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HK is frequent among cardiorenal patients

G

Advanced
stages of CKD':2
Up to 40-50% of patients,
especially in those
with T2D and on
RAASI therapy

Diabetes
mellitus>-2

=17% over
3-year period

Heart failure#af

Up to =40% of
patients with severe
HFf on spironolactone

Haemodialysis?3.b.
= 25% of patients
despite receiving
haemodialysis®e
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Resistant
hypertension®7.9
Up to ~8—17% with
add-on MRA therapy

General
population'2
2-3%

aHK defined as sK* >5.0 mmol/L;'4% bHK defined as sK* >5.5 mmol/L;2 ‘When reported, most studies in this systematic review defined HK as sK* 25.5 mmol/L3; dIncluded patients who received haemodialysis

for >120 days;? eIncluded patients with end-stage renal disease receiving haemodialysis three times weekly (mean vintage time on haemodialysis, where reported, was 42.3 months);3 f New York Heart
Association class Ill or IV and left ventricular ejection fraction <35%;* 9HK defined as persistent sK* >5.5 mmol/L (or one reading of sK* 26.0 mmol/L)”

diabetes

CKD, chronic kidney disease; HF, heart failure; HK, hyperkalaemia; MRA, mineralocorticoid receptor antagonist; RAASI, renin—angiotensin—aldosterone system inhibitor; sK*, serum potassium; T2D, Type 2

1. Kovesdy CP. Nat Rev Nephrol 2014;10:653—662; 2. Xu H, et al. Nephrol Dial Transplant 2017;32(Suppl. 3):iii563; 3. Bem D, et al. Ren Fail 2021;43:241-254; 4. VVardeny O, et al. Circ Heart Fail

2014;7:573-579; 5. Nilsson E, et al. Int J Cardiol 2017;245:277-284; 6. Chomicki J, et al. J Am Soc Hypertens 2014;8:e30; 7. Khosla N, et al. Am J Nephrol 2009;30:418-424



Patients with CKD and HF have recurrent hyperkalaemia %g Kardinsko | ICAROLINSKA.
episodes, with successively shorter time between thezw - Institutet

episodes’?

Population-based cohort study linking individual data from hospital, prescription and laboratory databases in patients
from the Danish National Patient Registry in northern Denmark (population 1.8 million) from 2000 to 20122

Proportion of patients with recurrent hyperkalaemia events? and median time to event

1st event 2nd event 3rd event 4th event

Patients
@B with CKD? 27.5% 7.7 \ 4300/0 5.9 , 571 % 4.8
(N=157,766) n=43,397 months n=18,644 months n=10,640 months

Patients
with HF? 39.0% 62 N I 43.2% 5.3 | 54.3% 4.6
(N=31,649) n=12,340 moigEs n=5326 months n=2891 months

aA hyperkalaemia event was defined as sK+ >5.0 mmol/L not preceded by a prior episode of elevated potassium within the previous month?2
CKD, chronic kidney disease; HF, heart failure; sK*, serum potassium
1. Thomsen RW, et al. Nephrol Dial Transplant 2018;33:1610-1620; 2. Thomsen RW, et al. J Am Heart Assoc 2018;7:e008912.



Decreasing eGFR, diabetes and RAASI/MRA therapy ..«,
are the main risk factors for first hyperkalaemic episode

in patients with CKD or HF

HF

CKD

eGFR
260 mL/min/1.73 m?2
45-59 mL/min/1.73 m?2
30—-44 mL/min/1.73 m?
15—29 mL/min/1.73 m2
<15 mL/min/1.73 m?2

Dialysis

Diabetes

Spironolactone®

ACEi

aData from Danish population-based cohort studies. PRs when compared with matched cohort without HK. HK defined as K* >5.0 mmol/L. Relative importance of risk factors increased by higher K* level; °Non-steroidal MRAs such as finerenone are associated

Adapted from Thomsen RW, et al. (2018)*

CKD

PR (95% Cl)'.

2.31(2.23, 2.40)

1.05 (0.91, 1.21)
0.59 (0.58, 0.60)
1.31(1.28, 1.34)
2.88 (2.78, 3.00)
3.99 (3.67, 4.34)
3.93 (3.25, 4.75)
1.74 (1.69, 1.79)
2.53 (2.4, 2.63)
1.45 (1.42, 1.48)

0.25 1

Vo 4

Lower risk Higher ris
of HK of HK

k

Adapted from Thomsen RW, et al. (2018)*

HF

PR (95% Cl)2a

1.46 (1.43, 1.49)

0.64 (0.60, 0.67)
0.80 (0.77, 0.84)
1.38 (1.33, 1.45)
2.05 (1.94, 2.17)
2.83(2.49, 3.21)
3.17 (2.44, 4.12)
1.38 (1.32, 1.45)
1.48 (1.42, 1.54)
1.07 (1.04, 1.11)

0.25

.

