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Aims Delcasertib is a selective inhibitor of delta-protein kinase C (delta-PKC), which reduced infarct size during ischaemia/
reperfusion in animal models and diminished myocardial necrosis and improved reperfusion in a pilot study during
primary percutaneous coronary intervention (PCI) for ST elevation myocardial infarction (STEMI).

Methods
and results

A multicentre, double-blind trial was performed in patients presenting within 6 h and undergoing primary PCI for anterior
(the primary analysis cohort, n ¼ 1010 patients) or inferior (an exploratory cohort, capped at 166 patients) STEMI. Patients
withanteriorSTEMIwere randomized toplacebooroneof threedosesofdelcasertib (50,150,or450 mg/h)by intravenous
infusion initiated before PCI and continued for�2.5 h.Therewere nodifferencesbetween treatment groups in the primary
efficacy endpoint of infarct size measured by creatine kinase MB fraction area under the curve (AUC) (median 5156, 5043,
4419, and 5253 ng h/mL in the placebo, delcasertib 50, 150, and 450 mg/mL groups, respectively) in the anterior STEMI
cohort. No treatment-related differences were seen in secondary endpoints of infarct size, electrocardiographic ST-
segment recovery AUC or time to stable ST recovery, or left ventricular ejection fraction at 3 months. No differences in
rates of adjudicated clinical endpoints (death, heart failure, or serious ventricular arrhythmias) were observed.
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Conclusions Selective inhibition of delta-PKC with intravenous infusion of delcasertib during PCI for acute STEMI in a population of
patients treated according to contemporary standard of care did not reduce biomarkers of myocardial injury.

Clinical trial
registration

ClinicalTrials.gov Identifier: NCT00785954.
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Introduction
Coronaryartery reperfusion reduces mortality and morbidity among
patientswith acutemyocardial infarction.1,2 Nevertheless, an import-
ant proportion of patients die or develop left ventricular dysfunction
and heart failure in the weeks to months after myocardial infarc-
tion.3 –6 Reperfusion injury due to tissue inflammation, free radical
generation, endothelial dysfunction, and microvascular obstruction
may limit infarct salvage in this setting.7

Delcasertib is a 23-amino acid peptide inhibitor of the delta isoform
of protein kinase C (PKC), which selectively disrupts binding of acti-
vated delta-PKC with its receptor for activated C-kinase and does
not affect activation or localization of other PKC isozymes. It reaches
steady state within 5–30 min after the start of intravenous infusion,
with a terminal half life of 2–5 min. In animal models of ischaemia–
reperfusion injury, delcasertib reduced infarct size and myocyte and
endothelial cellular damage, enhanced recovery of regional ventricular
function, and improved infarct zone microvascular flow.8,9 In a phase I
dose-escalation study of 154 patients with acute anterior ST elevation
myocardial infarction (STEMI), trends towards improvements in myo-
cardial enzyme release, recovery of electrocardiographic (ECG)
ST-segment elevation, and infarct size were observed with intracoron-
ary administration of delcasertib.10 The Inhibition of delta-PROTEin
kinase C for the reducTION of infarct size in Acute Myocardial In-
farction (PROTECTION AMI) trial therefore tested the hypothesis
that intravenous administration of delcasertib reduces infarct size
in patients with anterior STEMI undergoing primary percutaneous
coronary intervention (PCI).

Methods

Study design and organization
PROTECTION AMI was phase II, multicentre, dose-ranging, placebo-
controlled, double-blind randomized trial. Patients with anterior STEMI
served as the primary cohort and were randomized to placebo or one
of three doses of delcasertib. An exploratory cohort of patients with
high-risk inferior STEMI was randomized to placebo or the highest
dose of delcasertib. The trial was sponsored by KAI Pharmaceuticals
(South San Francisco, CA, USA) and Bristol-Myers Squibb (New York,
NY, USA) and was coordinated by the Cleveland Clinic Coordinating
Center for Clinical Research (C5Research) (Cleveland, OH, USA).
Medpace (Cincinnati, OH, USA) served as the contract research organ-
ization and provided data and site management. An independent Data
and Safety Monitoring Board monitored the safety of the study and had
access to unblinded data. The steering committee, consisting of academic
members and non-voting representatives from the sponsoring compan-
ies, designed the trial and were responsible for its scientific conduct. The

final study database was provided to C5Research, where the statistical
analyses for this article were independently performed. The study chair-
man drafted this article, with input by all of the steering committee
members, and had full access to the data.

