I=1)

Brigham and Women's Hospital

Founding Member, Mass General Brigham

Diabetic Kidney Disease

Gearoid M McMahon, MB, Bch
Associate Physician
Renal Division,
Brigham and Women’s Hospital
Assistant Professor of Medicine
Harvard Medical School

CONTINUING MEDICAL EDUCATION
DEPARTMENT OF MEDICINE

EEE

% HARVARD MEDICAL SCHOOL
€& TEACHING HOSPITAL



Gearoid McMahon MB, BCh

University College Cork
Residency @ Beaumont Hospital, Dublin
Renal Fellowship @ BWH
Research Fellowships @ BCH and FHS
Director of ICU Nephrology @ BWH
Assistant Clinical Director @ BWH
Clinical Focus

Lupus Nephritis

ICU Nephrology



Disclosures

Consultant for GlaxoSmithKline, Apellis Pharma, Optum Consulting

Research Support from Alexion Pharmaceuticals and Allena Pharmaceuticals



Objectives

* Review the epidemiology of diabetic kidney disease

* Review pathology, pathophysiology and natural history of diabetic nephropathy

* Discuss treatment strategies to delay progression of diabetic nephropathy



Epidemiology of
Diabetic Kidney Disease



Epidemiology of Diabetic Kidney Disease

* Diabetes is the leading cause of CKD in the US and worldwide
* Overall prevalence of DM has increased from 6-10% over 20 years
* Proportion with CKD has remained stable (25-30%)

* Although it is the commonest cause of ESRD, proportion with ESRD is very low as the
majority die before requiring RRT

e T2DM accounts for 90% of DM cases so most DN patients have T2DM
* Genetic variation accounts for much of the heterogeneity in presentation

e Qutcomes for patients with T1 and T2DM who develop CKD are worse than for those
who don’t.



Natural History of DN
in T2DM

- Proteinuria developed 11-
23 years after diagnosis

- GFR decline after 18-25
years

- ESRD after 18-30 years

Diagnosis

Hyperglycemia
Cellular injury Mesangial expansion, glomerulosclerosis, tubulointerstitial fibrosis and inflammation
Microalbuminuria Macmalbumiﬂuﬁﬁi
GFR High Normal Low ESRD
Hypertension
Cardiovascular disease, infections, death
ey complications*
Years 2 5 10 20 30

Radica et al, CJASN 2017




Diabetes is common in patients with CKD

DM, Adjusted
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DN is common in patients starting dialysis
Age Sex Race/Ethnicity
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Natural History of Diabetic Nephropathy

Not all patients fit the micro -> macro ->

CKD paradigm 100%
2%/year proteinuria progression 80% }
Z p o =" any event
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Retnakaran, Diabetes 2006



Change in diabetes care over time
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Decreasing prevalence of
albuminuria but more

reduced eGFRin
individuals with diabetes

Table 3. Prevalence of Albuminuria and Reduced Estimated Glomerular Filtration Rate Among US Adults With
Diabetes by Age, 1988 Through 2014

Unadjusted Prevalence, % (95% CI)

No. With  Based on a Single Accounting for Adjusted Prevalence P Value
NHANES Period Diabetes Laboratory Value Persistence® Ratio (95% CI)® for Trend
Albuminuria (ACR 230 mg/g)©
Adults aged <65 y
1988-1994 256 33.5(28.3-39.1) 19.5 (13.5-25.4) 1 [Reference]
1999-2004 244 30.0 (25.9-34.4) 17.6 (12.9-22.3) 0.89 (0.72-1.11)
2005-2008 224 26.6 (22.9-30.7) 15.7 (10.5-20.8) 0.80 (0.64-0.99) 00t
2009-2014 327 23.9 (20.6-27.6) 14.0 (10.1-18.0) 0.70 (0.57-0.87)
Adults aged 265 y
1988-1994 278 37.7 (31.7-44.2) 22.1(15.9-28.4) 1 [Reference]
1999-2004 287 35.7 (31.6-39.9) 20.7 (15.9-25.5) 0.94 (0.77-1.15)
2005-2008 223 36.8 (33.6-40.2) 21.9(17.0-26.8) 0.96 (0.80-1.16) 12
2009-2014 318 32.3(28.2-36.7) 19.2 (14.9-23.4) 0.84 (0.68-1.03)
Reduced Estimated Glomerular Filtration Rate (eGFR <60 mL/min/1.73 m?2)¢
Adults aged <65 y
1988-1994 40 4.0 (2.4-6.5) 2.9 (0-5.9) 1 [Reference]
1999-2004 43 5.3(3.8-7.4) 3.9 (1.3-6.5) 1.45 (0.80-2.61)
2005-2008 53 6.0 (4.3-8.3) 4.3 (1.8-6.9) 1.62 (0.89-2.94) 10
2009-2014 95 7.6 (5.9-9.9) 5.5 (2.9-8.2) 1.95(1.12-3.39)
Adults aged 265 y
1988-1994 174 27.3(23.3-31.8) 19.3 (13.4-25.3) 1 [Reference]
1999-2004 230 34.3 (30.1-38.8) 24.6 (18.4-30.9) 1.26 (1.04-1.54)
2005-2008 189 34.6 (28.6-41.3) 24.4 (18.0-30.9) 1.28 (0.99-1.64) <001
2009-2014 355 40.6 (36.5-44.8) 28.9 (22.9-34.9) 1.53(1.27-1.85)

