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Medications for Delaying the Deterioration
of Chronic Kidney Disease
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GENERAL HOSPITAL

Staging of CKD (Chronic Kidney Disease)

NKF-K/DOQI estimated

- GFR 11% Prevalence rate 11.9%
Stage | Description | s 7amy | Dall (USA) vs. all (Taiwan)
Kidney damage
1 |with normal or >90 8.6% /3.3% 1%
1GFR
2 Mild |GFR 60-89 11.1%/ 3.0% 3.8%
Moderate g o o o
3 IGFR 30-59 17.7% 1 4.3% 6.8%
4 |Severe |GFR 15-29 0.2%
- - 2.3%10.4%
5 |Kidney failure <15 0.1%

Chronic kidney disease is defined as either kidney damage or GFR <60ml/min/1.73m? for 3 months.
Kidney damageis defined as pathologic abnormalities or markers of damage,
including abnormalities in blood or urine tests or imaging studies.

CKD risk of progression and
suggested annual visit times

UACR and eGFR
are key factors of
CKD risk progression

Comprehensive care in patients with diabetes and CKD

KDIGO 2023 update
KDIGO 2020
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Holistic approach to chronic kidney disease (CKD)
treatment and risk modification - KDIGO 2023
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1. ACEi/ARB
2. pentloxiphymne KDIGO 2024 CLINICAL PRACTICE GUIDELINE
i: S'I::":I‘;”gte FOR THE EVALUATION AND MANAGEMENT
5 Liowerig aents oF CHRONIC KIDNEY DISEASE
6. SGLT2 inhibitor
7. Finerenone
8. Ketosteril
9. Kremezin
10. Summary
Blood pressure control | Target SBP < 120 mmHg (2B) Blood pressure control | Target SBP < 120 mmHg (2B)
Entry criteria in the SPRINT trial Clinician decision SPRINT trial
A " (Blood pressure goal (AOBP) - - - - —
R ot e )‘Z“",’"'““‘? - main kidney outcomes : non-significant!!! |
ontinue with current guideline

| stroke

| recommendations <140mmHg

B Desth from Any Cause Hazard Ratio
Outcome Intensive Treatment Standard Treatment (95% CI) P Value

no. of patients (%) % peryear  no.of patients (%) % peryear

E H Participants with CKD at baseline (N=1330) (N=1316)
E % Compasite renal outcomes: 14(L1) 0n 15 {1.1) 036 089 (0.42-187) 0.76
E é 250% reduction in estimated GFRY 10(0.8) on 11 (0.8) 0.26 0.87 (0.36-2.07) Q.75
i
< 3 Long-term dialysis 6(0.5) 014 10(0.8) 0.4 057 (0.19-1.54) 027
Kidney transplantation 0 0
Incident albuminuriaq 49/526 (9.3) 0 59/500 (11.8) 390 072(048-107) 011
Renin-angiotensin system inhibitors Renin-angiotensin system inhibitors

* PP=practice point

e ACES o AR
Albuminuria .
Diabet No diabetes o e s e s
category (i 2-4 weaks afarsaring r hanging dose)

Nomokalemia Hyperkalemia > Mk incresse
increatinne

<asincesse | measures to reduce K+ > 1
ncreatinine

2C pmemmes, e

intake Ce
tolorated Bose « Consider: concommant medications
- dnrencs f2g. diuratics, NSAIDS)

g Cor
1 B | continue unless SCr >30% within dwks 11 PemsmEndn [Eririnietvis it 1
| continue even when eGFR falls below 30 | | YdoseorbC : i
________________ f | Symptomatic hypotension
Tt TS RS EERE SR ) | Refractory hyperkalemia |
1using the h|ghest approved dOSE H ifmitigation suategies ineffective | | Reduce uremic symptoms ||
[ |

_____________________________ | while treating kidney:failure




Randomised placebo-controlled trial of effect of ramipril on decline in T H E L A N C E T

glomerular filtration rate and risk of terminal renal failure in proteinuric,
non-diabetic nephropathy

REIN study - Stratum 2

The GISEN Group (Gruppo Hallana df Shud! Epkle

follow-up 3 years
352 proteinuric CKD, non-DM, eGFR 43~49

Stratified for baseline proteinuria
(n=352)
Ramipril group

v
ratus Stratum 2: 1. Lower monthly decline in GFR (0.53 vs
Proteinuria 1-29 g/24h (n=186)| | | Proteinuria >3 /24 h (n=166) 0.88 m/min)
T o m- . e
| 2. Urinary protein excretion significantly

decreased (median -55% at 3 years)

3. Less sCrx2 or ESKD
Ramipril or placebo + other BP drug essshrxsor
Target DBP< 90 mm Hg 3

Stratum 2:
166 patients with proteinuria > 3g/day

v
| Randomised (n=186) | | ‘Rangomised (n=166)

2025/6/18

THE LANCET

Renoprotective properties of ACE-inhibition in non-diabetic

nephropathies with non-nephrotic proteinuria

REIN study - Stratum 1

352 proteinuric CKD, non-DM, eGFR 43~49 Stratum 1:

186 patients with proteinuria 1-2.9g/d
32)
significantly different(-0.24 vs -0.29)

1. Decline in GFR per month was not

Protein r'il';!; '24h'/H.BB'| Proteinuia —':um;n 0 156.‘ 2. LessESKDin ramipril group (RR:0.37;
uria 1-29 /24 (n=186) inuia >3 g/24h (0=
e £ 95% C10.16-0.82)

‘ 3. Less progression to overt
proteinuria (>3g/d) (RR:0.42; 95% CI

Ramipril or placebo + other BP drug 0.22-0.79)

v
| Randomised (=186) | | Randomised (n=166]

Target DBP< 90 mm Hg g

e ! (% ™M NEW ENGLAND
o . . . . - 2 JOURNALf MEDICINE
Efficacy and Safety of Benazepril for Advanced Chronic Renal Insufficiency
" >, N EnglJ Med 2006; 354:131-140)

1 NEW ENGLAND
. . . . . . =7 JOURNAL of MEDICINE
Efficacy and Safety of Benazepril for Advanced Chronic Renal Insufficiency = v

N Engl ) Med 2006; 354:131-140)

100 Table 1. Adverse Events after Randomization.*
B
; = = Adverse Event Group 1 (N=104) Group 2
. Gl b 1
422 CKD with Upro~1.6g/d, without DM 3 i Group 1 @ ‘—; ¥ Benazepr|  Flacebo
80 \ . g (N=112) (N=112)
. \_Group2. u‘ I o, of events
Group 1 Cr:1.5-3mg/dl - E i W e ?2 benazepril § »f Death [ 1 0
1 ‘ = H Nonfatal cardiovascular event
34 = 3 Myocardial infarction 3 s ]
Benazepril ‘ Benazepril |or | Placebo § ® o e - Hewr falere 1 ’ 5
(e v st | i e L S
ol o
Benzapril is associated with a 43% risk @ Benazepril : 52% reductionin | * Hyperkalemia 2 5 s
reduction in primary endpoint in group 2 proteinuria | :--rd«h‘m in renal function ; j ;
independent of BP 04~ i . ; . y — L=
(indep ) 0 12 “ % The incidence of other adverse events similar prsont 1 ] o
‘ Primary endpoint: Cr x2, ESRD or death | Months in the two subgroups of group 2 3 1 n

{7 e NEW ENGLAND
JOURNAL of MEDICINE

Renoprotective Effect of the Angiotensin-Receptor Antagonist Irbesartan in
Patients with Nephropathy Due to Type 2 Diabetes
o, B UL M A P, D, i L A3, b i, ML, B IDNT trial

Irbesartan (300 mg QD)
Amlodipine (10 mg QD) === Kindy and CV outcomes

Placebo

1715 HTN + CKD + —
DM

IDNT: baseline 2.9 g/d proteinuria, sCr of 1.67 mg/dl

Irbesartan in the primary composite endpoint

(Cr x2, ESRD or death)

1. 20% risk reduction v.s. placebo (RR: 0.80; 95% CI:
0.66 - 0.97)

2. 23% reduction v.s. amlodipine (RR: 0.77; 95% CIL:
0.63 - 0.93)

The NEW ENGLAND

Effects of Losartan on Renal and Cardiovascular Outcomes in Patients with JOURNAL of MEDICINE
Type 2 Diabetes and Nephropathy

i . e o ot RENAAL
First hospitalization for heart failure trial
r RENAAL: 1513 HTN + CKD + DM

N

3 baseline UACR 1237 mg/g, sCr 1.9 mg/dl

i

g Losartan and CV outcome

g 1. Composite CV outcome was similar in the

§ two groups

4 2. 16% risk reduction in first hospitalization
for HF

Secondary endpoint: composite of MI, stroke, first hospitalization for HF or
coronary or peripheral rev: r CV death
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Practice Point 3.2.1: It may be reasonable to treat people with high BP, CKD, and no
diabetes, with RASi (ACEi or ARB).

ia, with or without

1. No clear clinical benefits of RASi for CKD progression
2. In HOPE study(DM patients) , CKD subgroup of 3394 patients, Ramipril reduced( vs
placebo)
v All-cause mortality: 20% (HR: 0.80; 95% CI. 0.67 - 0.96)
v ML 26% (HR: 0.74; 95% CL: 0.61 - 0.91)
v Stroke: 31% (HR: 0.69; 95% CI: 0.49 - 0.90)
*In the overall HOPE study, 3577 patients had DM, and 2437 of them (roughly 2/3) did not
have albuminuria HOPE Study Investigators. Lancet. 2000;355:253 - 259,
Mann JF et al. Ann Intern Med. 2001;134:629 - 636.

Practice Point 3.2.2: RASi (ACEi or ARB) should be administered using the o dose that is tolerated to
achieve the benefits described because the proven were ac trials using these doses.

1. The benefits from RASi administered in less than maximally recommended doses are
less certain

2. If for whatever reason (e.g., hyperkalemia) the patient cannot tolerate the maximum
dose, a smaller dose may still be reasonable

Practice Point 3.2.3: Changes i BF, scrum creatinine, and serum potassium should be checked within 2-4 weeks of
initiation or increase in the dose of a RASi, depending on the current GFR and serum potassium.

1. ACEIs or ARBs > efferent arterioles vasodilatation> decline of the
intraglomerular filtration and GFR
v An increase in sCr , if it occurs, will typically happen during the first
weeks of treatment tion, and it should stabilize within 2 - 4 weeks
2. RAS blockade = inhibits aldosterone=> risk of hyperkalemia?
3. A shorter time interval is indicated if the baseline serum creatinine is high, or serum
potassium is already high-normal

Practice Point 3.2.4: Hyperkalemia associated with use of RASi can often be managed 'Irr measures to reduce the serum
potassium levels rather than decreasing the dose or stopping RASI.
1. Pseudo-hyperkalemia needs to be first ruled out
Dietary potassium restriction
3. Discontinuation of potassium supplements(certain salt substitutes) and
hyperkalemic drugs

N

4. _Adding potassium-wasting diuretics, and oral potassium binders

py un
folbwinginimmnofmtmmtommmmdm

1. Expert opinion. No single trial that compared meaningful clinical outcomes in
patients who were continuing versus discontinuing versus reducing the dose of
RASI upon a fast increase in sCr

Pnawtl’om(SL&Coﬂuderndmmglhdmwdmnlmnln;AcﬁuAleﬂumﬂngufudmsympmmm

dical treatment,

whik treating kidney failure (uummd glomcruln filtration rate [eGFR] <15 ml/min per l.73 m).

1. Discontinue other concurrent BP medications first if symptomatic hypotension

2. Hyperkalemia refractory to medical

3. Inadvanced CKD with uremic symptoms (eGFR <15), discontinue ACEi and ARB
temporarily to allow time for kidney replacement therapy preparation

[Tractice Point 3.2.7: Mincralocoriicord recepior antagonists are ellective Tor management of refractory hyperiension but |
mlywuehyperhlemuwl reversible decline in kidney function, particularly among patients with

1. The steroidal MRAs spironolactone and eplerenone have been found
v" Reduce BPin resistant hypertension
v" Reduce albuminuria in diabetic kidney disease
2. Hyperkalemia and eGFR decline are a concern when added to background therapy
with an ACEi, ARB, or diuretic, particularly when eGFR<45

3.3. Role of dual therapy with RASi

33.0: We iding any combination of ACEi, ARB, and direct renin inhibitor
(DRI) therapy in pllllnu with CKD, with or without diabetes (1B).

