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Abstract 

Autologous cardiosphere-derived cells (CDCs) were the first therapeutic modality to demonstrate 

myocardial regeneration with a decrease in scar size and an increase in viable, functional tissue. 

Widespread applicability of autologous CDC therapy is limited by the need for patient-specific 

myocardial biopsy, cell processing and quality control resulting in delays to therapy and inherent 

logistical and economic constraints. Pre-clinical data had demonstrated equivalent efficiency of 

allogeneic to autologous CDCs. 

The ALLogeneic Heart STem Cells to Achieve Myocardial Regeneration (ALLSTAR) trial is a 

multi-center randomized, double-blind, placebo-controlled phase I/II safety and efficacy trial of 

intracoronary delivery of allogeneic CDCs (CAP-1002) in patients with myocardial infarction 

(MI) and ischemic left ventricular dysfunction. The Phase 1 Safety Cohort enrolled 14 patients in 

an open-label, nonrandomized, dose escalation safety trial. The Phase 2 trial is a double-blind, 

randomized, placebo controlled trial that will compare intracoronary CDCs to placebo in a 2:1 

allocation and will enroll up to 120 patients.   

The primary endpoint for both phases is safety at 1 month.  For Phase 2, the primary efficacy 

endpoint is relative change from baseline in infarct size at 12 months, as assessed by magnetic 

resonance imaging. 

The ALLSTAR trial employs a “seamless” WOVE 1 design which enables continuous 

enrollment from Phase I to Phase 2 and will evaluate the safety of intracoronary administration 

of allogeneic CDCs and its efficacy in decreasing infarct size in post-MI patients. 

Key words: stem cells, st-elevation MI, trial design, myocardial infarction, regenerative 

medicine 
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INTRODUCTION 

Cardiosphere-derived cells (CDCs) were the first therapeutic modality to demonstrate a 

reduction in scar tissue associated with an increase in the presence of viable, functional tissue in 

the randomized, placebo controlled CADUCEUS trial1,2. The intracoronary (IC) administration 

of autologous CDCs also improved regional function of infarcted myocardium with an excellent 

safety profile1,2. However, widespread applicability of autologous CDC therapy is challenged by 

the need for patient-specific tissue harvesting with myocardial biopsy, cell processing and 

quality control resulting in delays to therapy and imposing significant logistic and economic 

constraints2. In addition, cell potency has also been reported to be affected by age and presence 

of comorbidities3-6.  

The use of allogeneic stem cells, if proven safe and effective, has the potential to 

overcome the limitations of autologous cardiac stem cell therapy with the ability to provide a 

ready to use, “off-the-shelf” product for widespread clinical usage. Allogeneic stem cell therapy 

with mesenchymal stem cells (MSCs), or a more selected subset of mesenchymal precursor cells, 

has been utilized in clinical studies for cardiac repair7-10. Although the safety profile of 

allogeneic MSCs or mesenchymal precursor cell (MPC) has been excellent, efficacy results have 

been mixed. Allogeneic MSCs delivered intravenously in acute myocardial infarction (AMI) 

patients resulted in modest functional improvements in an early phase, randomized, placebo-

controlled dose finding study7. In 60 patients with heart failure, intramyocardial (IM) delivery of 

increasing doses of allogeneic MPCs was well tolerated and resulted in a significant reduction in 

major adverse cardiac events (MACE) compared to medical control patients, but limited impact 

on the parameters of cardiac function examined8. In the Phase I/II POSEIDON trial, IM delivery 

of increasing doses of allogeneic MSC was well-tolerated with results similar to autologous 
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MSCs9.  Allogeneic MSCs delivered IM during left ventricular assist device implantation in 

patients with severe heart failure were well-tolerated with a trend towards improvement in 

wearing parameters10. 

