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THE GLUCOSE - INSULIN SYSTEM
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Type 2 Diabetes Mellitus: Pathophysiology
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De Fronzo RA et al, Diabetes 2009; 58: 773-795



The Relationship between
Insulin Sensitivity and Beta-cell Secretion is Hyperbolic

The product  insulin
sensitivity x beta-cell h
function tends to remain 5 r=-0.62

CONSTANT Iin normal h F < 0.0001
subjects (*). ]

hyperbola
The relationship between
insulin  sensifivity and
beta-cell function is thus
hyperbolic.

Insulin Sansitivity Index (x10* min/pM)

(*) Kahn et al. - Diabetes, 1993



Bad tolerance: need for therapy
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Aim of Therapy of Type 2 Diabetes

The aim of therapy is to move patients from the bad tolerance region to the good one
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Type 2 Diabetes mellitus: Drug Treatment
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Diabetologia 2015;58:429-442

Healthy eating, weight control, increased physical activity and diabetes education
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1. EFFE
2. EFFE

Analoghi GLP-1 ed
Inibitori SGLT-2

O SUI FATTORI DI RISCHIO CARDIOVASCOLARI
O SULLA MORTALITA CARDIOVASCOLARE

3. EFFETTO POTENZIALE NEFROPROTETTIVO
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Secher A et al, J Clin Invest, 2014




SGLT2 inhibitors can reduce CV risk factors

The potential
CV effects
of SGLT2
inhibitors

J Albuminuria @

1. Inzucchi SE, et al. Diab Vasc Dis Res. 2015;12:90-100. 2. Majewski C et al. Diabetes Care.

2015;38:429-430. 3. Cherney DZ et al. Cardiovascular Diabetology. 2014,13:28-36.
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Recent frials of newer glucose-lowering agents

have been neviral on the primary CV ouvicome

HR: 0.98
SAVOR-TIMI 53 eos
HR: 0.96

E 2014 20)5

HR: 1.0

(95% Cl: 0.89, 1.12)

HR: 1.02
(95% CI: 0.89, 1.17)

| | DPP-4inhibitors*
W] Lisenatide
- Empagliflozin

From: hitps://s3-eu-west-1.amazonaws.com/mevents/easd/empa-reg-slide-kit.ppix

EMPA-REG OUTCOME®

CV, cardiovascular; HR, hazard ratio; DPP-4, dipeptidyl peptidase-4

*Saxagliptin, alogliptin, sitagliptin. Adapted from Johansen OE. World J Diabetes 2015;6:1092-96



https://s3-eu-west-1.amazonaws.com/mevents/easd/empa-reg-slide-kit.pptx

Nuovi Farmaci per la Terapia del Diabete Mellito di Tipo 2
| Trials sugli Effetti Cardiovascolari: 2008-2016

1. INIBITORI DPP-4

2. ANALOGHI RECETTORIALI DEL GLP-1
ELIXA, LEADER, SUSTAIN-6, REWIND

3. INIBITORI SGLT-2

CANVAS, DECLARE




EMPA-REG primary outcome: 3-point MACE

HR 0.86
(95.02% 0.74, 0.99)
p=0.0191*
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Months
Mo, of patients
Empaglifiozin 44687 4580 3851
Flacebo 2333 2254 1875

Cumulative incidence function. MACE, Major Adverse Cardiovascular Event; HR, hazard ratio.
* Two-sided tests for superiority were conducted (statistical significance was indicated if p<0.0498)

From: hitps://s3-eu-west-1.amazonaws.com/mevents/easd/empa-reg-slide-kit.



https://s3-eu-west-1.amazonaws.com/mevents/easd/empa-reg-slide-kit.pptx

EMPA-REG: CV death

HR 0.62
(95% C10.49, 0.77)
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Cumulative incidence function. HR, hazard ratio

