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ABT-719 for the Prevention of Acute Kidney Injury in Patients
Undergoing High-Risk Cardiac Surgery: A Randomized Phase 2b

Clinical Trial

Peter A. McCullough, MD, MPH, FACC, FACP, FAHA, FCCP, FNKF; Elliott Bennett-Guerrero, MD; Lakhmir S. Chawla, MD; Thomas Beaver, MD;
Ravindra L. Mehta, MD; Bruce A. Molitoris, MD; Ann Eldred, MD; Greg Ball, PhD; Ho-Jin Lee, PhD; Mark T. Houser, MD, MBA; Samina Khan, MD*

Background—Patients undergoing cardiac surgeries with cardiopulmonary bypass (on-pump) have a high risk for acute kidney
injury (AKI). We tested ABT-719, a novel a-melanocyte-stimulating hormone analog, for prevention of AKI in postoperative cardiac
surgery patients.

Methods and Results—This phase 2b randomized, double-blind, placebo-controlled trial included adult patients with stable renal
function undergoing high-risk on-pump cardiac surgery in the United States and Denmark. Participants received placebo (n=61)
or cumulative ABT-719 doses of 800 (n=59), 1600 (n=61), or 2100 pg/kg (n=59). Primary outcome was development of AKI
based on Acute Kidney Injury Network (AKIN) criteria, measured utilizing preoperative creatinine value and maximum value
within 48 hours and urine output within the first 42 hours postsurgery. Secondary outcomes included incidence of AKI based on
maximal changes from baseline in novel AKI biomarkers over a 72-hour period after clamp release and length of intensive care
unit stays through 90 days postsurgery. A total of 65.5%, 62.7%, and 69.6% of patients in the 800-, 1600-, and 2100-ug/kg
groups, respectively, developed AKI (stages 1, 2, and 3 combined) versus 65.5% in the placebo group (for each pair-wise
comparison with placebo, P=0.966, 0.815, and 0.605, respectively). Adverse events occurred at a similar rate in all treatment
groups.

Conclusions—ABT-7 19 treatment did not lower AKI incidence using AKIN criteria, influence the elevations of novel biomarkers, or
change 90-day outcomes in patients after cardiac surgery.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique Identifier: NCT01777165. (J Am Heart Assoc. 2016;5:
003549 doi: 10.1161/JAHA.116.003549)
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C ardiac-surgery—associated acute kidney injury (AKI) performed with cardiopulmonary bypass (CPB; on-pump) have
results in high resource utilization, in-hospital mortality, a high risk of developing AKI.®

permanent loss of renal function, and poor long-term In the CPB setting, a potential etiology of cardiac-

survival."™ Patients undergoing cardiac surgery procedures surgery—related AKl is ischemia/reperfusion (I/R) injury, which
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can result in tubular epithelial and vascular endothelial
damage.®® a-Melanocyte-stimulating hormone (a-MSH) is an
endogenous hormone that inhibits inflammatory, cytotoxic,
and apoptotic pathways, thus preventing renal injury caused by
|/R-induced AKL.*~'" Additionally, &-MSH has direct protective
effects on the kidney, which may result from stimulation of the
melanocortin receptors (MCRs) 1 and 3 in the outer renal
medulla.'? The apical membrane of collecting ducts, including
the principal cells in the cortical collecting duct, also express
MCR1 and may play a protective role in I/R injury.'"

ABT-719 (formerly AP214 acetate), a novel synthetic
o-MSH analog with 6 lysine residues at the amino terminus,
binds to MCRs 1, 3, 4, and 5 with high specificity.'® Preclinical
studies in models of systemic and local inflammation
demonstrate that ABT-719 has anti-inflammatory and organ-
protective effects.' "7 In a phase 2 trial (N=77; CS007;
NCT01256372), patients receiving ABT-719 800 ng/kg
(n=26) had reduced incidence of AKI defined by the Acute
Kidney Injury Network (AKIN)'® and Risk, Injury, Failure, Loss,
and End-Stage Kidney Disease (RIFLE)' criteria (Table 1), as
well as 90-day composite outcomes after cardiac surgery.”’
We sought to substantiate these results by evaluating a higher
range of ABT-719 doses.