In a “proof-of-concept” study of allogeneic CDCs in a rat AMI model, allogeneic CDC 

transplantation without immunosuppression was noted to be safe and resulted in cardiac 

regeneration and improvement in cardiac function11. Similarly, administration of allogeneic 

cardiospheres in a rat model resulted in increased viable myocardium, decreased scar, and 

improved cardiac function with attenuation of adverse remodeling12. The cardioprotective effects 

of allogeneic CDCs and cardiospheres were durable for at least 6 months, although allogeneic 

cells disappeared within 4 weeks11,12. IC allogeneic CDC infusion in an AMI study in Yucatan 

minipigs was associated with attenuation of remodeling, improvement in global and regional 

function, decrease in scar size, and an increase in viable myocardium compared with placebo two 

months post-treatment13. Therefore we designed the ALLogeneic Heart STem Cells to Achieve 

Myocardial Regeneration(ALLSTAR) trial as a randomized, double-blind, placebo-controlled 

phase 1/2 safety and efficacy study of IC delivery of allogeneic CDCs (CAP-1002) in patients 

with post-MI ischemic left ventricular dysfunction.  

MATERIALS AND METHODS 

CAP-1002 

CAP-1002 CDCs are manufactured from donors unrelated to the recipients.  All organs are 

procured through regional Organ Procurement Organizations that are certified by the Centers for 

Medicare and Medicaid Services (CMS) and abide by CMS regulations for organ donation for 

research purposes. CAP-1002 consists of 25 million human allogeneic cardiosphere-derived cells 
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(CDCs) in 10 mL of a cryogenic cell preservation solution (Cryostor®10, CS10, Biolife 

Solutions), which contains 10% dimethyl sulfoxide (DMSO), with heparin added. CDCs are 

manufactured as previously described with several modifications for purposes of regulatory 

compliance and commercial potential13,14. Briefly, donor hearts are utilized as a starting tissue 

source, tissue is cultured as explants, explant-derived cells comprise a master cell bank (MCB), 

cardiospheres (CSps) are generated from the MCB, and CDCs are expanded from CSps. CAP-

1002 is formulated and filled into cell storage bags (PermaLife™, OriGen Biomedical), 

subjected to controlled-rate freezing, and stored in liquid nitrogen prior to use. Vehicle consists 

simply of CS10 and heparin and is similarly frozen. 

CAP-1002 CDCs are identity and purity tested by flow cytometry to confirm the presence of 

CD105 as a surface marker and the absence of CD45 that would identify contaminating 

hematopoietic cells. CDCs have been thoroughly characterized with respect to their surface 

proteins, secreted molecules, gene profile, in vitro and in vivo bioactivity in the published 

literature. 

Study Objectives 

The primary objective of the ALLSTAR trial is to determine the safety of IC infusion of CAP-

1002 in patients with ischemic left ventricular dysfunction following MI (Phases 1 and 2). The 

secondary objective is to explore the efficacy of IC CAP-1002 in improving cardiac structure and 

clinical status in post-MI patients with ischemic left ventricular dysfunction following MI (Phase 

2).  

Study Design and Population 
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The target population is patients > 18 years of age with history of MI within the past 12 months 

and resultant ischemic left ventricular dysfunction. The study design is summarized in Figure 1 

and the inclusion and exclusion criteria for the study are summarized in Table 1 and Table 2, 

respectively. The study protocol was approved by the institutional review board or an 

independent ethics committee for each participating study site, and written informed consent and 

release of medical information is obtained from all patients before screening. All costs related to 

participation in the trial were covered by the sponsors of the trial detailed below.  Data are 

collected at each study site using a CFR-21 compliant electronic data capture system.  

The Phase 1 trial (the “Safety Cohort”), funded by the National Heart Lung and Blood 

Institute (NHLBI) of the National Institutes of Health and Capricor, enrolled 14 patients at 3 sites 

in an open-label, nonrandomized manner. The Phase 2 trial, funded by the California Institute of 

Regenerative Medicine (CIRM) and Capricor, will randomize up to 120 patients from up to 35 

clinical sites in North America in a double-blind fashion to receive IC infusion of either CAP-

1002 or placebo in a 2:1 ratio favoring CAP-1002. Investigators, patients, central reviewers 

interpreting MRI and laboratory data, and all Sponsor staff are blinded to treatment group 

assignment. Enrollment in Phase 2 will be closed when either 120 patients are randomized or the 

interim analysis time point is met (6 months following infusion of the 80th evaluable patient), 

whichever occurs first. Two cohorts of patients will be enrolled in Phase 2 and randomized 

separately: the Primary Randomized Cohort consisting of patients who can be matched (have no 

antibodies against a donor’s human leucocyte antigens, or donor specific antibodies [DSAs]) to 

receive CAP-1002 from one or more donor master cell banks (MCBs), and the Exploratory 

