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Prevalent ESRD Cases, by Primary
Cause of ESRD, 1980-2012
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2014 Annual Data Report: Epidemiology of Kidney Disease in the United States.
National Institutes of Health, National Institute of Diabetes and Digestive and
Kidney Diseases, Bethesda, MD, 2014.



Anatomia y Fisiologia renal normal
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hiperglucemia

TVLEC hormonas
vasoreguladoras

I FG I AP y Qa

expansion

hiperfiltracion mesangial

compensadora de los
glomerulos supervivientes

glomeruloesclerosis

insuficiencia renal

hipertrofia

[ filtracion
protéica

albuminuria

Hostetter TH, Brenner BM
AJM 1982



Effects of normoglycemia induced by
artificial pancreas

n: 7 IDDM
Esmatjes E et al. Diabetes Care 1987;10:428-31



Inhibition of Renal Prostaglandin Synthesis
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ml/min/1.73m2

before (b) and after (a) LAS administration

7 1IDDM []/4 controls ( =)
Esmatjes E et al. JCEM;1985;60:1231-6



| hiperglucemia

— \

sistemas PGs
TVLEC > vasoconstrictores vasodilatadoras
renales
1EG IAP y Qa
expansion
hiperfiltracion mesangial

compensadora de los
glomerulos supervivientes

glomeruloesclerosis

insuficiencia renal

hipertrofia

[ filtracion
protéica

albuminuria

Esmatjes E et al.
JCEM;1985;60:1231-6

Esmatjes E et al.
Diabetes Care:;1987:10:428-31



prostaglandinas angiotensina
oxido nitrico sistema nervioso simpatico

kalicreina.... endotelina....

v v

vasodilatacion vasoconstriccion



Role of Angiotensin Il in the
Pathogenesis of Renal Disease

TGF-B

Prostaglandin
Hypertension Nitric oxide

- - Afferent
dilation

Efferent
constriction

lllll

Glomerular hypertension

Proteinuria
I \ 1 Extracellular matrix

Interstitial fibrosis

Focal segmental glomerulosclerosis <«



PROGRESSION OF NEPHROPATHY

IRMA 2

BENEDICT Ravid et al.
AD\_/g\NCEI gewsan et ?I
: t al.
Ravid et a gawa et a RENAAL
IDNT

DETAIL

| ||

Normoalbuminuria _ Macro

UAE pg/min <20 20 - 200 > 200

DM1 I ‘ |
- Viberti et al. Captoril Study
Parving et al
Mathiensen et al




NEPHROPROTECTION and
HYPOGLYCEMIC AGENTS

Drug

Indirect Nephroprotective Mechanisms
{Apart from Glveaemic Control)

Direct Renal Nephroprotective Mechanisms

Nephroprotective Effect in Clinical Studies

Insulin

Jinsulin sensitivity 1s associated with Trsk of albuminuna [13]

Indirect data from UKPDS study

Metformin

Reducing vascular dysfimetion and oxidative stress in rats [19-21] Cardiovascular benefit

Not done

Sulphonylureas

lprotemuria IN animal models: Improvement in histelogical glomerular lesions,
promotion of tubular reabsorption of some biomarkers by Lexpression of PKC-B,
PEA megalin and cubilin [23]

Mo effect on albunununa [24]

a-Glucosidase

inhibitors

Up-regulates GLP-1 preduction and IGF-1 in experimental models [26]

Not done

Metiglinides
(repaglinide)

No differences in albuminuria compared with
metformin or insulin [26]

Thiazolidine diones

Improving insulin sensitivity. Inhibition of TNF-u [34]
Improvement of metabolic sindrome and

roving histological lesions, decrease proteinuna and and restore podo. m
Improving & ' P podocyte cardiovascular nisk factors [29,30]

animal models [29-31]

Heterogeneus response in albuminuria

Benefit decreasing albuminuria in meta-analysis
Conflicting results

Small number of patients [33-37]

DPP-4 inhibitors

Ameliorating histological lesions in rats [33]
AIL-1p, JTNF-e, |Bid protein levels in experimental studies [60]

Sitagliptin decreases albuminuria after 6 moths
of treatment [63-67]

GLP-1R analogs

Ameliorated renal histological lesions in ammal models [74]
Promoting natriuresis acting in proximal tubule in humans [77] restoring
tubulo-glomerular feedback [81]

Peducing blood pressure and increasing
natrresis [78]

Exenatide reduces almminuria and TFG-p1 and
type IV cellagen excretion and
microalbuminuna compared to glimepiride in
patients with type 2 diabetes mellitus [68]

* linagliptina, seguro, efecto neutro sobre nefropatia

Gorriz JL et al. J. Clin.