Table 1. Staging Criteria for AKI

Stage | Serum Creatinine
AKIN

1 | Increase >0.3 mg/dL (>26.5 umol/L)
OR increase to 1.5 to 2.0-fold from
baseline

2 | >2.0 to 3.0-fold from baseline

Urine Output

<0.5 mL/kg per
hour for 6 hours

<0.5 mL/kg per
hour for 12 hours

3 | SeruT >3.0-fold from baseline OR
>4.0 mg/dL (>354 pmol/L) with an
acute increase >0.5 mg/dL (44 pmol/
L) OR need for RRT

Anuria for 12 hour
OR need for RRT

KDIGO

1 1.5 to 1.9 times baseline OR >0.3 mg/ | <0.5 mlL/kg per
dL (>26.5 pmol/L) increase hour for 6 to
12 hours

2 | 2.0 to 2.9 times baseline <0.5 mL/kg per
hour for

>12 hours

3 | 3.0times baseline OR increase in serum
creatinine to >4.0 mg/dL

(>353.6 pumol/L) OR initiation of renal
replacement therapy OR, in patients
<18 years, decrease in eGFR to

<35 mL/min per 1.73 m?

AKl indicates acute kidney injury; AKIN, Acute Kidney Injury Network; eGFR, estimated
glomerular filtration rate; KDIGO, Kidney Disease: Improving Global Outcomes; OR, odds
ratio; RRT, renal replacement therapy.

Methods
Study Design

This was a phase 2b randomized, double-blind, placebo-
controlled, parallel-group, multicenter study designed to
evaluate the safety and efficacy of ABT-719 in preventing
AKI associated with high-risk, predefined on-pump cardiac
surgeries  (ClinicalTrials.gov  identifier:  NCT01777165).
Patients were stratified by screening estimated glomerular
filtration rate (eGFR; 16—45 mL/min per 1.73 m? and
>45 mL/min per 1.73 m?), and 3 categories for type of
surgery and were randomized into 4 treatment groups: ABT-
719 800, 1600, and 2100 png/kg and placebo. The study
was designed to enroll up to 240 patients in the United
States and Denmark. ABT-719 treatment in the phase 2
CS007 study resulted in a 46% relative risk reduction (RRR)
of developing a positive AKIN score. Expecting sparse data
and using a Fisher's exact test with a 0.050 1-sided
significance level, a sample size of 60 patients per treatment
group was determined to have 94% power to detect an RRR
of 46% in developing AKI, assuming a 65% rate of the
primary endpoint in the placebo group without adjustment
for multiple comparisons. A baseline visit occurred within
24 hours of surgery, with daily follow-up visits up to day 7
(depending on the length of hospitalization); 3 additional
follow-up visits occurred approximately 30, 60, and 90 days
postsurgery.

As shown in Table 2, treatments were administered as 6
intravenous infusions: (1) before skin incision (within 10 min-
utes); (2) before aortic cross-clamp release, but >1 hour after
the first dose; (3) 6 hours (=30 minutes) after clamp release;
(4) 12 hours (£30 minutes) after clamp release; (5) 24 hours
(60 minutes) after clamp release; and (6) 48 hours
(60 minutes) after clamp release. Infusions were given over
a 10-minute period.

An independent data monitoring committee monitored the
safety and tolerability of treatment with ABT-719. The study
protocol and informed consent were reviewed and approved
by the institutional review board or independent ethics

Table 2. Dosing Schedule for Randomized Groups

ABT- After Clamp Release

719

Dose Before At

(ng/ Skin Clamp

kg) Incision | Release | 6 hours | 12 hours | 24 hours | 48 hours
800 200 400 200 0 0 0

1600 | 300 600 300 200 200 0

2100 | 300 600 300 300 300 300

Skin incision refers to the cardiac surgery.
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committee at each study site, and the study was compliant
with the Declaration of Helsinki. The US Food and Drug
Administration was consulted and provided feedback on the
study protocol. All subjects gave informed consent.