! 3

Lower risk Higher risk

of HK of HK
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* Several other factors have been associated with HK
(sK* >5.5 mmol/L) in patients with HF.3<

Adapted from Savarese G, et al. (2019)3

HF
HR (95% Cl)3

Haemoglobin, <120 g/L 1.61 (1.35, 1.92) He-
Smoker 1.34 (1.02, 1.75) —o—
Hospitalisation at diagnosis 1.83 (1.43, 2.34) e
NYHA functional class

| Reference

Il 1.38 (0.94, 2.03) e

] 2.31 (1.57, 3.41) ——

[\ 2.74 (1.61, 4.67) ——
Ejection fraction, %

>50 1.26 (1.02, 1.57) —o—

40-49 1.26 (1.02, 1.56) o

<40 Reference i

0.%5 1 - 4

Lower risk Higher risk
of HK of HK

with lower rates of HK compared with spironolactone;* °Data from 5848 Swedish patients enrolled in the SwedeHF Registry from 2006 to 2011 and followed-up for 1 year; 4HK defined as K* >5.5 mmol/L

ACEi, angiotensin-converting enzyme inhibitor; Cl, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; HF, heart failure; HK, hyperkalaemia; HR, hazard ratio; MRA,
mineralocorticoid receptor antagonist; NYHA, New York Heart Association; PR, prevalence ratio; RAASI, renin—angiotensin—aldosterone system inhibitor; sK*, serum potassium

1. Thomsen RW, et al. Nephrol Dial Transplant 2018;33:1610-1620; 2. Thomsen RW, et al. J Am Heart Assoc 2018;7:e008912; 3. Savarese G, et al. JACC Heart Fail 2019;7:65-76;

4. Agarwal R, et al. Clin Kidney J 2022;16:293-302



Hyperkalemia is frequent and associated S5 ol

with poor prognosis but...

JACC: HEART FAILURE

® 2019 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION
PUBLISHED BY ELSEVIER

Incidence, Predictors, and Outcome
Associations of Dyskalemia in Heart
Failure With Preserved, Mid-Range,

and Reduced Ejection Fraction

Gianluigi Savarese, MD, PuD,** Hong Xu, MD,"* Marco Trevisan, MSc,” Ulf Dahlstrém, MD, PuD,*
Patrick Rossignol, MD, PuD,” Bertram Pitt, MD, PuD,* Lars H. Lund, MD, PuD,*{ Juan J. Carrero, PuarmD, PuD"}
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.. missed implementation might be even -

more dangerous

@ E SC To reduce mortality

European Society
of Cardiology

HFA 3 BB SGLT2i

Heart Failure
Assaociation

NS-MRAs
(finerenone)

low Diabetic
d Reduce

Institutet UNIVERSITY HOSPITAL
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Hyperkalaemia AR > Poor outcome
\) Suboptimal/
RAASI use

Figure 1 Hyperkalaemia is a risk marker for poor out-
comes by leading to dose reduction or discontinuation of
renin—angiotensin—aldosterone system inhibitors (RAASI).
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HK is one of the major obstacles for implementing @%g Karolinska  |CAROLINSKA
GDMT In HFrEF Wno 12

Physician perceptions, attitudes, and strategies towards implementing GDMT in HFrEF

An international survey study from the HFA of the ESC

Q 26-question survey &432 respondents @91 countries

st Sﬂ'ategy to manage
creatinine increase
@ ESC European Journal of Heart Failure (2024) 0,0-0 RESEARCH ARTICLE None ‘ARN'I 2% Other: 5“]‘0 >5.0: 25% >6.0: 11%

European Society  doi10.1002ejhf.3214
of Cardiology

What proportion of HFrEF patients What clinical barriers to implementation Fir K-level that triggers change in
are treated with quadruple therapy? are of major importance? c therapy
1% : ' i

Physician perceptions, attitudes, and strategies
towards implementing guideline-directed
medical therapy in heart failure with reduced
ejection fraction. A survey of the Heart Failure
Association of the ESC and the ESC Council
for Cardiology Practice

1 70%

Hypotension

75-90%

Mild but symptomatic
hypotension

Creatinine increase

rategy to manage
ypotension

47% ' First st First strat
L hyp

. " , egy to manage
Gianluigi Savarese»#70, Felix Lindberg'’, Ruxandra M. Christodorescu?, N
Marc Ferrini4, Thomas Kumler5:$, Konstantinos Toutoutzas?, Giuseppe Dattilo8, 50‘7501:1 h erkalemla
Antoni Bayes-Genis%1?, Brenda Moura'l, Offer Amir'2, Mark C. Petrie'3, ) 1 s
Petar Seferovicl4, Ovidiu Chioncel15.16, Marco Metra'?, Andrew J.S. Coats8, Hyperkalemia ! 45% ! I | Other: 4%
and Giuseppe M.C. Rosano19:20% i i i - ARNL: 3% ARNI: 5% Add n
. : . [@-RAsi: 4% Other: 4% | K- Bidor Tav
Bradycardia ; | - RASI: 9%
25-50% ; ; | - MRA: 14%]
Hypoglycemia/
ketoacidosis : ' '
10-25% ; !
. i420
. Patient adherence : :42&; ; . (@BB: 20%
- 0% 5% 50% T5%  100% MRA: 54%