Patient population and enrolment
Patients were enrolled at 114 hospitals in 18 countries (see Supplemen-
tary material online, Appendix) between December 2008 and June 2010.
Patients were eligible for inclusion if they were 18 years of age or older,
had at least 30 min of ischaemic symptoms consistent with acute STEMI,
and arrived at a facility capable of performing or transferring for PCI
within 6 h of symptom onset. Electrocardiographic criteria were
≥2 mm of ST segment elevation in at least two contiguous precordial
leads (V1–V4) in the anterior STEMI cohort or ≥2 mm ST elevation in
two inferior leads (II, III, aVF) with ST depression in two other contiguous
leads in the large inferior STEMI cohort. Exclusion criteria included prior
coronary bypass surgery, left bundle branch block or paced rhythm, per-
sistenthypotensionor shock, orfibrinolytic therapywithin theprior72 h.
The protocol was approved at the institutional review board of each par-
ticipating hospital, and all patients gave written informed consent.

Treatment and follow-up
Patients with anterior STEMI were randomized by interactive telephone
system to intravenous infusion of placebo or delcasertib 50, 150, or
450 mg/h. Patients in the exploratory inferior STEMI group were rando-
mized to placebo or delcasertib 450 mg/h. Intravenous infusion of study
drug was begun as soon as possible after randomization, before the first
contrast injection during PCI, and continued until all study drug had been
administered (�2.5 h). Cardiac catheterization and PCI were performed
according to local standards prior to completion of the study drug infu-
sion. Concomitant medications were administered according to investi-
gator preference.

Endpoints
The primary efficacy endpoint was infarct size measured by cardiac
enzymes creatine kinase MB fraction (CK-MB) area under the curve
(AUC) using curve fitting techniques.11 Creatine kinase, CK-MB, and
troponin I were measured at enrolment (baseline), 2–4, 6–9, 16–24,
30–40, and 70–80 h after PCI. Secondary measures of infarct size
included CK-MB, troponin I, and total CK AUC and peaks.

A 24 h continuous digital 12-lead ECG monitor (NEMON 180+,
Northeast Monitoring, Natick, MA, USA) was applied to subjects as
soon as possible after randomization and before angiography. Electrocar-
diographic endpoints were analysed in a blinded core laboratory (eECG
Core Laboratory, Duke Clinical Research Institute, Durham, NC, USA)
and included ST recovery time-trend curve area and time from drug
initiation to stable ST recovery. At 3 months after randomization,
N-terminal B-type natriuretic peptide (NT-pro-BNP) levels were mea-
sured in all patients and left ventricular ejection fraction was measured
by multigated acquisition scan (MUGA) in the anterior MI cohort.

Delcasertib in myocardial infarction 2517

http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehu177/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehu177/-/DC1


Protocol-defined clinical endpoints (death, cardiogenic shock during
the index hospitalization, post-hospitalization heart failure, or serious ar-
rhythmia requiring treatment) were collected through 3 months follow-
up and adjudicated by an independent clinical events committee blinded
to treatment allocation.

Statistical analysis
The primary analysis and sample size calculations were based upon the
anterior MI cohort; the inferior MI cohort was exploratory and sample

size was not statistically based. A target sample size of 908 patients
(227 per treatment arm) in the anterior MI cohort was calculated
based upon an 80% power to detect a 20% reduction in CK-MB AUC
with a two-sided P-value of ,0.05. A sample size of �150 subjects was
chosen for the inferior MI cohort (75 per treatment arm). The ‘efficacy
population’ was all subjects who were randomized, received study
drug, and underwent PCI. Safety analyses and assessment of clinical end-
points were performed in the ‘treated population’ of all subjects who
received study drug.

