.



PPG has a major impact on the 24-hour glucose profile in
patients with type 2 diabetes

Nocturnal Glucose Daytime Glucose

15 _ Breakfast Lunch Dinner
14 _ <+ <= =

fg
%ﬁ ; .

13 4

12 -

Patient subgroup
(A with HbA,  7—-7.9% (n=32)

Time of day, Hours




DCCT: A1C and Microvascular

Complications
15;
13
11;

Relative ¥
Risk 71

A1C (%)

Skyler JS. Endocring! Metab Clin North Arm, 1996:25:243-254,

+ Retinopathy
*Nephropathy
#+Neuropathy
+Microalbumin

@ DCCTI/EDIC: Incidence of
Nonfatal MI, Stroke, or Death

0,06 5 EDIC observation

Conventional treatmant
EDIC A1C mean §.3%

LT
 Risk reduction
Pe 02

Cumuiativye incidemnce

Intarsive reaimant
EDIC A1C mean 8.0%

0.00

| A |
(ORI O O B BB RIRFARRIRERIRIRTRIF. Il

Years since I!I'Itl]f Inta studies
M v e ardial infarction,
DCCT = Diabetes Cantrol and Complications Trial
EDIC = Epidemiology of Diabetes Interventions and Compllcations.

DCCTIEDIC Study Research Group, N Engl J Med, 2005353, 36432653,




Lessons from UKPDS: better glucose control means fewer complications

EVERY 1%
reduction in HbA, REDUCED RISK*

Deaths from diabetes

Heart attacks

Microvascular complications

Peripheral vascular disorders ~43%

*p<0.0001
Stratton et al. UKPDS 35. BMJ. 2000;321:405-12



Landmark trials in type 2 diabetes

Lesson Trial Detail Therapy Intervention group
1 Hypemglycemia is LIKPCs? HEfq - 709 Sulforrdursa From disgnosis
a treatalsle and control improves (B.2%-5.29%) in or insulin
reducible rislk outcome (micno- the internsive group
vascu k- and comparsd with 7009
diabetes-related (5.0%-5.8%)
end points) Clear microwvascular
effects and diakbstes-
related snd points.
Ml borderline at
P=0.052
2 Metformin is an LKPDS'™ Eetter glveemic 7.4% in the met- Metformin In the cwereesight
effective first-line control improves formin group comi- (=120 idsal
treatment outcome (micno- pared with 509 in bochy weaighit)
wascL br and the corrventicnal
macrovasculan) aroup. Effects shown
in diabetes-related
aend points, all-cause
rmortality, and kI
2 Treatment needs LIK.PC=- Effects in the first Sulformdursa, In rewly diagnosed
to focus on sarhy FTrAE ten years persist insulin, and patients studisd
alycemic control despite no later metformin for a median of

Tral clossd after
3.5 years because
of a 259 increass
in all-cause mortal-
ity in the intensie-
control group

ACCORD=E

1 Aggressive treat-
ment in those

Relative risk
recluction, 14%;
O5% Cl, 39 to
229 P=001E

5 Progressive incre- ADVAaMCE®
mental therayoy
towards target late
in dial=tes reduces
complications

differsncs in control

Hioy - B 4% and
T.6% in intenshes
and corntrol groups,
respactivehy

HiEwltq - 7.3% and
.69 at the end
of the trial

In the intensies
aroup: insulin, 779%
rosiglitezone, =029
sulformdursa”, TEX
metfonmin, S5%:

Mainby aliclazids
modified releass
(291 %) and
mietformin (7496

20 years

Median duraticn of
type 2 diabsetes
10 years, and who
had sither estak-
lished cardiowes-
cular disssse or
additicnal cardio-
vascular risk factors

Median duraticn
of diakbetes
B years

* Excludirg gliclzids

Table . Lessons bant fom hals of glivcanve in diabetss.,

Abbesadations: SO00R0, Action ho Conidnn CamiChascwdar Fisl 0 Disbeias; ADVANCE, SAction v DOlabstes and Vascwlsr disasss: Prefands snad Désmmdcrao®y AR