Med. 2015



Feedback tubuloglomerular

FG FG
normal aumentado
Arteriola aoferente Arteriola aferente
tono normal vasodilatacion

T Na*/glucosa

reabsorcion

1CP
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Arteriola
eferente TCP

Arteriola
eferente

T
ke
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£
£
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T

Asa de Henle Asa de Henle

NORMAL DIABETES

TCP: Tubulo ContorneadoProximal
GL: Glomérulo MD: Macula densa

Adaptado de Cherney D et al. Circulation 2014;129:587



Hemodinamica Renal
Inhibicion de SGLT2



Hemodinamica Renal
Inhibicion de SGLT2

Inhibicion de SGLT2

Arteriola aferente

Arteriola
eferente

e Glucosa

TCP: Tubulo ContorneadoProximal
Asa deHenle GL: Glomérulo
MD: Macula densa




Hiperfiltracion glomerular
Empaglifozina

Diabetes tipo 1 no complicada:

200 -

172,0 .,
180 - Reduccion FG:

33 mI/min/1.73 m?

=

[@)]

o
|

o

N =

o o
| |

FG promedio (ml/min/1.73 m?)
S
S

890 B inicial

60 B empaglifozina
*p<0.0001

40 -

20 - NO

0 _ l

DMT1-H (Euglucemia)
Pacientes diabéticos tipo 1 con hiperfiltracion.

Promedio de FG registrado al inicio y después de 8 semanas con 25 mg de empagliflozina/24 h.

n: 27
Cherney D et al. Circulation 2014



La reduccion de la hiperfiltracion fue mediada por
efectos en el flujo sanguineo y la resistencia vascular
e Lareduccion del flujo sanguineo renal (FSR) y el aumento de la resistencia

vascular renal (RVR) tras el tratamiento con empagliflozina son consistentes con
vasoconstriccion de la arteriola aferente

Flujo sanguineo renal Resistencia vascular renal
™ Inicial m Empagliflozina W Inicial B Empagliflozina
1800 008 - *
1641 0,072

1600 - 0,07 |
€ 1400 - s
< £ 0,06 A
< 1200 - J
c & _
£ % 0,05
£ 1000 E
£ < 0,04 -
g 800 - 2
@ € 0,03
E 600 - s
sl o
o
< 400 € 0,02
w (s

200 0,01 A

0 - 0 A
FSR
. *p<0.01 o

. Pacientes con DM tipo 1 diabetes e hiperfiltracion al inicio. FSR y RVR registrados en

condiciones de euglucemia _ _
Cherney D et al. Circulation 2014



Presion intraglomerular
Empaglifozina

75

/\~6-8 mmHg

Hipertension intraglomerular

70 —

M inicial
B empaglifozina

*p<0.0001

Presién intraglomerular media, mmhg

DMT1-N DMT1-H

Presidon intraglomerular registrada antes y después de 8 semanas de tratamiento con Empagliflozina

DMT1-N, pacientes diabéticos tipo 1 con normofiltracion renal

DMT1-H, pacientes diabéticos tipo 1 con hiperfiltracion renal
n: 40
Skrtic M et al. Diabetologia 2014;57:2599



SGLT2 and Microalbuminuria

Barnert et al.
(2014)

Empagliflozin 25 mg
VS
placebo

WEETES

Change in albumin excretion rate

Difference

-184

Cefalu et al.
(2013)

Canagliflozin 100/300 mg vs
glimeperide

Kohan et al.
(2014)

Dapagliflozin 5/10 mg
VS
placebo

78.0/-11.7

8.3/-81.4

Yale et al.
(2014)

Canagliflozin 100/300 mg vs
placebo

-117/-96

-132/-111

Heersping et
al. (2016)