Dual RAS: therapy v.s. monotherapy
1. No CV or renal benefit
2. Increased risk of hypotensive symptoms, syncope, hyperkalemia and renal

dysfunction Mann JF et al. Lancet, 2008; 372:547 - 553

Tobe SW et al. Circulation. 2011;123:1098-1107
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ACEi/ARB
Pentoxiphylline
Bicarbonate

Vitamin D
Lipid-lowering agents
SGLT2 inhibitor
Finerenone
Ketosteril

Kremezin

10. Summary

LoNOHWNR

Diabetic kidney disease and inflammatory

. Monocytes,
1. 1 Expression of cell lymphocytes,
adhesion molecules RSP @ Coptwe  Roling  Slow Firm adhesion

(tethering) rolling and arrest
(E-selectin, ICAM-1 @ o
and VCAM-1.) Ad‘nesm 2

2. 1 Oxidative stress @
1 Oxidative stress S =)

3. 1 Release of Ronal tissue AR
inflammatory cytokines Osidative stress
(IL-18, IL-1, IL-6, TNF)

Ky njry = |BIct el domage O @
Apoptosis

Alteration of vascuiar permeability
Albuminuria

Juan F Navarro-Gonzélez et al. Nat Rev Nephrol . 2011 Jun;7(6):327-40.
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Pentoxiphylline - nonspecific inhibitor of cAMP phosphodiesterase . . . ) .
Xipnyti PECHTIC Innibt phosphod Pentoxiphylline - In vivo animal studies

1 RBC distensibility Protects mesangial cells from hyperglycemia and angiotensin II-mediated
extracellular matrix deposition

Reduce thickening of the GBM, flattening of podocyte foot processes
1. PAD

. - Corrects the diabetes-induced upregulation of TNF, IL-1 and IL-6 in the kidney,
2. Alcoholic hepatitis 5 . .
3. Diabetic kidney decrease urinary cytokine excretion

L RBC aggregation

{ platelet aggregation - Improve capillary
blood flow

\ plasma fibrinogen, |::> 2. Anti-inflammatory
J blood viscosity and antioxidant

J neutrophil activation effects
L plasma proinflammatory
cytokines (TNF-a, IL-1 and
IL-6)

disease Reduce urine albumin excretion

N U A LN

Navarro-Gonzélez, J. F. et al. Nat. Rev. Nephrol. 7,327 - 340 2011) .

7 PTF v.s. 7 control. DKD. flu 12 months Effect of Pentoxifylline on Renal Function and Urinary Albumin Excretion in Patients
A trend toward the reduction of proteinuria vith Diabetic Kidney Disease: The PREDIAN Trial

no statistical benefit in proteinuria reduction or preservation of renal function juan F. Navanro-anzalez, Carmen Mora-Femandez, Mercedes Murps de Fuenles, Jesiss Chahin, Marla L. Méndez, Eduerdo Gallego, Manuel Mecia, Nieves del Castilo
= ar

irtonia Rivero, Maria a arcue o
Diskin CJ et al. J Nephrol 20: 410-416, 2007 s sy 215,28 . . JAS N

29 PTF v.s. 27 control, CKD 3-5 (1/3-1/4 DM), f/u 12 months Single center, open- RCT Sl

Pentoxifylline added to losartan therapy decreased proteinuria (UPCR 1,140 to 800 mg/g v.s. label T’ or

1,410 to 1,810 mg/g) 169 stage 3-4 CKD + DM ¥ Control

No significant difference in eGFR decline rate Baseline UAE~ 1000mg/d

UAE change
Lin SLet al. Am J Kidney Dis 52: 464474, 2008 .

eGER decline

s

22 PTF v.s. 18 control, CKD(1/2 DM), eGFR 20-40, Upro>1g/d, f/u 12 month % - A
Pentoxifylline may slow the eGFR decrease in high-risk CKD patients(-1.2 v.s. -7.2 3 .a _‘;
ml/min/1.73m2/yr) (maybe independent of its antiproteinuric properties) E Control §ol
P om rom mom pow mom B

Perkins RM et al. Am J Kidney Dis 53: 606-616, 2009 g ol

=)

P

Bed 6 2 . M

Effect of Pentoxifylline on Renal Funetion and Urinary Albumin Excretion in Patients
with Diabetic Kidney Disease: The PREDIAN Trial

Single center, open-label RCT Pentoxifylline 600mg BID
or

169 stage 3-4 CKD + DM =~ se——

JASN Addition of Pentoxifylline to ACEi/ARB may slow eGFR
R decline rate and reduce proteinuria in CKD patients (especially DKD)
baseline eGFR ~37mimin1.73mz 2 Y15 *
UAE~ 1000 mg/d

Addition of Pentoxifylline to RASi in DKD eGFR:+ 2.2 ml/min/ 1.73 m2/year —

1. Slowing of the rate of eGFR decline -2.1#0.4 ml/min/1.73 m? v.s. -6.570.4; P<0.001

2. Reducing urine albumin excretion -14.9% v.s. +5.7%; P=0.001 ( UAE ~20% )

3. Urine TNF-a decreased from a median 16 ng/g to 14.3 ng/g; no change in placebo
group; P<0.01

Control

Short follow-up duration(1~2 yrs) and in small sample sizes
A large-scale clinical trial is necessary to confirm this result
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17253 e ?‘F’,ﬁ‘]?; B enZES LR KDIGO 2012 Clinical Practice Guideline for the Evaluation
and Management of Chronic Kidney Disease
1. ACEI/ARB
2. Pentoxiphylline TR T
3. Bicarbonate 3.4.1: We suggest that in people with CKD and serum bicarbonate concentrations <22 mmol/l treatment with oral
4. Vitamin D ::;::;:::;:ﬂxprl’:;:lcnmﬁun be given to maintain serum bicarbonate within the normal range, unless
5. Lipid-lowering agents -
6. SGLT2 inhibitor
7. Finerenone
8. Ketosteril
9. Kremezin
10. Summary
oni e i Metabolic acidosis of CKD . . ..
[_Functioning nephrons declines inckD_] Consequences of metabolic acidosis in CKD

U

Increase in the ammonium(NH4+*)
excreted per nephron

NH4+ excretion per total GFR(nephron) is
3~4 times above normal

‘ Reduced acid excretion when eGFR<25-40

&
Metabolic acidosis

Retained H* is buffered by bicarbonate in
the extracellular fluid, by tissue buffers,
and by bone

Jeffrey A Kraut et al. Am J Kidney Dis. 2005 Jun; 45(6):978-93
D G Warnock et al. Kidney Int . 1988 Aug;34(2):278-87 3

Bone resorption and osteopenia

Increased muscle protein catabolism

Reduced albumin synthesis

Aggravation of secondary hyperparathyroidism
Impair myocardial contractility

Systemic inflammation

Progression of CKD

Mortality

Shah SN et al. Am ] Kidney Dis 2009;4:270-7
Menon V et al. Am ] Kidney Dis 2010;56:907-
14

Serum Bicarbonate Levels and the Progression of
Kidney Disease: A Cohort Study

Matthew Abramowitz, MD + Thomas H. Hostefter, MD

Samir h, MO

Michal L. Melamed, MD, MHS ¢

f/u~3.4 years

Single center, n = 5,422 Serum HCO3-and kidney disease progression

| Risk for eGFR \ 50% or reach eGFR <15

Bicarbonate in GFR groups

2

: | |

N - = | [

- —_— M

(R . E

" HE — # Adusied

- % |2 t 4

- o001 1HR: 158 4 & * "

= - | o —T Ref * p<0.001
e wed e o) ¢ 2 BH 5% T2 - peo.008

Bicarbanate Quardies (meah)

Higher serum bicarbonate levels within the normal range are
associated with better survival and renal outcomes in African

kidne

Americans mnamnnomuy
Kalani L. Raphael & £ « Guo We « Bradiey C. Baird « Tom Groene « Srinivasan Beddhu AASK trial

1094 African American f/u ~4 years

HTN + CKD eGFR 20-65 Serum HCO3- and kidney disease progression

Event for eGFR {, 50% or \,25 ml/min/1.73m? or ESRD ‘

= 075 Serum bicarbonate (< 20 mmoll)
8 Serum bicarbonate (20-24.9 mmol1) .
H Sorum bicaroonate (25-25.9 mimou) | BicArbonate<20
£ Logrank test P < 0,001 Each 1 mmol/l increase in serum bicarbonate
2 within 20-30 mmol/l was associated with a
o 025
0,
~ 6 A) lower hazard of ESRD or eGFR event
0.00 ————— "
° 1 3 3| Bicarbonate>29.9

Time (years)
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Hazard ratio of event

U-shaped association between bicarbonate and renal
event/mortality

131

[ eGFR & 50% or 125 mi/min/1.73m? or ESRO |

800 {
ppe

v

Kalani L Raphael et al. Kidney Int. 2011 Feb;79(3):356-62

30 i

¥
0 5 0 35 34:-eon - - weree26 -
Serum bicarbonate 18 20 2 F2) % E 30 2

Serum bicarbonate

Kovesdy CP et al. Nephrol Dial Transplant. 2009 Apr;24(4):1232-7

Bicarbonate Supplementation Slows Progression of CKD and Improves Nutritional Status

RCT Sodium bicarbonate 600 mg TID
1serum bicarbonate 223 mEq/L

134 CKD stage 4
serum bicarbonate 16 to 20

Control

Jr——
Sodium bicarbonate

. § ) Conwei___
H Control
£ A lower risk of ESKD (CrCl <10 mi/min): 6.5 vs 33 %
Alower mean rate of decline of CrCl: 1.88 vs 5.93
mL/min/1.73 m? per year
8 24 months
L] B 12 L] 14

55 and The U8 Sty Growp

RCT

740 CKD stage 3-5

dium bicarbonate delays

J Nephrol. 2019; 32(6): 989-1001

‘ Sodium bicarbonate— target 24-28 ‘F/u 3yr

serum bicarbonate ~21.5

Control

A lower all-cause mo

A lower risk of requiring RRT : 6.9vs 12.3 %
A lower risk of a doubling of serum Cr: 6.6 vs 17 %

rtality : 3.1vs 6.8 %

No significant effect of sodium bicarbonate on BP, body weight or hospitalizations

Mechanisms of Acidosis-related Decline in Renal Function

Metabolic acidosis/High dietary acid intake

1 single nep
T Alternative complement pathway

Tubulo-interstitial injury Glomerulosclerosis

Decline in renal function

Pathogenesis of kidney

Chen and Abramowitz BUAC Nepbrology 2014, 1855
itpesre biomedlcentral comy1471-2369/15/55

CKD
progression

Increased
acid retention

Increased
ammoniagenesis
and interstitial

H, / NH,
accumulation

)
Increased NH,"and
acid excretion

L1

Adaptive
response

Tubule-interstitial
injury and fibrosis

Podocyte injury

Increased production
of proinflammatory,
proliferatic, and
profibrotic mediators

Activation of
C3,C5b-9

’l acid retention I

and alternative
complement cascade

W THOR & R PR

ACEi/ARB
Pentoxiphylline
Bicarbonate

Vitamin D
Lipid-lowering agents
SGLT2 inhibitor
Finerenone

. Ketosteril

. Kremezin

10. Summary
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Vitamin D deficiency is highly prevalent in CKD patients

8 Genoral population (NHANES 2001-2004) b CKD stage 3 (GFR 30-59mi/min)

14%

29%

>30 ng/ml: sufficiency
15-30 ng/ml: insufficiency
10-15 ng/ml: deficiency

<10 ng/ml: severe deficiency

d CKD stage 5 (dialysis population)

8%

Do, .. et o Nat. Ao Nofrot 5,910 G0
D>750moyt [125-75nmoyt [ <25nmoi/t i

Low vitamin D levels are associated with a higher risk of all-
cause mortality and faster progression of kidney disease

103 DM, CKD stage 2-3,

| Cr 50%1, dialysis, or death

UPCR>300mg/g
bl
o _LIL
i - ' j Low vit D level
1. Faster eGFR decline:

L <1 /ml 5.8 vs 3.6 ml/min/1.73m?2 per yr

\MI \ﬂ[ 2. High risk of primary endpoint:
e s o s & hazard ratio 2.88 (95% CI, 1.84 to 7.67)

5year

o e
et et [5 [o [a [» v [= = = 7|

etal. CJASN November

e Cl N N BN C EN EN BN BN | 2013,8 (11) 1870-1876

Potential benefits of Vit D on CKD

apparatus cells

Modulation of RAS activation

Tubular epithelial cells ~___ — — Podocytes.
$NFB sequestistion B “Mnephrin, P podocin,
1CCLS (RANTES) .
1 Other NFxB mediated {desmin

inflammatory genas? % 2. Prevention of podocyte
Denditic cells hypertrophy and loss

+Maturation/diffarentiation

T cells
47,1 response

17,2 response Macrophages
1 Antigen-specific reguiatory T cells sTNE
INFB
Reduction of renal
inflammation and
fibrosis

Doorenbos, C. R. C. et al. Nat. Rev. Nephrol. 5,691 - 700.(2009)

Oral Paricalcitol in the Treatment of Patients Wil D
and Proteinuria: A Randomized Trial
hbane, MD Harini Chittineni, MD « Michal Packman, MD « Paula Dutka, RN « Nicole Ali, MD HmE U BT =
Paricalcitol 1 ug/d

Placebo

e, MD

RCT
61 CKD patients, eGFR 15 to 90, Upro >400 mg/d ———=

Decreased iPTH

Decreased proteinuria

s e 5 8
Wonith P=0.01 Mantn P=0.04

But no significant difference in serum Ca and phosphorus .

