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Lo que aprenderemos hoy

» 5Qué es el efecto incretina y cudles son los mecanismos
fisiopatoldgicos involucrados?

» 5Cudles son los farmacos incretinomimeéticos y sus caracteristicas
farmacologicas?

» 5Cudles son las principales indicaciones, contraindicaciones vy
efectos adversose

» Efectos farmacologicos de la inhibicion SGLT-2
» Efectos glicémicos
» Efectos extragliceémicos

» Proteccion rendl

» Efectos adversos



INTRODUCCION

LA DIABETES ES UNA EPIDEMIA MUNDIAL

A 48% A

425mﬂlion
2017

~

Diabetes by age (20-79 years)

2045
2017
327 million 38 million
20-64 years 20-64 years

Atlas IDF, 2017

Su prevalencia se ha cuadruplicado desde los afios 80 (ows, 2016);




INTRODUCCION

4‘2 2 MILLION

adults have diabetes

L)

OMS, 2016
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A 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

9. Immune 4&’ FINAL COMMON

dysregulation/
inflammation

4 Amylin

10. Stomach/\ \

1. Pancreatic B-Cells
J; B-Cell function
<4 B-Cell mass

¥ Insulin
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HYPERGLYCEMIA

small intestine ———
Increased rate of (; Upregulation of SGL]'~2l T
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11. Kidney
s& reabsorption

7. Brain
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6. Liver
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5. Muscle
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peripheral muscle
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% 4. Adipose
4 Increased lipolysis

Diabetes Care Volume 39, February 2016
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EFECTO INCRETINA

* Fendmeno fisioldgico: mayor liberacion de insulina secundario a
la ingesta de glucosa via oral en relacién a la endovenosa.
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e 70% secrecion insulina postprandial.

* Fundamental en la homeostasis de la glucosa postprandial.




HORMONAS INCRETINAS

Proglucagon

g

Post-translational processing liberstes

GLP-1 in gut endocrine L cells and neurens
DRIV

1 l GLP-1( 7-37) amida
HARITITAOVSSYLEGQAARRY IAVLVEGR  QLP-1(7-36)anide
YARTFIAOY S TAMDEIHQQOI VIWLLAQRGEXNDNIUSNITUREARALE  GIP

]

Post-trunsiational processing liberates
GIP in gut endocrine K cells

ProGIP

Hormonas peptidicas secretadas a nivel intestinal.
Miembros de la superfamilia de péptido glucagdn.
GIP: gastric inhibitory polypeptide.

GLP-1: glucagdn like peptide 1.

Meier, 1. Nat Rev Endocrinol. 8, 278-742(2012) Drucker DJ. Diabetes Care 26:2929-2940, 2003



HORMONAS INCRETINAS

TRACTO GASTROINTESTINAL

Células L

3 —
Apéndice- ‘ : ’ ‘
Recto—— \
|
|

Adaptado del texto Meier, JJ. Nat Rev Endocrinol. 8, 278-742(2012)




HORMONAS INCRETINAS

~_ Bone
R

4 Bone
formation

!

GIP

Pancreas

A Insulin

A Fat
accumulation

(

Adipose
tissue

< 4 Glucagon
¥ B-cell apoptosis
4 B-cell proliferation

Gl \\
tract

¥ Gastric acid
secretion

Journal of Diabetes Investigation, 2010; 1: 8-23



Células B pancreas

Células a pancreas

T. gastrointestinal

Cerebro

Secrecion insulina glucosa dep

Inhibe secrecion glucagon

Retrasa vaciamiento gastrico

Estimula saciedad HT y TE

Natriuresis, SRAA?

Cardioprotectores

Nat Rev Endocrinel, 2018. hitps://doi.org/10.1038/541574-018-0016-2)




INHIBIDORES DPP-4



FARMACODINAMIA

Alogliptina > 14.000 2-3 veces Renal
Linagliptina > 10.000 2-3 veces Entero-hepatica

tica
sitagliptina,
Linagliptina vildagliptina,
saxagliptina.
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EFICACIA GLICEMICA

Eficacia similar =2 modesto

No hay estudio a largo plazo (hasta 2-3 afios)

Meta-analisis versus placebo:

— Sitagliptina: Alc (%) -0,74 (95% CI -0,84 a — 0,53)

— Vildagliptina: Alc (%) -y -0,73 (95% Cl - 0,92 a—0,52)

Eficacia similar como monoterapia o adicionado a otro

No inferioridad: sitagliptina vs glipizide vy vildagliptina vs
tiazolidinedionas

No inferioridad no demostrada para vildagliptina vs metformina.

Efectos glicemia:
— Ayuno—18 mg/dl (- 14 a— 22 mg/dl)

— Efectos significativos en reduccidn glicemia post prandial.




