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Objectives

* To become familiar with the new medication classes
for the treatment of Type 2 diabetes mellitus

 Become familiar with the advantages and

disadvantages of the new classes of diabetes
medications
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Background



Prevalence of Diabetes and Prediabetes in

the United States

Diabetes
9.1% of US population

Prediabetes
37% of US population
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1. CDC. National diabetes fact sheet, 2008. http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2008.pdf.
2. CDC. National diabetes fact sheet, 2011. http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf.
3. CDC. National diabetes statistics report, 2014. http://www.cdc.gov/diabetes/pubs/statsreport14/national-diabetes-report-web.pdf



Increase in Diabetes Parallels the Increase in Obesity in the
United States
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*BMI 230 kg/m2.

CDC. National diabetes statistics report, 2014. Atlanta, GA: US Department of Health and Human Services, Centers for Disease Control and Prevention,
2014. Mokdad AH, et al. JAMA. 1999;282:1519-1522; Mokdad AH, et al. Diabetes Care. 2000;23:1278-1283; Ogden CL, et al. JAMA. 2014;311:806-814.



Diabetes Morbidity and Mortality

e 7th leading cause of death in US

e Leading cause of blindness

* Most frequent cause of kidney failure

e Accounts for “60% of nontraumatic lower limb amputations
* Doubles risk of periodontal disease

 Double risk of developing depression

* |ncreases patients’ susceptibility to acute illness
— Worsens the prognosis of patients with acute illness

CDC. National diabetes statistics report, 2014. http://www.cdc.gov/diabetes/pubs/statsreport14/national-diabetes-report-web.pdf.
CDC. National diabetes fact sheet, 2011. http://www.cdc.gov/diabetes/pubs/pdf/ndfs_2011.pdf.



Relationship of A1C Goals and

Outcome
* Microvascular complications
— 38% reduction in risk with every 1% reduction in A1C

 Macrovascular complications
— Reduction in risk with early, intensive treatment
— High-risk patients, intensive control may increase risk

UKPDS Lancet 1998; Holmann New Engl) 2008; Patel New Engl) 2008; Stratton BMJ 2008; Gerstein New
Engl) 2011.



Microvascular Complications Increase With
Increasing A1C
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Intensive Glycemic Control Reduces Long-
term Macrovascular Risk

15% risk reduction
1.0 P=0.01
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T2D, type 2 diabetes; UKPDS, United Kingdom Prospective Diabetes Study.
Holman RR, et al. N Engl J Med. 2008;359:1577-1589.



GOALS FOR GLYCEMIC CONTROL

[INDDIRANEEEEANRIZE RGeS

A1C > 6.5%

For patients with
concurrent serious
illness and at risk
for hypoglycemia

A1C<6.5%

For patients without
concurrent serious

illness and at low
hypoglycemic risk

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



Targets for Glycemic Control

Targets for Gylcemic Control

ADA* AACE**
HbA,_ (%) <1.0 <b.5
Fasting/preprandial glucose (mg/dL) a0-120 <110
Postprandial glucose (mg/dL) 100-180 <140
Bedtime glucose (mg/dL) 100-140 100-140

*Amarican Diabates Association Diabetes Care. 2000;26(suppl 1]:533,
** Amarican College of Clinical Endocrinolagists Endac in Pract. 2002,8[suppl 11:40.



New Medication Classes

DDP4 Inhibitors

P-1 Receptor Agonist (RA)

GLP-1 RA + Basal insulin combination
SGLT2 Inhibitors

)

It is now possible to treat Type 2 diabetes mellitus effectively with a low risk for
hypoglycemia, weight loss, robust lowering of A1C, a reduction in the need or frequency of
self-monitored blood glucose levels, and even cardiac death reduction.



GLYCEMIC CONTROL ALGORITHM

LIFESTYLE THERAPY

(iIncluding Medically Assisted Weight Loss) ‘

Entry A1C < 7.5% Entry A1C = 7.5% Entry A1C > 9.0%

MONOTHERAPY* SYMPTOMS
Metformin -> DUAL THERAPY™> 4 NO YES

v
~ GLP-1RA v GLP-1 RA _> TRIPLE THERAPY*
- v SGLT-2i _ e DUAL NS ORI
v SGLT-2i | " GLE-1 BA Therapy +
. DPP-4i i
_ DPP-4i v ~ SGLT-2i Other
MET MET OR Agents
TZD A 20 Zn
1 or other = or other B . TRIPLE
~ AGi 1st-line | Basal Insulin 1st-line , Basalinsulin Therapy
agent agent + - —
. SU/GLN v~ Colesevelam 2nd-line - DPP-4i
I ~~ Bromocriptine QR dgent _ Colesevelam v
. v AGI + ~~ Bromocriptine QR
ADD OR INTENSIFY
o— j SU/GLN ~ AGI —> INSULIN
Refer to Insulin Algorithm

If not at goal in 3 months SU/GLN
proceed to Dual Therapy If not at goal v _

in 3 months

Triple Therapy .— If not at goal in

3 months proceed v Few adverse events and/or
to or intensify possible benefits
insulin therapy . 1

* Order of medications represents a suggested hierarchy of usage;

Use with caution
length of line reflects strength of recommendation

P ROGRESS O N

O F DISEASE

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



Case 1l

52 year old man here for follow-up of Type 2 DM. His diabetes was
diagnosed 4 years ago. AlCis 7.2%.

Medications:

— Metformin 1000 mg PO BID

— Atorvastatin 20 mg QD

— Lisinopril 10 mg PO QD

— ASA 81 mg PO QD

For the last 3 months, he has been working on improving diet and
Increasing exercise.

No history of pancreatitis . No personal or family history of
medullary thyroid cancer. No recurrent yeast infections.



Case 1l

PMH:

— DM2

— HTN

— Mixed hyperlipidemia

— Obesity (BMI 32)

— CAD s/p stent 2 years ago

BP 130/75

Normal BMP. Lipids at goal.

Eye exam and vaccinations up-to-date

Sensation to monofilament decreased on diabetic foot exam



Case 1l

 What is next best step in his diabetes management?
A. No change in medication. A1C at goal.
B. Add sulfonylurea (e.g., glipizide)
C. Add SGLT-2 Inhibitor
D. Add DPP-4 Inhibitor
E. Add GLP-1 Receptor Agonist



Case 2

47 year old woman with Type 2 DM.

A1C is 6.9%, however, she reports frequent low blood glucose
levels (40’s-50’s mg/dL) in the afternoon associated with missed
meals at work. No lows overnight or in the morning.

She is also very frustrated with her weight. Trying to follow a low
carb diet with reduced portion sizes but has only lost 2 Ibs over
last 3 months.

No history of pancreatitis. No personal or family history of
medullary thyroid cancer. No history of yeast infections.



Case 2

 Medications:
— Metformin 500 mg PO BID
— Lantus 10 units SQ QHS
— Glimepiride 1 mg PO QD
— Atorvastatin 10 mg PO QD
— Losartan 100 mg PO QD
— ASA 81 mg PO QD



Case 2

PMH:

— DM2

— HTN

— Mixed HLD

— Diabetic kidney disease

BMI 34
eGFR 40
BP:116/65

Recent normal eye exam, up-to-date on vaccinations, normal
diabetic foot exam



Case 2

 What would you do for this individual?

A.

mooOw

No change. A1C is at goal.

Stop glimepiride.

Stop glimepiride. Add GLP-1 receptor agonist
Stop glimeperide. Add DPP-4 Inhibitor

Stop glimeperide. Add SGLT-2 Inhibitor



Case 3

69 year old man here for follow-up of Type 2 DM. A1C 8.4%.

