Articles

Serelaxin, recombinant human relaxin-2, for treatment of
acute heart failure (RELAX-AHF): a randomised,
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Summary

Background Serelaxin, recombinant human relaxin-2, is a vasoactive peptide hormone with many biological and
haemodynamic effects. In a pilot study, serelaxin was safe and well tolerated with positive clinical outcome signals in
patients with acute heart failure. The RELAX-AHF trial tested the hypothesis that serelaxin-treated patients would
have greater dyspnoea relief compared with patients treated with standard care and placebo.

Methods RELAX-AHF was an international, double-blind, placebo-controlled trial, enrolling patients admitted to
hospital for acute heart failure who were randomly assigned (1:1) via a central randomisation scheme blocked by
study centre to standard care plus 48-h intravenous infusions of placebo or serelaxin (30 pg/kg per day) within 16 h
from presentation. All patients had dyspnoea, congestion on chest radiograph, increased brain natriuretic peptide
(BNP) or N-terminal prohormone of BNP, mild-to-moderate renal insufficiency, and systolic blood pressure greater
than 125 mm Hg. Patients, personnel administering study drug, and those undertaking study-related assessments
were masked to treatment assignment. The primary endpoints evaluating dyspnoea improvement were change from
baseline in the visual analogue scale area under the curve (VAS AUC) to day 5 and the proportion of patients with
moderate or marked dyspnoea improvement measured by Likert scale during the first 24 h, both analysed by intention
to treat. This trial is registered at ClinicalTrials.gov, NCT00520806.

Findings 1161 patients were randomly assigned to serelaxin (n=581) or placebo (n=580). Serelaxin improved the VAS AUC
primary dyspnoea endpoint (448 mmxh, 95% CI 120-775; p=0-007) compared with placebo, but had no significant
effect on the other primary endpoint (Likert scale; placebo, 150 patients [26%)]; serelaxin, 156 [27%]; p=0-70). No
significant effects were recorded for the secondary endpoints of cardiovascular death or readmission to hospital for heart
failure or renal failure (placebo, 75 events [60-day Kaplan-Meier estimate, 13-0%]; serelaxin, 76 events [13-2%]; hazard
ratio [HR] 1-02 [0-74-1-41], p=0-89] or days alive out of the hospital up to day 60 (placebo, 47-7 [SD 12-1] days; serelaxin,
48-3 [11-6]; p=0-37). Serelaxin treatment was associated with significant reductions of other prespecified additional
endpoints, including fewer deaths at day 180 (placebo, 65 deaths; serelaxin, 42; HR 0-63, 95% CI 0-42-0-93; p=0-019).

Interpretation Treatment of acute heart failure with serelaxin was associated with dyspnoea relief and improvement
in other clinical outcomes, but had no effect on readmission to hospital. Serelaxin treatment was well tolerated and

safe, supported by the reduced 180-day mortality.

Funding Corthera, a Novartis affiliate company.

Introduction

Heart failure is a major worldwide health problem and
the most frequent cause of admission to hospital in
patients older than 65 years."* Although existing treat-
ments substantially improve the clinical course and
prognosis of ambulatory patients with chronic heart
failure, treatment of patients admitted to hospital for
acute heart failure has not changed in recent decades*
with no treatments showing safe improvement in out-
comes. Despite a favourable response to initial treatment,
most patients remain symptomatic at 24 h and up to 25%
develop worsening symptoms during the hospital stay.**
Sustained relief of these signs and symptoms remains an
important goal of treatment.”™
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Admission to hospital for heart failure portends an
increased risk of poor outcomes, with a 5-15-times
increase in the risk of death compared with ambulatory
patients and a mortality rate of 10-20% in the 6 months
after hospital discharge.” Although hospital admis-
sion could simply herald disease progression, this
event and the related interventions might also directly
contribute to poor outcomes through increased neuro-
hormonal and inflammatory activation, haemodynamic
compromise, and consequent end-organ damage.”"
Drugs that prevent or treat these factors might
favourably affect the clinical course and prognosis of
these patients, even if given for a short time during the
acute episode.
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Serelaxin is recombinant human relaxin-2, a naturally
occurring peptide that regulates maternal adaptations
to pregnancy® with several effects potentially relevant
to the treatment of acute heart failure, including
increased arterial compliance, cardiac output, and renal
blood flow.” Pre-RELAX-AHF,® a phase 2, dose-
finding study with 234 patients, suggested beneficial
effects of serelaxin on both dyspnoea and post-discharge
clinical outcomes in patients admitted for acute heart
failure, with evidence of congestion, normal-to-raised
blood pressure, and mild-to-moderate renal dys-
function. The RELAXin in Acute Heart Failure (RELAX-
AHF) trial was done in the same targeted patient
population to evaluate the effects of serelaxin on
dyspnoea relief and post-discharge clinical efficacy
outcomes, as well as its safety and tolerability.”

Methods

Study design

RELAX-AHF was a prospective, randomised, double-
blind, placebo-controlled, parallel-group trial comparing
serelaxin with placebo in patients admitted to hospital for
acute heart failure. Patients were enrolled at 96 sites in
11 countries. Centres included cardiology units and
emergency medicine departments. The study back-
ground and design have been published” and the
protocol and statistical analysis plan are available in the
appendix. The ethics committee at each centre approved
the study, and patients provided written informed
consent. An independent data safety monitoring board
reviewed accumulated safety data throughout the trial. A
masked, independent clinical events committee adju-
dicated hospital admissions and deaths within 60 days
and deaths up to 180 days after randomisation. Statistical

| 1161 randomised |

v v

580 allocated to placebo
570 received placebo
9 did not receive placebo
1 received serelaxin

581 allocated to serelaxin
567 received serelaxin
14 did not receive serelaxin

v

v

1 lost to follow-up (left country)
87 discontinued placebo
68 blood pressure decrease
9 adverse events
5 patient request
5 other
5180-day vital status unkown

1 lost to follow-up (left country)
122 discontinued serelaxin
105 blood pressure decrease
7 adverse events
6 patient request
4 other
9 180-day vital status unknown

v

v

580 intention-to-treat analysis
10 excluded from safety
analysis (not treated with
placebo)
570 safety analysis

581 intention-to-treat analysis
14 excluded from analysis (not
treated with serelaxin)
1included in analysis
(placebo allocated patient
treated with serelaxin)
568 safety analysis

Figure 1: Trial profile

analyses were done independently of the sponsor by
Accovion GmbH (Frankfurt, Germany), and were sub-
sequently confirmed by the sponsor.

Participants

Patients eligible for enrolment presented for acute
heart failure within the previous 16 h with dyspnoea at
rest or with minimum exertion, pulmonary congestion
on chest radiograph, and brain natriuretic peptide
(BNP) 350 ng/L or higher or N-terminal prohormone of
BNP (NT-proBNP) 1400 ng/L or higher, as well as mild-
to-moderate renal dysfunction (simplified Modification
of Diet in Renal Disease estimated glomerular filtration
rate of 30-75 mL/min per 1.73 m?2), systolic blood
pressure greater than 125 mm Hg, and treatment with
at least 40 mg intravenous furosemide or its equivalent
before screening. Exclusion criteria included treatment
with other intravenous heart failure drugs (except
intravenous nitrate <0-1 mg/kg per h in patients with
systolic blood pressure at screening of >150 mm Hg) or
mechanical support within 2 h before screening, signs
of active infection, known significant pulmonary or
valvular disease, acute heart failure due to significant
arrhythmias, acute coronary syndrome diagnosed
within 45 days, or a troponin concentration three
times or more higher than the level diagnostic of myo-
cardial infarction.