Selective vitamin D receptor activation with paricalcitol for reduction of
albuminuria in patients with type 2 diabetes (VITAL study): a randomised

controlled trial THE LANCET

Prof Dick de Zeeuw, MD. 3 .« Prof Rajiv Agarwal, MD « Michact Amdahi, MS « Paul Audhya, MD

:5 | 281 DM, eGFR 15 to 90, median Ualb: 600-800

0 o 16% 14% 20% mg/d. paricalcitol 1ug, 2ug or placebo
6 —16% -14%  -20%

N Primary efficacy: percentage change in geometric
s mean UACR from baseline to 6 months later
Fo
&
g

30

- wooni Paricalcitol lowers albuminuria in patients

» i with DKD

Placsbo Combined 33 paricacital |2 pg parcakitel
paricakitol

Selective vitamin D receptor activation with paricalcitol for reduction of
albuminuria in patients with type 2 diabetes (VITAL study): a randomised

controlled trial THE LANCET

La

Prof Dick de Zeeuw, MD 2« Prof Rajiv Agarwal, MD « Michaet Amdahi,

Witherawal phase

Treatment phase
30 ~# Placebo
= 1 pg paricalcitol

UACR -18% ~ -28% :
20 —@- 2 g paracalcitol 8
o placebo

(Chanige in UACR %)
o

a H 8 1z 16 20 24 +30 +60
R Ks) Days

Addition of 2 pg/day paricalcitol to RAAS inhibition lowers albuminuria in patients with
DKD(p=0.014)
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Elevated total cholesterol, non-HDL cholesterol and low HDL > future renal
s oy A= s 3
Iiﬁ .?é ‘ti ‘L’J_'_ ?‘ -ﬁ-‘}% g Tl“ ﬁ"# *)' l\f"' -‘%‘ dysfunction(Cr>1.5) in healthy men(n=4483)
v RR:1.77 (95% Cl, 1.10 to 2.86) for total cholesterol > 240 vs <240
1. ACEi/ARB v RR:2.16 (95% Cl, 1.22 to 3.80) for non-HDL cholesterol > 196 vs <142
. N . v RR:2.16 (95% Cl, 1.42 to 3.27) for HDL cholesterol < 40 vs 240
2. Pentoxiphylline
3. BICa I‘bO nate Schaeffner E.S. et al. J Am Soc Nephrol. 2003; 14: 2084-2091
4. Vitamin D High triglycerides and low HDL cholesterol, but not low-density lipoprotein cholesterol, >
5. Lipid-lowering agents future renal dysfunction (Cr 0.4mg/dl)(n=12,728, baseline Cr<2 in men, <1.8 in women
p g ag
s bt msSal e e e,
) R = >64 vs
7. Finerenone :0.47(95% C1,0.3,0.8, .003) for >64 vs <41 mg
8_ Ketosterll Paul Muntner et al. Kidney Int. 2000 Jul;58(1):293-301
9. Kremezin Among 3303 patients with CKD 3-5, high total cholesterol, high non-HDL cholesterol, high
10. Summary LDL > risk for RRT and rapid renal progression (eGFR -6/yr)
v" Lower total cholesterol also increased risk for RRT(malnutrition)
Sau-Chia Chen etal. PLoS One. 2013;8(2):e55643

The effects of lowering LDL cholesterol with simvastatin plus ezetimibe in The effects of lowering LDL cholesterol with simvastatin plus ezetimibe in

patients with chronic kidney disease (Study of Heart and Renal TH E LANCET patients with chronic kidney disease (Study of Heart and Renal TH E LANCET
Protection): a randomised placebo-controlled trial Lancet. 2011 Jun 25;377(9784)2181.82 Protection): a randomised placebo-controlled trial Lancet, 2011 Jun 25:377(9784)2181.82
Prof Coln Baigent, FRCP Martin J Landray, FRCP - Christina Reth, MRCP « Jonathan Emberson, PHD SHARP study fro FRep Martin J Landray, FRCP « Christina Reith, MRCP « Jonathan Emberson, Phi) SHARP study

9270 CKD (3023 on dialysis) RCT Simvastatin 20 mg + ezetimibe 10 mg QD 9270 CKD (3023 on dialysis) RCT Simvastatin 20 mg + ezetimibe 10 mg QD

Mean LDL:107 mg/dI — Placebo Mean LDL:107 mg/dI E=—— | placebo

6247 patients not on dialysis,

Face
P —

*non-fatal Ml or coronary death, No significant benefit on CKD progression(6247 not on dialysis):
non-hemorrhagic stroke, or any ESRD(maintenance dialysis or transplantation): 33.9% vs 34.6%; RR 0.97, p=0.41
e arterial revascularisation procedure ESRD or death: 47.4% vs 48.3%; RR 0.97, p=0.34
£ g P ESRD or doubling of baseline Cr: 38.2% vs 40.2%; RR 0.93, p=0.09

e Maojor atherosclerotic events

32% mean reduction in LDL-C levels

Effsecttof St?nr: or Kndnzyw?tsease ]Oqtcomes. 2013 KDIGO Clinical Practice Guideline for Lipid Management in
stematic keview an a-analysis A A B
Y W, e Y ) E S Chronic Kidney Disease
Xiacke Su, MO « Lu Zhang, MD + Jicheng Lv, MD, PhD. Wanyin Hou, MD » Xinfang Xie, MD J Kidney Dis. 2016;67(6):881-892)
pr——— 57 RCTs with 143,888 participants, 2.1.1: In adults aged >50 years with eGFR <60 ml/min/1.73 m® but not treated with chronic dialysis or kidney
. /888 participants, transplantation (GFR categories G3a-GS), we recommend treatment with a statin or statin/ezetimibe
a [ p h
peryd /u 6-63 months combination. (14)
omRmE 103 . P > Ve i ¢ GFR > i 2 i A
.! s 100 1. Slower eGFR decline: 0.41 21.2: ::::ﬁ::f:&ﬁ?h nSSl:azlic:.rs( ;.an;h CKD and ¢GFR >60 ml/min/1.73 m* (GFR categories G1-G2) we recommend
= mL/min/1.73 m? per year 2.2: In adults aged 18-49 years with CKD but not treated with chronic dialysis or kidney transplantation, we
- 95% Cl, 0.11-0.70; suggest statin treatment in people with one or more of the following (24):
A 8 g
- 2. More reduction in proteinuria  known coronary disease (myocardial infarction or coronary revascularization)
i = . Ibuminuria: o diabetes mellitus
" : or albuminuria: SMD -0.65 g o prior ischemic stroke

SETT -0 . i - y - ye >10%

T (95% Cl, -0.94 to -0.37) o estimated 10-year incidence of coronary death or non-fatal myocardial infarction > 10%
pularplielpintpprsasiyaorhe ; ompm 1 3. Lower cardiovascular events: 23.1: In adults with dialysis-dependent CKD, we suggest that statins or statin/ezetimibe combination not be
o S — ; s n 1 31% (OR, 0.69; 95% Cl, tiated. (24)

webiny | Coolbeme 0.61-0.79; P < 0.001) “fire-and-forget” strategy do not measure LDL-C unless the results would alter
Statin therapy does not reduce kidney failure events or ESRD ‘ management
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KDIGO Clinical Practice Guideline for Lipid Management in CKD

CKD 1-5 not on dialysis [ckp12 | | cKD 35 noton dialysis
1. Known coronary disease (Ml or
coronary revascularization)
2. DM
3. Prior ischemic stroke
4. Estimated 10-year incidence of Statin Statin or statin/ezetimibe
coronary death or non-fatal
myocardial infarction >10%

l

Statin o
Marcello Tonelli et al. Am J Kidney Dis . 2014 Sep;64(3):375-82

w1 BT &

ACEi/ARB
Pentoxiphylline
Bicarbonate

Vitamin D
Lipid-lowering agents
SGLT2 inhibitor
Finerenone
Ketosteril

Kremezin

10. Summary

WRNOGLPRWNE

Cardiovascular and Renal Effects of SGLT2 Inhibition

l Intraglomerular pressure

l Glucose ‘ Albuminuria

A Hormet phveisiony

(=l

LJ il ) 2 < e 201
Tubuloglomerular feedback (TGF)3 L | s
acyla densa (D) [Na’C11 = 1 adenosine > affers

ent arteriole (AA) vasoconstriction

B["/arterial ‘ Oxidant stress
stiffness
Intrarenal
l Volume ‘ angiotensinogen
upregulation
l Inflammation/fibrosis And many others...
GLI2inhibitors = _Soo
Afterent Eftarent
arteriole e Possible Mechanisms by Which SGLT2i Increase Erythropoietin Production
" 1. Tubuloglomerular feedback
ey "\ Distal tubuie A_Healthy 8 _Diabotes _____ C Diabotes with SGLT2|

(y

2. Amelioration of renal e l Cortex
acul
oxygenation el Oense

I reapsoprtion 0y ¢ Meduita

The proximal tubule
Collocting duct
¥ Loop ot
Henio

3. Anti-inflammatory
athways

Tubudar kimen

Urine

Circulation. 2019 Apr 23;139(17):1985-1987.

TS FoR e/ fz01e 0i:10.1161/CIRCULATIONAHA.118.038881
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Oxygen Consumption in the Diabetic Kidney

~80% of renal energy
consumption fuels sodium
GLUT2 reabsorption through the
Na*/K* ATPase pump

* High luminal glucose
concentrations - / tubular
sodium/glucose reabsorption >
4 intracellular Na* concentration

Interstitium

- 1 activation of the Na*/K*
Tubular lumen ATPase - 02 consumption
Proximalftubule * SGLT2i: direct inhibition of
Apical epitheligl cell SGLT2-mediated Na reabsorption
membrane in the early proximal tubule >
{ oxygen consumption >

~Basolateral
membrane

J hypoxic stress on the diabetic
kidney

1. Sunder Mudaliar et al. Diabetes Care 2016;39:1115-22
2. Amanda Mather et al. Nat Rev Nephrol. 2010 May;6(5): 307-11.

A Primary Composite Outcome

No. at Risk No. at Risk
Placcbo 2152 1993 1936 1858 1791 1664 1232 774 20 | Placebo 993 1936 1858 1791 1664 1252 7M. 20
Dapaghflozin 2152 2001 1955 1898 1841 170) 1288 831 309 | Dupaghlo: 3001 1555 1898 1841 1701 1288 831 309

T NEW ENGLAND
JOURNAL ff MEDICINE

DAPA-CKD trial
N EnglJ Med 2020; 383:1436-1446

249 Hazaed ratio, 061 (95% €1, 051-0.72)
1004 2] P<0.00) 00

Cumulative Incidence (%)
58

Cumulative Incidence (%)
583

0 4 8

Months since Randomization Months since Randomization

ESRD, eGFR\L 50%, or renal or CV death

ESRD, eGFR\, 50%,or renal death

DAPA-CKD trial ¥+ CREDENCE trial

DAPA-CKD CREDENCE

DAPA-CKD trial = CREDENCE trial

| DAPA-CKD CREDENCE
Primary endpoint* EETREe% B TR30% L 1
| | P=0.000000028 | P = 0.00001 egssg;f!(zéﬁi;z?fa,?so% R U k] Dapaglifiozin Canagliflozin
MRS BHTIE44% Bl FEE34% KT G HE19228% l
P=0.000000016 | P <0.001 ?ﬁﬂ/f;eEiRz;is)x - HEAR (L) 4304 [0
I 1 ml/min/1.73m? 2 EFA
B WRISMEIER N | B ThE34% s FRE28% T R IR B (%) 0
L ] P=0.0072
CREDENCE trial<primary BN W (F) 2.40 2.62
FHH B ThEIS% e FhEs2% endpoints % T4 (¢ £ 547 + |
P=0.0004 P =0.002 T%A {28 eGFR4F 4 < 15
— . mimin/1.73m2 « s i v e eGFRTN 43 56
DEBERRCOFET | i THE2% iR FE31% Bt L (mifmin/1.73m?)
P=0.0089 P <0.001 . 1
#FEC EMTRN% | ERTRITS UACRHR{iz® (mg/g) 965 923
P=0.0035 HR: 0.83 (0.68-1.02) '
Sodium-gl porter-2 inhibitors (SGLT2i) Sodium-glucose cotransporter-2 inhibitors (SGLT2i)

