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* Review the lastest clinical practice guidelines
v’ Criteria for the diagnosis of diabetes
v’ Glycemic target in Adults
v  Approach to glycemic treatment

* Review glucose-lowering agents
v Conventional antihyperglycemic drugs
v'New class antihyperglycemic drug: SGLT2 inhibitors



Laboratory test| Prediabetes

HbA,C

Fasting Plasma Glucose
(FPG)

2-hour Plasma Glucose

during an Oral Glucose
Tolerance Test (OGTT)

Random Plasma Glucose

5.7-6.4%

100 — 125 mg/dL

140 — 199 mg/dL

26.5 %

>126 mg/dL

2200 mg/dL

2200 mg/dL,
with classic symptom of
hyperglycemia or
hyperglycemic crisis
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HbA,C <7 %

Preprandial Capillary 80 - 130 mgidL

Plasma Glucose

Peak Postprandial <180 mg/dL

Capillary Plasma
Glucose
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Mono-
therapy

Efficacy’.

Healthy eating, weight control, increased p ical activity, and diabetes education

£}

Hypo risk

low risk

Waight

neutral ! loss

Side effects

Gl 1 lactic acidosis

Costs-

Nonar

Dual
therapy’
Efficacy”

I ATE fargel not achieved affer ~3 mmonths of monotherapy, procesd (o Z-drug combinalion forder not reeant fo danole
any specifiic praference—choics depandent on a vanely of patiend- and disease-specific factors):

Metformin Metformin BMetformin Metformin Metformin Metformin
+ + + + + -+

Hypo risk

Weight
Side affects

Costs”™

Triple
therapy

v
Combination

injectable
therapy’

Sulfonylurea Thiazalidine- DPP-4 SGLT2 GLP-1 recepto Insulin (basal)
dione inhibitor inhibitor agonist

high_.__. L intermediate intermediate __ high I highest .

moderate risk L lowrisk low risk = high risk... ..

gain 4 neutral boas gain ..

hypoglycemia -4 rare . GU, dehydration hrpuglyr.amil
e Do -4 high high L L high o S & wvariabla... ...

A

M ATC target not achiieved after —F months of dual therapy, proceed fo 3-drug comidnation forder not meant o denole
any specific preference=—choice deperndent on a variely of patient- and disease-specific facfors):

Metformin Maetformin Metformin Maetformin Metformin Metformin
+ + -+ + 4+ +
Sulfonylurea Thiazolidine— DPP-4 SGLT2 GLP-1 recepto Insulin {basal)
+ dione inhibitor inhibitor agonist +

+
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Basal insulin + LU TRLEIT]] nrl GLP=1=R.A I
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Class

Biguanides

Sulfonylureas

Glinides

Thiazolidinediones

Alpha-glucosidase
inhibitors

DPP-4 inhibitors

GLP-1 receptor agonist

Cellular Mechanism | Effect to HbA,C

‘l, Hepatic glucose
production

1‘ Insulin secretion

1‘ Insulin secretion

Tlnsulin sensitivity

Inhibit intestinal
alpha-glucosidase

Inhibit DPP-4 activity

Activate GLP-1 receptor

1-2%

1-2%

1-15%

05-14%

0.5-0.8%

0.5-09%

08-2%

Advantages

* No hypoglycemic
« €> Weight
. \1, CVD events

. \1, Microvascular risk

. ‘l, Post prandial
glucose excursion
* Dosing flexible

* No hypoglycemic

* No hypoglycemic
* J Post prandial
glucose excursion

* No hypoglycemic

* No hypoglycemic
. ‘1,Weight and Post
prandial glucose
excursion

Disadvantage

* Gl disorder (Diarrhea,
Abdominal cramping)
* Lactic acidosis (rare)

* Hypoglycemia
* Weight gain

* Hypoglycemia
* Weight gain
* Frequent dosing schedule

* Weight gain
* Fluid retention
* Bone fracture

* Gl disorder (Diarrhea,
Flatulence)
* Frequent dosing schedule

* Angioedemajurticaria and

other immune-mediated
dermatological effect

* Gl disorder (Nausea,
Vomiting, Diarrhea)

U Heart rate

* Injectable



Metformin

Glyburnide
Gliclazide/Glimepinde
Repaglhimnde

TZD

Sitagliptin

Saxagliptin
Linaghptin

Liraglutide

Exenatde

Acarbose

Insulin

Adapted froem Yaie JF SN 20

- N ot recommendced

Termiral Seveare

<19) (15289

|

|

| |
25 mg qd

0 25

Moderats (30-58)

SO0 mg b.i.d.

