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Abstract
Rationale—A growing number of patients with coronary disease have refractory angina.
Preclinical and early-phase clinical data suggest that intramyocardial injection of autologous
CD34+ cells can improve myocardial perfusion and function.

Objective—Evaluate the safety and bioactivity of intramyocardial injections of autologous
CD34+ cells in patients with refractory angina who have exhausted all other treatment options.

Methods and Results—In this prospective, double-blind, randomized, phase II study
(ClinicalTrials.gov identifier: NCT00300053), 167 patients with refractory angina received 1 of 2
doses (1×105 or 5×105 cells/kg) of mobilized autologous CD34+ cells or an equal volume of
diluent (placebo). Treatment was distributed into 10 sites of ischemic, viable myocardium with a
NOGA mapping injection catheter. The primary outcome measure was weekly angina frequency 6
months after treatment. Weekly angina frequency was significantly lower in the low-dose group
than in placebo-treated patients at both 6 months (6.8±1.1 versus 10.9±1.2, P=0.020) and 12
months (6.3±1.2 versus 11.0±1.2, P=0.035); measurements in the high-dose group were also
lower, but not significantly. Similarly, improvement in exercise tolerance was significantly greater
in low-dose patients than in placebo-treated patients (6 months: 139±151 versus 69±122 seconds,
P=0.014; 12 months: 140±171 versus 58±146 seconds, P=0.017) and greater, but not significantly,
in the high-dose group. During cell mobilization and collection, 4.6% of patients had cardiac
enzyme elevations consistent with non-ST segment elevation myocardial infarction. Mortality at
12 months was 5.4% in the placebo-treatment group with no deaths among cell-treated patients.

© 2011 American Heart Association, Inc.
Correspondence to Douglas W. Losordo, MD, Program in Cardiovascular Regenerative Medicine, Northwestern Memorial Hospital
and Northwestern University, Galter 11-240, 201 E. Chicago Ave., Chicago, IL 60611. d-losordo@northwestern.edu.
aMembers of the ACT-34-CMI study group are listed in Appendix 1.
Disclosures Douglas W. Losordo was previously a paid consultant to Baxter Healthcare. Timothy D. Henry, Joon Sup Lee, Carl J.
Pepine, Thomas J. Povsic, Robert A. Harrington, and Richard A. Schatz are paid consultants to Baxter Healthcare. David Amrani,
Bruce M. Ewenstein, Norbert Riedel, and Kenneth Story are employed by Baxter Healthcare. Kerry Barker was previously employed
by Baxter Healthcare. Charles Davidson, Marco A. Costa, Theodore Bass, MD, Farrell Mendelsohn, F. David Fortuin, and Jay H.
Traverse have no disclosures.

NIH Public Access
Author Manuscript
Circ Res. Author manuscript; available in PMC 2011 October 11.

Published in final edited form as:
Circ Res. 2011 August 5; 109(4): 428–436. doi:10.1161/CIRCRESAHA.111.245993.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Conclusions—Patients with refractory angina who received intramyocardial injections of
autologous CD34+ cells (105 cells/kg) experienced significant improvements in angina frequency
and exercise tolerance. The cell-mobilization and -collection procedures were associated with
cardiac enzyme elevations, which will be addressed in future studies.

Keywords
angiogenesis; endothelial progenitor cells (EPC) myocardial ischemia; myocardial regeneration;
stem cells

Angina pectoris is chest discomfort experienced by patients with obstructive coronary artery
disease (CAD) when the demand for oxygenated blood exceeds the supply. First-line
therapies for symptoms consist of lifestyle modifications, such as weight loss and smoking
cessation, and medications, including antiplatelet therapy, β-blockers, calcium channel
blockers and nitrates, which act primarily by reducing demand. If these measures fail to
sufficiently alleviate anginal symptoms, then revascularization via percutaneous coronary
interventions (PCI), such as angioplasty and stenting, or coronary artery bypass grafting
(CABG), can be considered in order to improve blood supply.

