CV-Renal protection of ARB In T2DM:
the BP-lowering and pleiotropic effects
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"he burden and progression of DKD In
T2DM

Nephrologist's View: renal function and the
Impact on outcome

Progression of DKD: intraglomerular blood
pressure matters!!

How do | optimize my patient’s
iIntraglomerular/ blood pressure?




The burden and progression of
DKD in T2DM
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Development of Macroalbuminuria Heralds Rapid
Decline in Glomerular Filtration in Type Il Diabetes
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Increased life expectancy and aging kidneys!!
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Adapted from Gregg EW et al. N Engl J Med 2014;370:1514




Global Burden of Chronic Kidney Disease 1990-20132
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No. of Cases Change in No. Prevalence per Change in

CKD Etiology (x1,000) of Cases 100,000 Adults Prevalence
1990 2013 1990-2013 1990 2013 1990-2013
CKD-diabetes mellitus 43,339 88,711 +82.5% 1230 1355 +11.85%
CKD-hypertension 79,945 101,253 +26.8% 1634 1453 -10.7%
CKD-glomerulonephritis 82,920 108,861 +32.7% 1866 1590 -13.5%
CKD-other causes 112,461 173,091 +53.9% 2507 2575 +3.1%
CKD-all cases 318,665 471,916 +48.1% 7237 6973 -3.6%

¢ Although the overall age-standardized prevalence rate of all-cause generic CKD
declined by 3.6%, the prevalence of CKD associated with diabetes mellitus
increased by almost 12% from 1990 to 2013

CKD=chronic kidney disease. aNumber of cases and adjusted prevalence rates. Note: Prevalence values are age-standardized.
Data are adapted from Global Burden of Disease Study 2013 Collaborators?

1. Glassock et al. Nat Rev Nephrol. 2017;13(2):104-114

2. Global Burden of Disease Study 2013 Collaborators. Lancet. 386, 743-800 (2015)
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Kidney Disease Improving Global Outcomes
(KDIGO) Clinical Practice Guidelines. 2012.



Adjusted HR

Accelerated progression of CVD in CKD
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eGFR and albuminuria predict outcome!!

Cardiovascular Moﬂalily
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Relative Resistance

Broken heart and failing kidneys in diabetes
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Results of SGLT21 and ARB CVOTs

For patients with T2DM:
Save kidneys=Save lives

Benefits mostly from preventing cardiac
arrest, arrnythmia, heart failure



ARB Effects of Type || DM
Nephropathy - RENAAL and IDNT

Endpoints RENAAL IDNT
Composite | 16% | 20%
S Cr Doubling | 25% | 33%

ESRD | 28% | 23%
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The Greater Changes in eGFR; the Better Protection from ARB
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Figure 3 |Long-term estimated glomerular filtration rate
(eGFR) slope stratified by acute fall in eGFR in losartan-
assigned patients. Adjustment for covariates in the multivariable
mixed effects model included gender, eGFR, diastolic blood
pressure, hemoglobin, urinary albumin/creatinine ratio (UACR)
and month 3 change in UACR. The numbers in each bar reflect the
annual mean long-term eGFR slope.

Kidney Int. 2011 Aug;80(3):282-7



Cardiovascular Disease and Risk Management: Standards of
Medical Care in Diabetes—2020

Recommendations for the Treatment of
Confirmed Hypertension in People With Diabetes

Initial BP >140/90 and
<160/100 mmHg

( Start one agent J [ Lifestyle management ] [ Start two agents }

J __ _ ¥

Albuminuria* Albuminuria*

1 I ] T

N*o | Y;s B N*o | Y;s

Start one drug: Start: Start drug from Start:
* ACEi » ACEi or ARB 2 of 3 options: « ACEi or ARB
« ARB ) - - - » ACEi or ARB and
o CCB*** s CCB*** * CCB*** or Diuretic**
* Diuretic** * Diuretic™* ‘ l

P -

Initial BP 2160/100 mmHg ’

B An ACE inhibitor or ARB, at the [gERdnliRelEIEE elels indicated for BP
treatment, is the recommended [{ISgliERiEEugERgfor HTN in patients with DM
and [SZAXeIze{00Rlelfsfcreatinine (A) or 30—-299 mg/g creatinine (B).

Diabetes Care 2020;43(Suppl.1): S111-S134




Which is the optimal dose for renal protection:
Are they similar for all parameters?

pharmalogic 100 - glomerulosclerosis

effects (%)
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dose of ARB

Schmieder et al 2007

© FAU, Prof. Schmieder



- --- Normal progression of CKD
Desired effect of RAAS-blocking drugs
Adverse effect of RAAS-blocking drugs

Follow-up (years)

Cardiology. 2013;126(3):175-86.

20



JAMA Internal Medicine | Original Investigation

Association of Angiotensin-Converting Enzyme Inhibitor
or Angiotensin Receptor Blocker Use With Outcomes
After Acute Kidney Injury

EXPOSURES Use of an ACEl or ARB within 6 months after husgital discharge.

MAIN OUTCOMES AND MEASURES The primary outcome was mortality; secondary outcomes
included hospitalization for a renal cause, end-stage renal disease (ESRD), and a composite
outcome of ESRD or sustained doubling of serum creatinine concentration. An AKl was
defined as a 50% increase between prehospital and peak in-hospital serum creatinine
concentrations. Propensity scores were used to construct a matched-pairs cohort of patients
who did and did not have a prescription for an ACEl or ARB within 6 months after hospital
discharge.

RESULTS The study evaluated 46 253 adults (mean [SD] age, 68.6 [16.4] years; 24 436
[52.89%] male). Within & months of discharge, 22193 (48.0%) of the participants were
prescribed an ACE| or ARB. After adjustment for comorbidities, ACE| or ARB use before
admission, demographics, baseline kidney function, other factors related to index
hospitalization, and prior health care services, ACEl or ARB use was associated with lower
mortality in patients with AKI after 2 years (adjusted hazard ratio, 0.85; 95% Cl, 0.81-0.89).
However, patients who received an ACE| or ARB had a higher riskrrmspitalization for a renal
cause (adjusted hazard ratio, ] 28- 95% Cl, 1.12-1.46). No association was found between ACEI
or ARB use and progression to ESRD.

