“FOUR PILLARS “ IN THE
TREATMENT OF DIABETIC
NEPHROPATHY[DN]
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INTRODUCTION

The "four pillars" of treatment for diabetic nephropathy
are:

Renin-angiotensin system (RAS) inhibitors,
Sodium-glucose cotransporter-2 (SGLT2) inhibitors,
Glucagon-like peptide-1 (GLP-1) receptor agonists,

Non-steroidal mineralocorticoid receptor antagonists
(nsMRA).

In combinations they retard progression of diabetic
nephropathy.

Medications are individualized as per patient needs.



MECHANISM OF DN
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RAAS INHIBHITORS

Angiotensin Il and other components of the renin-angiotensin-
aldosterone system (RAAS) have a central role in pathogenesis.

ACE inhibitors decrease the production of Ang Il, which is a potent
vasoconstrictor, leading to lower intraglomerular pressure and reduced
glomerular hypertension.

They also decrease the glomerular permeability to urinary albumin leading to
decreased proteinuria.

ARBs act by blocking Ang Il type 1 receptors (AT, receptors).

This AT, blockade may lead to further increase in synthesis of Ang Il which
binds to intrarenal AT, receptors, resulting in decreased blood pressure and
reduced renal interstitial fibrosis.



RAAS BLOCKERS
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RAAS INHIBITORS
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LOSARTAN LED TO DECREMENT OF PROTEINURIA BY 35% AND
REDUCTION OF DOUBLING OF CR AND ESKD BY 25%

Effects of Losartan on Renal and Cardiovascular Outcomes in
Patients with Type 2 Diabetes and Nephropathy (RENAAL)

Primary outcome

1,513 2x sCr,
patients ESRD, death ESRD

43° % 19°%

RP=0.02 P=0.002
x

Type 2 DM T 47 1 % 255%

Albuminuria >300
Cr 1.3-3.0 mg/dL

N Engl J Med, Vol. 345, No. 12 - September 20, 2001 JOURNAL of MEDICINE

s Joel Topf @Kidney_Boy
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Trial # Design FU Renal outcome

DCCT [5] 1441 T1DNM Intensive versus standard 6.5 years Intensive glycemic control versus standard control (HbA . 7.3 versus
glycemic control 9.19%) reduced incident micro- and macro-albuminuria by 39 and 54%.

EDIC/DCCT [e] 1441 T1DNM Intensive versus standard 18 years Renoprotective efficacy of intensive glycemic control persisted and
glycemic control resulted in 45% risk reduction of micro-albuminuria at 18 years

UKPDS 33 [7] 3867 T2DM Intensive versus standard 10 years Intensive glycemic control versus standard control (HbA ;. 7.0 versus
glycemic control 7.996) led to 33% risk reduction for micro-albuminuria.

ADVANCE [8] 11 140 TZ2DM Intensive versus standard 5 years Intensive glycemic control versus standard control (HbA,_ 6.5 versus
glycemic control 7.3%6) reduced risk of micro-, macro-albuminuria and ESRD by 9, 30

and 65%. For those with macro-albuminuria, number needed to treat to
prevent one ESRID = 41.

ACCORD [2] 10 251 T2DM Intensive versus standard Terminated Targeting HbA, 6.0 versus 7.0—-7.9% resulted in excess mortality (HR
glycemic control at 3.5 years 1.22;95% CI 1.01—-1.46; P = 0.04)._
RENAAL [10, 11] 1513 T2DNM Losartan versus placebo 3.4 years Multivariate analysis: every 10 mmHg SBP rise increased risk of ESRD

or death by 6.7%. Losartan led to decrement of proteinuria (35%;
P < 0.001), risk reduction of serum creatinine doubling (25%; P = 0.006)
and ESRD (28%:; P = 0.002).

MARWVAL [12] 332 T2DM Valsartan versus 24 weeks Reduction of micro-albuminuria with valsartan (44%) greater than
amlodipine amlodipine (8%).
IRMA-2 [13] 590 T2DM Irbesartan versus placebo 2 years Irbesartan demonstrated renoprotective efficacy with reduction in

disease progression compared with placebo (HR 0.3; 95% CI 0.14—0.61;
P < 0.001 for 300 mg irbesartan).