Eligibility Criteria and Recruitment

Enrolled patients were >18 years old and provided written
informed consent before any study-specific procedures were
performed (Figure 1). Eligible patients were required to have
stable renal function and must have been undergoing a
predefined on-pump cardiac surgery with a high-risk of
developing AKI in 1 of 3 categories: (1) coronary artery
bypass grafting (CABG) and surgery of >1 cardiac valves
(valve[s] surgery) or surgery of the aortic root or ascending
part of the aorta combined with CABG and/or valve(s)
surgery; (2) surgery of >1 cardiac valve(s) or surgery of the
aortic root or ascending part of the aorta; or (3) patients
undergoing either CABG or single-valve surgery were
required to have chronic kidney disease (CKD; eGFR
16-59 mL/min per 1.73 m?). Patients with an eGFR
<15 mL/min per 1.73 m?, requiring reoperation of >1
valves within 3 months of the original surgery, with a

diagnosis of endocarditis, or with a known AKI during the
4 weeks before the study were excluded.

Efficacy and Safety Analyses

Primary and secondary outcomes

The primary efficacy endpoint was evaluated from the
modified intent-to-treat analysis set (ie, all randomized
patients who received >1 infusion of study drug). The primary
endpoint was development of AKI defined by the AKIN criteria,
utilizing the preoperative creatinine value, and the maximum
value within 48 hours of surgery and the urine output within
the first 42 hours postsurgery. The AKIN criteria were the
most contemporary criteria available at the time of the initial
study design; the Kidney Disease: Improving Global Outcomes
(KDIGO) criteria (Table 1) were published during the course of
protocol development. Major secondary efficacy endpoints
included the percentage of patients who developed >1 of the
following composite endpoints: death, need for any renal
replacement therapy (RRT) during the 90-day postoperative
period, or >25% reduction in eGFR from baseline to 90 days
postsurgery (major adverse kidney events [MAKE])?"; per-
centage of patients who developed AKI as defined by the

| 273 screened |

33 excluded*
22 did not meet entry criteria

v

7 withdrew consent
5 other reasons

| 240 eligible for randomization |

—P| 9 did not receive study drug |

| 231 included in the intent-to-treat population |

|

|

59 assigned to
placebo

|

! }

57 assigned to
ABT-719 800 pug/kg

59 assigned to 56 assigned to
ABT-719 1600 pg/kg ABT-719 2100 pg/kg

8 discontinued
study

le—

3 discontinued
study

—

>

4 discontinued
study

»| 7 discontinued

study

51 completed
the study

54 completed
the study

55 completed
the study

49 completed
the study

Figure 1. Disposition of patients in CONSORT flow diagram. *Reasons for exclusion were not mutually exclusive.
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RIFLE' or KDIGO?? criteria; maximal changes from baseline
in novel AKI biomarkers over a 72-hour period after clamp
release; and length of intensive care unit (ICU) and hospital
stays. Per the study protocol, the aforementioned endpoints
were only followed out to 90 days postsurgery. Information
regarding perfusion methods was not collected as part of this
study.

Safety analysis

Patients were asked to report all adverse events (AEs) at the
30-day follow-up visit; AEs that were spontaneously reported
by the patient at the day 60 and day 90 follow-up visits were
recorded. AEs and serious AEs were categorized by Medical
Dictionary for Regulatory Activities (MedDRA) system organ
class (SOC) and preferred term. The composite endpoint of
major adverse cardiac events (MACE), which included patients
with cardiac disorders, irregular heart rates, and nervous
system disorders based on the MedDRA SOC and preferred
term classification, was assessed for up to 120 days
postsurgery.