Figure 1 Patient flow through the trial. Treated and efficacy populations. Pts, patients.
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Table 1 Baseline characteristics

Anterior cohort Inferior cohort

Placebo
(n 5 249)

Delcasertib
50 mg/h (n 5 254)

Delcasertib
150 mg/h
(n 5 248)

Delcasertib
450 mg/h
(n 5 246)

Placebo
(n 5 79)

Delcasertib
450 mg/h (n 5 80)

Age (years—median, IQR) 61 (52–70) 60 (53–69) 61 (53–70) 59 (52–70) 61 (54–70) 61 (53–70)

Male (%) 79.5 78.3 81.0 79.3 78.5 80

Geographic region (%)

North America 7.2 7.5 8.5 8.1 15.2 10.0

Australia/New Zealand 8.8 9.8 9.7 8.9 15.2 17.5

Eastern Europe 35.7 37.4 37.5 36.2 27.8 28.8

Western Europe/Israel 48.2 45.3 44.4 46.7 41.8 43.8

Killip Class (%)

I 91.2 91.3 91.1 91.1 94.9 92.5

II or III 8.8 8.7 8.9 8.9 5.1 7.5

Type 2 diabetes mellitus (%) 15.7 18.1 14.9 16.3 12.7 18.8

Body mass index
(kg/m2—median, IQR)

27 (24–30) 27 (24–30) 27 (25–30) 27 (25–30) 28 (25–31) 26 (24–29)

Prior MI (%) 11.6 11.0 10.9 11.0 16.5 11.3

Treated population. IQR, interquartile range; MI, myocardial infarction; PCI, percutaneous coronary intervention.
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Table 2 Procedural characteristics

Anterior cohort Inferior cohort

Placebo
(n 5 249)

Delcasertib 50 mg/h
(n 5 254)

Delcasertib 150 mg/h
(n 5 248)

Delcasertib 450 mg/h
(n 5 246)

Placebo
(n 5 79)

Delcasertib 450 mg/h
(n 5 80)

Time (min—median, IQR)

Symptom onset to hospital 120 (77–188) 120 (63–175) 115 (73–185) 120 (77–181) 115 (60–142) 101 (60–177)

Symptom onset to PCI 193 (148–272) 191 (143–255) 190 (140–275) 185 (143–251) 192 (147–231) 182 (140–298)

Study drug prior to PCI 17 (10–25) 15 (9–27) 17 (10–29) 14 (9–24) 19 (12–30) 20 (9–30)

Hospital presentation to
PCI

62 (45–89) 67 (47–102) 65 (42–94) 59 (39–80) 81 (57–110) 82 (54–115)

Initial infarct vessel flow (%)

TIMI 0 51.8 47.6 46.0 52.8 58.2 62.5

TIMI 1 8.8 10.2 11.7 11.8 12.7 6.3

TIMI 2 15.7 18.9 18.1 15.0 16.5 16.3

TIMI 3 21.7 19.7 22.2 18.7 11.4 15.0

Procedural antithrombotics (%)

Heparin 90.4 90.4 88.1 93.0 92.1 100

Bivalirudin 7.5 10.9 11.0 5.3 5.3 0

Glycoprotein IIb/IIIa
inhibitor

54.8 49.3 49.7 56.3 51.3 56.9

Clopidogrel 75.4 79.0 77.1 78.4 73.7 72.2

Prasugrel 2.2 1.7 0.9 0.9 0 0

Treated population. IQR, interquartile range; PCI, percutaneous coronary intervention; TIMI, thrombolysis in myocardial infarction.

