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Introduction: Peroxisome proliferator-activated receptor d (PPARd) plays a central role in modulating mito-

chondrial function in ischemia-reperfusion injury. The novel PPARdmodulator, ASP1128, was evaluated.

Methods: A randomized, double-blind, placebo-controlled, biomarker assignment-driven, multicenter

study was performed in adult patients at risk for acute kidney injury (AKI) following cardiac surgery,

examining efficacy and safety of a 3-day, once-daily intravenous dose of 100 mg ASP1128 versus placebo

(1:1). AKI risk was based on clinical characteristics and postoperative urinary biomarker (TIMP2)�(IGFBP7).

The primary end point was the proportion of patients with AKI based on serum creatinine within 72 hours

postsurgery (AKI-SCr72h). Secondary endpoints included the composite end point of major adverse kid-

ney events (MAKE: death, renal replacement therapy, and/or $25% reduction of estimated glomerular

filtration rate [eGFR]) at days 30 and 90).

Results: A total of 150 patients were randomized and received study medication (81 placebo, 69 ASP1128).

RatesofAKI-SCr72hwere21.0%and24.6% in theplaceboandASP1128arms, respectively (P¼ 0.595).Ratesof

moderate/severeAKI (stage2/3AKI-SCr and/or stage3AKI-urinaryoutput criteria)within72hours postsurgery

were 19.8% and 23.2%, respectively (P ¼ 0.609). MAKE occurred within 30 days in 11.1% and 13.0% in the

placebo andASP1128 arms (P¼ 0.717), respectively; andwithin 90 days in 9.9% and 15.9% in the placebo and

ASP1128 arms (P¼ 0.266), respectively. No safety issueswere identifiedwith ASP1128 treatment, but rates of

postoperative atrial fibrillation were lower (11.6%) than in the placebo group (29.6%).

Conclusion: ASP1128 was safe and well-tolerated in patients at risk for AKI following cardiac surgery, but it

did not show efficacy in renal endpoints.
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A
KI is a clinical syndrome characterized by rapid
loss of kidney function and is associated with

increased short-term and long-term morbidity and
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mortality. AKI etiology is often multifactorial, but renal
ischemia and reperfusion injury is a common cause of
AKI.1,2 Renal tubular cells rely on oxidative phosphor-
ylation to provide energy, and mitochondrial dysfunc-
tion has been recognized as a key factor in the
progression of tubular damage in AKI.3,4 In preclinical
studies, PPARd modulation has been demonstrated to
increase the expression of mitochondrial associated
genes, resulting in an increase in mitochondrial func-
tion through increased fatty acid oxidation, as well as
1407
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decreases in inflammation and fibrosis.5,6 ASP1128, also
known as MA-0217, is a new molecular entity and a
potent and selective PPARd modulator. The nonclinical
pharmacology data generated with ASP1128 show that
it prevents and reduces the impact of ischemia or
reperfusion-induced AKI and increases expression of
PPARd target genes, including mitochondrial
function-related genes, in the blood and kidney.7,8

ASP1128 had a favorable safety profile and phar-
macokinetics in the healthy human volunteer phase-1
study (NCT04742517) with doses up to 100 mg, and
showed consistent treatment-related and dose-related
upregulation of PPARd/fatty acid oxidation target
genes at least 24 hours after administration.9 The cur-
rent clinical trial was designed to examine the effects of
postsurgery treatment with ASP1128 in patients at risk
for AKI following cardiac surgery to prevent and
reduce severity of AKI.
METHODS

Study Design, Patients, and Outcomes

The study was a double-blind, placebo-controlled,
randomized, biomarker-driven, multicenter trial (1128-
CL-0201; NCT03941483),10 and was conducted between
November 1, 2019 and October 20, 2021 in 32 sites in
the USA. The study was conducted in accordance with
the Declaration of Helsinki and Good Clinical Practice
guidelines and approved by an independent ethics
committee at each study site. All enrolled patients
provided signed informed consent before enrollment.