JAMA Intern Med. doi:10.1001/jamainternmed.2018.4749



Association Betvween Renin-Angiotensin
System Blockade Discontinuation and AILllL-
Cause Viortality Among Persons With Lowr
Estimated Glomerular Filtration Rate

Question Is there an association between discontinuing renin-angiotensin system blockade
after estimated glomerular filtration rate (eGFR) decreases to less than 30 mL/min/1.73 m?
and the risk of all-cause mortality, major adverse cardiovascular events, and end-stage
kidney disease in the subseguent 5 years?

Results Of the 3909 individuals receiving ACE-I or ARB treatment who experienced an eGFR
decrease to below 30 mL/min/1.73 m? (2406 [61.6%] female; mean [SD] age, 73.7 [12.6]
years), 1235 discontinued ACE-I or ARB therapy within & months after the eGFR decrease and
2674 did not discontinue therapy. A total of 434 patients (35.19%) who discontinued ACE-I or
ARB therapy and 786 (29.4%) who did not discontinue therapy died during a median follow-
up of 2.9 years (interquartile range, 1.3-5.0 years). In the propensity score-matched sample
of 2410 individuals, ACE-l or ARB therapy discontinuation was associated with a higher risk
of mortality (hazard ratio [HR], 1.39; 95% (I, 1.20-1.60]) and MACE (HR, 1.37; 95% Cl, 1.20-
1.56), but no statistically significant difference in the risk of ESKD was found (HR, 1.19; 95%
Cl, 0.86-1.65).

JAMA Intern Med. Published online March 9, 2020. doi:10.1001




Effect of Worsening renal failure (WRF) vs no WRF during RAAS inhibitor
therapy in patients with heart failure (HFrEF) on All Cause Mortality

WRF no WRF Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
3.1.1 Control
EPHESUS (Rossignol 2011) 67 41 274 2453 9.3% 1.42[(1.11,1.82) R
RALES (Vardeny 2012) 42 60 371 781 14.2% 1.47 [1.23,1.77] —-=
SAVE (Jose 2006) 33 104 171 812 65.4% 1.51[1.10, 2.06) T
SOLVD (Testani 2011) 102 282 642 2917 154% 1.64 [1.39, 1.95] —— Placebo
Val-HeFT (Lesogor 2013) 33 123 436 2341 6.7% 1441 06 _195) e
Subtotal (95% CI) 990 9304 52.0% 1.52[1.38, 1.68] 3 +520/
Total events 277 1894 0
Heterogeneity: Tau®= 0.00; Chi*= 1.32, df= 4 (P = 0.86); F= 0% I
Test for overall effect: Z= 8.33 (P < 0.00001)
3.1.2 Iimtervention P:O A 0003
EPHESUS (Rossignol 2011) 66 493 255 2425 8.9% 1.27 (0.99, 1.64) res—
RALES (Vardeny 2012) 56 139 256 683 10.7% 1.07 [0.86, 1.35) e \
SAVE (Jose 20086) 26 1186 137 781 4.8% 1.28 [0.88, 1.85) T
SOLVD (Testani 2011) 84 324 599 2854 12.7% 1.24 (1.01, 1.50] = RAAS therapy
Val-HeFT (Lesogor 2013) 71 302 404 2162 109% 1.26[1.01,1.57) =
Subtotal (95% CI) 1374 8905 48.0% |1.21 [1.09, 1.35] | L3 0
Total events 303 1651 +21 /0
Heterogeneity. Tau*=0.00, Chi*=1.48,df=4 (P=023), F=0%
Test for overall effect. Z= 3.55 (P = 0.0004)
Total (95% CI) 2364 18209 100.0% 1.36 [1.25, 1.48] 3
Total events 580 3545
i i B o S ¥ R - + + } {
Heterogeneity. Tauw*=001,Chi*=1234,d=9(P=0.19), F=27% 02 05 1 > 5

Test for overall effect: Z= 6.98 (P < 0.00001)
Test for subaroup differences: Chi*= 940, df=1 (P=0.002), F=89.4%

Favours WRF Favours no WRF

Clinicians should not be deterred from using RAAS inhibitors in the setting of WRF.

Clark H, et al. Europ J Heart Fail 2014;16:41-48



Serum creatinine may increase after blockade
of the renin-angiotensin-system

Recommendaton:

How deal with
increase in serum
creatinine after start
of RAS blockade

Increase Consequence
from baseline
>50 % Withdrawal of
treatment

Renal
stenosis ?

20 - 50 %
screening

<20 % Go ahead

Adapted from van de Ven et al., Kidney Int 1998



Nephrologist’'s View:
renal function and the impact
on outcome
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Risk Factors for Cardiovascular Disease in Chronic Kidney Disease

Traditional Risk Factors
]

* Age * Left ventricular
* Male sex hypertrophy
. Hypenension * Diabetes

* Dyslipidemia

Novel and Uremia-Related Husk Factors

L]
Oxidized Shidiciive shiaan Sympathehc activation

® DL g
Subclinical hypothyroidism

Inflammation Uremic bone disease
Leukocyte
acllvahon Volume overload

Endothelial Protein-energy wasting
dysfunction

. Insulin resistance
Anemia

Vascular calcification
] )
Uremic toxins

Fat mass: adipokine imbalance

Genetics/epigenetics

Coagulation disorders

Comprehensive Clinical Nephrology




survival curves showing the relationship between the
baseline nocturnal decline in BP and overall mortality.
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Association Between Nighttime BP and
Hypertensive Target Organ Damage
(AASK cohort)

160

O Office SBP
B Nighttime SBP

150
African Americans 20%)

(n=617) with HTN, with 40
GFR between 20 and 65
mL/min per 1.73 m2.