Afkarian JAMA 2016



Marked reduction in ESRD
cases due to diabetes,
particularly in African
Americans

Annual Report, USRDS 2016
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Pathophysiology of DN



Risk factors for CKD in patients with Diabetes

Co-morbid conditions

- Hypertension

- IgA nephropathy

- Other glomerular Disease

Diabetes

Socioeconomic Factors

- Medication expense

- Lack of access to healthcare

|

\

Demographic Factors

/ - Age

- Sex (higher in women)
- Obesity
- Smoking

Genetic Factors
- Familial Clustering
- APOL1 - indirectly
- PIMA Indians

Diabetes-specific factors
- Poor control of blood sugar




Pathophysiology of DKD
Diabetic milieu promotes the
-

formation of AGE, pro-inflammatory

and pro-fibrotic growth factors
Increased production of ROS, i
epigenetic alterations (metabolic __-—*‘,_jg\-\_

memory)

|ncreased renal plasma ﬂOW and hyperfiltration composition hypertrophy hypertension
filtration with initial increase in GFR |\ \% _/
(hyperfiltration) TN

. . Alb
Likely important role of TGF

Glomerular structural changes i

uItlmately lead to albuminuria and Glomerulosclerosis
CKD Interstitial fibrosis

Unanath, AJKD 2018



Role of Hyperfiltration in DN

60
Persistently Hyperfiltering
Persistently Hyperfiltering vs. Others: HR (95% Cl)

50 1 Unadjusted: 2.23 (1.1 0 4.3) p=0.016

Adjusted:  2.16 (1.1 to 4.7), p=0.021*

2.26 (1.110 4.5), p=0.019*
40 - ( ):

30 -

20 -

Patients with micro - macroalbuminuria
(percent)

10 o

0 -

Patients at risk

Persistently- 47 45 40 39 38 34 33 28 21 17 15
Hyperfiltering

Others 502 389 373 361 327 302 299 235 183 132 65

Persistent hyperfiltration
after ACE initiation predicts
future albuminuria

Helps explain why
ACE/SGLT2 are helpful in
delaying progression

Ruggenenti et al, Dia Care 2012



Glomerular Changes in DKD

Alicic, CJASN 2017



Microvascular disease and DN

Microcirculatory changes precede WS CATE ROt AHEnS Capillary

glomerular changes leading to
nephropathy, retinopathy and neuropathy. \
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interstitial and

Tubulo
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vascular changes

DKD

Alicic, CJASN 2017



Bias in Biopsy Studies

- Most patients getting biopsies for CKD with Diabetes will be atypical — more
proteinuria/hematuria/rapid progression

- The “typical” diabetic nephropathy patient almost never gets a biopsy
- We don’t know what the majority of diabetic kidney disease looks like.

- Study of 52 patients with classic clinical DN
- 36% “classic” diabetic nephropathy
- 31% primarily ischemic/vascular changes
- 33% another superimposed glomerular disease

Gambara, JASN 1993



DKD Progression



Definition of Progression

|II

In population-based cohorts with healthy volunteers, “norma
GFR decline is 0.2-1ml/min/1.73m?/year

No clear definition of progression and rapid progression
Suggested definitions (KDIGO 2012):

Category Definition

Progression Decline in eGFR Category

Certain progression Decline in eGFR category + 25% reduction in GFR
Rapid Progression >5 ml/min/1.73m?/year fall in eGFR




Risk for ESRD
Increases as
proteinuria
increases and GFR
decreases

Incidence rate ratio ESRD / CV-death

/2.0

/

/10-20 Albumin

creatinine ratio

P e (9/9)
30 - 45 >45
eGFR (ml/min/1.73m?)

eGFR (ml/min/1.73m?)

<30 30 - 45 >45

-~ >20 12.87 7.46 7.40
= (5.97-27.74)  (3.63-15.33) (3.32-16.47)

E 1.0-2.0 Fl 1. 3.47 2.80
Q (3.16-16.04) (1.63-7.40) (1.18-6.64)

< <10 3.61 1.49 1.00
(1.49-8.73) (0.64-3.48) (reference)

Umanath, AJKD 2018



So how can we delay progression?



A

BP control to prevent progression .
of DN

Most trials of intensive BP reduction i (e
traditionally excluded patients with CKD

: : . . v ‘ . | . |
120 130 140 150 160 170

IDNT found J-shaped relationship s VS P
between achieved systolic BP and B
outcomes (best at SBP 120-130mmHg ]
UKPDS — lower risk microvascular ﬂ:,,_' : : |
complications with SBP 144 vs 154 J [

Eu.s- |R:f.l B

1 T T T T T T T T T T
120 130 140 150 160 170
N= 196 487 467 232 97 88
Mean Follow-up Systolic Blood Pressure {mm Hg)

Berl, JASN 2005



BP control to prevent
progression of DN

ACCORD — no CV benefit for
intense BP control (<120 vs <140)
in T2DM

Reduction in albuminuria but no
reduction in ESRD
(underpowered)

SPRINT Trial showed 25%
reduction in CV outcomes but
patients with diabetes were
excluded