50 mg qd 100 mg qd

Giomenuiar Fatration

Cautwon / Reduced cdose Safe

Mg (S0-39)

850 mg t.i.d.

S mg qd

75 100

Rate (mliJmin)



A1C (%)

7.8
7.6
7.4
7.2

6.8
6.6
6.4
6.2

Unmet Needs

Type 2 DM Control is Not Durable

\
— ——SU (n=2373)

-#-TZD (n=1590)

MET (n=5453)

6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Time (months)
Bloomgarden, ZT. Diabtes Care. 2007;30(1):174-180.



The Ominous Octet

Hyperglycemia in Type 2 Diabetes

Neurotransmitter dysfunction

« GLP-1 receplor Y — Increased lipolysis and reduced
8 glucose uptake

* Thiazolidinediones

agonists
= Amyin
« Bromocnpline

T~
Impaired insulin secretion

- Sulonylurea 1 -
= Meglitinide n ‘
* GLP-1 recepior ‘ b ‘

agonists . \

« DPP-4 inhibitors T ——
- ™. A
Increased glucagon \

socretion /" ) //
« GLP-1 recepitor : - # |
agonists (4 f\ Hyperglyce
\
\

\\ : \ Iincreased glucose

\ . reabsorption

mia | oy

« DPP-4 inhibitors /
« Amysn /'

Increased hepatic
glucose production
* Metforman

* Insubn

« Thiazolidinediones

d gl
Decreased Decreased glucose

uptake
incretin effect -pMetformm
* Metformin v i

= a-Glucosidase
inheditors
DeFronzo RA. <9 - Colesevelam

Tahrani AA, et al.l2%)

= Thiazoldinediones




Long-acting GLP-1 receptor agonists

Ranolazine

Dual & Pan PPAR agonists

11 Hydroxysteroid Dehydrogenase (HSD)- 1 inhibitors
Fructose 1,6-bisphosphatase inhibitors

Glucokinase activators

G protein-coupled Receptor (GPR)- 40 & -119 agonists
Protein Tyrosine Phosphatase (PTB)- 1b inhibitors
Camitine- Palmitoyltransferase (CPT)- 1 inhibitors
Acetyl COA Carboxylase (ACC)- 1 & -2 inhibitors
Glucagon receptor antagonists

Salicylate derivatives

Immunomodulatory drugs

Sodium- Glucose Cotransporter (SGLT) {-1} & -2 inhibitors




tubule

—+— Collecting

—
| SGLTI
duct .

Distal S2/S3
segment
of proximal

tubule

S1 segment
of proximal

+—— | Glucose

| ~90% reabsorption

| ~10% reabsorption

No glucose
B
Lumer Blocd
Glucose :\\GLUTI) Glucose
Na' and
Kies i S1 proximal
glucose at Tl |
tubule
stoichiometry
= | o |
Na* 1ATPase | N
= P, Na

SGLT1

SGLT2

Site Intestine, kidney Kidney
Sugar
.g. . Glucose or Glucose
specificity galactose
Glucose High Low
affinity K,=0.4 mM K,=2 mM
Glucose
transport Low High
capacity
Dietary
absorption of
Role glucose and Renal glucose
galactose reabsorption
Renal glucose
reabsorption
Chao EC, et al. Nat Rev Drug Discovery. 2010;9:551-559.




