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In 2001, the Mochly-Rosen laboratory published the first evidence that inhibition of delta
protein kinase C (δPKC) at the onset of reperfusion reduced tissue injury in preclinical
models of acute myocardial infarction (AMI). In various models of cardiac ischemia and
reperfusion (I/R)including cultured neonatal cardiac myocytes [1], ex vivo whole rat heart
[2], and in vivo porcine heart [3], we demonstrated that delivering a rationally designed
peptide allosteric inhibitor of δPKC (δV1-1) at reperfusion reduced infarct size by about
70% [3]. δV1-1 treatment reduced necrosis and apoptosis, accelerated ATP regeneration,
preserved mitochondrial structure, and preserved organization of contractile elements [3–6].
We also found that treatment with δV1-1 protected the vascular endothelium, leading to
improved microvasculature flow and rapid recovery of coronary flow reserve [5]. All the
benefits of δV1-1 treatment delivered at ~500 ng/kg at reperfusion were sustained through
12 days after treatment, including a ~70% smaller infarct size than control, normal ejection
fraction, and normal coronary flow reserve [5]. Finally, independent studies that contributed
to the characterization of δPKC in reperfusion injury in the heart were carried out in the
laboratories of Drs. Gerald Dorn and Roberto Bolli [1], and Elizabeth Murphy [5], and were
also corroborated independently using other systems, e.g. when using human atrial
trabeculae strips in a transient ischemia model[7]. This preclinical evidence together with
δV1-1’s excellent safety profile led KAI pharmaceuticals to test whether similar benefits
could be achieved in AMI patients.

The DELTA MI trial was a first-in-human, double-blinded, placebo controlled phase 1/2a
trial to assess the safety of intracoronary δV1-1 (KAI-9803) in ST-segment elevation
myocardial infarction (STEMI) patients undergoing primary percutaneous coronary
intervention (PCI). (For patient characteristics and detailed trial design, see ref [8].) Drug
administration was based on the porcine STEMI model, in which the peptide was delivered
through the lumen of a balloon catheter to the area down-stream of the occlusion, just prior
to balloon deflation. Based on discussions with the FDA and bridging animal studies, a
second dose was given through the guide catheter after balloon deflation, to allow drug
delivery to myocardium supplied by arterial side branches that might have been blocked by
the inflated balloon. The trial included five arms: a concurrent placebo arm of 51 patients
and 4 drug-treated arms of 0.05, 0.5, 1.25, and 5 mg, with 25–26 patients each. The lowest
dose was calculated to be efficacious based on the porcine model. DELTA MI demonstrated
that δV1-1 was safe at all dose levels tested. Although the trial was not designed to achieve
statistical significance, a trend towards benefit was seen in biomarkers that correlate with
AMI clinical outcomes when the combined treatment groups were compared to placebo.
These biomarkers included resolution of ST segment elevation, as measured by ST segment
area under the curve (AUC), and infarct size, as measured by creatine kinase AUC (Figure
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1; summarized from data in [8]). Late ischemic events (as measured by ST segment re-
elevation in the 24 hrs after treatment) also declined by 63% (unpublished data).

These encouraging data on the safety and potential efficacy of δPKC inhibition led to a
phase 2b trial testing intravenous δV1-1 in STEMI patients undergoing primary angioplasty
(sponsored by KAI Pharmaceuticals with Bristol-Myers Squibb). The rationale for switching
from intracoronary to intravenous administration was three-fold: 1) to allow earlier and
more timely drug delivery to the increasing percentage of patients (up to 40%) who were
achieving partial reperfusion prior to PCI as evidenced by TIMI 2/3 flow on initial
angiography; 2) given δV1-1’s exceptionally short serum half-life (<2 minutes), continuous
intravenous infusion allowed longer exposure of ischemic myocardium to the drug with the
potential to increase efficacy, and 3) ease of use for the treating cardiologists. The trial
sponsors had performed further preclinical [9]and human phase 1 studies to predict
efficacious dose range and duration of therapy, establish safety, and characterize
pharmacokinetics of intravenous infusion of δV1-1. The PROTECTION AMI trial enrolled
908 patients across four groups (~227 patients/group). Subjects received a 2.5 hour infusion
of placebo or one of three doses (125, 375 or 1125 mg)of δV1-1 (called delcasertib in the
trial).

Preliminary results of PROTECTION AMI were presented at the American College of
Cardiology meeting in March, 2011. The data showed that the inhibitor was safe at all doses
tested, but failed to show a statistically significant benefit in the primary endpoint of CK-
MB area under the curve with δV1-1 administration. Subgroup analysis revealed a trend
towards reduced infarct size (~14%) in the two highest doses in patients with anterior MI
and TIMI 0/1 flow on initial angiography, which represented 60–65% of the patients in each
treatment arm [10]. Although the full analysis of PROTECTION MI has yet to be completed
and published, several issues may inform the design of future myocardial salvage studies.

