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Hyperkaliamie — neue Therapieoptionen
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Inzidenz einer Hyperkaliamie

2014 National Statistics. Principal
Diagnosis Only: Outcomes by ICD-9-CM
Code 276.7, Hyperpotassemia®

276.7 NEDS Nationwide Emergency
Hyperpotassemia| Standard Errors Department Sample
Total number of discharges 40,380 G889

U5, days (mean - 7 NIS National Inpatient Sample

LOS, days {(median) 2.0 MNAA

Charges, § (mean) 29 181 T8RO

Charges, $ (median) 17411 N/A

Costs, $ {(mean) 7472 178

Costs, § (median) 4863 INAA

Aggregate costs, 3 302,665,865 B478.278

Appgregate charges $ (the “national bill™ 36.352.360

In-hospital deaths, n (%) 615 (1.52) 57 (0.14)

Routine discharge, n (%) 27.335 (67.69) 853 (O79

Another short-term hospital. n (%) 335 (0.83) 42 (D10}

Another institution 5,000 (14.76) 193 (D49)

(nursing home, rehab}, n (%) Focus on hyperkalemia management:

Home health care, n (%) 4,655 (11.53) 177 (043) expert consensus and economic impacts

Against medical advice, n (%) 1440 (3.57) 99 (0.22) (3 nephrologists, 2 cardiologists, 2 emergency
a a

Missing discharge status, n (%) medicine physicians)

Alvarez et al. J Managed Care Pharm 2017



Pravalenz einer Hyperkaliamie bei HD

60

Bl K+ >6.0 mmol/L
K* 5.6-6.0 mmol/L
Il K+ 5.1-5.5 mmol/L

501

Patients (%)

Phase 2 3 4 5 2 3 4 b5 2 3 4 5

n= 1169 287 1176 1161
North America
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Prevalence of yperkalemiain DOPPS: A Real-Word, ™"
Inemational Cohortof Hemaialysis Patients
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Phase 2 3 4 5 2 3 4 5 2 3 4 5

n= 2199 2268 4235 4114
North America

3751 4828 4837 3466
EUR/AUS/NZ

1603 2001 1667 1810
Japan

Patienten >120 Tage an HD

Xu et al. ERA-EDTA 2017
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Kalium bei HD und PD

Serum Potassium and Cause-Specific Mortality in a
Large Peritoneal Dialysis Cohort

10.468 Patienten mit Peritonealdialyse
111.651 Patienten mit Hamodialyse oPD

35% -
BHD
30% -
25% A
20% A
15% 4

10% -

Percentage of patients

5% -

0% -

<3.5 3.9-<40 40-<45 4550 9.0<5.5 25.9

Baseline serum potassium (mmol/L)

Torlen et al. Clin J Am Soc Nephrol 2012



Fractional excretion

Fractional excretion

of sodium (%)

of potassium (%)
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Altered expression of Na transporters NHE-3, NaPi-Il
Na-K-ATPase, BSC-1, and TSC in CRF rat kidneys

Niere und Kalium

Fraktionelle Natriumausscheidung im
5/6 Nephrektomiemodell der Ratte

0.

250

200

.5 1.0 1.5 2.0
Creatinine Clearance (ml/min)

Fraktionelle Kaliumausscheidung im
5/6 Nephrektomiemodell der Ratte

0.5 1.0 1.5 2.0 2.5 30 15
Creatinine Clearance (ml/min)

Kwon et al. Am J Physiol — Renal Physiol 1999
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T sendlive Roles and Regulation of Renal K Channels
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Welling. Ann Rev Physiol 2016
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CKD@PPS

The Chronic Kidney Disease Outcomes and Practice Patterns Study

France
Germany

United States

Japan

International prospective cohort study with CKD patients (eGFR <60 mL/min/1.73m?2) followed
through the dialysis transition period; 5,959 patients enrolled between 2013 and 2016

Tentori et al. ERA-EDTA 2017
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RAASI*
% of patients mStage 3 (Non-diabetics)  mStage 4 (Non-diabetics)  m Stage 5 (Non-diabetics)
100 - @ Stage 3 (Diabetics) @ Stage 4 (Diabetics) Stage 5 (Diabetics)
80 - 8/4 674 0764, 72
- 7 | 7 7
60 | / % 56 58 / 55
Yy LR
- - -
- . i\
. 0 B . B 2 n
Brazil Germany us

* Includes ACEi (Angiotensin converting enzyme inhibitor) or ARB (Angiotensin Il receptor blocker), direct
renin inhibitors, and aldosterone receptor antagonists

Tentori et al. ERA-EDTA 2017
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K-binding resins?
% of patients
OStage 3 mStage4 mStage 5