Medications:

— Metformin 1000 mg PO BID

— Rosuvastatin 10 mg PO BID

— ASA 81 mg PO BID

— Lisinopril 20 mg PO QD
He reports a needle phobia and does not want any type of injectable
therapy.

He lives alone.

Previously had lower A1C on SU, however, due to recurrent hypoglycemia
the SU was discontinued. He reports irregular eating schedule.



Case 3

* No history of pancreatitis. No personal or family history of
medullary thyroid cancer. No history of yeast infections.

* PMH:
— DM2
— Mild non-proliferative diabetic retinopathy, stable
— Peripheral neuropathy
— Mixed HLD
— HTN
— OSA on CPAP
— CAD s/p CABG



Case 3

BP 140/80

BMI: 42

Normal BMP. Lipids at goal.

Up-to-date on eye exam and vaccinations



Case 3

 What would you offer this patient?

A.
B. Start GLP-1 Agonist
C.
D
E.

Restart SU at lower dose

Start DPP-4 Inhibitor

. Start SGLT-2 Inhibitor

Start a SGLT-2 and DPP-4 Inhibitor



Pathophysiologic Defects in

Type 2 DiabWinous Octet

Decreased lln Effect

Heumtranmt Dysfunction
DeFronzo RA. Diabetes. 2009.:58(4):773-785. GLP-1



Normal Physiology: GLP-1 and DPP4

GLP-1 Effects in Humans

Understanding the Natural Role of Incretins

1 Beta-cell

GLP-1 secreted upon
=EE F workload

the ingestion of lood

Promotes satiety and
reduces appetite

Alpha cells:

T Beta-cell BN ! Postprandial
i glucagon secretion A
response i

i I
- - == LiVEr o=
= + Glucagon reduces
Beta cells: hepatic glucose output
Enhances glucozse-depandent "
insulin secretion
Stomach:
Helps regulate
gastric emptying
Fudapted fram FRnt & &t al. J Clin
Adapted fram Larsson H ef al
Adapted from Mauck MA et al. D
Adapted fram Drucker DU, Disbetog,




DPP-4 Inhibitors

FDA-Approved Agents Key Features

* Alogliptin (Nesina) e Oral administration

e Linagliptin (Tradjenta) * Increase endogenous GLP-1
* Saxagliptin (Onglyza) levels

« Sitagliptin (Januvia) * Increase glucose-dependent

insulin secretion

e Suppress glucagon production

DPP-4, dipeptidyl peptidase 4; GIP, glucose-dependent insulinotropic polypeptide; GLP-1, glucagon-like peptide 1.
Garber AJ, et al. Endocr Pract. 2016;22:84-113.



Baseline A1C (%)

Placebo-adjuste
d A A1C (%)

0
-0.1
-0.2
-0.3
-0.4
-0.5

-0.6

-0.7
-0.8
-0.9

Monotherapy
Alo?* Lin2 Sax? Sit¢
7.9 8.0 8.0 7.5

Al1C
0.5%-0.8%

*SU + metformin. tTWith or without metformin. *Absolute change from baseline (active-controlled trial).

1. DeFronzo RA, et al. Diabetes Care. 2008;31:2315-2317. 2. Del Prato S, et al. Diabetes Obes Metab. 2011;13:258-267.
3. Rosenstock J, et al. Curr Med Res Opin. 2009;25:2401-2411. 4. Nauck MA, et al. Diabetes Obes Metab. 2007;9:194-205. 5. Nauck MA, et al. Int J Clin Pract. 2009;63:46-55. 6.
Taskinen MR, et al. Diabetes Obes Metab. 2011;13:65-74. 7. DeFronzo RA, et al. Diabetes Care. 2009;32:1649-1655. 8. Charbonnel B, et al. Diabetes Care. 2006;29:2638-2643.
9. Pratley RE, et al. Diabetes Obes Metab. 2009;11:167-176. 10. Owens DR, et al. Diabet Med. 2011;28:1352-61. 11. Chacra AR, et al. Int J Clin Pract. 2009;63:1395-1406. 12.

Hermansen K, et al. Diabetes Obes Metab. 2007;9:733-745.

Glucose Control
with DPP-4 Inhibitors
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rmin Add-on to SU
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Weight Change
with DPP-4 Inhibitors

Monotherapy Add-on to Metformin Add-on to SU
Alo?! Lin2 Sax3 Sit? Alos Lin® Sax’ Sit8 Alo? Lin10.* Sax!l Sit1z*

1+ 0.68 0.8 0.8
— 0.5 -+ = 0.27
™ NR Weight neutral
=
)
- 1022 0
(oY) -0.5 .
3 -
= -1 - 0.87
< -15

_2 _

NR, value not reported.
*SU + metformin. tWith or without metformin.

1. DeFronzo RA, et al. Diabetes Care. 2008;31:2315-2317. 2. Del Prato S, et al. Diabetes Obes Metab. 2011;13:258-267.

3. Rosenstock J, et al. Curr Med Res Opin. 2009;25:2401-2411. 4. Nauck MA, et al. Diabetes Obes Metab. 2007;9:194-205. 5. Nauck MA, et al. Int J Clin Pract. 2009;63:46-55. 6.
Taskinen MR, et al. Diabetes Obes Metab. 2011;13:65-74. 7. DeFronzo RA, et al. Diabetes Care. 2009;32:1649-1655. 8. Charbonnel B, et al. Diabetes Care. 2006;29:2638-2643.
9. Pratley RE, et al. Diabetes Obes Metab. 2009;11:167-176. 10. Owens DR, et al. Diabet Med. 2011;28:1352-61. 11. Chacra AR, et al. Int J Clin Pract. 2009;63:1395-1406. 12.
Hermansen K, et al. Diabetes Obes Metab. 2007;9:733-745.



Hypoglycemia with DPP-4 Inhibitors

Monotherapy Add-on to Metformin Add-on to SU
Alo? Lin2 Sax3 Sit? Alo® Lin® Sax’ Sit8 Alo? Lin10.* Sax!! Sit12*
25 22.7
- w0 Rare hypoglycemia alone
9:' 15 Consider decreasing dose of SU or
E 0 | insulin if in combination
D | 5.2 4.9 5.2
1.5 03 0 0.6
0

NR, value not reported.
*SU + metformin. tWith or without metformin.

1. DeFronzo RA, et al. Diabetes Care. 2008;31:2315-2317. 2. Del Prato S, et al. Diabetes Obes Metab. 2011;13:258-267.

3. Rosenstock J, et al. Curr Med Res Opin. 2009;25:2401-2411. 4. Nauck MA, et al. Diabetes Obes Metab. 2007;9:194-205. 5. Nauck MA, et al. Int J Clin Pract. 2009;63:46-
55. 6. Taskinen MR, et al. Diabetes Obes Metab. 2011;13:65-74. 7. DeFronzo RA, et al. Diabetes Care. 2009;32:1649-1655. 8. Charbonnel B, et al. Diabetes Care.
2006;29:2638-2643. 9. Pratley RE, et al. Diabetes Obes Metab. 2009;11:167-176. 10. Owens DR, et al. Diabet Med. 2011;28:1352-61. 11. Chacra AR, et al. Int J Clin Pract.
2009;63:1395-1406. 12. Hermansen K, et al. Diabetes Obes Metab. 2007;9:733-745.