Statistical Analysis

Efficacy analyses were conducted on the modified intent-
to-treat analysis set (i.e., all randomized patients who
received >1 infusion of study drug). Safety analyses were
conducted on the safety analysis set, which also includes all
randomized patients who received >1 infusion of study drug.
The primary efficacy analysis was pair-wise comparisons
between each ABT-719 dose group (shown in Table 2) versus
placebo in the percentage of patients who developed AKI as
defined by the AKIN scoring criteria, using the Cochran—
Mantel-Haenszel test to control for stratification factors
(serum creatinine [SCr]-based eGFR and 3 categories for type
of surgery) through 48 hours postsurgery (48 hours for SCr
and 42 hours for urine output). Dose responses among the
ABT-719 dose groups in the primary efficacy endpoint were
evaluated using a Cochran—Armitage test for trend. The
Cochran—Mantel-Haenszel test was also used to analyze AKI
incidence as defined by RIFLE and KDIGO, 90-day composite/
MAKE, and AKI biomarker elevations. Treatment effects were
further evaluated using ANCOVA models, with treatment
group as a factor and baseline as a covariate for AKI
biomarkers. Per protocol, ANOVA was used to analyze ICU
stay and days spent in the hospital. A post-hoc analysis of ICU
stay and days spent in the hospital was also run using the
Kruskal-Wallis test. AKI biomarker elevations were evaluated
according to 1-fold (1x) or 2-fold (2x) elevations from
baseline to the peak values measured within 72 hours, given
the wide range of baseline values expected with these
markers. P values are reported without adjustment for
multiplicity

Results
Patients

Disposition

Patient disposition is shown in Figure 1. A total of 240
patients were randomized and 9 dropped out before
receiving study drug. All 231 patients included for analysis
received at least 1 dose of study drug. Twenty-two patients,
all of whom received 1 or more doses of study drug,
discontinued the study; the most common reason for
discontinuation was AEs (n=11; 4.8%). A total of 209
patients completed the study receiving all dose administra-
tions of study drug, including 51, 54, 55, and 49 patients
from the placebo, 800-, 1600-, and 2100-ug/kg ABT-719
groups, respectively (Figure 1).

Demographics and baseline characteristics

Baseline characteristics, demographics, and comorbidities
were similar among patients in the 4 treatment groups
(Table 3). Mean age was 69.1 years, 71.4% were men, the
mean eGFR calculated from the preoperative creatinine value
was 70.6 mL/min per 1.73 m? 29.0% had a history of
diabetes mellitus, 27.3% had a history of heart failure, and
the mean time on CPB was 130.9 minutes.

Primary Outcome

The percentage of patients who developed AKI according to
the AKIN (Figure 2) criteria was similar among treatment
groups (Figure 2A). A total of 65.5% (95% Cl, 51.4-77.8),
62.7% (95% Cl, 49.2-75.0), and 69.6% (95% ClI, 55.9-81.2)
of patients in the 800-, 1600-, and 2100-ug/kg groups,
respectively, developed AKI (stages 1, 2, and 3 combined)
compared with 65.5% (95% Cl, 51.9—77.5) in the placebo
group (pair-wise comparison with placebo, P=0.966,
P=0.815, and P=0.605, respectively). The percentage of
patients who developed stage 3 AKI was numerically lower
in all ABT-719 groups (5.5% for 800, 5.1% for 1600, and
5.4% for 2100 pg/kg) compared to the placebo arm (12.1%;
Figure 2A); however, none were statistically different from
placebo.