D
elcasertib

in
m

yocardialinfarction
2519



A step-down approach (i.e. 450 mg/h vs. placebo, then 150 mg/h vs.
placebo, then 50 mg/h vs. placebo) was used for the comparisons of del-
casertib doses vs. placebo. All tests were two-sided and conducted at
significance level of 5%. For continuous endpoints, the treatment differ-
ence was assessed using the ANOVA model or the corresponding non-
parametric tests. For categorical endpoints, the Cochran Mantel–
Haenszel test was used to compare delcasertib doses with placebo. A
subgroup analysis of efficacy was pre-specified to be based upon infarct
vessel flow (TIMI grade 0 or 1 vs. TIMI grade 2 or 3) determined by the
site investigator by angiography prior to primary PCI.

Results
A total of 1176 patients wereenrolled: 1010 in the anterior MI cohort
and 166 in the inferior MI cohort (Figure 1). Baseline demographic
characteristics were similar among randomized groups within the
two cohorts (Table 1). Elapsed time between symptom onset and
hospital presentation was a median of �2 h (Table 2). Across all treat-
ment groups, a total of90patientsdidnotundergoPCI, duemost com-
monly to no significant atherosclerotic stenosis (49 patients), anatomy
unsuitable for revascularization (18), or referral for coronary bypass
surgery (11). Hospital presentation to PCI (‘door-to-balloon’) time
was 65 min. Study drug was initiated a median of 16 min prior to PCI
and administered without interruption to 95% of patients. Discharge
medications reflected contemporary evidence-based standard of
care, including aspirin in 97% of patients, clopidogrel in 95%, prasugrel
in 3%, statins in 98%, beta adrenergic blockers in 89%, and angiotensin
converting enzyme inhibitors in 85%.

The primary efficacy endpoint, CK-MB AUC, did not differ signifi-
cantly among treatment groups within either the anterior or explora-
tory inferior STEMI cohorts (Table 3). No dose effect was observed
(Figure 2). Similarly, no differences were seen in secondary endpoints
of infarct size. There were no differences among treatment groups in
the ST segment recovery AUC or time to stable ST recovery by con-
tinuous 24 h 12-lead ECG monitoring.
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Figure 2 Primary endpoint—median infarct size assessed by
CK-MB AUC in the anterior STEMI population. Box-and-whisker
plot. The box spans the interquartile range (25th to 75th percen-
tiles), while the line within the box denotes the median. Whiskers
extend from the 10th to the 90th percentiles. Dots denote outliers.

A. M. Lincoff et al.2520



Clinical events, left ventricular function, and laboratory measure-
ments by 3-month follow-up are summarized in Table 4. There
were no differences among treatment groups in the composite or in-
dividual clinical endpoints. Similarly, there were no differences in left
ventricular ejection fraction as measured by MUGA in the anterior
cohort or NT-pro-BNP levels. Patients presenting with TIMI 0/1
flow (63% of patients) had evidence of larger infarctions and worse
clinical outcome compared with patients who initially had patent
(TIMI 2/3) infarct vessels (Table 5). No treatment-related differences
in outcomes were observed, however, in either subgroup of patient
defined by their initial infarct-vessel patency.

Discussion
The PROTECTION AMI trial tested the effect of selective delta-PKC
inhibition with delcasertib on biomarkers of reperfusion injury
among patients with acute anterior STEMI undergoing primary PCI.
In this phase II dose-ranging study, delcasertib, administered intra-
venously before and during PCI did not reduce biomarker measures
of myocardial infarct size, improve ECG markers of reperfusion, or
enhance left ventricular function at 3 months. Although not
powered to assess clinical outcome, no differences in ischaemic end-
points were observed.