More rapid decline in GFR in
patients with CKD

A Primary Outcome

B Nonfatal Stroke

1.0+ 1.0+
0.2 5“""3{9 0.2
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Intensive 2362 2273 2182 2117 1770 1080 298 175 80 Intensive 2362 2291 2223 2174 1841 1128 313 186 88
Standard 2371 2274 2196 2120 1793 1127 358 195 108 Standard 2371 2287 2235 2186 1879 1196 382 215 114
C Nonfatal Myocardial Infarction D Death from Cardiovascular Disease
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ACCORD Study Group, NEJM 2010




Risk of AKI with intensive BP
control

Post-hoc analysis of SPRINT

Increased risk of AKI| with
intensive BP control

Most cases were mild and
returned to baseline

Subsequent analysis suggests
higher CV risk in this group

Unclear if proteinuria
modifies this effect
(proteinuria >1g excluded
from study)

Hazard ratio with intensive treatment,
1.64 (95% CI: 1.30-2.10), p<0.0001

0.10
0.09
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0.04

0.03

Cumulative Incidence

0.02
0.01

0.00 -
0 1 2 3 4 5
Years Post-Randomization

Group: Standard (N=4683) Intensive [N=4673)

Figure 2.
Cumulative Hazard Plot for Acute Kidney Injury (CI denotes confidence interval).

Rocco et al, AJKD 2018



BP target (mmHg)

Systolic
<140

<130
<120
Diastolic
<90

<80

Guideline

. 130-139 ¢
‘ mmHg
120-129
. mmHg
®
L]
L]
ACC/ AHA ESC/ESH |non-diabetics Diabetics and /or KDIGO
(2017, Ref 47) (2018, Ref 48) ACR > 70 mg/mmol (2021 Ref5)

NICE (2019, 2021 Ref 49, 50)

Current Society
Guidelines - UPDATE

KDIGO 2021

Goal systolic BP <120 (using standardized
measures only)

No evidence for CKD benefit but primarily
for CV benefit

ESC 2018
Goal systolic BP 130-139

2017 ACC/AHA Guideline
Goal BP <130/90

2017 American Diabetes Association

Goal BP <140/90 but lower in individuals at
higher risk of CV events



A Primary Outcome

s S
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2
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Intensive Glucose Contro £ o
P=0.14
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Intensive glucose control early in TIDM s PO

Intensive therapy 892 774 707 639 582 510 252 62 0

reduces the risk for microvascular P ————

complications - =
Less clear for T2DM likely reflecting delay :

in diagnosis in many cases

Strict glucose control in patients with LI

No. at Risk
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Increased risk of hypoglycemia 3 =
No change in mortality in non-CKD 1
population N

No. at Risk
Standard therapy 899 836 801 772 727 637 322 76 0

Intensive therapy 892 832 791 752 720 650 341 8 0 Duckworth, NEJM
2009




Intensive Glucose
Control increases
CV and All-cause
mortality in patients
with established
CKD
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Figure 5| Cardiovascular and all-cause mortality stratified by intensive or standard treatment group and by chronic kidney disease
(CKD) status. Cardiovascular and all-cause mortality with intensive versus standard glycemic control in patients without CKD (a, < and
with CED (b, d).

Papademetriou, Kid Int 2015



Glucose Control Targets

ADA recommends
Strict HbA1c target (<6.5%) in younger patients without complications
Target <8% in those with known microvascular complications or CKD

KDIGO recommends
Target HbAlc <7% to delay onset of microvascular complications of diabetes
Target not appropriate for those with established CKD and patients with a risk of hypoglycemia



Glucose Control Targets

ADA recommends

Strict HbAlc target (<6.5%) in younger patients without complications
Target <8% in those with known microvascular complications or CKD

KDIGO recommends

Target HbAlc <7% to delay onset of microvascular complications of diabetes
Now recommend an individualized approach to HbAlc targets (DKD Clinical Practice Guideline 2022)

< 6.5%

CKD G1
Absent/minor
Few
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RAS Blockade

ACEi, ARB, Direct Renin Inhibitors : o
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Years of Follow-up
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slowing down the progression of i
diabetic nephropathy. 0
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00 05 10 15 20 25 30 35 40
Years of Follow-up

Placebo 202 198 192 186 171 121 100 59 26
Captoprit 207 207 204 201 195 140 103 64 37

Lewis, NEJM 1993



ARBs are as effective as ACEi

40+

IDNT and RENAAL trial studied
the effect of irbesartan and
losartan on DN progression in
patients with T2DM

Both reduced the risk for
doubling sCR, death and ESRD

Effect driven in part by a
reduction in proteinuria

20 Placebo .-

PO 001

— A0 w

—a0

Change in the Level of Proteinuria (%)

0 | 12 | 24 | 36 | a8
Months of Study

fo. AT Bisx

Placabo 762 B32 529 290 130
Losartan 781 BE1 558 438 167

Brenner, NEJM 2001



Can RAS blockade prevent development of
microalbuminuria?

No benefit in TIDM (DIRECT Prevent-1 and DIRECT Protect-1 studies)

Mixed results in T2DM trials
HOPE (ramipril)
no effect on DN progressions
BENEDICT (trandalopril)
Reduction in new albuminuria independent of BP
ROADMAP (Olmesartan)

1.6% absolute risk reduction for the development of new albuminuria over 3 years (8.2 vs 9.8%)
Significant difference in BP between the two armes.