Secondary Outcomes

AKl Incidence by RIFLE and KDIGO criteria

There were no significant differences in the percentage of
patients who developed AKI among the treatment groups
based on the RIFLE and KDIGO AKI scoring criteria (data
not shown). Comparing the incidence of AKI using RIFLE
and KDIGO criteria based on SCr only, urine output only,
or both SCr and/or urine output did not alter the
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Table 3. Demographics and Baseline Characteristics

McCullough et al

ABT-719
Characteristic Placebo (n=59) 800 pg/kg (n=57) 1600 pg/kg (n=59) 2100 pg/kg (n=56)
Age, y 71.1 (9.4) 68.9 (10.2) 67.7 (12.5) 68.6 (10.6)
Male, n (%) 46 (78.0) 40 (70.2) 43 (72.9) 36 (64.3)
Weight, kg 86.4 (15.1) 84.1 (16.9) 84.1 (17.1) 90.9 (19.6)
Race, n (%)

White 56 (94.9) 53 (93.0) 56 (94.9) 50 (89.3)

Black 3 (5.1) 4 (7.0) 1(1.7) 5 (8.9)

Asian 0 0 1(.7) 0

Other 0 0 1(1.7) 1(1.8)
Systolic blood pressure, mm Hg 117.6 (28.4) 115.0 (26.8) 109.8 (24.6) 114.8 (23.2)
Diastolic blood pressure, mm Hg 57.9 (14.3) 58.2 (13.0) 57.0 (10.7) 57.3 (11.9)
eGFR, mL/min per 1.73 m? 69.5 (21.6) 72.2 (23.8)" 70.1 (20.8)* 70.6 (20.7)
Serum creatinine, mg/dL 1.1 (0.39) 1.1 (0.41) 1.1 (0.34) 1.1 (0.42)
Hemoglobin, g/dL 13.0 (1.8) 12.6 (1.9) 12.6 (2.0) 12.7 (2.0)
Albumin, g/L 3.7 (0.4) 4.4 (5.0) 3.8 (0.5) 45 (6.1)
Comorbidities at baseline, n (%)

Diabetes mellitus 16 (27.1) 16 (28.1) 18 (30.5) 17 (30.4)

CKD 23 (39.0) 22 (38.6) 23 (39.0) 19 (33.9)

Hypertension 47 (79.7) 46 (80.7) 44 (74.6) 43 (76.8)

Heart failure 15 (25.4) 20 (35.1) 15 (25.4) 13 (23.2)
Duration of CPB, minutes 134.9 (80.6) 130.1 (54.1)* 128.8 (51.7)* 129.8 (53.8)
Blood loss®, mL

Mean (SD) 589.7 (1037.9) 463.5 (485.7) 680.1 (1039.6) 534.5 (643.7)

Median 250.0 300.0 450.0 300.0

CKD indicates chronic kidney disease; CPB, cardiopulmonary bypass; eGFR, estimated glomerular filtration rate; SD, standard deviation. Data are presented as mean (SD) unless otherwise

noted.
*At least 1 missing assessment.

'Placebo, n=30; ABT-719 800 pg/kg, n=33; ABT-719 1600 pg/kg, n=39; ABT-719 2100 pg/kg, n=33.

conclusion (Figure 2B through 2D). However, AKI incidence
was relatively higher using the RIFLE criteria compared
with KDIGO criteria because the RIFLE criteria include
reduction in eGFR (Figure 2B and 2D). The efficacy of
treatment with ABT-719 was further assessed by compar-
ing the percentage of patients who developed >1 of the
90-day composite outcomes (MAKE). Overall, there was no
significant difference between patients receiving placebo
and ABT-719 (P=0.250). Compared to the placebo group
(n=12; 20.3%; 95% Cl, 11.0-32.8), similar percentages of
patients in the 800-ug/kg group (n=7; 12.3%; 95% Cl,
5.1-23.7), 1600-ug/kg group (n=6; 10.2%; 95% Cl, 3.8—
20.8), and 2100-pg/kg group (n=11; 19.6%; 95% Cl, 10.2—
32.4) developed a MAKE event (Figure 3). When events
were examined individually, participants needed RRT
across all ABT-719 treatment groups (4 of 172; 2.3%) at
a numerically lower, albeit not statistically significant, rate

compared to patients in the placebo group (5 of 59; 8.5%;
P=0.055; Figure 3).