Compound

Canagliflozin

v’ Invokana”®

(100, 300 mg)

v Invokamet®
(50/500, 50/1000)
(150,500, 150/1000)

Dapagliflozin
v Farxiga®

(5,10 mg)

v’ Xigduo XR°®
(5/500, 5/1000)
(10,500, 10/1000)

Empagliflozin
v"Jardiance®
(10, 25 mg)

v Glyxambi®
(10/5, 25/5)

Dosage

* Invokana® : 100 — 300 OD
* Invokamet® : 50,500 mg BID

(Maximum: 300/,2000 mg daily)

* eGFR 45 - <60 ml/min/1.73m?
- 100 mg OD

* Discontinued if eGFR < 45

mlmin/1.73 m?

* Farxiga® : 5-10 mg OD

* Xigduo XR® : 5,500 mg OD to
10,2000 mg OD

* Discontinued if eGFR < 60
ml/min/1.73 m?

* Jardiance®: 10— 25 mg OD

* XGlyxambi® : 10/5 mg OD; may
increase to 25/5 mg OD

* Discontinued if eGFR < 45
ml/min/1.73 m?

Effect to HbA,C = 0.4 — 0.9 %, Elimination T, ,= 10-13 hr

Pharmacokinetics | Advantage

* Bioavailability: 65%
* Distribution
-Vy=1191L
* Metabolism
- UGT1A9,2B4
* Excretion
- Feces (41.5%, unchanged)

- Urine (33%) * No hypoglycemia

. \1: Weight
. l: BP

* Bioavailability: 78%
* Distribution
-V,=1181L
* Metabolism
- UGT1A9
* Excretion
- Feces (21%)
- Urine (75%)

* Bioavailability: >60%
* Distribution
-V,=73.81L
* Metabolism
- UGT1A9/2B7/1A3/1A8
* Excretion
- Feces (41.2%, unchanged)
- Urine (54.4%; 50%,
unchanged)

Disadvantage

* Genitourinary infections
* Polyuria

* Volume depletion/
hypotension/dizziness

T LDL

-T Creatinine (transient)

Package insert, ADA 2015



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes

Bernard Zinman, M.D., Christoph Wanner, M.D., John M. Lachin, Sc.D.,
David Fitchett, M.D., Erich Bluhmki, Ph.D., Stefan Hantel, Ph.D.,
Michaela Mattheus, Dipl. Biomath., Theresa Devins, Dr.P.H.,

Odd Erik Johansen, M.D., Ph.D., Hans J. Woerle, M.D., Uli C. Broed|, M.D.,
and Silvio E. Inzucchi, M.D., for the EMPA-REG OUTCOME Investigators

A Multicenter_randomized. double-blind. placebo-controlled study to examined the effects of

Empagliflozin compared with Placebo on morbidity and mortality in patients with

type 2 diabetes at high risk for cardiovascular events who receiving standard care



.
4)[ Empagliflozin 10 mg once daily -
a ) 4
Placebo Y =
Screening B run-in ’[ Empaglifiozin 26 mgonce daily [ 3
period i =
. J -
=
"" Placebo once daily
N
Visit 1 Visit2 Visit3 Visit4.7 Visit8-10  Visitsevery End of
every 4 weeks  every 12weeks 14 weeks study visit
l | | ) i Y/ | |
I | | T 1 T T 1 7 |
3 2 0 4 8 12 16 28 40 52 +30 days

Study week Meadian observation time, 3.1 years

Source: Cardiovasc Diabetol @ 2014 BioMed Central, Ltd.




B Death from Cardiovascular Causes
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£ £ 5
g 10 [
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Mo. at Risk Mo. at Risk
Empagliflozin A6ET 4651 4608 4556 4128 3079 2617 172 414 Empaglifliozin A6ET 4614 4523 4427 3988 2950 2487 1634 395
Placebo 2333 2303 2280 2243 2012 1503 1281 825 177 Placebo 2333 1771 el 2173 19337 1424 1202 775 lag

analyses.

Figure 1. Cardiovascular Qutcomes and Death from Any Cause.

Shown are the cumulative incidence of the primary outcome (death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke) (Panel A), cumulative incidence
of death from cardiovascular causes {Panel B), the Kaplan—Meier estimate for death from amy cause (Panel C), and the cumulative incidence of hospitalization for heart failure
{Panel OV} in the pooled empagliflozin group and the placebo group among patients who received at least one dose of a study drug. Hazard ratios are based on Cox regression