Caniroled Evaluation; HBA ... glivcated hemogiobin: MY, myocerdial nfarction: UKPDS, Linted Kingdom Prospective Diabstes Studyy LKPDS-PTM, Lindted Kingdom

i snactns g badas Sty Peeds Trigd Vet oo



ADA-EASD Position Statement:

lycemia in T2DM

3. ANTI-HYPERGLYCEMIC THERAPY

* Therapeutic options: Lifestyle

- Increased activity level

Diabetes Care, Diabetologia. 19 April 2012 [Epub ahead of print]



ADA-EASD Position Statement:

Management of Hyperglycemia in T2DM

3. ANTI-HYPERGLYCEMIC THERAP .p mm

°* Therapeutic options:
Oral agents & non-insulin injectables

- Meglitinides

- a-glucosidase - Metformin
inhibitors - Sulfonylureas
- Bile acid - Thiazolidinediones

sequestrants L
- DPP-4 inhibitors

- Dopamine-2 GLP-1 :

2gonists - GLP-1 receptor agonists

- Amylin mimetics
Diabetes Care, Diabetologia. 19 April 2012 [Epub ahead of print]



GLP-1 analogs DPP-4 inhibitors
Improve pancreatic islet glucose sensing, Prolong GLP-1 action leading to improved
slow gastric emptying, improve satiety pancreatic islet glucose sensing, increase
glucose uptake

Thiazolidinediones
Decrease lipolysis in adipose
tissue, increase glucose uptake
in skeletal muscle and
decrease glucose production in
liver

Biguanides
Increase glucose uptake
and decreases hepatic
glucose production

Sulfonylureas
Increase insulin secretion
from pancreatic p-cells

SGLT-2 inhibitors

Inhibit glucose reabsorption from
renal tubules, thereby promoting
urinary glucose excretion

Glinides
Increase insulin secretion from
pancreatic -cells

a-glucosidase inhibitors
Delay intestinal carbohydrate
absorption

DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon like peptide-1; SGLT-2, sodium-glucose co-transporter
Cheng AY et al. CMAJ. 2005;172:213-26






Stepwise approach?
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PPG is the first recognized alteration in people with

type 2 diabetes on the 24-hour glucose profile

1 1 1 1 1 1 1 1 1 1 1 .

270 Fasting (nocturnal period) Diabetes

duration

~ 240 !
S (years)
o 2101
£ - 11.5
s 18 oo
) .
S 154 .
c 0
m -
v 120 4 4.4
S 0.7

90 A -
X HbA, i
S 60 - ——— Curve 1 (blue):  <6.5%
= —— Curve 2 (red): <6.5t0<7% F
O — Curve 3 (green): <7 to <8% i

30 - ——— Curve 4 (orange): <8 to 9%

= Curve 5 (pink): 29% B
0 I || || | || ) || |

0 2 4 6 8 10 12 14 16 18 20 22 24
Time of day (24-hour clock)

Monnier L, et al. Diabetes Care. 2007;30:263-9



INSULIN AND SULPHONYLUREA PROMOTE WEIGHT GAIN

Conventiona
Glibepelmide

Metformin
Insulin

Change in weight (k
oOr N galhwul-lgm(g\)l 00

12

o
0]

(@)

(o)

Up to 5 kg is already gained within just 3 years

with a sulphonylurea or insulin



General approach to the management of

.
0(’ 0’
Qg o
‘00 ‘0
G e
.

*

C o

N
"9,6 3
.

KO o
DR 4
V ‘ - u

o Oral combination KD

' Oral monotherapy D

Diet and exercise ‘. 6

Adapted from Riddle MC. Endocrinol Metab Clin North Am. 2005;34:77-98



Pancreatic islet function deteriorates over time, causing

disease progression

ooooooooooooooooooooooo

l
Glucose I/

Postprandial glucose

Fasting glucose

Insulin
- = Insulin resistance
_j — Insulin secretion
|
Inadequate Decreasing
B-cell function B-cell function

Prediabetes
v e e

IFG=impaired fasting glucose ; NGT = normal glucose tolerance ; IGT = impaired glucose tolerance
Adapted from Rickheim P, Flader J, Carstensen AK. Type 2 Diabetes BASICS. International Diabetes Center; 2000