As therapies for CAD and acute myocardial infarction (MI) have successfully reduced
mortality, the population of patients with refractory angina has grown.1-4 Current estimates
indicate that 850,000 patients in the United States have refractory angina.1,5-7 Affected
individuals have exhausted the conventional therapeutic armamentarium, yet continue to
experience disabling angina and are left with limited therapeutic options. Typically,
revascularization is no longer possible because of a lack of suitable conduit vessels or the
diffuse nature of the coronary disease. Therefore, new therapies for refractory angina are
urgently needed.

Emerging evidence indicates that disease of the coronary microcirculation can contribute
independently to symptoms and dysfunction in patients with CAD and, therefore, that the
microcirculation is a suitable therapeutic target for treatment of ischemic disease.4,8,9

Preclinical studies have shown that human CD34+ cells can stimulate neovascularization in
ischemic tissue,10-12 thereby increasing capillary density and improving function in models
of acute and chronic myocardial ischemia. A phase I/IIa study of 24 patients provided early
evidence of the feasibility, safety, and bioactivity of autologous CD34+ cells when
administered by percutaneous, intramyocardial injection and supported further clinical
development of this treatment strategy.13

Methods
The ACT34-CMI study was a prospective, double-blind, randomized, controlled clinical
trial conducted at 26 centers in the United States. The primary objective of this phase II
clinical trial was to test the hypothesis that intramyocardial injection of autologous CD34+
cells will reduce the frequency of angina episodes in subjects with chronic severe refractory
angina. The institutional review board at each center approved the protocol, and all patients
provided written informed consent. Baxter Healthcare sponsored the study and was
responsible for the conduct of the investigation, with oversight provided by the principal
investigator and the scientific advisory board. Safety data were monitored by an independent
Data Safety Monitoring Board (Online Appendix I, available at
http://circres.ahajournals.org), and a Clinical Endpoints Committee adjudicated major
adverse cardiovascular endpoints (MACE). The principal investigator had full access to the
raw data.
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Study Population
Entry criteria included patients ages 21 to 80 years with Canadian Cardiovascular Society
(CCS) class III–IV chronic refractory angina despite optimum medical management,
including maximally tolerated doses of β-blockers, nitrates, and calcium-channel blockers,
and with no suitable revascularization options. Each patient’s case and most recent
angiogram was reviewed by an interventional cardiologist and cardiac surgeon who were not
part of the study team to verify the lack of revascularization options. Single photon emission
computed tomography (SPECT) imaging was required to document the presence of
reversible ischemia. Patients were required to walk a minimum of 3 minutes but no longer
than 10 minutes on a modified Bruce protocol exercise tolerance test (ETT) and had to
experience angina or their angina equivalent during exercise testing. Exclusion criteria
included left ventricular ejection fraction <25%, predominant congestive heart failure
symptoms, MI within 60 days (creatine kinase-MB >3 times normal) of study entry, a
successful or partially successful coronary revascularization procedure within the previous 6
months, placement of a biventricular pacemaker for cardiac resynchronization therapy for
heart failure in the previous 90 days, and others (Online Appendix II for full inclusion and
exclusion criteria).

Study Design, Cell Mobilization, Collection, and Preparation
Under normal conditions, the number of circulating CD34+ cells is too low to achieve the
desired doses of cells by peripheral collection. Accordingly, granulocyte colony stimulating
factor (G-CSF) (Filgrastim/Neupogen®, Amgen, Thousand Oaks, CA) was administered to
increase the number of circulating CD34+ cells for subsequent collection via leukapheresis.
To maintain the double-blind design, all subjects (regardless of treatment group) underwent
mobilization with 5 μg/kg per day doses of G-CSF administered subcutaneously for 4 or 5
days, and leukapheresis was performed on the 5th day. On the following day, the
mononuclear cell preparation collected during leukapheresis was enriched for CD34+ cells
by using a commercially available device (Isolex 300i Magnetic Cell Selection System,
Baxter Healthcare, Deerfield, IL). Lot release testing was performed on the final cell
preparation to document sterility (Gram’s stain and subsequent culture), viability (7-AAD
apoptosis staining),14 and purity (fluorescence-activated cell sorting for CD34+ cells).