Patients in this study were adult patients undergo-
ing nonemergent coronary artery bypass grafting and/
or valve surgery within 4 weeks of screening and had
an increased risk for developing AKI postsurgery (se-
lection criteria are detailed in Supplementary Table S1).
At screening or baseline, patients were required to
have at least 1 AKI risk factor (age $70 years,
eGFR <60 ml/min per 1.73 m2, congestive heart failure,
diabetes mellitus, and/or proteinuria). And for
randomization after surgery, an increased level of a
tubular stress urinary biomarker, T2�I7, which is
associated with increased risk for AKI, was required.
T2�I7 is the product of the concentrations of TIMP2
and IGFBP7. T2�I7 was measured using Neph-
roCheck� test on ASTUTE140 Meter platform (bio-
Mérieux SA, Marcy l’Etoile, France), and labeled as
Investigational Use Only to reflect its usage for patient
selection in an interventional study. For T2�I7, a cutoff
of 0.3 (ng/ml)2/1000 yielded good sensitivity for
increased risk for developing moderate to severe AKI
after cardiopulmonary bypass pump (CPB).11,12 To
enrich the event rate of AKI endpoints, patients with a
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T2�I7 >0.3 within 2 to 22 hours after CPB were ran-
domized to study the treatment of an intravenous dose
of 100 mg ASP1128 or a matching placebo once daily
for 3 days (first dose: <24 hours post-CPB; second dose:
24 to <48 hours post-CPB; third dose: 48–72 hours
post-CPB). Randomization (1:1) was stratified for eGFR
at screening <45 ml/min per 1.73 m2. Patients with a
T2�I7 #0.3 at the postsurgery assessment were
enrolled in a parallel observational cohort to allow for
further evaluation of risk factors for AKI and MAKE
(composite end point of all-cause mortality, renal
replacement therapy and/or$25% sustained reduction
in eGFR compared with baseline). The design of the
study is detailed in Supplementary Figure S1.

The primary efficacy end point was the proportion
of patients developing AKI (any severity stage) based
on serum creatinine (SCr) Kidney Disease Improving
Global Outcomes criteria;13 that is, increase in SCr $
0.3 mg/dl ($26.5 mmol/l) within any 48 hours, or in-
crease in SCr to $1.5 times baseline13 within 72 hours
after end of CPB (AKI-SCr72h).

The secondary or other endpoints included addi-
tional AKI definitions (with or without urinary output
criteria) and timing (at 7 days postsurgery), AKI
severity (stage 1, 2, and 3, i.e., mild, moderate, and
severe AKI13), AKI duration, and proportion of patients
with MAKE at 30 days and 90 days postsurgery. Serum
levels of creatinine, cystatin-C, and derived eGFRs were
monitored to examine kidney function, as well as the
kidney damage biomarker, kidney injury molecule-1.
Distribution of AKI risk factors at baseline as defined
by the Kidney Disease Improving Global Outcomes AKI
guideline13 were examined.

Safety and tolerability of ASP1128 were evaluated
using the nature, frequency, and severity of adverse
events (AEs; Medical Dictionary for Regulatory Ac-
tivities [MedDRA] version 23.0), vital signs, and safety
laboratory tests (biochemistry, hematology, and uri-
nalysis). Treatment-emergent AEs (TEAEs) were
defined as AEs with onset after the first dose and up to
the day 30 visit.

ASP1128 plasma concentrations and pharmacody-
namics (target gene expression) were assessed. The
following 7 PPARd and fatty acid oxidation target
genes were examined in mRNA samples extracted from
whole blood predose and postdose at baseline (visit 2)
and day 3 of dosing (visit 4) using NanoString tech-
nology:14 (i) acetyl-coenzyme A acyltransferase 2, (ii)
adenosine triphosphate binding cassette subfamily A
member 1, (iii) acyl-CoA dehydrogenase very long
chain, (iv) catalase, (v) carnitine palmitoyltransferase
1A, (vi) pyruvate dehydrogenase lipoamide kinase
isozyme 4, and (vii) solute carrier family 25 member 20.
Kidney International Reports (2023) 8, 1407–1416
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Dose Rationale

The 100 mg dose was considered safe and well toler-
ated in the phase-1 study 1128-CL-0101 with up to 7
days multiple dosing (3–100 mg) in healthy nonelderly
and elderly patients, and ASP1128 plasma concentra-
tion increased dose proportionally.9 PPARd or fatty
acid oxidation target gene upregulation revealed
optimal results for 100 mg at all time points in single
and multiple dosing.9 The treatment period up to 72
hours postsurgery and related gene upregulation was
assumed to cover the period when AKI usually occurs
in relation to injury sustained during cardiac surgery,
and the peak of SCr and related biomarkers.15,16 Start
of treatment was related to the increase of T2�I7,
marking the start of renal stress when kidney function
is affected but may still recover without permanent
injury to the organ,17 that is, hypothetically pre-
venting sustained cell/tissue damage. It was presumed
that treatment should also not start too early, that is,
before the tubular cells adapt naturally to the ischemic
condition, because forestalling this adaptive advan-
tage with induction of PPARd is known to impede
recovery.18–21
Statistical Methodology

The planned sample size of the randomized cohort was
220 patients (110 patients/arm), to provide 80% power
to detect a 30% reduction of the primary end point
between study groups, assuming AKI-SCr72h propor-
tion is 60% in the placebo group and 42% in the
ASP1128 group. Assumed dropout rate was 10% and 1-
sided significance level was 0.05. The assumed placebo
group AKI event rate was based on results of a com-
parable interventional study (50% AKI-SCr in placebo
group)22; the T2�I7 >0.3 randomization requirement
was assumed to increase the event rate conservatively
by 10%.17 The maximum sample size for the observa-
tional cohort was capped at 440 patients. An interim
futility analysis by a data monitoring committee was
planned when 60% of patients with primary end point
data were enrolled, utilizing futility stop criteria as
follows: when conditional power to detect the differ-
ence between ASP1128 and placebo on the primary end
point of AKI-SCr72h proportion is <10%, that is, the 2-
sided P-value is >0.518 and/or the common risk ratio
(ASP1128/placebo) is >1, the study may stop.

