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Objectives

* When Metformin fails
* Dual therapy from the beginning

* Beta cell preservation: Reality or
myth?



Natural History of Type 2 Diabetes

350 -
Prediabetes Diabetes Post-meal glucose
= 300 - Metabolic syndrome diagnosis
3
%" 250 -
= Fasting glucose
Q200 o
S |
S 150+ ,
| T e ——
100 - 1
|
50 T T t T T T T T T 1
|
|
250 ! I
I
[ = . .
_g 200 - : Insulin resistance
(8}
= I
>
L |
o I
2 e e SR
© | Incretin effect .
2 . Insulin level
oc I
| \
0 T 1 T } T 1 1 T 1 1 1
-15 -10 -5 0 5 10 15 20 25 30

Onset of Years
diabetes

Kendall DM, et al. Am J Med. 2009;122(Suppl 6):537-S50.



Factors That May Drive the Progressive
Decline of B-cell Function

Hyperglycemia Insulin
(glucose toxicity) Resistance

| 1

“Lipotoxicity”
(elevated FFA, TG)
TG accumulation




+— Environment Promoting Insulin Resistance —

Normal glucose tolerance | Prediabetes | Type 2 DM

Susceptible R-cell
R-cells Failure

Transition R-cell Dys/Hypofunction

R-cell mass R-cell mass
lowered 40% lowered 60%

Acquired Lipotoxicity
R-cell Overwork ER/Oxidative stress

Inflammation

Impaired Incretin
effect
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Stage 5: Decompensation (T1DM, ketosis)

B-cell mass: severe reduction

Stage 4: Decompensation (T2DM, early T1DM)

300 B-cell mass: reduction

Stage 3: Decompensation - transient
B-cell mass: borderline

FPG (mg/dl)
N
S

Stage 2: Adaptation (IGT, pre-T1DM, islet Tx)

100 B-cell mass: borderline

Stage 0: ('normal’) and stage 1 (compensated)
B-cell mass: normal or increased
(insulin resistance/obesity)

60

Source: Expert Rev Endocrinol Metab © 2008 Fulure Drugs Lid



Pathogenesis of type 2 diabetes

- the ominous octet

Multiple defects contribute to the progression of type 2 diabetes mellitus
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3A. B-Cell-Centric Construct: Egregious Eleven
The B-Cell is the FINAL COMMON DENOMINATOR of B-Cell Damage

8. Colon/Biome

Abnormal-microbiota;
possible decreased
GLP-1 secretion

1. Pancreatic 8-cells
J B-Cell function
J B-Cell mass

‘ & Insulin
9. Immune L?’ FINAL COMMON
Dysregulation/ \ DENOMINATOR
Inflammation ¢ &

@ 2. JIncretin 3. a-cell
effect defect

o Any i l T Glucagon

\ \ :
10. Stomach/

A0 BB l > ( HYPERGLYCEMIA |

Upregulation of SGLT-Zl T

Increased rate of

glucose absorption
11. Kidney
Increased glucose re-absorption
http://www.medscape.com/viewarticle/859291 4

7. Brain

Increased appetite
Decreased morning
dopamine surge

tone

\\

INSULIN RESISTANCE
6. Liver

o Increased
glucose
production

5. Muscle

»
Decreased
peripheral muscle
uptake
4. Adipose
Increased lipolysis

VW increased sympathetic




3B. B-Cell-Centric Construct: Egregious Eleven
Targeted Treatments for Mediating Pathways of Hyperglycemia

8. Colon/Biome

1. Pancreatic 8-cells ' * 7. Brain
Probiotics » 4 B-Cell function : Incretins
Incretins LN 4 B-Cell 5 — D i ist-QR
Metformin B-Cell mass e opamine agonist-
Incretins, Appetite Suppressants

Dysregulation/ \ DENOMINATOR =

e v v

’ INSULIN RESISTANCE I
Anti-Inflammatories 2. JIncretin 3. a-cell I 6. Liver I
Immune modulators effect defect - atatiorrin
Incretins i I TZDs i
J Amylin T Glucagon I -
¢ Incretins 5. Muscle l
\ Pramlintide i
10. Stomach T1ZDs :
10 SLonsace/s > | HYPERGLYCEMIA | . Metformin
GLP-1 Agonists ,l, T l
Pramlintide . 4. Adipose
o 11. Kidney | TZDs

SGLT2 inhibitors

Metformin -'—
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IDF Treatment Algorithm for People with Type 2 Diabetes