100 -
80 -
60 -
40 -
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0 0 O 0 2
0 E— [ S
Brazil Germany US

*Na-based (e.g. Kayexalate) or Ca-based (e.g. Calcium Resonium)

Tentori et al. ERA-EDTA 2017



Therapie der Hyperkaliamie
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Pharmacologic Sodium polystyrene Patiromer calcium Sodium zirconium cyclosilicate'®?-
property sulfonate (SPS)'"' sorbitex?™-2
Brand name Kayexalate Veltassa None (not FDA-approved)

Mechanism of action

Selectivity for
potassium ion
Sodium content
Sorbitel content
Onset of effect
Duration of effect
Dosing

Preparation(s)/
administration

Binds potassium in the
gastrointestinal tract and
facilitates excretion in the feces
Nonselective; also binds
calcium and magnesium

[,500 mg sodium per |5 g dose
20 g sorbitol per |5 g dose
Variable; 2-6 hours

Variable; 6-24 hours

I5 g PO one to four times

per day

Liquid or powder for

suspension; mix with water
(3—4 mL per g of drug) and
administer within 24 hours

Binds potassium in the
gastrointestinal tract and
facilitates excretion in the feces
Selective; also binds magnesium

No sodium content

4 g sorbitol per 8.4 g dose

7-48 hours

12-24 hours

8.4 g PO once daily with a meal;
titrated to 25.2 g/day based on
response

Powder for suspension; mix with
water (90 mL) and administer

immediately; store in refrigerator

(36—46°F or 2-8°C); use
within 3 months upon removal
from refrigerator

Binds potassium in the gastrointestinal tract and

facilitates excretion in the feces

Highly selective; nine times the potassium-binding
capacity compared to SPS; also binds ammonium
Approximately 1,000 mg sodium per |10 g dose

Mo sorbitol content
|—& hours

Unclear; appears to be 4—12 hours based on trial data
10 g PO three times daily with meals for acute

treatment; 5, 10, or 15 g PO once daily with breakfast

for chronic treatment (not approved; based on

trial data)

White, tasteless powder for suspension; mix vigorously
with water (240 mL) and administer immediately

Beccary & Meanay. Core Evidence 2017

@ REVIEW
Clinical utility of patiromer, sodium zircanium
cyclosilicate, and sodium polystyrene sulfonate
for the treatment of hyperkalemia: an
evidence-based review



Resonium A (Natrium Polystyrensulfonat)

Zulassung 1958 durch die FDA

Kationenaustauscher

SPS enthalt 4 mmol Na */g und bindet ca. 1 mmol K */g
CPS enthalt Ca ** anstelle von Na *

URINARY SOOMUM OR POTASSIUM
( mEg. per day )
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DANGERS OF RESONIUM A IN THE
TREATMENT OF HYPERKALXEMIA IN
RENAL FAILURE

G. M. BerLYNE
M.B. Manc., M.R.C.P.
LEC
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Resonium A (Natrium Polystyrensulfonat)

The Case | A kidney transplant patient with ileocecal
inflammation

PET: 18FDG-uptake in der lleocoecalregion

Lichtmikroskopie: basophile Kristalle

Zaidan et al. Kidney Int 2013
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Natrium Zirconium Cyclosilikat (ZS-9)