The efficacy endpoint proportions were analyzed in
the full analysis set (all randomized patients who
received at least 1 dose of study treatment) using a chi-
square test. The hypothesis testing on the primary
analysis was performed at a 2-sided 0.10 significance
level to test the null hypothesis that the AKI-SCr72h
proportion is equal between the 2 study arms.
Kidney International Reports (2023) 8, 1407–1416
The estimate of the unadjusted risk ratio and 2-sided
90% confidence interval for the efficacy endpoints
were calculated for the following prespecified sub-
groups: age (<70 years or $70 years), diabetes mellitus
type 1 or 2, sex, kidney failure (eGFR at presurgery
baseline [<45 or $45, <60 or $60]), surgery type
(lower risk vs. higher risk surgery), T2�I7 at random-
ization (>0.3–0.7, >0.7 [alternative cutoff associated
with stage 2 or 3 AKI]23), IV radio-contrast, peripheral
arterial disease, cardiac function (ejection fraction
% <40 or $40), duration of aortic cross-clamp, dura-
tion of CPB (<median or $median), and time of first
dose (< 8 h or $8 h postsurgery).
RESULTS

The interim analysis for futility was conducted with
results from 133 randomized patients. The data moni-
toring committee recommended study discontinuation
because the results met the futility stop criteria. Based
on this, it was decided to stop enrollment and complete
follow-up for the patients already enrolled. In total, 428
patients were screened, 151 patients were randomized,
and 200 were enrolled in the observational cohort
(Figure 1). The full analysis set comprised of 150 pa-
tients (69 in the ASP1128 arm and 81 in the placebo
arm). The follow-up completion rate for all patients in
the full analysis set was 88.4% (61/69) for the ASP1128
arm and 87.7% (71/81) for the placebo arm.

Demographic and baseline characteristics are
detailed in Table 1. The percentage of female patients
was higher in ASP1128 arm compared with placebo
arm. At screening, chronic kidney disease was reported
more often in the placebo arm, and peripheral arterial
disease was reported more in the ASP1128 group.
Surgical parameters were comparable, except that there
were more patients undergoing mitral and tricuspid
valve replacement in the ASP1128 group (Table 1).
Baseline AKI risk factors were overall balanced be-
tween groups (Supplementary Table S2), except for
female sex (8.6% placebo, 23.2% ASP1128) and
chronic kidney disease (25.9% placebo, 8.7%
ASP1128).

The primary efficacy end point of AKI-SCr72h pro-
portion was 24.6% for the ASP1128 arm and 21.0% for
the placebo arm (Table 2), with a risk ratio of 1.174
(90% confidence interval: 0.715, 1.927; P ¼ 0.595). No
differences between groups were observed in pre-
specified subgroups. For example, for patients with
early first dose (start <8 hours postsurgery) AKI-
SCr72h rates were 25.6% and 21.7%; and for those
with later first dose (start >8 hours postsurgery) 23.1%
and 20.0% for ASP1128 and placebo, respectively. No
1409



Figure 1. Subject disposition, CONSORT flow diagram.
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statistically significant differences were observed in the
secondary or other efficacy endpoints (Table 2).

Although the distribution of AKI-SCr72h severity
stages (0–3) was not different between groups (P ¼
0.461), more patients with moderate/severe AKI-SCr72h
(stage 2/3 Kidney Disease Improving Global Outcomes)
were observed in the ASP1128 arm (8.7% [n ¼ 6; stage 2
n¼ 4, stage 3 n¼ 2]) than in the placebo arm (1.2% [n¼
1; stage 2 n ¼ 0, stage 3 n ¼ 1], P ¼ 0.031). In patients
with postsurgery T2�I7 value >0.7 (ng/ml)2/1000 (19
placebo, 22 ASP1128), stage 2/3 AKI-SCr72h were
observed in 1 placebo-treated patient (stage 3) and in 2
ASP1128-treated patients (1 stage 2, 1 stage 3). Rates of
clinically relevant moderate/severe AKI (stage 2/3 AKI-
SCr and/or stage 3 AKI based on urinary output
criteria) within 72 hours postsurgery24 were 23.2% in
the ASP1128 treatment arm and 19.8% in the placebo
treatment arm (P ¼ 0.609). Most, if not all, patients with
stage 2/3 AKI-SCr72h had confounders for AKI such as
perioperative and postoperative complications of cardiac
surgery (Supplementary Table S3). No relevant differ-
ences in rates of MAKE or the individual composites
were observed between groups (Table 2).