WMetformin RAS inhibitor at maimum
(i eGFA=30) tolerated dase (f HTH"]

i~} fak Lo

Firstline.
drug therapy

Regular reassessment
of glycemis, lbuminuris,
BRCVD risk, and lipids

Nonsteroidal MRA'if
o Wkt M
risk-based 123 mg/mmol]

= FEE o
LR e
5oL

Other Steraidal MRA I
drugs f needed to needed for resistant

achiove! hypertension
glycemic target WeGFR 245,

QU

GFR categories (mimin/1.73 m?)
Description and range

Persistent albuminuria
Description and range
At A2 A3
KDIGO: Prognosis of CKD by GFR ~ Nommal tomildly  Moderately  Severely
and albuminuria categories increased increased increased

<30 mg/g 30-300mg/g  >300 mg/g
<3mg/mmol  3-30 mg/mmol >30 mg/mmol

a1 Normal o high 290

G2 Mildly decreased
=, Midy 1o €GFR>20 + UACR 2200
heart failure
Moderately to
G3b soveroly docreased

G4 Severely decreased
eGFR 20-45 + uACR<200

11
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Sodium-glucose colransporter—Z inhibitors (SGLT2i)

1 doutle
| muit rmnc:arallr group R(T}M-BG‘B
'

double-blind, placebo-controlled,
multicentric RCT (N=4401}
Inclusion : I
TI0M, 1
©GFR 30-<90, uACR >300-55000 H ! N
canagllﬂozm Vs Placebo .‘ Dapagllfluzln vs Placehu o Empagliflozin VS Placebo

2022 EMPA-KIDNEY

Inclusion

om
r 45-50+uACR 220055000

2019 CREDENCE

Sodium-glucose cotransporter-2 inhibitors (SGLT2i)
{ Gouesind dacebo-convoled,

) Multicentric RCT (N=4401)

1 Inclusi

i

|

i
eGFR 30 <90, WACR >300-55000
Canagliflozln VS Placebo

\
'
'
'
'
'
'
]

primary composite
HR=0.70 (0.59 - 0.82)

renal-specific composite
HR=0.66 (0.53 - 0.81)

[S———

Sodium-glucose colranspoﬂ.er -2 inhibitors (SGLT21)

I \(‘\ usion
Dapagliflozin VS Placebo

from renal/CV causes 24

A By ot Ostinme
) mad s o 2358

primary composite
HR=0.61 (0.51 - 0.72)

renal-specific composite
HR=0.56 (0.45 - 0.68)

-]
sseseansh

Sodium-glucose cotransporter-2 inhibitors (SGLT2i)

SACR 220055000
VS Placebo !

2022 EMPA-KIDNEY

.y 2y

progression of kidney disease
or death from CV cause
HR=0.72 (0.64 - 0.82)

Prtiing o Pabits with Evst

Sodium-glucose cotrnnsporler -2 inhibitors (SGLT2i)

double-blind, placebo-controlled, “ !
multicentric RCT (N=4401) :
'

T20M,

/
'
i |
1 Inclusion : 1
| Toow,
! eGrR 3090, ACR 30055000
|

’
), | renal-specific composite of ESRD,
) ! 2:sCror death from renal cause

| HR=0.66 (0.53-0.81)

progression of kidney disease
(ESKD, sustained decrease in
€GFR to <10/240% from baseline
, death from renal cause)

or death from CV causes

: HR=0.72(0.64 - 0.82)

N mm————

HERETHRR B R F iRk

ACEi/ARB

Pentoxiphylline
Bicarbonate

Vitamin D

Lipid-lowering agents
SGLT2 inhibitor / GLP-1 RA
Finerenone

Ketosteril

Kremezin

10. Summary

LoNULAWN R

12



2025/6/18

Glucagon-like peptide-1 receptor agonists (GLP-1 RA)

SGLT Metformin RAS inhibitor at maximum
Firstline (Initiate ¢GFR 220 (if eGFR 230) tolerated dose if HTN")

Sl ok L

Reqular reassessment
of gycemia,albuminuca,
B CVD nisk, and lipids
Cityelropyridine CCB
and/ar diuretic® if
needed to achieve

individualized

B target

B Ge

‘Steroidal MRA if
needed for esistant
hypertension
if eGP 245

Additianal
risk-basad
theragy

Glucagon-like peptide-1 receptor agonists (GLP-1 RA)

1 o N [}
| prioritize agents with | e
'documented CV benefits | -l
GLP-1 receptor agonists primary albuminuria GFR loss
Lisenatide  ELIXA eGFR 230 ml/min per 1.73m* MACE - i «  Manenotsble
Liraglutide  LEADER eGFR 215 mlimin per 1.73 m* MACE 1 i ad a
Semaglutide’  SUSTAIN 6 Patients treated with dizkysis MACE i o wmooa
excluded

PIONEER 6 GFR 230 ml/min per 173 m* MACE - NA NA a
Exenatide EXSCEL BGFR 230 ml/min per 1.73 m* MACE d ad " Mane notable
Albiglutide  HARMONY #GFR 230 muimin per 1.73 m? MACE 1 - NA  Injection site reactions
Dulaglutide  REWIND #GFR 215 mlimin per 1.73 m* MACE 1 i - <}
Efpeglenatide AMPLITUDE-O GFR25-539 miminper 173m'  MACE 1 u - @

KDIGO 2022 Clinical Practice Guideline for Diabetes Management in Chronic Kid

Glucagon-like peptide-1 receptor agonists (GLP-1 RA)

Glucagon-like peptide-1 receptor agonists (GLP-1 RA)

GLP-1RA Dose CKD adjustment
FLOW o

Dulaglutide 0.75mgand 15 mgonce weekly  No dosage adjustment randomised, double-blind, Rondomaton | 1

Use with eGFR >15 mi/min per 1.73 m* parallel, multinational, phase 3b l m
Exenatide 10 g twice daily Use with CrCl >30 ml/min ”"“ s ]

ponrs N=3534 PR OWE
i ded-rels 2mg Ky Use with eGFR >45 ml/min per 1.73 m* 025mg 0Smy m:w%

Liraglutide 1.2 mg and 1.8 mg once daily Mo dasage adjustment w-3 MO -WAT We: L

Limited data for severe CKD “ 4 -

Tine o et Treatmen Folk
Lixisenatide 10 ug and 20 ug once daily Mo dasage adjustment by b it oF2 Sciemning hoshivent pertod) o
{up 1o 3 weeks] (5 wooks)

Linnited data for severe CKD ST

Not recommended with eGFR <15 * Dath o bdrary o0 CV conses Event-driven triol with expected duration of opproximately $ years

ml/min per 1.73 m*

stopped early due to evidence of renal protection

Semaglutide (injection) 05mgand | mgonceweekly  No dosage adjustment

Limited data for severs CKD . d )
———— [P, Kidn ey Events ¢ 24%

Limited data for severe CKD

o aor i ral with once-weekly
KDIG0 2022 Clnicl Practice Guidelin for Disbetes Management in Chvonic Kidhey Disease ey dieoce 222

Evidence for GLP-1 receptor agonists to g oy

improve kidney outcomes in persons
with T2D and high CVD risk
of CVOTs ::,"("‘::‘“
potential kidney-protective effects of overall
GLP-1RAs in study populations with T2D mortality
and high CVD risk:2 O comes

The FLOW trial

‘ ez e ‘ demonstrated broad The aim of this
fs Ve placebo) benefits of semaglutide  study was to assess
coorsory kiney in participants with the effects of
Composta endpomt T, 978 T2D and CKD with semaglutide on
o an FoaranA reduced risks of the kidney outcomes
omema mema moma primary kidney according to CVD
e ammomm s outcome by 24%¢ status or risk at
from Rossing P et al. Nephrol Dl Transplare 2023,38:2041-2051. as well as secondary baseline in the
o s e s e TR outcomes of CV events FLOW trial population

and death from any cause

e e LAt AR el 2010:7:776-785: 2 Sato 1t s Lot bt Ecocrin) 2033,3:653-662, 3, Hom ot . gt Hed 2017377829838
ity o Sl e e oL

FLOW trial design FLOW

A multinational, randomized controlled clinical trial

Key eligibility criteria

« Adults with T2D, HbA. Once-weekly s.c. semaglutide 1 mg
* RAS inhibitor + standard of care
+ eGFR 250 and <75 mL/min/1.73 m?

and UACR >300 and <5000 mg/g

€GFR 225 and <50 mL/min/1.73 m?
and UACR >100 and <5000 mg/g

Early trial cessation was recommended at
a pre-specified interim analysis for efficacy
at ~570 events

S8 s i o KD trmu, Fadamaston s s s (0 SIT2 iy s s

e o ey e o iy o S e S o e 2 "t gt rasdomzson; 145, gt e
P T dsbcier] TACR e st crestin BE 550
Pk Vo o et o 2035 39109121

13
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Methods Lo

ELENEE

@0 Primary kidney outcome?

Time to first ofa
kidney outcome

were
at baseline
+ Onset of persistent >50% reduction in éGFR
compared with baseline
Kidney failure:
Onset of persistent eGFR <15 mL/min/1.73
me

Prespecified:
Prior MI or stroke, PAD
Post-hoc:

Total CV risk in those without CV disease
at baseline (PREVENT score:
<20%/220%)

Initiation of chronic kidney replacement
therapy (dialysis or kidney transplantation)
Kidney death
There were no specific power calculations for
CV death subgroup analyses
€GFR was calculated using the CKD-EPT formula, The PREVENT score estimates the 10-year sk for CVD ASCVD, and HF as ollows:
low risk (<5%): borderiine risk (5%-7.4%); Intermediate risk (7.5%-19.9%); high risk(=20%). ASCVD, atheroscler
card\ovasculardlseas -EPI, Chronic Kidney Disease cardluvascu\ar
disease; eGFR, estimated g\nmeru\arﬁ\lratmn rate; MI, myocardial mfarcllcn PAD, peripheral artery msease PRE\/ENT Prec d
)| J Me 91: 1

9
Risk of Cardiovascular Disease Events; UACR, urine albumin:creatinine ratio. 1. Perkovic V et al. N ng 21

Primary kidney outcome in the overall

population

Proportion of participants (%)

FOW

Placebo 23.2%
(410/1766)

Semaglutide 18.7%
(331/1767)

HR 0.76 (95% CI 0.66, 0.88)
p=0.0003

ot T
13 6

Full amayis st Dt o th e pro. Numrs sl the o e reresert the e of arkants ¢ rk. Bent st 5.8 3 7.5 er 100 potent-yers f o fr paricpants
R e Tt o T i T . P

PR VSN ot T 2034 010912

Superiority if
two-sided p value is <0.0322

Time since randomization (months)

FLOW

Primary kidney outcome by
CV status or total CV risk

Semaglutide 1.0 mg

Placeb
Events / analyzed

Events / analyzed HR(95%CI)  printeraction
participants participants ,
Overall population  331/1767 4101766 —— 0.76 (0.66, 0.88)"
Prior MI '
Yes 55/257 58/257 et 0.95 (0.6, 1.38)
No 276/1510 352/1509 = ! 0.73 (063, 0.86) 020
Prior stroke
37/181 ayise 0.86 (0.5, 1.34)
No 294/1586 368/1580 N 075 (0.65, 0.88) 058
Prior MI o stroke !
——
Yes 87/405 93/403 0.91(0:68, 1.22) .
No 2441362 317/1363 =l ! 0.72 (061, 0.85) °
prior PAD
——
60288 81/207 1 072(0.52, 1.01) 072
271/1479 329/1469 — 077 (065, 0.91)
m.n Y ik (PREVENT score)’ '
34/675 Y A i 73058, 0.91) 099
o i 56/340 . 073 (049, 1.08)
1
03 05 «——— 105 20
Favors semaglutide 1.0mg  Favors placebo
Py —— [rp—— —