Randomisation and masking

Eligible patients were randomly assigned in a 1:1 ratio
according to a central randomisation scheme blocked by
study centre to one of the two treatment groups (serelaxin
30 pg/kg per day or placebo). Serelaxin and matching
placebo were supplied to study sites in identical masked
kits. The randomisation scheme and the kit list con-
sisting of kit numbers randomly assigned to treatment
were generated by an independent supplier (Almac
Clinical Technologies, Souderton, PA, USA) and verified
by an independent unmasked statistician from another
supplier (Statistics Collaborative Inc, Washington, DC,
USA). Once an eligible patient was identified, trained
study staff (principal investigator, subinvestigator, or
study coordinator) called a central interactive voice
response system to request assignment of study drug
kits for each 24-h period of dosing. Qualified clinical
research personnel, who were masked to the contents of
the kits, prepared study drug by mixing the contents of
the vials to achieve the proper concentration of serelaxin
or to prepare placebo according to the patient’s weight.
Patients, and all other site personnel, including those
administering study drug, and those undertaking study-
related assessments, were masked to treatment assign-
ments. All study personnel involved in the operations of
the study or with any potential site contact, such as
medical monitors, remained masked to treatment assign-
ments from the time of randomisation until after the
day 180 database lock.
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Procedures

After randomisation, patients received either serelaxin
30 pg/kg per day or placebo administered intravenously
for up to 48 h continuously. If systolic blood pressure
decreased by more than 40 mm Hg from baseline but
was greater than 100 mm Hg, the study drug infusion
rate was halved for the remainder of the infusion period.
The study drug was discontinued if systolic blood
pressure fell to less than 100 mm Hg or if a serious or

Placebo (n=580) Serelaxin (n=581)

intolerable adverse event or clinically significant labora-
tory abnormality occurred. Other drugs or treatments
were left to the treating physician’s discretion including
titration, discontinuation or introduction of intravenous
loop diuretic drugs, nitrates, or inotropes. Other study
procedures are described in the appendix.

The two primary efficacy endpoints were: (1) change in
patient-reported dyspnoea as quantified by the area
under the curve (AUC) of visual analogue scale (VAS)
scores (0-100 mm scale) from baseline to day 5; and
(2) moderately or markedly improved patient-reported
dyspnoea relative to the start of study drug using the

<40%

regurgitation

Age (years) 725 (10-8) 716 (11.7)
Men 357 (62%) 368 (63%)
White 552 (95%) 544 (94%)
Weight (kg) 82:8(187) 81.9 (18:5)
Body-mass index 29:5(6:1) 29-1(53)
(kg/m?)
Region*
Eastern Europe 282 (49%) 280 (48%)
Western Europe 101 (17%) 103 (18%)
USA 55 (9%) 59 (10%)
Argentina 37 (6%) 34 (6%)
Israel 105 (18%) 105 (18%)
Systolic blood 1421 (17-0) 1422 (16-2)
pressure (mm Hg)
Diastolic blood 817(13:2) 82:2(14-2)
pressure (mm Hg)
Heart rate (beats per 80-4 (14-9) 789 (15-0)
min)
Respiratory rate 220 (4-6) 21-8 (4-6)
(breaths per min)
Admitted to hospital 181 (31%) 216 (37%)
for heart failure in
past year
Number of 1.5(11) 1.7 (1-5)
admissions for heart
failure in past year
Most recent ejection 38-6% (14-3) 38.7% (14-8)
fraction (%)
Ejection fraction 295 (55%) 303 (55%)

New York Heart Association class 30 days before admission

Class | 11 (3%) 12 (3%)

Class Il 140 (33%) 164 (38%)

Class Il 198 (47%) 191 (44%)

Class IV 72 (17%) 63 (14%)
Medical history

Hypertension 510 (88%) 496 (85%)

Hyperlipidaemia 313 (54%) 304 (52%)

Stroke or other 84 (14%) 73 (13%)

cerebrovascular

event

Cigarette smoking 81 (14%) 72 (12%)

Peripheral vascular 82 (14%) 73 (13%)

disease

Mitral 182 (31%) 179 (31%)

(Continues in next column)

Placebo (n=580) Serelaxin (n=581)
(Continued from previous column)
Ischaemic heart 307 (53%) 296 (51%)
disease
Pacemaker 58 (10%) 63 (11%)
Biventricular 52 (9%) 61 (10%)
pacing
Implantable 75 (13%) 79 (14%)
cardiac defibrillator
Atrial fibrillationor 305 (53%) 297 (51%)
flutter
Atrial fibrillationat 246 (42%) 233 (40%)
screening
Asthma, 88 (15%) 96 (16%)
bronchitis, or
chronic obstructive
pulmonary disease
Diabetes mellitus 272 (47%) 279 (48%)
Concomitant heart failure drugs at baseline
Angiotensin- 320 (55%) 313 (54%)
converting enzyme
inhibitors
Angiotensin 97 (17%) 88 (15%)
receptor blockers
B blocker 407 (70%) 387 (67%)
Aldosterone 173 (30%) 193 (33%)
antagonist
Digoxin 108 (19%) 120 (21%)
Intravenous loop 580 (100%) 578 (99%)
diuretic
Time from 7-9 (47) 7-8(4:6)
presentation to
randomisation (h)
Intravenous nitrates 42 (7%) 39 (7%)
at randomisation
NT-proBNP (ng/L) 5003 (4633-5404) 5125 (4772-5506)
Troponin T (ug/L) 0-036 (0-034-0-039) 0-034 (0-032-0-037)
eGFR (mL/min per 53-3(12:9) 53-7(131)
173 m*)t
Data are mean (SD), n (%), or geometric mean (95% Cl). NT-proBNP=N-terminal
prohormone of brain natriuretic peptide. *Eastern Europe (Hungary, Poland
Romania), western Europe (France, Germany, Italy, Netherlands, Spain).
tEstimated glomerular filtration rate (eGFR) calculated by the simplified
Modification of Diet in Renal Disease formula.
Table 1: Baseline characteristics of the patients in the
intention-to-treat population
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Figure 2: Patient-reported change in dyspnoea

(A) The primary endpoint of patient-reported change in dyspnoea measured with the use of a visual analogue scale
(VAS) and quantified as the area under the curve (AUC) of serial assessments from baseline to day 5, where increasing
values represent improvements in dyspnoea. Mean AUCs are shown for the placebo and serelaxin treatment groups.
(B) The patient-reported change in dyspnoea relative to baseline during the initial 24 h was measured with a
seven-level scale. Results for each individual timepoint are shown with percentages of patients reporting each level of
change. There were fewer than 0-6% of patients with moderately worsened dyspnoea at each timepoint and data for
this group consequently could not be shown.

seven-level Likert scale at 6, 12, and 24 h, where a
responder was a patient with moderate or marked
improvement at all three of those timepoints. Patients
were asked to report their absolute current degree of both
dyspnoea and general wellbeing on 100-mm VAS and
their current level of both dyspnoea and general
wellbeing relative to baseline using seven-level Likert
scales. The VAS scales were administered at baseline,
and both the Likert and VAS scales were administered at
6,12, and 24 h and on days 2, 3, 4, 5, and 14. Worsening
heart failure was defined as worsening signs or
symptoms of heart failure necessitating intensification of
intravenous or mechanical heart failure treatment.
Symptom and sign scores are imputed after worsening
heart failure onset or death.