From: hitps://s3-eu-west-1.amazonaws.com/mevents/easd/empa-reg-slide-kit.ppix



https://s3-eu-west-1.amazonaws.com/mevents/easd/empa-reg-slide-kit.pptx

EMPA-REG: all-cause mortality

HR 0.68
(95% C1 0.57, 0.82)

p<0.0001 HR 0.68

(95% C10.57, 0.82)
p<0.0001

vent

its with &

Pafien

Months
Mo, af patients

Empagliflozin 4487 4128 079
Placebao 2333 2012 1503

Kaplan-Meier estimate. HR, hazard ratio

From: hitps://s3-eu-west-1.amazonaws.com/mevents/easd/empa-reg-slide-kit.



https://s3-eu-west-1.amazonaws.com/mevents/easd/empa-reg-slide-kit.pptx

Nuovi Farmaci per la Terapia del Diabete Mellito di Tipo 2
| Trials sugli Effetti Cardiovascolari: 2008-2016

1. INIBITORI DPP-4

2. ANALOGHI RECETTORIALI DEL GLP-1

3. INIBITORI SGLT-2
EMPA-REG, CANVAS, DECLARE
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Marso et al, New Engl J Med, 2016




A Glycated Hemoglobin

Mean Glycated Hemoglobin
Mean Glycated Hemoglobin
{mmaol fmol)

30
Weeks since Randomization

B Body Weight

935

24

Sernaglutide, 0.5 mg

Semaglutide, 1.0 mg

Mean Body Weight (kg)

36 68

Weeks since Randomization

Marso et al, N Engl J Med, 2016
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Marso et al, N Engl J Med, 2016




Stratum (Dula/Comparators) Hazard Ratio and 38.02% CL

Phase I trials (172)

AWARD-1_AWARD-S (/&)

AWARD-1 (5/2)

AWARD-2 (5/5)

AWARD-4 (5/8)

Overall [26125)

0.1 10

Favors Dulaglutide Favors Comparators

Ferdinand, Cardiovascular Diabetol, 2016
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Ferdinand, Cardiovascular Diabetol, 2016




Nuovi Farmaci per la Terapia del Diabete Mellito di Tipo 2:
Analisi degli Effetti sul Rene

1. INIBITORI DPP-4

2. ANALOGHI RECETTORIALI DEL GLP-1
ELIXA, LEADER, SUSTAIN-6, REWIND

3. INIBITORI SGLT-2

CEMPA-REGY CANVAS, DECLARE




Possible mechanism for SGLT2-i nephroprotection

Tubuloglomerular feedback and sodium-glucose cotransporter-2 inhibition’

Diabetes Diabetes after freatment with
Normal physiology Hyperfiltration in early SGLT2 inhibition
stages of diabetic Reduction of hyperfiltration via
nephropathy TGF

Normal TGF Impaired TGF (c) Restored TGF

O ©

Elevated Hormallzation
Approprlate GFR Dedreaded Afferent of GFR Dedreased

afferent Na* dellver arterinle Ha* dellver
arterlole io maduola Condtrudtlon to madula
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- r ] Incireased
Na‘/glodode > Nat/giudode
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Glodosurla

Taken from Skrtic M, et al. 2015.

FR=glomerular filtration rate; SGLT2=sodium-glucose transporter-2; TGF=tubuloglomerular feedback.
1. Skrtic M et al. Curr Opin Nephrol Hypertens. 2015, 24:96—-103




A Incident or Worsening Nephropathy
100

Hazard ratio, 0,61 {95% CI, 0.53=0.70)
P=0.001

Empaglifozin: Incident or Worsening Nephropathy

Wanner, New Engl J Med, 2016

Cumulative Probability
of Event (25)

Mo. at Risk
Empagliflozin = 4124 3994
Placebo 2061 1946

B Post Hoc Renal Composite Outcome
100

50

Hazard ratio, 0.54 (95% Cl, 0.40-0.75)
P=0.001

i
Placebo—
;

-

of Event (%)

. --E;?'I_pa ,ql iflozin

Cumulative Probability

Mo. at Risk
Empagliflozin 4645 3 377 4241 3729 2715 228 1496 360
Placebo 2323 214¢ 2047 77 | 1079 &R0 144




A Change in eGFR ower 192 Wk

Empaglifozin: Renal Function over Time

Wanner, New Engl J Med, 2016

Adjusted Mean eGFR [mlfminfl.73 m?)
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Ethnicity and
Drug Efficacy