- Diuretic: 55%



Discontinuation of ACEI/ARB and MRA persists -~

‘ot falinda KAROLINSKA
following a HK event T Institutet

* 19% of new MRA users had HK within 1 year (majority within 3 months)!-2

* After HK, 47% discontinued MRA and 10% reduced their dose! Mean duration of RAASIC

. . : 2
* 74% of those who discontinued MRA did not re-initiate during 1-year follow-up? discontinuation was:

Time to MRA cessation in patients who continued therapy after HK

and time to MRA re-initiation in those who discontinued® : 2.4 years @@
1001 ¢, in patients with CKD

1.9 years @
in patients with HF

0.75+

0.50+

Probability

0.251 Initial Decision
* MRA discontinued
0.001 = MRA continued
0 50 100 150 200 250 300 350
Time (days)

Number at risk
MRA discontinued{827 717 643 608 569 543 526 509
MRA continued{934 732 565 448 356 287 228 189

0 50 100 150 200 250 300 350
Time (days)

Initial Decision

aThis is a Swedish population study; P"MRA cessation was defined as absence of new dispensation of MRA within 30 days after patient's most recent supply expired. For example, those receiving a 90-day supply
of MRA had 120 days from their previous purchase to refill it; SRAASi defined as ACEi, ARB or MRA2

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; HF, heart failure; HK, hyperkalaemia; MRA, mineralocorticoid receptor antagonist; RAASI, renin—
angiotensin—aldosterone system inhibitor

1. Trevisan M, et al. Eur J Heart Fail 2018;20:1217-1226; 2. Linde C, et al. J Am Heart Assoc 2019;8:e012655



Drugs helping each other: ARNi and SGLT2i for s,

better K homeostatis

Inrtiation
=z HR: 0.65
Eﬂl- (95% Cl: 0.49 to 0.85)* Placebo
-
g 204
F-1
= Empagliflozin
S % 10
B
PARADIGMHF .
T T T T T T T T T T
0 90 180 270 360 450 540 630 720 B1D
§- Study Day
Patlents at risk
—— Placebo 512 453 4325 349 277 217 160 10B 65 36
ﬁ* —— Empagliflozin 557 509 478 417 343 268 204 147 B0 44
= . - "
= ineralocorticoid
513 | B M . @nql_turm
E< Discontinuation
E
+
xﬁ- 201 HR: 0.78
(95% Cl: 0.64 to 0.96)*
2 | 154
-

TTT T T T
024 8 16 32 48 64 80 96 112 128
Time (weeks)

—@&— Enalapril & No MRA  —&— Enalapril & MRA
—=&— Sac./Val. & No MRA —®— Sac./Val. & MRA

Estimated Cumulative Incidence (%)
=]

T T T T T T T T T T
0 90 180 270 360 450 540 630 720 810
Study Day
Patients at risk
— Placebo 1,355 1,249 1,167 089 824 823 428 278 148 &6
—— Empaglifiozin 1,306 1,214 1,148 953 793 604 424 270 131 52

Ferreira. EJHF 2020

Ferreira, LP. et al. J Am Coll Candiol 2021, 77(11):1397-407.
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ORIGINALRESEARCHARTICLE @  CREDENCE
Sodium-Glucose Cotransporter 2 Inhibitors and DAPA-CKD

Risk of Hyperkalemia in People With Type 2
Diabetes: A Meta-Analysis of Individual Participant

DECLARE-TIMI 58

Data From Randomized, Controlled Trials EMPA-REG OUTCOME
VERTIS CV
n/N
Hazard ratio Study: P for Subgroup: P for
SeLT2i Placebo (95%CI) interaction ___interaction

Overall 977/28,214  777/21,653 &> 0.84 (0.76, 0.93) 0.71

HbAle <8% 495/14,298  382/11,073 o 0.90 (0.78, 1.03) 0.86 0.19
HbA1c >8% 481/13,888 394/10,553 [ ) 0.79 (0.69, 0.90) 047

eGFR >60 mL/min/1.73m? 521/21,511 335/16,273 - 0.90 (0.79, 1.04) 0.89 0.20
eGFR <60 mUimin/1.73m? 456/6,699 442/5.379 [ 0.79 (0.70, 0.91) 0.54

UACR <30 mg/g 377115,823 224111,814 e 0.90 (0.77, 1.07) 0.93 0.23
UACR =30 ma/g 585/11,957 549/9,515 e 0.80 (0.70, 0.90) 039

No heart failure 735/24,305  604/18,701 = 3 0.82 (0.73, 0.92) 040 0.31
Heart failure 242/3,909  173/2,952 el 0.92 (0.74, 1.13) 0.37

