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Epidemiology of chronic kidney disease: an update 2022
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CKD stadia

Beschrijving van categorieén
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« Sterfte door alle oorzaken
» CV-sterfte

Kidney Int Suppl 2013
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(Wy/2) CKD prognosis consortium, Lancet 2010

CKD prognose

A All-cause mortality; ACR studies

B Cardiovascular mortality; ACR studies
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CKD prognose — Risico ESKD
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Mortaliteit dialysepat

NBVN Jaarverslag 2021
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FIGURE 2: Percent S-year survival of kidney replacement treatment modalities (red bars) (HD, PD, transplantation after deceased donation and transplantation after liv-

ing donation) or 5 years after the diagnosis of cancer (blue bars). Only malignancies with an incidence >3% of all cancers are illustrated. Orange bar: all cancers aggre-
gated. Based on 2016 data [40, 41].

(VY2 Vanholder et al. CKJ Review 2021



Oorzaken CKD

Wereldwiid naar leeftiid gestandaardiseerd prevalentieciifer van CRIin 2016,
volgens oorzaak, per 100.000 personen!

Diabetes
42%

Hypertensie
18%

1.Jager KJ et al. Nephrol Dial Transplant. 2019;34:1803-1805; 2. World Health Organisation 2016; 3.Ravera M et al. Am J Kidney Dis. 2011;57(1):71-77.4. GBD Chronic Kidney Disease
Collaboration. Lancet. 2020;395(10225):709-733. 5. Ryan TP et al. Am J Med. 2007;120(11):981-986. 6.
https://organesdeconcertation.sante.belgique.be/sites/default/files/documents/2020 - rapport_national_-_college_de_medecins_nephrologie_0.pdf




hypertension

(WY /2| Perico et al. Kidney international 2005

Glomerular-capillary _ Increased glomerular

permeability to macromolecules

Increased filtration of plasma proteins —»

|

Excessive tubular reabsorption

l

Nuclear signals for NF-xB-dependent and

Proteinuria

independent vasoactive and inflammatory genes.

Corresponding protein products then released

into interstitium
1
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|
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Renal scarring

Fig. 2. Pathophysiology
nephropathies.
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Pathofysiologie progressieve nefropathie

progressive



Glomerulaire hyperfiltratie

Diabetic nephropathy

* Whole kidney RBF 1

FF 1

Vasodilation of afferent arteriole

Hypertensive nephrosclerosis
* Arterial stiffening 1

* Renal plasma flow 1

* Intraglomerular hypertension 1

Proximal tubular sodium reabsorption
and glomerular hypertension 1

RAAS 1

Glomerular
hyperfiltration

Obesity=induced CKD
* Renal plasma flow 1
* GFR 1 with resulting FF 1

+ Caloric restriction has been shown
to reverse glomerular hyperfiltration

Focal segmental glomerulosclerosis

+ Single-nephron level,
plasma flow per nephron 1

» Intrarenal vasodilation and glomerular
hypertension

CKD, chronic kidney disease; FF, filtration fraction; GFR, glomerular filtration rate; RAAS, renin-angiotensin-aldosterone system; RBF, renal blood flow

WYzl Adapted from presentation H.L. Heerspink Congress Brugge 2022



Nefroprotectie

Low protein diet
promote
vasoconstriction of the

afferent arteriole

Afferent
arteriole

Prostaglandines

t

Adapted from Tonneijck Journal Am Soc Nephrol 2018
Brenner et.al New Engl J Med 1982; 652-659

Efferent
arteriole
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58% of patients
with 72D will
develop CKD?

Diabetes /2__

@ o \ 4
@ o] 2017 Global
Prevalence'
~476M

CKD

2017 Global
Prevalence!

~698M

CKD, chronic kidney disease; HF, heart failure; T2D, type 2 diabetes.
1. GBD 2017 Disease and Injury Incidence and Prevalence Collaborators. Lancet. 2018;392:1789-1858; 2. Parving HH et al. Kidney Int. 2006;

HF and CKD
vicious circle:
one causes/worsens
the other®

(Wy/2)f3. Birkeland KI et al. Diabetes Obes Metab. 2020; 4. Ronco C et al. J Am Coll Cardiol. 2008.