Lifestyle measures ) Disbetes
7 Federation

Then, at each step, if not to target (generally HbA, <7.0%)

Consider first line

Sulfonylurea
or
a- Glucosidase inhibitor

Consider second line

Metformin a~ Glucosidase inhibitor or
Sulfonylurea (if not first line) DPP-4 inhibitor or
- Thiazolidinedione

Consider third line

Basal insulin a - Glucosidase inhibitor or
or DPP-4 inhibitor or GLP-1 agonist
Pre-mix insulin Thiazolidinedione

Consider fourth line

Basal + Basal insulin, or = usual approach

meal-time Pre-mix insulin

|nsul|n “aler basal + meal'tlme) . - altefnahve approach




Mational Institute for
Health and Care Excellence
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Algorithm for blood glucose lowering therapy in

adults with type 2 diabetes

= Feinforce advice on diet, ifestyls and adherence o drug treatment.

or planning to become pregnant or [ ere s evidencs of hypoglycasmic eplsodes.

= Agres an Individuallsed HoA1c target based on: the person's nesds and ciroumstances. incheding preferences, comorbkdiies, rAsks from polypharmacy and tight blood glucose controd and abllity to achlews
longer-term risk-reduction benefits. Where appropriate, support the person to alm for the HbAIC levels In the algorthm. Measure HbAC lewels af 346 monthly Infervals, &5 appropriate. H the person achlsves
an HboAdc target lower than tarpet with no hypogiycasmia, encourage them to maintain It Be awane at there are other possible reasons for a low HbAdc kevel

= Base cholce of drug treatment on: efectivensss, safety (see MHRA guidance), tolerabdity, the person's individeal clinical clrosmstances, preferences and nesds, avallable licensed Indications or
combinations, and cost {if 2 drugs In the same class are appropriate, choose the option with the lowest acquisition cost)

= Do not routinely offer seif-monlioring of blood glucoss lewsls unless the person |s on Insuling on oral medication that may Increase thelr risk of hypoghycasmia while driving or operating machinery, s pregnant

ADULT WITH TYPE Z DIABETEEZ WHO CAN TAKE METFORMIN A

K HbA1o ricac to 48 mmolimol (8.5%) an Ifsctyls If standard-rejesse
Interventions: meetformdn s not

= Offer standard—rslease mstHormin [ tod=rated, consider a

= Support the person to alm for an HoAd C kevel of 43 mamal/ trial of modfied—release

micl {&.5%) me=tformidn
+
FIRET INTEHEIFICATION
I HoA o ricss to 68 mmal'mal (7.6%):
= Conslder dual therapy with:
- metformin and a DFP-41
- metformin and plogiitazon=*
= metformin and an SU
- mefformin and an SOLT-2°
= Support the person to alm for an HoAd © level of 53 mimol!
il {7.0%:)

IT tripde MErapy 1S mot
effective, not tolerat=d
or contraindicated,
consider combination
theerapy with metformin,
an SU and a GLP-1
mimetic” for adults with
type 2 diabetes wiho:

- have 3 BAMI af 35 kgdm
or higher {ad]usi
accordingly for peoplie from
biack. Aslan and other
milncrity ethnic groups)
and spacific psychological
or other medical problems
Zzsoclaied with chesky or
- have a BMI lower tham 35
kg, @ned for whom
Inzulin Sherapy would haws
significant accupational
Implicatons. or weight loss
would benefit other
significant obesity-related
comarbidities

SECOHND INTEMSIFICATION

H HbA o ricess to 88 mmolimol (T.6%):
= Consider:

- tripie therapy with:
= metformin, a OFF-4| and an 232U
= metfarmin, plogitazone® and an SU
= metformin, plogitazone® or an SU, and an SELT-2/
= Inzulin-based irsaiment
= Support the person to alm for an HoAd C k=vel of 53 mmal/
ol {7.0%:)

o these groups of drugs at a dass k=vel.