The study had two secondary efficacy endpoints:
(1) days alive and out of the hospital to day 60 and
(2) cardiovascular death or readmission to hospital for
heart failure or renal failure before day 60 as adjudicated
by the clinical events committee. Readmission to hos-
pital was defined as an unplanned hospital admission
lasting for at least 24 h.

The protocol-specified additional efficacy analyses are
listed in the appendix and included symptoms and signs
at different timepoints; total dose of intravenous loop
diuretic drugs before day 5; time to worsening heart
failure up to days 5 and 14; length of hospital and
intensive care unit or coronary care unit stay; all-cause or
cardiovascular death or readmissions to hospital for
heart failure or renal failure, individually, at 60 days; and
cardiovascular death before day 180. Vital status was
recorded at all scheduled follow-up visits or contacts up
to day 180, and 180-day all-cause mortality was a pre-
specified safety endpoint.

Placebo Serelaxin Treatment effect (95% Cl) p value
Change from baseline in dyspnoea VAS score (mm)
Hour 6 8.9 (16-1) 102 (16-9) 13(-0-6,32)* 0173t
Hour 12 13-2(197) 152 (18-9) 1.9 (03, 4-2)* 0-089t
Day 1 17-1 (25-0) 203 (217) 3-2(0-5,5:9)* 0-021f
Day 2 205 (28-9) 24-2 (23:9) 3-8(07,6-8)* 0-016+
Day 5 236 (33:3) 282 (27-8) 46 (11,81) 0-011t
Day 14 21.0(36-5) 24-4(32:4) 34 (-0-6,7-4)* 0-093f
Dyspnoea VAS AUC (mm x h)
Baseline to day 14 7131 (10112) 8442 (8443) 1311 (238, 2384)* 0-017t
Day1today5 2033 (2772) 2436 (2290) 403 (111, 696)* 0-007t
Day 1to day 14 6855 (9846) 8122 (8199) 1266 (223, 2310)* 0-017t
Patients with markedly or moderately improved dyspnoea per Likert scale
Hour 6 180 (31%) 205 (36%) 122 (0-95, 1-56)% 0-113§
Hour 12 256 (45%) 288 (50%) 126 (1.00, 1-59)% 0-051§
Day1 362 (63%) 389 (68%) 124(0-97,1-58)% 0-0865
Day 2 412 (72%) 438 (76%) 1.28 (0-98,1-67)% 0-064§
Day 5 446 (77%) 469 (82%) 131(0-98, 1.75)+ 0-064§
Day 14 424 (73%) 433 (75%) 110 (0-84, 1-43)% 0-4795
(Continues on next page)
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Placebo Serelaxin Treatment effect (95% Cl) p value
(Continued from previous page)
Change from baseline in general wellbeing VAS score (mm)
Hour 6 8.5 (16-6) 9.8 (164) 13(-06,32)* 0187
Hour 12 12:6 (19-2) 14-6 (185) 2:1(-01, 4-2)* 0063t
Day1 16-0 (24-2) 20-3 (20-9) 43(17,6:9)* 0-001t
Day 2 18-8 (27:9) 23-6 (23:3) 4-8(1-8,7-8)* 0-001t
Day 5 22:1(32:8) 27:5(27:6) 54 (19, 8-9)* 0-003t
Day 14 19:3(357) 234 (31-4) 4:0(02,7:9)* 0-042t
General wellbeing Likert scoreq!
Hour 6 0-9 (119) 1.0 (1:02) 0-1(0-0,0-2)* 0-170]|
Hour 12 12 (1:26) 1.4 (1:07) 02 (00, 0-3)* 0-087]|
Day 1 1.5 (1-52) 17 (117) 02 (01, 0-4)* 0-091]|
Day 2 16 (1-65) 1.9(132) 02 (01, 0-4)* 0-110]|
Day5 1.7 (1:92) 2:0(1:59) 03(0-1,05)* 0-103||
Day 14 15 (2:17) 17(1-97) 02 (00, 0-4)* 0-427]|
Study day of moderately or markedly improved dyspnoea before day 5** 1.9 (2-1) 1.5(1-9) -0-4 (-0-6,-0-2)* 0-002||
Study day of worsening heart failure before day 5++ 5-5(1-4) 5-8(0:9) 03(0-1,0-4)* 0-0009|
Worsening heart failure before 14 days 91 (KM 15-7%) 66 (KM 11-4%) 0-70 (0-51, 0-96)F+ 0-024S§
Total intravenous loop diuretic dose before day 5 (mg) €1 213 (358) 161 (265) -52 (-88, -15)* 0-006+
Total oral loop diuretic dose before day 5 (mg)t+ 183 (189) 193 (195) 10 (-12,32)* 0-382f
Change in bodyweight from baseline (kg)
Day 1 1.4 (1.9) -1.5 (2-1) -01(-03, 02)* 0-540t
Day 2 21(23) —2:0(2:6) 0-1(-0-2, 0-4)* 0-567+
Day5 -3.0(33) 2.7 (3-4) 0-3(-0-1,0-7)* 0167+
Day 14 3.6 (4-4) 3.0 (41) 0-6 (01, 1:1)* 0-023f
Length of initial hospital stay (days) 105 (9-6) 9-6(9-1) -0-9 (-1.9,0-2)* 0-039||
All-cause death or readmission to hospital for heart or renal failure 77 (KM 13-4%) 77 (KM 13-4%) 1.01(0-74,1-38)F+ 0-959§§
before day 60
Days alive out of hospital before day 30 20-4 (6-83) 20-9 (6-44) 0-5(-0-3,1-3)* 0-293|
Cardiovascular death before day 180||| 55 (KM 9:6%) 35 (KM 6-1%) 0-63 (0-41, 0-96)ft 0-028S§
Days in intensive care unit or cardiac care unit 3-9(7-:0) 35(71) -0-3(-1-1, 0-5)* 0-029||
Death before day 30 19 (KM 3-3%) 12 (KM 2-1%) 0-63 (0-30, 1-29)f# 0-202§§
Death or worsening heart failure or readmission to hospital for heart 110 (KM 19-0%) 90 (KM 15:6%) 0-79 (0-60, 1-04)+F 0-089¢§§
failure before day 30
Cardiovascular death or readmission to hospital for heart or renal failure 40 (KM 6:9%) 43 (KM 7-5%) 1.08 (070, 1-66)ft 0-726S§
before day 30
Cardiovascular death or readmission to hospital for heart or renal failure 42 (KM 7-4%) 50 (KM 8-9%) 1-21(0-80, 1-82)f% 0-360S§
before 30 days after discharge
Data are mean (SD), n (%), or n (Kaplan Meier [KM] %). Statistical tests not adjusted for multiple comparisons. VAS=visual analogue scale. AUC=area under the curve. *“Mean
difference. tTwo-sample t test. $Odds ratio. Sy* test. §iGeneral wellbeing scored as markedly improved (+3), moderately improved (+2), mildly improved (+1), unchanged (0),
mildly worsened (1), moderately worsened (-2), and markedly worsened (-3). [|Wilcoxon rank sum test. **Patients who did not report moderately or markedly improved
dyspnoea by day 5 were assigned a value of day 6. tfPatients for whom the investigator did not report any worsening heart failure by day 5 were assigned a value of day 6.
+Hazard ratio. SSLog-rank test. q[4[Calculation of furosemide equivalents (mg) for torasemide, bumetanide, and etacrynic acid are actual dose (mg) multiplied by constant 2,
20, or 0-8, respectively. ||||Clinical events committee adjudication of cause of death before day 180 resulted in 54 cardiovascular deaths in the placebo group (9-4% KM) and
34 cardiovascular deaths in the serelaxin group (5:9% KM) with a hazard ratio of 0-62 (95% Cl 0-40-0-95; p=0-027).
Table 2: Protocol-specified additional efficacy outcomes