Dapagliflozin10 mg
VS
placebo




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Empagliflozin and Progression of Kidney
Disease in Type 2 Diabetes

Christoph Wanner, M.D., Silvio E. Inzucchi, M.D., John M. Lachin, Sc.D.,
David Fitchett, M.D., Maximilian von Eynatten, M.D.,
Michaela Mattheus, Dipl. Biomath., Odd Erik Johansen, M.D., Ph.D.,
Hans J. Woerle, M.D., Uli C. Broed|, M.D., and Bernard Zinman, M.D.,
for the EMPA-REG OUTCOME Investigators™

June 2016




EMPA-REG OUTCOME"

e Randomised, double-blind, placebo-controlled CV outcomes trial

 Objective
To examine the long-term effects of empagliflozin versus placebo,
in addition to standard of care, on CV morbidity and mortality in
patients with type 2 diabetes and high risk of CV events

< g oo
:t F EMPA-REG

i s’ QUTCOME



Trial design

Placebo
(N=2333)

Randomised . .
Empagliflozin 10 mg
and freated (n=2345)

(n=7020)

Screening
(n=11531)

Empagliflozin 25 mg
(N=2342)

« Study medication was given in addition to standard of care

— Glucose-lowering therapy was to remain unchanged for first 12 weeks
« Treatment assignment double masked

« The trial was to continue until at least 691 patients
experienced an adjudicated primary outcome event

g:f- EMPA-REG
i 'l_. OUTCOME®



Key inclusion and exclusion criteria

e Key inclusion criteria
— Adults with type 2 diabetes
— BMI €45 kg/m?
— HbAlc 7-10%*
— Established cardiovascular disease

e Prior myocardial infarction, coronary artery disease, stroke,
unstable angina or occlusive peripheral arterial disease

e Key exclusion criteria
— eGFR <30 mL/min/1.73m?2 (MDRD)

BMI, body mass index; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease
*No glucose-lowering therapy for 212 weeks prior to randomisation or no change in dose for 212 weeks prior
to randomisation or, in the case of insulin, unchanged by >10% compared to the dose at randomisation
) *-
"% EMPA-REG
& . OUTCOME

Ed



EMPA-REG RENAL OUTCOME®

Outcome renal compuesto (analisis post hoc)

e doblar los valores de la cretinina sérica

* iniciar tratamiento renal substitutivo
e muerte de causa renal

Incidencia o deterioro de |la nefropatia

Y *
T % EMPA-REG
.;t#_. OUTCOME



Composite of doubling of serum creatinine, initiation of renal
replacement therapy or death due to renal disease

All patients

8- HR 0.54
(95% CI0.40, 0.75)
7 p<0.001

Placebo

Empagliflozin

Cumulative probability of event (%)
T

0 6 12 18 24 30 36 42 48
Months

No. of patients
Empaglifiozin 4645 4500 4377 4241 3729 2715 2280 1496 360
Placebo 2323 2229 2146 2047 1771 1289 1079 680 144



New onset or worsening nephropathy

309 Empagliflozin 10 mg Empagliflozin 25 mg
HR 0.61 HR 0.61
95 (95% C10.53, 0.72) (95% C10.52, 0.71) Placebo

p<0.001 p<0.001

Empagliflozin 25 mg
Empagliflozin 10 mg

154

104

Cumulative probability of event (%)

0=
1 1 ] ] ] 1 1 1 ]
0 6 12 18 24 30 36 42 48
Months
No. of patients
Empaglifiozin 10 mg 2055 1991 1912 1825 1571 1122 922 593 136
Empagiiflozin 25 mg 2049 2003 1936 1844 1600 1157 265 626 154

Placebo 2061 1946 1836 1703 1433 1016 833 521 106



eGFR (CKD-EPI formula) over 192 weeks

=—a—Placebo —®—Empagliflozin 10mg =—®—Empagliflozin 25mg

78

Adjusted mean (SE) eGFR (ml/min/1.73m?)