Patients were randomly assigned to 1 of the 3 treatment groups via telephone call-in and an
interactive voice-response system (IVRS). The cell-processing laboratory at each center was
responsible for making the randomization call and preparing the CD34+ cells or control
injection accordingly. Syringes containing cells or the control solution were identical in
appearance.

Cell Injection Procedure
When all lot-release criteria were met (negative Gram’s stain, viability ≥70%, CD34+
≥50%), subjects were brought to the catheterization laboratory, where electromechanical
endocardial mapping15-17 was performed with the NOGA® Map system (Biologics Delivery
Systems, Diamond Bar, CA) as previously described13 to identify viable, ischemic areas of
the myocardium where CD34+ cells or placebo treatment would be delivered. Patients were
randomized in a 1:1:1 ratio to receive 1×105 CD34+ cells/kg body weight, 5×105 (±10%)
CD34+ cells/kg body weight (adjusted to a maximum of 100 kg), or placebo injection,
which consisted of the identical diluent used for delivery of the CD34+ cells. The total cell
dose was diluted in 2 cc of 0.9% NaCl (saline) plus 5% autologous plasma and was
delivered via intramyocardial injection into 10 distinct sites (0.2 cc/site) with a NOGA
Myostar® catheter.
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Endpoints
The prespecified primary efficacy end point was angina frequency 6 months after treatment.
Angina frequency was documented by interactive voice responsive system (IVRS) on a
daily basis for 28 days at baseline and at the 3-, 6-, and 12-month follow-up visits. Patients
contacted the IVRS by telephone daily for 28 days prior to each visit and received a
reminder call if they failed to call in. Patients who missed more than 3 calls during baseline
screening would have been dropped from the study, but no patients were withdrawn for this
reason. Secondary efficacy endpoints included exercise tolerance testing, use of antianginal
medication, CCS functional class, health-related quality of life (Seattle Angina
Questionnaire, Short Form-36 Survey, Dyspnea Questionnaire, and the Euro 5
Questionnaire; details are provided in Online Appendix III), the combined rate of major
adverse cardiac events events, SPECT, and cardiac magnetic-resonance imaging (in a
substudy). Safety endpoints included adverse event reporting, chest X-ray and echo-
cardiography (to assess for complications related to the injection procedure), and laboratory
screening.

Statistical Analysis
Statistical analysis was performed by statisticians employed by Baxter Healthcare; the raw
data were also transferred to the investigators for independent analysis. The targeted
enrollment of 150 patients was based on the results of the phase I/IIa study and was
calculated to provide 90% power to detect a difference in angina frequency of 3 to 6 (0.75
standard deviations) episodes per week. The primary analysis was performed according to
the intention to treat principle. Angina frequencies are displayed as least squares means of
the number of angina episodes per week ± the standard error of the least squares means.
Other continuous variables are displayed as mean±SD. The primary efficacy end point was a
decline in angina frequency from baseline to month 6; summaries of both 6- and 12-month
results are presented here. Log-linear modeling (Poisson regression) was performed on the
frequency of angina at 6 and 12 months. Initially, the raw baseline value was used as the
covariate. On review of the distribution of angina counts, it became clear that a more
appropriate analysis was to use the log of the baseline value as a covariate, and the results of
this analysis are presented here. The independent parameters in the model were treatment
group, visit (6 and 12 months), and the interaction of treatment and visit. Exercise testing
was evaluated using analysis of variance with repeated measures. The independent
parameters in the model were treatment group, visit (6 and 12 months), and the interaction
of treatment and visit. The raw baseline value was used as covariate. Robust standard errors
for a repeated-measures analysis of both the angina frequency data and exercise tolerance
times were used to safeguard against possible misspecification of the assumed correlation
structure among repeated measurements. Categorical variables were compared with Fisher’s
exact test. Additional details are provided in Online Appendix II.

Results
Enrollment and Patient Disposition

Between April 2006 and March 2008, 26 centers across the United States enrolled 321
patients. At the end of the screening period, 147 patients failed to meet eligibility criteria
and were withdrawn. The remaining 174 subjects began cell mobilization with G-CSF. Of
these, 6 subjects withdrew before randomization for a variety of reasons (Figure 1).