GUT AS ENDOCRINE ORGAN

\

Cholecystokinin
Gall bladder contraction
Gastrointestinal motility
Pancreatic exocrine
secretion
Secretin
Pancreatic exocrine
secretion
GIP
Incretin activity
Motilin
Gastrointestinal motility

Pancreas

Colon

Small intestine

b

Ghrelin
Hunger
Growth hormone release
Gastrin
Acid secretion

-

Insulin and glucagon
Glucose homeostasis
Pancreatic polypeptide
Gastric motility
Satiation
Amylin
Glucose homeostasis
Gastric motility

-

GLP-1
Incretin activity
Satiation
GLP-2
Gastrointestinal
motility and growth
Oxyntomodulin
Satiation
Acid secretion
PYY; 36
Satiation




. INCRETINS

« gut hormones that are secreted from
enteroendocrine cells
into the blood within minutes after eating

» stimulate a decrease in blood glucose levels

In ®cret ®in

— oral glucose
— intravenous

Intestine Secretion glucose
|_nSU|in time ——»

plasmainsulin ———»

Creutzfeldt; 1985



Glucagon-like peptide-1 Glucose-dependent insulinotropic

polypeptide
« 30-amino acid peptide secreted in response ¢ 42- amino acid peptide secreted by the K cells of the
to the oral ingestion of nutrients by L cells, proximal duodenum and proximal jejunum

primarily in the ileum and colon

» Receptors presentin islet a- and B-cells and + Receptors present predominantly in islet p-cells, and
in peripheral tissues including the central and in adipose tissue and the central nervous system
peripheral nervous systems, heart, kidneys,
lungs and Gl tract

Healthy Healthy
Physiological levels + Augments glucose-dependent insulin
« Enhancement of glucose-dependent secretion
pancreatic insulin secretion

* Inhibition of glucose-dependent

pancreatic glucagon secretion DM type 2
Pharmacological levels * GIP levels are normal or modestly
» Slowing of gastric emptying elevated
*  Appetits DM type 2 * Insulinotropic actions of the peptide are
« Incretin effect may be reduced due to diminished

defective secretory response of incretin
hormones at mealtimes or diminished
hormonal effect despite near-normal
secretion
* Insulinotropic actions are diminished in
association with loss of first phase of Efendic S et al. Horm Metab Res. 2004;36(11-12):742-746;

insulin secretion Drucker DJ. J Clin Invest. 2007;117(1):24-32




GLP-1 action and the islet [3 cell

" Proinsulin gene expression
< Proinsulin translation

j: B cell proliferation
" B cell neogenesis :
‘.' B cell apoptosis GLP-1 :

igure 3. GLP-1 receptor signal transduction pathways in the pancreatic f cell

SLP-1 receptor activation leads 1o insulin release via stimulation of exocytotic pathways and recruits signaling mechanisms lsading to promaotion of cell proliferation and
L huaal.



Incretin
“Defect”

Insulin
Resistance

Hyperglycemia Type 2
Diabetes

Incretin effect accounts for up to 70% of the
insulin response to oral glucose intake?

1. Holst JJ, Gromada J. Role of incretin hormones in the regulation of insulin secretion in diabetic and nondiabetic humans. Am J Physiol Endocrinol Metab. 2004;287(2):E199-E206.
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discovery of ' —
exenatide . -
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insulin discovery F
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Islet Dysfunction Contributes to Both Acute
and Chronic Aspects of Type 2 Diabetes

Acute

high glucagon

Inappropriately
=it secretion from
Bl a-cells Hyperglycemia

= Blunted insulin
secretion by

B-cells
Chronic Disease
Progression

= [-cell mass
declines over time




Incretin Hormones Improve Acute and
Chronic Aspects of Pancreatic Islet Function

Islet Function

Incretin Response
P Acute Effects

c=cell

secretion (a-cell)

ﬂ'“”r = Suppression of glucagen

i

= Improved insulin secretion
(B-cell)

’ Chronic Effects
= Rejuvenation of pancreas

=1 f-cell proliferation
— & p-cell death




. Incretin based therapeutic options

DPP-4 inhibitors
Prevent the degradation of the
natural GLP-1 by DPP-4 enzyme

GLP-1 RA

Incretin mimetic
(imitating the effect of natural
GLP-1)