Statistical analysis

SAS (version 9.2) was used for all analyses. Efficacy
analyses were done according to the intention-to-treat
(ITT) principle. The dyspnoea VAS AUC primary endpoint
means were compared with a ¢ test, and the proportions
with moderately or markedly improved dyspnoea were
compared with a y2 test. The false-positive error rate was
controlled at the two-sided 0-05 level for the two primary

www.thelancet.com Vol 381 January 5, 2013

efficacy endpoints with the Hochberg approach;” serelaxin
was judged effective in relieving dyspnoea if the statistical
tests comparing serelaxin versus placebo were significant
either at the two-sided 0-05 significance level for both
endpoints, or at the 0-025 significance level for one
endpoint. With 1100 patients, estimated power was roughly
81% to detect a mean difference on the dyspnoea VAS
AUC of 468 mmxh (assuming an SD of 2700 mmxh) or a
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relative risk of 1-3 in the proportion with moderately or
markedly improved dyspnoea (estimated placebo response
of 25%). 1160 patients were to be enrolled to obtain
1100 patients evaluable for efficacy. Outcomes were
compared with ¢ tests if continuous, Wilcoxon rank sum
tests if ordered, and y2 tests if binary. Kaplan-Meier
estimates of cumulative risks of time-to-first event are
presented and groups compared with log-rank tests;
hazard ratios (HRs) and confidence intervals were
estimated with Cox regression. There were no adjustments

— Placebo:
— Serelaxin:

75 events (13-0%)
76 events (13-2%)

HR 1:02 (95% Cl 0-74-1-41)
p=0-89
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Figure 3: Cardiovascular death or readmission to hospital for heart failure or renal failure during 60-day follow-up
Kaplan-Meier curves are shown for the secondary endpoint of cardiovascular death or readmission to hospital for
heart failure or renal failure during the 60-day follow-up, for the intention-to-treat population. HR=hazard ratio.
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Figure 4: Signs and symptoms of congestion at day 2

The signs and symptoms of congestion present on study day 2 (after scheduled completion of study drug infusion)
are shown for placebo-treated and serelaxin-treated patients. p values are for the Wilcoxon rank sum test of the
change from baseline. DOE=dyspnoea on exertion. JVP=jugular venous pressure.
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for multiple comparisons in the analyses of the additional

efficacy endpoints. Safety analyses included patients who

received study drug in the treatment actually received.
This trial is registered at ClinicalTrials.gov, NCT00520806.

Role of the funding source

The study was designed by the members of the executive
committee in collaboration with two Corthera clinical
scientists and was part of a phase 2/3 trial design.” Data
collection and analysis was done by an independent
contract research organisation. The executive committee
had full access to the final data tables and figures. The
authors not employed by the sponsor had ultimate
editorial authority with no interference by the sponsor on
their final interpretation.

Results

From Oct 11, 2009 to Feb 14, 2012, 1161 patients were
enrolled (placebo, 580; serelaxin, 581), of whom
1138  (98%) received randomised study treatment
(figure 1). Vital status at 180 days was ascertained for all
but 14 patients (two lost to follow-up; 12 withdrew
consent); baseline variables are shown in table 1.

Serelaxin significantly improved the primary dyspnoea
efficacy endpoint compared with placebo, as evaluated by
the VAS AUC (448 mmxh, 95% CI 120-775; p=0-007),
fulfilling the prespecified criterion for efficacy of one
primary endpoint with p<0-025. Mild improvement was
noted in dyspnoea starting at 6 h and persisting through
all 5 days (figure 2A; table 2). As a competing risk for the
evaluation of dyspnoea and a component of the dyspnoea
endpoint, worsening of heart failure events was also
significantly reduced by serelaxin (table 2). There was no
significant difference in the other primary efficacy
endpoint of the proportion of patients with dyspnoea
relief, which required the patient to report moderate or
marked dyspnoea improvement at all three timepoints of
6,12, and 24 h (Likert scale; placebo, 150 patients [26%)];
serelaxin, 156 [27%]; p=0-70), although there were
numerical improvements at each individual timepoint
through to day S (figure 2B; table 2).

Treatment with serelaxin did not significantly increase
the days alive out of hospital up to day 60 (placebo,
47-7 [SD 12-1] days; serelaxin, 48-3 [11-6]; p=0-37). There
was no difference in cardiovascular death or readmission
to hospital because of heart failure or renal failure up to
day 60 between the serelaxin and placebo groups (figure 3).
There were 27 cardiovascular deaths and 50 hospital
readmissions for heart failure or renal failure up to day 60
in the placebo group and 19 cardiovascular deaths and
60 hospital readmissions in the serelaxin group.

Patients treated with serelaxin reported improvements
in general wellbeing by VAS, but there were no such
benefits evident with the Likert scale (table 2). Although
the primary Likert dyspnoea endpoint was not improved
in the first 24 h, serelaxin-treated patients reported
moderate or marked dyspnoea improvement more
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rapidly (p=0-002; table 2) than those receiving standard
of care and placebo. Early worsening of heart failure was
reduced in serelaxin-treated patients, with significantly
fewer patients experiencing worsened heart failure by
each study assessment up to day 5 (p=0-0009) and a
30% reduction in the hazard of worsening heart failure
in the first 14 days (p=0-02; table 2). Despite no difference
in change in bodyweight, and a significantly increased
use of intravenous diuretic drugs (p=0-006; table 2) and
vasoactive drugs (placebo, 95 patients [16%]; serelaxin,
66 [11%]; p=0-01) up to day 5 in placebo-treated patients,
there were significantly greater early reductions in signs
and symptoms of congestion (eg, oedema, rales, orthop-
noea, jugular venous pressure, and dyspnoea on exer-
tion) in serelaxin-treated patients by day 2 (figure 4;
appendix). The average index length of hospital stay was
significantly reduced in the serelaxin-treated group by
0-9 days (p=0-04) and time in the intensive care or
coronary care unit was reduced by 0-4 days (p=0-03;
table 2). There were no improvements in the composite
endpoints that included readmission to hospital at day 30
or day 60.

Serelaxin reduced cardiovascular death at 180 days (ITT
population; placebo, 55 cardiovascular deaths; serelaxin,
35; HR 0-63, 95% CI 0-41-0-96; p=0-028; number
needed to treat, 29; figure 5), with the Kaplan-Meier curves
separating after day 5 through to day 180. An analysis of
all-cause mortality showed a similar 37% reduction (ITT
population; placebo, 65 deaths; serelaxin, 42; HR 0-63,
95% CI 0-43-0-93; p=0-02; figure 5). All-cause mortality
up to day 30 was reduced to a similar extent, but was not
significant (37% hazard reduction; p=0-20; table 2).

There were significantly greater decreases from base-
line in systolic blood pressure during infusion (up to
48 h) and after infusion (24 h after discontinuation) in
the serelaxin group compared with the placebo group
(roughly 4-6 mm Hg difference; appendix). More pa-
tients on serelaxin (167 patients; 29%) than on placebo
(103; 18%) had a protocol-defined blood-pressure-related
study drug dose adjustment (p<0-0001), resulting in a
50% dose reduction (placebo, 43 patients [7%]; serelaxin,
75 [13%]), discontinuation of study drug (placebo,
71 patients [12%]; serelaxin, 107 [19%)]), or both (placebo,
12 patients [2%]; serelaxin, 16 [3%]). Although most
resolved spontaneously (placebo, 91 patients; serelaxin
141), the blood pressure decreases required treatment
(predominantly intravenous fluids) in 19 (12%) serelaxin-
treated patients compared with nine (8%) patients in the
placebo group. There was no evidence of rebound hyper-
tension after study drug discontinuation, as reflected in
adverse events of hypertension up to day 5 (placebo,
18 patients [3%)]; serelaxin, five [1%]; p=0-006).