8‘1‘1«.7:5!‘3‘.;5 ‘:v"i‘.ml‘.';um T, e s, 8. L, . T HSar, R b St e FEVEN, EI AT

Annual change in eGFR by
CV status or total CV risk

Participants at baseline
Semaglutide 1.0 mg Placebo

Overall population n=1767
Prior MI
Yes n=257
No n=1510
Prior stroke
n=181
No n=1586
r ML or stroke
s =405
n=1362

Total CV risk (PREVENT score)’
220% =675

<20% =331

o1 b s s s B 0 e s, oy et w1 e 202830110 un s o aras o1k ore 1 s vt s Y st o
e o, O e et CUDEST, i Xy Ditsse Eaeniogy Eoliboratory v cadbebics
T Ehted estmant Gcerc M, yataran Wafcio, PAD, eroers STy GELELs PRBVEA FEAIA Nk of CTBinesc /o Desacs Evss SELTS b kors o WEREOORE 5

LOW

an effect of an
Intervention to reduce the risk of Kidney outcomes

imated trestment difference (ETD) >0.75 |

Semaglutide 1.0mg  Placebo | ETD peryear prvatue
(o39 ch
n-1766 | —— 22 24 | 12098
|
n=257 —— =22 -3.0 0.8(-0.0, 1.6) 0.29
n=1509 1 —— -2.2 -3.4 1.3 (1.0, 1.6)
|
n=186 H————&— -3.3 0.9 (0.1, 1.9)
neiso 1 e S| Taeste 050
neao3 | ——e—— 23 2 | 0seas
n=1363 : —— 1 -34 13(10,17) 0%
I
n=297 34 | 140622
i/ 30| HEI e
i
—
n=es | 20 a4 | 140920 oo,
naa | 26 S | 100217
T

710‘_00_,10 20 30

rs placebo Favors semaglutide 1.0

S

Semaglutide saves kidneys
in persons with CKD and T2D
regardless of CV status or risk

FLOW

Semaglutide similarly reduced risks of the primary kidney outcome or
eGFR decline across strata of established CV or CV risk at baseline

X0, chvonk Ky e V0, cardovaculr G CGF, staed gomerar ftraten ae; 20, e 2 dabaes.

Teroximal sodium resbsorption

fsouna

‘\awdH.\hmn

TNHED

quwlm 9

T»u-z oxide>

fich

ACiscagon? (TAmiod
scids

—‘] 5 @a1g

Muskiet et al. Nature Rev Nephrol 13, 605-628 (2017).
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@ WAL THR & E P

ACEi/ARB
Pentoxiphylline
Bicarbonate

Vitamin D
Lipid-lowering agents
SGLT2 inhibitor
Finerenone

Ketosteril

Kremezin

10. Summary

LNV AWN R

Mineralocorticoid receptor antagonists (MRA)

Eery
ot it Bo

ortansolant
ik N~

fleqular reassessment
of glycemia, slbuminuss,
8,CVD risk.and lpics

Metformin
(if eGFR 230)

DM ~ eGFR>25 ~ uACR>30
"Honsteroidal MRA' 1

RAS inhibitor at maximum
tolersted dose (if HTNY)

LR I3

GLP-1 RA f needed ta Diycropyridine CCB
::::':;;‘ achieve individualized T andlor duretic
thersgy el B individualized
| B target
(2A) BEE
Other ghucose Steroidal MRA I
rugs i needed o needed for esistant
achieve individulized hypertension
lycenic arget if eGFR 245
-] e

Effect of Finerenone on Chronic Kidney Disease Outcomes in Type 2
Diabetes

Prograsis o4 EXB by GFR nd alburninsia category

e U g
Dot s e

w | om x
Prognosis of GK by GF
ant Albumisara Gatsgesies: [e—

ot [ oo g

Ry

1. eGFR 25-60 + UACR
retinopathy
2. eGFR 25-75+ UACR

N

e
]

04 [ sersy sosmases

GFR categores (mimin! 173 #7)
Descriplion and range

g g e e, ey g ik

{7y 1he NEW ENGLAND
JOURNAL § MEDICINE

FIDELIO-DKD trial

Patients: 5734 with CKD + DM, all under RASi

30-300mg/g + DM

300-5000 mg/g

George L Bakris et al. N Engl ) Med . 2020 Dec 3;383(23):2219-2229.

Effect of Finerenone on Chronic Kidney Disease Outcomes in Type 2

Diabetes

I NEW ENGLAND
JOURKAL g MEDICINE

FIDELIO-DKD trial

A Primary Composite Outcome

Cumlative Incidence (%)

s ™ 43 m
wow B

Primary composite outcome
LJ P l Placebo Primary i

kidney failure(eGFR<15), eGFR decline
240%, renal death

Less patients in Finerenone group
reached primary composite outcome
(hazard ratio, 0.82; 95% [Cl], 0.73 to
0.93; P=0.001)

Effect of Finerenone on Chronic Kidney Disease Outcomes in Type 2

T 1 NEW ENGLAND
S euRNAL g MERICINE

Diabetes
! e . o W 5. G gy . b e 1O D et FIDELIO-DKD trial
eGFR decline>40% Kidney failure (eGFR<15)
B Sustained Decrenseof 2407 inthe «GFR from Baselne € Kidoey Fllre
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HR,0.87; 95% [CI], 0.72 t0 1.05
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Effect of Finerenone on Chronic Kidney Disease Outcomes in Type 2

I NEW ENGLAND
DURNAL g MEDICINE

FIDELIO-DKD trial

dary ite kidney
kidney failure(eGFR<15), eGFR decline
257%, renal death

Less patients in Finerenone group
reached secondary composite kidney
outcome (hazard ratio, 0.76; 95% [ClI],
0.65 to 0.90)

Diabetes
v ite kidney
D Secandary Compasite Outcome
1004 40 ratio, 0.76 (5% €1, 0.65-090)
£
]
i
§
5o
1] o
T ¢ n  on % % @
Months to First Event
No. a Rick
Paco | ZM1 IM0 366 MM UM Lt 4 am m
Fierenone 2431 212 3638 2am 131 197 4 s 0l
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Effect of Finerenone on Chronic Kidney Disease Outcomes in Type 2

Diabetes
s o e wo' FIDELIO-DKD trial
etk 18
R -

Outcame (N=2833) [N=Z341) (N=2833) [N=ZB41)
o2 it

WI(130) 420 (141 036 (07309 003
s 1009 046 {0.68-1.08)
nEs WO 010 {058-1.0m)
0PN W0 . 100 {0.06-1.0%)
NOen 1626 -

1260 w44
M09

Fineranane Better  Placebo Better

Less patients in Finerenone group reached key secondary composite CV outcome
(CV death, non-fatal Mi/stroke, hospitalization for HF) hazard ratio, 0.86; 95% [Cl], 0.75 to 0.99; P=0.03)

EW ENGLAND
ANAL S MEDICINE

Cardiovascular Events with Finerenone in Kidney Disease and Type 2

Diabetes
FIGARO-DKD trial

Pragosis of CKD by GFR and albuminasia catogory

Forwre sy g
esaipion s tge

Prognosis of CKD by GFR
and Alburminura Categerios
KDIG 2012

o | Nl

Patients: 7437 with CKD + DM, all under RASi|
1. eGFR 25-90 + UACR 30-300mg/g
2. eGFR 260 + UACR 300-5000 mg/g

0 | Uty et

o | Sz

Mot o
990 | ey s

04 | Sevry wosssed

GFR categarins (mimind 1,75 =F)
Oescripticn and rangs

Bertram Pitt et al N Engl ) Med . 2021 Dec 9;385(24):2252-2263,

Diang: g s, R ey g o

{7y 1he NEW ENGLAND

. o = J SR ioae
Effect of Finerenone on Chronic Kidney Disease Outcomes in Type 2 e

Diabetes

L 0. Aer fose FIGARO-DKD trial
Primary composite outcome
Primary composite CV outcome:

CV death, non-fatal Mi/stroke, HHF

\

Less patients in Finerenone group
reached primary composite outcome
(hazard ratio, 0.87; 95% [Cl], 0.76 to
0.98; P=0.03)

I NEW ENGLAND

Effect of Finerenone on Chronic Kidney Disease Outcomes in Type 2 T e

Diabetes

WD b HOGIBORD e FIGARO-DKD trial

[——— .

S

e outcome (kidney re, el ecline 2 , renal deatl
95%1CI], 0.76 t0 1.01

Summary of FIDELIO-DKD and FIGARO-DKOD trial

Finerenone resulted in lower risks of

1. CKD progression (hazard ratio, 0.82;
95% [Cl], 0.73 to 0.93; P=0.001)

2. CVevents (hazard ratio, 0.86; 95%
[C1], 0.75 to 0.99; P=0.03) than
placebo

FIDELIO-DKD
Patients: 5734 with CKD + DM, all under RASi
1. eGFR 25-60 + UACR 30-300mg/g + DM
retinopathy
2. eGFR 25-75 + UACR 300-5000 mg/g

FIGARO-DKD
Patients: 7437 with CKD + DM, all under RASi Finerenone improved CV outcomes as
1. eGFR 25-90 + UACR 30-300mg/g ¢ compared with placebo (hazard ratio,
2. eGFR 260 + UACR 300-5000 mg/g 0.87; 95% [Cl], 0.76 to 0.98; P=0.03)

George L Bakris et al. N Engl ) Med . 2020 Dec 3;383(23):2219-2229.
Bertram Pitt et al. N Engl ) Med . 2021 Dec 9;385(24):2252-2263.

nonsteroidal mineralocorticoid receptor antagonist

| Finerenone 10mg or 20mg QD | q FIDELIO — DKD
‘ 2.6Y, N=5734

ihestuy dosna s gued by serum K1 ond eGP FIGARO — DKD

Placebo 3.4Y, N=7437
FIDELIO — DKD FIGARO - DKD
kidney failure death from CV causes

sustained eGFRY 2 40% nonfatal MI / stroke
death from renal causes italization for HF

HR=0.87 (0.76-0.98)

st

TJroeuio-oxo [Jraaro-oxo
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nonstaroldal mineralocorticold receptor antagonist nonsteroidal mineralocorticoid receptor antagonist

| Finerenone 10mg or 20mg QD I FIDELIO - DKD FIDELITY
ey, cosng e guseasycerom ) cnd 201t prespecific pooled analysis
= K <48mmoll K:49-55 mmoll K555 mmol
kidney failure death from CV causes «hitatefnrenone +Continuefinerenone 10mgor20mg Kol fnerenone
sustained eGFRY 2 57% nonfatal MI / stroke % - 10mg dlly i eGeR 25-59 ml/min/1.73 m’ +Monitor K every 4 months +Consider adjustments to diet or concomitant
death from renal causes hospitalization for HF - 20mg dalyif eGFR 260 mlfmin/1.73 m' medications to mitigate yperkalemia
.77 (0.67-0.88) HR=0.86 (0.78-0.95) +Monitor ' at 1 month aterinitiation and then every 4 +RecheckK'
. o] o] Emeessnecn months «Consider reintiation ffwhen k' <5.0 mmol
H +Increase dose to 20 mg dady if on 10 mg dally
] R 10mg daly f ety bl ypelemand
E K now <50 mmol/

Low Protein Diet in the Management of CKD ‘

., » P -
3 0T & 1 B iR

06-0.8 glkg/day
1. ACEi/ARB Benefits Risks
2. Pentoxiphylline ~Inadequate calorie
3. Bicarbonate intake (<30 Callkgld)
4. Vitamin D [hG\ur;!erulw ”[Pmmmm J’M Uremic ” ~ Inflammation
5. Lipid-lowering agents yperfiltration toxins > Wossening aciducia
6. SGLT2 inhibitor Cdatne )| [ Metabete | ““°;¢":’“_¢} homeostasis
7. Finerenone Insulin | Blood | rotein
8. Ketosteril resistance pressure anergy
9. Kremezin Lasing
10. Summary de:j:;'d“‘:ws ;““;’[?"m Worse clinical outcomes?

Gang Jee Ko et al. Curr Opin Clin Nutr Metab Care . 2017 Jan;20(1).77-85.