No RAAS inhibitor use 118/4,730 107/3,512 —a— 0.56 (0.43, 0.74) 0.65 0.002
RAAS inhibitor use 859/23,534  670/18,141 [ 0.89 (0.79, 0.99) 032

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 aal 0.83 (0.75, 0.92) 0.93 0.25
MRA use 82/1,353 48/921 —— 1.04 (0.72, 1.52) 047

03 05 1 2
Favors SGLT2 inhibitors Favors placebo

Figure 3. Effect of SGLT2 inhibitors on serious hyperkalemia (central laboratory-determined serum potassium =6.0 mmol/L)
according to baseline participant characteristics.

eGFR indicates estimated glomerular filtration rate; HbA1c, glycohemoglobin; MRA, mineralocorticoid receptor antagonist; RAAS, renin-
angiotensin-aldosterone system; SGLTZ2i, sodium glucose cotransporter 2 inhibitor; and UACR, urinary albumin-to-creatinine ratio;

10
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Less risk of HK with finerenone vs. eplerenone vy Kaninska | KAROLINSKA

Institutet UNIVERSITY HOSPITAL
Wi 18°
@ European Heart Journal (2016) 37, 2105-2114 FASTIRACK CLINICAL RESEARCH
gty dokI0N0THerhey/ewis2 Heart failure/cardiomyopathy
A randomized controlled study of finerenone
vs. eplerenone in patients with worsening chronic
heart failure and diabetes mellitus and/or chronic
kidney disease
040~
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Eplerenone Finerenone Finerenone Finerenone Finerenone Finerenone
2.5-5mg 5—10mg 7.5—15 mg 10—20 mg 15—20 mg

Treatment group
N 143 116 117 120 128 18
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ot all HF treatments increase K:

Focus on patient profiles!

ESC European Journal of Heart Failure (2021) 23, 1313-1321 RESEARCH ARTICLE
European Society  doi:10.1002/ejhf2221
of Cardiology

Renal function and the effects of vericiguat
in patients with worsening heart failure with
reduced ejection fraction: insights from the
VICTORIA (Vericiguat Global Study in
Subjects with HFrEF) trial
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Cardiac Myosin Activation with Omecamtiv Mecarbil

in Systolic Heart Failure

Potassium — mmol/liter
At wk 24
At wk 48
Creatinine — mg/d|
At wk 24
At wk 48

-0.01+0.57
-0.03+0.59

0.03:0.33
0.06=0.39

-0.01+0.57
-0.02+0.58

0.02:0.32
0.05+0.38

0.00 (-0.03 to 0.03)
~0.01 (-0.04 to 0.02)

0.01 (~0.01 to 0.02)
0.01 (-0.01 to 0.03)

1.5
Vericiguat 60% - = re
1.4 T _:f e _
3 %:’::“T’/ 1 |, \ : !
3 T 50% - A | L — o
5 13 > [
E = 5
E 3 3
- IIRPE %ﬂ 40% s+ 5
[ (=]
bt § id
@ [V}
11 & [
30% Lo
1.0 T T T T
0 16 32 48 e Lo
Weeks from Randomization ?_I:, 5:3 7]5 ";u 1;5 1;0
Number Contributing: .
Placebo 2237 2181 1991 1559 eGFR at Baseline
Vericiguat 2196 2155 1971 1553
Potassium 0.68
Baseline 449 (0.011) 451(0.011) -
Week 16 4.44 (0.012) 448 (0011) —0.025 (~0.054 to 0.003) 0.08
Week 32 4.46 (0.012) 450 (0012) ~0.031 (~0.061 to —0.001) 0.043
Week 48 4.48 (0.013) 450 (0013) ~0.015 (~0.048 to 0.019) 0.39
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SZC provided K* reduction as soon as 1 hour
and sustained K* control for up to 1 year
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258 outpatients with hyperkalemia (serum potassium >5.1 mEq/L)

ZS-004 (HARMONIZE)'

Open-label CP
(48 hours)'

Randomised, double-blind maintenance phase
(days 1-29; QD dosingP)?

ZS-004E (11-month extension)?

Open-label maintenance phase
(days 1-337)%e

5.8 Adapted from Kosiborod M, et al. (2014)! Adapted from Roger SD, et al. (2019)?
T %64 szc10gTD ® Placebo M SZC5g° A SZC10ge & SZC 15 god SZC ftitrated dosef (N=123) :f:riz‘t';'stisn,fgfased
2 54  (N=258) (n=82) (n=45) (n=50) (n=54) continuing on szi:
E 52
£ 50 ¢
S 4.8
S 46
& 44
[}
= 42
4.0 T 1 T T T T T T T T T T T T T T I T T T T T T T T T /4
0 24 48 1 3 &5 7 9 11 13 15 17 19 21 23 25 27 29 MP1R94357 85 113 141 169 197 225 253 281 309 337
. : ) Off-
Time (hours) Time (days) BL Time (days) drug
All | | 98% normoK || 80-94% vs. 46% normoK at day 28% with SZC
HF | | 93% normoK || 83-92% vs. 40% normoK at day 28% with SZC