Lowering for 28 Days Among Outpatients With Hyperkalemia

The HARMONIZE Randomized Clinical Trial

Open-Label i Yoot v e P Y b ot ) o,
_Phas_e Randomized Phase et S
cg,zcllr;;ﬂ'c:ﬂ, Placebo Zirconium Cyclosilicate Dose Group
10 g) Group 5g 10g 159
(n = 258) (n = 85) (n = 45) (n=51) (n = 56)
Age, mean (SD), ¥ 64.0 (12.7) 64.3 (12.1) 61.5 (16.9) 63.8 (10.0) 64.9 (12.9)
Sex, No. (%)
Male 149 (57.8) 44 (51.8) 27 (60.0) 27 (52.9) 40 (71.4)
Female 109 (42.2) 41 (48.2) 18 (40.0) 24 (47.1) 16 (28.6)
Race, No. (%)
White 215 (83.3) 73 (85.9) 36 (80.0) 44 (86.3) 46 (82.1)
Black/African American 37 (14.3) 10 (11.8) 8 (17.8) 5(9.8) 9 (16.1)
Asian 5 (1.9) 3 (3.5) 0 1 (2.0) 1(1.8)
Other 3(1.2) 1(1.2) 12.2) 1.0 0 e noch nicht Zuge|assen
Weight, mean (SD), kg 87.9(22.9) 85.1(18.6) 89.6 (23.9) 87.4 (25.6) 87.2 (18.6)
?éz-lgl;'mmpé)qt}afsmm. mean 5.6 (0.4) 4.6 (0.4) 4.5 (0.4) 4.4 (0.4) 4.5 (0.4) ° hOChseIekt|Ve K+_B|ndung
Serum potassium, No. (%) . . .
<5.5 mEq/L 119 (46.1) 43 (50.6) 23 (51.1) 19 (37.3) 24 (42.9) ° erke|ntr|tt naCh 1—2 Stunden
5.5 to <6.0 mEq/L 100 (38.8) 30 (35.3) 17 (37.8) 23 (45.1) 26 (46.4)
=6.0 mEqg/L 39 (15.1) 12 (14.1) 5(11.1) 9 (17.6) 6 (10.7)
eGFR,” mean (SD), 46.3 (30.5) 48.0(28.8) 48.0 (30.7) 44.7 (30.7) 44.9 (29.5)
mL/min/1.73 m?
eGFR, No. (%)
<60 mL/min/1.73 m? 179 (69.4) 52 (61.2) 31 (68.9) 38 (74.5) 41 (73.2)
>60 mL/min/1.73 m? 72 (27.9) 28 (32.9) 12 (26.7) 13 (25.5) 15 (26.8)
Not reported 7:(2.7) 5(5.9) 2 (4.9 0 0
Brain natriuretic peptide, 1259 (170) 101.3 (106.5) 174.6 (228.6) 100.6 (143.7) 151.6 (216.8)
mean (SD), pg/mLP
Comorbidities, No. (%)
Chronic kidney disease 169 (65.5) 50 (58.8) 29 (64.4) 36 (70.6) 37 (66.1)
Heart failure 94 (36.4) 26 (30.6) 18 (40.0) 18 (35.3) 25 (44.6)
Diabetes mellitus 170 (65.9) 54 (63.5) 26 (57.8) 38 (74.5) 39 (69.6)
RAASi medication, No. (%) 180 (69.8) 61 (71.8) 33 (73.3) 36 (70.6) 33 (58.9)

Kosiborod et al. JAMA 2014
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Lowering for 28 Days Among Outpatients With Hyperkalemia
The HARMONIZE Randomized Clinical Trial

bl oo s LDy ik Lo 0 g Db, e S, M T ek, 0
o g, M)Ak o, U, g i, 0 i Seqf N

10-g Zirconium cyclosilicate, 6 doses

5 8- Y Y A 4 Y Y Y
5.6 e
5.4
*
5.2
*

5.0 L)
4.8 %

4.6 Open-label

o L] Phase
0O 4 8 12 16 20 24 28 32 36 40 44 48
Time, h

Mean Serum Potassium, mEq/L

No. of patients

0 hours 258 169 179 94 170 180 119 100 39
48 hours 251 163 172 92 166 173 115 99 37

Kosiborod et al. JAMA 2014
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Kosiborod et al. JAMA 2014



Natrium Zirconium Cyclosilikat (ZS-9)

5.4+
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Mean Serum Potassium, mEq/L
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A 5-gdose
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No. of patients

Placebo
5-g dose
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Kosiborod et al. JAMA 2014
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Effect of Sodium Zirconium Cyclosilicate on Potassium
Lowering for 28 Days Among Outpatients With Hyperkalemia
The HARMONIZE Randomized Clinical Trial
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in Hyperkalemia

Natrium Zirconium Cyclosilikat (ZS-9) R —

Primary End Point

(initial phase)

Exponential rate of change in
serum potassium over 48 hr

Secondary End Point
(maintenance phase)

Exponential rate of change in serum

Patients with normokalemia potassium over 12-day treatment
on morning of day 3 may interval
proceed to maintenance
phase .
r 2 Days T 12 Days 1" 7 Days |
Initial phase Maintenance phase
Dose
(3x daily)

759,125 ¢
759, 25¢

Placebo

Placebo
259, 125¢g
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o
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o
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[ Flacebo._ ]y
1
I
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[Zs9.25¢ b e n=753
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[ zs95¢ K
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Measurement

Packham et al. N Engl J Med 2015
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Natrium Zirconium Cyclosilikat (ZS-9)

in Hyperkalemia

o Placebo (N=68) 759, 5 g (N=64) #P<0.05
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Packham et al. N Engl J Med 2015
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Mechanism of Action and Pharmacology of
Patirot Nonabsorbed Cross-Linked
e

Patiromer

Polymere mit hoher Bindungskapazitat ftr Kalium
zu grol3 (100 uM) fir gastrointestinale Resorption
Passage dauert 24 bis 72 Stunden