Reversible transamination of KA/EAA supplements provide a
a ketoacid (KA) analogue nutritional source of EAAs
0

n N5
Q" -00C-C T

Effects of a Low-Protein, Low-Salt Diet
on the Glomerulus.

| H-C-C00-
Ry |
aKetoacid Analogue of
EARy

eany
o
T ; 1]

H—C—C00- Amine Group c-coo-
4 Glowenr : ‘
o™ = R
/( Amino Acidx a-Ketoacid Analoguex
Vessopacl
-+ Vesodtain Amino Acid Carbon Skeleton
2 Nt Reformed Adx

¥ Amine Group
srces = ey Carbon skeleton can be degraded
l l without net production of
Kamyar Kalantar-Zadeh et al. el Stowed nitrogenous waste products/or
N EnglJ Med . 2017 Nov e e Anuja P Shah et al. Am J Kidney Dis . 2015 May;65(5):659-73. i i
23TH18)1765-1776, reform amino acids
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Ketost: omposition

1 Ketosteril tablet contains:

67 mg o-ketoanalogue to isoleucine, Ca-salt
101 mg o-ketoanalogue to leucine, Ca-salt
68 mg o-ketoanalogue to phenylalanine, Ca-salt
86 mg o-ketoanalogue to valine, Ca-salt
59 mg o-hydroxy-analogue to methionine, Ca-salt
105mg lysine-acetate
53 mg threonine
23 mg tryptophan Ketosteril tatlet
38mg histidine
30 mg tyrosine

Total nitrogen 36mg/tab
Total calcium 50mg/tab

Potential Benefits of KA/EAA-Supplemented Low- or Very-Low-Protein Diets

Decreases uremic toxins —
Reduces proteinuria

ketoanalogue

o]
Prevents PEW u

Ca’*-00C—C
|
Rx

Delays the need for RRT

Slows rate of GFR loss

- N Decreases metabolic acidemia
Improves mineral metabolism

Anuja P Shah et al. Am J Kidney Dis . 2015 May;65(5):659-73.

e sai o ey Bsease g ot elow-u AJKDS§ o

of the Modification of Diet in Renal Disease (MDRD)
Study

585 patients, eGFR 25-55 RCT LPD 0.58g/kg/d 12 yrs f/u
R,

Predominantly non-DKD Usual protein 1.3g/kg/d ———  outcome

A Kidney failure Kidney failure + Death
oo == Ugual Protein Diet e
F |~ Low Proten Dt z
- HY
2 ! Usual - H
€ = -
£ H
E - i
-
i I
3
o :

T = w nm = m wm
Follow-Up Time (Months)

Effect of a very low-protein diet on outcomes: long-
term follow-up of the Modification of Diet in Renal
Disease (MDRD) Study

AJKD%

f/u12yrs

RCT | LPD0.58g/ke/d

225 patients, mainly CKD stage 4

Predominantly non-DKD sVLPD 0.28g/kg/d + ketoanalogue 0.28g/kg/d

A Kidney failure

Cumulativs Prabasilly of Kidnay Falure C5)

Cumaative Prabasiley af Desth ()

Tim Morins)
HR:0.83, (95% Cl, 0.62 to 1.12) HR:1.92 (95% CI, 1.15 to 3.20)

Ketoanalogue-Supplemented Vegetarian Very Low-
Protein Diet and CKD Progression

JASN

‘ LPD: Conventional LPD ‘

. RCT
207 non-diabetic, e6FR<30 _——. [ \esetarian VLPD (0.3 g/kg BW/day) +

Ketosteril® (0.125 g/kg BW/day)

f/u 18 months

Event-free survival for RRT or 250% eGFR,
HR:0.1 (95% Cl, 0.05 to 0.20)

Gumulative aventree survival

Long-term studies of very low plant protein

T T 1 5 3 diets that examine mortality are warranted
Time 0 the compasite andoint imanth]

Ketoanalogue-Supplemented Vegetarian Very Low- R J" \S N

Protein Diet and CKD Progression

KD

=
o

Pr'\osp-hate-
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Ketosteril sLPD reduce all cause
mortality in DKD patients

Results from a nationwide population based reqistry (Taiwan) on CKD patients with DM

A-cause martaity

ralogues users. 427

Ketosteril SLPD group,

2025/6/18

omAL AxTLE

Ketoanalogue supplements reduce mortality in patients with pre-

dialysis advanced diabetic kidney disease: A nationwide population-

based

15,782 with DKD-5-ND

Nol

A nationwide cohort retrieved from the
National Health Insurance Research

! Database in Taiwan

Ketoanalogue(KA) users vs nonusers

ESRD occurrence

All-cause mortality

HR0.73, 95% CI 0.66-0.82

A e 0%

KA users

KA nomasers, 427%

1.6+ 1.5vs. 1.0+ 1.4 years;
HR 0.65, 95% CI 0.61-0.69

KA vnars, 347%

g
§
-
§
|
:
§e

KA users

. 1] H 7
o i Folowap, years

3.0.1 In adults with CKD 3-5 who are stable, we

S i 8 ;oW om o om ou
XDOGI CLMCAL PRAGTICE GUIDELE FOR NUTRITION N CKD: 2320 LPOATE vs A=) a2
KDOQI 1 FRRTHRE PR
Q KDOQI Clinical Practice Guideline for Nutrition in CKD: }f & ri? ’F }Fi = B i 47' =

KIDNEY DISEASE OUTCOMES
QUALITY INITIATIVE 2020 Update
National Kidney Foundation

under close clinical supervision,

protein restriction with or without keto acid analogs, to reduce risk for end-stage kidney disease
(ESKD)/death (14) and improve quality of life (QoL) (2C):

ein diet providing

60 g dietary protein/kg b

tday, or

day with additional k i/a

ACEi/ARB
Pentoxiphylline
Bicarbonate

Vitamin D
Lipid-lowering agents
SGLT2 inhibitor
Finerenone
Ketosteril

Kremezin

10. Summary

LoOoNULAWN R

Metabolism of indoxyl sulfate

Nephrotoxicity of indoxyl sulfate

= Dietary modification AST-120

Distary = Ecoli ——
protein | —>  Tfyptophan | — indole |

| J

Indoxyl sulfate |

U (\ biood
ine ‘ kidne! _fms
- \‘j

Xiao Tan et al. Hemodial Int . 2017 Apr;21(2):161-167.

Indoxyl sulfate
P \\
vl ~

2
e Y Jl L//

N
/ TGF-p1
R

Ny

'
EMT TIMP-1

~

renal fibrosis ‘

RAS: renin-angiotensinsystem

ROS: reactive oxygen species

EMT: epithelial-mesenchymal transition
TIMP1: tissue inhibitor of metalloproteinases 1

Xiao Tan et al. Hemodial Int . 2017 Apr;21(2):161-167.
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Structural features of AST-120 and activated charcoal

AST-120 Activated Charcoal

AST-120 differs structurally from activated charcoal

Gerald Schulman et al. J Am Soc Nephrol 2015,26:1732-46

Mechanism of AST-120

.y Dy
protein
sulfate
Tryptophan
, LPO 1S Lipid peroxidation
fver
P ——
P —
I ] so0 mm Superoxide dismutase
© RRLAAnIRA W —

Longe ntests et

Toxin Rev 2016;35(3-4)171-179

‘ORIGINAL INVESTIGATION PATHOGENESES AND TREATMENT OF KIDNEY DISEASE AND
HYPERTENSION ’
A Multicenter, Randomized, Double-Blind, Placebo-Controlled, Dose-

Ranging Study of AST-120 (Kremezin) in Patients With Moderate to

oy rE———

Severe CKD
wal, MD « Mursiidhar Acharys, MD « Tomas Ber, A

D + Nalson Kopyt, DX

©® A multicenter, randomized, double-blind, placebo-controlled,
dose-ranging study

® 29 clinical sites in the United States, 157 CKD patients
(SCr 3~6 mg/dL)

® Patients were randomly assigned to 1 of 3 doses of AST-120
(0.9, 2.1, or 3.0 g) or placebo 3 times daily for 12 weeks.

Kremezin® decreased serum indoxyl sulfate levels
in a dose-dependent fashion

(Mean* 95% Confidence Interval)

Woek 12

Wook 8

Chasges in sersem indery sufte (mg/dL) from Baseline

Full dose Full dose

Schulman G et al. Am J Kidney Dis 2006;47:565-577

Randomized Placebo-Controlled EPPIC Trials of
AST-120 in CKD

cald Schulmym, Torm
Kiyoahi Arited kira Kot

J Am Soc Nephrol 2015:26:1732-46

s 3. Bk Giomeppe Ruerees. Evehare it o)
v

Phase Ill ized, d :
i KD, EPPIC-2 included QoL assessment

2035 patients Enrollment 1.5 Y + follow-up 2Y (Total 3.5Y)

Screening

ACEI/ARB use Placebo  9g/day
Week2 Week6 Week12Week2a Week36 Every12weeks

1020in EPPIC-1 & 1015in EPPIC-2 (QoL)

Primary endpoint * Time to doubling of sCr or dialysis or kidney transplant
: Y (eGFR) ,safety analy

Keyinclusioncriteria  © sCr; males 2~5mg/dL, females 1.5~5mg/dL, UP/CR: 20.5

samplesize : i , i i

28%, HR=0.72)

Target event % 291 Events/study

Sites : A i y Latin A £,

EPPIC studies: global Phase Il
EU Mean (SD) in ITT
r—

Doubling 9(4.1%) n (%) in ITT Total

Doubling 36 (5.3%)
Dialysis 61 (28.0%)

s
sCr Dialysis 232 (34.3%)

G
Transplant 4 (18%) .
€GFR  Transplant 20 (3.0%) ran] PR “-3sia
e - Czech Republic
Francg
us' Spain Ukraine
" &Yy Doubling 43 (12.4%)
Mexieef Dialysis 63 (18.2%)

Yy Transplant 2 (06%)
Doubling 62 (18.8%)

Doubling 37 (8.69%) Dialysis 38 (11.6%)
entina
Dialysis 94 (22.0%) Transplant 2 (0.6%)

Transplant 6 (1.4%)

Different event rate by regions
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b EPPIC Trials of

AST-120

ey

Primary EffiCOCy end poinT (triple composite end point)

ized Placebo-Controlled EPPIC Trials of
AST-.IZO in CKD J Am Soc Nephrol 2015;26:1732-46
s 3 ek Guseppe Rermuzss? Ebschard s (©)]

sy himizu

Less eGFR decline from baseline

A EPPIC.1 Didlysis initiation, kidney transplantation, . R
and serum creatinine doubling
S A0 S
oz . =« Placsia ]
S 3=
2 N
H - ER
w " 3 am
toas s
: o e FE om
w0 4
2 os TE
3 Fg o»
B ", o omm o 0ma2n) 26
3 uz{ehm % on
01 3
a0 = o
T T % % G % & % e v v 1B e 0 T e
Tiom, weeks 3 26 a 7 %
Pasnls s, Patients with sGFR data, n Time, weeks
ASTAID 500 404470 451 41 306 365 543 326 260191135 91 49 29 W 6 1 s . . .
Placebo 502 500472 441 416 392 373 42 318 263205142 93 63 3B 19 B 3 5 o e ™ - -
Poceto oo o0 ™ o o s

EPPIC —USA population, post hoc subgroup |

Schulman et al. BMC Nephrology (2016) 17:141 (2)
The primary end point for placebo-treated EPPIC-USA patients was similar
to the curve estimated during study planning

Dusin sampon 1308
s uer e Pacats

Fig. 1

USA population, post hoc subgroup | (PP)

The effects of AST-120 on chronic kidney s
disease progression in the United States of
America: a post hoc subgroup analysis of
randomized controlled trials

Gerald Schulman', Tomas Ber”, Gerakl ). Beck', Ghusepy berhard Az, Mihc

 Kikuchi® S (1)

+ P:583 pts from per-protocol subgroup from USA, sCr 2-5 mg/dL for men, 1.5-5
meg/dL for women

« 1:AST-120 (9g/d) + conventional treatment

* C:Conventional treatment

+ O:primary endpoint: doubling of sCr, inititation of dialysis or kidney
transplantation

Yuko Shobu® ar

EPPIC —USA population, post hoc subgroup | 2)
Schulman et al. BMC Nephrology (2016) 17:141

the scr
| dialysis and transplantation _|
ALL
A T, primary end point B pp, primary end woint | 26% C i 30%
™ i
0L B8

©] wmamswcLnsetes, (£
P

Eg.
H
fo] M3
i» .
i o
fo| o
L L
Cm R R MRS bR b %k e meme 0 & % 7 v
T et ot T i

per protocol (PP) all patientsin compliance rate of >67 %
(kremezin 6g/day), and/or a treatment period of >8 weeks