There were no significant differences between
groups in SCr values (Figure 2). The area under the
1410
curve of SCr values from baseline to 72 hours after
surgery was 3.05 (SD 1.03) ASP1128 versus 3.26 (SD
1.19) placebo; mean difference �0.21 (90% confidence
interval: �0.52, 0.09; P ¼ 0.255); at 7 days after sur-
gery that was 5.69 (SD 2.35) versus 5.96 (SD 2.52),
respectively; mean difference �0.27 (90% confidence
interval: �0.93, 0.40); P ¼ 0.508. Similarly, no relevant
differences were observed between groups in eGFR,
cystatin-C, and blood urea nitrogen levels. The number
of patients with renal recovery (defined as SCr at Day 7
or discharge # baseline) was 22 (31.9%) in the
ASP1128 arm versus 21 (25.9%) in the placebo arm
(P ¼ 0.421). Values in kidney stress and damage bio-
markers did not show differences (Figure 3).

The percentage of patients with AKI-SCr72h in the
observational cohort was 35.0% (Table 2); 7 (3.5%) had
stage 2/3 AKI and 63 (31.5%) had stage 1 AKI, compared
with 7 of 150 (4.7%) and 27 of 150 (18.0%) randomized
patients, respectively. The rate of MAKE was 7.0% (Day
30) and 6.5% (Day 90), compared with 18 of 150 (12.0%)
and 19 of 150 (12.7%) randomized patients.

Pharmacokinetics and Pharmacodynamics

ASP1128 plasma concentrations at the end of infusion
for the first, second, and third administrations were
Kidney International Reports (2023) 8, 1407–1416



Table 1. Baseline demographic and surgery characteristics

Characteristics
Placebo
(n [ 81)

ASP1128
(n [ 69)

Observational cohort
(n [ 200)

Demography/medical history

Age (yr) 68.7 (9.4) 68.0 (8.3) 69.4 (8.8)

Sex (females) 7 (8.6) 16 (23.2) 65 (32.5)

Weight (kg) 95.9 (19.8) 94.9 (22.4) 92.1 (19.2)

LVEF (%) 51.6 (11.5) 53.8 (9.1) 55.1 (10.3)

PAD at screening 10 (12.3) 15 (21.7) 20 (10.0)

CKD at screening 21 (25.9) 6 (8.7) 37 (18.5)

Surgery parameters

CABG (no valve surgery) 49 (60.5) 34 (49.3) 122 (61.0)

CABG þ valve surgery 18 (22.2) 12 (17.4) 33 (16.5)

Valve surgery (no CABG) 14 (17.3) 23 (33.3) 45 (22.5)

Mitral valve 12 (14.8) 21 (30.4) 28 (14.0)

Aortic valve 26 (32.1) 17 (24.6) 56 (28.0)

Tricuspid valve 5 (6.2) 11 (15.9) 4 (2.0)

CPB (h) 2.15 (0.93) 2.24 (1.26) 1.87 (0.72)

Aortic cross-clamping (h) 1.52 (0.64) 1.62 (0.87) 1.40 (0.54)

Volume of blood loss during
surgery (ml)

481.7 (562.0) 412.7 (455.2) 351.9 (381.7)

Baseline kidney function
laboratory values

T2.I7 ([ng/ml]2/1000) 0.70 (0.66) 0.69 (0.50) 0.13 (0.07)

Serum creatinine (mg/dl) 0.99 (0.25) 0.90 (0.23) 0.96 (0.26)

eGFR based on SCra (ml/min
per 1.73 m2)

76.9 (18.8) 82.5 (16.7) 75.9 (18.8)

eGFR based on cystatin-Cb

(ml/min per 1.73 m2)
66.2 (22.1) 72.6 (22.6) 62.2 (19.5)

CABG, coronary artery bypass grafting; CKD, chronic kidney disease; CPB, cardio-
pulmonary bypass pump; LVEF, left ventricular ejection fraction; PAD, peripheral arte-
rial disease; SCr, serum creatinine; SD, standard deviation.
aChronic Kidney Disease Epidemiology Collaboration [CKD-EPI] equation13.
b2012 CKD-EPI cystatin-C equation13.
Mean (SD) for continuous parameters, N (%) for categorical parameters.
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similar. ASP1128 plasma concentrations decreased
rapidly from the end of infusion to 4 to 12 hours
postdose. Plasma exposures of 100 mg dose in the
current patient population were comparable with 100
mg dose in phase-1 healthy volunteers (Data not
shown).