Diabetocardiorenaal syndroom

24% of patients
with 72D will
have HF as their

first complication®

Heart
Failure

.

2017 Global
Prevalence’

~64M




Hoe werken SGLT-2 inhibitoren?

',.-"‘6ortex Bl /o
e Glucosurie Normal
status
* Natriurese
 Osmotische diurese
Application
of
SGLT2i
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. Glucose
) seur2
. SGLT2I "‘- ‘ Tubuloglomerular Feadback

UZA’ Li et al. Front. Cardiovasc. Med 2022



caloric balance

stiffness Afferent arteriole

¥ Inflammation constriction

+Glu toxicity ¥ Plasma uric acid
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Figure 2. Physiologic mechanisms implicated in the cardiovascular and renal protection with SGLT2 inhibition.
HbAlc indicates hemoglobin Alc; and SGLT2, sodium-glucose cotransporter-2.

(WY /2| Heerspink et al. Circulation 2016



Klinische studies ND nefropathie

Gunstig

EMPA-KIDNEY#
Groepen met een gunstig effect ( )

B SGLT-2 remmer
O ACEi
C ) C ) DAPA-CKDS
m 1994 1998 2002 2006 2010 2014 2018 2022

Nevufraal of schadelijk

Groepen met neutrale of schadelijke effecten
B AsT-120

EPPIC-1 and

EPPIC-2+

1. Maschio G, et al. N Engl J Med 1996;334:939-945; 2. GISEN Group. Lancet 1997;349:1857-1863; 3. Hou FF, et al. N Engl J Med 2006;354:131-140; 4. Schulman G, et al. ] Am Soc Nephrol 2015;26:1732-1746; 5. Perkovic
UZA’ V, et al. N Engl J Med 2019;380:2295-2306; 6. Herrington WG, et al. Nephrol Dial Transplant 2022;0:1-13



DAPA-CKD

A pre-specified analysis of the Dapagliflozin and Prevention of Adverse
Outcomes in Chronic Kidney Disease (DAPA-CKD) randomized controlled

‘\ISN

NllSNMIONAl SOCU'

kidne

INTERNATIONAL,

Study design : : | | l - l -
“ Dapaglifiozin 10 daily (n=2152) " &
* eGFR 25-75 mL/min/1.73m? apaglifiozin 10 mg once daily (n

trial on the incidence of abrupt declines in kidney function.

* Abrupt declines in kidney
function, defined as a
doubling of serum
creatinine between two

! Screenmg—mn Median follow-up: 2.4 years
* UACR 200-5000 mg/g N _ Matching placebo once daly (n=2152) -
* With/without type 2 diabetes ' ; = T T T " T 2
5 + Stable, maximally-tolerated ACEi/ARB dose W2 Day0 W2 M2 M4 e M,; 4months ENd date ]
\
W (e Sub-distribution hazard ratio, 0.69 (95% Cl, 0.50-0.95) \

z + Dapagliflozin reduced the risk of abrupt declines in
E kidney function in patients with chronic kidney

50 Placebo disease with increased albuminuria (Figure)

No heterogeneity in effect of dapaglifiozin versus

subsequent visits (median 25 /“/ placebo across baseline subgroups
tlme-lpterval, 100 days) Dapaglifiozin
. Infvestugatci;-rep'or.ted SAEs ooof'/_;_J- —————+ SAEs of acute kidney injury occurred less frequently
? ac:;teeﬁ l: ;:Ztl)njury = S e PSS with dapagliflozin versus placebo
e - Despagiionn 2152 2001
Placebo 2152 2015
% IN.
Heerspink et al, 2021

eGFR=estimated glomerular filtration rate; SAE=serious adverse
event; UACR=urinary albumin-to-creatinine ratio

CONCLUSION: Dapagliflozin reduced the risk of abrupt declines in

kidney function in patients with chronic kidney disease and
substantial albuminuria, with and without type 2 diabetes




DAPA-CKD

Albuminuria categories
Description and range
A1 A2 A3
Prognosis of CKD by GFR
and Albuminuria Categories Normal to Moderately Severely
mildly increased Increased Increased
<30 mg/g 30-299 mg/g 2300 mg/g
<3 mg/mmol 3-29 mg/mmol | 230 mg/mmol
G1 Normal or high 290
2. | =Y 5090 Inclusie-criterium
decreased