Note: Normokalaemia defined as serum K* 3.5-5.0 mmol/L and patients on dialysis were excluded from these studies.'2 Error bars indicate 95% Cls

aP<0.001 vs baseline; °If a patient's K* value was between 3.0-3.4 mmol/L at any time during the randomised phase, the dose was reduced from QD to QOD for the remainder of the study;' ¢P<0.001 vs placebo during days 8-29;" ¢The extended maintenance
group contained a small proportion (11%) of patients treated with 15 g once daily which is not approved for use in nonhaemodialysis patients#; ®Maintenance SZC dosing was initiated at 10 g QD and titrated in 5 g increments or decrements to maintain i-STAT K*
3.5-5.0 mmol/L (minimum 5 g QOD; maximum 15 g QD). Off-drug values were recorded at 7+1 days following the last dose of SZC?; "Mean SZC doses to maintain normokalaemia were 10 g QD in 73.2% and <10 g QD in 13.8% of patients

BL, baseline; Cl, confidence interval; CP, correction phase; MP, maintenance phase; QD, once daily; QOD, once every other day; SZC, sodium zirconium cyclosilicate; TID, three times daily

1. Kosiborod M, et al. JAMA 2014;312:2223-2233; 2. Roger SD, et al. Am J Nephrol 2019;50:473—480;
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taking RAASI maintained normokalaemia over 1 year @gg Institutet | universerSioRuser

306 outpatients with type 2 diabetes (eGFR 15 to <60 mL/min/1.73 m2 and serum potassium level >5.0 mEqg/L) on RAASi
AMETHYST-DN 1-YEAR STUDY: Mean change in serum K* over 1 year

ANRO,

With patiromer, up to 95% of patients with hyperkalaemia %

5.8 |
—~ 5.6 —— Patiromer (8.4 g, 16.8 g, or 25.2 g/d) Serum K* significantly i
= 544 (n=218) mild hyperkalaemia? increased after i
ucj- | —— Patiromer (16.8 g, 25.2 g, or 33.6 g/d) discontinuing patiromer |
é 5.21 (n=83) moderate hyperkalaemia® i
+¥ 5.0+ i
_ ! <
g 4.8 E
= 4.6 i <
n 4.4 U o N . 1 §
ps p to 95% of patients with ! o)
® 4.2+ i moderate hyperkalaemia had ] =
S 4.0 maintained normokalaemia i %
3.8 : . : ,
0 04_]/ I P<0.001 from baseline to week 52 i
Baseline 4 8 12 16 20 24 28 32 36 40 44 48 52 56

< » <

Treatment, study visits (weeks) Follow-up

83.1-92.7% of patients with mild HK and 77.4—-95.1% of patients with moderate HK maintained K* levels within target range
(3.8-5.0 mEq/L) during the MP through week 52

Phase 2, multicentre, open-label, dose-ranging, randomised clinical trial (AMETHYST-DN), conducted in 48 sites in Europe from June 2011 to June 2013 evaluating
patiromer in 306 outpatients with Type 2 diabetes (eGFR 15 to <60 mL/min/1.73 m? and serum potassium level >5.0 mEq/L). All patients received RAAS:I prior to
and during study treatment

aSerum potassium >5.0 to 5.5 mEq/L; °Serum potassium >5.5 to <6.0 mEq/L

eGFR, estimated glomerular filtration rate; HK, hyperkalaemia; MP, maintenance phase; RAASI, renin—angiotensin—aldosterone system inhibitor

Bakris GL, et al. JAMA 2015;314:151-161



Majority of patients on recent oral K binders maintain -

or increase their RAASI therapy

Sodium zirconium cyclosilicate

ZS'005 (phase 3)1,3 Adapted from Spinowitz B, et al. (2019)*
Of the 483 patients who received RAASI therapy at the start of CP:

Maintained same RAASi dose 74%

Increased RAASi dose

89% of patients continued
RAASi use while taking SZC

Decreased RAASi dose 14%>

Adapted from Agiro A, et al. (2023)?
OPTIMIZE | (real-world evidence)?¢
Of the 589 patients who initiated SZC while on RAAS:I therapy:
Maintained same RAASI dose

. 70%
Increased RAASI dose 8% ’

83% of patients had new
or refilled RAASI prescriptiond
following SZC initiation3

Decreased RAASIi dose 5%

Note: RAASI included ACEi, ARB and MRA in the ZS-005 study,’ and ACEi, ARB, ARNI, MRA and direct renin inhibitor in the OPTIMIZE | study?