Pharmacodynamic analyses showed that ASP1128
treatment significantly increased target gene expression
from (postsurgery pretreatment) baseline at 1 or more
timepoints of adenosine triphosphate binding cassette
subfamily A member 1, acetyl-coenzyme A acyl-
transferase 2, acyl-CoA dehydrogenase very long chain,
carnitine palmitoyltransferase 1A, pyruvate dehydro-
genase lipoamide kinase isozyme 4, and solute carrier
family 25 member 20 compared with the placebo-
treated patients. There were no treatment-related
trends for changes in expression of catalase
(Supplementary Figure S2).

Safety

The frequency of TEAEs (overall, drug-related, serious
events) and severity of AEs were similar between
treatment arms; 75.4% ASP1128 versus 72.8% placebo
reported at least 1 TEAE, and 49.3% ASP1128 versus
Kidney International Reports (2023) 8, 1407–1416
51.9% placebo reported serious TEAEs. In 1 patient,
treatment (ASP1128) was discontinued because of a
TEAE of hepatic failure in the context of multiple or-
gan failure. There were 5 patient deaths during the
study period (multiple organ dysfunction [ASP1128;
Day 5], hypotension [ASP1128; Day 28], sepsis [pla-
cebo; Day 42], unknown etiology [ASP1128; Day 48],
and cardiac/respiratory failure [placebo; Day 66]). None
of the deaths were considered related to the study
drug. There were no clinically meaningful findings in
the vital sign measurements or safety labs in this study.
The most common TEAEs, occurring in at least 5% of
patients in any randomized group, are presented in
Table 3. The most relevant differences between groups
were seen in atrial fibrillation, AKI, pleural effusion,
and thrombocytopenia. Of these events, 1 atrial fibril-
lation (placebo) and 3 AKI (2 placebo, 1 ASP1128) were
regarded as possibly related to the study drug by the
investigator; all others were regarded as not related. A
post hoc analysis was undertaken to evaluate TEAEs
occurring during the early in-hospital period over-
lapping with study drug administration events re-
ported within 7 days after surgery (Supplementary
Table S4): atrial fibrillation (6 [8.7%] ASP1128 vs. 24
[29.6%] placebo), AKI (11 [15.9%] ASP1128 vs. 9
[11.1%] placebo), pleural effusion (4 [5.8%] ASP1128
vs. 2 [2.5%] placebo), and thrombocytopenia (6 [8.7%]
vs. 2 [2.5%]). No differences between study groups
were observed in mean/median levels of platelets
(Supplementary Figure S3).

Comedication that could affect postoperative atrial
fibrillation (POAF) occurrence was evaluated in post hoc
analyses; the percentage of patients receiving prophy-
lactic treatment with amiodarone (on Day 1) was com-
parable between groups (55.1% ASP1128 vs. 45.7%
placebo). Occurrence of POAF within 7 days in patients
without prophylactic amiodarone was 5 of 31 (16.1%)
ASP1128 versus 20 of 44 (45.5%) placebo. The per-
centage of patients who used betablockers or calcium
channel blockers within 72 hours after surgery was
comparable between study groups as follows: 59.4%
ASP1128 versus 60.5% placebo, and 53.6% ASP1128
versus 51.9% placebo, respectively.
DISCUSSION

The current study examined the novel PPAR-d modu-
lator, ASP1128 in adult patients at risk for AKI
following cardiac surgery defined by clinical criteria
and biomarker testing. It was successfully completed
despite the challenges caused by the COVID-19
pandemic.

Overall, ASP1128 did not reduce the rates or
severity of AKI, or related long-term endpoints such as
1411



Table 2. Results of primaryd, secondarye (as defined in the study protocol) and other efficacy outcomes, N (%)
Outcome parameter Placebo (N [ 81) ASP1128 (N [ 69) P-valuea Risk ratio (90% CI)b Observational cohort (N [ 200)

AKI-SCr72hd 17 (21.0) 17 (24.6) 0.595 1.174 (0.715, 1.927) 70 (35.0)

AKI stage 1 16 (19.8) 11 (15.9) NDc ND 63 (31.5)

AKI stage 2 0 (0) 4 (5.8) NDc ND 7 (3.5)

AKI stage 3 1 (1.2) 2 (2.9) NDc ND 0 (0)

AKI-SCr72h stage 2/3 1 (1.2) 6 (8.7) 0.031 7.043 (1.217, 40.780) 7 (3.5)

AKI-KDIGO72he 63 (77.8) 55 (79.7) 0.773 1.025 (0.891, 1.179) ND

AKI-UO72h stage 3 16 (19.8) 14 (20.3) 0.935 1.027 (0.600, 1.760) ND

AKI-SCr72h stage 2/3 and/or AKI-UO72h stage 3 16 (19.8) 16 (23.2) 0.609 1.174 (0.701, 1.965) ND