-

T8 Mildly to

E § G3a | moderately 45.59

E® decreased 1 _

3 i e, Gerecruteerd:

B2 | G3b | severely 30-44 =

gg decreased 9 EGFR. mean iSD

= Severely

& G4 15-29 . P o

5 decreased * Albuminuria: Median + IQR

GS Kidney failure <15

Green: low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk; Orange: high risk;
Red, very high risk.
KDIGO 2012

Heerspink et al. N Engl J Med 2021

uza’



DAPA-CKD

Composite of sustained decline in eGFR of at least 50%,
ESKD, or kidney-related or cardiovascular death

With T2D Without T2D
41 Hazard ratio, 0.64 (95% Cl, 0.52-0.79) 41 Hazard ratio, 0.50 (95% Cl, 0.35-0.72)
221 22
< 2 < 2
g Placebo <
3 18 - 18
s S 16 Placebo
© g ©
5 4 p S 14
£ 12 -E 12
L4
2 10 2 10
© ©
9 8 S 8
E E
3 6 . . 3 6
o Dapagliflozin &
2 2 Dapagliflozin
01— . . . - . . - - 04, - . . - . . . ,
0 4 8 12 16 20 24 28 32 0 B 8 12 16 20 24 28 32
No. at Risk Months since randomization No. at Risk Months since randomization
Dapaglifiozin 1455 1383 1349 1307 1262 1155 910 580 215 Dapaglifiozin 697 618 606 591 579 546 378 251 94
Placebo 1451 1360 1321 1275 1224 1130 868 545 190 Placebo 701 633 615 583 567 534 364 229 80

Cl, confidence interval; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; T2D, Type 2 diabetes
Wheeler DC, et al. Lancet Diabetes Endocrinol 2021;9:22-31




DAPA-CKD

Dapagliflozin Placebo Hazard Ratio
No. of participants/total no. (95% ClI)

Primary outcome 197/2152 312/2152 —a— 0.61 (0.51,0.72)
Kidney-specific outcome 142/2152 243/2152 f—-—i 0.56 (0.45, 0.68)
Cardiovascular death or heart

failure hospitalization 100/2152 138/2152 —e— 0.71 (0.55, 0.92)
All-cause mortality 101/2152 146/2152 —— 0.69 (0.53, 0.88)

0.2 05 1.0 2.0
< >

Dapagliflozin better Placebo better

Primary outcome: suslained z50% eGFR decline, ESKD, renal or cardiovascular death; kidney-specific outcome: suslained 250% eGFR decline, ESKD, renal death
eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease
Heerspink HJL. et al. N Engl J Med 2020;383:1436-1446.




eGFR afname tijdens studie

< 0 -
E : -« Dapagliflozin
i \ -=- Placebo

~ \ el

E g M,

3 -51 §----

E oy O

o
'8
()
@ '15 1 L] ] L] 1 L] L] 1] 1 1
0 4 8 12 16 20 24 28 32 36
Months since Randomization
No. of Patients
Dapaglifiozin 2152 2031 2001 1896 1832 1785 1705 1482 978 496 157
Placebo 2152 2029 1981 1866 1795 1753 1672 1443 935 447 157
LS means eGFR slope (SE) Dapaglifiozin Between group difference (95% Cl)
Acute, mL/min/1.73m?/2 weeks =3.97 (0.15) -0.82 (0.15)
Chronic, mL/min/1.73m?/year -2.86 (0.11) =3.79 (0.11) 0.93 (0.61, 1.25)

Cl, confidence interval; eGFR, estimated glomerular filtration rate; LS, least-squares; SE, standard error.
Heerspink HJL. et al. N Enal J Med 2020:383:1436-1446.