132.6
130

120

110

- E9- 100
Hypertension. 2009;53:20-27 Reverse Dippers Nondippers Dippers

Figure 1. Mean clinic (grey) and nighttime ABPs (black bars) in
reverse dippers (BP rose at night), nondippers (BP fell <10% at

night), and dippers (BP fell =10% at night).



Treatment goal for LDL-C across

categories of total CVD risk

Treatment goal
for LDL-C

116 mg/dL

100 mg/dL

& 250%
reduction
from
baseline

70 mg/dL

55 mg/dL

SCORE <1%

SCORE 21% and <5%

Young patients (TLDM <35 years;
T2DM <50 years) with DM duration
<10 years without other risk factors

*  SCORE 25% and <10%

* Markedly elevated single risk factors, in particular TC
>310 mg/dL or LDL-C >190 mg/dL or BP >180/110 mmHg

* FH without other major risk factors

* Moderate CKD (eGFR 30-59 mL/min)

* DM w/o target organ damage, with DM duration =10
years or other additional risk factor

R * ASCVD (clinical/imaging)
SCORE 210%

FH with ASCVD or with another
major risk factor

Very-high .
4 * DM & target organ damage: >3

Severe CKD (eGFR <30 mL/min)

* major risk factors; or early onset of
e, T1DM of long duration (>20 years)

Low Moderate High

Very high CV risk

LDL-C, low-density lipoprotein cholesterol; CVD, cardiovascular disease; SCORE, Systematic Coronary Risk Estimation; TLDM, type 1 diabetes mellitus;
T2DM, type 2 diabetes mellitus; DM, diabetes mellitus; TC, total cholesterol; BP, blood pressure; FH, familial hypercholesterolaemia; CKD, chronic

kidney disease; eGFR, estimated glomerular filtration rate; w/o, without; ASCVD, atherosclerotic cardiovascular disease; CV, cardiovascular.

Mach F, et al. Eur Heart J. 2019.
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Macebo or active comparator event rate

CAROLINA® and CARMELINA® provided an opportunity to robustly
establish cardiovascular safety in the broader population

AP-MACE and HHF event rates of placebo in DPP-4 and 5GLT-2 inhibitor COWOTs

(per 100 patient years)

820
7.0
6.0
5.0
4.0
3.0
2.0
1.0
.o

B 3PF-MACE HHF

4.39
> 10 .42
1.36
l: - I.’:.Hr: 0.87 1.09 1.45
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Progression of DKD: glomerular
blood pressure matters!!
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Renal Events by eGFR and Albuminuria : ADVANCE Study

Renal events: death as a result of kidney disease, requirement for dialysis or transplantation, or
doubling of serum creatinine to >2.26 mg/dL (200 uymol/L)

Renal events

25-1
20 =
15+
(14
I
10 =
5 - -
<60
0- 60-89  eGFR
T
JMacro

Micro
UAE
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10,640 patients with T2DM; median follow-up of 4.3 years
eGFR, estimated glomerular filtration rate; HR, hazard ratio; T2DM, Type 2 diabetes mellitus; UAE, urinary albumin excretion
Ninomiya T, et al. J Am Soc Nephrol 2009;20:1813-1821



Normal glomerular Nodules of glomerular
capillaries scar (sclerosis)
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Case
* A53 y/o man(173cm/80kg) has medical history of DM more than 10+ yrs and HTN

« DKD with macroalbuminuria(Bilateral nephromegaly, Cr 1.32, 57mil/min, UAER 6488
mg/g, Albumin 2.60 )

Seduma 5434914:LIN YI LUNG 50 M 2016/0BME Seduaa 5434914:LIN YI LUNG 50 M 2016/ABHE
5 (F1/1) SSA-680A - = Study T4 SN B/HNG ImB (F1/1) SSA-680A o Study TAE8NBENG
Study Time:_E 4 51 Study Time: £ 10:04:51

CAPur VIRN: CAPur MRMN:

Dist C : [ g | Di : 15.1 mmcJ5

WW256




Natural history of diabetic nephropathy

Ll GFR J Urinary protein excretion
Pre Incipient diabetic Overt diabetic End-stage
= : nephropathy : nephropathy ' renal disease
™ 1 2 ' 3 | 4 : 5 c
2 : ' ' 5000
9 150 A
:
C -
Qo £ g =
b -
8 E 100 1000 ‘g 5
S 2 o E
£ E 2
o -
=
3 0 200 8
£ ‘=
5 >
O 20
0
5 10 15 20 25
Years
m Hyperfiltration Microalbuminuria, hypertension Albuminuira, declining GFR

Vora JP, et al. In: Johnson RJ, Feehally J, eds. Comprehensive Clinical Nephrology. New York: Mosby; 2000.



Save diabetic kidneys: The earlier, the better!!

180 Maximal GFR

Renal functional
reserve

¢

Maximal
single-nephron
hyperfiltration

-
N
o

Baseline GFR

Silent loss

Whole kidney GFR
(mL/min/1.73m?)

Functioning nephron mass
(%)

JASN April 2017, 28 (4) 1023-1039

Dulaglutide has received positive opinion from the CHMP; however, there is no guarantee it will receive regulatory approval and become commercially available in your affiliate.



Metabolic Hemodynamic

Nature Reviews Nephrology 10, 88-103 (2014) | doi:10.1038/nmeph.2013.272

Insylin resistance |« Obesity Impaired renal
and p-cell dysfunction | ¢ - vascular regulation

— ' ! . Vasoconstrictors Ang Il ET-1
, ﬂperglycaeﬁnai ‘ Systemic hypertensioff Afferent e ' ‘ B

e =z arteriole €%

Mitochondria |
s lomeruiargg st NN CEfferent
YA/ ' hypertensio @b arteriole

<«— Dyslipidaemia 4 A\
' . Mesangial expansion A :

Mesangial cell
proliferation

Glucose-dependent
pathways

Advanced glycation ~» AGE formation

Polyol ~»|  Growth factors ‘ _ Pl ZAfferentﬁvasodllators‘
: TGF, VEGF A8 . Y\ L ANP, NO, kinins,
Proinflammatory o\ )l COX, metabolites

D~ o/ |
cytokines S YeeRa) . con
in ki g O, 7 ¢/ thickening Macula densa signals
— gt siess £/ Tubuloglomerular
0/ Podocytopathy feedback

,#‘

£0

Hexosamine

&




{J Intraglomerular blood pressure is derived from The era of RAAS blockade

Systemic blood pressured}
Afferent arteriole tonet®
Efferent arteriole tone ¥

Angiotensin-

1 Intraglomerular Pelwy wodulsticn )

pressure

1 Glomerular
filtration rate

A

Vasoconstriction ——————— — > | Mesangial-cell -
signaling Vasodilation

Afferent

arteriole 5
Efferent
arteriole

1 Interstitial | Slowed
fibrosis progression
4 to CKD

.