DPP-4=dipeptidyl peptidase-4, GLP-1=glucagon-like peptide-1, RA=receptor agonists



l DPP-4 inhiblers

SITAGLIPTIN (Januvia)
VILDAGLIPTIN (Galvus)
SAXAGLIPTIN (Onglyza)
LINAGLIPTIN (Trajenta)
ALOGLIPTIN (Vipidia)

Anagliptin approved 2012 in Japan
Teneligliptin approved 2012 in Japan

Gemigliptin (Zemiglo, LG Life sci; phase lll)



. GLP-1 agonists

Exenatide - byetta
Exenatide LAT - Bydureon
Liraglutide - Victoza
Lixisenatide - Lyxsumia

Albiglutide
Dulaglutide



+ Transpyloric
flow

e

i
i
|
' Hinsulin

PRANDIAL NONPRANDIAL
GLP-1 Receptor Agonists GLP-1 Receptor Agonists
Effect on Effect on Effect on Effect on
FPG PPG FPG PPG

¥ !1

GUP-NT = Glikemija u plazmi na taste GUP-PP= glikemija u plazmi postprandijalno Meier JJ. Nat Rev Endocrinol 2012; 8: 728—42.



Table 1 | Comparison of short-acting versus long-acting GLP-1 receptor agonists

Parameters Short-acting GLP-1 Long-acting GLP-1
receptor agonists receptor agonisis
Compounds Exenatide Albiglutide
Lixisenatide Dulaglutide
Exenatide-LAR
Liraglutide
Half-life 2-5h 12 h—several days
Effects

Fasting blood glucose levels
Postprandial hyperglycaemia
Fasting insulin secretion
Postprandial insulin secretion
Glucagon secretion

Gastric emptying rate

Blood pressure

Heart rate

BEody weight reduction

Induction of nausea

Modest reduction

Strﬂng reductign

Modest stimulation

Strong rgduction

Modest reduction

Strong stimulation

hed uction Modest sl:imu lation
|Fiedu-::ti-:m Reduction
Dec:eleratiﬂn Mo effect

Reduction Reduction

Mo effect or small
increase (0—2 bpm)

1-5 kg

20-50%, attenuates

slowly (weeks to
many months)

Moderate increase
(2—5 bpm)

2-5 kg

20-40%, attenuates
quickly (~4—8 weeks)

Abbreviations: GLP-1, glucagordike peptide 1; LAR. longacting release.

Meier JJ. Nat Rev Endocrinol 2012; 8: 728—-42.



Monotherapy Metformin

LEAD-3

Baseline

HbA,. (%)

#Change in HbA . (%)

0.0
—0.2
—0.4
—0.6
—0.8

combination
LEAD-2

8.4 B.6 8.6 8.4 8.2 8.2

-1.0 —0.9

-1.2 1 o%

—-1.4

—-1.0
_1.6%

MLiraglutide 1.2 mg

-1.1
-1.3 -1.3

M Liraglutide 1.8 mg

suU Met+ TZD Met + SU Met £ SU
combination combination combination combination
LEAD-1 LEAD -4 LEAD-5 LEAD -6
85 86 8.3 8.5 8B6 84 8.3 8.1 8.2 8.1

-0.8

_11*

—1.4%

—1.5* _1”5:1: —1.5*

Glimepiride Rosiglitazone M Placebo M Glargine Exenatide



. Weight effects across LEAD trials

Change in body weight (kg)

Met Met + TZD Met + SU Met + SU
Monotherapy combination SU combination combination combination combination
LEAD-31 LEAD-22 LEAD-13 LEAD-44 LEAD-55 LEAD-66
3,0 -
2.1

-1,8

*
Tt

[ Lliraglutide 1.2 mg pg Liraglutide 1.8 mg gy Glimepiride gy Exenatide
n Rosiglitazone B Glargine B Placebo

*p<0.0001 vs active comparator; 'p<0.01, T"'p<0.0001 vs placebo (active comparators vs placebo not shown)
Data from core trials
MET, metformin; SU, sulphonylurea; TZD, thiazoladinedione.