Wirkeintritt nach ca. 7 Stunden

K* wird gegen Ca **ausgetauscht

Percent of Radioactive Dose

0 8 24 48 72 96 120 144 168

Time (Hours)

Li et al. J Cardiovasc Pharmacol Ther 2016



OPAL-HK Studie

b

Characteristic Initial Treatment Phase Randomized Withdrawal Phase
Overall Placebo Patiromer
(N=243) (N=52) (N=55)
Male sex — no. (%) 140 (58) 30 (58) 28 (51)
Age —yr 64.2+10.5 65.0+9.1 65.5£9.4
White race — no. (%) 239 (98) 52 (100) 55 (100)
Type 2 diabetes — no. (%) 139 (57) 33 (63) 34 (62)
Heart failure — no. (%) 102 (42) 22 (42) 27 (49)
Myocardial infarction — no. (%) 60 (25) 14 (27) 18 (33)
Hypertension — no. (%) 236 (97) 50 (96) 54 (98)
Serum potassium — mmol/liter 5.6+0.5 5.9+0.4 5.9+0.6
Estimated GFR — ml/min/1.73 m%i 35.4z16.2 39.0+20.4 38.6+20.7
RAAS-inhibitor use — no. (%) 243 (100) 52 (100) 55 (100)
ACE inhibitor 170 (70) 38 (73) 37 (67)
Angiotensin ll-receptor blocker 92 (38) 16 (31) 24 (44)
Aldosterone antagonist 22 (9) 4 (8) 4(7)
Renin inhibitor 2(1) 0 0
Dual RAAS blockade 41 (17) 6 (12) 10 (18)
Receiving maximal dose€ 106 (44) 21 (40) 21 (38)
Non-RAAS-inhibitor diuretic use — no. (%) 132 (54) 27 (52) 28 (51)
Thiazide 70 (29) 11 (21) 16 (29)
Loop 77 (32) 20 (38) 16 (29)

Weir et al. N Engl J Med 2015

UKS
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e NEW ENGLAND

JOURNAL of MEDICINE

Patiromer in Patients with Kidney Disease and Hyperkalemia
Receiving RAAS Inhibitors



OPAL-HK Studie

5.8+
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Mild hyperkalemia

Moderate-to-severe
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E E 48—
v E
£ 4.6
Q
= 4.4
4,2;?
0.0 |
Day
3
Base-
No. at Risk line
Overall 243 217

Mild hyperkalemia 92 80
Moderate-to-severe 151 137
hyperkalemia

237
S0
147

Weir et al. N Engl J Med 2015
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Patiromer in Patients with Kidney Disease and Hyperkalemia
Receiving RAAS Inhibitors




OPAL-HK Studie

Time to First Serum Potassium Level =5.5 mmol/liter
100+
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Patiromer in Patients with Kidney Disease and Hyperkalemia
Receiving RAAS Inhibitors

Time to First Serum Potassium Level =5.1 mmol/liter

Placebo

Patiromer
—

100
90+ 90
2 80 £ 8
§ _ = _ 20
3 & 707 Placebo R 704
o © - 3
&g 60 K E 60
£2 504 £2 50
2 x B
2g 40 o 5 404
t 2 2o
.g I 30_ .g f‘- 30_
& 204 Patiromer & 204
10+ .J_‘_,—l_r‘ 104
0 | | I T T I | I 0-
Baseline 1 2 3 4 5 6 7 8 Baseline
Week of Withdrawal Phase
No. at Risk No. at Risk
Placebo 52 46 38 31 29 25 25 23 15 Placebo 52
Patiromer 55 53 49 48 45 43 42 42 32 Patiromer 55

Weir et al. N Engl J Med 2015

| I | | | | | |
1 2 3 4 5 6 7 8

Week of Withdrawal Phase

37 24 16 10 8 8 7 1
47 42 36 34 30 29 29 23
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Adverse Event

Placebo Patiromer
(N=52) (N=55)

no. of patients (%)

=1 Adverse event 26 (50)7 26 (47)
Headache 4 (8) 2 (4)
Supraventricular extrasystoles 1(2) 2 (4)
Constipation 0 2 (4)
Diarrhea 0 2 (4)
Nausea 0 2 (4)
=1 Serious adverse event 1 (2)x 0

Weir et al. N Engl J Med 2015
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Post-Hoc Analyse OPAL-HK Studie
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Weir et al. Kidney Int 2016



Patiromer bei CKD

25 CKD Patienten (€GFR 35 ml/min)
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2 x 8,4 g Patiromer taglich flr 2 Tage

CRU Primary end point
admission assessed at 48 h*
Controlled diet in CRU *
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