If IIIE pErSan 15 Eijmeﬂ'ﬂCﬂllj' h)‘pEI‘Dl:ﬂ:ﬂEl‘l’IlC consider |I'I5IJ||I'I O amn E-U Rewview treatment when IJIEIDII glucose tﬂl‘ltl'l:ll nas besn ﬂﬂ'ilEHH -

If HhA 1o ricec to 48 mmolmol (8.5%) on

Ifsctyls Intsrvantions:

* Conslder one of the following™
- & DPP-4], plogiitazone® or an SU

# Support the person to alm for an HbAAC
leved of 48 mmodimiol (8.5%) for peoples on
a DPP-4] or ploglitazone or 53 mmiclimol

([7.0%:) for people on an SU

FIRZT INTENZIFICATION
If HeA1o ricac to B8 mmolmaol (7.5%):
= Conslder dual therapy® with:
- a OFP-4| and ploglitazone®
- a DFP-4| and an Y
- plogittazon=" and an U
= Support the person to aim for an HpAC
lewed of 53 mimodmiol (7.0%)

SECOND INTENSIFICATION

If HoA1o ricec to BB mmolmaol (7.8%):

#* Consider Insulin-based treatment

# Support the person to alm for an HbAAC
leved of 52 mimodimiol 7.0%)

Inculin-bacad treatment
= When starting Insulin, uss a struchered programmes:

Offer NPH Insulin once or twice dally according 1o
nesd.

= Conslder starting both MFH and short-acting Insulin
elther separately or as pre-mbeed {Diphasic ) human
Inswlin {particulary i HoAdc s 75 mmaolimol {9.0%:) or
nigherk

= Conslder, a5 an aflemative o NFH insulin, using
Insulin detemir or glargine? if the parson: nesds
assistance to Inject Insawlin, IMesiyle |s restricied by
recurent symptomatic hypoglycasmic splsodes or
wiould othenwise need twice-dally MPH Insulin In
combination with oral bicod glucose kowearing drugs.

= Conslder pre-rmiboed (biphasic) preparations that
Inchude short-acting Insulln analogues, rather than
pre-miked (biphasic) preparations that Inchude short-

nypogiycasmia is a probéem or blood glucose levels
rise markedy sfer meats.

= Only offer a GLP-1 mimatic® In comblnation with
Insulin with specialist cars advice and ongoing
mm;mmm‘.

‘= Monitor peaple on Insulin for the need to change the
regimen.

& An SOLT-2r in comBinaiion with insuin with or witho!
othar antidiabetic dregs s an option”.

cover OF P-4 Inhiptors. GLP 1 mimetics and sulfonyiursss refer

a. When prescrioing plogitazons, sxercise pariculiar caution If the person = at high rsk of e adverss effecis of the drug. Flogiltazone | assoclaied with an Increzssd risk of hear Tallures. bladdsr cancer and bone fraciuns, Known sk
factars for these condRions. Including Increased age. showid be cansfully evalsated bafone treatment: se= M manufacturers’ summanss of product characisristics far detalls. Medicines and Healthcare products Regulatony Agency
{MHRA] guldance {2041} advisas that ‘prescribers should review the safety and efflcacy of plogiitazone In indviduals after 35 months: of ineatmernt b0 =nsure that only patierts whio are derfving benefit continue o be treabed’.

o. Treatment wih combinations of drugs Including sodium—gluccss coransporter 2 InhibRors may be aporoprate for some people at first and s=cond Imbensification: ses MICE tachnology aporaisal guidance ZES, 315 and 236 on
dapagifiozin, canagiifiozin and empagifozin respectively. All three SGLT-2 Inhibitors are recommended as opbions In dual therapy regimens with metformin under certain conditions. All three are also recommended as aptions In
combination with inswln. A7 the me of publication. only canagilfazin and empagificzin are recommended as aptions In friole therapy regimens. The ol of dapagificzin In triple therapy will be reassessed by NICE 0 @ partial update of
TAZZE. Se=rlous and IH=-thr=atening cases of diab=tic keioacldos!s have been reporied In people faking SGLT-2 Inhibfors (canagiifiozin, dapagificzin or empagilfiozing or shorily after siooping the SGLT-2 Inhiblitor. MHRA guidance
{201 5] adyises testng for ralsad kefones In people with symptoms of diabstic ketoacidosis. aven I plasma glucoss |evels ans near normal.
. Oy contines SLP-1 mimstic ferapy [ the person has a benedcdal metabolic response (a reduction of HbAAc by af l=ast 11 menobimod [1.0%] and a weight loss of af l=ast 3% of inilal body weight In & months)

d. Be aware thal, f metformin |s confraindicaisd or nof toleraied. repaglinide s both clinically sfective and cost effective in adults with type 2 diabeies. Howesver, discuss with any person for whom repaglinide s being consldered. that
thers [z no kozrsed nan-matformin-based combination containing repaglinide that can be offered at first imensfcation.