EPPIC —USA population, post hoc subgroup |

Sehulman et ol 5MC Nephrology (o) g1 (3)

[t i ampiminion |

D [T N, primary end point rlmury 8d point esro | 35%
HAL BT 85 CLOST108) uxcwomm‘ 0% m:.mm
g P z,, ]
- A o »
i) woe e i=) aus - Bl mem
{s R A el
5 it im ~ o Pl it
0 7 fa -
Bl 7 Eu J /
u‘z‘ 48 72 96 120 144 168 192 216 0 24 48 72 96 120 184 168 192 216 L“ai 48 T2 96 120 144 168 192 216
per protocol (PP) all patients in compliance rate of >67 %
(kremezin 6g/day), and/or a treatment period of >8 weeks
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RCT D 7 aEs

R '=K EEERER" ESRDiE R
155 3,763, AsT-120 JRGNOWEY GIONES
(95%C1 0.62-0.99) (95%C1 0.63-0.97)
[ T |

KREMEZIN (6g/day) - BRE {5 B HiS R RESRDIE|

Risk factors for progression of chronic Kidney disease
in the EPPIC trials and the effect of AST-120
EPPIC-Subgroup 1l Clin Exp Nephrol 2018;22:299-308

pe Remuzzl

Fiacebo
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EPPIC-Subgroup Il  (3)
Summary of sub-group analysis

Risk factors for progression of chronic kidney disease
in the EPPIC trials and the effect of AST-120

Gerald Schulman' mas Berl® - G
Eberhard Ritz” + Miho Shimizu" -

d ). Beck” + Giuseppe Remuzzi*** «
Kik - Yuko Shobu”

Clin Exp Nephrol 2018;22:299-308

EPPIC-Subgroup Il
(1)

R ] o «+ P:1999 pts with sCr 2-5 mg/dL for men, 1.5-5 mg/dL for women, and
Results from a sub-group analysis of the EPPIC pooled ITT(intension to subgroup analysis from UP/Cr>1, hematuria(+) and ACEi/ARB use,
treat) population demonstrated the effect of ~Kremezin (AST-120) on « 1:AST-120 (9 g/d) + conventional treatment
prolongation _of time to the event in CKD patients « C:Conventional treatment
= ZAN L3 7 E
RO - BEFAST-120 I BRIELECKD B1L + 0: primary endpoint: doubling of sCr, inititation of dialysis or kidney
®  Moreover, a greater effect was observed with good drug compliance transplantation
EREIRE M SR D - WRBE LT b
& ., HR=OT0 500
®  These results suggested that Kremezin (AST-120) has an effect when [ bz
added to current standard care including treatment with RAS inhibitors :E o T AST-120 ¥
and patients with hematuria +/- heavier proteinuria (UPCR > 1) o ~— FH y
EFIAEAEA B (ACEI/ARB)S) - B2 E AST-120 § 4 e éi .
o i | 1
ol [ @
L) 8120 M4 100 102 218 o El L n” o6
Weers Vinoks
setampgme e e W wm T w W 3 o ANWGD me  me e s
5 ; ' Pamene o0 e w7
Clin Exp Nephrol 2018;22:299-308 EPPIC-Subgroup Il
.R l‘aftors !."".P""ﬂ""-‘““"‘ of chronic _k‘d""y disease Secondary endpoint in progressive CKD patients(UP/CR>1 and
in the EPPIC trials and the effect of AST-120 hematuria+) with >80% complian (3)
EPPIC-Subgroup Il
group ‘Mean 1/sCr slope : -0.009 dL/mg/month, mean eGFR decline : -7.7mL/mirVL.73melyear
Gerald Schulman'
Eberhard Ritz” * Miho (2) A

B Placsoo_ HA[SSRCl]logscale  HR(ISR0]  Pualue
N n % N a7 % a2 s

g e .87 0.64
: - |

Posiive .0 230 103 £33 236 124 525 Wl orsossess oo
] o i . o 1 -

AT 541 172 318 546 156 286
Wegatie L0 372 141 37.9 354 130 367
<10 169 31 183 192 26 135

1(085,138) 0.3
14075,129) 0.5
6(078.237)  0.27
7
5

P!
M 085290) 0.15

Posiive L0 41 23 561 A1 3 561 094,405 0.07

o 0 12 BEET 10 3300 ———ef—— 0S0(01EA08) 079
!

t-  098(0ssL5E) 0.7

Wegatie  2L0 64 28 433 74 30 405 fo— 133076230 032
<0 37 6163 2 7218 033(0.08,007) 0.5

AST-120

37.4 weeks
Median Time = 156.4

Cumulative Event-Free (%)
F

AST120 | 239 | 101
Placebo | 223 | 116

o pvale | HR | FARE%CH
Straiiied Cox| 0,035 | 074 | 056 | 0.8

o . Stratified factors : Region, DN/non-DN, baseline sCr (3mg/dL abovelless)

o = - n = w v .- - 26

week
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EPPIC-Subgroup Il
Summary of sub-group analysis

Results from a sub-group analysis of the EPPIC pooled ITT(intension to
treat) population demonstrated the effect of Kremezin (AST-120) on
prolongation of time to the event in CKD patients

KT SEHAAST-120 o HZAE4ECKD

Moreover, a greater effect was observed with good drug compliance
(ERREENRTE R R - SRR

These results suggested that Kremezin (AST-120) has an effect when
added to current standard care including treatment with RAS inhibitors
{5 RS (ACEI/ARB) 7 » /)l E AST-120

Clinical Study %
Effect of an Oral Adsorbent, AST-120, on Dialysis Initiation =%
and Survival in Patients with Chronic Kidney Disease
International Journal of Nephrology 2012
Shingo Hﬂlﬂ’n-l-' Hayato Vl-:.-mb.‘ Akiko Okamoto,” Kengo Imanishi.”

Atsushi Imal, Shigcmasa Kudo,’ Takshiro Yoneyama,' Yosubiro Hashimoto,
- g ¥ and Ch

@ 572 patients, CKD stage 5 (93%) were retrospective, pair-matched
(n = 280 of each group) and enrolled in the study .
January 1991 ~ December 2010
4 Grouped according to whether or not they received AST-120 before
dialysis (AST-120 and non-AST-120 groups).
Dialysis initiation was determined based on scores
@ Lower SBP/DBP in AST-120 group
4 Cumulative dialysis initiation free rate and survival rate were compared.

VOL 47, NO 4. APFIL 2008

® A multicenter, randomized, double-blind, placebo-controlled,
dose-ranging study

® 29 clinical sites in the United States, 157 CKD patients
(SCr 3~6 mg/dL)

® Patients were randomly assigned to 1 of 3 doses of AST-120
(0.9, 2.1, or 3.0 g) or placebo 3 times daily for 12 weeks.

Kremezin® decreased serum indoxyl sulfate levels
in a dose-dependent fashion
(Mean* 95% Confidence Interval)

Woek 8 Woek 12
02

- By A:p< 0658

Chasges in sersem indery sufte (mg/dL) from Baseline
&
8

9g 63g prg ®

Full dose

Full dose

Schulman G et al Am J Kidney Dis 2006;47:565-577

AST-120 (Kremezin®) initiated in early stage chronic kidney
disease stunts the progression of renal dysfunction in
type 2 diabetic subjects

Kazunori Konishi, Shigeru Nakana, Shi Tsuda,

Atsushi Nakagawa, Toshikazu Kigashi, Daisuke Koya "

Do of Endocivelogy an Msatol, Dxpurimeni o sermal ek, Kaeazaus M Lnkersty
11 Dugab, L, s S0, pan

Prospective, randomized, controlled study for subjects with

type 2 diabetes (sCr<1.5 mg/dl and urinary protein >0.5 g/day)
+ The primary end point : exceeding 2 mg/d| of serum creatinine

« The secondary end point : enteringinto hemodialysis.

Diahtes esech and clvcal pracice Q008)310-315

Kremezin®ZEZ AN B BT EFH RIEABITLER

eGFR 60-80mL/min

Serum creatinine (ma/di)

Cumulative incidenceol excesding
2 mgidl af serum creatinine (%)

ol
IREEEEEEEEE]
Duration offolow-up (manths]

0 6 12 16 24 N % 42 4 54
Duraticn of follow-up (marithe)

P<0.001 P=0.044

Diabetes researcl d clinical practice (2008) 31
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Original Article
Nephrology

Predictive Factors for Efficacy of
AST-120 Treatment in Diabetic
Nephropathy: a Prospective Single-
Arm, Open-Label, Multi-Center Study

P: 100 pts with T2DM with sCr 1.5-3.0 mg/  J Korean Med Sci. 2019 Apr 22;34(15):e117
1: AST-120 (6 g/d) + conventional treatment for 24 weeks

C: Conventional treatment

O: primary endpoint: 1/SCr (Ratio change of regression coefficients of 1/sCr after vs. before AST-

120 reatmen
SCr2> 2.5 3 €GFR= 60> 48 > 40 ; Ratio change of regression coeficients of 1/sCr=-8 /12 = 0.67
Table 2. Efficacy of AST-120 aftar treatmant for 6, 16, and 24 weeks

Lower tertile (n = 26) Middle tertile (n = 26)
s

77 us

Uppar tertile (n = 24)

292

5486

RL =2 wB3 wNRL = NR2 BL =83 wNR2 R1 =2 =00 =HR1 = NRZ

3 * ERESSCrHE
Bk 24 Wk Lower tertile (L) : 145- 1.7 = Y s

Rempanors 7= To% ST7c= 803% S & EEEARID - DBAFOAST-120/451% -

Cnan S o 50 (555 Middle tertile (M) : 1.71- 2.09

0.31-0.60 5(69) 2(2.6) Upper tertile (U) : 210-2.94 L+ M summsts s (0=0.024)

0.61-090 B (1) 9(1.8) T T D —
Non-responders : -

RoEl B o e ;§ 3253 82{1?3 ® sCr<209 ERURRE

210 (hoe) BILE) 1o NRL - s 051109 * FEER LRI AERAST-120 MM RE

Total T2 (00 & (100] 75 160) NR2 : Bt 1211
*Ratio change of regression coefficients of 1/5Cr before and after AST-120 treatment. e

Oral adsorbent AST- i he effect of eryth fetis lating agents on

Stage 5 chronic kidney discase patients: n randomized erossover study

Period 1 Period 2
Treatment 8 (€ ERA]
4 1o inervantion Troatment B{CE.R.A)

Jeenrsasraz) A rastiz0

™ st

Analyzed (n=21)

g Atecated v imtarveston || Sequence AB
+ Seceens v

£ presatt it Analyzed [n=13)
=

% Treatment A Srimmi

g

2

Randemized (n=51)

Kremezin®#ECKD(Stage S)M%‘_Iﬁ%eGFR'F[‘%LE
Oral adsorbent AST-120 i the effect of eryth lating agents on
Stage 5 chronic kidney v

Use of AST-120 was associated with positive :hange of eGFR

— Penoza — — P01z

.
’ a {_I 14*w

Mean change of eGFR, mbmin/ .73 m2

No meet inclusion criteria (n=8) Wash-out
bl - Ry
[ I I A | 0 Contret
1T T T T 1T 1T .
o 3 4 7 Months Intortion 1o treat popailation Par protoced popukstian
e Wu IW et al, NDT, 320014 us
Kremezin®#£CKD(Stage 5) & RS HbiRE

Oral adsorbent AST-120 fates the effect of erythropoletin-stimulating agents on
Stage 5 chronic kidney disease patients: a randomized erossover study

[y n_.n.fqm.\—‘u- ¥ 80012, O T, M-S W54 s O O Lon1

 Percentage of patients actieving hemoglobin level >11 g/dt |
o -0.002 57,996

o Pet0se

2 = 46.29%

g “
w

H

Y 16%

s

*

Imtontion 1a treat poputatian

Wu IW et al, NDT, 320014

Kremezin® TPE{K30%E A B HTAIEEER

24 (B AMIEH TR SR
AR Kremezin® i) CKD B & - REEMBTES 14 64.3% 91 94.5% -
7R Kremezin® Tlﬁﬁgﬁ’ﬁﬁ&uigﬁﬁiﬁﬁ']ﬂ—:?ﬁ (P<0.001)

1001 iy e eyt il

3 | Fnpe P A Ay s

0 (J_,.F'Ji
n Conrol (n=55)
"