Reperfusion injury has been defined as ‘myocardial injury caused
by the restoration of coronary blood flow after an ischemic episode’
which ‘. . . culminates in the death of cardiac myocytes that were
viable immediately before myocardial reperfusion’.12 A variety of
pathologic processes occurring during the ischaemia–reperfusion
cycle have been implicated, including intracellular and myocardial
calcium overload, rapid restoration of physiologic pH, and neutrophil
infiltration and inflammation.7 These mechanisms may converge on a
common pathway of mitochondrial injury and dysfunction, with un-
coupling of oxidative phosphorylation, mitochondrial swelling, and
hypercontracture.13,14

Whilereperfusion injury inanimalmodelsof ischaemia–reperfusion
may account for up to half of the eventual infarct size, the existence of
reperfusion injury in humans is controversial as it is difficult to differ-
entiate the extent towhich myocardial tissuehasbecome irreversibly
injured prior to reperfusion vs. injury and additional necrosis induced
by reperfusion per se.15 Uncertainty regarding whether reperfusion
injury is an important process in humans has been sustained by an
almost uniform lack of success of different investigations aimed at im-
proving infarct salvage. Approaches which have failed to reduce reperfu-
sion injury and improve clinical outcome in clinical trials include
antioxidants,16 inhibitors of calcium overload,5 anti-inflammatory
agents (including antibodies to CD18, CD11, or C5 complement),3 or
glucose-insulin-potassium,6 magnesium,4,17 or adenosine.18

Protein kinase C is a family of isoenzymes which transduce extra-
cellular signals by translocating to unique subcellular sites upon acti-
vation.9,19,20 During reperfusion, activated delta-PKC translocates to
the mitochondria and mediates necrosis and apoptosis. Delta-PKC
knockout mice exhibit reduced myocardial damage following coron-
ary ischaemia and reduced infarct size after stroke.8,9,21 In a porcine
model of coronary occlusion and myocardial infarction, brief intra-
coronary administration of an inhibitor to delta-PKC reduced
infarct size and troponin release by 80–85% and improved left
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Table 5 Outcome according to pre-percutaneous coronary intervention infarct vessel patency

TIMI 0/1 Anterior cohort Inferior cohort

Placebo (n 5 151) Delcasertib 50 mg/h
(n 5 147)

Delcasertib 150 mg/h
(n 5 143)

Delcasertib 450 mg/h
(n 5 159)

P-value Placebo (n 5 56) Delcasertib 450 mg/h
(n 5 55)

P-value

CK-MB AUC (ng h/mL),
median (IQR)

6634 (4298–9940) 6325 (3831–9280) 6275 (3036–10 274) 5998 (3233–8708) 0.33 4647 (2778–8274) 4819 (2420–8128) 0.80

ECG ST AUC (mV-min),
median (IQR)

7977 (5672–11 182) 6892 (5192–9032) 6994 (5111–10 074) 7002 (5210–11 494) 0.15 6118 (4549–9194) 5886 (4471–8656) 0.82

Death, shock, CHF, or ventricular
arrhythmia at 3 months (%)

11.3 10.2 9.1 10.1 0.94 3.6 3.6 1.0

LV ejection fraction by MUGA at 3
months (%), median (IQR)

49 (40–57) 47 (39–56) 47 (36–55) 49 (38–58) 0.65 NA NA –

TIMI 2/3 Placebo (n ¼ 93) Delcasertib 50 mg/h
(n ¼ 98)

Delcasertib 150 mg/h
(n ¼ 100)

Delcasertib 450 mg/h
(n ¼ 83)

Placebo (n ¼ 22) Delcasertib 450 mg/h
(n ¼ 25)

CK-MB AUC (ng h/mL),
median (IQR)

2684 (868–4770) 2272 (908–5310) 2151 (941–4458) 3811 (1405–7242) 0.11 2309 (818–5845) 2294 (1302–5196) 0.96

ECG ST AUC (mV-min),
median (IQR)

5983 (4348–9130) 6195 (4475–8770) 6242 (4639–8289) 6427 (4434–9358) 0.95 4007 (3229–6225) 5502 (3789–8008) 0.12

Death, shock, CHF, or ventricular
arrhythmia at 3 months (%)