REACCIONES ADVERSAS

Hipoglicemia

RR 0.97 (95% Cl) 0,5-1.86

ITU Cefalea
RR 1.52 (95% Cl) 1.04-2.21 RR 1.38 (95% Cl) 1.10-1.72

Pancreatitis




ANALOGOS
RECEPTOR GLP-1



GLP-1

Estimulado por ingesta de glucosa o comida mixta.
Vida media muy corta 2-3 min (degradacion por DPP-4).
Forma nativa no es alternativa para tratamiento DM2.

2 formas circulantes: GLP-1 (; 36) 5 mida. GLP-1 (7.37) amida.

Native human GLP1 (3.3 kDa)

Exendina-4
50% aa GLP-1 mamiferos

Activa GLP-1 misma potencia

U CPP4 recognition site
v

Alteracion secuencia
aminoacidos GLP-1 nativo
para evitar degradacion DPP4.

Pharm & Theraputics, 2017; 170: 116-147 Nat Rev Endocrinol, 2018. https://doi.org/10.1038/s41574-018-0016-2)



ALTERACIONES EN DM2

Menor secrecion de insulina en respuesta a glucosa oral
Pérdida de |la respuesta bifasica insulina.

Menor velocidad respuesta insulinica post comidas.
Hiperglucagonemia

Pérdida de la respuesta contrarregulacion ante hipoglicemia.

Menor contenido de insulina en células B pancreaticas.

(cers

N D )

Incremento apoptosis células B.

Mayor ingesta/obesidad

Alteraciones vaciamiento gastrico?

Meier, JJ. Nat Rev Endocrinol. 8, 278-742{2012)




CLASIFICACION DE AGONISTA GLP-

’ RENAL ‘ exenatide
Corta s
duracion ~. - .
‘ lixisenatide

/

albiglutide

exenatide LAR

N Accion . .
' i : : liraglutide
\ WU prolongada |

dulaglutide

semaglutide




EFECTOS PLEIOTROPICOS AGONISTAS

GLP-1

Muscle
T Glycogen synthesis

T Glucose oxidation [

Kidney &

T Natriuresis

Adipose tissue (_ ;’ ,
T Lipolysis e
T Glucose uptakeL

:{P\ |7
Heart "J(-'\

1 Blood pressure ‘ ," &‘

,——————— THeartrate
T Myocardial contractility

T Diastolic function
T Cardioprotection
T Endothelial function

Gastrointestinal tract
1 Gastric emptying £

1 Acid secretion
Pancreas o e

-~

= = 4 ’
T Insulin secretion | 7~~~

et

1 Glucagon secretion

T B-cell proliferation

GLP1RAs Physiological levels of GLP1 Pre-clinical studies

Nat Rev Endocrinol.2018 https://doi.org/10.1038/541574-018-0016-2)



EFECTOS INSULINOTROPICOS AGONISTAS
GLP-1

* Reduccion glicemia ayuno

— Inhibicidon de las células a (hipoglucagonemia)

— Estimulacion de las B pancréaticas (insulinotrdpico)
* Reduccion glicemia postprandial
— Disminucion velocidad vaciamiento gastrico
— Retraso entradas de glucosa en el torrente sanguineo

— Efecto insulinotrépico (menor)




Pefia=—N
Short-acting GLP-1 =G
receptor agonists ‘] N
&\_ } Appetite

o

Long-acting GLP-1
receptor agonists

=/ Syringe
or pen /

 Transpyloric \ Syrirge

flow

= | s "5
_— , RO
& T it Y

{ Giucagon
t Insulin

P Y  Insulin
{ Intestinal ,*
glucose '’
absorption

¢ Glucagon

Los mecanismos
de accidon son
~__ diferentes

Meier, JJ. Nat Rev Endocrinol. 8, 278-742(2012)




Parameters

Compounds

Half-life

Effects

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

Gastric emplying rate

Blood pressure

Heart rate

Body weight reduction

Induction of nausea

Abbreviations: GLP-1, glucagon-like peptide 1; LAR, long-acting release.

Short-acting GLP-1
receptor agonists

e e S e
LSS A L L

Lixisenatide

Modest reduction
Strong reduction
Modest stimulation
Reduction
Reduction
Deceleration
Reduction

No effect or small
increase (0—-2bpm)

1-5kg

20-50%, attenuates
slowly (weeks to
many months)

EFECTOS FARMACOLOGICOS

Table 1 | Comparison of short-acting versus long-acting

Long-acting GLP-1
receptor agonists

m

Dulglutide
Exenatide-LAR
Liraglutide

12 h-several days

Strong reduction

Modest reduction
Strong stimulation

Modest stimulation

Reduction

Moderate increase
(2-5bpm)