Cardiovascular Outcome Trials



DDP4 Inhibitor CV Outcome Trials

TECOS SANVOR-TIRI EXAMIMNE CARMELINA
MEDICATION Sitagliptin Saxagliptin Alogliptin Linagliptin
# OF PATIENTS 14 671 16,4592 5,380 8, 300

STUDY DESIGM

Multi-center, randomized,
double-blind, open-label

Multi-center, randomized,
double-blind, placebo-
cantralled

Multi-center, randomized,
double-blind

DMI2, high risk for CW
events, B =45

Multi-center,

randomized, double-

blind, parallel
assignment

PRIMARY
DUTCOOME

d-point MACE: OV death,
nonfatal M, nontatal
stroke, hospitalization for
unstable angin,
Moninferiority and
cuperiority design

RESLILTS

pl"lﬁ‘h—]l’"r’ ouUtcome:

S-point MACE: OV death,
nonfatal M, nonfatal ischemic
stroke. Superiority and
noninferiority design

3-point MALCE: OV death,

nonfatal acute M, nonfatal

stroke. Moninferiority
design

A-point MACE: CVW
death, nonfatal M,
nonfatal stroke,
hospitalization for
unstable angina

Sitagliptin 11 4%, Placebo
11.6%, Hazard ratio: 0.95
(95% Cl: 0.8B8 to 1.09),

Primary outcome: Saxagliptin
7.3%, Placebo 7. 2%, Hazard
ratio: 1.0 (95% Cl: 0.89-1 13,

Primary OQutcome:
Alogliptin 11._3%, Placebo
11.B%, Hazard ratio: (1.96

p=0.001. Secondary
Outcome: Heart failuge
hospitaliz
2.8%, P
Hazard ratio: 1.0:0 {95% Cl:
0.83-1.20), p=0.958

p=0.99. Secaondary outcome,

Heart failure hoospitalization:
Saxagliptin 3.5%, Placebo 2.8%,

Hazard ratio: 1.27 {85% Cl: 1.07-
1.51), p=0.007F

(95% Cl: =1.16), p=0.32.

Post hoc analysis: Alogliptin

3.1%%, Placebo 2.9%, Hazard

ratio: 1.07 (95% Cl: 0.79-
1.46), p=0.6&

Ongoing

Jan 2018

ADDITIOMNAL
BEMEFITS/RISKS

At 4 months, HbA1C .4
percentage points lower in
sitagliptin group vs
placebo group; sitagliptin
group less like to start
long-term insulin therapy

Glyocemic control was lower in
saxagliptin grou
plac

MT-pro-BNP concentrations
decreased significantly and

similar in the 2 groups. Post
hoc analysis for
hospitalization for heart
failure




Sulphonylurea compared to DPP-4 Inhibitors in combination with

metformin

A 3 evere hypoglycemia
MET + SU
e B MET + DPP-4i
g % 2 Adjusted HR (985% CI): 2.07 (1.11—3.88)
2 @
=5
=
=4
g2 '
a3 B

o-r

* All T2DM patients in
Sweden 2006-2013

2 3 4
Time from second-ine therapy (years)
n at risk
MET + SU, 40,736
MET + DPP-4i, 12,024

9625
1924

4933
817

2399
345

1169
132

19,573
4764

B

More hypoglycemia, CV

.
* Model adjusted f ity i
oael agjusted 1or age, ° veT - 50 events and mortality in
s | -=-- MET + DPP-4i
M h= Adjusted HR (95% CI): 1.17 (1.01—1.37)
sex, CVD drugs, prior CVD iz — SU-treated patients
o = -
. . == e et
diagne - e
* Met + SU =40,736 o SR e
Time from second-line therapy (years)
. n at risk
* Met + DPP4i=12,024 Mol e RE WM YR W W W
C 15 All-cause mortality /
MET + SU
s | meee-- MET + DPP-4i
s = 10 Adjusted HR (85% CI): 1.25 (1.02—1.54)
a =
Sz
g !
N e zmnnneecd
. B -1-_ 2 3 4 ]
Time from second-line therapy (years)
n at risk
MET + SU, 40,738 19,6805 9656 40954 2407 1172 447
MET + DPP-4i, 12,024 ATBT 1924 817 345 132 27

Erikson, JW et al Diab Res Clin Pract 2016. 117; 39-47



Stay Tuned...CAROLINA TRIAL

e Cardiovascular Outcome Study of Linagliptin vs Glimepiride
 Ongoing, randomized trial
e Started date: 10/2010
e Estimated Completion date: 2/2019
 N=6041
* Reported patient characteristics:
— Median duration Type 2 DM: 6.2 years
— 60% male; 40% female
— Mean A1C 7.2%

— 34.5% had previous CV complications

Marx, N et al. Diab Vasc Dis Res. 2015 May;12(3):164-74.



Stay Tuned...CAROLINA TRIAL

* Primary Outcome: 3 point MACE
— CV death
— non-fatal Ml

— non-fatal stroke

Marx, N et al. Diab Vasc Dis Res. 2015 May;12(3):164-74.



Adverse Effects of DPP-4 Inhibitors

* Generally well tolerated

e Side-effects
— Headache
— Nausea, diarrhea, abdominal pain
— Peripheral edema

* Rare side-effects
— Acute pancreatitis — sitagliptin
— Acute renal failure
— Bone fractures — saxagliptin
— Angioedema




Safety Considerations with
DPP-4 Inhibitors
* Pancreatitis

— No causal relationship established
— Discontinue if pancreatitis suspected
— No evidence of increased pancreatitic risk with incretins vs other agents

* Pancreatic cancer

— No evidence of increased pancreatic risk with incretins vs other agents

— Further assessments required from long duration controlled studies or epidemiological
databases

* CHF
— Potentially increased risk of CHF hospitalization with alogliptin and saxagliptin

 Renal impairment

— Dose adjustment and periodic monitoring of kidney function in moderate-severe CKD
e EXCEPT linagliptin which is NOT renally excreted

Garber AJ, et al. Endocr Pract. 2016;22:84-113. White W, et al. N Engl J Med. 2013;369:1327-1335. Scirica BM, et al. Circulation. 2014;130:1579-1588. ADA/EASD/IDF statement
concerning the use of incretin therapy and pancreatic disease [news release]. Alexandria, VA: American Diabetes Association, European Association for the Study of Diabetes,
International Diabetes Federation; June 28, 2013. http://www.diabetes.org/newsroom/press-releases/2013/recommendations-for.html.



Key Points

Once daily, oral therapy
Clinically significant A1C reductions (0.5-0.8%)
No/low hypoglycemia

— Consider reduction of dose of SU or insulin if used in combination
Complementary mechanism of action with many drugs

— Don’t use with GLP-1 receptor agonist
Very well tolerated

— No weight gain, no hypoglycemia, no edema, minimal Gl sx
DPP-4 Inhibitors are safe in patients with CV disease.

— ? Saxagliptin and alogliptin increase risk of hospitalizations for heart failure
Need dose adjustment for moderate-severe CKD

— Except for linagliptin



GLP-1 Receptor Agonists

FDA-Approved Agents

* Albiglutide (Tanzeum)

e Dulaglutide (Trulicity)

* Exenatide (Byetta)

* Exenatide ER (Bydureon)
e Liraglutide (Victoza)

e Lixisenatide (Aldyxin)

ER, extended release; GLP-1, glucagon-like peptide 1.
Garber AJ, et al. Endocr Pract. 2016;22:84-113.