Sl N Karolinska = §€
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Patiromer
PEARL-HF4¢

HF + ([K requiring d/c RAASI] or [eGFR<60])
Of the patients who received spironolactone 25 mg/day:

of patients taking patiromer (n=55)
were able to increase their
spironolactone dose to 50 mg/day,
compared to 74% of patients taking
placebo (n=49)

91%

OPAL-HK5f
eGFR 15-59; K 5.1-6.4; RAASI
Of the 105 patients who received at least one RAASI at baseline:

of patients taking patiromer (n=55)
continued RAASI use, compared
with 44% of patients taking placebo
(n=52)

94%

aA pre-specified exploratory analysis of a phase 3, open-label, single-arm, 12-month study in adult outpatients with HK (i-STAT K* 25.1 mmol/L) who were not on dialysis;' PNon-mutually exclusive; °A retrospective, non-comparative cohort study utilising US insurance
claims data in adult outpatients with an HK diagnosis who initiated SZC in an outpatient setting (index date), while receiving RAASI therapy between January 2018 and June 2020;2 9New or refilled RAASI prescription was defined as different fill or refill of same RAASI

within 90 days of ending their index RAASI3; eA multinational prospective randomized double-blind pilot study*; fA multinational,single-blind, two-phase prospective trial study®
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; CP, correction phase; MRA, mineralocorticoid receptor antagonist; RAASI, renin—angiotensin—aldosterone system inhibitor; SZC,

sodium zirconium cyclosilicate

1. Spinowitz B, et al. Clin J Am Soc Nephrol 2019;14:798-809; 2. Agiro A, et al. Presented at National Kidney Foundation Spring Clinical Meetings; 11-15 April 2023; poster 282; 3. Agiro A, et al. Adv Ther 2023;40(6):2886—2901; 4. Pitt B, et al. Eur Heart J

2011;32:820-828; 5. Weir MR, et al. N Engl J Med 2015;372:211-221
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may be possible with the newer oral potassium binders

The DIAMOND study indicates that RAASI optimisation @%g kaolinska | K AROLINSKA

with placebo on sK* in patients with HF. for HF, or history of high sK* leading
to change in HF therapy

Trial description Eligibility criteria : : _ _
L . . . : Blinded randomised withdrawal phase

Phase 3b multinational, multicentre, * Adults (218 years) with a history :
double-blind, placebo-controlled, of symptomatic HFrEF :
randomised withdrawal, parallel group trial. * Outpatient treatment or hospitalisation . . Patiromer continued (n=439

. o P group within 1 year Run-in phase: ( )
Trial objective - Mild-to-moderate renal impairment Initiate patiromer
To assess the effects of patiromer compared - High sk* (>5.0 mEg/L) while treated and optimise RAASI : Placebo (withdraw patiromer) (n=439)

L 4
L 4
L 4

3 months Median (IQR) duration = 27 (13-43) weeks
Primary endpoint? Secondary endpoints
The adjusted mean change in sK* from randomisation to study end Patiromer was superior to placebo in all secondary outcomes.
+ 0 . . .

was +0.03 mmol/L (950A) Cl: -0.01, 0.07_) in the patiromer grotjp I Hazard/rate P-value
and +0.13 mmol/L (95% ClI: 0.09, 0.16) in the placebo group. (=439) (n=439) ratio (95% Cl)

o 031 . 5 ! Win ratio  P-value

=3 Hyperkalemia events with 063 o

25 el SerumIK=5 5 mmal [ RCEUSIRESIIR DS HoT iy o7 090G , (951/; 3C')

£ 3\: S | o —— g - ' Hyperkalemia-related morbidity-adjusted events* Y : <0.001

ke B e ol oy Maintained MRA L062 : (EZZalA1)

% g 0.1 ‘ P<0.001 61(139) 83 (189) —@— | = 0.006 :

target dose® 1 (0.45-0.87) i 1.25

£E 1L . g (A : Win-ratio for RAASI use score 'H@H . 0.048

23 oMb B el ; " (1.003-1.564)

= Total number of 1 066 -

2 225 316 . <0.001 :

S - .

6 € 014 . hyperkalemia events 1 (0.53-0.81) 03 1 30

O A0 + Patiromer | . . .
§ &= o Phcebo o 1. = Win ratio (95% Cl)
= 02 T T T T T T ' d 1959 I\ Favours Placebo  Favours Patiromer
0 8 16 24 32 40 48 RESFHIL"Gov L]
Weeks Favours Patiromer Favours Placebo

a0wing to slow enrolment rates, changing hospitalisation patterns, lower than expected event rates, and the uncertainty of the COVID-19 pandemic, the primary endpoint was revised during the study from time to first occurrence of cardiovascular death or
cardiovascular hospitalisation to changes in sK* levels from the baseline; A significantly greater mean change from baseline in sK* was reported for participants with eGFR <45 mL/min/1.73 m2 (-0.19; 95% CI: -0.26, —0.12) compared with participants with eGFR
245 mL/min/1.73 m?2 (—-0.08; 95% CI: —0.11, —0.04; P=0.003; °MRA target dose of 50 mg daily spironolactone or eplerenone, respectively; IMorbidity adjusted HK-related outcomes were tested in a hierarchical manner with the following sequence: CV death, CV
hospitalisation, total HK events > 6.5 mMol/L, > 6.0-6.5 mMol/L and >5.0-6.0 mMol/L