2. Modellering op basis van gegevens uit DAPA-CKD studie



EMPA-Kidney

EMPA-KIDNEY
Empagliflozin in Patients with Chronic Kidney Disease
Cohort Interventions Outcomes
6609 patients Primary Outcome: Progre;s;o; ;; l(((i)dg:\‘y_ (:’l.sse;)se or death from CV cause

241 centers in 8 countries Secondary Outcomes

Patients were required to be on a
aiic i A7\ | stable dose of RAS inhibition unless

46% of patients with a e = e !

history of DM avestipator judged thatBAS.
inhibition was not indicated or could
not be tolerated

PKD and kidney transplant Safety Outcomes

recipients excluded

eGFR 20-45 ml/min/1.73m?
OR 45-90 ml/min/1.73m? with N =3305
UACR > 200 mg/g mp
Summary: Among patients with CKD, empaglifiozin led to a lower risk  Reference: EMPA-KIDNEY Collaborative Group,

of progression of kidney disease or death from cardiovascular causes  Herrington WG, Staplin N, Wanner C, Green JB et al.

Placebo

@e®O®w

than placebo. This is consistent among patients with or without Empagliflozin in Patients with Chronic Kidney Disease.
diabetes. Risk reduction seems to be larger among patients with N Engl J Med. 2022 Nov 4.

higher urinary albumin-to-creatinine ration (UACR)




EMPA-Kidney

Albuminuria categories
Description and range
Al A2 A3
Prognosis of CKD by GFR
and Albuminuria Categories Normal to Moderately Severely
mildly increased increased Increased
<30 mg/g 30-299 mg/g 2300 mg/g
<3 mg/mmol 3-29 mg/mmol | 230 mg/mmol
G1 Normal or high 290
I N A e Inclusie-criterium
)
= Mildly to
E o | G3a | moderately 45.59
E § decreased
82 Moderately to .
5 & | b | sevaraly 3044 Gerecruteerd:
4 § decreased
-]
g | o |Severew 1529 , * eGFR: mean £SD
G} decreased
I P— * Albuminuria: Median £ IQR
Grun: Iow Hsk (vif no oth'e.r markers of kidney dlSease. no CKD); Yellow: moderately increased risk; Orange: high risk;
Red, very high risk.
KDIGO 2012

%y/4 Herrington N Engl N Med 2022



EMPA-Kidney

Figure Sz2a. Kidney Disease Progression

40 71 Hazard ratio (95% CI): 0.71 (0.62-0.81)
g
§ 30 1 — Empaglifiozin
O — Placebo
£
2 20 -
8
c
g
£ 10 -
i
a
0 s T T T T 1
0 0.5 1 1.5 2 25
No. at Risk Years of Follow-up
Empaglifiozin 3304 3252 3163 2275 1538 624
Placebo 3305 3250 3129 2243 1496 592

(Wy/: Herrington N Engl N Med 2022, supplement



Bijwerkingen

Medicines to stop on sick days
O ACE inhibitors: medicine names ending in “pril”

* Euglycemische (diabetische) keto-acidose mSS?U",ﬁt.fl‘f?é;‘f‘fu?Ssl‘riii&“élﬁé?;}]‘fx?ﬁme )

O Metformin: a medicine for diabetes

e 0 16_0’76/1000 pat|e nt ja ar ‘ O NSAIDs: eg, ibuprofen, diclofenac, naproxen
.. . . L. Other medicines to stop taking

* Risicofactoren: infectie, malnutritie, braken

e Genitale schimmelinfectie

| 0o00oon

* Urineweginfectie




inder hyperkaliémie

n/N
Hazard ratio Study: P for Subgroup: P for
SGLT2i Placebo (95%Cl) interaction interaction

Overall 977/28,214 777121,653 £ 0.84 (0.76, 0.93) 0.71

HbA1c <8% 495/14,298  382/11,073 e 0.90 (0.78, 1.03) 0.86 0.19
HbA1c >8% 481/13,888 394/10.553 —a 0.79 (0.69, 0.90) 047

eGFR 60 mL/min/1.73m? 521/21,511 335/16,273 o 0.90 (0.79, 1.04) 0.89 0.20
eGFR <60 mLmin/1.73m? 456/6,699 442/5,379 e 0.79(0.70, 0.91) 0.54

UACR <30 mg/g 377115823  224/11,814 —oH 0.90 (0.77, 1.07) 0.93 0.23
UACR =30 mglg 585/11,957 549/9,515 e 0.80 (0.70, 0.90) 0.39