=, Be awars that the drugs In dual therapy should be Introduced In & stepwise manner. checking for toleraniity and efectiveness of each .
f. MHRA guidance (2011) notes that cases of cardlac falure have besn reporbed when plogitazone was wsed in combination with inswlin. especially In patients with rsk factors for the dessliopment of cardiac falure. |t advizes that i the
combination IS used. people should b= observed for signs and symploms of heart fallure, weight gain. and cedema. Flogiitazons should be discontinued If any deteriora®ion i cardlac Status oCours.

Q. The racommendationes In this guideline also apply 0 any cument and future Dlcsimilar product(s) of Insulln glargine that have an approprate Marketing Authorisation that allows e wse of the blasimilans) In the same indication.

h. & consultant-led mu@disciplinary team may Incuds 3 wide rangs of siaff basad In primary. secondary and communily cane.

Type 2 diabetes in aduits: management’, NICE guideline MG23 (December 2015)

£ National Institute for Health and Care Excellence 2015, All nghts resarved.




N I c National Institute for
Health and Care Excellence

If HbA10 ricec to 48
Interventionc:

e Offer standard-reiease metformin

e Support the person to aim for an HbA 1< level of 48 mmol/
mol (6.5%)

FIRST INTENSIFICATION
If HbA10 ricec to 68 mmolmol (7.6%):
e Consider dual therapy with:

- metformin and a3 DPP-4I

- metformin and plogitazone®

- metformin and an SU

- metformin and an SGLT-2°

e Support the person to aim for an HbA1C level of 53 mmol/
mol (7.0%)

SECOND INTENSIFICATION
If HbA10 ricec to 68 mmolmol (7.6%):
e Consider:
= tripie therapy with:
o metformin, a DPP-4] and an SU
o metformin, plogitazone* and an SU
o metformin, plogiitazone” or an SU, and an SGLT-2
= Inzulin-based treatment
e Support the person to aim for an HbA 1< level of 53 mmol/
mol (7.0%)

Algorithm for blood glucose lowering therapy in
adults with type 2 diabetes

If HbA10 ricec to 48 mmolVmol (8.6%) on

litectyle Interventionc:

* Conzider one of the following™:
- a DPP-41, plogitazone”® or an SU

* Support the perzon to aim for an HbA1C
level of 48 mmoimol (6.5%) for peopie on
a DPP-41 or ploglitazone or 53 mmol/mol
(7.0%) for peopile on an SU

FIRST INTENSIFICATION
If HbA 10 ricec to 68 mmolVmol (7.6%):
e Consider dual therapy” with:
- 3 DPP-4! and piogitazone”
-3 DPP-4l and an SV
- piogiitazone® and an SU
* Support the person to aim for an HbA1C
level of 53 mmoimol (7.0%)

SECOND INTENSIFICATION

If HbA10 ricec to 68 mmolVmol (7.6%):

e Consider Insulin-based treatment

* Support the perzon o aim for an HbA1C
level of 53 mmoivmol (7.0%)

Type 2 diabetes in adults: management’, NICE guideline NG23 (December 2015)

& National Institute for Health and Care Excellence 2015, All nghts reserved.



Antihyperglycemic Therapy in
Type 2 Diabetes

Healthy eating, weight control, increased physical activity, and diabetes education

Metformin

.Gl / lactic aci

ifAIC Wnotochicvadnﬂw~3mmuxsof
any specific preference

monotherapy, proceed to 2-drug combination (order not
dependent on a variety of patient- and disease-specific factors):
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If A1C target not achleved after ~3 months of
titrated basal

Metformin
o+

Thiazolidine-

or| Insulin® |

basal insulin; or on

Metformin
o

DPP-4
inhibitor
+

SuU I
o
or 501721
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Metformin
-+~

Metformin
+

Metformin
+

SGLT2
inhibitor

or Cinmu |

GLP-1 recepto
agonist

* SuU I
o]
or iz |

Insulin (basal)
+

patient (1) on oral combination, mowtohzlocubks {2} on GLP-1-RA, add
mealtime

triple therapy and
insulin, add GLP-1-RA or

insulin. In

Metformin
+

TZD or SGLT2-i:

Basal insulin + LLEURIILENEY or | GLP-1-RA I

A\n = {(~-11 Jtherapy?
Diabetes_
-~ ASsociation.