AKI-SCr7de 19 (23.5) 21 (30.4) 0.335 1.297 (0.831, 2.026) 74 (37.0)

AKI-KDIGO7de 69 (85.2) 61 (88.4) 0.563 1.038 (0.935, 1.152) ND

MAKE30, all criteriae 9 (11.1) 9 (13.0) 0.717 1.174 (0.567, 2.429) 14 (7.0)

All-cause mortality 0 (0) 2 (2.9) 0.123 ND 1 (0.5)

RRT 2 (2.5) 2 (2.9) 0.871 1.174 (0.232, 5.948) 4 (2.0)

Sustained eGFR reduction 8 (9.9) 7 (10.1) 0.956 1.027 (0.458, 2.303) 11 (5.5)

MAKE90, all criteriae 8 (9.9) 11 (15.9) 0.266 1.614 (0.789, 3.300) 13 (6.5)

All-cause mortality 2 (2.5) 3 (4.3) 0.523 1.761 (0.402, 7.713) 5 (2.5)

RRT 2 (2.5) 2 (2.9) 0.871 1.174 (0.232, 5.948) 4 (2.0)

Sustained eGFR reduction 5 (6.2) 7 (10.1) 0.371 1.643 (0.652, 4.143) 5 (2.5)

AKI, acute kidney injury; CI, confidence interval; eGFR, estimated glomerular filtration rate; KDIGO, Kidney Disease Improving Global Outcomes; ND, not done; RRT, renal replacement
therapy.
a2-sided P-value (chi-square test).
bRisk ratio to placebo (2-sided 90% CI for risk ratio).
cWilcoxon-test distribution severity categories (no AKI, stage 1–3): P ¼ 0.461.
dPrimary efficacy outcome.
eSecondary efficacy outcomes.
AKI-KDIGO72h, AKI as defined by all KDIGO criteria13 within 72 h after surgery.
AKI-KDIGO7d, AKI as defined by all KDIGO criteria13 within 7 days after surgery.
AKI-SCr7d, AKI as defined by KDIGO based on serum creatinine criteria13 within 7 days after surgery.
AKI-UO72h stage 3, AKI as defined by KDIGO based on urinary output criteria13 severity stage 3 within 72 h after surgery.
MAKE30, major adverse kidney events (all-cause mortality, RRT and/or sustained eGFR reduction [i.e., $25% reduction of eGFR-SCr compared with baseline]) within 30 days after
surgery.
MAKE90, MAKE within 90 days after surgery.
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MAKE, in the enrolled patient population. In general,
the AKI(-SCr)event rate was low in the study popula-
tion, that is, approximately half of the rates in control
groups of previous drug trials in cardiac surgery
Figure 2. Mean (� SD) values of serum creatinine (mg/dl). BL, Day 1 of sur
(24 h after surgery); V4, visit 4/day3 (48 h after surgery); V5, visit 5/day 4 (72
of discharge; V9, visit 9/day 30; V10, visit 10/day 90; ULN, upper limit of no

1412
patients.22,25 In addition, the overall severity of AKI
was low; rates of moderate/severe (stage 2/3) AKI(SCr) ,
which are associated with long-term outcomes,24 were
1.2% in the placebo group (11.5% in a previous trial22)
gery presurgery baseline; LLN, lower limit of normal; V3, visit 3/day 2
h after surgery); V6, visit 6/day 5; V7, visit 7/day 6; V8, visit 8/day 7/day
rmal.
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Figure 3. Mean (� SD) values of (a) kidney stress (T2�I7 AKIRisk score), and (b) damage (KIM-1) biomarker levels. BL, Day 1 of surgery
presurgery baseline; LLN, lower limit of normal; POST, day 1 of surgery postsurgery assessment pretreatment; V3, visit 3/day 2 (24 h after
surgery); V4, visit 4/day 3 (48 h after surgery); V5, visit 5/day 4 (72 h after surgery); V8, visit 8/day 7/day of discharge. KIM-1, kidney injury
molecule-1; ULN, upper limit of normal.
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versus 8.7% in the ASP1128 group, which are on par
with rates reported in trials using a similar T2�I7 cutoff
for inclusion (2.9–12.0%).11,26 The trend of difference
in numbers of moderate/severe AKI between groups
may be due to the effect of confounding postoperative
events associated with the development of AKI and
variability because of the smaller than anticipated
sample size and event rate. An effect of the drug, that
was safe and effective in preclinical studies,7,8 is less
likely. The clinical relevance of this trend was low
Table 3. The most common treatment-emergent adverse events and
serious adverse events, occurring in $5% of subjects in any ran-
domized group
Adverse event
(MedDRA V23.0)
preferred term

Placebo
(N [ 81) n (%)

ASP1128
(N [ 69) n (%)