More patients on placebo had adverse events related
to renal impairment compared with serelaxin (placebo,
51 patients [9%]; serelaxin, 32 [6%]; p=0-03). Other-
wise, the adverse event profile after study drug exposure
was comparable between the two treatment groups
(appendix). Hypotension-related adverse events up to
day 5 were generally infrequent and comparable
(placebo, 25 patients [4%]; serelaxin, 28 [5%]; p=0-78),
suggesting that the protocol-specified rules for dose
adjustment limited serelaxin-induced hypotensive
adverse events. Fewer patients (41) in the serelaxin
group died by day 180 (safety population; appendix;
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Figure 5: Kaplan-Meier analysis of death
(A) Cardiovascular and (B) all-cause death during 180 days of follow-up in the placebo-treated group compared with the group that received serelaxin in the intention-to-treat (ITT) population.
The additional efficacy analysis of cardiovascular death in the ITT population was protocol-specified, whereas all-cause death in the ITT population is a post-hoc sensitivity analysis presented for
comparison. A Kaplan-Meier analysis of the protocol-specified, all-cause death up to day 180 in the safety population is shown in the appendix (placebo, 64 deaths [11-3%]; serelaxin, 41 [7-3%];
HR 0-63[95% Cl 0-42-0-93]; p=0-02). HR=hazard ratio.
www.thelancet.com Vol 381 January 5, 2013 35




Articles

36

p=0-02; number needed to treat, 25) compared with
placebo (64 patients).

Discussion

In RELAX-AHF, a 48-h infusion of serelaxin resulted
in mild improvements in measures of dyspnoea, asso-
ciated with significant reductions in early worsening
heart failure events, signs and symptoms of congestion,
initial length of hospital stay, and duration of intensive
care (panel). However, there was no improvement in
readmission to hospital for heart failure or renal failure.
A 37% reduction in cardiovascular and all-cause mortality
was also noted in the serelaxin-treated patients. Serelaxin
mildly reduced blood pressure, and was well tolerated
with no notable difference in the overall adverse event
profile and a lower rate of renal adverse events compared
with placebo.

There are some limitations of the trial. RELAX-AHF
enrolled a specific group of patients with acute heart
failure and the results might not be generalisable to other
patient populations. The efficacy, tolerability, and safety of
serelaxin were shown in the setting of specific guidance
for titration and discontinuation in response to changes
in the patient’s blood pressure. Additionally, RELAX-AHF
was not prospectively designed or powered as a mortality
trial and had a moderate number of death events.

The patients enrolled in RELAX-AHF were similar to
many patients in the community population who present
with acute heart failure,” representing elderly patients
with normal-to-increased blood pressure and multiple
comorbidities, including mild-to-moderate renal dys-
function, presenting with dyspnoea and signs of con-
gestion. Patients with other acute diseases that could
interfere with the clinical course of acute heart failure
(eg, acute coronary syndromes, pneumonia or other
systemic infections) were excluded. Patients enrolled
in RELAX-AHF also were required to have objective
findings of congestion with positive chest radiograph
findings and BNP or NT-proBNP concentrations above
threshold levels. The thresholds selected were based on
the biomarker literature in acute heart failure, are
consistent with those used in other trials,** and resulted
in mean and median concentrations above 5000 ng/L of
NT-proBNP measured in a core laboratory. However, this
criterion also enriched the patient population for patients
with atrial fibrillation (RELAX-AHF, 41%; compared with
VERITAS, 35%;° PROTECT, 55%%). Additionally, these
thresholds might have excluded patients with heart
failure who also had factors known to reduce BNP
concentrations, including obesity, acute mitral regur-
gitation, and very early acute heart failure.

The inclusion criterion of systolic blood pressure
greater than 125 mm Hg was a central element of the trial
design, enrolling patients whom we believed would
derive the most benefit while avoiding the potential for
harm of hypotension with serelaxin treatment. Although
limiting hypotension-related adverse events to a rate

similar to placebo, this criterion also resulted in a mean
systolic blood pressure (142 mm Hg) that is greater than
that of other trials that enrolled patients with much lower
blood pressure (eg, VERITAS, 131 mm Hg;® ASCEND-
HF, 124 mm Hg;" DOSE, 120 mm Hg*). However, we
also note that patients in RELAX-AHF were enrolled on
average many hours to a full day earlier than patients in
those trials, so direct comparisons could be misleading.
In the ADHERE registry of 187565 patients presenting
with acute heart failure to US hospitals,” 186 805 patients
had blood pressure measured on presentation and 50% of
them had systolic blood pressure greater than 140 mm Hg,
suggesting that the patients enrolled in RELAX-AHF are
representative of a large proportion of the acute heart
failure population. However, this patient population
might also represent a group at lower risk for in-hospital
and post-discharge mortality, compared with those much
rarer patients with low blood pressures.” The 180-day
mortality of the placebo group was 11%, which is at the
lower end of the 10-20% range previously reported. Of
note, the 30-day all-cause mortality of placebo-treated
patients in the VERITAS trial was 5%, compared to 4% in
ASCEND-HF and 3% in RELAX-AHF.

Dyspnoea, the most prominent symptom in patients
with acute heart failure, causes profound discomfort via
neural signalling pathways triggering pain and anxiety
centres,” driving patients to seek care and physicians to
urgently intensify treatment. The RELAX-AHF trial met
the primary objective of improving dyspnoea as quantified
Dby the VAS instrument. The dyspnoea VAS AUC endpoint
was developed on the basis of experience from VERITAS"
and Pre-RELAX-AHF,* but the minimum clinically
important difference (MCID) for the dyspnoea VAS AUC
has not been established. A small study of 74 patients
presenting to one centre for acute heart failure® suggested
that the MCID for VAS dyspnoea relief from presentation
to the emergency department before treatment during a
median 2-h ascertainment period was 21-1 mm, but the
investigators found a significant difference in MCID
based on the index dyspnoea VAS, such that patients with
less dyspnoea at presentation had an MCID of 5-7 mm
compared with those with greater dyspnoea (MCID of
30-9 mm). This difference in dyspnoea response was also
seen in the URGENT-HF study.®

Although these studies provide important insight into
the very early dyspnoea response, there are several aspects
that limit their applicability to RELAX-AHF. In RELAX-
AHF, the mean difference in the dyspnoea VAS AUC of
448 mmxh represents a 19% increase in the VAS AUC
over the observed placebo response, a magnitude of
clinical benefit that is greater than that typically regarded
as clinically meaningful. In the DOSE study,* in which a
significant improvement in the VAS AUC over 72 h for
dyspnoea was observed, the effect size was a difference of
210 mmxh, substantially less than that shown in RELAX-
AHF, even when adjusted for the different time windows.
Serelaxin-treated patients had improvement in dyspnoea
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in the context of decreased intravenous diuretic and other
vasoactive heart failure treatments, and less frequent
worsening heart failure. Worsening heart failure not only
reflects an even more dramatic and clinically significant
reflection of the extreme of the symptom continuum of a
patient’s course, but is also associated with a greater risk
of subsequent death or readmission to hospital.”**** The
Likert assessment of dyspnoea improvement, moderate
or marked improvement at all timepoints (6, 12, and 24 h)
up to 24 h, was not significantly different in serelaxin-
treated patients compared with those receiving standard
of care and placebo. However, the greater proportion of
serelaxin-treated patients reporting moderate or marked
improvement in dyspnoea at the individual timepoints of
6, 12, or 24 h as assessed by the Likert scale, and earlier
achievement of moderate or marked dyspnoea relief
within the first 5 days, provides support for symptomatic
improvement in serelaxin-treated patients.