Of the 168 subjects who were randomized, 1 subject was withdrawn because a thrombus
was observed on a pigtail catheter on removal, and 1 subject died after cardiac perforation
and tamponade during the injection procedure. Thus, 166 subjects were available for follow-
up, of whom 162 and 156 subjects completed the 6- and 12-month follow-up visits,
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respectively (Figure 1). During the course of the study, site monitoring raised questions in
regard to certain data at 1 study site. It was decided to exclude the 7 subjects enrolled at this
site from the analyses of the efficacy data, while retaining all safety information. This
decision did not change the overall study results nor materially alter the statistical
significance of the analyses.

Baseline Characteristics
Patient baseline characteristics were similar in all 3 treatment groups (Table 1). The total
patient population included 22 (13%) females and 145 (87%) males with a mean age of
61±8.9 (range 41 to 91) years. Previous CABG had been performed in 93% of subjects, and
the mean number of CABG operations per subject was 1.4±0.6 (range 0 to 4). Previous PCI
had been performed in 83% of patients, and the mean number of prior PCI procedures was
2.9±3.1 (range 0 to 23) per subject. The study groups were similar with regard to age,
weight, gender, race, smoking history, diabetic status, and cardiac status, although the
control group had a higher percentage of subjects with a history of congestive heart failure.

Cell Mobilization and Apheresis
Administration of G-CSF was associated with bone pain in 20.1% of subjects, with angina
in 17.4%, and with congestive heart failure in 2 patients. Eight subjects had troponin
elevations that were consistent with a non-ST segment elevation MI by the new universal
definition of MI18,19; 3 of these subjects were withdrawn from the study, including 1 subject
whose troponin level was 1.2 times the upper limit of normal. One subject was withdrawn
because of a left-ventricular thrombus noted on cardiac echo, 1 subject underwent coronary
revascularization, 1 was hospitalized for an acute coronary syndrome, and 2 were withdrawn
at the discretion of the local investigator.

CD34+ cell selection resulted in a cell product with the following composition:
CD34+83.0%±14.6%, B cells 11.3%±12.5% and T cells 1.0%±2.3%.

Intramyocardial Injection Procedure
Endocardial mapping was performed in 168 patients. In 1 subject, a thrombus was observed
on the mapping catheter tip when it was removed from the patient, and this patient was
withdrawn from the study by the investigator (as noted under Enrollment and Patient
Disposition). Intramyocardial injection procedures were safely accomplished in 165 of the
remaining 167 subjects. Two subjects experienced an apparent myocardial perforation: 1
resulted in hemothorax that was treated successfully, and the 2nd resulted in cardiac
tamponade. In the 2nd case, a pericardiocentesis procedure was unsuccessful, and the patient
died.

A total of 47 (28%) subjects had elevated troponin levels (mean 1.27±4.73) at some point
during the mobilization and injection period, all of which were minor and subclinical except
for those mentioned above.

Primary Outcome
At 6 months, the frequency of angina was significantly lower in patients treated with the low
dose of CD34+ cells than in the control group (6.8±1.1 versus 10.9±1.2 episodes per week,
P=0.020) (Figure 2). Angina was also less frequent in the high-dose group (8.3±1.1 episodes
per week) than in the control group, but the difference was not statistically significant
(P=0.167). At 12 months, the frequency of angina remained significantly lower in the low-
dose group than in the control group (6.3±1.2 versus 11.0±1.2 episodes per week, P=0.035)
and lower (7.2±1.1), but not significantly (P=0.181), in the high-dose group than in the
control group. At 6- and 12-months follow-up, the antianginal regimen was unchanged in
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86.8% and 84.5% of control and 90.4% and 85.8% of treated patients, increased in 4.3% and
5.5% control and 6.0% and 8.2% treated and decreased in 8.9% and 10% control and 3.7%
and 5.9% treated patients. There was no statistical interaction between changes in any
medication and changes in angina frequency or ETT time.