Randomized Cohort consisting of patients with DSA to all available MCBs but who meet all trial 

eligibility criteria. The primary population for the Phase 2 trial is the Primary Randomized 
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Cohort. The purpose of the Exploratory Randomized Cohort is to assess the prevalence of 

mismatched patients and to evaluate the potential effect, if any, on safety and efficacy. For both 

cohorts, randomization is done within two strata: recent MI defined as index MI greater than 4 

weeks but within 90 days prior to randomization, and chronic MI defined as index MI at least 90 

days and no more than 1 year prior to randomization. Recent and chronic MI strata will be 

evaluated both separately and combined. In summary, the ALLSTAR Phase 1/2 trial will include 

a total of up to 134 patients:   approximately 83 will be treated with CAP-1002 in either the 

Safety Cohort (n=14) or the Primary Randomized Cohort (n=69), approximately 34 will receive 

placebo in the Primary Randomized Cohort, and up to approximately 17 additional patients will 

be treated in the Exploratory Randomized Cohort. The size of the Exploratory Randomized 

Cohort was estimated based on a 14% rate of mismatch in the Safety Cohort.  

IC infusion of the investigational product is performed on Day 0, within 4 weeks (28 

days) of initial screening procedures and at least 4 weeks after the index MI, and is  followed by 

20-24 hours of hospitalization with continuous cardiac (telemetry) monitoring. Patients undergo 

safety including donor-specific antibodies and efficacy assessments at 2 weeks and at 1, 2, 3, 6, 

and 12 months post-infusion. In addition, patients will be contacted semi-annually by telephone 

over the 5 years following infusion for ascertainment of data on MACE. 

Investigational Product Administration 

Ten of the 14 Phase 1 patients and those randomized to receive CAP-1002 in Phase 2 receive an 

IC administration of 25 million cells suspended in 11.5 mL of cryopreservation solution 

(CryoStor® CS10, BioLife Solutions, Inc.) containing 10% dimethyl sulfoxide (DMSO), heparin 

(1800 units total), and nitroglycerin (450 mcg total). The initial 4 Phase 1 patients, received a ½ 

dose (12.5 million cells) of CAP-1002. Placebo consists of 11.5 mL of cryopreservation solution 
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(CryoStor® CS10, BioLife Solutions, Inc.) containing 10% dimethyl sulfoxide (DMSO), heparin 

(1800 units total), and nitroglycerin (450 mcg total). Normal saline containing heparin (1200 

units total) and nitroglycerin (600 mcg total) is used as the intermediate wash solution between 

boluses of CAP-1002 and placebo. 

 Patients are required to have had a patent infarct related coronary artery with TIMI 3 flow 

prior to infusion. The investigational product is administered by IC infusion using the Abbott 

Trek® "over the wire" balloon angioplasty catheter (Abbott Vascular, Santa Clara, CA) using a 

stop-flow technique. A balloon catheter up to 0.5 mm larger than the stent in diameter and 

shorter in length (preferably 8-12 mm) is positioned in the stented segment and inflated to 

achieve occlusion of blood flow in the infarct related artery; after the guide wire is removed, 

investigational product is injected through the wire lumen of the balloon catheter. The balloon is 

inflated for 2 minutes 15 seconds and deflated for 3 minutes in 3 cycles for a total procedure time 

of 12 minutes 45 seconds. One third of the 11.5mL total volume of investigational product is 

infused during each balloon inflation cycle over a total of 1 minute 45 seconds. Two mL of the 

wash solution is infused before and after each investigational product bolus, each over 15 

seconds, to wash any remaining investigational product solution from the catheter into the artery 

(Figure 2). Epicardial coronary flow and myocardial perfusion quantitative assessment are 

required at the beginning and at the completion of the infusion procedure, using the validated 

TIMI flow score. If ST elevation or angina symptoms occur and persist for 3 minutes with the 

balloon deflated, a diagnostic contrast injection was performed and TIMI flow assessed. If ECG 

abnormalities or symptoms occur due to no reflow (impairment of blood flow at the myocardial 

level or microvascular obstruction), cell infusion is terminated.  