Serelaxin did not improve the secondary endpoints of
the composite of death and hospital admission up to
day 60, and showed no beneficial effect on readmission.
Non-significant decreases in the number of deaths and
increases in the number of readmissions to hospital in
the serelaxin versus the placebo group offset each other.
The numerically higher readmission rates in the
serelaxin group could have been related to the larger
proportion of patients with a recent heart failure hospital
admission within a year of enrolment in the serelaxin
compared with the placebo group, a factor known to
increase the incidence of readmission to hospital.®
Additionally, the reduced number of deaths with
serelaxin could have increased the patients at risk of
needing hospital admission. However, early readmission
to hospital might also be precipitated by processes
independent of the effect of serelaxin on mortality.*

The reduction in mortality up to day 180 with serelaxin
is an intriguing finding. No previous intervention out-
come trial in patients with acute heart failure has shown a
beneficial effect on post-discharge mortality.>"**
RELAX-AHF selected a patient population with charac-
teristics believed to be specifically targeted by serelaxin’s
effects: patients with evidence of vasoconstriction, vascular
congestion, and renal impairment who were early in their
clinical course, probably with significant neurohormonal
and inflammatory activation. The early separation of the
serelaxin and placebo group survival curves after 5 days
from enrolment suggests a protective effect of serelaxin
during the early in-hospital phase that persisted for the
subsequent 180 days. However, in the setting of several
previous negative trials with other drugs and the absence
of a beneficial effect on readmission to hospital, this
finding of a potential intermediate-term (180 day) survival
benefit for a drug given for 48 h with a moderate number
of death events (107 total) raises the question of whether
this benefit is due to chance and whether another,
confirmatory trial should be done. The observed improved
survival in serelaxin-treated patients is consistent with its
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Systematic review

There are few new treatments for acute heart failure. In the USA, the phosphodiesterase
inhibitor milrinone was approved in 1988 on the basis of small, haemodynamic studies.
Since that time, there have been few approvals for new intravenous agents. The US Food
and Drug Administration approved nesiritide in 2001 on the basis of the 489-patient
Vasodilation in the Management of Acute CHF trial (VMAC?"). In Europe, levosimendan
was first approved in Sweden in 2000, and since then is available in about 40 countries
(south European countries, Scandinavia, Russia, and several markets in South America),
but major European Union countries did not accept the Swedish marketing authorisation.
A systematic review of PubMed (accessed Oct 26, 2012) was done with the MeSH search
term of “heart failure/*drug therapy” which revealed 19 154 articles. Addition of the search
terms “randomised controlled trial (publication type)” limited the results to 2176 articles,
and subsequent addition of the term “acute disease” resulted in 61 articles. These articles
were manually reviewed for primary reports of phase 3 trials of novel, intravenous
treatments for acute heart failure, excluding design or concept papers. This search resulted
in articles on the novel drugs levosimendan, nesiritide, rolofylline, and tezosentan.

Interpretation

All these drugs have phase 3 clinical trials with efficacy endpoints in acute heart failure
populations. Levosimendan has been studied in the 700-patient, placebo-controlled
REVIVE I and Il trials, in which the primary endpoint of a clinical composite based on the
patient global assessment during the first 5 days of treatment was positive, but increases in
ventricular and atrial arrhythmias, symptomatic hypotension, and early mortality were also
evident. The Survival of Patients With Acute Heart Failure in Need of Intravenous Inotropic
Support (SURVIVE?) trial compared intravenous levosimendan and dobutamine in

1327 patients and did not achieve the primary endpoint of reducing all-cause mortality at
180 days; although it did decrease brain natriuretic peptide, levosimendan did not improve
any of the other secondary endpoints (all-cause mortality at 31 days, number of days alive
and out of the hospital, patient global assessment, patient assessment of dyspnoea at 24 h,
and cardiovascular mortality at 180 days). In a placebo-controlled, post-approval trial
(ASCEND-HF") nesiritide did not meet the prespecified primary endpoints of dyspnoea
relief and had no beneficial effect on readmission to hospital, all-cause mortality, or
worsening renal function. The A, adenosine receptor antagonist rolofylline was studied in
the 2033-patient PROTECT trial,” failing to meet its primary clinical composite endpoint
with no reduction in readmission to hospital or worsening renal failure, but complicated by
increases in seizures and stroke. In a series of trials, culminating in the 1448-patient
VERITAS program,” tezosentan did not show an improvement in dyspnoea, using a similar
endpoint as in RELAX-AHF, nor in worsening of heart failure or death at 7 days, and had no
effect on worsening renal function, readmission to hospital, or mortality. In this context,
the results of the RELAX-AHF trial are interesting. Similar to all the previous studies, there
was no reduction in readmission to hospital. However, RELAX-AHF was able to show a
significant although mild improvement in dyspnoea relief, as well as in several other
additional endpoints, and was well tolerated with a safe profile, supported by fewer deaths
in the serelaxin-treated patients compared with placebo.

effects on other outcomes such as dyspnoea, congestion,
the need for other intravenous vasoactive treatments
(including inotropes, which are independently associated
with increased mortality),”* worsening heart failure,
length of the initial hospital stay, and duration of intensive
care. Treatment with serelaxin was also associated with
fewer adverse events related to renal impairment, con-
sistent with the results of experimental models,” as well as
with the use of lower doses of diuretic drugs in the
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serelaxin-treated patients.” Worsening renal function has
been associated with a poorer outcome in some studies,**
although not all,”* and the prevention of renal dysfunction
by serelaxin might also be a mechanism contributing to
reduced mortality. In a study of 1007 propensity-matched
pairs, patients admitted with acute heart failure treated
with vasodilator therapy and diuretic drugs had a 27%
reduction in in-hospital mortality compared with those
treated with diuretic drugs alone.” The improved survival
in RELAX-AHF is similar to that previously suggested in
the Pre-RELAX-AHF study, in which there was a 16% all-
cause mortality in the placebo group compared with 9%
for the 30 pg/kg per day serelaxin-treated patients.” There
were no significant differences in baseline characteristics
or in post-discharge heart failure treatments to confound
this difference in survival.

On the basis of the hypothesis-generating findings of
Pre-RELAX-AHF,®* RELAX-AHF tested the effects of
serelaxin on symptoms and outcomes. Serelaxin im-
proved dyspnoea relief to a mild extent, while signifi-
cantly preventing worsening of heart failure and
improving other additional efficacy outcomes. The ob-
served reduction in mortality with serelaxin compared
with placebo is consistent with the emerging concept
that acute heart failure is associated with damage to
multiple organ systems, and that protection from the
harmful effects of these episodes can have favourable
effects on survival. The results from the RELAX-AHF
trial provide supportive evidence for a beneficial effect of
serelaxin improving symptoms and other clinical out-
comes in selected patients with acute heart failure.