68 A

66 T T T T T T T T T T T T T T

04 12 28 52 66 80 94 108 122 136 150 164 178 192
Week
No. analyzed

Placebo 2323 22952267 2205 2121 2064 1927 1981 1763 1479 1262 1123 977 731 448
Empagliflozin 10 mg 2322 22902264 2235 2162 2114 2012 2064 1839 1540 1314 1180 1024 785 513
Empagliflozin 25 mg 2322 2288 2269 2216 2156 2111 2006 2067 1871 1563 1340 1207 1063 838 524

No. in follow-up for
adverse/outcome events

Total 7020 70206996 6931 6864 6765 6696 6651 6068 5114 4443 3961 3488 2707 1703



&4 RENAAL Study: Percentage of
4. Patients Reaching Primary End Point*

Placebo

on
=

Risk reduction = 16%
P=.02
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Follow-up {(months)

'Frimary end paint = composite of doubling of the baseline SCrconcentration, ESRD, or death.
REMAAL = Reducton I:IFEnlzt:-:urrt's. in MIDDM wath the .ﬁmgml:ansln | Antagonist Losartan.
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e IDNT Study: 20% Risk Reduction With
il Irbesartan Treatment

— Irbesartan (n = 579)"
Amlodipine (n = 567) —
0.7 Placebo (n = 569)

0.6 J_.—t—'!'

0.5 - , /J sEIF J
0.4 J/_’

0.3

0.2

0.1 -

0.0 -+ . ; ; . : . y ; ;

0 (= 12 18 24 a0 -6 42 48 o4
Follow-up {months)

'F= .02, irbesartan we placebo; P = 006 v amiodipine.
‘Eun'.q:u:lsrtn of a doubling of SCr, ESRLD, or daath,

IDI'-JT Ibesartan Diabetic I'-Jephmpaﬁy Trial; RR = risk reduction.

ad Irom Lawas S o &l &) pratre Shudy roup, N Engl J e, SO0 S950ES

-
=
=
o
o
=
Ll
2
=
5
E
=
o
=
E
=
L]
| =
=
-1
=
=




Inhibicion de SRAA y SGLT2

Acciones: Implicaciones clinicas:

Presion intraglomerular reducida
Bloqueo de SRAA

Reduccidon de la albuminuria

Nefroproteccion demostrada en
multiples ensayos

Vasodilatacién eferente

Inhibicién de SGLT2 1 e Presion intraglomerular reducida
é —- « Reduccion de la albuminuria

Vasomodulacion aferente o ,
* Nefroproteccion sugerida

Potencial para la normalizacion de
la presion intraglomerular

Inhibiciéon de SGLT2
y Bloqueo de SRAA

Reduccion aditiva de la presion

Vasomodulacion aferente :
intraglomerular (?)

y Vasodilatacion eferente

* Potencial para nefroproteccion a
largo plazo (?)

« Adaptado de: Cherney D et al. Circulation 2014



Resum

» La diabetis comporta una hipertensio intraglomerular
(HIG), especialment al inici de la malaltia

* La HIG es corresponsable de I'aparicio de la nefropa-
tia diabetica

e Els inhibidors de SGLT2 redueixen la HIG

 Els SLGT2 podrien tindre un efecte nefroprotector,
especialment al inici de |a malaltia

 Conceptualment és interessant el possible efecte additiu
de inhibir el SRA i els SGLT2



Ajustament de dosi de farmacs antidiabetics

Estadi b1- (13 (23 35 Didlisi

FG (mL/min/1,73 m?) B

Metformina®*

Glibenclamida®®

Gliclazida®*

Glimepirida®*®

Glipizida™*

Repaglinida®™™

Pioglitazona™**

Acarbosa®*

MiglitolP=

S Recomanat Pautes d’Harmonitzacié Farmacoterapéutica -
--------- >  Experiencia limitada PHF-APC 2016 - CatSalut
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Ajustament de dosi de farmacs antidiabetics

—

Estadi

FG (mL/min/1,73 m’) E

Alogliptina’®

Linagliptina®*

Saxagliptina®*

Sitagliptina®*

Vildagiptina®*

Albiglutida®

Dulaglutida®

Exenatida®

Liraglutida’®

Lixisenatida®#

Canagliflozina®®

Dapagliflozina®

Empagliflozina®

Recomanat
Experiencia limitada

Pautes d’"Harmonitzacié Farmacoterapeutica

PHF-APC 2016

t CatSalut
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Gracies per la seva atencio
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