Cardiac MRI protocol 
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Patients undergo contrast-enhanced MRI at screening and at 6 and 12 months post-infusion. A 

cine imaging protocol is utilized for global ejection fraction and left ventricular volumes and 

mass determination. Delayed Contrast-Enhancement Protocol is used for the assessment of 

infarct scar size. High-resolution delayed enhancement images are obtained using an inversion 

recovery prepared gated fast gradient echo pulse sequence. The images are deidentified and sent 

for central analysis to an independent imaging blinded core laboratory at Johns Hopkins 

University. Following an amendment, patients with MRI comparable implantable cardioverter-

defibrillator or pacemaker placement are eligible for enrollment. 

Study Assessments and Endpoints 

The primary safety endpoint is the occurrence of any of the following during the 1 month post IC 

infusion: acute myocarditis attributable to CAP-1002, ventricular tachycardia-related or 

ventricular fibrillation-related death, sudden unexpected death, or a MACE. The diagnosis of 

acute myocarditis will be made based on clinical presentation, with or without a clinically 

indicated endomyocardial biopsy. In order for acute myocarditis to be considered related to 

CAP-1002, humoral or cellular immune reaction specific to CAP-1002 must also be documented. 

Secondary safety endpoints will include later-onset events and will be evaluated over the 12 

months post IC infusion, as detailed in Table 3.  

For Phase 2, the primary efficacy endpoint is the relative percentage change in infarct 

size at 12 months post-infusion as assessed by contrast-enhanced MRI. The secondary efficacy 

endpoints will be assessed 6 and 12 months post-infusion and will include changed from baseline 

in other MRI parameters, the 6-minute walk test, NYHA class, NT-proBNP, and QoL parameters 

(Table 3). In addition, centralized analysis of immunologic studies at baseline and follow-up will 

be performed. 
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Statistical Methods 

Adaptive Interim Analysis. For Phase 2 of the trial, an adaptive interim analysis will be 

conducted when Month 6 MRI data are available for approximately 80 patients in the Primary 

Randomized Cohort. The objective of the analysis is to select the study population to be used for 

the primary analysis of the primary efficacy endpoint:  either all patients combined or only 

patients in the recent MI stratum. The selection will be based on conditional power and will 

preserve the overall type 1 error rate for the primary efficacy analysis through use of an 

intersection hypothesis and the inverse normal method for combining p-values15. 

Analysis Populations. The primary analysis population for safety for both Phase 1 and Phase 2 

will be all treated patients. For Phase 2, a modified intent-to-treat analysis population will be 

used for the primary efficacy analysis and will include either all treated patients or only treated 

patients in the recent MI stratum, depending on the outcome of the adaptive interim analysis.  

The DSMB recommended exclusion of a small subset of patients who received CAP-1002 

manufactured with a modified process (“P5”) from the Phase 2 primary efficacy analysis because 

of a concern of cell potency. 

Analytical Methods. For the open-label Phase 1 trial, the exact 90% confidence interval (CI) for 

the proportion of patients experiencing the primary safety endpoint will be calculated and 

incidence of secondary safety endpoints will be reported. For the double-blind, placebo-

controlled Phase 2 trial, 90% CIs for the proportion experiencing the primary safety endpoint 

will be calculated for both CAP-1002 and placebo treatment groups, as well as a 90% CI for the 

difference in proportions between treatment groups. A test of equivalence with a 0.2 margin will 

be done using Wald’s test. For secondary safety endpoints, event rates (number of events divided 

by total patient-years of follow-up) will be compared between treatment groups using negative 
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binomial or Poisson regression (if data are too scarce for analysis, descriptive statistics -- event 

rates and/or incidence -- will be reported).  

For the Phase 2 efficacy analysis, percent change from baseline in infarct size will be 

analyzed using mixed effects linear regression, with subject as a random effect and month (6 and 

12) and treatment group as fixed effects. The baseline value will be included as a covariate. 

Percent change from baseline will be evaluated for substantial departure from normality and an 

appropriate transformation (e.g., log, rank) will be applied if necessary. An unstructured 

covariance will be the default covariance structure but other structures (e.g., compound 

symmetry) may be used to evaluate sensitivity to the choice of structure. Secondary efficacy 

endpoints will be analyzed similarly, with the exception of change from baseline in NYHA class 

which will be treated as a categorical outcome and will be analyzed using a chi square test of 

association or a two-sided Fisher’s exact test. 