N Engl J Med 2017; 377:1765-1776



RENAAL: Relationship between initial eGFR change and
subsequent long-term renal function decline

Estimated GFR (ml/min)

40

35

30

25

20

m -1.55 ml/min
ox:=2.28 ml/min

P=0.031

Losartan

-4.29 ml/min/year
A P=0.002

T

Placebo
-5.05 ml/min/year

12 18

Time (mlonth)

24 30 36 42

|
Holtkamp et al. Kid Int 2011



After weeks of ACEI or ARB therapy, plasma aldosterone returns
to pretreatment levels in up to 30-40% of patients.

Nature Reviews Nephrology 6,61 (2010)

Aldosterone Breakthrough

+

—

Aldosterone
breakthrough

6m:|::ur‘|ths 12mr|::ur‘|ths

o

Expected decline
in aldosterone on

ACE-|l and/or ARB
therapy.

Change in serum aldosterone during RAAS blockade



RAS inhibition
E—
Decrease in glomerular hypertension and hyperfiltration

decreases filtration pressure and podocyte stress

Efferent —

arteriole
constriction

reverses

SGLT2: proximal
resorption of
glucose and Na*

PGE, signaling

, *Reni ;
Dilated afferent w

arteriole

Vasodilatation

Reduces glomerular afterload

SGLT2 inhibition

E——
Normalization of filtration pressure and podocyte stress

Efferent —

arteriole
constriction

reverses

SGLT2 inhibition:
reduced proximal
resorption of glucose and Na*

i1
» ,-71

Pl

P

Na*tCl-
Glucose

Adenosine signaling

NKCC2

LRenin release

Afferent arteriole I
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Effects on eGFR ‘60% decline rate

—8— Canagliflozin —o— Placebo
Baseline 56.4 56.0

1

-14
-16 - Chronic eGFR slope —4.59/year

-18 - Difference: 2.74/year (95% CI, 2.37-3.11) _
-20 . . . . : : RENAAL '4.3

0 6 12 18 24 30 36 42
Months since randomization

LS mean change (+SE) in
eGFR (mL/min/1.73 m?2)

No. of Participants
Placebo 2178 2084 1985 1882 1720 1536 1006 583 210
Canagliflozin 2179 2074 2005 1919 1782 1648 1116 652 241
On treatment

_ “
CREDENCE

CREDENCE




Effect of SGLT2i on substantial loss of kidney function, ESKD,
or death due to kidney disease, stratified by use of RAS blockade

Events  Patients RR (95% Cl)
CREDENCE 377 4401 S 0-66 (0-53-0-81)
DECLARE-TIMI 58 317 13950 — 0-50 (0-39-0-63)
CANVAS Programt 209 8113 — 0-59 (0-45-0-78)
EMPA-REG OUTCOME 125 5627 —_— - Qt/-074)
Subtotal <o —0-66; p<0-0001)
12=8'7%; pheterogeneity=0'35
|No RAS bIockadel
DECLARE-TIMI 58 48 3210 - 0-77 (0:44-1-37)
CANVAS Programt 40 2021 = 0-67 (0-36-1-27)
EMPA-REG OUTCOME 27 1341 0 oo 0-1-39)
Subtotal I -1.02; p=0-065)
[*=0-0%; phetemgeneity:O'gz
Pheterogeneity FOT Use of RAS inhibition=0-31 : : :
0-3 0-5 1.0 1.5

THE LANCET
Diabetes & Endocrinc

43

Favours SGLT2 inhibtor  Favours placebo

Residual renal risk is still high under RAS blockade!!
SGLT2i can help!!

Lancet Diabetes Endocrinol 2019 Published Online September 5, 2019 http://dx.doi.org/10.1016/S2213-8587(19)30256-6



ACEI- or ARB-Based Regimens for Diabetic
Nephropathy Do Not Go Far Enough!

Glomerular Filtration Rate

ml/min/1.73 m?2

50

40 H

30

20

%

ACEi or ARB
AGFR = - 6 ml/min/yr
ime to ESRD 6.6 yrs

No ACEi/ARB

or BP control

AGFR = - 10 ml/min/yr
Timet0. ESRD.4.vrs

RAAS blockade + SG I_T2|

ACEi + ARB
AGFR = - ? ml/min/yr
Time to ESRD ?

10

ESRD

2 4 §)
Time (yrs)

©2005. American College of Physicians.



Keep flood out is better than pour water out!!

ACEI/ARB



How do | optimize my patient’s
Intraglomerular BP?
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((PACE):

ADVANCE & ACCORD in context - UKPDS

Incidence of myocardial infarction & microvascular end points by mean systolic BPF,
adjusted for age, sex, & ethnic group expressed for white men aged 50-54 yrs at

S0 |~

) W N
o =) =)
| | |

-
o
|

incidence/1000patient. yrs (%)

diagnosis & mean duration of diabetes of 10 yrs

ACC?RD ADVANCE UKJI:DS

r

Good

\r—*—ﬁ '

No additional ood Good

| | 1

Myocardial
Infarction

Microvascular
Endpoints

1

120

130 140 150
mean systolic BP (mmHg)

160

170
UKPDS 36: 2000




BP target in T2D?(for

CV event

e 2017 ADA <140/90 mmHg

2017 TSOC <130/80 mmHg
(more stroke in Asian) '
. 2017 ACC/AHA <130/80 mmHg BP target for
renal protection?

. 2018 ADA <140/90 mmHg | suggest 135/85

« American Academy of Family Physicians (AAFP) <140/90 mmHg

2018 ESC <130/80 mmHg and SBP should be 130-140mmHg if aged
=265 years

« 2020 ADA <140/90 mmHg for low risk and <130/80 for high risk 48



Figure 1. Blood pressure reduction.