1. Garber A et al. Lancet 2009;373:473-481; 2. Nauck M et al. Diabetes Care 2009;32;84-90; 3. Marre M et al. Diabet Med 2009;26,;268-278; 4. Zinman B et al.
Diabetes Care 2009;32:1224-1230; 5. Russell-Jones D et al. Diabetologia 2009;52:2046-2055; 6. Buse JB et al. Lancet 2009;374:39-47.



Hypoglycaemia DURATION-62 HARMONY-73 Kapitza et al.4$

Lira 1.8
mg OD
n=71

Proportion of subjects
experiencing NR NR 4.0 3.0 20.8 16.3 0* 0*

hypoglycaemia” (%)

Hypoglycaemia 1.9 2.6 NR NR NR NR NR NR
rate/patient year

. -
I(V(}/a);or hypoglycaemia 0 0.2 0 0 NR NR NR NR

“Minor hypoglycaemia (signs or symptoms associated with hypoglycaemia and fingerstick blood glucose level 3 mmol/L that were either self-treated or resolved on their
own)
TRequiring medical assistance

84-week study
*Event with clinical symptoms with either plasma glucose <3.3 mmol/L or prompt recovery after oral carbohydrate administration if no plasma glucose measurement

available
Albi, albiglutide; BID, twice daily; Exe, exenatide; GLP-1RAs, glucagon-like peptide-1 receptor agonists; Lira, liraglutide; NR, not reported; OW, once weekly

1. Buse JB et al. Lancet 2009;374:39-47; 2. Buse JB et al. Lancet 2013;381:117-124; 3. Pratley R et al. ADA 2012 poster presentation 945-P;
4, Kapitza C et al. Diabetes Obes Metab 2013;15:642-649




Comparator

Background

Subjects

Publication

DURATION-1

DURATION-2

DURATION-3

DURATION-5

DURATION-6

Byetta
Open label

Sitagliptin (100 mg QD) or
pioglitazone (45 mg QD)
Double blind

Insulin glargine
Open label

Byetta
Open label

1.8 mg liraglutide
Open label

Drug naive, mono and
combo failures

Metformin

Metformin + SU

Drug naive, mono and
combo failures

Mono and combo
failures

295

491

456

252

911

Drucker, et al.
Lancet 2008

Bergenstal, et
al. Lancet 2010

Diamant, et al.
Lancet 2010

Blevins, et al.
J Clin Endocrin
Metab 2011

Buse, et al.
Lancet 2012

The DURATION-4 clinical trial of Bydureon monotherapy versus metformin, sitagliptin, or pioglitazone monotherapy was conducted in adult
patients uncontrolled on diet and exercise alone. Bydureon is not indicated as first-line monotherapy in patients uncontrolled on diet and exercise

alone.
QD, daily.




In the DURATION clinical trials, Bydureon demonstrated

HbA,, reductions of —1.3% to —1.9%

Sitagliptin (100 mg QD) or

Bydureon versus  Pioglitazone (45 mg QD)™ Byettaf2 Byetta™ Liraglutide 1.8 mg™ Insulin glargine#®
n=491 n=295 n=252 n=911 n=448
6 week 4 wee 26 week 26 weeks
Baseline (%) 8. 3.5 . : I 8.5 8.3 83

0
9
5 -05
<
0
T
=
g —1.0
c
£ =
= -1.3%
O —
e -15 5o 5% -1.5%l
%)
I

-1.9%"
-2.0 @ Bydyreon O Sitagliptin @ Pioglitazone O Byetta O Liraglutide ~ @ Insulin glargine

Data from 24-30 Weeks; *p<0.05 versus both; 1p<0.01; ¥p<0.0001; §p=0.02; !/p=0.017; ITT populatic
#Modified ITT population.

1. Bergenstal RM, et al. Lancet 2010;376:431-9; 2. Drucker DJ, et al. Lancet 2008;372:1240-50;

3. Blevins T, et al. J Clin Endocrin Metab 2011;96:1301-10; 4. Buse JB, et al. Lancet 2013;381:117-2
5. Diamant M, et al. Lancet 2010;375:2234-43.