Study Hypotheses, Power, and Sample Size. For the Phase 2 primary efficacy analysis in which 

an adaptive interim analysis will be performed, an intersection hypothesis with the inverse 

normal method for combining p-values will be used at the final analysis so that strong control of 

type 1 error will be maintained. Two one-sided null hypotheses will have to be rejected at the 

0.025 significance level in order for the trial to be declared a success:  (1) the treatment group 

difference in mean percent change from baseline in infarct size = 0 in the study population 

selected at the interim analysis (either all patients combined or only patients in the recent MI 

stratum), and (2) the global null hypothesis that treatment group difference in mean percent 

change from baseline in infarct size = 0 in both all patients combined and in only the recent MI 

stratum. A simulation of the adaptive interim analysis of the Month 6 percent change from 

baseline in infarct size and the subsequent final analysis of Month 12 data indicated that Phase 2 



Copyright © 2016 Cognizant Communication Corporation 
 

CT-1611 Cell Transplantation early e-pub; provisional acceptance 08/17/2016   12 
 

will have at least 80% power to be declared successful with a total sample size of 80 and at least 

90% power to be declared successful with a total sample size of 120.  Simulation parameters 

were based on the results from the CADUCEUS trial1,2 and ALLSTAR Phase 1 (Table 4). It is 

expected that the actual Phase 2 sample size for the primary efficacy analysis will be between 80 

and 120. 

Handling of Missing Data.  Since the primary safety endpoint is based on events that occur 

immediately after IP infusion and safety analyses are done only in patients who were infused, 

handling of missing data is not applicable for the primary safety endpoint. Since the secondary 

safety analysis involves calculation of events rates which  accounts for differential length of 

follow-up, handling of missing data is also not applicable for the secondary safety endpoints. 

Under the assumption of ignorable missingness (i.e., missingness can at least be 

controlled by another variable on which data have been collected), the mixed effects regression 

approach that will be used for the Phase 2 efficacy analyses is able to handle patients with either 

Month 6 or Month 12 changes from baseline missing, but not both. If both Month 6 and Month 

12 changes from baseline are missing, missing values will be imputed as the visit-specific worst 

observed change among all patients if the missing value is in the CAP-1002 group and as the 

best observed change among all patients if the missing value is in the placebo group. An imputed 

value for a given subject will be bounded by that subject's baseline value. For example, if a CAP-

1002 subject had a baseline 6MWT of 200 meters and the worst observed change among all 

patients was a decline of 210 meters, the imputed value would be -200 rather than -210. Missing 

baseline values will be imputed with mean baseline values among all patients combined. 

Study Oversight 
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Two separate Data and Safety Monitoring Boards (DSMBs) oversee ALLSTAR: a DSMB 

appointed by NHLBI for Phase 1, and an independent DSMB appointed by the Sponsor, separate 

from the NHLBI DSMB, for Phase 2. For Phase 1, interim safety data reviews were conducted at 

times coincident with regularly scheduled meetings of the NHLBI DSMB in accordance with 

reaching accrual and follow-up milestones. The NHLBI DSMB review after all 14 Phase 1 

patients had completed the Month 1 study visit triggered the initiation of Phase 2.  The Phase 2 

DSMB safety data reviews occur at pre-scheduled intervals not to exceed 6 months apart. 

 For both Phase 1 and 2, interim DSMB safety reviews are unblinded and include review 

of primary and secondary safety endpoints, all adverse events, anti-HLA antibody immunoassay, 

ELISpot immunoassay, cardiac biomarkers, and other safety laboratory evaluations. Data are 

presented to the DSMB in the form of summary tables, individual patient listings, and narratives. 

In addition, the DSMB Chair is notified each time an SAE occurs. The Phase 2 DSMB will also 

have access to unblinded raw efficacy data for the adaptive interim efficacy analysis. Preset 

thresholds for event rates or event rate differences between treatment groups are used by the 

DSMB as study stopping guidelines. Per written charter, these guidelines serve as a trigger for 

consultation with the DSMB for additional review and are not formal “stopping rules” that would 

mandate automatic closure of study enrollment. Stopping enrollment is at the discretion of the 

Sponsor after consideration of DSMB recommendations.  