Cl, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; IQR, interquartile range)MRA, mineralocorticoid receptor antagonist; RAASI, renin—angiotensin—aldosterone
system inhibitor; sK*, serum potassium

Butler J, et al. Eur Heart J 2022;43:4362-4373
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Phase 4, double-blind, placebo-controlled, randomised-withdrawal trial evaluating SZC for the management of HK in

patients with symptomatic HFrEF and receiving spironolactone

Screening

Patient Population:

Symptomatic HFrEF
(NYHA class II-1V)
LVEF <40%

* On beta-blocker (unless

contraindicated) and ACEi, ARB,

or ARNI

* On no or low-dose MRA

L 2

L 2

L 4

Open-label, run-in phase, uptitration of MRA

Cohort 1 (4 weeks)
sK* 5.1-5.9 mmol/L and
eGFR 230 mL/min/1.73 m?2
» SZC on day 1¢d
* Initiate/up-titrate spironolactone when
NK is achieved

Cohort 2 (4-6 weeks)
NK and at risk of HKP
« Initiate/up-titrate spironolactone on
day 1
« SZC if HK develops®de

Primary Endpoint:

2 weeks

4-6 weeks

Per visit, Month 1-6, response is defined by
e Having potassium (sK+) within 3.5-5.0 mEq/L as assessed by central laboratory AND
e Being on spironolactone >25 mg daily AND
e Not using rescue therapy for HK during the last month

Note: NK defined as sK* 3.5-5.0 mmol/L; HK defined as sK* >5.0 mmol/L.
b Defined as either having a history of HK within the prior 24 months and eGFR 230 mL/min/1.73 m?, or sK* 24.5 mmol/L and eGFR 30-60 mL/min/1.73 m2 and/or age >75 years.
NCT04676646 Accessed on January 24th 2024; Last Update Posted Nov 7t 2023

ClinicalTrials.gov:

L

Randomisation 1:1

Patients with NK on
SZC and
spironolactone
225 mg once daily

—

L 4

Double-blind, placebo-controlled,
randomised-withdrawal phase

spironolactone?

spironolactone?

Placebo +

=

6 months

@


Presenter Notes
Presentation Notes
Abbreviations: 
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; ARNI, angiotensin receptor―neprilysin inhibitor; eGFR, estimated glomerular filtration rate; EOT, end of treatment; HFrEF, heart failure with reduced ejection fraction; HK, hyperkalaemia; KCCQ-TSS, Kansas City Cardiomyopathy Questionnaire―Total Symptom Score; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NK, normokalaemia; NYHA, New York Heart Association; QD, every day; QOD, every other day; sK+, serum potassium; SZC, sodium zirconium cyclosilicate; TID, 3 times daily. 

https://clinicaltrials.gov/ct2/show/NCT04676646

An European perspective from HF community
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Management of HK in patients with CVD and indication for RAASI therapy

K level 4.5-5.0 mEq/L?

Not on maximal tolerated
guideline-recommended target
dose of RAASI therapy

l

Not on maximal tolerated
guideline-recommended
target dose of RAASI therapy

Initiate/up-titrate
RAASI therapy and closely
monitor K levels

Initiate an approved
K-lowering agent

On maximal tolerated
guideline-recommended
target dose of RAASI therapy

On either maximal/sub-maximal
tolerated, guideline-
recommended target dose
of RAAS:I therapy

K level >6.5 mEq/L? Chronic or recurrent HK

Not on maximal tolerated
guideline-recommended target
dose of RAASI therapy

l

v

4
Treatment with Discontinue/reduce RAASI therapy should be
a K-lowering agent RAASI therapy optimised and an approved

may be initiated

If K level >5.0 mEq/L,
initiate an approved
K-lowering agent

If K level <5.0 mEq/L
is detected, up-titrate
RAASI therapy

v

* 21 mEg/L=1 mmol/L; PUnless another aetiology for hyperkalaemia is identified
CVD, cardiovascular disease; HK, hyperkalaemia; RAASI, renin—angiotensin—aldosterone system inhibitor; sK*, serum potassium

K level should be closely
monitored and K-lowering
treatment should be
maintained®

K level should be closely
monitored and K-lowering
treatment should
be maintained®