4.3 7.1 9.0 2.4 0.23 4.5 4.0 1.0

LV ejection fraction by MUGA at 3
months (%), median (IQR)

58 (47–65) 58 (51–67) 56 (43–65) 55 (43–64) 0.33 NA NA –

LV, left ventricle.
Efficacy population for ECG, CK-MB, and LV ejection fraction endpoints, treated population for clinical events. Other abbreviations as in previous tables.
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ventricular function; myocardial salvage was accompanied by marked
reductions in markers of apoptosis.9 Moreover, evidence in murine
and porcine models supports a salutary effect of delta-PKC inhibition
on microvascular function and myocardial perfusion.9

Various members of the PKC family modulate a diverse spectrum
of cellular activities; activation of the epsilon-PKC isoform by ischae-
mia, for example, is protective and enhances myocardial salvage
during reperfusion in animal models.8 Specificity is therefore an essen-
tial characteristic of any pharmacologic inhibitor of PKC to avoid off-
target effects which may attenuate benefit or lead to unexpected tox-
icity. Rather than binding to the catalytic site, which is structurally
similar across the PKC family, delcasertib binds to the intracellular
isozyme-specific anchor receptor of delta-PKC and selectively pre-
vents the translocation that is necessary for the enzymatic action of
delta-PKC.22,23 No adverse effects of delcasertib have been observed
in human studies at doses up to those investigated in the current trial.

An initial dose-escalation study, the Direct Inhibition of delta-
Protein Kinase C Enzyme to Limit Total Infarct Size in Acute Myocar-
dial Infarction (DELTA-MI) trial, suggested that intracoronary admin-
istration of delcasertib prior to primary PCI might reduce myocardial
reperfusion injury during anterior STEMI.10 Patients were rando-
mized once an occluded infarct vessel (TIMI 0 or 1 flow) was docu-
mented by angiography, and delcasertib was administered as two
1 min intracoronary injections through the guide catheter and
balloon angioplasty catheter prior to and immediately after reperfu-
sion.Although not powered to show significant reductions in enzyme
release in the individual dosing groups, consistent trends of 18–25%
reductions in CK-MB AUC were observed among the 154 patients
enrolled in that trial. Moreover, continuous ECG monitoring sug-
gested improvement in microvascular perfusion, with an overall
31% reduction in ST-segment recovery AUC and a 63% reduction
in the incidence of ECG recurrent ischaemia.

The current phase II PROTECTION AMI trial was designed to
extend the findings of DELTA-MI with more definitivemeasurements
of the effects of delcasertib on myocardial salvage and microvascular
reperfusion and to a larger and broader population of patients
with STEMI. Delcasertib was administered by intravenous infusion
prior to cardiac catheterization, rather than by intracoronary route
used in DELTA-MI, in order to simplify administration, permit any
beneficial effect of delcasertib through collateral flow or intermittent
patency prior to reperfusion by PCI, prolong tissue exposure to the
drug, and improve the generalizability of the therapy to a diverse
population of patients. Although circulating levels of delcasertib
were not measured in PROTECTION AMI, the doses had been
calculated to provide steady-state blood concentrations that would
meet or exceed levels required to prevent reperfusion injury in
animal models and to deliver cardiac tissue doses similar to those
with intracoronary administration in the DELTA-MI trial. Explana-
tions for the failure of delcasertib to reduce reperfusion injury in
PROTECTION AMI are speculative. The favourable trends in
the earlier DELTA-MI may merely have been due to the play of
chance in a small trial with multiple dosing arms, and delta-PKC
may not be a useful target for prevention of reperfusion injury
despite the mechanistic evidence. Alternatively, differences in
designs of the two studies may have been relevant, particularly
with regard to inclusion of patients regardless of baseline infarct
vessel occlusion and intravenous rather than intracoronary