An independent clinical event adjudication committee, independent data and safety 

monitoring board, and a Steering Committee chaired by an independent cardiologist with deep 

clinical and domain expertise in biologics and clinical trial design and conduct, oversaw trial 

progress. The institutional review board at each participating center approved the protocol. All 

the patients provided written informed consent.   
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DISCUSSION 

The ALLSTAR study is the first randomized, double-blind, placebo-controlled trial to determine 

the safety and efficacy of IC delivery of allogeneic CDCs (CAP-1002) in patients with ischemic 

left ventricular dysfunction following MI. The CADUCEUS study provided the foundation for 

the ALLSTAR trial with major difference between CADUCEUS and ALLSTAR being the 

source of the CDCs (autologous vs. allogeneic CAP-1002)1,2.  The principal goal of ALLSTAR 

is to establish the safety of CAP-1002. In parallel, signals of potential efficacy will be evaluated 

by a primary efficacy endpoint (infarct size by MI, similar to the CADUCEUS study) and other 

structural and functional measures.  

The scientific rigor of the study is ensured with the inclusion of a placebo group and 

blinding of both participants and treatment providers during the course of the study. The absence 

of a placebo arm, or conversely, mere inclusion of an active control arm meeting the same 

inclusion criteria, but receiving just standard medical care, can result in overestimation of 

treatment effect of the intervention. This phenomenon was recently demonstrated by Jeong et al. 

in a meta-analysis of 17 studies comparing IC bone-marrow stem cell treatment with a control 

group (9 studies with a placebo control arm and 8 studies with a standard therapy control arm)16. 

Trials that performed IC placebo administration in the control group did not show significant 

changes in LVEF at 6 months (0.92%; 95% CI, -0.61 to 2.44), whereas trials with controls 

receiving standard therapy without placebo administration showed significant LVEF changes 

(4.45%; 95% CI, 2.48 to 6.43). 

Previous research suggests that markers of the biological process of left ventricular 

hypertrophy and enlargement (remodeling) and the factors that contribute to this process may be 

viewed as surrogates for progression of post-MI myocardial injury as may functional measures 
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and neurohormones17.The primary efficacy endpoint in ALLSTAR Phase 2 is change in infarct 

size (relative to LV size) under of a common imaging protocol to ensure high measurement 

reliability. Infarct size represents the extent of myocardial injury sustained after an MI and is 

likely the single most important defining factor of the remodeling process, leading to change in 

function, volume and geometry of the LV. It has been shown that infarct size as measured by 

MRI under a common imaging protocol can be a valid surrogate endpoint for clinical 

outcomes18. In addition, the ability of infarct size to predict clinical endpoints has been 

demonstrated in epidemiological studies19,20.  Anand et al. also suggest that a composite of 

surrogate endpoints may be more appropriate than any single one, due to the complexity of the 

heart failure syndrome17. This trial will explore the utility of a composite endpoint that will 

include the domains of clinical function, cardiac function, symptoms/quality of life, and safety.  

Conclusions 

In summary, results from the ALLSTAR Phase 1 trial demonstrated that IC infusion of 

allogeneic cardiosphere-derived cells (CAP-1002) was safe and feasible. These results led to 

enrollment of the randomized, double-blind, placebo-controlled ALLSTAR Phase 2 trial to 

further assess safety and also evaluate efficacy of allogeneic CDCs in reducing scar size in 

ischemic cardiomyopathy.  
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Figure 1: ALLSTAR study design 
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Table 1: Inclusion criteria 

Abbreviations: TIMI = Thrombolysis in Myocardial Infarction 

* Myocardial infarction is defined by typical ischemic symptoms, serial ST-T changes (new ST elevation 

or new left bundle block) and elevated troponin or CK-MB >5 times the upper limit of normal with at 

least one of the following, based on standardly accepted definition of acute MI: development of 

pathological Q wave ECG changes, imaging evidence of new loss of viable myocardium, or new regional 

wall motion abnormalities. 

£ Left ventricular ejection fraction can be determined by any one of the standard modalities 

(echocardiography, ventriculography, nuclear imaging, CT and/or MRI) 

¶ Recent MI: Assessment must be post-reperfusion after index MI. Chronic MI: Assessment must be at 

least 21 days post-reperfusion after index MI 

# In patients with infarcts in >1 myocardial wall, >50% of the total LV scar should be in the infarcted 

regions. 