IRMA (irbesartan)

Reduced the risk of progression from micro to macro albuminuria



Is more RAS-blockade better? B

90 52(3.8-7.2) 112 (8.8-14.1) 15.4 (12.4-19.1) 18.3 (142-23.3)  Losartan+Placebo
30 9.2 (7.3-11.7) 16.6 (13.8-20.0) 23.7 (20.0-28.0) 40.8 (28.2-56.4)  Losartan+Lisinopril

704
60
504
40+
304
20

P<0.001
Losartan+lisinopril

______
___________

CONSENSUS study in the lancet suggested | £ . =
benefit for dual ACE/ARB therapy ofmmmmr T e

0 6 12 18 24 30 36 42 48 54

Acute Kidney Injury (% of patients)

Months since Randomization

Subsequent studies showed clear harm ——

Losartan+placebo 724 638 548 470 355 260 170 89 20
Losartan+lisinopril 724 630 528 453 341 251 156 78 7

VA Nephron D (losartan + lisinopril) — increased

risk of AKI and hyperkalemia. No benefit o Hperisioms Semoniof Pl ERE

100+
ONTARGET (Telmisartan + Ramipril) — no CV T o] GG 350k Biloene Lemmrione
benefit. Some reduction in proteinuria. L
Increased risk of AKlI and ESRD £ 5o
£ 404
ALTITUDE (aliskiren +ACE/ARB) — study 3 o .
. o 204 osartan+lisinopri =
terminated early due to adverse events and no £ 0l o e T
0 m=s=cc : —————-I-"---I- ----- I—---—';_____I_____ Iosartanl+p acebo

positive signal 0 & 1 15 2 30 3 & 4

Months since Randomization

No. at Risk
Losartan+placebo 724 648 563 487 379 271 174 90 20
Losartan+lisinopril 724 631 535 458 347 258 154 71 10

Fried, NEJM 2013



Key RAS Inhibition Trials

Population ___|_N_ | nteventon | Results ___

Captopril Trial

RENAAL

ROADMAP

IDNT

IRMA-2

VA NEPHRON-D

ALTITUDE

T1DM with proteinuria
T2DM with proteinuria
and reduced GFR

T2DM without
albuminuria

T2DM with proteinuria
and reduced GFR

T2DM and
microalbuminuria

T2DM and proteinuria

T2DM, proteinuria, and
CV risk

509

1513

4449

1715

590

1448

8561

Captopril vs placebo

Losartan vs placebo

Olmesartan vs placebo

Irbesartan vs amlodipine vs placebo

Irbesartan vs placebo

Losartan and lisinopril vs losartan and
placebo

ACE-I| or ARB and aliskiren vs ACE-I or
ARB and placebo

Captopril reduced risk of
renal outcomes

Losartan reduced risk of
renal outcomes

Olmesartan delayed
onset of
macroalbuminuria

Irbesartan reduced risk
of renal outcomes

Irbesartan reduced the
development of overt
proteinuria

Terminated early due to
hyperkalemia and AKI in
combination therapy
arm

Trial terminated early
due to increase adverse
events and no benefit
from dual therapy



RAAS Guidelines

* ACE/ARB should be given to patients with diabetes and microalbuminuria to delay
progression to overt proteinuria and reduce the rate of decline in GFR

* No role for ACE/ARB for prevention of albuminuria in patients with TIDM
* May be a role in primary prevention in T2DM but this is less clear

* Dual ACE/ARB blockade is not indicated due to the risk of hyperkalemia, AKI and
ESRD.

* May be a role for dual blockade in severely nephrotic patients but this remains
unclear

e Continue ACEi where possible until the patient starts RRT



Many failed therapeutic strategies since RENAAL

Ruboxistaurin
PKC-B inhibitor!

Avosentan

Endothelin
antagonist?

Pirfenidone

TGF-B production
inhibitor3

Sulodexide

Various suggested
MoAs*

Aliskerin
Renin inhibitor>

Lisinopril/lorsartan

Dual ACEi/ARB®

2013

Bardoxolone methyl

Kept1-Nrf2
pathway activator”’




Bardoxolone and
CKD Progression

- Phase 2 Trial of novel
prostaglandin agonist

- Noted in preclinical cancer
studies to affect renal function

- Dose dependent increase in
GFR maintained through one
year

- Increase in proteinuria also

methyl, 150 mg
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Bardoxolone and
CKD Progression

- Subsequent Phase 3 Trial of
2400 patients with diabetes
and CKD

- Higher GFR and proteinuria
in the bardoxolone group

- Terminated early due to an
excess of heart failure and
cardiovascular death in the
treatment group.

- CKD studies are hard!