Total
(N [ 150) n (%)

TEAEs

Overall 59 (72.8) 52 (75.4) 111 (74.0)

Atrial fibrillation 24 (29.6) 8 (11.6) 32 (21.3)

Constipation 13 (16.0) 13 (18.8) 26 (17.3)

Acute kidney injury 10 (12.3) 14 (20.3) 24 (16.0)

Nausea 8 (9.9) 5 (7.2) 13 (8.7)

Acute respiratory failure 6 (7.4) 6 (8.7) 12 (8.0)

Pleural effusion 2 (2.5) 9 (13.0) 11 (7.3)

Anemia 7 (8.6) 3 (4.3) 10 (6.7)

Pneumonia 5 (6.2) 4 (5.8) 9 (6.0)

Thrombocytopenia 2 (2.5) 7 (10.1) 9 (6.0)

Hypokalemia 3 (3.7) 5 (7.2) 8 (5.3)

Hypocalcemia 2 (2.5) 5 (7.2) 7 (4.7)

Hypotension 5 (6.2) 2 (2.9) 7 (4.7)

Blood loss anemia 3 (3.7) 4 (5.8) 7 (4.7)

Insomnia 5 (6.2) 1 (1.4) 6 (4.0)

Decreased appetite 1 (1.2) 4 (5.8) 5 (3.3)

Treatment-emergent SAEs

Atrial fibrillation 24 (29.6) 8 (11.6) 32 (21.3)

Acute kidney injury 10 (12.3) 14 (20.3) 24 (16.0)

Acute respiratory failure 6 (7.4) 6 (8.7) 12 (8.0)

MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event;
TEAE, treatment-emergent adverse events.
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because it did not translate into any difference in
longer-term outcomes on kidney function, such as rates
of renal recovery, renal replacement therapy, and
sustained eGFR reduction between groups. Regardless,
the numbers of stage 2/3 AKI and MAKE were too small
to make an informed conclusion, which is a key limi-
tation of the current study.

In designing the study, it was anticipated that the
postoperative T2�I7 requirement would enrich the AKI
rate in the randomized population. However, overall
AKI rates were surprisingly lower in the randomized
cohort than in the observational cohort. This difference
was limited to stage 1 AKI. The rates of stage 2/3 AKI
and MAKE (especially sustained eGFR loss) were higher
in the randomized cohort (stage 2/3 of all AKI: 7/34
randomized vs. 7/70 observational cohort). The nega-
tive predictive value for stage 2/3 AKI of the T2�I7
using a cutoff of 0.3 was high (96.5%: 193/200 obser-
vational cohort patients), which is consistent with the
previous literature.23 Therefore, using the biomarker
for enrollment did exclude patients at lower risk. To
increase the positive predictive value, a higher T2�I7
cutoff value may be required (e.g., 0.7).23 However, the
numbers in the subgroup of patients with pre-
randomization T2�I7 >0.7 were too small to allow a
meaningful evaluation.

Except for the postoperative T2�I7 criterion, pa-
tients in the randomized and observational cohorts met
the same selection criteria; therefore selection bias
cannot explain the difference in AKI rates. A dis-
balance in sex proportions could also not explain this
because a post hoc multiple logistic regression analysis
did not indicate (female) sex to be associated with
developing AKI. In the observational cohort, AEs and
comedication were not recorded beyond 24 hours after
surgery; therefore these could not be verified for
1413
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confounding effects. The T2�I7 values used for
randomization were known to the investigators; this
information may have introduced bias because of dif-
ferences in assumed risk for AKI affecting patient
management. Previous studies showed that applying
directed treatment in patients with a ‘positive’ T2�I7
signal (i.e., >0.3) reduced AKI rates following cardiac
surgery.23,26 If treatment bias occurred in the current
study, that is, supportive treatment to prevent AKI was
provided (consciously or unconsciously) to ‘positive
T2�I7’ at-risk patients and not to “negative T2�I7”
lower-risk patients, it may explain the relatively
overall lower rates of AKI in the randomized cohort.
Unfortunately, this is difficult to verify because the
study was not designed to evaluate this.

Based on the positive preclinical and phase-1 re-
sults,7–9 treatment effect was assumed for 100 mg
ASP1128 in the clinical setting. Reasons for an absence
of this treatment effect on renal outcomes of ASP1128
can be related to issues with the compound (dosing,
timing of treatment), the study (disbalance in con-
founding factors, population, and sample size), or both.
Unequal distribution between groups of baseline AKI
risk factors (chronic kidney disease, female sex) was
observed, but subgroup analyses correcting for these
factors did not reveal any efficacy signals. Postbaseline
factors in the ASP1128 group relating to postoperative
complications may have confounded an AKI efficacy
signal. Plasma exposures and target gene expression of
the 100 mg dose in the study patients were comparable
with those in phase-1 healthy volunteers, so the dose
has shown significant target engagement. The 72-hour
period of drug administration started at the onset of
injury, as related to T2�I7 increase, and covered the
peaks of kidney injury biomarkers; and most AKI
occurred in the first 72 hours postsurgery. In subgroup
analyses, no differences in AKI rates were observed if
treatment started early or later. It is unlikely that the
exposure, timing, and effect of the drug was insuffi-
cient to attenuate injury leading to AKI. However, in
the study population, this injury may not have been
sufficient quantitatively and/or qualitatively to allow
an attenuative effect of ASP1128.