Length of hospitalization and ICU stays

The respective median (range) lengths of hospital stay within
90 days after surgery for the ABT-719 800-, 1600-, and 2100-
ng/kg and placebo groups were 8.0 (5.0-90.0), 8.0 (5.0—
90.0), 10.0 (5.0-90.0), and 9.0 (5.0-90.0) days. Using
ANOVA, P values were P=0.124, P=0.025, and P=0.773
versus placebo, respectively; P values were >0.06 using the
Kruskal-Wallis test (Figure 4). The respective median (range)
lengths of ICU stays for the ABT-719 800-, 1600-, and 2100-
ng/kg and placebo groups were 3.0 (1.0-32.0), 2.0 (2.0—
17.0), 4.0 (1.0-39.0), and 3.0 (2.0—47.0) days. Using ANOVA,
P values were P=0.258, P=0.073, and P=0.906 versus
placebo, respectively; P values were >0.09 using the
Kruskal-Wallis test (Figure 4).
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Figure 2. Effect of ABT-719 treatment on AKI incidence. *AKI incidence was determined by (A) the AKIN criteria, (B) RIFLE, AKIN,
and KDIGO criteria using SCr only, (C) RIFLE, AKIN, and KDIGO criteria using urine output only, and (D) RIFLE, AKIN, and KDIGO
criteria using both SCr and/or urine output. Any patient receiving RRT was classified as stage 3 AKl according to the AKIN and KDIGO
criteria. AKl indicates acute kidney injury; AKIN, Acute Kidney Injury Network; KDIGO, Kidney Disease: Improving Global Outcomes;
PBO, placebo; RIFLE, Risk, Injury, Failure, Loss, and End-Stage Kidney Disease; RRT, renal replacement therapy; SCr, serum

creatinine. *95% Cl for any stage AKI incidence.

Changes in biomarkers of tubular injury

Serum and urine samples were collected from study partici-
pants over a 72-hour period after clamp release to assess the
expression of biomarkers that are predictive of early-stage AKI.
There were no significant differences in the percentage of
patients with 1x and 2 x increases from baseline in expression
of serum and urine neutrophil gelatinase-associated lipocalin
(NGAL), urine interleukin-18 (IL-18), and urine kidney injury
molecule-1 (KIM-1) among the 4 treatment groups (Figure 5).

Safety

Fewer patients in the 800- and 1600-pg/kg groups, but more
patients in the 2100-pg/kg group, developed serious AEs
(21.1%, 22.0%, and 48.2%, respectively, vs 44.1% for placebo)
and severe AEs (death, life-threatening, required or prolonged

hospitalization, or caused permanent disability; 17.5%, 20.3%,
and 42.9%, respectively, vs 30.5% for placebo; Table 4). In
addition, numerically, more patients discontinued from the
study because of AEs in the placebo (6.8%) and 2100-ug/kg
groups (7.1%) compared to the 800- (3.5%) and 1600-pg/kg
groups (1.7%). Hypersensitivity, atrial fibrillation, nausea, and
surgery-related pain were the most common AEs. There were
no clinical differences in MACE events among treatment
groups through 120 days postsurgery (placebo, 5.1%; ABT-
719 800 ng/kg, 5.3%; ABT-719 1600 pg/kg, 6.8%; ABT-719
2100 pg/kg, 12.5%; Table 4).

Discussion

Treatment with ABT-719 did not reduce the overall incidence
of AKIl as assessed using the AKIN, RIFLE, and KDIGO

DOI: 10.1161/JAHA.116.003549

Journal of the American Heart Association 6

HDOYVIASHY TVNIDIYO



ABT-719 for Prevention of AKI After Cardiac Surgery McCullough et al

100 ]
50
35 -
30 A1
ES
g 25 1
£ @ 225% decrease in eGFR
5 DRRT
g 20 1
= @ Death
w
o
<
2 15 A
10 A
5
0
Placebo 800 1600 2100
ABT-719, ug/kg