A Heart Failure

0.254 ; .
Hazard ratio, 1.83 (95% Cl, 1.32-2.55) { This portion of the figure
P<0.001 ! based on <20% of patients
o 0.20 |
= '
(7] 1
2 |
§ 0.15 i Bardoxolone methyl
c :
£ 010- !
<] '
3 i Placebo
a  0.05- i
|
I
000 T T T T T T I T : T T 1
0 4 8 12 16 24 32 40 48 56 64 72
Weeks since Randomization
No. at Risk
Bardoxolone methyl 1088 1045 1006 942 864 723 548 417 288 133 15 0
Placebo 1097 1089 1070 994 907 762 591 436 315 135 20 0

B Secondary Composite Outcome

0.25+ ' : A
Hazard ratio, 1.71 (95% Cl, 1.31-2.24) 1 This portion of the figure
P<0.001 i based on <20% of patients

@« 0.204

5 :

= " Bardoxolone methyl

o 0.154

e—

)

g Placebo

£ 010

)

s

& 0.05-

000 T T T T T T T T T T 1
0 4 8 12 16 24 32 40 48 56 64 72
Weeks since Randomization

No. at Risk
Bardoxolone methyl 1088 1038 999 935 855 712 537 409 278 126 15 0
Placebo 1097 1088 1068 990 902 754 582 430 310 132 20 0

Pergola, NEJM 2013




The use of surrogate outcomes in DN

trials

*Hard outcomes preferred for
intervention trials but for ESRD/death
this requires studying advanced
disease

*Aalbuminuria has been proposed as a
surrogate marker for DN progression

*Meta-analysis of albuminuria trials

e 20% change in geometric mean ACR =
20% change in likelihood of ESRD

e Strongly associated with outcome in
individuals with ACR>30mg/g

e Lack of change in ACR associated with
no clinical benefit.

A Overall

177

B ACR=30mg/g

@® Immunosupression Prediction interval
@ Albuminuria target protocol

Sulodexide

® Empagliflozin
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5 0240 4 €

= Intercept=-0-07 (BCl-0-29 to 0-14) Intercept=-0-04 (BCI -0-26 to 0-18)

Slope =0-89 (BCl 0-13 to 1.70) Slope=0-91 (BCl 0-19 t0 1-67)
R?=0-47 (BCl 0-02 to 0-96) R?=0-72 (BCI 0-05 to 0-99)
- Root mean square error=0-14 (BCl 0-03 to 0-27) Root mean square error=0-09 (BCl 0-02 to 0-22)
o ]
0 1 1 1 I 1 1 1 I I I 1 \
0 05 0-6 0-8 1 13 0 0-5 06 0-8 1 13
Treatment effect on change in albuminuria (geometric mean ratio) Treatment effect on change in albuminuria (geometric mean ratio)
RAAS inhibitor vs control o Numberevents 10

@® RAAS inhibitor vs calcium-channel blocker O Number events 100
® Intensive blood pressure — Regression line
® Low protein diet — Confidence band

Heerspink et al, Lancet 2019



Newer Therapies



Glucagon-like peptide-1 Receptor Agonists

Critical metabolic regulatory program

Incretin hormone secreted by the = A Neuroprotection
intestine after glucose ingestion » § Aopetite

N Heart Stomach
Enhances insulin secretion, slow | § Gastric emptying
gaStriC emptying, decreases appetite - Cardioprotection\ :
stimulation in the brain A Cardiac output
Improve glucose control with no risk of Gl tract. {ipe

‘« Glucose production

hypoglycemia

Insulin biosynthesis
B cell proliferation

Significant weight loss § P e apoptosis

flnsulin sensitivity

Lower risk of CV events in high risk j .‘{:.m 'gm‘gg fooreon.
populations =@ " Wuscle \ 4



SUSTAIN-6 Trial

3297 patient randomized to Semaglutide or
placebo

Primary outcome CV

26% reduction in MACE (no heterogeneity
by CKD status)

No change in GFR

46% reduction in primary renal outcome
(increased albuminuria, doubling of
creatinine or need for RRT)

SUSTAIN 6

40
% 30 _ A~ _
2 | ga-8F ’
(a4
< 20
=

10 4

O .

T
0 6 12 18 24

Time from randomization
(months)

Marso, NEJM 2016



LEADER Trial

9340 patient randomized to liraglutide or
placebo

Primary outcome CV

22% reduction in renal outcomes - driven
by lower rate of onset of persistent
macroalbuminuria

Low absolute difference (5.7 vs 7.2%)

Clear CV benefit which was higher for those
with CKD

No clear benefit for GFR progression

A Estimated GFR

No. at Risk
Placebo
Liraglutide

Mean Estimated GFR
(ml/min/1.73 m?)

704

85

80

754 <<

Placebo

~~.
=

Liraglutide -
- 092 THSEm
Estimated trial-group ratio at 36 mo, 1.02 (95% Cl, 1.00-1.03)
60, P=0.01
O T T I I 1
0 6 12 24 36 48
Months since Randomization
4672 4356 4237 3911 3634 755
4668 4349 4288 4031 3806 812

B Urinary Albumin-to-Creatinine Ratio

Urinary Albumin-to-Creatinine

No. at Risk
Placebo
Liraglutide

Ratio

35+
30 Placebo
----- D-----------@
254 aa- o----
s oo o
20==C Liraglutide
154
Estimated trial-group ratio at 36 mo, 0.83 (95% Cl, 0.79-0.88)
104, p<0.001
O T T T 1
0 12 24 36 48
Months since Randomization
4559 4103 3789 3509 730
4578 4167 3934 3686 786

Mann, NEJM 2017



DPP4 inhibitors

Dipeptidyl peptidase-4 cleaves GLP-1 — DPP4 inhibitors lead to higher levels of GLP-1
No consistent effect on renal outcomes across clinical trials

Linagliptin — short and medium term studies showed no effect on GFR or ACR
Saxagliptin — lowering of ACR in patients with established CKD and albuminuria

May be an added benefit to DPP4 inhibitors added to SGLT2i.