No heart failure 736/24,305  604/18,701 o 0.82(0.73,0.92) 0.40 0.31
Heart failure 24213909 17312,952 —ef— 0.92 (0.74, 1.13) 0.37

No RAAS inhibitor use 118/4,730 107/3,512 —e—i 0.56 (0.43, 0.74) 0.65 0.002
RAAS inhibitor use 859/23,534  670/18,141 o 0.89 (0.79, 0.99) 0.32

No diuretic use 519/16,054 398/12,260 e 0.84 (0.73, 0.96) 0.88 0.97
Diuretic use 458(12,160 379/9,393 —— 0.84 (0.73, 0.97) 0.38

No MRA use 895/26,861 729/20,732 lagl 0.83(0.75, 0.92) 0.93 0.25
MRA use 82/1,353 48/921 e 1.04(0.72, 1.52) 0.47

T T

03 05 2

- >

-

Favors SGLT2 inhibitors Favors placebo

Figure 3. Effect of SGLT2 inhibitors on serious hyperkalemia (central laboratory—determined
serum potassium 26.0 mmol/L) according to baseline participant characteristics. eGFR indicates
estimated glomerular filtration rate; HbA1c, glycohemoglobin; MRA, mineralocorticoid receptor
antagonist; RAAS, renin-angiotensin-aldosterone system; SGLT2i, sodium glucose cotransporter 2
inhibitor; and UACR, urinary albumin-to-creatinine ratio;

SGLT2 inhibitiors Placeb
Events per 1000 Events per 1000 Hazard Ratio
N patient-years nN patient-years (85% Clj

Overail

CREDENCE 1212202 216 1542193 278 —8— 0.77 (0.61, 0.96)

DAPA-CKD 1591456 6.9 17971451 853 —— 0.68(0.71. 1.09)

Subtotal (P=0.0%%: P <0.41) - 0.83(0.71.0.57)
P=0.02

eGFR 60 10 <80 mL/min/1.73m*

CREDENCE 3505 15.4 339904 142 —_——  1.06(0.85.1.70)

DAPA-CKD 131172 318 11168 300 1.07 (D.48. 2.39)

Subtotal (P=0.00%: Py <0.96) R ==l 1.06 {0.71. 1.60}
P=0.77

eGFR 45 10 <60 mL/imin/1.73m*

CREDENCE 33840 193 £7/833 281 —_—s 0.68(D.44.1.06)

DAPA-CKD 231450 318 42/463 458 T 0.71(0.44. 1.14)

Subtosal (F=0.0%; P, =0.90) ——==— 0.68 (0.50, 0.96)
P=0.03

eGFR <45 mLimin‘1.73m*

CREDENGCE 538657 R4 74655 46.4 —_— 0.70 (0.42. 0.99)

DAPA-CKD 118326 78.4 126514 865 —u— 0.92(0.71, 1.19)

Subtossl (P=34.4%: Py =027} e .83 (0.64.1.07)
P=0.15

P, for subgroups=0.27

04 06 08 1012 16 20

Favors SGLT2 inhibifors Favors piacebo
Figure 4. Effect of SGLT2 inhibitors on serious hyperkalemia (central laboratory—determined
serum potassium 26.0 mmol/L) across the spectrum of kidney function in CREDENCE and DAPA-
CKD. CREDENCE indicates Canaglifiozin and Renal Events in Diabetes With Established Nephropathy
Clinical Evaluation; DAPA-CKD, Dapagliflozin and Prevention of Adverse Qutcomes in Chronic Kidney
Disease; eGFR: estimated glomerular filiration rate; and SGLTZ2i, sodium glucose cotransporter 2
inhibitor.