ADA Standards of Medical Care in Diabetes. Approaches to Glycemic Treatment. Diabetes Care 2016; 39 (Supl.1): SX
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LIFESTYLE THERAPY

(Including Medically Assisted Weight Loss)

Entry A1C < 7.5% Entry A1C > 7.5%

Entry A1C > 9.0%

SYMPTOMS

MONOTHERAPY*

 Metfomin > « ‘ NO VES

/ GLP-1RA skl =  TRIPLE THERAPY* R'H
i / SGLT-2i . DUAL INSULIN
~ DPP-4i v/ DPP-4i SGLT-2i OR Other

MET 7D MET

Agents

T
TZD
! TZD e or other — or other ! = TRIPLE
/ AGi 1st-line j BasalInsulin Tst-line Basal insulin —0 Therapy
e —— agent agent + - -
 SU/GLN I ¢ and-line / DPP-4i
. L —— E —————
~ Bromocriptine QR agent . Colesevelam v
I v AGi | / Bromocriptine QR
| S = ADD OR INTENSIFY
@ j SU/GLN v AGi b INSULIN
I ot wonlis | SU/GLN Refer to Insulin Algorithm
proceed to Dual Therapy If not at goal v ! ——
in 3 months
proceed to LEGEND
Triple Therapy .— If not at goal in
3 months proceed 7 Few adverse events and/or
to or intensify possible benefits
insulin therapy .—

* Order of medications represents a suggested hierarchy of usage; ! Use with caution

length of line reflects strength of recommendation

BN E S SION OF DISEASE

COPYRIGHT © 2016 AACE MAY NOT BE REPRODUCED IN ANY FORM WITHOUT EXPRESS WRITTEN PERMISSION FROM AACE.



Before starting Metformin, obtain the patient's eGFR.

Obtain an eGFR at least annually in all patients taking Metformin.
High risk patients, such as the elderly, renal function should be
assessed more frequently.

eGFR > 45mL/min/1.73m2: Metformin can be used

eGFR between 30-45mL/min/1.73m2: Starting Metformin is not
recommended.

eGFR <30mL/min/1.73m2: Metformin is contraindicated.

If the eGFR later falls <45mL/min/1.73m2, assess the benefits and
risks of continuing treatment

If eGFR further falls <30mL/min/1.73m2: Discontinue Metformin

FoA




If the eGFR is between 30—-60mL/min/1.73m2, discontinue
Metformin:

* |n patients with a history of liver disease, alcoholism, or heart
failure

e At the time of or before an iodinated contrast imaging procedure

in patients as well as in normal patients, who will be administered
intra-arterial iodinated contrast.

Re-evaluate eGFR 48 hours after the imaging procedure; restart
Metformin if renal function is stable.

FoA



Conservative management of glycemia:
Traditional Stepwise Approach

OAD OAD OAD OAD +
exercise monotherapy up-titration therapy therapy basal insulin insulin injections
“ I T N
g 9
2
3
T 8
HbA, . < 7% ADA
7 ______________________________________
""""""""""""""""""""""""""" HbA,_ < 6.5% AACE?
6 -
OAD = oral antihyperglycaemia drug Duration of diabetes

Adapted from Campbell IW. Br J Cardiol. 2000;7:625-631.
1. American Diabetes Association Clinical Practice Recommendations: Diabetes Care. 2010;33(suppl.1):S4-S10;
2. AACE/ACE. Endocr Prac. 2009;15:540-559.



Delay between stepping up from
monotherapy to combination therapy

Length of time between first monotherapy HbA, . > 8.0%
and switch/addition to therapy (months)

25 A
32 20.5 months
S 20 A
o
A

o 14.5 months
< 15
o)
T
»w 10 -
=
c
2 5 -
O - T 1
Metformin only sulphonylurea only
n=2513 n = 3394

Brown JB et al. Diabetes Care. 2004;27:1535-1540.



The Legacy Effect

10-year post-trial monitoring from 1997 to 2007 of UKPDS Study”

Microvascular Myocardial Any diabetes- Death from
0 disease Infraction related endpoint any cause
-5 |
S
= -10 |
)
5
_g
o -15 |
=
2
§ 20 B Trial end (1997)
= 7 [ Post-trial follow-up (2007)
o
e * Data from sulphonylurea-insulin group shown
-25 | "p<0.05"p<0.01;" p<0.001

* Randomized intervention to achieve either intensive or conventional targets - stopped at the trial end (1997)

+ Differences in mean HbA, between the 2 groups were lost by Year 1 of post-trial follow-up

+ Relative reductions in risk in patients who had been treated to intensive goals, compared with conventional
targets, persisted after 10 years

The legacy effect — a reduction in complications persists 10 years after intensive therapy

1. UKPDS 33 Study Group. Lancet. 1998;352:837-853; 2. Holman RR, et al. N Engl J Med. 2008;359:1577—
1589; 3. Chalmers J and Cooper ME. N Engl J Med. 2008;359:1618-1620.