Treatment with
a K-lowering agent
may be initiated as soon
as K level >5.0 mEq/L

sK*-lowering agent may
be initiated as soon as
sK* level >5.0 mEq/L

v

* Rosano G, et al. Eur Heart J Cardiovasc Pharmacother 2018;4:180-188

v

K level should
be closely monitored

Maintain treatment?
and K level should
be closely monitored

KAROLINSKA




What do the nephrologists say?
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KDIGO 2024 Clinical Practice Guideline for the
Evaluation and Management of Chronic Kidney Disease
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[3UARDIAN HK (Guiding Understanding of Recurrence,
Decisions, and Implementation Network — Hyperkalaemia)
interdisciplinary recommendations

for recurrent hyperkalaemia

Reducing the risk of HK recurrence
should be standard practice

It is the responsibility of all HCPs
to evaluate and address the risk
of HK recurrence

If there is no reversible factor,
treatment to prevent HK recurrence
should be initiated

Every encounter should be
an opportunity to optimise RAASI,
even in the context of an HK event

Unless the cause of acute HK can be
reversed, treatment for recurrent HK
is likely to be indefinite

Duty of care

Risk assessment for HK recurrence

Identify and correct
reversible causes

Yes

=

Consider K* binders and
additional therapy

Optimise RAASI therapy
(up-titrate to optimal
dose)

Identify previous history of HK and/or
irreversible risk factors for HK recurrence

Patient at No
risk of HK
recurrence

HCP, healthcare professional; HK, hyperkalaemia; RAASI, renin—angiotensin—aldosterone system inhibitor; sK, serum potassium

Identifying

patients at risk
of HK recurrence

The initial aim of HK management
should be to normalise sK levels and
correct reversible precipitating factors

The risk of HK recurrence should be
reduced without discontinuing

or down-titrating disease-modifying
therapy such as RAASI

Long-term conditions and reliance on
therapy that interferes with potassium
homeostasis should be considered
irreversible factors associated with HK

A risk-stratification tool for HK
recurrence is required and could guide
management

Additional monitoring of sK levels
beyond that for routine comorbidities
should not be necessary

The GUARDIAN HK collaborative is organized and funded by AstraZeneca


Presenter Notes
Presentation Notes
Patients with HK should be managed according to local protocols with the aim of avoiding any acute HK-related adverse events (recommendation 6). Such protocols should be aligned with current guidance on RAASi therapy, i.e. trying other measures to reduce potassium levels before stopping or down-titrating RAASi therapy (recommendation 8). As soon as the patient is deemed stable and any acute treatment, if applicable, has been completed, the risk of HK recurrence should be formally assessed (recommendations 1, 2, 4 and 5). Most patients presenting with HK are likely to have risk factors for recurrence and should be considered for long-term potassium-lowering treatment (recommendation 7). Local guidelines and prescribing practices, as well as individual patient factors and preferences, will dictate the most appropriate treatment. In accordance with current guidelines, a review to optimise RAASi therapy should follow, not least to ensure any cessation or down-titration during the management of acute HK is reversed appropriately (recommendations 3 and 8). Providing multidisciplinary care may be of great benefit at this stage to co-ordinate treatment across disease areas and ensure patients are on GDMT. The treating HCP should consider whether the need for ongoing potassium-lowering treatment can be assessed in a routine appointment (recommendations 9 and 10) or a sooner appointment is required owing to any change in RAASi therapy. 

Domain 1: Duty of care
Recommendation 1: Reducing the risk of recurrence should be standard practice in the management of HK, regardless of the setting
Recommendation 2: It is the responsibility of all HCPs to evaluate and address the risk of recurrence of HK at every clinical encounter
Recommendation 3: Every patient encounter should be an opportunity to optimise RAASi therapy, even in the context of an HK event

Domain 2: Identifying patients at risk of HK recurrence
Recommendation 4: Long-term conditions, such as kidney disease, CVD and T2D, and an associated reliance on disease-modifying therapy that interferes with potassium homeostasis should be considered irreversible factors associated with HK
Recommendation 5: In patients at risk of HK, a risk stratification tool for HK recurrence is required and could guide management

Domain 3: Managing the risk of HK recurrence
Recommendation 6: The initial aim of management of HK should be to normalise serum potassium levels as needed and correct reversible precipitating factors
Recommendation 7: If there is no reversible factor, treatment to prevent recurrence of HK should be initiated
Recommendation 8: The risk of recurrence of HK should be reduced without discontinuing or down-titrating disease‑modifying therapy such as RAASi
Recommendation 9: Unless the cause of acute HK can be reversed, treatment for recurrent HK is likely to be indefinite
Recommendation 10: Following normalisation using a potassium binder, additional monitoring of serum potassium levels beyond that for routine comorbidities should not be necessary
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« HK is frequently recurrent and associated with poorer outcomes in
patients with cardiorenal disease

» Several comorbidities, such as CKD, HF and diabetes, and therapies
such as MRAs and RAASI are risk factors for HK

 Following an HK event, down-titration or discontinuation of
ACEI/ARB/MRA therapy is common and associated with worse
clinical outcomes

* Recent oral potassium binders provide potassium reduction with
potential to allow patients to avoid HK recurrence and maintain or
increase their RAASI therapy
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