Contributors

JRT contributed to the conception, design, and implementation of the
study; enrolment and follow-up of patients; interpretation of results;
statistical analysis plan; and drafting of the first version of the report and its
following versions. MM contributed to the conception, design, and
implementation of the study; enrolment and follow-up of patients;
interpretation of results; statistical analysis plan; and drafting of the first
version of the report and its following versions. GC contributed to the
conception, design, and implementation of the study; design and
implementation of the statistical analysis; interpretation of results; drafting
of the report; statistical expertise; administrative, technical, or logistic
support; and collection and assembly of data. BAD contributed to the
conception, design, and implementation of the study; design and
implementation of the statistical analysis; interpretation of results; drafting
of the report; statistical expertise; administrative, technical, or logistic
support; and collection and assembly of data. GMF, GF, BHG, PP, and
AAV contributed to the conception, design, and implementation of the
study, enrolment of patients, interpretation of results, and drafting of the
report. KFA, MID, LRG, GJ, AM, JM, PSP, and KW contributed to the
conception and implementation of the study, enrolment of patients,
interpretation of results, and drafting of the report. CAB contributed to the
statistical analysis; interpretation of results; statistical expertise;
administrative, technical, or logistic support; and collection and assembly
of data. EU contributed to the conception, design, and implementation of
the study; design and implementation of the statistical analysis;
interpretation of results; obtaining of funding; administrative, technical, or
logistic support; and collection and assembly of data. SLT contributed to the
conception, design, and implementation of the study. CS, TMS, AT, and RS
contributed to the implementation of the study, its statistical analysis,
technical or logistic support, interpretation of results, obtaining of funding,
administrative, technical, or logistic support, and drafting of the report. All
authors have reviewed the Article and agree with its contents.

Conflicts of interest

JRT has received research grants or consulting fees from Amgen, Bayer,
Corthera, Cardio3 Bioscience, Cytokinetics, Merck, Novartis, Takeda, Teva,
and Trevena. GC and BAD are employees of Momentum Research, which
has provided consulting and trial management services to NovaCardia,
Merck, Corthera, Novartis, Nile Therapeutics, Bioheart, Cardio3
Biosciences, Amgen, Celadon, Targegen, Trevena, Sorbent Therapeutics,
and NTH. GMF reports consulting income from Novartis, Medpace,
Amgen, Otsuka, Trevena, Roche Diagnostics, Merck, BG Medicine,
Medtronic, and St Judes and grant fundings from Amgen, Otsuka, Roche
Diagnostics, and NHLBI. GF is an executive committee member and
consultant to Corthera (a Novartis company), Bayer, Cardiorentis, and has
received research grants from Amgen, Nanosphere, European Union.
BHG served as a consultant for Corthera and Novartis. PP was a
consultant for Astellas, Bayer, EKR Therapeutics, ]&], the Medicines
Company, Medtronic, Novartis, Otsuka, Palatin Technologies, PDL
BioPharma, Pericor Therapeutics, SigmaTau, Solvay Pharmaceuticals, and
Trevena; has received honoraria from Alere, Beckman-Coulter,
BiogenlIdec, Corthera, Ikaria, Nile Therapeutics, Momentum Research,
and Overcome; has received research support from Abbott, Merck and
PDL BioPharma; and has received travel support from MyLife and
equipment support from Sonosite. EU is employed by the sponsor,
Corthera (a Novartis company). AAV has received consultancy fees and/or
research grants from Alere, Bayer, Cardio3Biosciences, Celladon, Ceva,
European Committee, Dutch Heart Foundation, Novartis, Servier, Torrent,
and Vifor. KFA has received research grants and consulting fees from
Corthera, Merck, Roche Diagnostics, and Duke Clinical Research
Institute; research grants from Novartis and Amgen; and consulting fees
from Momentum Research. MID, LRG, ]G, AM, JM, and KW have
received research grants from Corthera (a Novartis affiliate company). KW
received personal support for travel to meetings for the RELAX-AHF trial.
KW'’s institution received honorarium for patient enrolment in the
RELAX-AHF trial and honorarium for national coordinatorship of KW for
the RELAX-AHF trial. PSP has been a consultant for Astellas, Bayer, EKR
Therapeutics, &, the Medicines Company, Medtronic, Novartis, Otsuka,
Palatin Technologies, PDL BioPharma, Pericor Therapeutics, SigmaTau,
Solvay Pharmaceuticals, Trevena; received honoraria from Alere,
Beckman-Coulter, BiogenIdec, Corthera, Ikaria, Nile Therapeutics,
Momentum Research, and Overcome; received research support from
Abbott, Merck, and PDL BioPharma; and received travel support from
MyLife and equipment support from Sonosite. SLT was an employee of
the sponsor, Corthera (a Novartis affiliate company). AT, CAB, RS, CS, and
TMS are Novartis employees and receive salary, benefits, and stock
options from Novartis Pharmaceuticals Corporation (CAB, RS, AT) or
Novartis Pharma (CS, TS). MM has received consulting income from
Abbott Vascular, Bayer, Corthera, and Novartis, as well as travel support
and honoraria from Servier and Novartis.

Acknowledgments
The RELAX-AHF trial was supported by Corthera, Inc., a Novartis
affiliate company.

References

1 Roger VL, Go AS, Lloyd-Jones DM, et al. Heart disease and stroke
statistics—2012 update: a report from the American Heart
Association. Circulation 2012; 125: e2-220.

2 Maggioni AP, Dahlstrom U, Filippatos G, et al. EURODservational
Research Programme: the Heart Failure Pilot Survey (ESC-HF
Pilot). Eur J Heart Fail 2010; 12: 1076-84.

3 McMurray JJ, Adamopoulos S, Anker SD, et al. ESC Guidelines for
the diagnosis and treatment of acute and chronic heart failure 2012:
the Task Force for the Diagnosis and Treatment of Acute and
Chronic Heart Failure 2012 of the European Society of Cardiology.
Developed in collaboration with the Heart Failure Association
(HFA) of the ESC. Eur Heart ] 2012; 33: 1787-847.

4 Damasceno A, Mayosi BM, Sani M, et al. The causes, treatment,
and outcome of acute heart failure in 1006 Africans from
9 countries: results of the sub-Saharan Africa survey of heart
failure. Arch Intern Med 2012; published online Sept 3. DOI:10.1001/
archinternmed.2012.3310.

5  Chen J, Normand SL, Wang Y, Krumholz HM. National and
regional trends in heart failure hospitalization and mortality rates
for Medicare beneficiaries, 1998-2008. JAMA 2011; 306: 1669-78.

www.thelancet.com Vol 381 January 5, 2013



Articles

6  Mebazaa A, Pang PS, Tavares M, et al. The impact of early standard
therapy on dyspnoea in patients with acute heart failure:
the URGENT-dyspnoea study. Eur Heart ] 2010; 31: 832-41.

7 Metra M, O’Connor CM, Davison BA, et al. Early dyspnoea relief in
acute heart failure: prevalence, association with mortality, and effect
of rolofylline in the PROTECT Study. Eur Heart J 2011; 32: 1519-34.

8  Metra M, Teerlink JR, Felker GM, et al. Dyspnoea and worsening
heart failure in patients with acute heart failure: results from the
Pre-RELAX-AHF study. Eur | Heart Fail 2010; 12: 1130-39.

9  Gheorghiade M, Konstam MA, Burnett JC Jr, et al. Short-term
clinical effects of tolvaptan, an oral vasopressin antagonist,
in patients hospitalized for heart failure: the EVEREST Clinical
Status Trials. JAMA 2007; 297: 1332-43.

10 McMurray J], Teerlink JR, Cotter G, et al. Effects of tezosentan on
symptoms and clinical outcomes in patients with acute heart failure:
the VERITAS randomized controlled trials. JAMA 2007; 298: 2009-19.