Ethnic Differences in the Relationship Between
Insulin Sensitivity and Insulin Response

DiaseTes CARE, vOLUME 30, June 2013 1789

M ETA-ANALYSIS

Ethnic Differences in the Relationship
Between Insulin Sensitivity and
Insulin Response

A systematic review and meta-analysis

/4 study cohorts comprising 3,813 individuals (19 African cohorts,
31 Caucasian, and 24 East Asian)



First phase insulin response in East Asians was much
lower than that of Africans and Caucasians in NGT
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Kodama K , et al. Diabetes Care. 2013;36(6):1789-86.




EMPA-REG: 3-point MACE: subgroup analysis

p-value
Empagliflozin Placebo HR (95% ClI) for interaction

All patients 4687 2333
Age, years 0.01
<65 2596 1297
>65 2091 1036
Sex 081
Male 3336 1680 |
Female 1351 653
Race 0.09
White
Asian
Black/African-American
HbAlc, % 0.01
<8.5 3212 1607
>8.5 1475 726
Body mass index, kg/m?2 064
<30 2279 1120
>30 2408 1213
eGFR, mL/min/1.73m?2 0.2(
>90 1050 488
60 to <90 2425 1238
<60 1212 607 |
0.25 0.50 1.00 2.00 4.00

Favours empagliflozin | Favours placebo

From: hitps://s3-eu-west-1.amazonaws.com/mevents/easd/empa-reg-slide-kit.pptx



https://s3-eu-west-1.amazonaws.com/mevents/easd/empa-reg-slide-kit.pptx

Conclusioni

1. INIBITORI DI DPP-4 SONO FARMACI SICURI DAL PUNTO DI VISTA CARDIOVASCOLARE E
RENALE, E SI SONO DIMOSTRATI EFFICACI NEL MIGLIORARE IL COMPENSO GLICEMICO;

2. SIA ANALOGHI RECETTORIALI DEL GLP-1 CHE INIBITORI DI SGLT-2 SI SONO DIMOSTRATI
EFFICACI| NEL RIDURRE LA MORTALITA CARDIOVASCOLARE, SEBBENE IL MECCANISMO
D'AZIONE PER SGLT-2I SIA ANCORA IN MASSIMA PARTE DA CHIARIRE;

3. GLI INIBITORI DI SGLT-2, HANNO DIMOSTRATO NUMERQSI ALTRI EFFETTI METABOLICI OLTRE
A QUELLI SULLA GLICEMIA (QUADRO LIPIDICO ED ACIDO URICO TRA | PRINCIPALI);

4. GLI INIBITORI DI SGLT-2 HANNO UN POTENZIALE EFFETTO NEFROPROTETTIVO:;
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ENDOTHELIAL
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Metformin, SGLT2-19,

Stage |-l CKD

eGFR 90-60
mi/min/1.73 m?

Mettormin®,
Pioglitazone®
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sulin’" SUs}
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e |nsyliph
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GLP-1RA/,
Insulin®

Stage Il CKD

eGFR 59-30
mi/min/1.73 m2

Metformin®,
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SLGT2-1%, GLP-
1RA!, DPP4-|2=
Gliclazide®, Insulin®

Metformin?, GLP-
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Gliclazide®

Insulin™
DPP4-l¢,
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DPP4-I4e,

GLP-1RA!,
Insulin®

Stage |V CKD

eGFR 29-15
mi/min/1,73 m2

Pioglitazone®,
DPP4-[2,
Insulin®

Pioglitazone?,

DPP4-I¢,
Insulin?

COP4-I2,
Insunn®

DPP4-I2,
Insulin®

Stage V CKD

eGFR <15
mil/min/1.73 m*

Pioglitazone?,
DPP4-I2,
Insulin?

Pioglitazone®,

DPP4-[2,
Insulin®

DPP4-12,
Insulin®

DPP4-12,
Insulin?

Evidence of efficacy

Evidence of safety

Avogaro et al, Cardiovasc. Diabetol., 2016
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