Exercise Tolerance Testing
Improvement in total exercise time at 6 months was significantly greater in the low-dose
group than in the control group (139±151 versus 69±122 seconds, P=0.014) (Figure 3). The
high-dose group also had greater improvement than was observed in the control group
(110±155 seconds), but the difference was not statistically significant (P=0.097). At 12
months, the low-dose group continued to show significantly greater improvement in total
ETT time in comparison with the control group (140±171 versus 58±146 seconds, P=0.017),
and improvement in the high-dose patients (103±162 seconds) remained greater, but not
significantly, than did improvement in the control group (P=0.134).

All subjects had angina at baseline, as required by the inclusion criteria. At 6 months, the
increase in time to the onset of angina during treadmill exercise was greater, but not
significantly, in the low-dose group than in the control group (161±179 versus 87±208
seconds, P=0.235). Change in time to angina onset in the high-dose group (87±208 seconds)
and in the control group were similar. At 12 months, the difference between the low-dose
and control groups was greater than at 6 months, but did not reach statistical significance
(139±148 versus 57±168 seconds, P=0.08).

Seattle Angina Questionnaire
At 6 months, the mean change in the Angina Stability Scale was 13.8±31.9 in control
subjects, 29.8±30.1 in the low-dose group and 25.5±30.3 in the high-dose group (P=0.290).
The percentage of subjects who improved was 40.8 in the control group, 69.2 in the low-
dose group (P=0.005 versus the control group), and 67.3 in the high-dose group (P=0.010
versus the control group). At 12 months, the mean change in the Angina Stability Scale was
14.4±32.4 in the control group, 24.0±32.3 in the low-dose group, and 21.0±36.2 in the high-
dose group.

The Angina Frequency Scale showed only minor differences between control and treatment
groups at 6 months (control: 26.0; low dose: 28.3; high dose: 21.7) and 12 months (control:
27.9; low dose: 29.0; high dose: 22.6).

CCS Class, Antianginal Medications
Trends in CCS class and antianginal medication use all favored the subjects treated with
CD34+ cells. CCS class worsened from baseline to 6 months in 12.8% of control subjects, in
comparison with 2.0% of low-dose subjects and 3.8% of high-dose subjects. At 6 months,
the percentage of patients with an improvement in CCS class was greater in the treated
groups (low dose: 62.8; high dose: 60.7) than in control subjects (53.1). At 12 months, the
percentage of subjects whose CCS class had worsened from baseline remained greater in the
control group (8.7) than in the low-dose (3.9) and high-dose (5.8) groups, whereas the
percentage of subjects who experienced a ≥2-class improvement was greater in the low-dose
(23.1) and high-dose (25.0) groups than in the control subjects (15.2). Similarly, the mean
reduction in nitroglycerine (NTG) tablet usage was greater in the treated groups than in
control subjects at 6 months (low dose: −6.3±8.1; high dose: −7.3±9.9; control: −4.2±8.8
NTG tablets per day), although the differences between treated and control groups did not
reach statistical significance; results were similar at 12 months.
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SPECT Imaging
Adenosine SPECT imaging was performed at baseline and 6 and 12 months after injection.
At 6 months, total severity score stress images showed a significant improvement in the low-
dose group than in the control group (−117.4±221.2 versus +0.1±161.1, P=0.002). The
remaining standard SPECT imaging parameters revealed no significant differences between
treated and control groups.

Major Adverse Cardiovascular Events
There were 3 deaths in the study population, all of which occurred in the control group.
Myocardial infarction occurred in 7 (12.5%) control-group patients, 3 (5.5%) low-dose-
group patients, and 3 (5.4%) high-dose-group patients. When urgent revascularization,
worsening congestive heart failure, and acute coronary syndrome were included as MACEs,
there continued to be no evidence of harm associated with the intramyocardial injection of
autologous CD34+ cells, and trends toward lower event rates were observed (Table 2).