Key Features

Injectable administration
Mimic action of native GLP-1

Increase glucose-dependent
insulin secretion

Suppress glucagon production
Slow gastric emptying



GLP-1 RA Dosing

Daily dosing Once weekly dosing

{once weekby dosing)
OW Exenatide (Bydureon®) FDA approved 2012
Albiglutide {Tanzeum™) FDA approved 2014
Culaglutde (Trulicity®™) FDA approved 2014




0
-0.2
-0.4
-0.6
-0.8

-1
-1.2
-1.4

Change in A1C (%)

-1.6
-1.8
-2

Glucose Control
with GLP-1 Receptor Agonists

Head-to-Head Trials

@5’ OQ"’
EA A

B Exenatide bid

@ Exenatide QW

B Liraglutide

B Lixisenatide

B Albiglutide

O pulaglutide 1.5 mg
B Dulaglutide 0.75 mg

£

Figure 1. Changes in A1C values with glucagon-like peptide 1 receptor agonists (GLP-1 RAs) in head-to-head
clinical studies.

Trujillo, J et al. Therapeutic Advances in Endocrinology and Metabolism 2015, 6(1): 19-28



Weight Change with GLP-1 Receptor
Agonists

Head-to-Head Trials

02

- @ M Exenatide bid
-0.3 = H Exenatide QW
r~

. = | Liraglutide
-7
e 0.8 iz B Lixisenatide
2 . E B Albiglutide
oo o B Dulaglutide 1.5 mg
E s M pulaglutide 0.75 mg
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@
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-4.3 ]

Figure 2. Changes in weight with glucagon-like peptide 1 receptor agonists (GLP-1 RAs] in head-to-head
clinical studies.

Trujillo, J et al. Therapeutic Advances in Endocrinology and Metabolism 2015, 6(1): 19-28



Hypoglycemia with GLP-1 Receptor

Agonists

Monotherapy Add-on to Metformin Add-on to SU
Alb? Dul2 Exe3 Exe ER* Lir5 Lix6 Alb? Dul® Exe® Exe ERY  Ljrll Lix12 Alb13:* Exel4 Exe ERS'  Lirlé
40
B Rare hypoglycemia alone
() 30 - o -
S Consider decreasing dose of SU or
< 20 - insulin if in combination
®
(a

*Metformin with or without SU or TZD. tMetformin with or without SU.

1. Nauck M, et al. Diabetes. 2013;62(suppl 2): Abstr. 55-LB. 2. Umpierrez G, et al. Diabetes Care. 2014;37:2168-2176. 3. Moretto TJ, et al. Clin Ther. 2008;30:1448-

1460. 4. Russell-Jones D, et al. Diabetes Care. 2012;35:252-258. 5. Garber A, et al. Lancet. 2009;373:473-481. 6. Fonseca VA, et al. Diabetes Care. 2012;35:1225-

1231. 7. Ahrén B, et al. Diabetes Care. 2014;37:2141-2148. 8. Dungan KM, et al. Lancet. 2014;384:1349-1357. 9. DeFronzo RA et al. Diabetes Care. 2005;28:1092-

1100. 10. Bergenstal RM, et al. Lancet. 2010;376:431-439. 11. Pratley RE, et al. Lancet. 2010;375:1447-1456. 12. Rosenstock J, et al. Diabetes Care. 2013;36:2945-
2951. 13. Pratley RE, et al. Lancet Diabetes Endocrinol. 2014;2:289-297. 14. Buse JB, et al. Diabetes Care. 2004;27:2628-2635. 15. Diamant M, et al. Lancet.

2010;375:2234-2243. 16. Marre M, et al. Diabet Med. 2009;26:268-278.



Cardiovascular Outcome Trials



Table 1. Trials With GLP-1 Therapeutics

l

ELIXA LEADER SUSTAIN-& EXSCEL LyYDiAa
MEDICATION Lixisenatide Liraglutide sermaglutide Exenatide Liraglutide
H PATIEMTS 6 OGE 9.340 2,735 14,000 aD
HISTORY [T20, acute coronary event T2D, high risk CVD T20, high risk WD T2D, with prior OV events |T2D, Obese

harithin 180 davs prior to
randomization

andfor with or wfo known

O risks

S5TUDY DESIG

Multi-center, randomized,
doubile-blind, placeba-
contralled; M-
imnferiority

Superiority

Multi-center, double-blind,
olacebo-controlled;
Mon-inferiarity

Superiority

Multi-center, double-blind,
placebo-controlled;
Mon-inferiority

Superiority

Phiaze 3/4 multi-center,
randomized, double-blind,

placebo-controlled,
parallel-group

Prospective,
randamized, open
label, blind
endppoint

PRIMARY A-point MACE: CV death, F-point MACE: CV death, I-point MACE: CW death, I-point MACE: CV death, Diastolic Fruntion
OUTCOME nonfatal M, nonfatal stroke, (nonfatal M, nonfatal stroke nonfatal M, nonfatal stroke  |nonfatal M1, nenfatal {HF-MEF})
‘ haspitalization for unstable strake
angina (coronary
revascularization)
RESLILTS Limisenatide Group: 13.4% Liraglutide Group: 13.0% Semaglutide Group: 6.6% Ongoing
Placebo Growp: 13.2% Placebo group: 14 9% Flacebo Group: B.9% 20 17
‘ HR 1.02; 95% Cl .89-1.17 HR DLEY,; 95% (1 3. 7JE-0L.97 HR DL7&; 95% Cl, (.58 to (.95
P=R.001 for non-inferiarity P<0.001 for non-inferiarity P<0.001 for noninferiority Apr|| 2018

P=0.81 for superiority

P=0_01 for superniarity

ADDITIOMNAL
BEMEFITS/RISKS

Reduction im all-cause

martality in Ax group (B.29% vs.

B.6% in placeba group; HR

0.85; 95% Cl 0.74-0.97; P=0.02)

Increased risk of retinopathy
in sermaglutide group

Younger Popn
[Ages 18-50]
28 weeks duration




LEADER (Liraglutide) Cardiovascular
Outcome Trial

) Erirmary Oucoms>
100+ 207 Hazard ratio, 0.87 (95% CI, 0.78—0.97) olaceb
cVd h 90 P<0.001 for noninferiority —
eath, —_ 15— L
e 20 P=0.01 for superiority
MI: stroke s 70 10 Liraglutid\
=
': 60—
= 5
= 50—
z 40+ o T | T T | T T T 1
= 30 0 6 12 18 24 30 36 42 48 54
.-
= 20+
=
10- -
0 I I I I I I I I 1
] & 12 18 24 30 36 42 48 54
Months since Randomization
MNo. at Risk
Liraglutide 4668 4593 4496 4400 4280 4172 4072 3982 1562 424
Placebo 4672 4588 4473 4352 4237 4123 4010 3914 1543 407
Liraglutide NOT FDA approved for CV dedth prevention

Marso, S. et al N Engl J Med 2016; 375(4): 311-22



Adverse Effects with GLP-1 RA

* GI—N/V, diarrhea or constipation
— Common
— Usually dose dependent and transient
— Usually reduced with dose titration
— Caution in patients with gastroparesis



Safety Considerations with
GLP-1 RA

*  Pancreatitis
— No causal relationship established
— Discontinue if pancreatitis suspected
— No evidence of increased pancreatic risk with incretins vs. other agents

* Pancreatic cancer
— No evidence of increased pancreatic risk with incretins vs. other agents
— Further assessments required from long duration controlled studies or epidemiological databases

Medullary Thyroid Cancer

— Animal data showed increased incidence of C-cell tumors with liraglutide and exenatide ER treatment, but confirmatory
population studies are lacking

— Labeling for liraglutide and exenatide ER:
* Patients should be counseled regarding MTC and the signs/symptoms of thyroid tumors
* Contraindicated in patients with personal/family history of MTC or MEN Type 2

* Renal impairment
— Exenatide is contraindicated in patients with severe renal insufficiency or ESRD
— Liraglutide safe in moderate renal impairment
— Dulaglutide is safe in renal impairment

Garber AJ, et al. Endocr Pract. 2016;22:84-113. White W, et al. N Engl J Med. 2013;369:1327-1335. Scirica BM, et al. Circulation. 2014;130:1579-1588. ADA/EASD/IDF statement
concerning the use of incretin therapy and pancreatic disease [news release]. Alexandria, VA: American Diabetes Association, European Association for the Study of Diabetes,
International Diabetes Federation; June 28, 2013. http://www.diabetes.org/newsroom/press-releases/2013/recommendations-for.html.