Lowering Blood Pressure Reduces Renal Events in
Type 2 Diabetes

Blood pressure reduction

ADVANCE

Placebo
mm Perindopril-Indapamide

Average BP
duri

Systolic | 7 140.3 mmHg
— 134.7 mmHg

I A 5.6 mmHg (95% CI 5.2-6.0); p<0.001

=]
x
E
E
g
=1
:
o
o
o
2
m
c
@
=

M. Diastolic | 47 mmHg

| ——
| A 2.2 mmHg (95% CI 2.0-2.4); p<0.001 74.8 mmHg

R 6 12 18 24 30 36 42 45 54 6D
Follow-up (Months)

J Am Soc Nephrol @@: —, 2009. doi: 10.1681/ASN.2008070667



ADVANCE study major results

End point Active (n=5569) Control (n=5571) HR  95% p
(%) (%) Cl
!_Major macrovascular or 15.5 16.8 0.91  0.83- 0.04 I
microvascular event 1.00
Macrovascular event 8.6 9.3 0.92 0.81- 0.16
1.04
Microvascular event 7.9 8.6 0.91 0.80- 0.16
1.04
. CV death 3.8 4.6 0.82  0.68- 0.03 I
I 0.98

" Death from any cause 7.3 8.9 0.86 | 0.75- 0.03 I




Patients’ CV-renal profile and SGLT2i effects on end-points
Baseline SBP~ 135-140 mmHg, 80%-100% pts with ACEI/ARB

DECLARE CANVUS EMPA-outcome
CREDENCE

—

renal eGFR decrease

~40% reduction I Rl R ~40% reduction .

cV { hHF and CV death




EMPA-REG, CANVAS and DECLARE
trials

BB PRIRIR AR LB PR8I F
{2 & Y TR

1 7 TN (with ACEIARB):

SBP~ 135 mmhg)

.).. I

feedbackwith sc
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Long-term Decline in GFR is Correlated

With Poor Control of Blood Pressure:
9 Studies on Nephropathy Progression

125/75 mmHg
If proteinuria MAP (mmHg)
>1g/day
07 99 101103 105 107109 111 113 115117 119121

™ +SGLT2i, ASAP!

4Untreated HTN

GFR
(ml/min/yr) (mmHgQ)
&

-14- 130/85 140/90

*Trials marked by * are non-diabetic renal disease patients.
Graph: (Bakris GL. J Clin Hypertens. 1999)

Trials: (Parving HH, et al. Br Med J. 1989) (Viberti GC, et al. JAMA. 1993) (Klaur S, et al. N Engl J Med. 1993*) (Herbert L, et al.
Kidney Int. 1994) (Lebovitz H, et al. Kidney Int. 1994) (Moschio G, et al. N Engl J Med. 1996*) (Bakris GL, et al. Kidney
Int. 1996) (Bakris GL, et al. Hypertension. 1997) (GISEN Group, Lancet. 1997)



INADEQUATE HTN CONTROL IN DIABETES!!
% With BP < 130/80

NHANES, 2003-2004 35%
VA, 2001-2002 23%
Community 1° care, 2002-2004 31-35%
Academic medicine, 2002 33%
GEMINI RCT, 2004 68%

Arch Int Med 2007; 167:2394 JAMA 2004; 292:2227

Ann Fam Med 2006; 4:23 J Gen Intern Med 2006; 21:1050




ACCOMPLISH: Primary Endpoint

ACCOMPLISH: Avoiding Cardiovascular events

+CCB 0.16 through COMbination therapy in Patients Living
|S B ETTER THAN 014 —  ACEI/HCTZ with Systolic Hypertension
+HCTZ 0.12 650 o
CCB / ACEI 1 20%
0.10
8 0.08 526
©
& 006 HR (95% Cl): 0.80 (0.72, 0.90)
T
> 0.04 P = 0.0002
|
nn?
ACCOMPLISH: BP Result
150
400 600 800 1000 1200 1400
-~ ACElI/HCTZ
145 B N=5733 .
CCB / ACE! Time to event (day)
140 N=5713
NFIM2008:359:2417-28.
[=1+]
I
£ 1 Baseline Traits of the ACCOMPLISH Cohort
130mmHg
130
|]
S /A 0.7 mmHg p<0.05* > 129.3 mmHg * 50% of patients were obese
125
Month 0 6 12 18 24 30 36 42 * 60% of patients had Diabetes Mellitus
. 5731 5387 5206 4999 4804 4285 2520 1045 . .
Patients 5709 5377 5154 4980 4831 4286 2594 1075 * 97% of patients were treated previously for HTN

*Mean values are taken at 30 months F/U visit

DBP:71.1 -% DBP:72.8 NEJM 2008;359:2417-28.