administration. Patients in PROTECTION AMI were randomized
and study drug initiated prior to angiography and definition of
infarct vessel patency. As a consequence, approximately one-third
of patients in the trial had spontaneously reperfused prior to PCI, a
group who had smaller infarcts and better clinical outcome overall
and in whom reperfusion injury may have commenced prior to ad-
ministration of study drug. Nevertheless, benefit of delcasertib
could not be shown in patients with either patent or occluded
infarct vessels on initial angiography (Table 5). It is also possible that
even the highest dose of delcasertib used in this study was insufficient
by intravenous administration, and the lack of observed toxicity
leaves unanswered the question of whether higher doses may have
been feasible and effective. It is unlikely that adverse drug–drug inter-
actions with other evidence-based therapies for STEMI (e.g. anticoa-
gulants) could have attenuated a benefit of delcasertib, as this small
peptide is rapidly degraded by serum proteases, does not displace
other serum protein-bound drugs, and does not activate or inhibit
cytochrome P450 enzymes.

In summary, selective inhibition of delta-PKC during PCI for acute
anterior STEMI did not reduce biomarkers of myocardial injury. This
finding, in the context of previous unsuccessful investigations aimed
atdiminishing reperfusion injury,highlights the inability toextrapolate
promising findings from animal models to humans, the pragmatic dif-
ficulties in prospectively identifying patients at greatest risk for reper-
fusion injury at the time of acute intervention, and the limitations of
surrogate measures of outcome that may be insensitive to important
mechanistic effects in studies underpowered to show true clinical
benefit. Future clinical investigations in this field might best focus
on agents which inhibit necrotic or apoptotic pathways and utilize
several angiographic and/or ECG biomarkers of potential infarct
size and spontaneous infarct vessel reperfusion to best target those
patients at highest risk for ischaemia–reperfusion injury.

Supplementary material
Supplementary material is available at European Heart Journal online.

Funding
The trial was sponsored by KAI Pharmaceuticals (South San Francisco,
CA, USA) and Bristol-Myers Squibb (New York, NY, USA)

Conflict of interest: A.M.L.: research support (significant): KAI,
Amgen; M.R.: consultancy honoraria (modest): KAI; research support
(significant): KAI, Amgen; S.G.: consultancy honoraria (modest): KAI;
research support (significant): KAI, Bristol-Myers Squibb; D.A.: speakers
and consultancy honoraria (modest): Bristol-Myers Squibb; G.B.:
employee and stock holder: KAI; employee: Amgen.

References
1. Fibrinolytic Therapy Trialists’ (FTT) Collaborative Group. Indications for fibrinolytic

therapy in suspected acute myocardial infarction: collaborative overview of early
mortality and major morbidity results from all randomised trials of more than
1000 patients. Lancet 1994;343:311–322.

2. Dixon S, O’Neill W. Interventions in acute myocardial infarction. Curr Probl Cardiol
2001;26:614–672.

3. APEX AMI Investigators. Pexelizumab for acute ST-elevation myocardial infarction
in patients undergoing primary percutaneous coronary intervention—a randomized
controlled trial. J Am Med Assoc 2007;297:43–51.

Delcasertib in myocardial infarction 2523

http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehu177/-/DC1


4. ISIS-4 Collaborative Group. ISIS-4: a randomised factorial trial assessing early oral
captopril, oral mononitrate, and intravenous magnesium sulphate in 58 050 patients
with suspected acute myocardial infarction. Lancet 1995;345:669–685.

5. Theroux P, Chaitman BR, Danchin N, Erhardt L, Meinertz T, Schroeder JS,
Tognoni G, White HD, Willerson JT, Jessel A. Inhibition of the sodium-hydrogen ex-
changer with cariporide to prevent myocardial infarction in high-risk ischemic situa-
tions: main results of the GUARDIAN trial. Circulation 2000;102:3032–3038.

6. Mehta SY, Yusuf S, Diaz R, Zhu J, Pais P, Xavier D, Paolasso E, Ahmed R, Xie C,
Kazmi K, Tai J, Orlandini A, Pogue J, Liu L. CREATE-ECLA Trial Group Investigators.
Effect of glucose-insulin-potassium infusion on mortality in patients with acute
ST-segment elevation myocardial infarction the CREATE-ECLA randomized
controlled trial. J Am Med Assoc 2005;293:437–446.