Key Points

Once daily or once weekly SQ injection
Impressive clinically significant A1C reductions (0.5-1.5%)
Both fasting and prandial blood glucose reductions
No hypoglycemia
— Consider reduction of dose of SU or insulin if used in combination
Sustained weight loss
Slight decrease in SBP
Beta-cell preservation

Complementary mechanism of action with many drugs
— Don’t use with DPP-4 Inhibitors

Gl side effects
— Less with weekly dosing
Don’t use if history of MTC/MEN?2

Caution if history of pancreatitis or gastroparesis



Basal insulin + GLP-1
- Now available as combination injection



Basal insulin + GLP-1 Combination

 |GlarLixi (Soliqua) — released Jan 2017
* |Deglira (Xultophy) — expected released June 2017



Mean
(95% CI)

HbA,.
(%)

|GlarLixi
o "RSE evawe

8.5

8.29% vs. Lixi -0.78% (-0.90, -0.67)  p<0.0001
so | 82-1% vs. Lantus -0.29% (-0.38, -0.19)  p<0.0001
7.5 7.3%
7.0
6.5
6-0 T T T | I
Screening Baseline 8 12 24 30

Week



|GlarLixi

1 unit of IGlarLixi =

— 1 unit of Lantus + 0.33 mcg lixisenatide

Dosing:

— If uncontrolled on basal insulin < 30 units/day
e Start 15 units of IGlarLixi

— If uncontrolled on basal insulin > 30 units/day
e Start 30 units of IGlarLixi

— Max dose 60 units
Give within 1 hour of 15t meal of the day
Titrate weekly by 2-4 units until goal fasting glucose reached



IDeglira (Xultophy) — Significant reduction in A1C
relative to individual components

—_— VWeaek 26 ==- \Week 52

—e— |DegLira (N = 833)
Degludec (N = 413)
Liraglutide (N = 414)

AHbA1Tc EOT

—1.21% 7.1% A =-065

4 [-0.76; -0.53] gsaec
H=-0.46

—1.40% 6.9%
[[0.57; -0.34] ggeec

‘ —1.84%* 6.4%

8.5 -
8.0 1 \ AHbA1e EOT
— 7.5 - -
-l -1.28%  7.0%
o 7.0 — - & - & -
=< —1.44% 6.9%
pu 6.5 el = e i = = = ——— = — =
"1 91%*  6.4%
6.0 4
’F
0.0 ¥

o 4 8

Weeks

12 16 20 24 28 32 36 40 44 48 52

Full analysis set. Data are mean + SEM. A = Observed change from baseline. LOCF imputation. EQOT = End of treatment.

*p<<0.0001 vs. degludec and vs._ liraglutide.




No weight gain when IDeglLira added to
Metformin +/- Pioglitazone

— Week 26 ——- Week 52

- [DeglLira (N = 833)
Degludec (N = 413)
Liraglutide (N = 414)

=) _
= = I i N _
= . ; ]

- A =-2.80 kg"
fe] _ p.
T A=-222 kg [-3.34; -2.27lgs%c
= | 264-1.80kswc
':g o - - - - — - -~
-g ' A =244 kg* A =266 kg*
.; -2 = -y [2_02:285]95%c| [2-13;3-20]95%(:'
o - - i _ . - — -
= -3 - i & & - > - 3 -
(1] o L3
g -A T T

0] 4 8 12 16 20 24 28 32 368 40 44 48 52
Weeks

Full analysis set. Data are mean + SEM. A = Estimated treatment difference. LOCF imputation. Week 26 analysis adjusted
for multiplicity. *p<0_0001



IDeglira Safety Profile

e Safety profile consistent with individual components

 Some component adverse effects mitigated

— Confirmed hypoglycemia rates with IDeglira

* Consistently lower than with basal insulin
e Higher than GLP-1 RA or placebo

— GI AEs with IDeglira
* Lower than with GLP-1 RA
* Higher than with basal insulin alone

— No confirmed cases of pancreatitis
— CV safety reflective of components
— No cases of MTC



SGLT2 Inhibitors



SGLT2 Inhibitors

FDA-Approved Agents Key Features

e (Canagliflozin (Invokana) e Oral administration

e Dapagliflozin (Farxiga) * Inhibit reabsorption of glucose

« Empagliflozin (Jardiance) into the bloodstream from renal
fluid

SGLT2, sodium-glucose cotransporter 2.
DeFronzo RA, et al. Diabetes Obes Metab. 2012;14:5-14.



Pathophysiology

RENAL HANDLING OF GLUCOSE

(180 Liday) (200 mg/L) = 162 g/day




Urinary Glucose EXcrotsn

Renal Glucose Threshold

lipidayl

Effect of SGLT2 Inhibitor

New TmG
SGLT2 Inhibitor

TmG Diabetes

TmG Normal

i TR 150 CLE s 1 ] b 1]

Yeroua Plasrma Gluesss (mgidl]



Glucose Control
with SGLT2 Inhibitors

Cana
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XXX Pioglitazone

Insulin

[ 1 Metformin
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HE Drug Naive

Al1C1%
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Muhammad A. Abdul-Ghani et al. Am J Physiol Renal Physiol 2015;309:F889-F900



Weight Change
with SGLT2 Inhibitors

Absolute Change from Baseline
(Not Head-to-Head Trials)

Monotherapy Add-on to Insulin +/- OAs
o Can' Dap? Emp? Can’ Dap? Emp?®
-0.5
~_ -1 4
3’ -1.5 -
N’
S 2]
2 25
g 3 4 -2.48
< -3.5 -
4 -
-4.5 -

1. Stenlof K, et al. Diabetes Obes Metab. 2013;15:372-382. 2. Ferrannini E, et al. Diabetes Care. 2010;33:2217-2224. 3. Roden M, et al. Lancet Diabetes Endocrinol.
2013;1:208-219. 4. Cefalu WT, et al. Lancet. 2013;382:941-950. 5. Nauck MA, et al. Diabetes Care. 2011;34:2015-2022. 6. Haring HU, et al. Diabetes Care.
2014;37:1650-1659. 7. Yale J-F, et al. Diabetes Obes Metab. 2013;15:463-473. 8. Wilding JPH, et al. Ann Intern Med. 2012;156:405-415. 9. Rosenstock J, et al. Diabetes
Care. 2014;37:1815-1823.