* 74% of patients were treated with = 2 anti-HTN agents

* 37.5% of patients were controlled to <140/90 mmHg



Combination therapy

ACCOMPLISH: CKD Progression

Cre doubling, eGFR <15, dialysis

Proportion of patients (%

Number at risk

Benazepril plus
hydrochlorothiazide
Benazepril plus amlopidine

5762

5744

—— Benazepril plus hydrochlorothiazide (345 events)
—a— Benazepril plus amlopidine (220 events)

HR 0.52 (95%CI 0.41—-0.65) Log-rank p<0-0001

48%
relative risk
reduction

A+C

I I I I I I I
6 12 18 24 30 36 42

Time to event (months)

5576 5459 5307 5139 4936 2956 1506

5578 5452 5336 5203 5022 3016 1559

Bakris GL, et al. Lancet 2010; Feb 18 Online Publication




Summary of BP reduction strategies
In high risk hypertensive DM patients

 The sooner: BP reduction as soon as
possible.(ex. combo therapy=> A+C preferred)



Ambulatory BP monitoring, particularly night-time,
predicts CV outcomes better than clinic

3.5 -
3.0 -
)
S 25
-
)
o 20 -
9 )
o
S 15
(o]
o
= 1.0 1
| .
0
l>. 0.5 1
LN

1.9 -

24 hours

Daytime

Clinic

90 110 130 150 170 190 210 230

SBP (mmHg)

Prospective study of 5292 untreated patients with hypertension at a single clinic,

median follow-up 8.4 years. DBP, diastolic BP
Dolan et al. Hypertens 2005; 46: 15661

1.6 -

1.3 -

1.0 -

0.7 1

24 hours

Daytime

Clinic

50 60 70 80 90 100 110 120 130

DBP (mmHg)



The early morning blood pressure surge
Coincides with peak time of cardiovascular complications

» Sudden death! )
» Acute myocardial infarction?
» Typical angina pectoris?
» Silent ischemia!
_ _ > 06:00-12:00
» Total ischemic burdent
» Ischemic stroke®
» Variant angina pectoris (02:00-04:00)4

» Platelet aggregability® Y,

IMulcahy et al. Lancet. 1988;2:755-759; 2Taylor et al. Am Heart J. 1989;118:1098-1099;
SMarler et al. Stroke. 1989;20:473-476; “Ogawa et al. Circulation. 1989;80:1617-1626; Oshchepkova et al. Ter Arkh 2000;72:47-51



Summary of BP reduction strategies
In high risk hypertensive DM patients

 The longer and stronger : Choose appropriate
A and/or C with good efficacy and 24hrs BP
control.



Table 1

Studies that have evaluated nighttime dosing on CV outcomes—

Reference Sample Follow-up | Nighttime versus morning dosing on | Hazard Ratio [95%
(vears) sleep time SBP (mean + SD) confidence
Size ‘ 6 mmHg ‘ 71%
e e
22 2,156 5.6 110.9 £13.9vs 116.1 £17.9 mm Hg— | 0.33 [0.19-0. 5'&]—
7 Subsetof 448 with digbetes 54 115.0£17.1 vs 122.4:21.8111111Hg: 0.25 {0.10-0.61]—
e 3 * %
5 Subset of 661 with CKD 5.4 116.7x16.8 vs 122.6 =21.3 mm Hg— | 0.28 [0.13-0.61]—

® 661 HTN pts with mild CKD (about 2 with Cr Cl >60

=art failure,

ml/min but + microalbuminuria) ¢ stroke. and
® About 2/3 were “nondippers”

T p=0.003

J Clin Hypertens. 2014; 16(2): 115-121.




[ gl CREVI YAV [alelN0 significant differencefEl\EHEE
events between morning dosing compared to dosing in the
evening or at bedtime.

The Cochrane Library, JW; 2011.
[accessed February 26, 2013].
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Summary of BP reduction strategies
In high risk hypertensive DM patients

 The sooner: BP reduction as soon as
possible.(ex. combo therapy=>» A+C preferred)

* The longer and stronger : Choose appropriate
ARB with good efficacy and 24hrs BP control.

 The wiser: bedtime dosing

* The larger :Titration to the maximal dose of
ARB/ACEI as possible especially for those
with macroalbuminuria



High dose ARB in organ protection



Relative Risk of ESRD

Six-month change in proteinuria predicts risk
for ESRD. Clin ] Am Soc Nephrol 3: S3-510, 2008.

4.0+

2.0+

10+

0.51

0.125-

)

50 | -50t0-20 -20t0425 -25t0100  >100
Proportional Change in UP:Cr, %



Summary of BP reduction strategies
In high risk hypertensive DM patients

* The larger :Titration to the maximal dose of
ARB/ACEI as possible especially for those
with macroalbuminuria



Summary of BP reduction strategies
In high risk hypertensive DM patients

 The sooner: BP reduction as soon as
possible.(ex. combo therapy=>» A+C preferred)

* The longer and stronger : Choose appropriate
ARB with good efficacy and 24hrs BP control.

* The wiser: bedtime dosing

* The larger :Titration to the maximal dose of
ARB/ACEI as possible especially for those
with macroalbuminuria

The worthier!! =» Pleiotropic effects



For BP control in T2D
Which ARB Is the worthier one?

To attenuate the harmful effects of
both metabolic and hemodynamic!!



Changeover Trial of Azilsartan and Olmesartan
Comparing Effects on the Renin-Angiotensin-
Aldosterone System in Patients with Essential
Hypertension after Cardiac Surgery

(CHAOS Study)

Ann Thorac Cardiovasc Surg 2016; 22: 161-167

aldosterone breakthrough in Azi but not Olm!!

Renin

. p=0.209
3] |

Agzilsartan Olmesartan

|
=
=

=11}

Angiotensin-I1 4 Aldsterone

p=0.011 00 p=0.028

0

|
Azilsartan Olmesartan

T 1 T
Azilsartan Olmesartan Azilsartan Olmesartan - 3 _ . . ] )
Fig. 3 Lefiventncularmass index after 1 year.

& enin-anglotensin-aldosterone system parameters after | year.




Central role of the angiotensin-converting enzyme 2 (ACE2)/Ang 1-7
axis in cardiac remodeling and heart failure:

Angiotensin-
converting
enzyme 2 (ACE2)
IS an enzyme
that converts
angiotensin Il into
angiotensin 1-7
(Ang 1-7) and
opposes the
molecular and
cellular effects of
angiotensin Il.