Durability of glycemic control with sulfonylureas

é Glimepiride
‘L_’ 0% Glybfynd‘ <> Alvarsson (n=39)
< SU - o %9 Alvarsson (n=48)
c & @ Hanefeld (n=250)
; Il Charbonnel (n=313)
g': -1 O UKPDS (n=1,573)
© € Chicago (n=230)
K
O - Cliclazide A ADOPT (n=1,441)
DYEREX M pERISCOPE (n=181)
B4 Tan (n=297)
-2- yya
7/
0 1 2 3 4 D 6 10

TIME (years)

Ralph A. DeFronzo et al. Dia Care 2013;36:5127-S138

American
Diabetes
.Association.

©2013 by American Diabetes Association



Early Dual Therapy

After diet and lifestyle modification, monotherapy may assist patients in achieving a target
of HbAlc less than 7%. However, with disease progression, usually the monotherapy loses
efficacy over time as evidenced by a continued increase in Alc.

For example, in patients with high mean baseline Alc of 8.2-8.4%, glycemic control was
reached by only 25% of patients with metformin monotherapy.

The primary objective of combining oral antidiabetic treatments is to address the dual
problems of insulin deficiency and insulin resistance. This has been shown to be helpful in
establishing glycemic control and lowering Alc levels by an additional 0.5-1.0%.

The chosen regimen, should ideally exert a physiologically rapid prandial insulin response to
maintain tight glycemic control with minimal side effects such as hypoglycemia and weight
gain. It is also important for the combination to be at least additive and possibly synergistic
in their mechanisms of action.

http://www.medscape.com/viewarticle/722513 2



What about early Triple Therapy?

The combination of metformin, TZD and GLP-1 analog (or DPP-1V in-
hibitor) addresses the 3 core defects of type 2 diabetes in a complementary
manner (up to HbAlc A -2%)

GLP-1 analog

(or DPP-1V inhibitor)
for islet B-, a-cell
dysfunction

and extra-islet actions

TZD

for insulin resistance
in adipose tissue
(lipolysis)

I'ZD, metformin
for insulin resistance in
skeletal muscle

(impaired glucose uptake)

Metformin, TZD
for hepatic insulin resistance
(HGP)

http://dx.doi.org/10.4093/kd].2010.34.6.331



Beta cell Preservation

Intensive Lifestyle Modification
Sulfonylureas

Metformin

Acarbose

Thiazolidinediones (TZDs)
GLP-1 Receptor Agonists

Bariatric Surgery



Intensive Lifestyle Modification

Study Participants at high-risk  Intervention Relative reduction in risk
for diabetes of diabetes®

DPP IGT Lifestyle 58 % i

Finnish DPS IGT Lifestyle 58 %

XENDOS IGT Orlistat + lifestyle 45%"

TRIPOD Prior GDM Troglitazone 55 %

DPP IGT Troglitazone 75 %

DREAM IGT Rosiglitazone 60 %

ACT NOW IGT Pioglitazone 72 %

DPP IGT Metformin 31 %

Stop-NIDDM IGT Acarbose 25 %

DPP Diabetes Prevention Program, DPS Diabetes Prevention Study, TRIPOD troglitazone in prevention of diabetes, DREAM diabetes reduction
assessment with ramipril and rosiglitazone medication, ACT NOW Actos now, IGT impaired glucose tolerance, GDM gestational diabetes
mellitus

avs placebo and/or usual care



Sulfonylureas

ADVANCE trial indicates that Gliclazide, may "

protect B cells from apoptosis potentially N/N\\( \//S

through antioxidant effects of the 5 ©
aminoazabicyclo-octyl ring grafted onto the CHs
sulfonylurea group.

This causes inhibition of LDL oxidation. It has

been shown to scavenge superoxide radicals,

hydroxyl radicals, and NO in a dose-dependent g“ Aams0s Stantard cortral
manner. i

No clinical studies have demonstrated a - htronics oo
beneficial effect of sulfonylureas in the e SN

Intensive 7.01 6.93 S5.70 5.53 6.50 652 6.55



Metformin

Metformin is effective at reducing hyperglycemia
primarily by inhibiting hepatic glucose
production and by increasing insulin sensitivity
DPP showed that metformin reduced the
conversion from IGT to T2DM by 31 % suggesting
that it has modest effects on slowing the
progression of T2DM.