Hypoglycemia with SGLT2 Inhibitors

Monotherapy Add-on to Metformin Add-on to Insulin +/- OAs
Can' Dap? Emp?3 Can? Dap5 Emp§ Can’ Dap® Emp?®
70 -
60 - Rare hypoglycemia alone 53.6 >
& %0 Consider decreasing dose of SU or
n 40 o o ogp e . .
£ o insulin if in combination
5
101 3.0 2.9 <1 5.0 3.4 14
0 L e — s

1. Stenlof K, et al. Diabetes Obes Metab. 2013;15:372-382. 2. Ferrannini E, et al. Diabetes Care. 2010;33:2217-2224. 3. Roden M, et al. Lancet Diabetes Endocrinol.
2013;1:208-219. 4. Cefalu WT, et al. Lancet. 2013;382:941-950. 5. Nauck MA, et al. Diabetes Care. 2011;34:2015-2022. 6. Haring HU, et al. Diabetes Care.
2014;37:1650-1659. 7. Yale J-F, et al. Diabetes Obes Metab. 2013;15:463-473. 8. Wilding JPH, et al. Ann Intern Med. 2012;156:405-415. 9. Rosenstock J, et al. Diabetes

Care. 2014;37:1815-1823.



Cardiovascular Outcomes Trials



Table 2. Cardiovascular outcome trials with SGLT-2 inhibitors™
EMPA-REG

OUTCOME CANVAS DECLARE-TIMI 58
g::'“a”"a'*"' NCTO1131676 NCT01032629 NCTO1730534
Interventions Empagliflozin/ Canagliflozin/ Dapagliflozin/placebo
(randomization) placebo (2:1) placebo (2:1) X1:1]
Enroliment 7020 4411 17,276
Key inclusion Established vascular Established vascular High risk for CV
At:riteria complications, complications (age events, T2DM, age
HbAlc 7.0%-10.0%, =30 years)or =2 =40 years
age =18 years CV risk factors (age
=50 years), HbAlc
7.0%-10.5%
Primary end CV death, nonfatal CV death, nonfatal CV death, nonfatal MI,
point MI, nonfatal stroke MI, nonfatal stroke nonfatal stroke
Estimated
B 2015 2017 2019 >

HbAlc: glycosylated hemoglobin Alc; CV: cardiovascular; T2Z2DM: type 2 diabetes mellitus; MI: myocardial infarction.
“Adapted from Inzucchi et al.s



EMPA-REG OUTCOME"®
Study Design

Placebo
(N =2333)

Randomized and
treated
(n = 7020)

Screening
(n=11,531)

Empagliflozin 10 mg
(N =2345)

Empagliflozin 25 mg
(N = 2342)

| Adults with

type 2
ﬂi:EEtES * Study medication was given in
d BMI < 45 kgfm?; addition t f care
an HbA, 7%—10%;
established eGFR z 30

rimary cutcome: 3-point
MACE: (Time to first occurrence
of CV death, non-fatal M or
on-fatal stroke)

CVD mL/min/1.73m?

Zinman B, et al. N EnglJ Med. 2015;373:2117-2128.



EMPA-REG Baseline Characteristics

Baseline Placebo Empaglafozin
Characteristics N=2,6 333 N =4,687

mm) \ean Age (years) 63 (+/-9) 63 (+/-9)
m—) |\/ale (%) 72 71
Race % - -
mmm) White 72 73
Asian 22 22
—) Black/ 5 5

AfricanAmerican

Mean BMI 31+4/-5 31+/-5



EMPA-REG Baseline Characteristics

Baseline Characteristics Placebo Empaglafozin
N=2, 333 N =4,687

Established CVD* (%) 99 99
CAD 76 76
History of Ml 46 47
History of stroke 24 23

PAD 21 21



EMPA-REG OQutcome

{ Primary Outcome )}

B @ Cardiovascula@

Placebo

g Placebo g ?i
E 154 E
@ O —
A Hazard ratio, 0.86 (95.02% Cl, 0.74—0.99) N 5 9 Hazard ratie, 0.62 (95% Cl, 0.49-0.77) Empagliflozin
= P-0.04 for superiority Empagliflozin = 5 P<0.001
E 104 =
CVdeath = £ 4]
£ £
stroke 2 5 3
£ 37 & 2
Ml
1
c T T T T T T T 1 0 T T T T T T T 1
O 6 12 18 24 30 36 42 48 0] 6 12 18 24 30 36 42 48
Month Month
No. at Risk No. at Risk
Empagliflozin 4687 4580 4455 4328 3851 2821 2359 1534 370 Empagliflozin 4687 4651 4608 4556 4128 3079 2617 1722 414
Placebo 2333 2256 2194 2112 1875 1380 1161 741 166 Placebo 2333 2303 2280 2243 2012 1503 1281 825 177
C (Eath from Any C@ D @tion for Head@
7 Placebo
Placebo
3 = 5
= =
o 10— & °7
e Hazard ratio, 0.68 (95% Cl, 0.57-0.82) o Hazard ratio, 0.65 (959 Cl, 0.50-0.85)
= P<0.001 Empagliflozin = 41 P=0.002 Empagliflozin
= = 5
8 8 B
& 5 =
1-
G T T T T T T T 1 0 T T T T T T T 1
0 6 12 18 24 30 36 42 48 0] 6 12 13 24 30 36 42 48
Month Month
Mo. at Risk No. at Risk
Empagliflozin 4687 4651 4608 4556 4128 3079 2617 1722 414 Empagliflozin 4687 4614 4523 4427 3988 2950 2487 1634 395
Placebo 2333 2303 2280 2243 2012 1503 1281 825 177 Placebo 2333 2271 2226 2173 1932 1424 1202 775 168




EMPA-REG Cardiovascular Outcome Study

3 Primary Outcome
20

Hazard ratio, 0.86 (95.02%% CI, 0.7 4—0.99)
P=0.04 for superiority

FPlacebo

Empagliflozin

14% relative risk reduction
1.6% Absolute risk reduction

CV death =
stroke t 154
Mi N
=
T 104
£
o
£ 5
0
Mo. at Risk
Empagliflozin
Placebo

4687
2333

& 12 13 24 30
Month
4580 4455 4328 3851 2821
2256 2194 2112 1875 1380

36

2359
1161

42 45

1534 370
741 laa

Zinman B et al. N EnglJ Med. 2015; 373:2117-2226



EMPA-REG Cardiovascular Outcome Study

/ \
Death from Cardiowvascular Causes
Eh Placebo
£
g
2 °7 Hazard ratio, 0.62 (95% CI, 0.49-0.77) Ermpaglifiozin
= 5 — Pl O 001
=
= L
S
£ 2- 38% relative risk reduction
. 2.2% Absolute risk reduction
Ly T T T T T T ! .
0 4] 12 18 24 10 16 42 48
Month
Mo. at Risk
Er‘npagliﬂuzin 4687 4651 4608 4556 4128 3079 2617 1722 414
Placebo 2333 2303 2280 2243 2012 1503 1281 225 177

FDA approved to reduce the risk of CV death in adults with Type 2 DM and established CV
disease



Number Needed to Treat
To Prevent Death in High CV risk Group

Simvastatin Ramipril®
for 5.4 vears for 5 yvears

56

High W risk
etas, 44% hypertan

re-ACEI/AREB era
<29%% shtafin

-
2000

Pre-statin era

1994

1. 4S Investigator, Lancet 1994; 344:1352-59.
2. HOPE Investigator. N EnglJ Med 2000; 342: 145-53.




Number Needed to Treat
To Prevent Death

L]
Simwvastatin/ Ramipril? Empagliflozin
for 5.4 yvears for 5 years for 3 vears

1. 4S Investigator, Lancet 1994; 344:1352-59.
2. HOPE Investigator. N EnglJ Med 2000; 342: 145-53.



Is it @ Class Effect?