 

 

1.  History of  MI due to atherosclerotic coronary artery disease within the prior 4 weeks to 

12 months* 

2.  History of percutaneous coronary intervention with stent placement resulting in 

TIMI 3 flow in the coronary artery supplying the infarcted, 

dysfunctional territory and through which the treatment will be infused 

3.  Left ventricular ejection function ≤ 45%£¶  

4.  Left ventricular infarct size ≥ 15% of left ventricular mass as determined by screening 

MRI, with associated thinning and/or hypokinesis, akinesis, or dyskinesis, with no large 

aneurysmal area in the infarcted regions#  

5.  No further revascularization clinically indicated at the time the subject is assessed for 

participation in the clinical trial 

6.  Ability to provide informed consent and follow-up with protocol procedures 

7.  Age ≥ 18 years 
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Table 2: Exclusion criteria 

1.  History of coronary artery bypass surgery, and a graft (arterial or venous) attached to the 

coronary artery to be infused 

2.  Diagnosed or suspected myocarditis 

3.  History of cardiac tumor, or cardiac tumor demonstrated on screening MRI 

4.  History of previous stem cell therapy 

5.  History of radiation treatment to the chest or thorax 

6.  Current or history (within the previous 5 years) of systematic auto-immune or 

connective tissue disease*  

7.  History of or current treatment with immunosuppressive, anti-inflammatory, or other 

agents to treat manifestations of systemic immunologic reactions¶ 

8.  Prior ICD and/or pacemaker placement where study imaging site has not been trained 

and certified specifically for this protocol to conduct cardiac MRI in patients with ICD 

and/or pacemaker placement. 

a. Presence of a pacemaker and/or ICD generator with any of the following 

limitations/conditions are excluded: 

i. Manufactured before the year 2000, 

ii. Leads implanted < 6 weeks prior to signing informed consent, 

iii. Non-transvenous epicardial, abandoned, or no-fixation leads, 

iv. Subcutaneous ICDs, 

v. Leadless pacemakers, 

vi. Any other condition that, in the judgement of device-trained staff, 

would deem an MRI contraindicated. 
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b. Pacemaker dependence with an ICD (Note: pacemaker-dependent candidates 

without an ICD are not excluded). 

c. A cardiac resynchronization therapy (CRT) device implanted < 3 months prior 

to signing informed consent. 

9.  Non-cardiovascular disease with life expectancy of < 3 years 

10.  Participation in an on-going protocol studying an experimental drug or device, or 

participation in an interventional clinical trial within the last 30 days 

11.  Diagnosis of arrhythmogenic right ventricular cardiomyopathy 

12.  Current alcohol or drug abuse or an inability to comply with protocol-related 

Procedures 

13.  Pregnant/nursing women and women of child-bearing potential without use of active 

and highly reliable contraception 

14.  Human Immunodeficiency Virus infection 

15.  Viral hepatitis 

16.  Uncontrolled diabetes (HbA1c>9%) 

17.  Abnormal liver function (SGPT > 3 times the upper reference range) and/or abnormal 

hematology (hematocrit < 25%, WBC < 3000 μl, platelets < 100,000 μl) studies without 

a reversible, identifiable cause 

18.  Sustained ventricular tachycardia or non-sustained ventricular tachycardia > 30 beats, 

not associated with the acute phase of a previous MI (> 48 hours after the MI onset) or a 

new acute ischemic episode 

19.  Ventricular fibrillation not associated with a new acute ischemic episode 

20.  New York Heart Association Class IV congestive heart failure 
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Abbreviations: MRI = Magnetic resonance imaging; VEGF = Vascular endothelial growth factor; ICD = 

Implantable cardioverter defibrillator; SGPT = Serum glutamic pyruvic transaminase; MI = Myocardial 

infarction; CT = Computed tomography 

* Including, but not limited to, giant cell myocarditis, cardiac or systemic sarcoidosis, Dressler’s 

syndrome, chronic recurrent or persistent pericarditis 

¶ Including chronic systemic corticosteroids, biologic agents targeting the immune system, anti-tumor and 

anti-neoplastic drugs, anti-VEGF, or chemotherapeutic agents within 3 months prior to enrollment 