Lixisenatid GetGoal Program

A\ Basal
:'@ . L 5 o +
GeTG0O; insulin +
oy
i
‘ GetGoal-L
' Add on to basal
! insulin + MET
]
GetGoal-S !
GetGoal-L-Asia
. Add on to SU + MET
. Add on to basal
GetGoal-M : insulin £ SU
GetGoal-P :
I Add-on to MET Add on to GetGoal-Duo1
GetGoal-Mono ! pioglitazone == MET Add on to insulin
GetGoal-F1 l glargine + MET
Monotherapy GetGoal-M-Asia
: Add-on to MET
GetGoal-Mono : Add on to METi SU
Japan
GetGoal-X
Monotherapy
Add-on to MET




GetGoal : change in HbA1C

Bl= Basal Insulin M = Metformin [} Lixisenatide
IG=Insulin Glargine P =Pioglitazone [ Exenatide
SU =Sulfonylurea i Placebo
GG GG GG GG GG GG GG GG GG GG GG
Mono Mono -M -F1 -X -S -P -M Asia -L -L Asia Duo1
Japan* —
— 02 - P =
X
&w’ 0 ’ 0 *kk *kk *%k *kk *kk *kk *kk
£
@ -0.2 -
3
-0,4 -
5 2
& -06 - )
(&)
A
< -0,8 7 I‘Q P M= I‘":
] - JT h" o= [ I‘--n o
° -10 T @ 5 9 g o ) 8 5 ? '
> s 3 S 3 8 5 N
_ J o ' 2
8 -12 .
1.4/1.1/1.4 8.0/9.0 6.2/6.2/5.9 6.0/5.8/6.2 6.8/6.8 9.1/9.8 8.1/8.1 6.5/6.8 11/11 13.7/14.1 9.6/8.7
8/8.1/8.1 8.4/8.1 8.0/8.1/8.1 8.1/8.0/8.0 8.0/8.0 8.3/8.2 8.1/8.1 8.1/8 8.4/8.4 8.5/8.5 7.7/7.7
89.0/86.5/86.1  70.8/66.7 90.1/89/90.4 88.1/90.3/87.9  94.5/96.7  82.6/845  92.8/97.0 73.6/72.9 87.4/89.1 65.9/65.6  87.3/86.8
?:‘gsfr:'z')e WL 35 3/316/31.8  25.2/248 33.3/32.6/33.3 32.1/33.1/325  33.7/335  30.1/30.4  33.7/34.4 26.8/27.1 31.9/32.6 25.4/25.2 32/31.7
None None M M M sUtM PEM VERY Bl M BI £ SU G+ M
12 52 + ext 24 + ext 24 + ext 24 + ext 24 + ext 24 + ext 24 24 + ext 24 24

* 24 week data, longer term data was pooled** 2-step PM dosing) *** 2-step AM dosing
Note: All lixisenatide dosing is 1-step AM regimen, unless otherwise noted
Source: Previous GetGoal sources
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Hypoglycemic Risk of Antihyperglycemic
Agents Added to Metformin

[
&
J

Increased risk vs placebo

l 'I

17.8

10.5
Mo increased risk vs placebo

f

1 1 1

10 -

Odds Ratio vs Placebo

&

Biphasic Glinide S Basal DPP-4i GLP-1 TZD AGI
insulin insulin RA

Liu S &t al. Diabates Obas Metab, 2012:14:810-820.



Meta-analysis: Weight Changes With
Antihyperglycemic Agents Added to Metformin’

GLP-1 RAs and DPP-4 inhibitors
highlighted for avoiding weight gain

!

4 = 341

!

1.38

A Weight (kg)
L

. .
Biphasic TZD sU Glinide Basal DPP-4i | AGE GLP-1 RA |
Insulin Insulin r =
Significantly
In a separate analysis, the SGLT-2 inhibitor canagliflozin was greater loss
associated with significantly greater weight loss vs sitagliptin vs all other
over 1 year (-2.3 vs 0.1 kg, respectively; P < .001).2= classes

AL, o-glucosidase inhibitor,

Added to MET + SU.

1. Liu SC el al. Diabetes Obes Metab. 2012:14:810-820.

2. 2chemthaner G et al. Diabeles Care. 2013; Apr 5. [Epub ahead of print].



Myocardial function and survival
in animal models!.?