Pressure overload Post-Ml Diabetes

eg. Hypertension Remodeling Type 1 Type 2 LlErEEy
4 4 v +
4 Cardiac hypertrophy 4 Cell death 4 PKC activation 4 EAT inflammation
4 Dilated cardiomyapthy i +MMP activation ¥ Akt / eNOS 4 ROS production
Cardiac fibrosis 4 Ccardiac fibrosis 4 ROS production 4 Myocardial lipotoxicity
4 PKC activation ¥ Contractility 4 Inflammation ¥ Adiponectin
4+ MAPK activation 4+ MAPK activation *Lipotoxicity 4 cardiac metabolic
4 ROS production 4Ros production 4+ MMP activation abnormality

4 Endothelial dysfunction (insulin resistance)

HEART FAILURE

Patel VB et al. Circulation Research. 2016;118:1313-1326




Effects of a change-over from other angiotensin |l receptor blockers
to olmesartan on left ventricular hypertrophy in
heart failure patients

» Olmesartan increases plasma angiotensin-(1-7) through an increase in

ACE2 expression, | p=0.0002 |
* The hypothesis was b=0.007 . =002 .
. . [ I
ang|0tenS|n ” recep 250 L 11938 11024 10335
Study population: 200 -
N=64 outpatients (agel E 1s0]
with stable HF =
(38% with HFpEF and 62 £ '°°7
HFrEF) who had receiv sol
ARBs other than olme . )
0 T ¥ T
more than 1 year 6 months after 12 months after
Baseline administration administration
of olmesartan of olmesartan

Shimoura H et al. Heart Vessels 2017;3




Effects of ARB or ACE-Inhibitor Administration
on Plasma Levels of Aldosterone and
Adiponectin in Hypertension

7 50 E,; — Int Heart J. 2009 Jul;50(4):501-12.
= o
— o
E: _ .5 /i*'l'
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T 30 — g 15
=
5 __—O%k | © __f?
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Weeks Weeks
a0

Telmisartan seemed to

L be more effective at

1\ P, suppressing aldosterone
— with stimulating
N OIS activity ;




Comparison of Effects of Olmesartan and
Telmisartan on Blood Pressure and Metabolic
Parameters in Japanese Early-Stage Type-2
Diabetics with Hypertension

-8 W ow slw

Run-in period Treatment period

Olmesartan Telmisartan
(20 mg/day) (40 mg/day)

Valsartan
(80 mg/day)

Telmisartan Olmesartan
(40 mg/day) (20 mg/day)

J H f

ABPM ABPM ABPM

Blood sample Blood sample Blood sample

Hypertension Research volume 31, pages 7-13 (2008)



Table 2. Blood Pressure (ImmHg) Recorded by 24-h ABPM during Each Treatment

Variables Baseline (varsartan) Olmesartan Telmisartan

24 h
Systolic BP 1336121 1294158 1327183
Daastolic BP 75.5+63 74674 77387
Mean BP 94977 92T7£99 95.8%x11.6
Daytime (7:00-22:00)

Systolic BP 139.7+14.0 1341+£17.5 136.3+x16.7

Daastolic BP 78.8+64 76.9+8.5 80.1x93

Mean BP 99.1+85 957112 98.8+114
MNighttime (00:00—6:00)

Systolic BP 121.4+179 119.5+203 124 9+21.6

Daastolic BP 689+120 69.6£9.6 729+100

Mean BP 86.4+135 86.2+127 90.2+134

Table 3. Biochemical Measurements at Baseline, Olmesartan Treatment, and Telmisartan Treatment

Baseline (valsartan) Olmesartan Telmisartan p value
HbAlc (%) 62205 63205 6.1+03 ns.
Fasting blood sugar (mmol/L) 7.5+22 7.6x2.6 7.5+18 ns.
Insulin (UWU/mL) 73153 10416 90x6.8 LS.
HOMA-TR. 20x1.1 23x12 24x14 ns.
Total cholesterol (mmol/L) 52406 524038 52+10 ns.
HDL cholesterol (mmol/L) 14+04 1.4+03 14+04 ns.
LDL cholesterol (mmol/L) 30x03 30207 3.1+06 ns.
Triglyceride (mmol/L) 14.7£6.6 21.0+251 17.8£18.1 ns.
VCAM-1 (ng/mL) 8341395 8641401 922+404 ns.
ICAM-1 (ng/mL) 30075 32683 31676 ns.
Adiponectin (g/mlL) 129+10.6 140+124 13698 ns.
hs-CRP (mg/dL) 0.076x£0.063 0.078x£0.05 0.144=0.146 0.00418
log mterleukin-6 (pg/mlL.) 1617 1.43+1.84 19+22 0.00133
log mterleukin-18 (pg/mL) 183163 187+68 197+ 66 ns.




Antihypertensive and metabolic effects of high-dose
olmesartan and telmisartan in type 2 diabetes patients with
hypertension

Endocrine Journal 2013, 60 (5), 563-570

Table 5 Percent Changes in metabolic parameters

Olmesartan srouy  Telmisartan srous ——

HbAlc -22+7 1 38+£713
FPG -4 2+18.1 5.6=190
3 46=51.7 105454
HOMA-IR -1.2+60 4 25 3+63.5
Total cholesterol -02+122 1.6=142
HDL cholesterol 5 016 -7 8
LDL cholesterol 0.5+183 -0.1=193
Triglyceride 3.8+41.0 16.1+82.7
hs-CRP 2331468 11294307
HMW-adiponectin 824245 4.1£26.2




Olmesartan is More Effective Than Other Angiotensin Receptor
Antagonists in Reducing Proteinuria in Patients With Chronic Kidney
Disease Other Than Diabetic Nephropathy

Current Therapeutic Research 74 (2013) 62-67

(g/g- Cre) ( glg- Cre)
A2.5 BZ."
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The efficacy of
olmesartan/sevikar/sevikar HCT



Dose-Dependent Renal Protection by Olmesartan
Japanese Study — Result

*Olmesartan 40 mg performs better renal protection effect

mg/g - Cr Change in Albuminuria
300
P<0.05
550 T | P<0.05

200

150

100

50

0

Before 10mg 20mg 40mg
administration

Therapeutic Research 2008: 29(4): 549-557



Safety

AE rate is similar when dosage increasing

*Compare with standard dose, AE rate of olmesartan 40mg is not increasing.