7. Yellon DM, Hausenloy DJ. Myocardial reperfusion injury. N Engl J Med 2007;357:
1121–1135.

8. Chen L. Opposing cardioprotective actions and parallel hypertrophic effects of delta
PKC and varepsilon PKC. Proc Natl Acad Sci USA 2001;98:11114–11119.

9. Ikeno F, Inagaki K, Rezaee M, Mochlyrosen D. Impaired perfusion after myocardial
infarction is due to reperfusion-induced dPKC-mediated myocardial damage. Cardi-
ovasc Res 2007;73:699–709.

10. DELTA MI Investigators. Intracoronary KAI-9803 as an adjunct to primary percutan-
eous coronary intervention for acute ST-segment elevation myocardial infarction.
Circulation 2008;117:886–896.

11. Christenson R, Vollmer R, Ohman E, Peck S, Thompson T, Duh S, Ellis S, Newby L,
Topol E, Califf R. TAMI Study Group. Relation of temporal creatine kinase-MB
release and outcome after thrombolytic therapy for acute myocardial infarction.
Am J Cardiol 2000;85:543–547.

12. Piper H,Garcia-DoradoD, Ovize M.A fresh look at reperfusion injury.Cardiovasc Res
1998;38:291–300.

13. Griffiths E, Halestrap A. Mitochondrial non-specific pores remain closed during
cardiac ischaemia, but open upon reperfusion. Biochem J 1995;307:93–98.

14. Halestrap AP. What is the mitochondrial permeability transition pore? J Mol Cell
Cardiol 2009;46:821–831.

15. Bolli R. Myocardial protection at a crossroads: the need for translation into clinical
therapy. Circ Res 2004;95:125–134.

16. EMIP-FR Group. Effect of 48-h intravenous trimetazidine on short- and long-term
outcomes of patients with acute myocardial infarction, with and without thrombo-
lytic therapy. A double-blind, placebo-controlled, randomized trial. Eur Heart J 2000;
21:872–873.

17. Antman E. Early administration of intravenous magnesium to high-risk patients with
acute myocardial infarction in the Magnesium in Coronaries (MAGIC) Trial: a rando-
mised controlled trial. Lancet 2002;360:1189–1196.

18. Ross A, Gibbons R, Stone G, Kloner R, Alexander R. A randomized, double-blinded,
placebo-controlled multicenter trial of adenosine as an adjunct to reperfusion in the
treatment of acute myocardial infarction (AMISTAD-II). J Am Coll Cardiol 2005;45:
1775–1780.

19. Csukai M, Mochly-Rosen D. Pharmacologic modulation of protein kinase C isozymes:
the role of racks and subcellular localisation. Pharmacol Res 1999;39:253–259.

20. Garcia-Fernandez LF, Losada A, Alcaide V, Alvarez AM, Cuadrado A, Gonzalez L,
Nakayama K, Nakayama KI, Fernandez-Sousa JM, Munoz A, Sanchez-Puelles JM.
AplidinTM induces the mitochondrial apoptotic pathway via oxidative stress-
mediated JNK and p38 activation and protein kinase C. Oncogene 2002;21:
7533–7544.

21. Inagaki K. Inhibition of -protein kinase C protects against reperfusion injury of the
ischemic heart in vivo. Circulation 2003;108:2304–2307.

22. Mochly-Rosen D. Localization of protein kinases by anchoring proteins: a theme in
signal transduction. Science 1995;268:247–251.

23. Mochly-Rosen D, Khaner H, Lopez J, Smith B. Intracellular receptors for activated
protein kinase C: identification of a binding site for the enzyme. J Biol Chem 1991;
266:14866–14868.

A. M. Lincoff et al.2523a



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