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

GLP-1 receptor agonists



EFICACIA CONTROL GLICEMICO

GETGOAL-X LEAD-6 DURAT!ON-I-J DURATION-5 = DURATION-6 = HARMONY 7 AWARD-1 AWARD-6 SUSTAIN-3 SUSTAIN-7
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[] Lixisenatide [ Exenatide once weekly [ Dulaglutide




PERDIDA DE PESO
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B Exenatide twice daily ) Liraglutide [ Albiglutide B Semaglutide ‘

| Lixisenatide [ Exenatide once weekly [ Dulaglutide




Lraglutide Placebo
(N=4668) (N=4672)

no. of patients (%)

Efectos adversos | e

Any adverse event 2909 (62.3) 2819 (60.8)
d .t Senous adverse event 2320 (45.7) 2354 (50.4)
e SC r I O S Confirmed hypogly ce miaf 2039 (43.7) 2130 (45.6)
Severe adverse event 1502 (322) 1533 (32.3)

Segu i m ie ntO SV i yenk] 114 24) 153 (33)

Acute gallstone disease 145 (3.1) 90(19)

- Choletithiass il 0Ll
eStUd IO LEADER Acute chdecystitis 36 (038) 21 (04)
Hy pothyroidism 44 (09) 33(07)
Hy perthyroidism 13 (03) 3(02)

Dabetic foot ulcer 181 (359) 198 (42)
Allergic reaction 59 (13) 44 (09)

Injection-site maction 32(07) 12 (03)

Adverse event leading to permanent discontinuation
oftral mgimen

Any adve rse event 444 (95) 339(73)
Senous adverse event 192 (4.1) 245 (5.2)
——ere e e sunnt 164 (3 8 18R /40
Nausea 77 (16) 18(04)

Vomiting 31(0.7) 2(<0.1)
Diarrhea 27 (06) 5(0.1)

Increased lipase leweld 15(03) 11(02)
Abdominal pain 11 (0.2) J0l1)
_Decmased arretite 1102 24013

Abdominal discomdort 10 (0.2) 0

Pancreatitis or neoplasmi
Acute pancreatitis 18(04) 23(05)
Chronic pancreatitis 0 2(<0.1)

Any benign neoplasm 168 (3.6) 145(3.1)

Any malignant neoplasm 29 (63) 279 (60)
Pancreatic carcinoma 13(03) 5(01)

Medullary thyroid carcinoma 0 1(<0.1)




SEGURIDAD CARVIOVASCULAR

Compound Trial name Monthand n Median  Exposure to Risk factors at baseline Effect on
year of follow-up trial drug during
completion (months) follow-up period

primary
Age Hbds, 8:’3 composite

patients) cardiovascular

end point (HR;
Q5% Cl

Lixisenatide ELIXA" Feb 2015 / * Lixisenatide: 690  « Lixisenatide: 7. 100 1.02;0.89-1.17
days 59.9
*TiaCeDOl T 12 CaVys *Triaceno; OU.0
Liraglutide ~ LEADER™ * Liraglutide:84%  * Liraglutide: k X 0.89:0.78-0.97
* Placebo: 83% 64.2
* Placebo: 64.4

Semaglutide SUSTAIN-6" Mar 2016 * Semaglutide * Semaglutide 8. y 0.74;0.58-0.95

i.{\rnrg. 58% }.{}nrg. 47

* Semaglutide * Semaglutide
0.5mg: 85% 0.5mq: 64.6

*Placebo 1.0mq:  *Placebo
90% 10mq: 644

*Placebo 0.5mg:  *Placebo
90% 05 mg: 64.8

ITCA 650 FREEDOM-CVO" May2016 : ‘ NA NA Noninferiority
comparedwith
placebo

Exenatide  EXSCEL" May2017 *Exenatide once  * Exenatide { ; 0.91;0.83-1.00
once weekly weekly: 76% once weekly:
* Placebo: 15% 6.0
*Placebo: 62.0




CONTRAINDICACIONES

Cancer células C tiroides
Cancer neuroendocrinos
Patologia gastro-intestinales severas

Gastroparesia

ERC etapa IV-V (accidn corta).

Pancreatitis

Patologia biliar litiasica

Diabetes Care. https://doi.org/10.2337/dci18-0033



NIVEL SATISFACCION PACIENTES

«Jer

Medical

DTSQ

Diabetes Treatment Satisfaction
Questionnaire

Exenatide qw vs bid
Liraglutide vs Exe bid
No lira vs dula

b 4

Menor frec. inyecciones
conveniencia
Flexibilidad
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semaglutice

Subrimansous use




Entonces...
¢ Cuando los
indicamos?