IDNT [14] 1715 T2DM Irbesartan versus 2.6 years Irbesartan was renoprotective with lower risk of serum creatinine
amlodipine versus placebo doubling (33%,; P = 0.003) and ESRD (23%:; P = 0.07) compared with
placebo.
DETAIL [15] 250 T2DM Telmisartan versus 5 years Telmisartan and enalapril fared equally. No significant differences in
enalapril level of albuminuria, rate of GFR decline and ESRD.
ROADMAP [16] 4447 T2DN Olmesartan versus placebo 3.2 years Olmesartan resulted in a reduction in time to micro-albuminuria onset

by 232 (HR 0.77; 95% CI 0.63—-0.94; P = 0.01). Blood pressure was
similarly controlled in both study arms.

CALM [17] 199 T2DM Candesartan/lisinopril 12 weeks Combination therapy more effective with greater reduction in urinary
combo versus candesartan albumin: creatinine ratio (50%) compared with candesartan (24%9) or
wversus lisinopril lisinopril (39%) alone.

ONTARGET [18] 25 620 T1&2DM Telmisartan/ramipril 55 months Combination therapy was associated with increased composite outcome
combo versus telmisartan of dialysis, serum creatinine doubling and death (HR 1.09; 95% CI 1.01—
versus ramipril 1.18; P < 0.037).

VA NEPHRON-D [19] 1448 T2IDNM Losartan/lisinopril combo Terminated Combination therapy offered no renal benefit but resulted in excessive
versus losartan at 2.2 years risk of hyperkalemia (6.3 versus 2.6 events per 100 person years;

P < 0.001) and acute kidney injury (12.2 versus 6.7 events per 100 person
years; P < 0.001).

AVOID [20] 599 T2DM Losartan versus aliskiren/ 6 months Aliskiren (direct renin inhibitor)/losartan combo led to reduction of
losartan combo urinary albumin: creatinine ratio by 20% (95% CI 9-30; P < 0.001)
independent of blood pressure control.
ALTITUDE [21] 8561 T2DNM RAS blockade plus Terminated Addition of aliskiren to maximal ARB offered no additional benefit.
aliskiren wversus placebo at 2.7 years Hyperkalemia and hypotension were significantly increased in the
aliskiren arm.
BEAM [22] 227 T2DM Bardoxolone methyl 52 weeks Bardoxolone methyl at 25, 75 and 150 mg resulted in a higher GFR
wversus placebo (5.8 + 1.8, 10.5 + 1.8 and 9.3 = 1.9 mL/min/1.73 m?) compared with
placebo at 52 weeks.
BEACON [23] 2185 T2DM Bardoxolone methyl Terminated Bardoxolone methyl led to a significant increase in cardiovascular
versus placebo at 9 months morbidity (HR 1.83; 952 CI 1.32—-2.55; P < 0.001).
Di.N.A.S. [24] 223 T1&2DM Sulodexide versus placebo 8 months 4 months of sulodexide (200 mg/day) significantly reduced albuminuria.

Effect persisted after 8 months with 622 reduction compared with
placebo (P = 0.0001).

Sun-MACRO [25] 1248 T2DM Maximum ARB plus Terminated No significant benefit observed in end points of serum creatinine
sulodexide versus placebo doubling and ESRD.
VITAL [26] 281 T2DM RAS inhibition plus 24 weeks Paricalcitol at 2 ng/day reduced albuminuria (20% compared with
paricalcitol versus placebo placebo). However, 2 ng/day was poorly tolerated and patients often
reduced the dosage.
CANTATA-SU [27] 1450 T2DNM Canagliflozin versus 52 weeks Canagliflozin caused initial decrease in GFR but subsequently stabilized
glimepiride while individuals in the glimepiride arm had progressive GFR decline
(—1.7 versus —5.1 mL/min/1.73 m~> after 52 weeks).
ASCEND [28] 1392 T2DM Avosentan versus placebo Terminated Awvosentan reduced proteinuria compared with placebo, but, had excess

at 4 months adverse cardiovascular events; especially fluid overload (4.6%; P = 0.225),
congestive heart failure (3.6%; P = 0.194) and death (2.6%).

ARB, angiotensin receptor blocker; RAS, renin—angiotensin system: T1DM, type 1 diabetes mellitus.



SGLT2 INHIBHITORS
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Empagliflozin in Patients with Chronic Kidney YVISN
Disease (EMPA-KIDNEY) e
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Reference: EMPA-KIDNEY Collaborative Group. (2022).