Improved biomarkers of
cardiovascular risk?!:2

Systolic blood pressurel

Delayed gastric emptying!.?
Fullness and satiety!:2

WEIGHT LOSS Food intake™*

Insulin secretion’:2
Insulin biosynthesis'-2

Beta-cell glucose sensitivity?

GLYCAEMIC CONTROL

Glucagon secretion?

. X l=

CV, cardiovascular; GLP-1RA, glucagon-like peptide-1 receptor agonist; T2DM, type 2 diabetes mellitus
1. Vilsbgll T & Garber Al). Diabetes Obes Metab 2012;14(suppl 2):41-49; 2. Baggio LL & Drucker DJ. Gastroenterology 2007;132:2131-2157



// (]‘ ¢ World Journal of

Gastroenterology

Submit a Manuscript: http: / /www.wjgnet.com/ esps/ World | Gastroenterol 2014 June 21; 20(23): 7356-7365
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx ISSN 1007-9327 (print) ISSN 2219-2840 (online)
DOI: 10.3748/ wijg.v20.i23.7356

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT

WJG 20" Anniversary Special Issues (12): Nonalcoholic fatty liver disease

Incretin based therapies: A novel treatment approach for
non-alcoholic fatty liver disease
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. Incretin based therapy

CONTRA

Non responders

Thyroid C-cell cancer in animal models
Pancreatitis

Pancreatic neoplasm



Pancreatic Safety of Incretin-based

-
#
L
[l
|
i

Drugs

“Both [the FDA and EMA]
agree that assertions
concerning a causal
association between
incretin-based drugs and
pancreatitis or pancreatic
cancer, as expressed
recently in the scientific
literature and in the media,
are inconsistent with the
current data.”

.II.'JI l
1
i

*Note that the FDA and EMA have notreached a final

conclusion regarding a potential causal association.

a. Egan AG, et al. N Engl J Med. 2014;370:794-797]: b. European Medicines Agency website.['4]



. Incretin based therapeutic options

* Incretin effect is necessary for normal a- and [3- cell
function

* Incretin effect is reduced in people with type 2
diabetes

* Increasing the incretin effect should improve a- and [3-
cell function and glycemic control



Healthy eating, weight control, increased physical activity

Initial drug -
monotherapy Metformin

Efficacy (| HbAlg) - e 11 1+ )

Hypoglycemia . S e T 1

Weight ... . S OO | =" 1 | 1 1 | | |+ - - S
Side effects ..} . e G lactic ACIDOSIS e e e
Costs el e ettt e omn e s s s e e low...

If needed to reach individualized HbA 1 target affer =3 months, proceed to 2-drug combination
forder not meant fo denote any specific preference).

v Metformin Metformin Metformin Metformin Metformin
+ + + + +

Two dru
p . Sulfonylurea Thiazolidine- DPP-4 GLP-1 receptor Insulin (usually
combinations dione Inhibitor agonist basal)
Efficacy (} HhA1c) e fln (111 | -4 high-———————— ! intermediate - 4 high 4} highest —

Hypoglycemia. ... L.t . moderate risk-— -3 low risk -4 . low risk - high risk -
Weight . gain ....................... - gain............... el ) neutral o . . gain

Major side effect(s) L L hypoglycemia | edema, HF,fx's - -§ hypoglyeemia
Costs —  low - dhigh . A variable.................
-

If needed to reach individualized HbA 1 fargat affer ~3 months, proceed fo 3-drug combination
{order not maant fo denaote any specific prafarence).

Metformin Metformin Metformin Metformin Metformin
+ + + + +

Three drug et Thiazolidine- DPP-4 GLP-1 receptor (] [ Insulin (usually
combinations dione Inhibitor agonist basal)

+ + + +
su |

or | DPP-4-i orl DPP-4-i I

or | GLP-1-RA or | GLP-1-RA

Y

or | DPP-4-i

ik

or | GLP-1-RA|

or

fERH

If combinalion therapy that includes basal insulin has failed to achieve HbATc target after 3-8 months,
proceed fo a more complex insiwlin sf.r:ateg}g usually in combinalion with 1-2 non-insulin agents:

More complex
insulin strategies

"Inzucchi SE et al. 2012.
Diabetes Care 2012 35(6):1364-1379

Insulin
(multiple daily doses)