1. The steady improvement in STEMI clinical outcomes over the past
decade must be considered in future study design

STEMI patient outcomes have shown continued improvement in successive trials over the
past decade (Table 1). Mortality at three months decreased by nearly two thirds, from 9.4%
in COMPLY (2000–2002) to 3.2% in PROTECTION MI (2008–2010) [11]. This was
accompanied by a 46% drop in the occurrence of CHF. The composite incidence of death
and heart failure at 3 months decreased by 57%, (from 17.5% to 7.6%)[12].

A number of treatment advances may have contributed to superior outcomes including: a)
reduced total ischemic time as reflected by substantial improvements in door to balloon or
door to needle times [13, 14]; b) increased use of primary PCI over primary thrombolysis, c)
improvements in the use of anti-platelet agents such as early aspirin administration, larger
loading doses of clopidogrel, and increased use of glycoprotein IIb IIIa inhibitors; and d)
increased use of beta-blockers, angiotensin converting enzyme inhibitors, and lipid lowering
agents.

Whatever the cause, the steady decrease in event rates presents three important challenges to
clinical trial design. First, larger numbers of patients must be enrolled to reach statistical
significance for a given endpoint. Second, treatments to enhance myocardial salvage may
only provide measurable clinical benefit to those patients with large areas of myocardium at
risk. Third, consideration should be given to the prevalence and clinical practices in each
country that is included in the trial; changes in clinical practice are adopted at a different
pace throughout the world, increasing the challenge in a multi-national trial.
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2. Translating idealized animal models to the realities of clinical practice
inevitably introduces new variables and therefore new risks to the
development program

Patients are heterogeneous in terms of ischemic time, location of coronary blockage,
underlying health of the myocardium, baseline medications, response to drugs, age,
concomitant diseases such as diabetes mellitus, the country where the patient resides and a
number of other variables. Certain variables such as advanced age, the presence of diabetes
mellitus, longer duration of ischemia, reperfusion prior to drug exposure, and chronic
administration of atorvastatin have been shown to attenuate the response to cardioprotective
agents [15–17]. Conversely, concomitant medications such as morphine may have their own
cardioprotective effects, thereby masking the benefits of drugs under study [18]. Therefore,
it seems prudent to incorporate such clinical variables into preclinical models and to utilize
the results to guide the design of subsequent clinical trials. For example, since the preclinical
data indicated maximal efficacy of δV1-1 when it was administered prior to reperfusion,
perhaps a trial including only patients with TIMI flow 0/1 is more likely to demonstrate
maximal benefit.

3. Can STEMI patients still benefit from acute drug intervention to salvage
myocardium?

Certainly, preventing STEMI-associated death and heart failure remains important to the
health of individual patients and to help contain our rising health care expenditures.
Coronary artery disease remains the largest cause of mortality worldwide [19]. The
incidence of congestive heart failure continues to rise and ischemic damage remains a
leading cause [20]. If we are to succeed in future trials in this large unmet need, we must
incorporate lessons from the past into our trial designs.

Based on recent studies, we suggest the following strategies to enhance the likelihood of
successful trials:

1. Include only those STEMI patients who will benefit the most (i.e. those who have a
lot of myocardium to lose). Subjects presenting with uncomplicated inferior
infarcts generally have a small area of myocardium at risk and can be expected to
have low rates of death and heart failure. There is little room for improvement. We
suggest selecting for the following characteristics at presentation:

a. First infarct

b. Large anterior infarct or new onset heart failure

c. Ischemic time less than 6 hours

2. Ensure strategies for drug dosing and route of administration are optimized to
provide maximum efficacy (e.g., local delivery and dwelling time for the drug at
the ischemic region.)

3. When calculating sample size, establish rigorous event rates for your control
patients and expect these rates to be better in your study than they were in prior
studies. We anticipate further reductions in door to balloon time and adjunct
therapies will continue to lower clinical event rates.

STEMI remains a major cause of death and disability [13, 14], leading to 450,000 deaths
from MI each year in the US alone [22]. While our successes in reducing mortality over the
past decade are a cause to celebrate, demonstrating benefits from new therapies will be
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increasingly difficult because of the lower clinical event rates. Yet, there is still room for
improvement. Thoughtful translation from the lab to the clinic, careful patient selection to
maximize clinical effect, and rigorous attention to study design will be essential as new
therapies such as δV1-1 are advanced to the clinic.
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Figure 1. DELTA MI Biomarker Results
Abbreviations: ST -ST Segment elevation; AUC-area under the curve; CK -creatine kinase
ST AUC: assessed through 3 hours after drug administration; median value (uV/min) of
pooled drug versus placebo.
CK AUC: determined through curve-fitting on samples drawn at 3–6 hrs, 6–12 hrs, 18–24
hrs, and 36 hrs; median value (ng/ml x hr) of pooled drug versus placebo
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