A systematic review assessing the long-term
effects of maintaining RAASI treatment in

patients with chronic kidney disease

Introduction

Hyperkalaemia is a potentially life-threatening condition, with the risk
of developing hyperkalaemia significantly increasing in patients with
renal impairment, such as chronic kidney disease (CKD). The risk is
further exacerbated in patients with CKD who take medications such
as renin-angiotensin-aldosterone system inhibitors (RAASI) which can
also increase potassium levels in the blood 2.

RAASI therapies are the cornerstone treatment for patients with
CKD, however due to the association with hyperkalaemia, RAASI
therapies are often down-titrated or discontinued in response to a
hyperkalaemic episode ©.

RAASI therapies offer cardio-renal protective benefits in patients with
CKD and whilst the down-titration or discontinuation of RAASI is
effectiveinresolvingthe hyperkalaemicepisode, patients maylose the
important cardio-renal benefits of RAASI therapy. There is therefore
an unmet need for new treatment approaches for hyperkalaemia,
to allow effective management of elevated potassium levels whilst

allowing patients with CKD to continue RAASI therapy.

Results

Figure 1: Publications reporting the effects of RAASI treatment
compared with placebo on long term outcomes in patients with CKD
(n=total number of publications reporting outcome)
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Methods

The purpose of this systematic review (SR)
was to answer the following questions:

PKU2

MEDLINE®, MEDLINE® In-Process, Embase and The Cochrane
Library were interrogated on 14th January 2019

Results fromthe searcheswere downloadedintoan Excel database
and citations were screened for eligibility by two analysts at title/

What are the long-term clinical effects (cardiovascular [CV] events,
mortality, hospitalisation) when patients with CKD with concomitant
hyperkalaemia discontinue or down titrate RAASI?

abstract and full publication review stages

References were deemed relevantif theyinvestigated the outcomes

of RAASI treatment assessed in randomised controlled trials (RCTs)
or SR/meta-analyses conducted in adult patients with CKD or

What are the long-term clinical benefits (CV events, mortality, or
hospitalisation) of taking RAASi therapies in patients with CKD?

diabetic nephropathy and were published in English from 1998
onwards. Non-RCT publications reporting the effects of RAASI

down titration, withdrawal, or dose response were also eligible

What are the long-term disease progression benefits of taking RAASI
in patients with CKD?

Outcomes assessed were CV events, mortality, hospitalisation and
measures of disease progression (e.g. change in glomerular filtration

rate [GFR] and progression to end stage renal disease [ESRD])

Figure 2: Forest plot of the risks reported across the meta-analyses for all-cause mortality in CKD for the comparison of RAASI
versus placebo/control. Note that the forest plot includes mixed measures of relative treatment effect due to inconsistent
reporting of measures of treatment effect across the meta-analyses identified
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» In total, 57 references met the inclusion criteria ©#-9,

What are the long-term clinical effects when patients with
CKD with concomitant hyperkalaemia discontinue or
down titrate RAASi?

One study was identified that addressed this research question

Mortality risk (n=1)
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Figure 3: Publications reporting the effects of RAASI treatment
compared with placebo on disease progression in patients with CKD
(n=total number of publications reporting outcome)
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CV events (n=12)

RAASi therapy reduced the risk of CV events compared with placebo
either statistically significantly in 3/5 (60%) meta-analyses © >> >9 or
numerically in 3/5 (40%) meta-analyses “* 33, For RCTs, this result was
statically significant in 3/7 (43%) studies © 4752 and numerically positive
in two studies ©?% 38, Two RCTs reported no beneficial effects of RAASI
therapy on CV events compared with placebo 4248

What are the long-term disease progression benefits of

Summary and conclusions

» The current study provides a comprehensive review of the
published evidence on the effects of RAASi therapy on clinically
meaningful outcomes in patients with CKD.

» There was a paucity of data:

> for the long-term clinical effects when patients with CKD with

concomitanthyperkalaemiadiscontinueordowntitrate RAASI,
however one study reported that RAASI discontinuation was
associated with increased mortality risk ).

taking RAASI in patients with CKD? (Figure 3)

Twenty seven RCTS (4, 6,9, 11, 13, 16, 18-20, 22, 23, 26, 28, 30-32, 36, 39, 43, 45, 49-51, 54, 57, 58,

CKD patients compared with CKD patients who continued treatment

What are the long-term clinical effects when patients with
CKD discontinue or down titrate RAASI?