GLUCOSE-LOWERING MEDICATION IN TYPE Z DIABETES: OVERALL APPROACH

FIRST-LINE THERAPY IS METFORMIN AND COMPREHENSIVE LIFESTYLE (INCLUBING WEIGHT MANAGEMENT AND PHYSICAL ACTIVITY)
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AIC is greater than or equal t0 10% blood glucose i greater than or equal to 300 ma/dL,
or patient is markealy symntomatic, consider Combination Injectable Therapy (See Fiqure 8.2),

Initiate Basal Iinsulin
Usually with metformin +/- other noninsulin agent

A1 not comtroli=d If A1C not controlliec
advance to basal-bolus acivance to 3rd injection

\ | \




INHIBIDORES DE
SGLT-2



‘_\_I 180 | per day at

(3]
A _’/- |
/7 i‘\‘?\g

1,000 mg perl
= 180 g per day

Collecting —|-
duct

eo'eo 1 |
o ¥ e 3=
®80-90% @ -20% g

No glucose

Nature Reviews Nephrology 13, 11-26



SGLT-2: DIABETICOS V/S NO
DIABETICOS

La capacidad maxima de
reabsorcion tubular de glucosa
estd incrementada en paciente

diabéticos

Without diabetes Type 2 diabetes
180 mg/dL 240 mg/dL

El nivel de glicemia umbral para
aparicion de glucosuria esta
aumentado en pacientes

0 100 150 200 diabéticos
Plasma Glucose, mg/dL
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RT = renal threshold.
Nair S, Wilding JP. J Clin Endocrinol Metab. 2010;95:34-4215; Abdul-Ghani MA,
DeFronzo RA. Endocr Pract. 2008;14:782-790.11°




INHIBIDOR DE SGLT-2

e Disminucion de la capacidad maxima de
reabsorcion tubular de glucosa

* Disminucion del umbral de glucosuria

* Aumento de natriuresis

* Aumento de actividad de SGLT1 distal (30-35%)

* Efecto independiente del nivel de glicemia

* Efecto insulino-independiente

* Pérdida de glucosa equivalente a 250 — 450 kcal/d
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Nair S, Wilding JP. J Clin Endocrinol Metab. 2010;95:34-42!¢]; Abdul-Ghani MA, et al. Endocr
Pract. 2008;14:782-790!1%: Chao EC, et al. Nat Rev Drug Discov. 2010;9:551-559.[11]




POTENCIA RHIPOGLICEMIANTE

Bode 2013 031
Forst 2074 Q8d)
Goruging X 4 D63

Iragak; 2013
Rosensiock 2012 D82, 0A8)
S . 136, 0 .98)
) - e E ]
Baley 201 )80 (+1.08, 051)
Bokndw 20132 DAZ (081,033
Cetal 2008 )40, 0 52) 25

Feeman 2010 195, 0.37)
Jatsour 20 My
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EFECTO HIPOGLICEMIANTE
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INHIBIDOR DE SGLT-2

Efecto en glicemia de
ayuno y postprandial

Efecto Independiente de:
Glicemia previa (Alc)

Peso

Secrecion de insulina
Resistencia a la insulina
Presencia de otros HGO

Dependiente de GFR




SGLT2-i versus metformin
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INHIBIDORES DE SGLT-2

Equivalente a Metformina
como monoterapia

Superior a iDPP4 y SU

Eficacia demostrada como
biterapia asociado a

metformina

Eficacia demostrada como
triterapia asociado a
iDPP4/SU + MTF

asociado a insulina




EFECTOS METABOLICOS
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CAMBIOS EN PESO
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CAMBIOS EN PESO

- Placebo + Metformin - Dapaglifiozin 10 mg + Metformin
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CAMBIOS EN PESO
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Zaccardi F et al. Diabetes, Obesity and Metabolism 18: 783—-794, 2016
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PERFIL LIPIDICO
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PRESION ARTERIAL

Systolic blood pressure
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EFECTOS RENALES

a Normal TGF b Diabetes ¢ Diabetes and SGLT2-inhibition
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INHIBIDORES SGLT-2 Y ALBUMINURIA

Urinary Albumin-to-Creatinine Ratio Median Baseline
Canagliflozin Placebo
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INHIBIDOR DE SGLT-2 Y EFECTO EN VFG
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INRHIBIDOR DE SGLT-2 Y EFECTO EN VFG
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D Composite of 409 Reduction in eGFR, Requirement for Renal-Replacement Therapy,
or Death from Renal Causes
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Cumulative probability of event

HR 0-53 (95% Cl 0-43-0-66; p<0-0001)
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Estudio CREDENCE

* Primer y Unico estudio publicado a |la fecha, con
diseno para busqueda de efectos renales con iSGLT-

2 (canagliflozina)
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Renal-Specific Composite Outcome
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INHIBIDORES SGLT-2: RESUMEN
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EFECTOS ADVERSOS ISGLT-2

Infeccion urinaria

Infeccion genital micdtica
Deplecion de volumen —Hipotension
Hipoglicemia

CAD

Amputaciones / Fracturase

Litiasis
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