Conclusion: among a wide range of patients with chronic kidney disease who were at Ermpagiffoin n Patients with Chronic Kidey

risk for disease progression, empagliflozin therapy led to a lower risk of progression Disease, New England Journal of Medicine.
of kidney disease or death from cardiovascular causes than placebo.

VA by Denisse Arellano, MD % @deniise_am




Could dapagliflozin improve kidney and % a
cardiovascular outcomes in patients with CKD? #Neph)C

' Kidney Cardiovascular
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Multicenter *  Death from renal causes
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Conclusion: Among patients with chronic kidney disease, the risk o o ounce n engis ved 2020 se 26, /5 o)
of any composite kidney or cardiovascular outcomes or death DOI: 10,1056/NEIM0a2024816 o !
was significantly lower with dapagliflozin than with placebo. Visualabstract: Denisse Arellano, MD W @denise am  owms




EFFECTS OF GLP1A
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Inflammation§ Oxidative Stress §
NF-xB NADPH oxidase
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Renoprotection

GLP-1RAs have been shown to
activate PKA and increase the
production of cyclic adenosine
monophosphate (cAMP).

NADPH oxidase and NF-kB activity
are inhibited, resulting in the
attenuation of oxidative stress and
inflammation.

Prevent podocyte loss as well as
mesangial and endothelial
dysfunction.

GLP-1RAs inactivate NHE3 and
promote atrial natriuretic peptide
(ANP) secretion, thereby inducing
natriuresis.

GLP-1RAs inhibit tubular injury
and subsequent tubulointerstitial
fibrosis.




FLOW: the first dedicated kidney outcomes trial with a GLP-1RA

CKD is acommon A g|oba| k|dney QW SC semaglutide 1 mg + SOC (n=1767) baseline eGFR: 46.9
complication of T1D and T2D outcomes trial

baseline eGFR: 47.1

Randomized controlled clinical trial

3.4-year follow-up

24%

536 million affected in 2021, ) composite ducti
. : e 28 countries : reauctions
predicted to rise to 783 million by 2045 primary for kidney
outcome disease

components

$39 milion 387 sites

in the US alone
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,ﬁi m edfyle Rossing P, Pratley R, Perkovic V, et al. The First Dedicated Kidney Outcome Trial with a GLP-1 Receptor Key Takeaways, At-a-Glance, On the Go

Agonist—Once-Weekly Semaglutide and the FLOW Trial Results. Presented at ADA 2024.




Non-steroidal mineralocorticoid receptor
antagonists (nsMRA)
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g\o%gness The Discovery of Finerenone (BR-4628)

F « v ge o . Lt alcium channel blocker; { mineralocorticoid receptor; .
SferOIdOl M RA D|hydropyr|d|ne BR'4628 BR'4628 ChO rOCTeTISﬂCS w-Lanrp;;Lmeord .'uf:p]lo-! dHl;;ﬁi?:ril, NS, no::wl:'mdil. ARf)awdroMEyii

receptor; GR, glucocorticeid receptor; PR, progesterone receptor

spironolactone nitrendepine finerenone
i High in vitro & in vivo MR potency

v As potent as spironolacfone
v/ More potent than eplerenone

Mineralocorticoid receptor (MR) selective
Weak antagonist of AR, GR & PR (like eplerenone & nitrendipine)

160-fold more selective for MR than AR (spironolactone is 3-fold more
selective)

Low L-type calcium channel binding activity

NN

Novel NS compounds derived from
Q9 dihydropyridine class*

owk
d Y Identified through
BR-4628chemical optimization

Behaves as a bulky-passive antagonist
v Large branching BR-4628, impairs adoption of H12 helix active
conformation

Conclusion: BR-4628 is a bulky antagonist that inactivates MR Fagart J et al. Anew mode of mineralocorticoid receptor

§ : antagonism by a potent and selective nonsteroidal
through a passive mechanism. It represents the prototype of a new P

class of MR antagonists. J Biol Chem. 2010. Sep 24;285(39):2996-40. PMID:

20650892 VA by @Sophia_kidney




Spironolactone Eplerenone Finerenone

Structural properties Flat (steroidal) Flat (steroidal) Bulky (non-steroidal)
Potency to MR +++ + +++
Selectivity to MR + e ik

CNS penetration + + -

Sexual side effects ++ (+) -

Half-life >20 h™* 4-6 h** 2-3h*

Active metabolites ++ = -

Effect on BP i i "