B Drug-related AEs = Withdrawals due to AEs
25 - 23.7

Patients (%)

|
Olmesartan dose (mg)

Vasc Health Risk Manag 2006;2:327-40




Stability
SEVIKAR Provide Stable 24hr BP-Lowing

Eaty
Hours after treatment moming
00 I f 31 !: é Z a 9 lO'Al 131‘3144\.5 ‘L61;715‘L°202;12;22321‘
200 A+C -2+
— o ad)
=2] 5 £
o i 180 E -8
E 160 g 8. Trough
£ 140 £ -0
2 %-wq
= 120 - 6 1]
7]
® 100 ¥
Q 18
© 80 - Eaty
3 i
a 60."- 0 1 2 3 45 67 8 9 1011121314158 17718192021 222324
~ 0 A . “ a )
40P RN N A T O N S O L
1012141618202224246810125-a
Time of day (h) g -6
- - S _e
Placebo (®) and amlodipine (©) B 10|
8 42
-14 4
B Olmesartan medoxomil 20 mg/day © Valsartan 80 mg/day

M. E. Heber et al. Br. J. clin. Pharmac. (1989), 27, 359-365
Brunner HR. Vasc Health Risk Manag. 2006;2(4):327-40




Powerful triple combination
Sevikar HCT significantly reduce more BP than Sevikar

OlA O/AH O/A O/AH O/AH OlA O/AM OIAH
20/5 mg 20/5/12.5 mg 40/5 mg 40/5M12.5mg 40/5/25 mg 4010mg 40/10/12.5 mg 40/10/25 mg
0.0 h=337 n=334 n=334 n=336 n=335 n=335 h=336 n=332

@
k=
D -
g o

I
L

€ .10.0
E - '
SE
e L
o O
mo
vy
@
() E’ =20.0
S n

- |
& o
E -
U
o -29.9 -30.4
O o 300 1
c E -32.8
i)
E el
— p<0.01

-40.0 p<0.0001 p<0.001

All changes significant vs. baseline (p<0.0001) Volpe et al. Clin Drug Invest 2012;32:64964




Get BP controlled with 1 pill!
BP control rate by Sevikar and Sevikar HCT

Patients with BP <140/90 mmHg (%)

100 -

80

60

40

20

Total cohort N = 999

49.5

]

/7.1

63.8

Dual Combination

OLM/AML
20/5 mg

OLM/AML
40/5 mg

OLM/AML
40/10 mg

| ——

e Combination
OLM/AML/HCTZ OLM/AML/HCTZ

40/10/12.5 mg 40/10/25 mg

Weir M et al. J Clin Hypertens 2011;13:404-412.



Vascular Protection Effect by Olmesartan

VIOS

Olmesartan Medoximil But Not Atenolol Reverses Vascular

Hypertrophy

P<0.001

Wall to Lumen Ratio (%)

Normal Wk -1 Wk 52 Wk -1 Wk 52

Atenolol Olmesartan

Joumal of The American Society of Hypertension (2) 3: 165-172, 2008

Vascular Hypertrophy

Changes in IVUS Parameters

Anti-inflammatory

Atheroma Regression

Table & From Baseline to Follow-Up
Control Olmesartan
(n = 121) (n = 126) p Value

Nominal change

Atheroma volume (mm?) 7.1(1.8-12.4)* —2.6(-7.9-2.8) 0.011

Lumen volume (mm?) 0.3(—8.7-9.3) 04 (—7.6-8.3) 0.989

Vessel volume (mmai 7.8 (2.5-10.5) —21 (—8.5-2.5) 0.178

PAV (%) 1.1(0.1-21)t —0.1(—0.9-0.8) 0.085
Change In total atheroma

volume and PAV
Total atheroma volume (%) 5.4 (2.4-8.5) 0.6(—1.9-3.1) 0.016
PAV (%) 3.1(0.7-5.6) —0.7 (—3.4-2.0) 0.038
Value within p h 95% conf interval. *p = 0.009; tp = 0.039 between

baseline and follow-up.
Abbreviations as in Table 5.

EUTOPIA

Results hs TNF-alpha
|

**p<0.02, *p<0.05, *p=0.01 vs. baseline, p<0.05 olmesartanvs. placebo
Fliser et al. Circulation. 2004;110:1103-1107.

Anti-Atherosclerosis

MORE

Mean changes (4) in plaque volume (PLQ-V) from baseline at 28-,
52- and 104-week follow-up

Baseline PLQ-V
> 33.7 pl (median)

28 52

—_———i

p=0.026
. p=0.040
B Atenolol

[H oimesartan

p=0.009

0 28 52 104 0 28 52 104

Week of Study Week of Study
therapeutic advances in cardiovascular disease.” 2007, Dec. 6



Take home messages
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Save Kidneys,
Save Lives

L AT T



& |oImesartan |- Olmesartan

RN

RG]

GLP-1a
DPP4i

AGE A Intraglomerular
Polyols ET
pressure
Reactive Oxygen Species
‘ == g Ty
(EEEE0UN
= O
FHF ]

SGLT2i
ACEI/ARB

Functional Structural
Tl Permeability Podocytopathy
Td Filtration ECM accumulation
Td Re-absorption Glomerulosclerosis
Diabetic Nephropathy
c>albuminuria -

\ Macroalbuminuria v
ESRF

J Diabetes Investig. 2011 Aug 2; 2(4): 243-247.




e

Nature Reviews Nephrology 10, 88-103 (2014) | doi:10.1038/nrmeph.2013.272

Insulin resistance | - Obesity
and p-cell dysfunction

Hyperglycaemia
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|
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Advanced glycation ~»| AGE formation

Polyol Growth factors
TGF, VEGF
Proinflammatory
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Oxidative stress * g

Hexosamine

Protein kinase C

Podocytopathy

%

Impaired renal

vascular regulation ACEI/ARB

Vasoconstrictors Ang Il, ET-1 I

Afferent
arteriole

" Efferent
p, arteriole

hmerular
: pillary ).

B

Afferent vasodilators V
ANP, NO, kinins,
| COX, metabolites |

Macula densa signals
Tubuloglomerular
feedback



Thanks!!
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