All patients in these studies were on stable doses of ACE/ARB



Endothelin receptor
antagonists

Endothelin-1 increases in CKD leading to
multiple adverse consequences:

*Mesangial cell proliferation
eInterstitial fibrosis
*Podocyte injury.
Avosentan Trial

- decreased ACR

- increased CHF due to Na retention and
increased cardiovascular mortality

Acidemia

Aging process

Aldosterone
Angiotensin Il

Dyslipidemia

Growth factors

Hypoxia

Inflammatory cytokines
Insulin, hyperglycemia
Oxidative stress
Procoaguiants

Proteinuria

Vasocconstrictors

‘o)
vascular hypertrophy &

Vasculature
Vasoconstriction

Endothehal injury
Coagulation

_—

Podocyte
Nephrin shedding
Cytoskeletal disruption
Proteinuna

Renal tubule
Tubulointerstitial ‘Eaﬁ

fibrosis

0

Mesangial proliferation
Matrix accumulation
Glomerulosclerosis

Kohan, Kidney Int 2014




SONAR Trial
5
. . ] —l—.ﬂ:luas.enlan
Atrasentan (more selective endothelin . A
. 0 B 12 18 2 o B 2 Last wisit B-weak
1_rece ptor antagon|5t) Em . ’ ! onmedication  Tollow-up
period

Study enriched — only included those Numberofputients  mougs g8 ;s s mod on
Placeba 1320 1320 1181 GO 458 157 1301 993

who did not have edema in the run-in
period AND at least a 30% reduction in <

ACR "
* Reduction in renal endpoint (doubling 2 'i'.zi ii
creatinine or ESRD) from 7.9% to 6% g o b

after 2 years i

* Higher rates of heart failure (NS) and CV i |

T T T T T T T
0 f 12 18 M 30 36 42 Last wisit -weesak

mortality (NS) in the atrasentan group — R
. . . . period Timie since randormsation | manths)
*May be a role in combination with mberofpatients o

SG I_TZ i Facebs 1320 1311 1177 428 45 164 1305 1035
Heerspink, Lancet 2019



Non-Steroidal MRA

Steroidal MRAs have been used to treat DKD
but the use is limited by hyperkalemia

Non-steroidal MRAs are an alternative —no
estrogen effects and less hyperkalemia

Finerenone:

* Patients with DKD and 300-5000 mg
albuminuria

e Reduction in renal outcome 21.1% to 17.8%
 Marked reduction in albuminuria

* Prevalence hyperkalemia 2.3% (compared with
9.2% in ACE/ARB studies)

A Urinary Albumin-to-Creatinine Ratio
1.4+

1.0¢ H—
0.8
0.6+ —';//%

Finerenone

e
N
|

0.49 Geometric mean albumin-to-creatinine ratio at baseline:

Finerenone, 798.79 (geometric SD, 2.65)
0.2+ Placebo, 814.73 (geometric SD, 2.67)

Least-Squares Mean Ratio to Baseline

0.0 T T T T T T T T 1
0 4 8 12 16 20 24 28 32 36

Months since Randomization

No. of Patients
Finerenone 2831 2725 2582 1841 856
Placebo 2840 2726 2598 1825 834

B Mean Serum Potassium
6.0

5.5 Finerenone

Placebo

Mean serum potassium at baseline:
3.0 Finerenone, 4.37+0.46
,,  Placebo, 4.38+0.46

Mean Serum Potassium (mmol/liter)

1 1 1 I I 1 1 I I 1 1 1
01 4 8 12 16 20 24 28 32 36 40 44
Months since Randomization

No. of Patients

Finerenone 2827 2708 2600 1872 882 344
Placebo 2831 2709 2596 1865 862 348

Bakris et al, NEJM 2020




SGLT2 Inhibitors

Glucose freely filtered in the kidney

Reabsorbed in the proximal tubule by

SGLT2 (90%)
SGLT1 (10%)

In the absence of hyperglycemia, all
glucose is reabsorbed in the tubules

SGLT2 inhibitors block glucose
reabsorption leading to glycosuria
with low serum glucose levels

$1/52 segments of
proximal tubule

Collecting

Reabsorption 90% duct

S3 segment of
proximal tubule

10%

No glucose



Mechanisms for protective effects of SGLT2i

True mechanism for the benefit is unclear but a number of mechanisms have been
proposed:

* Abolition of hyperfiltration through restoration of TGF
* Altering metabolic fuel energetics
 Stimulating fasting-like condition

* Inhibition of Na-proton exchange



Restoration of normal TGF with SGLT2i

A normal TGF B
-
appropriate MO afferont
afferemt Genty arteriole
artericle ":;:“ yasodiation .
tone

Na'/glucose «

reabsorption 'f

Normal physiology Hyperfiltration in early SGLT-2 inhibition reduces
stages of diabetic nephropathy hyperfiltration via TGF

Cherney, Circulation 2013



Effects of SGLT2 inhibitors

Block sodium and glucose reabsorption at the proximal tubule

Restore TGF and abolish hyperfiltration
Effect on GFR only seen in individuals who are already hyperfiltering

Mild effect on BP
Some weight reduction

Decrease CV events in high-risk populations (studies powered to accumulate events
rapidly so unclear if there is a benefit in lower risk patients).