One study was identified that addressed this research question 7

Composite endpoint “doubling of serum creatinine, ESRD, or death” (h=1)

Treatment with a low versus high dose of RAASI significantly increased the
risk of this composite endpoint 47

What are the long-term clinical benefits of taking RAASI
in patients with CKD? (Figure 1)

255639 addressed this research question

All-cause mortality (n=10) (Figure 2)

RAASI therapy statistically significantly reduced the risk of all-cause
mortality in 3/8 (38%) meta-analyses ©4 4639 gand a further 4/8 (50%)
reported a non-statistically significant numerical benefit of RAASi 41,5559
compared with placebo. One of two (50%) RCTs examining this endpoint
reported that the risk was significantly reduced with RAASI compared
with placebo @V (Figure 2). Two publications reported no benefit of RAASI
therapy on all-cause mortality compared with placebo & >3

%0 and 12 meta-analyses (1012, 14,15, 24, 27,29, 33,37, 40, 41, 44) addressed this
research question

Risk of progression to ESRD (n=8)

RAASI statistically significantly reduced the risk of patients progressing
to compared with placebo in 3/3 (100%) of meta-analyses ?7 3344 gnd
in 3/5 (60%) RCTs (111350 A humerical reduction in risk was observed

in 2/5 (40%) RCTs 32.60)

Composite endpoint “risk of doubling of the serum creatinine level or
need for renal replacement therapy” (n=6)

RAASi statistically significantly reduced the risk of this composite
measure of disease progression compared with placebo in 3/3 (100%) of
meta-analyses ?7:2%.40and 2/3 (33%) of RCTs ©%:¢0_ One RCT publication
reported no beneficial effect of RAASI on this outcome compared with
placebo 7

Composite endpoint “doubling of the serum creatinine level or need for
renal replacement therapy or death” (n=3)

RAASi statistically significantly reduced the risk of this composite
measure of disease progression compared with placebo in 2/3 (67%) of

RCTs 2332 One RCT publication reported no beneficial effect of RAASI
on this outcome compared with placebo &

> regarding down titration/dose response of RAASI in patients
with CKD, however one RCT publication reported that low
versus high dose of RAASI significantly increased the risk of
the composite endpoint “doubling of the serum creatinine,
ESRD, or death” 17,

» The majority of the evidence identified supported the use of
RAASI in CKD to improve long-term clinical outcomes. There
is evidence that RAASI therapy reduces the risk of all-cause
mortality and CV events as the majority of studies identified
reported either a statistically significant or a numerical benefit
with RAASi treatment compared with placebo, although the
effects of RAASI treatment on the risk of CV mortality were
not conclusive.

» Data from the literature overwhelmingly reported that RAASI
therapy significantly delayed disease progression onset of
ESRD in patients with CKD and reduced the risk of CV-related
outcomes and composite endpoints versus placebo. However,
only a small number of the identified studies showed RAASI
therapy to significantly reduce the rate of eGFR decline.

» The outcomes of this systematic review provide evidence
to support the value of new therapies for the long-term
management of hyperkalaemia in CKD patients to treat
RAASI-induced hyperkalaemia and to enable patients to
continue guideline-recommended RAASI therapies.

CV mortality (n=8)

There was a numerical reduction in risk of CV mortality in patients treated
with RAASi therapies compared with placebo in 2/4 (50%) meta-analyses ©
>9), For RCTs 1/4 (25%) showed a statistically significant reduction in risk of
this endpoint ?Y and 1/4 (25%) showed a numerical reduction “? compared
with placebo. No beneficial effects of RAASi therapy on CV mortality was
observed in four studies compared with placebo @ 384155

Rate of decline in GFR (n=12)

RAASI therapy statistically significantly reduced the rate of decline in
GFR compared with placebo in 3/8 (38%) of identified RCTs 1323 No
beneficial effects were observed compared with placebo in the other five
RCTs (81.50.57.60,61) g1 jn any of the four identified meta-analysis publications
that reported on this endpoint 24 33,41, 62)

REFERENCES Hypertension. 2015;66(SUPPL. 1). 31. Lee et al. Postgraduate Medical Journal. 2011;87(1032):664-9. 47. Rahman et al. Ann Intern Med. 2006;144(3):172-80.

1. National Kidney Foundation. 2014. 16.  Esnault et al. Clin Ther. 2008;30(3):482-98. 32. Lewisetal. N EnglJ) Med. 2001;345(12):851-60. 48. Rakugi et al. Hypertens Res. 2013;36(11):947-58.

2. Kuijvenhoven et al. Int J Clin Pharm. 2013;35(6):1099-104. 17. Fan et al. Journal of the American Society of Nephrology. 2007;18(6):1889-98. 33. Leyva et al. VacciMonitor. 2010;2):283. 49. Rossing et al. Diabetes Care. 2005;28(9):2106-12.