Figure 3. Effect of ABT-719 treatment on incidence of com-
posite outcomes (MAKE). *Percentage of patients developing at
least 1 of the composite events of death, needing RRT during the
90-day postoperative period or >25% reduction in eGFR at day 90.
eGFR indicates estimated glomerular filtration rate; MAKE, major
adverse kidney events; RRT, renal replacement therapy. *95% Cl
for any composite event.

classifications, nor did it influence elevations of novel
biomarkers or clinical outcomes through 90 days. NGAL,
KIM-1, and IL-18 levels were elevated at baseline and further
increased in the majority of patients; these elevations did not
differ significantly among the groups. The safety profile of
ABT-719 was relatively similar across all treatment groups
with numerically higher numbers of adverse events in the
placebo and 2100-ng/kg groups.

Effective prophylactic treatments for AKIl are needed.
Approximately 5% to 30% of patients develop AKI after cardiac
surgery, with 1% to 5% of patients requiring RRT.>?32°
Although the risk of mortality after major cardiac surgery is

30
@ Placebo
3 800 pg/kg

2 204 [ 1600 pg/kg

a Bl 2100 pgkg

g p=0.041

2 10-

Hospital ICU

Figure 4. Effect of ABT-719 treatment on the length of
hospitalization. Length of stay in the hospital and intensive care
unit (ICU) by 90 days postsurgery. Using the Kruskal-Wallis test
for the comparisons between placebo and ABT-719, P values were
>0.06 for hospitalization and >0.09 for ICU stay.

2% to 8%, the overall mortality among patients who develop
postoperative AKIl can exceed 50%, which suggests that AKI
may contribute in the causal pathway of postoperative
death.?®?” In the present phase 2b study (M13-796), the
efficacy and safety of ABT-719 for the prevention and
treatment of AKI were analyzed. This was perhaps the fastest
enrolling trial for the prevention of AKI after cardiac surgery
and was the first to prospectively use both SCr and urine
output data (standardized definitions of AKI) in the primary
endpoint. However, we failed to confirm the previous phase 2
trial results with this agent and our study serves as a cautious
reminder of how early phase 2 trials can yield results that fail
to be confirmed in larger, more tightly controlled studies
involving a larger number of enrolling sites. Furthermore, our
trial illustrates the difficulties in using a primary endpoint that
relies on changes in SCr and urine output, given that these
measures can be manipulated by use of intravenous fluid and
diuretics and do not represent an outcome that is measurable
by clinical symptoms or imaging or physiological studies.

Cardiac-surgery—associated AKI remains a clinical chal-
lenge. Risk factors for postoperative AKI include the type of
procedure, prolonged bypass time, CKD, preexisting conges-
tive heart failure, diabetes mellitus, female sex, and advanced
age.2?¥%82% | /R injury associated with CPB may trigger
strong systemic inflammatory response syndrome,®”*°
resulting in oxidative stress, apoptotic cell death, and/or
acute tubular necrosis.®' % Because AKI occurs at similar
rates in on-pump and off-pump cardiac surgery, neurohor-
monal activation, cholesterol microembolization, and hemo-
dynamic instability are all considered potential contributors to
cardiac-surgery—associated AKI.** The relative contributions
of atheroembolism, I/R, inflammation, and other potential
pathogenic mechanisms, including neurohormonal activation
and injurious cell signaling, remain poorly understood. We
demonstrated that the use of AKIN, RIFLE, and KDIGO criteria
demonstrates largely concordant results in this, the first
clinical trial in which they have been specified as outcomes.

Changes in SCr levels may take time to evolve and do not
become detectable until approximately 50% of kidney function
is lost in patients with previously normal GFR. Biomarkers of
AKl, such as NGAL, KIM-1, and IL-18, may be potentially
beneficial for early detection, diagnosis, and prognosis of AKI
after cardiac surgery.35’36 However, in our study and others,
these markers are commonly elevated at baseline, and thus a
relatively large change from baseline (doubling or tripling) would
be needed to detect AKI in this setting.®” % In our study, the
results in functional and novel injury markers were concordant
in demonstrating no benefit of ABT-719 treatment.