A Incident or Worsening Nephropathy

100+
90
- 804 Ea(z)aorglratio, 0.61 (95% Cl, 0.53-0.70)
EMPA-REG i
- 3§ -
. . . . g ’ - Placebo
7020 patients randomized to empaglifozin or S M
p | a Ce bo * ’ 0 é 1|2 l|8 2|4 3|0 3|6 4|2 4|8
Month
eGFR >30’ no ACR indication Elr’rol.p::gllizfiztin 4124 3994 3848 3669 3171 2279 1887 1219 290
Placebo 2061 1946 1836 1703 1433 1016 833 521 106
Primary outcome CV disease: B Post Hoc Renal Composite Outcome
. . 100+
14% reduction in MACE outcome s0-
80 8+
. o o . . 704 74 Hazard ratio, 0.54 (95% Cl, 0.40-0.75)
Significant reduction in all renal outcomes I T
apart from incident albuminuria - %ii
- Overall, 44% decrease in primary renal 85 0] e T
a 1o 0 6 12 18 24 30 36 42 48
outcome
0 6 12 18 24 30 36 42 48
Care overinterpreting this study — low rate of . Vortt
renal outcomes and not powered for these s B T e i T e b o

Wanner, NEJM 2016



CREDENCE — Study Design

Randomized trial of canagliflozin 100 mg daily versus placebo
4401 patients randomized

Inclusion criteria:
Albumin/creatinine > 300 to 5000
eGFR 30 to <90
Max treatment with RAS blockade

Primary outcomes:
Composite of ESRD and
Doubling of the serum creatinine
Death from renal or cardiovascular causes



Credence

Trial stopped early due to a
30% reduction in the primary
outcome (ESRD or doubling
of creatinine) after only 2.5
years

Initial rapid reduction in
both ACR (sustained) and
eGFR (slope of decline less in
SGLT2i group)

A Urinary Albumin-to-Creatinine Ratio

Median Basaline

Canagliflozin Placebo
91315 9180
1200
1000+ Placebo
- B -
g ] - - T T T
a ] 4 4 T
= Em—x L bl L 1
o
g M —3 5 % 35—+ —+%
E 4004 Canagliflozin
2
200+
i\ T T T T T T 1
1] b 12 18 24 30 k{3 42
Months since Randomization
Mo. of Patients
Placebo 7113 2061 1986 1865 1714 1158 BES 251
C.anag“ﬂl:lzin 2114 2070 2019 1917 1819 1245 730 271

B Change from Baseline in Estimated GFR

Baseline (ml/min/1.73 m?)
Canaglifiezin Placebo

6.4 56.0
o O-m
£ s
iy e —d I. o
YE g™ - _
g E —5] - - Canagliflozin
8T =
= E -12- ]
=3 = 11_ —
E - —
g'—' —164 Placebo _
g ~1E- .
-
—20 T T T T | | T 1
0 3 6 12 18 24 30 36 42
Months since Randomization
Mo. of Patients
Placebo 2178 1985 1882 1720 1536 1006 583 210
Canagliﬂchzin 2179 2005 1919 1782 1648 1116 B52 241

Perkovic et al, NEJM 2019




SGLT2i also reduces renal and CV outcomes
in hon-diabetic patients — DAPA CKD

A Primary Composite Outcome

Hazard ratio, 0.61 (95% Cl, 0.51-0.72)
P<0.001

Placebo

Dapagliflozin

24
100+ 20
_ 90 16
g 809
g 704
£
S 604 8
o
E 504 4+
o
2 404 o
s 304 O
£ 2
3 _
10
0 T
0 4
No. at Risk
Placebo

2152 1993 1936 1858 1791 1664 1232

Months since Randomization

774 270

Dapagliflozin 2152 2001 1955 1898 1841 1701 1288 831 309

B Renal-Specific Composite Outcome

207 Hazard ratio, 0.56 (95% Cl, 0.45-0.68)
100 P<0.001
16
- 90 Placebo
é 80+ 124
@
¢ 7070 g
S 60
E s 47 Dapaglifiozin
[
'% 404 0+ T T T T T T T 1
S 3001 0o 4 8 12 16 20 24 28 32
10_ ,_/_/_/_—’
0 1 T T T T T T 1
0 4 8 12 16 20 24 28 32
Months since Randomization
No. at Risk
Placebo 2152 1993 1936 1858 1791 1664 1232 774 270

Dapagliflozin 2152 2001 1955 1898 1841 1701 1288 831 309

C Composite of Death from Cardiovascular Causes or Hospitalization

for Heart Failure

Hazard ratio, 0.71 (95% Cl, 0.55-0.92)
P=0.009

Placebo

Dapagliflozin

4 8 12 16 20 24 28 32

10+
100
84
90
X 804 6
1
g 70+ 4
S 60
2 so{ 2
[
2 40+ 0
*é 304 O
6 204
104
0 T
0 4
No. at Risk
Placebo

8 12 16 20 24 28 32

Months since Randomization

2152 2023 1989 1957 1927 1853 1451 976 360

Dapagliflozin 2152 2035 2021 2003 1975 1895 1502 1003 384

D Death from Any Cause

100+

Cumulative Incidence (%)

129" Hazard ratio, 0.69 (95% Cl, 0.53-0.88)

&1 Placebo

6

4

24 Dapagliflozin

No. at Risk
Placebo

Months since Randomization

2152 2035 2018 1993 1972 1902 1502 1009 379

Dapagliflozin 2152 2039 2029 2017 1998 1925 1531 1028 398

e Rapidly becoming standard of
care for the management of both
diabetic and non-diabetic
proteinuric kidney disease.