 

 

 

21.  Evidence of tumor on screening chest/abdominal/pelvic (body) CT scan 

22.  Any prior transplant 

23.  Known hypersensitivity to dimethyl sulfoxide (DMSO) 

24.  Known hypersensitivity to bovine products 

25.  Any malignancy within past 5 years (except for in-situ non-melanoma skin cancer and 

in-situ cervical cancer) 
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Table 3: ALLSTAR study endpoints 

Primary Safety Endpoint 

Occurrence of acute myocarditis attributable to CAP-1002; ventricular tachycardia-related or 

ventricular fibrillation-related death*; sudden unexpected death¶; or major adverse cardiac 

events# during the 1 month post intracoronary infusion. 

Secondary Safety Endpoints 

During the 12 months post intracoronary infusion: 

1.  Individual components of the primary safety endpoint 

2.  New cardiac tumor formation on MRI imaging 

3.  Any hospitalization due to a cardiovascular cause or related to CAP-1002 infusion 

4.  Any inter-current cardiovascular illness or one related to CAP-1002 infusion, which 

prolongs hospitalization 

5.  New TIMI flow ≤ 1 immediately following intracoronary CAP-1002 infusion 

6.  Development of, or increase in the frequency of, sustained ventricular tachycardia 

(determined by periodic, protocol-mandated 24 hour ambulatory ECG monitoring) 

7.  Development of increased anti-HLA antibody levels with development of sensitization 

to HLA antigens specific to the CAP-1002 CDC donor 

8.  Congestive heart failure hospitalization$ 

These events are mutually exclusive and hierarchical; i.e., a MACE involving hospitalization 

would not also be counted as a cardiovascular-related hospitalization.  Secondary safety 

endpoints do not include events counted as primary safety endpoints. 

Primary Efficacy Endpoint 

Relative change from baseline in infarct size at 12 months post intracoronary infusion as 
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Abbreviations: MRI = Magnetic resonance imaging; TIMI = Thrombolysis in Myocardial Infarction; 

ECG = Electrocardiogram; HLA = Human leucocyte antigen; BNP = Brain natriuretic peptide 

* Death occurring with ECG documentation of these arrhythmias during ambulatory ECG 

monitoring in an outpatient setting, or during routine ECG monitoring while hospitalized 

¶ Death occurring within 1 hour of symptom onset, or unwitnessed death in a person previously observed 

to be well within the preceding 24 hours without an identified cause 

# Composite of death, nonfatal recurrent myocardial infarction, hospitalization for heart failure, 

emergency room treatment for heart failure (NT-proBNP >450 pg/mL or BNP>100 pg/ml, with treatment 

including intravenous diuretic administration), left ventricular assist device placement or heart transplant. 

Myocardial infarction is defined as the presence of troponin or CK-MB levels > 5 times the upper 

reference limit during the 24 hours following infusion. These elevations must be accompanied by 

symptoms of ischemia > 20 minutes in duration and EKG changes indicative of new ischemia 

(new ST-T changes or new left bundle branch block), development of pathological Q waves on 

the EKG, imaging evidence of new loss of viable myocardium, or new regional wall motion 

abnormality 

$ Hospitalization with heart failure listed as the primary discharge diagnosis 

assessed by MRI. 

Secondary Efficacy Endpoints 

At 6 and 12 months post intracoronary infusion: 

1.  Absolute and relative change from baseline in MRI assessment of  

 Infarct size 

 Viable mass 

 Regional and global left ventricular function 

 Left ventricular end-diastolic and end-systolic volumes  

2.  Absolute and relative change from baseline in clinical functional status as measured by 

 Distance covered in 6 minute walk test 

 Minnesota Living with Heart Failure Questionnaire (MLHFQ) score 

 Patient Global Assessment (PGA) score 

 NT-proBNP levels 
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Table 4: Mean and SD relative change from baseline in infarct size used for simulation-

based sample size estimation 

 Month 6 Month 12 

 Mean SD Mean SD 

CAP-1002 Recent 6.20 10.00 14.70 10.00 

CAP-1002 Chronic 3.10 10.00 7.35 10.00 

Placebo 0.00 10.00 0.00 10.00 
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Figure 1 
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Figure 2 