3. McCullough et al. Nephron. 2018;138(3):173-5. 18. Fernandez Juarez et al. Am J Kidney Dis. 2013;61(2):211-8. 34. Linetal PLoS ONE. 2017;12 (12) (no pagination)(e0188975). 50. Ruggenenti et al. Lancet. 1999;354(9176):359-64.

4, Agodoa et al. Jama. 2001;285(21):2719-28. 19.  Fried et al. N Engl J Med. 2013;369(20):1892-903. 35. Luetal. International Urology and Nephrology. 2016;48(9):1499-509. 51. Saklayen et al. J Investig Med. 2008;56(4):714-9.

5. Balamuthusamy et al American Heart Journal. 2008;155(5):791-805. 20. Haynes et al. Circulation. 2018;138(15):1505-14. 36. MacGregor et al. Nephron - Clinical Practice. 2005;101(3):C139-C49. 52. Saruta et al. Hypertension Research. 2009;32(6):505-12.

6. Barnett et al. N Engl J Med. 2004;351(19):1952-61. 21. Heerspink et al. European Heart Journal. 2010;31(23):2888-96. 37.  MacKinnon et al. American Journal of Kidney Diseases. 2006;48(1):8-20. 53.  Sharma et al. Cochrane database of systematic reviews (Online). 2011(10):CD007751.

7. Bennett et al. Value in Health. 2017;20 (9):A682. 22. Herlitz et al. Nephrol Dial Transplant. 2001;16(11):2158-65. 38. Marre et al. BMJ. 2004;328(7438):495. 54. Shoda et al. Intern Med. 2006;45(4):193-8.

8. Berl et al. Annals of Internal Medicine. 2003;138(7):542-9+143. 23. Houetal. New England Journal of Medicine. 2006;354(2):131-40. 39.  Maschio et al. J Cardiovasc Pharmacol. 1999;33 Suppl 1:516-20; discussion S41-3. 55.  Shunan et al. JRAAS Journal of the Renin Angiotensin Aldosterone System. 2018;19(4).

9. Bianchi et al. Kidney International. 2006;70(12):2116-23. 24. Hou et al. Clinical Therapeutics. 2015;37(9):2086-103. 40. Navaneethan et al. Cochrane Database of Systematic Reviews. 2009(3):CD007004. 56.  Strippoli et al. BMJ. 2004,;329(7470):828.

10. Bolignano et al. Cochrane Database of Systematic Reviews. 2014(4):CD007004. 25.  Huang et al. Chinese Medical Journal. 2016;129(5):562-9. 41. Nistor et al. Nephrol Dial Transplant. 2018;33(1):12-22. 57. Tang et al. Nephrol Dial Transplant. 2018;33 (Supplement 1):i21.

11. Brenner et al. New England Journal of Medicine. 2001;345(12):861-9. 26. Imai et al. Diabetologia. 2011;54(12):2978-86. 42.  Norris et al. American Journal of Kidney Diseases. 2006;48(5):739-51. 58. Tarnow et al. Diabetes Care. 2000;23(12):1725-30.

12. Casas et al. Lancet. 2005;366(9502):2026-33. 27. Jafar et al. Annals of Internal Medicine. 2001;135(2):73-87. 43. O'Hare et al. Diabetes Care. 2000;23(12):1823-9. 59. Xie et al. American Journal of Kidney Diseases. 2016;67(5):728-41.

13. Cinotti et al. Nephrol Dial Transplant. 2001;16(5):961-6. 28. Jinetal. Kidney and Blood Pressure Research. 2007;30(4):203-11. 44,  Palmer et al. Lancet. 2015;385(9982):2047-56. 60. Yasuda et al. Hypertens Res. 2013;36(3):240-6. Presented at IS POR Eu rope
14.  Currie et al. BMC Nephrol. 2016;17(1):127. 29. Kshirsagar et al. American Journal of Kidney Diseases. 2000;35(4):695-707. 45.  Petersen et al. Clin Nephrol. 2001;55(5):375-83. 61. O'Hare et al. Am J Kidney Dis. 2012;59(4):513-22.

15. Currie et al. Hypertension Conference: American Heart Association’s Council on 30. Lacourciere et al. Am J Hypertens. 1999;12(12 Pt 1-2):1181-7. 46. Qin et al. Pharmacoepidemiology and Drug Safety. 2016;25(5):503-11. 62. Caravaca-Fontan et al. Clin Kidney J. 2018;11(2):246-53. 2_6 November 2019’ Copenhagen’ Denmark