* Role in secondary prevention in
CV disease

Heerspink et al, NEJM 2020



EMPA-Kidney

6609 patients with CKD (eGFR 20-45)

No requirement for albuminuria (50%
had ACR <300)

30% had eGFR <30.
50% had diabetes

Marked reduction in primary outcome
(ESRD, cardiovascular or renal death)

Study stopped early for efficacy

Percentage of Patients with Event

No. at Risk
Placebo
Empagliflozin

100+
90
80—
70
60
50
404
30+
20+
10

3305
3304

301

20

10

Placebo

Em pagliflozin

0

0

Hazard ratio, 0.72 (95% Cl, 0.64—0.82)

Placebo

P<0.001
= Empagliflozin
SS— T T T 1
0.5 1.0 1.5 2.0 25
Years of Follow-up
3250 3129 2243 1496 592
3252 3163 2275 1538 624

EMPA-KIDNEY Group, NEJM 2023




EMPA-Kidney

However:

No effect on primary outcome
in the group with ACR <300

Largely because of the very low
rate of the primary outcome in
this group.

Slope of eGFR decline was
lower in this group
(prespecified secondary
outcome)

Safe to use SGLT2 at lower GFR
but effectiveness less clear with
lower ACR

Subgroup

Diabetes mellitus
Present
Absent
Estimated GFR
<30 ml/min/1.73 m?
230 to <45 ml/min/1.73 m?
>45 ml/min/1.73 m2
Urinary albumin-to-creatinine ratio
<30
230 to <300
>300
All patients

Hazard Ratio for Progression of Kidney Disease
or Death from Cardiovascular Causes (95% Cl)

—— 0.64 (0.54-0.77)
- 0.82 (0.68-0.99)
—— 0.73 (0.62-0.86)
—a— 0.78 (0.62-0.97)
-—a 0.64 (0.44-0.93)
. ' 1.01 (0.66-1.55)
—z 0.91 (0.65-1.26)
- 0.67 (0.58-0.78)
<& 0.72 (0.64-0.82)

| | |

0.5 1.0 15 20

ey B

Empagliflozin Better ~ Placebo Better

EMPA-KIDNEY Group, NEJM 2023



Note of Caution — SGLT?2]

Ketoacidosis
Relatively contraindicated in patients with T1IDM

Amputations
2-fold increased risk of amputation in early CV outcomes studies of canaglifozin.
Not replicated in later studies but patients at high risk of amputation were excluded

UTI

Higher risk of UTls and mycotic infections
Increased AGE in distal nephron?

Increased expression of SGLT1 — long term effects?



Room for improvement!

Figure 8.2b Percentage of adults with stages 3-5 CKD receiving SGLT2i medications, by eGFR level, 2019-2021

Age Sex  Race/Ethnicity

Overall
3.0
20
L]
L]
]
=
L]
2
i
0o
m I l
00
55-59 50-54 40-44 30-34

eGFR category (mL/min/1.73m?2)

USRDS Annual Report 2023



Assessment Intervention Follow-up

Practical
G d t « Assess adverse effects
ulae 1o « Review knowledge
INItIating  sefection "drop n 8GR, which s
. generally not a reason
SGLT 2] fO f = the SGLT2

CKD

Glycemia

* Re-assess volume
* Reduce concomitant

Volume
diuretic if needed

KDIGO Guideline 2022



Holistic
Approach to
Managing
Diabetic
Kidney
Disease In
2024

A Regular \(
[ risk factor

4 ¢

Lifestyle ) reassessment
Healthy diet Physical activity ~ Smoking cessation ~ Weight management ‘months) /

First-line

drug therapy

Regular reassessment

of glycemia, albuminuria,
BP, CVD risk, and lipids

Additional
risk-based
therapy

[ T2D only

| All patients
(T1D and T2D)

KDIGO Guideline 2022



Summary

Diatl)ccletes remains the number one cause of end-stage renal disease across the
world.

Diabetic kidney disease takes years to develop.

(I\j/_licroalbuminuria with a preserved GFR is usually the first sign of diabetic kidney
Isease.

RAS blockade is beneficial in patients with diabetic nephropathy in both type 1 and
type 2 diabetes.

SGLT2-inhibitors are the biggest advance in the treatment of DN since ACE
Inhibitors were introduced and should be standard of care in patients with
established diabetic nephropathy from T2DM

GLP1la are a second line treatment for diabetic nephropathy.

MRAs may have a role in patients on maximal doses of ACE/SGLT2 with
persistent proteinuria.
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