Minder kans op de novo diabetes

DAPA-CKD + DAPA-HF

181 Hazard ratio, 0.67 (95% Cl: 0.51-0.88)
p=0.0040
161
14+
*
g 121
10+
§ Placebo
2 8 — RRR 33%
s ‘ !
g 6‘ f o —
3 2 — Dapaglifiozin
* _/_’—r - _—‘/
o.__lﬂ g
0 4 8 12 16 20 24 28 32
Months since Randomisation
No. at Risk
Dapagifiozin 1995 1889 1846 (o] 1432 1067 556 285 108
Placebo 2008 1891 1840 1743 1404 1087 536 27 102

(Wy/2) Rossing et.al Lancet Diabetes Endocrinol. 2022 Jan;10(1):24-34






PSS TRRR) AN 1 o J S R OV Chronic eGFR Slope (Week 2 to End of Treatment) by Baseline
Subgroups DAPA-CKD

(m! por minute por 1.73m? par yoar)

Absolute difference
Subgroup Empaglifiozin  Placebo (95% C1)
Chronic eGFR Slope® ‘ Difference (95% Clj®
i TOTAL SLOPE DAPA | PBO rence % CI)
Frosat 201 29101 - 0901.5,.3.21) Overall -1.68 (0.11) -363 (0.11) —=— 1.95 (1.63 10 2.26)
Absent -2.30 (0.10) -2.92 (0.10) - 06210.33,0.91)
Age, years
Estimated GFR (ml por minuto per 1.73m?) $65 years -1.98 (0.15) -3.91(0.15) —a 1.93 (1.5210 2.34)
e #12(0.13) 2,84 013 - 0514015.0.87) >65 years 127 (0.17) -3.24 (0.18) —— 1.98 (14910 2.47)
230 <45 -1.86 (0.11) -2.59 (0.17) [ ] 0.73 (0.42, 1.05)
215 -2.83(0.16) -4.04 (0.17) " 1.21 (0.76. 1.67) Sex
Male -1.66 (0.14) -3.72(0.14) ] 2.06 (16810 2.44)
Urinary albumin-to-creatinine ratio
20 072 (0.16) -0.88 (0.16) - 0.17 (:0.27. 0.60) Female -1.72 (0.20) -3.45 (0.20) —l— 1.72(1.17 10 2.27)
230 £300 1,19 (0,13) -1 64 (013) - 0.46 (0.09. 0.83) T2D
>300 3.2.0.10) 4421010 - 190,522,147 Yes -1.58 (0.14) -3.84 (0.14) ] 2.26 (1.88102.64)
Al participants 216 (0.08) -2.92 (0.08) =S 0.75 (0.54, 0.96) No -1.90 (0.20) -3.18 (0.20) —— 1.29(0.73 10 1.85)
HbA1c

LONG-TERM SLOPE Normoglycemia -2.06 (0.28) -3.14 (0.28) —— 1.08 (0.30 to 1.86)
Prosent 1,05(0,12) 273 (0.12) L ] 168 (1.36. 2.00) Pre-diabetes -1.72(0.29) -3.23(0.29) ——— 1.50 (0.71 10 2.30)
Absort -1.66 (0.11) -2.75 (0.11) - 1.09 (0.79, 1.39) <8.5%° -1.46 (0.16) -3.50 (0.16) — 2.04 (16010 2.48)
56 5 GFR (mi por minute per 1.73m?) >8.5%°¢ -1.94 (0.26) -4.86 (0.27) ——  292(2.1710367)
<30 1,84 (0.14) 285 (0.14) - 1,01 (0.63. 1.39) Systolic Blood Pressure, mm Hg
230 <45 ':-;: ‘°~:§’ 'i-g (°-:Z> - ; :f (:1::- ; ‘:5) <130 -1.28 (0.19) -3.43 (0.19) — 2.15(1.6210267)
2o AL S ED L 0 >130 1.91(0.14) 374 (0.14) — 1.83 (1.44 10 2.22)
Urinary slbumin-to-creatinine ratio (mg/g) A 0 1 2 3 4
<30 0.11 {0.17) -0.89 (0.16) - 0.780.32. 1.23) PBO Better <= DAPA Better
230 <300 0,49 (0,14) -1.68 (0,14) - 1.20 (0.81, 1.59)
300 -2.35 (0.11) -4.11 (0.1) W 176(1.46 205
All participants 137 (0.08) -2.75 (0.08) J <L 1.37(1.16, 1.59)
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1
1
Hyperkalaemia# ——]
]
Mild hyperkalaemia °-
(>5.5 mmol/L) |
1
Moderate/severe hyperkalaemia , & i
(>6.0 mmollL) ;
0.2 1 5
~Favours study drug Favours placebo .
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