Several studies have shown that postoperative AKI is
associated with increased resource utilization, including
prolonged hospitalization, longer ICU stays, higher hospital
costs, and increased mortality risk.”> We observed that
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Figure 5. Increase in AKI biomarkers over a 72-hour period after clamp release. (A) Serum NGAL, (B) urine NGAL, (C) urine IL-18, and (D) urine
KIM-1. AKl indicates acute kidney injury; IL-18, interleukin-18; KIM-1, kidney injury molecule 1; NGAL, neutrophil gelatinase-associated lipocalin.

patients in our trial experienced a range of hospital stays, and
there was no clear signal that consistently suggested that
ABT-719 was influencing clinical factors (eg, AKI, pain,
functional status, and wound healing) related to resource
utilization.

Our study has several strengths. First, it was a randomized,
multidose, placebo-controlled study in a relevant patient
population at high risk for AKI. Second, the study had
appropriate follow-up and assessed guideline-recommended

Table 4. Summary of Incidence of AEs

definitions of AKI, novel biomarkers, and short- and medium-
term clinical outcomes. This trial showed progress in trial
design of pharmacological agents for the treatment of
cardiac-surgery—related AKl, and information gathered from
this clinical trial will help inform future AKI studies.

Our study has all the limitations inherent in small,
randomized trials seeking to find differences in measured
outcomes post-treatment with a novel agent. It is possible
that the therapy simply was not biologically active in this

ABT-719

Type of Event, n (%) Placebo (n=59) 800 pg/kg (n=57) 1600 pg/kg (n=59) 2100 pg/kg (n=56)
Any AE 56 (94.9) 48 (84.2) 56 (94.9) 54 (96.4)

Any serious AE 26 (44.1) 12 (21.1) 13 (22.0) 27 (48.2)

Any severe AE 18 (30.5) 10 (17.5) 12 (20.3) 24 (42.9)

Any AE leading to discontinuation of study drug 4 (6.8) 2 (3.5 1(1.7) 4(7.1)

MACE 120 3(5.1) 3 (5.3 4 (6.8) 7 (12.5)

AE indicates adverse event; MACE 120, major adverse cardiac events up to 120 days after surgery.
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application, was given in doses that were too small, or was
not given for a sufficient length of time. We attempted to
manage limitations by varying both the dose and duration of
treatment; however, we could not identify a beneficial signal
on the primary endpoint. Additionally, it is possible that we
simply did not have a sensitive outcome of AKI and cannot
measure renal injury to a sufficiently precise degree to detect
benefit or harm of ABT-719.

Measurement of GFR, using the inulin or isotype method,
may have provided a more-sensitive assessment of renal
injury in this cohort. The patient population enrolled in this
study was predominantly white and male, which limits the
generalizability of the results. We did not collect detailed
information regarding the hemoperfusion methods used in
each case, and this may be a source of unmeasured
confounding. It is possible that the trial was simply too small
and that a much larger trial would have delivered a more-
secure result with respect to efficacy of ABT-719. The
relatively large reduction of AKI incidence with 800-ug/kg
ABT-719 treatment observed in the previous phase 2 trial
(NCT01256372) may have been attributed to alpha error
attributed to the small study size (n=26 in the 800-ug/kg
dose group). Finally, it may be possible that the demon-
strated preclinical efficacy of ABT-719 in preventing AKI may
not translate to the clinical setting because of the
differences in the pathophysiology of AKI in humans and
animal models.*® Patterns of damage observed in human AKI
are not necessarily consistent with those observed in animal
models. Future studies of ABT-719 may require a change
from the perioperative dosing schedule utilized in the
present study. Preoperative dosing to ensure adequate
bioavailability of ABT-719 may increase the likelihood of
reduced AKI incidence.

In summary, treatment with ABT-719 did not lower AKI
incidence using the AKIN criteria, nor did it influence the
elevation of novel markers of renal tubular injury or clinical
outcomes through 90 days.
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