11  O’Connor CM, Starling RC, Hernandez AF, et al. Effect of nesiritide
in patients with acute decompensated heart failure. N Engl | Med
2011; 365: 32-43.

12 Gheorghiade M, Pang PS. Acute heart failure syndromes.

J Am Coll Cardiol 2009; 53: 557-73.

13 Solomon SD, Dobson J, Pocock S, et al. Influence of nonfatal
hospitalization for heart failure on subsequent mortality in patients
with chronic heart failure. Circulation 2007; 116: 1482-87.

14 Cotter G, Metra M, Milo-Cotter O, Dittrich HC, Gheorghiade M.
Fluid overload in acute heart failure—re-distribution and other
mechanisms beyond fluid accumulation. Eur ] Heart Fail 2008;

10: 165-69.

15 Conrad KP. Maternal vasodilation in pregnancy: the emerging role
of relaxin. Am J Physiol Regul Integr Comp Physiol 2011; 301: R267-75.

16  Dschietzig T, Teichman S, Unemori E, et al. Intravenous
recombinant human relaxin in compensated heart failure: a safety,
tolerability, and pharmacodynamic trial. | Card Fail 2009; 15: 182-90.

17 Teichman SL, Unemori E, Teerlink JR, Cotter G, Metra M. Relaxin:
review of biology and potential role in treating heart failure.

Curr Heart Fail Rep 2010; 7: 75-82.

18 Teerlink JR, Metra M, Felker GM, et al. Relaxin for the treatment of
patients with acute heart failure (Pre-RELAX-AHF): a multicentre,
randomised, placebo-controlled, parallel-group, dose-finding phase
I1b study. Lancet 2009; 373: 1429-39.

19  Ponikowski P, Metra M, Teerlink JR, et al. Design of the RELAXin
in acute heart failure study. Am Heart | 2012; 163: 149-55 el.

20 Hochberg Y. A sharper Bonferroni procedure for multiple tests of
significance. Biometrika 1988; 75: 800-02.

21 VMAC Investigators. Intravenous nesiritide vs nitroglycerin for
treatment of decompensated congestive heart failure: a randomized
controlled trial. JAMA 2002; 287: 1531-40.

22 Mebazaa A, Nieminen MS, Filippatos GS, et al. Levosimendan
vs dobutamine: outcomes for acute heart failure patients on
beta-blockers in SURVIVE. Eur | Heart Fail 2009; 11: 304-11.

23 Massie BM, O’Connor CM, Metra M, et al. Rolofylline,
an adenosine Al-receptor antagonist, in acute heart failure.

N Engl | Med 2010; 363: 1419-28.

24 Teerlink JR, Iragui V], Mohr JP, et al. The safety of an adenosine
A(1)-receptor antagonist, rolofylline, in patients with acute heart
failure and renal impairment: findings from PROTECT. Drug Saf
2012; 35: 233-44.

25 ADHERE Scientific Advisory Committee. Acute Decompensated
Heart Failure National Registry (ADHERE®) Core Module Q1
2006 Final Cumulative National Benchmark Report. Sunnyvale,
CA: Scios Inc, 2006.

26  Felker GM, Lee KL, Bull DA, et al. Diuretic strategies in patients with
acute decompensated heart failure. N Engl | Med 2011; 364: 797-805.

www.thelancet.com Vol 381 January 5, 2013

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

43

Gheorghiade M, Abraham WT, Albert NM, et al. Systolic blood
pressure at admission, clinical characteristics, and outcomes in
patients hospitalized with acute heart failure. JAMA 2006;

296: 2217-26.

von Leupoldt A, Sommer T, Kegat S, et al. Dyspnea and pain share
emotion-related brain network. Neuroimage 2009; 48: 200-06.
Ander DS, Aisiku IP, Ratcliff JJ, Todd KH, Gotsch K. Measuring the
dyspnea of decompensated heart failure with a visual analog scale:
how much improvement is meaningful? Congestive Heart Fail 2004;
10: 188-91.

Metra M, Cleland JG, Weatherley BD, et al. Dyspnoea in patients
with acute heart failure: an analysis of its clinical course,
determinants, and relationship to 60-day outcomes in the
PROTECT pilot study. Eur | Heart Fail 2010; 12: 499-507.

O’Connor CM, Mentz R], Cotter G, et al. The PROTECT in-hospital
risk model: 7-day outcome in patients hospitalized with acute heart
failure and renal dysfunction. Eur | Heart Fail 2012; 14: 605-12.
Torre-Amione G, Milo-Cotter O, Kaluski E, et al. Early worsening
heart failure in patients admitted for acute heart failure: time course,
hemodynamic predictors, and outcome. | Card Fail 2009; 15: 639—44.
Au AG, McAlister FA, Bakal JA, Ezekowitz J, Kaul P,

van Walraven C. Predicting the risk of unplanned readmission or
death within 30 days of discharge after a heart failure
hospitalization. Am Heart ] 2012; 164: 365-72.

Heidenreich PA, Sahay A, Kapoor JR, Pham MX, Massie B.
Divergent trends in survival and readmission following a
hospitalization for heart failure in the Veterans Affairs health care
system 2002 to 2006. ] Am Coll Cardiol 2010; 56: 362—68.

Konstam MA, Gheorghiade M, Burnett JC Jr, et al. Effects of oral
tolvaptan in patients hospitalized for worsening heart failure:

the EVEREST Outcome Trial. JAMA 2007; 297: 1319-31.

Mebazaa A, Nieminen MS, Packer M, et al. Levosimendan vs
dobutamine for patients with acute decompensated heart failure:
the SURVIVE Randomized Trial. JAMA 2007; 297: 1883-91.
Mebazaa A, Parissis J, Porcher R, et al. Short-term survival by
treatment among patients hospitalized with acute heart failure:

the global ALARM-HF registry using propensity scoring methods.
Intensive Care Med 2011; 37: 290-301.

Felker GM, Benza RL, Chandler AB, et al. Heart failure etiology and
response to milrinone in decompensated heart failure: results from
the OPTIME-CHF study. ] Am Coll Cardiol 2003; 41: 997-1003.
Metra M, Cotter G, Gheorghiade M, Dei Cas L, Voors AA. The role
of the kidney in heart failure. Eur Heart ] 2012; 33: 2135-42.

Voors AA, Dittrich HC, Massie BM, et al. Effects of the adenosine
A1l receptor antagonist rolofylline on renal function in patients with
acute heart failure and renal dysfunction: results from PROTECT
(Placebo-Controlled Randomized Study of the Selective Adenosine
A1 Receptor Antagonist Rolofylline for Patients Hospitalized with
Acute Decompensated Heart Failure and Volume Overload to
Assess Treatment Effect on Congestion and Renal Function).

J Am Coll Cardiol 2011; 57: 1899-907.

Damman K, Navis G, Voors AA, et al. Worsening renal function
and prognosis in heart failure: systematic review and meta-analysis.
J Card Fail 2007; 13: 599-608.

Aronson D, Burger AJ. The relationship between transient and
persistent worsening renal function and mortality in patients with
acute decompensated heart failure. J Card Fail 2010; 16: 541-47.
Testani JM, Chen ], McCauley BD, Kimmel SE, Shannon RP.
Potential effects of aggressive decongestion during the treatment of
decompensated heart failure on renal function and survival.
Circulation 2010; 122: 265-72.

39



	Serelaxin, recombinant human relaxin-2, for treatment of acute heart failure (RELAX-AHF): a randomised, placebo-controlled trial
	Introduction
	Methods
	Study design
	Participants
	Randomisation and masking
	Procedures
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