UKPDS showed similar rates of deterioration of
B-cell function (assessed with HOMA-B index)
and loss of glycemic control with metformin
treatment compared with sulfonylureas or
insulin treatment in patients with recently
diagnosed T2DM.

Diabetes Prevention Program:
Incidence of Diabetes

40,

-~ Placebo
wee Metformin
- Lifestyle

Cumulative Incidence
of Diabetes (%)

0 05 10 15 2.0 25 3.0 35 4.0
Year

Y Program Research Group, N Engl ) Med, 2002;
husatts Medical Sodiety. Al nghts reserved,

Progressive Hyperglycemia Despite
Insulin, Sulfonylurea, or Metformin

Conventional
Glibenclamide
//* Metformin
/ Insulin
Chlorpropamide

Median A1C (%)

6 \/
0

Years from randomization

UKPDS 34. Lancet 1998.



Acarbose

Acarbose is an a-glucosidase inhibitor that improves

post-prandial hyperglycemia by inhibiting the

activity of enzymes in the small intestine resulting in | T
reduced glucose absorption. The Study to Prevent BSvelEp eIy e DI e e AcarEose
NIDDM (STOP-NIDDM) found a 25 % relative risk '
reduction in the development of T2DM over 3.3
years in patients with impaired glucose levels
treated with acarbose compared with placebo. PP e w
However, in the 3-month observation period after Days ater Randomizatin
acarbose was discontinued, the incidence of e Lol v
diabetes in patients who had not converted was A O

higher in the group initially assigned to acarbose (15

%) compared with group first randomized to placebo

(10 %) suggesting that the benefit of acarbose is lost

after discontinuation of active treatment

A Acarbose
® Placebo

wtes 25% risk reduction
at mean 3.3 years
(p=0.002)
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Thiazolidinediones (TZDs)

1-

TZDs reduce lipotoxicity, prevent B-cell apoptosis, increase = B crmom o) & ADORY (o1 459
serum adiponectin levels and improve B-cell function. g | ® recorogeson | W Tmieoi
Prevention trials show that TZDs prevent the onset of T2DM in £ | & e
high-risk patients by ~50 %—75 % including DPP, TRIPOD, ; |

PIPOD, DREAM, ACT-NOW. s

TRIPOD showed that protection from diabetes in women with °

previous gestational diabetes persisted 8 months after T2DM 2z éTIME:(;years)‘i 5 6
treatment stopped, and patients who were protected from Ralph A. DeFronzo etal. Dia Care 2013;36:5127-5138
diabetes during TZD treatment had stable B-cell function and Preventing Diabetes: TRIPOD
insulin resistance for almost 5 years. This was supported by

DREAM and DPP, in which the protection from diabetes that 2

_53% |
was achieved during treatment persisted after treatment was

stopped.

The clinical use of TZDs for the prevention of T2DM is limited
due to adverse side effects, including fluid retention and
weight gain, increased risk for bone fractures and bladder ————— -

Ca n Ce r ° Buchanan TA, Diabetes 51: 2796.2803, 2002 RIS LY
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GLP-1 Receptor Agonists

GLP-1 potentiates glucose stimulated insulin

secretion, suppresses glucagon secretion, delays

gastric emptying and suppresses appetite.
Studies indicate that at least 3 years of
Exenatide treatment may be necessary to

delineate a significant, prolonged benefit on B-

cell function.

A 20-week treatment with Liraglutide (in doses

ranging from 1.8 to 3 mg per day) resulted in

greater weight loss and an 84 %—96 % reduc
in the prevalence of prediabetes compared
with placebo.