Awaiting results of CANVAS and DECLARE,
but...



CVD REAL...



v
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Study Objectives

Primary

— Compare risk of HHF in patients with Type 2 diabetes newly initiated on SGLT-2i versus other
glucose-lowering drugs (oGLDs)

Secondary
— Compare risk of all-cause death between the two treatment groups

— Compare risk of HHF or all-cause death between the two treatment groups
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" Data Sources: Health Records Across Six Countries G

—_—

Truven MarketScan Claims & Encounters and linked Medicare

National full-population registries

population registries

-population registries

RSNQ P74 Clinical Practice Research Datalink (CPRD) and
=2 I The Health Improvement Network (THIN)

- Diabetes Patienten Verlaufsdokumentation (DPV) initiative

HHF

All-cause death
and composite
HHF/all-cause death

P—

E==
=——— Himm
I -
I . -
] Lo
-
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Inclusion/Exclusion Criteria

Inclusion

New users receiving SGLT-2i or oGLDs

Established Type 2 diabetes on or prior to the index date
=18 years old
>1 year* historical data available prior to the index date

Exclusion
Patients with Type 1 diabetes

Patients with gestational diabetes

*In Germany, =6 months
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Patient Population

5487 (3%) excluded during 1:1
match process

SGLT-2i=sodium-glucose co-transporter-2 inhibitor

1,299,915

new users of SGLT-2i or oGLD
fulfilling the eligibility criteria

l

160,010
SGLT-2i

1,139,905
oGLD

1:1 propensity match

: //_\

r

L - - — — — —

h

" 154,523
SGLT-2i

154,523
oGLD

1 985,382 (86%) excluded during |

1:1 match process
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Baseline Characteristics for Propensity Match Coho

SGLT-2i* oGLD*
N=154,523 MN=154.,523
Age, years, mean (SD) &7 0 (9.9) 570 (10.1)
Women 68,419 (44 .3) 68,770 (44.5)
Established cardiovascular diseaset 20,043 (13.0) ' 20,302 (13.1)
Acute myocardial infarction ar7ez2 (2.5) 3882 (2.5)
Unstable angina 2529 (1.8) 2568 (1.7)
Heart failure 4714 (3.1) 4759 (3.1)
Atrial fibrillation 5632 (3.6) 5698 (3.7)
Stroke 6347 (4.1) 6394 (4.1)
Peripheral arterial disease 5239 (3.4) 5225 (3.4)
Microvascular disease 42 214 (27 .3) 42221 (27.3)
Chronic kKidney disease 3920 (2.5) 4170 (2.7)
*Data are n (%) unless otherwise stated; tMyocardial infarction, unstable angina, stroke, heart failure, transient ischemic afttack, coronary revascularization or occlusive penpheral artery disease
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Baseline Characteristics for Propensity Match Cohort

SGLT-2i*
N=154,523

oGLD*
MN=154,523

Cardiovascular therapies

Antihypertensive therapyt

123,691 (80.0)

123,560 (80.0)

Loop diuretics 14,280 (9.2) 14,314 (9.3)
Thiazides 42,444 (27 5) 42 509 (27.5)
ACE inhibitors 66.812 (43.2) 67.067 (43.4)
ARBs 48 718 (31.5) 48 443 (31.4)

Statins 103,966 (67.3) 104,126 (67.4)

Diabetes therapies

ueﬂormin

121,496 (78 6)

123,429 (79.9)

Sufonylurea

DPP-4 inhibitor
Thiazolidinedione
GLP-1 receptor agonist

Insulin

59,405 (38.4)
51,398 (33.3)

13,649 (8.8)
31,352 (20.3)
45 570 (29.5)

59,786 (38.7)
50,088 (32.4)
12,970 (8.4)
27,086 (17.5)
45,095 (29.2)

*Data are n (%); Tincludes angictensin comverting enzyme inhikitors, angictensin receptor blockers, Ca2+ channel klockers, B-elockers, thiazides; ACEi—angiciensinconvertng-enzyme;
ARE=angictensin |l or blockers: DPP-4=Dj i i i

dase-4: GLP-1=glucagon-like




Contribution of SGLT-2i compounds

HHF (N=309.046) All-cause death* (N=215.622)

—

c58888383888

Proportion of exposure time
()

All countries only uropean All countries only uropean
combined countries combined countries
combined combined

[ Canagliflozin [0 Dapagliflozin Empagliflozin

*Drata shown are for all-cause death; data for HHF or all-cause death are similar
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- HHF Primary Analysis

Database N # of events HR (95% CI)
Us 233,798 298 —.— 0.55(0.44, 0.69)
Norway 25,050 278 —— 0.62(0.49, 0.79)
Denmark 18,468 167 —— 0.77(059, 1.01)

P-value for
Sweden 18378 191 —a— 0.61(0.45, 0.82) SGLTZ2i vs oGLD: <0.001
UK 10462 16 k = i 0.36(0.12,1.13)

: Heterogeneity p-value: 0.17
Germany 2900 11 b = 4 0.14(0.03, 0.68)

I Total 309,056 961 - . 0.61(0.51,0.73) I
Favor SGLT2i : Favor oGLD

Hazard Ratio: 0.05 010 025 050 100 200

Data are on treatment, unadjusted; oGLD=other glucose-lowering drug; HR=hazard ratio
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- All-Cause Death

Database N # of events HR (95% CI)

us 143,264 250 —_—— 0.38(0.29,0.50)

Norway 25,050 364 —.— 0.55 (0.44, 0.68)

Denmark 18,468 323 —— 0.46 (0.37,0.57) P-value for

: SGLT2i vs oGLD: <0.001

sweden 18,378 317 —E— 0.47 (0.37,0.60)

UK 10,462 80 -—-—i—u 0.73(0.47,1.15) Heterogeneity p-value: 0.09
I Total 215,622 1334 - 0.49 (0.41,0.57)

Favor SGLTZ2i = E + Favor oGLD
Hazard Ratio: 0.25 0.50 1.00 2.00

Data are on treatment, unadjusted; oGLD=other glucose-lowering drug; HR=hazard ratio
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Conclusions

= In a large real-world study across six countries and a broad population of patients
with Type 2 diabetes, treatment with SGLT-2i versus oGLDs was associated with marked
reductions in:

— Hospitalization for heart failure
— All-cause death

— Hospitalization for heart failure or all-cause death




Renal Benefit of SGLT2 Inhibitors?



EMPA-REG Outcome Trial

e Assessment of renal outcome was pre-specified
objective

e Main renal outcomes

— Incident or worsening nephropathy defined as:
e Doubling of serum Cr with eGFR < 45 ml/min/1.73m2 or
* |nitiation of renal replacement therapy or
e Death due to renal disease



INncident or worsening nephropathy

30+ Ermpagliflozin 10 mg Empagliflozin 25 mg
HRE 0.41 HR 0.51
25 o (95% C10.53, 0.72) (5% CI1 0.52, 0.71) Placebo

p<0.001 p<0.001

Empaglifiozin 25 mg
20 =

Empagliflozin 10 mg

15=

104

Cumulative probabily of event (%)

0 =
T T T T T T T T 1
O & 12 18 24 30 36 42 45
Maonths
MNo. of patients
Empagliflozin 10 mg 2055 1291 1912 1825 1571 1122 P22 293 136
Empagliflozin 25 mg 2069 2003 1934 1844 1400 1157 P65 &26 154
Placebo 2061 1744 1834 1703 1433 1014 833 521 104

FKaplan-Meier estimate. Hozard ratios based on pre-specified Cox regraession andlyses.