The reported primary end point event rate in the
placebo group was lower than anticipated in the sample
size calculation; therefore the power to assess a reduc-
tion of AKI rates with ASP1128 against placebo could be
too low to be reliable. But the interim analysis result
indicated that such an effect was unlikely, even with a
larger sample size. This relatively low event rate and
severity may be due to applying comparatively mild
selection criteria. Teprasiran, a small interfering RNA
inhibiting p53-mediated apoptosis, showed positive re-
sults in the phase-2 study with AKI rates and severity
1414
levels that were more than twice as high as in the cur-
rent study.22 That study had a lower eGFR threshold for
enrollment than the current study ($20 vs. $30 ml/min
per 1.73 m2) and required 2 or more AKI risk factors at
screening in low-risk surgeries,22 whereas the current
study required 1 AKI risk factor. Overall, good renal
reserve of the study population at baseline reduces the
risk of AKI,27 negatively impacting the sensitivity of SCr
as the defining parameter of AKI. The baseline median
eGFR in the current study was approximately 80 ml/min
per 1.73 m2, whereas this was approximately 60 ml/min
per 1.73 m2 in the teprasiran study; in addition, the SCr
levels (baseline and changes from baseline) were
lower.22 The follow-up phase-3 study with teprasiran,
which had selection criteria comparable to the current
study, was terminated because the primary end point
(reduction of MAKE 90%) and secondary endpoints
(e.g., reduction of AKI%) were not achieved despite the
large sample size of 1043 enrolled patients.28,29 A
probable reason for this is a floor effect, that is, AKI
events in the phase-3 were too few and/or not severe
enough to replicate positive results of the phase-2 study.
The Statin AKI Cardiac Surgery trial verified the retro-
spective observation that perioperative atorvastatin
treatment reduced AKI% following cardiac surgery;
however, it failed to replicate this.30 This may have been
due to the lack of efficacy of the intervention, but AKI
rate and severity were also quite low, comparable to the
current study (placebo group: AKI rate 19.5%; stage 2/3
2.6%).30 Although even mild AKI (i.e., stage 1),
including transient oliguria, is associated with adverse
long-term consequences, mild AKI has a better prog-
nosis than moderate/severe AKI;24 therefore a treatment
effect on long-term outcomes will be less pronounced
and therefore more difficult to observe if the overall
disease severity of the study population is low. The
subgroup analysis in patients with a limited baseline
kidney function (eGFR <60) did not show any differ-
ences between groups, but the sample size was too small
(16 placebo, 7 ASP1128) to be conclusive. Whether
ASP1128 would be beneficial in a population with more
severe kidney damage remains to be determined.

The safety of the compound was acceptable,
although some numerical differences in TEAEs be-
tween groups were observed. The numerical difference
in thrombocytopenia events did not translate into a
difference in average platelet levels, and no relevant
differences were seen for AKI and pleural effusion
concurrently with drug administration, so a direct
drug effect causing these were less likely. For POAF, a
common and relevant complication of cardiac surgery,
the difference between groups was relevant; during the
first 7 postoperative days, a 71% reduction in inci-
dence was observed (numbers needed to treat: 5). In
Kidney International Reports (2023) 8, 1407–1416
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comparison, in a meta-analysis this was 48% for (pre-
ventive) beta-blocker treatment.31 The incidence of
POAF in the placebo group is in line with previous
studies,22,25 and the cardiac surgery population in
general.32 The effect could not be explained by dif-
ferences between groups in confounding factors, such
as risk factors or comedications (POAF treatment was
not regulated in the study); an effect of ASP1128 in
reducing the incidence of POAF could not be excluded.
Impaired mitochondrial metabolic function in response
to cardiac ischemia-reperfusion is implicated in the
etiology of POAF.32 PPARd modulation could be of
interest as a drug target in such injury, like in POAF
and myocardial infarction. However, the current study
was not designed to evaluate POAF, so the findings
need to be verified in dedicated clinical studies.

In conclusion, treatment with the PPARd modulator
ASP1128 was safe and well tolerated but lacked efficacy
to reduce postoperative AKI and MAKE in biomarker-
positive cardiac surgery patients. A possible effect on
reducing POAF could not be excluded.
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