MECHANISM OF FINERENONE
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Inflammation and fibrosis

- increased production of IL-
18and IL-1P

- progressive podocyte and
tubular injury,
tubulointerstitial fibrosis

- increased MR activation
(classical, non-classical)
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ﬂilomerular hyperfiltratlon\:

- vasodilatation of the
afferent arteriole (reduced
NO, hyperinsulinemia,
prostanoids)

-increased efferent arteriole
resistance (AT Il, endothelin-
1,R0S, TXA 2)

- dysfunction of
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Other potential mechanisms
- altered gut microbiota
- genetic susceptibility
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%%g“ess Kidney Function in Patients with Chronic Kidney Disease?
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Qneph What are the Long-term Effects of Spironolactone on Protfeinuria and

Adverse effects
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Proteinuria @
l 1000 - 3900 mg/g *Before inclusion, all patients had been followed in the outpatient clinic for at least 1 year and
: treated with ACEls and/or ARBSs.

54005

Conclusion: This study has shown that spironolactone may Clatior: Panent =, Blaezai i, Campess i Long term efiecls
.. ) : of spironolactone on proteinuria and kidney function in

reduce proteinuria and decrease progression of chronic patients with chronic kidney disease. Kidney Inf. 2006

kidney disease. beelhlodlloes va (%) @neptromyth
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neph s Finerenone Effective in Improving Outcomes in CKD Patients

'z'b%‘%"e” with Diabetes?

Kidney fallure, ' 0.
@ CKD and sustained 240% decrease in CV death, nonfatal Ml or stroke, "‘Q
H Wpe 2DM eGFR from baseline, or death or HF hospifalization I '||

+ from renal causes.
+ ]

T Primary Composite outcome Secondary Composite Hyperkalaemia-related
ono outcome discontinuation rates ’;3

® RASblockade Placebo 21.1%

Adverse events

Similar in
both

arouns
\-_f_’/" R [

UACR: 30-<300
eGFR: 25-<60 95% Cl,0.75 - 0.99

Or ) 2.3%
UACR:300--5000 . (? 17.8% 13.0%

BGFR. 25'<75 Median follow-up: 2.6 Yr UACR; urinary albumin-to-creatinine ratio lin mg/g, CKD: Chronic kidney diseases, eGFR:

estimated glomerular filtration rate

i : : : : Citation : Bakris GL, et al . Effect of Finerencne on Chronic Kidney Disease
Conclusion: In patients with CKD and fype 2 diabetes, freatment with Qutcomes in Type 2 Diabetes. N EnglJ Med. 2020 Dec 3;383(23):2219-2229.

finerenone resulted in lower risks of CKD progression and cardiovascular dloi: 10.1056/NEJM0a2025845.
events than placebo

VAby O @Priti99
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Fff Patients Mainly Stage 34 CKD ] Mainly Stage 1-2 CKD
Primary l 18% decrease In CKD progression l 13% decrease in CV mortality
outcome (HR 0.82; 95% C1 0.73-0.93) and morbidity
\@ (HR 0.87: %95 G 0.76-0.98)
%14 decrease in CV mortality and %13 decrease in CKD progression
Secondary 4 ! morbidity ‘ (HR 0.87; %95 C1 0.76-1.01)
outcome (HR 0.86; 95% ca 0.75-0.99) (not significant)
A\ satety Favorable safety profile: small and manageable hyperkalemia risk with minimal clinical effect

(§)FIDELITY  FIDELIO-DKD plus FIGARO-DKD T2D patients with

G

good glycemic and blood on maximum tolerated
pressure control labeled doses of ACEIl or
ARB

Finerenon enabled

14% reduction - ™ 23% reduction in
in the CV morbidity and | CKD progression
mortality risk A e r (HR 0.77; %95 CI| 0.67-0.88)

(HR 0.86; %95 CI 0.78-0.95)

Finerenone is an effective treatment option in T2D patients with stage 14 CKD for renal and CV protection




PREVENTION OF PROGRESSION OF DN

Diabetic kidney
disease prevention

SGLT2 inhibitors
GLP-1 receptor agonists
Statins

RAAS inhibitors (ACEis and ARBs)

Non-steroidal mineralocorticoid antagonists

/ Lifestyle (low salt diet, no smoking, exercise, weight loss) \
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