For Reactive Use and Distribution

[



Doubling of serum creatinine™, initiation of renal
replacement therapy, or death due to renal disease

HR 0.54
(95% CI1 0.40, 0.75)

7 p<0.001

B

T &=

£

@ Placebo

S 54

£

3 -

[=]

g 3.

@ Ermpaglifliozin

=

= t

=]

E

=

(] ] =

o- ==
Ll L L L L] L] L] L L}
] & 12 18 24 30 346 42 45
Months

MNo. of patients
Empaglifiozin 44645 4500 A37T7 4241 372 2715 2280 1496 360
Placebo 2323 2229 21446 2047 1771 128% 1079 &80 144

“Accompanied by eGFR [MDRD} =45 mL/min/1.73m?=.
Post-hoc analyses. Kaplan-Msier sstimate. Hazard ratio based on Cox regression andlyses.
For Reactive Use and Distribution



Adverse Effects of SGLT-2 Inhibitors

* Genital Mycotic Infection (Yeast infections)
— Empa-reg study: 6.5% developed vs. 1.8% placebo
— Rare cause of discontinuation (0.8%)
— Avoid use in patients with recurrent yeast infections
— Treat if necessary

* Hypotension

— Avoid use in patients with low blood pressure or tendency for volume
depletion

— Counsel patients to stay well hydrated
e LDL-C
— Small increases in LDL-C have been observed



Safety Considerations SGLT-2 Inhibitors

* Renal Impairment
— Monitor renal function
— Dapaglifozin — Avoid use if eGFR < 60 mL/min/1.73 m?
— Canaglifozin — Avoid if eGFR < 45 mL/min/1.73 m?
— Empagliflozin — Avoid if eGFR < 45 mL/min/1.73 m?

e Bone fractures

— Increased incidence of bone fractures in canagliflozin and
dapaglifozin clinic trials

— Canagliflozin labeling includes specific warning about bone
fractures



Safety Considerations SGLT-2 Inhibitors

* DKA

— Potentially increased risk of diabetic ketoacidosis in patients
with insulin deficiency and/or those undergoing acute
metabolic stress

* Bladder cancer
— Increased incidence of bladder cancers in patients receiving
dapagliflozin

— Dapagliflozin l[abeling recommends not using in patients with
active bladder cancer and should be used with caution in
patients with a history of bladder cancer



Key Points

Once daily, oral therapy
Clinically significant A1C reductions (~1%)

— Increased reduction in more uncontrolled DM
Significant weight loss
Blood pressure improvements

Empagliflozin has FDA approval for CV death prevention
— Class effect????



Key Points

Low risk hypoglycemia
— Consider reduction of dose of SU or insulin if used in combination
Complementary mechanism of action with many drugs

Very well tolerated

— Increased risk of GU infections: Don’t use if already an issue
* Treat if needed

Avoid use if GFR <45
— Or if eGFR < 60 for dapaglifozin

Potential renal protection??



Case 1l

52 year old man here for follow-up of Type 2 DM. His diabetes was
diagnosed 4 years ago. Al1Cis 7.2%.

Medications:

— Metformin 1000 mg PO BID

— Atorvastatin 20 mg QD

— Lisinopril 10 mg PO QD

— ASA 81 mg PO QD

For the last 3 months, he has been working on improving diet and
Increasing exercise.

No history of pancreatitis . No personal or family history of
medullary thyroid cancer. No recurrent yeast infections.



Case 1l

PMH:

— DM?2

— HTN

— Mixed hyperlipidemia

— Obesity (BMI 32)

— CAD s/p stent 2 years ago

BP 130/75

Normal BMP. Lipids at goal.

Eye exam and vaccinations up-to-date

Sensation to monofilament decreased on diabetic foot exam



Case 1l

 What is next best step in his diabetes management?
A. No change in medication. A1C at goal.
B. Add sulfonylurea (e.g., glipizide)
C. Add SGLT-2 Inhibitor
D. Add DPP-4 Inhibitor
E. Add GLP-1 Receptor Agonist



Case 1l

 What is next best step in his diabetes management?
A. No change in medication. A1C at goal.
B. Add sulfonylurea
— Likely my first choice in this patient

D. Add DPP-4 Inhibitor

— Great alternative



Case 2

47 year old woman with Type 2 DM.

A1C is 6.9%, however, she reports frequent low blood glucose
levels (40’s-50’s mg/dL) in the afternoon associated with missed
meals at work. No lows overnight or in the morning.

She is also very frustrated with her weight. Trying to follow a low
carb diet with reduced portion sizes but has only lost 2 Ibs over
last 3 months.

No history of pancreatitis. No personal or family history of
medullary thyroid cancer. No history of yeast infections.



Case 2

 Medications:
— Metformin 500 mg PO BID
— Lantus 10 units SQ QHS
— Glimepiride 1 mg PO QD
— Atorvastatin 10 mg PO QD
— Losartan 100 mg PO QD
— ASA 81 mg PO QD



Case 2

PMH:

— DM2

— HTN

— Mixed HLD

— Diabetic kidney disease

BMI 34
eGFR 40
BP:116/65

Recent normal eye exam, up-to-date on vaccinations, normal
diabetic foot exam



Case 2

 What would you do for this individual?

A.

mooOw

No change. A1C is at goal.

Stop glimepiride.

Stop glimepiride. Add GLP-1 receptor agonist
Stop glimeperide. Add DPP-4 Inhibitor

Stop glimeperide. Add SGLT-2 Inhibitor



Case 2

 What would you do for this individual?

A.
B.

No change. A1C is at goal.
Stop glimepiride.

Stop glimeperide. Add DPP-4 Inhibitor
Stop glimeperide. Add SGLT-2 Inhibitor



Case 3

69 year old man here for follow-up of Type 2 DM. A1C 8.4%.

Medications:

— Metformin 1000 mg PO BID

— Rosuvastatin 10 mg PO BID

— ASA 81 mg PO BID

— Lisinopril 20 mg PO QD
He reports a needle phobia and does not want any type of injectable
therapy.

He lives alone.

Previously had lower A1C on SU, however, due to recurrent hypoglycemia
the SU was discontinued. He reports irregular eating schedule.



Case 3

* No history of pancreatitis. No personal or family history of
medullary thyroid cancer. No history of yeast infections.

* PMH:
— DM2
— Non-proliferative diabetic retinopathy
— Peripheral neuropathy
— Mixed HLD
— HTN
— OSA on CPAP
— CAD s/p CABG



Case 3

BP 140/80

BMI: 42

Normal BMP. Lipids at goal.

Up-to-date on eye exam and vaccinations



Case 3

 What would you offer this patient?

A.
B. Start GLP-1 Agonist
C.
D
E.

Restart SU at lower dose

Start DPP-4 Inhibitor

. Start SGLT-2 Inhibitor

Start a SGLT-2 and DPP-4 Inhibitor



Case 3

 What would you offer this patient?

A.
B. Start GLP-1 Agonist
C.

D. Start SGLT-2 Inhibitor

Restart SU at lower dose

Start DPP-4 Inhibitor



Summary

Goal A1C< 6.5%, but need to individualize
Achieving goal reduces complications

Metformin first line
2" line: GLP-1 RA, SGLT2i, DPPA4i



Summary

GLP-1 Receptor Agonist

Promote weight loss
Reduce BP

Low risk hypoglycemia
Cardiac benefits?

SGLT-2 Inhibitor

Promote weight loss
Reduce BP

Low risk hypoglycemia
Cardiac death reduction

Renal protection?