Longer term prevention trials in high-risk
patients are needed to determine whether
GLP-1 agonists can modify the progressive
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DPP-4 inhibitors

The incretin receptor signaling is associated with
activation of protein kinase A, induction of gene
transcription, enhanced levels of insulin

Sitagliptin Improved Markers of Beta-Cell

biosynthesis, and stimulation of B-cell proliferation. Funetion: 24 Week Monotherany Stidy

Both GLP-1R and GIP receptor activation also o omimnE M
promote resistance to apoptosis and enhanced [3- . p<

cell survival, in human islets cells. i

In preclinical studies, DPP-4 inhibitors mimic many :

of the actions ascribed to GLP-1R agonists, including | I

stimulation of insulin and inhibition of glucagon

secretion, and preservation of B-cell mass through PR e

(95% C1-0.114, -0.023) (95% C13.9, 21.9)

stimulation of cell proliferation and inhibition of ’5

d poptOSIS Aschner P et al. PNO21; Abstract presented at: American Diabetes Association;
Long-term clinical data assessing the durability June 10, 2006; Washington, DC

and efficacy of these agents in the treatment of

type 2 diabetes are not yet available

www.thelancet.com Vol 368 November 11, 2006



Bariatric Surgery

The effect of bariatric surgery (LAGB, VBG, RYGB) on
the prevention of T2DM in obese adults was examined | A sueyecon |

in the SOS study which followed surgically treated and - — soipnens H;igo?s(::c” ngofil
matched controls for 15 years. Bariatric surgery 5

compared with standard care reduced the long-term o
relative risk of T2DM by 78 % in obese adults, and in IFG
it reduced the relative risk of by 82 %. The

N 0,40

ncidence of Type 2 Diabe
o o
& &

o < <
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1 1 1

postoperative mortality was 0.2 %, and 2.8 % of -

patients had complications that required a reoperation. 3 ol

These findings indicate that bariatric surgery has ZZ:J

effective and durable effects on the prevention of R comsn ’ :
T2DM in obese adults, particularly among those with ™ m s o

Surgery 1658 1561 1225 576

IFG. RCTs are needed to confirm whether bariatric
surgery is an effective and safe approach for preventing
T2DM in high-risk individuals.

Page KA, Reisman T. Interventions to preserve beta-cell function in the management and
prevention of type 2 diabetes. Curr Diab Rep. 2013;13:252-260



Effect of Weight Loss on B-cell Function in
Obese Patients With Type 2 Diabetes

* Before (mean BMI 35.5 kg/m¥)
+» ARlter (mean BMI 29.5 kg/nv)
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Therapeutic approaches for maintaining B-cell function and mass in animal and human data

Agents Mode of action in p-cell

Animal data

Human data

PPARYy agonists  Upregulate Pdx-1 expression [25]
Increase insulin gene transcription,
GLUT2, and glucokinase [26]
Reverse lipotoxicity [27]

GLP-1 analogues Enhance glucose-stimulated insulin

secretion [33]

Act as a growth factor by promoting
B-cell proliferation and inhibiting
B-cell apoptosis [33]

Stimulate insulin gene expression and

biosynthesis [34)

Attenuate ER stress [35]
DPP-4 inhibitors Inhibit the incretin degrading enzyme

DPP-4 [32]

Increase the bioavailability of active

GLP-1 [42]

GSK3p inhibitors Regulate glycogen metabolism by
inhibiting glycogen synthase [48]
Inhibit ER stress induced {3-cell

apoptosis [51]

Improve [3-cell function by preserving
B-cell transcriptional factor Pdx1 [52]

GPR40 agonists  Induce insulin secretion by modulating
G protein-coupled receptor involved
in free fatty acid [55]

Reduced oxidative stress [28]

Inhibited B-cell apoptosis [29]

Increased f-cell mass and function
[28,29]

Increased (3-cell mass [36]

Modulated the expression of 3-cell
specific genes [37]

Inhibited B-cell apoptosis [38]

Increased -cell mass and pancreatic
insulin content [42,43)
Enhanced insulin secretion [42]

Enhanced insulin signaling [53)
Improved insulin resistance [53)
Increased [3-cell mass [54]

Enhanced glucose-dependent insulin
secretion with elevation of Ca** [57]
Decreased glucose and insulin level [58]

Slow the rate of loss of B-cell function
and improve insulin sensitivity in
ADOPT trial [23], ACT NOW study
[30], PIPOD, and TRIPOD study [31]

Improved insulin secretory capacity and
insulin sensitivity [39]

Reduced proinsulin to insulin ratio [40]

Restore 1st and 2nd phase insulin
secretion [41]

Improved B-cell function [44,45]

Increased insulin secretion [59]

Jung KY, Kim KM, Lim S. Therapeutic Approaches for Preserving or Restoring Pancreatic B-Cell Function and Mass. Diabetes & Metabolism Journal. 2014;38(6):426-436. doi:10.4093/dmj.

2014.38.6.426.