H PEIE30%

Comparisan of 24month cumulstive iayssinitiaton
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Long-term Effects of Kremezin® in CKD Patients

It delayed the initiation of dialysis by 21.2 months
(assuming initiation of dialysis was sCr level of 8 mg/dl)

0.500- —— AST-120 (n = 100)
Contral (n = 67)

5Cr =8 ma/d

21.2 months
0.000 ase)l 40.0)

& 0 6 12 1 24 20 36 42
Time (rmonths)

Kremezin® delays the cumulative dialysis initiation rate

Kremezin® R B RIEAR IR &

Anorexia (B2 HR) Halitosis (0 £)

s

Kremezin

e
waw
anosdwi

neressse wanoidui

—  placebo

q_8 1 16 20 2Awen 8—12 16 20 2Awe

uo
enesgge

Nausea(l&:ly) Itching (1278)

sw

anosduw
waw

anosduw
8%

+paa
+ 5 peD0s
2.8 12 16 20 20w - :peool
e £ pe0001
Gest

4 8 12 16 20 Zowe)

uo

nenesgge
uo

nenesdde

Kremezin®#3ik EARIEILAYRIR

AST-120 Non AST-120  Healthy controls

poniDh (n=30) (n=20) (n=30)

PWV, cm/s
Before  1980+330% | 1940+360* 1280240
12 months 1,840 + 280%* l 2,020 + 380
24 months 1,780 + 260" ¥ 2,140 + 410**

IMT, mm
Before 0.90 + 0.22* 0.88 + 0.20* 0.64 +0.14
12 months 0.84 + 0.20 0.90 + 0.24
24 months 0.78 + 0.18** 0.93 +0.26

“Versus healthy controls, p<0.01. **versus before, p<0.05

PWV: pulse wave velocity i {4 8%
IMT: intima-media thickness T8k A - &R E

Kidney Blood Pressure Research 2004;27:121-126

Kremezin® I Z X B R ANSEFZFRE20%

100 AST-120

- e G269
i I
& 80
z Non-AST-120 E
5 w-on  Core)
g
'E &
& 0

0 <

weard r
101 Tesvect)
o -
o 1 2 -3 4 3
Time (years)

Renal Failure, 30:856-60, 2008
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AR NANEEE . RELE (WL, 8
A CEL, 08 BRFER TE2ABEE
SMM,  BAETETNRASE -

Ribswy - St

& LT - K- & B - I7R
awa s A S D]

K - E5E (800- 10008 ) &t

EmR
|-

- FTRAASMETNNABE

25



2025/6/18

Difference between AST-120
and Activated Charcoal

Activated Charcoal

Case Sharing

Case 1: ID: 260xxxx 54 0o
«78 y/o male, first visited on 8/18/2015

« Chief complaint: Renal function impairment
« Past history: Hypertension since 2006 with medication control; Chronic sinusitis s/p
ENT surgery on 9/2014; Severe headache since 4/2015;peptic ulcer.
« Baseline BP: 152/92 mmHg
« Started treatment since 2006/03:Fosinipril 1# QD(LMD)
* Changed medication on 2016/02: Coniel + Edarbi
« Changed medication on 2016/03: Edarbi
+ Symptoms: Creat.:1.05%> NSAID + Lasix Cr:1.4 on 06/11/2015 (LMD)
« Impression: MCD/FSGS (focal segmental glomerulosclerosis) with nephrotic syndrome
and hypoalbuminemia
s/p prednisolone since 2016
s/p temporal cyclosporin use in 2016
s/p pulse therapy with MTP 1000mg on 9/13-9/15/2017
s/p long-term prednisone treatment
« Renal biopsy: 1. Minimal change disease on 9/9/2016
2. Widespread foot process effacement ¢/w FSGS on 7/16/2018

Current Medications

Nifedipine 30 mg 1 Q12H
For hypertension Micardisl 80 MG 1 Qb
Doxazosin 4 mg 1 QN

Ketosteril 2 TIbcC

For CKD Kremezin 500 mg(4's/wp) 1 TIDPC

(400mg) 1 BIDPC
For hyperlipidemia Zulitor4 mg 1 QN
For anemia Mircera 50 mcg SC QM
For hypokalemia K-Glu oral soln 20 mEq/15 ml AOA'IISP ap
Macalol 0.25 mcg 1 ap

Miscell Eltroxin 50mcg 1.5 QDAC

iscellaneous .

symptoms control Prednisolone 5 mg 0.5 ap
Through 20 mg 3 Hs

Laboratory Data

o | eGFR Krem HbA
ezin 1c
5.2

H
68

2015/08 14 105 70.03 33 13.7 0.098
*Progressive
2016/09 13 111 6549 38 51 127 2.659 proteinuria
*Pulse therapy
2017/09 18 125 5694 31 58 109 1.838 with methyl-
prednisolone
NSAID from LMD
2018/08 15 117 6128 -37.43 37 57 172 134 122 1985 por N
2018/12 47 265 2385 -152 33 - 82 3834
2019/09 44 2380 2233 -3.17 32 57 182 9.9 2.996

*started Kremezin

Case 2: ID: 28XX35XXX Zofk

*47 y/o male, First visited the nephrology clinic in

2009.

« Chief complaint: proteinuria and liver dysfunction were noted
it

recently

« Past history: Hypertension with medication control

« Diagnosis

« Chronic kidney disease, stage 4 (severe)
p -

* Recurrent and

changes

« Systemic disorders of connective tissue in other diseases classified

elsewhere

with ur

morphologic

« Peptic ulcer, site unspecified, unspecified as acute or chronic,

2020/07 61 319 1916 -165 1 38 56 125 98 9.2 3.013 0.5PBIDsince
2020/7/28
2021/08 52 344 1751 -3.6 1~0 352 59 96 1693 F/CUOV‘D'“M foss
2022/09 53 419 1391 +3.74 3 33 54 10.4 2.34 Kremezin 1PTID
2023/09 40 340 1765 -0.68 2 4.1 - 69 - 84 1.183 Kremezin1P BID
2024/10 49 351 1697 -0.45 3 38 - 72 54 10.8 1.175 Kremezin 1P TID
2025/02 46 3.63 16.52 3 a2 - 84 94 10.7 1.252 Kremezin 1PTID

without hemorrh
« r/o 1gA nephropathy with CKD stage 3, R/O autoimmune nephritis

« Started taking Kremezin in 2012/11
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Current Medications

[Tl Toon [ Lo [ Lionc Lo 10| o Lo
24 446 64 134 41 55 128 146

2009-09

Laboratory Data

132 . . 124 1423

2012-11 27 182 328 68 135 43 55 142 135 11.8 0.891
2016-08 28 192 307 62 131 43 56 149 106 114 0.309
2017-02 28 168 357 54 133 41 5.6 147 98 105 0.52
2018-01 27 176 337 6 131 44 56 118 79 102 0403
2019-02 27 181 324 53 133 49 5.6 97 81 101 0.259
2020-03 30 193 30 62 128 395 54 123 101 9.7 026
2021-04 37 207 275 61 126 568 53 125 122 111 0.3

2022-02 35 196 292 55 126 524 57 128 64 112 0492
2022-08 28 192 299 62 127 45 5.7 127 119 107 0.287

2023-0:

1 33 193 296 55 127 51 5.7 14 39 113 0488

2023-07 30 191 299 55 127 S5 5.8 111 108 11 0635
2023-12 35 184 313 51 126 54 57 122 63 111 228
2024-03 32 206 273 52 127 53 5.7 17 86 102 1112

2024-06 33 204 276 53 126 5 5.6 94 65 10 0.80

2025-03 34 214 263 58 129 52 57 98 95 102 1021

Zanidip 10 mg 1 BIDAC
For hypertension
Aprovel 300 mg 1 QD
Kremezin 500mg (4'shwp) 1 TIDPC
For CKD Pentoxiphylline (400 ma) 1 BIDPC
For hyperuricemia EURICON 50 mg 1 QD
NESP 20 mcg 20ug Q2w
For Anemia Foliromin 50 mg 2 QDPC
For hyperlipidemia Mevalotin protect 40 mg 1 QN
For hypertriglyceride ~ Omacor 1000mg 1 QD
For acidemia Sod bicarbonate 300mg 2 TIDPC
Miscellaneous Methylone 4 mg 4.5 QD
symptoms control Macalol 0.25 mcg 1 QN
« Age: 96 y/lo
* Name: %0

* Gender: female

Case 3: Hx

Past medical history:

— Chronic interstitial nephritis in CKD stage 3-4
— Dizziness and giddiness

— Hyperlipidemia

— Vestibular neuritis

Personal history:

— Smoking: None

— Alcohol drinking: None

Case 3: Medication Hx

* 2015-2:
Sod bicarbonate tab 300mg 6 [TAB [BID
INESP * inj 20 mcg 20 MCG Q2w
Pentoxiphylline 100 mg 1 [TAB  [TID
Lipitor FC * tab 10 mg 1 [TAB QD

» 2015-3: Kremezin 1 pack 1 hour after
dinner - bid since 2015-4-21

Case 3: Lab data

Biochemistry study

2015-2 2015-4 2011667 2021-6 2022-5-7 | 2024-10 | 2025-1-16
BN | a7rs | 137 | 23 | 36142 | 34133 | 51137 | 46130
eGFR| 27 | 36 | 38 | 3452 | 367 | 357 | 352
Na/K | 142/4.5 -I- 140/4.6 | 140/4.1 | 140/4.1 | 140/4.2 | 141/4.5
UA 5.8 53 5.6 56 55 54 5.7
TCrTG | 18886 | 1510 | 22411 | 151776 | 130179 | 134175 | 188185
FBS 91 90 97 78 91 92 96
HbAlc| - 54 | 55 | 54 | 56 | 56 5
UPt/Cr| 0.26 0.15 0.11 0.353 0.296 0.18 0.16
Hb/Hct | 10.7/31.6 -+ 11'75134' 11.7/35.2 | 12.1/36.7 | 12.0/36.2 | 11.1/31.4
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Summary of Therapeutic Mechanisms
reduce

A
oxidative

LPO P& Lipid peroxidation
* TRENEREE
* MMERLEAR RIS CKORRBRSAR2

Haa1 M, ey A9 a5, M N 7008

SOD Superoxide dismutase
* UMLEANTEEL  MESBERETEHTR
1wt S oon

2015 Taiwan Chronic Kidney Disease Clinical Guidelines
S CKD A A EFAST-120 cIAETIEEAR BE A BRIBIM R T IR E -
BEEMEB ERER1-

2015 -
BRCHRT
BREMIES| QY

A7) ﬁ\

2018 B& CKD 2#&#55|

TEFVRICETL

BRAAES14Y

2018

CKDEYEHRE B AAH e FLIEEEY), Kremezin TAEE B DIRE

LHIZERE, %TLL%E#E’E@% HIZEY

2019 Taiwan Clinical Practice Guideline for Diabetic Kidney
Disease & Personal Experience

oCRERARRES | L | "W | e
3A 1 2-3

3B 1-2 3

" 4 1~3 3

5 2-3 3-4

** According to my personal experience & opinion

543 MEBMN (Kremezint

| —
Wonanenr @

erwan

Y

Therapeutic Strategy for Progressive CKD Patients
ASK-- PhDSCI -- AST — BP-- BP- ESKD (Tx- AVF- PD) & #3¥" &

» CKD 1-2: Combination Txof  Uremia, severe hypertension, edema, pulmonary edema
RAS inhibitor ::mm T N
SGLT2 inibitor ; cear® ||| | ESA (Fe)+Ketosteril + RRT (A}—\ill?:/PD/Tx)

Kerendia (MRA:finerenone)
Pentoxiphylline \ KD C (complications)or Cd (amorbid is): olyuria.

Vit D3
Statin
ccB
IS: Immunosuppression
» CKD 3: Oral carbonaceous
adsorbent (AST-120)
» CKD4: Meds + diet control 7
for CKDCxorCd (AtoZ) | RASi + SGLT2i +
> CKD 5: Erythropoietin Kerendia (MRA)
stimulating agent (ESA) + " ® " ~* Pentoxiphylline
Ketosteril + RRT GFR(mLImIN) — +/- Vit D3
(Tomino ¥, Ed. Essential Nephrology, 2019, in Japanese) Statin, CCB, 1S

P mod
Medical Tx & diet control targeting above Sx
or Proteinuria, mild azotemia & hypertension

AST-120

No symptoms (except proteinuria)

May God Bless Us and All Our Patients
with Better Cardiac & Renal Function!
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