Discussion
This phase II study, in which 167 “no-option” patients with refractory angina were enrolled,
provides an opportunity to make observations regarding the feasibility, safety, and efficacy
for a strategy of intramyocardial injection of autologous CD34+. The primary findings of
this study are that intramyocardial injection of autologous CD34+ cells was associated with
a significant decrease in angina frequency and a significant improvement in exercise
tolerance in patients with optimally managed but refractory angina. The significant benefit
of the low dose of CD34+ cell therapy observed at the primary end point of 6 months was
preserved and increased slightly in magnitude at 12 months, contrasting with prior studies of
angiogenic therapies in which placebo “catch-up” was observed.20 The overall improvement
in low-dose-treated patients was also supported by positive trends in time to onset of angina,
quality of life testing, nitroglycerine use, and CCS classification. Our findings are consistent
with our pilot study13 as well as other pilot trials of intramyocardial bone marrow cell
injection in the setting of chronic myocardial ischemia.21,22 Notably, however, this is the
first randomized, controlled trial of stem-cell therapy in patients with refractory angina to
achieve significant improvements in both anginal frequency and exercise tolerance.

Another important observation that should not be overlooked is the demonstration of
feasibility of this treatment strategy in this multicenter investigation. Each treatment
required that cell mobilization, collection by leukapheresis, CD34+-cell enrichment, and lot
release testing, as well as NOGA-guided intramyocardial injection, be performed locally at
the investigative site. Evidence that this complex protocol could be successfully
implemented at multiple treatment centers was necessary before this therapeutic approach
could be considered for use on a larger scale. Successful maintenance of the study blind was
also critical for the development of a phase III study.

As with any new therapy, particularly in patients with advanced cardiovascular disease,
safety is a key consideration. The overall occurrence of major adverse cardiac events was no
higher in patients treated with CD34+ cells than in placebo-treated patients, and key safety
indices tended to favor CD34+-cell–treated subjects. The study was not powered to detect
differences between groups in safety events, and consequently, these observations indicate
only that there is currently no evidence for an increased risk of adverse cardiac events
associated with intramyocardial CD34+ cell injection. As expected, G-CSF administration
and the apheresis procedure were associated with adverse events in this patient population.23

It is worth noting that the rate of enzyme elevation consistent with the new “universal”
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definition of MI (4.6%) observed in this study is substantially lower than that observed in 3
large meta-analyses of patients undergoing routine percutaneous intervention.24-26

Five subjects were withdrawn from the study following mobilization and apheresis because
of events potentially, but not conclusively, attributable to these procedures. Future studies
may be designed to determine whether alternate strategies for the collection of CD34+ cells,
including the addition of rapidly acting mobilizing agents,27 altered apheresis protocols, or
bone marrow aspiration, are available and warranted. The safety of the intramyocardial
injection procedure itself also requires careful consideration. The occurrence of 2 (1.2%)
myocardial perforation events during the injection procedure is consistent with previous
studies.28 It is possible that the rate of adverse procedural events could decrease as the
technique is used more routinely; nevertheless, this will remain an area of careful scrutiny as
therapies requiring intramyocardial delivery of therapeutics are developed.

This study was not powered to detect differences in efficacy between the low-dose and high-
dose groups. Nevertheless, patients who received the lower dose appeared to experience
greater improvement in several end points. This lack of a definitive dose-dependent response
was not anticipated, but is far from unprecedented, and is consistent with the results from
preclinical studies of cell therapy for myocardial ischemia29 and with an extensive body of
literature indicating that the response to biological manipulations of angiogenesis is often
biphasic.30 Perhaps the most notable recent clinical example is a phase II study of the
antiangiogenic drug bevacizumab31 for treatment of metastatic colon cancer. The low-dose
treatment, which was half the magnitude of the high-dose treatment, was associated with
higher response rates and survival, and the subsequent successful phase III trial, which led to
FDA approval of the drug for the condition studied, used the low dose.32 No mechanism for
the inverted dose–response relationship associated with bevacizumab has been described,
and the mechanism responsible for the potentially more robust effect observed in patients
treated with a lower dose of intramyocardially injected CD34+ cells is also unknown. One
possible explanation is that the higher dose exceeded the (as yet unidentified) optimum cell
density required for promoting paracrine effects within the confined space of the
myocardium.

Perfusion imaging was performed in an attempt to quantify changes in blood flow. One
SPECT assessment showed improvement in low-dose patients at 6 months, and the
remaining SPECT parameters did not identify significant differences between treatment
groups. Does this negate the possibility that changes in blood flow were responsible for the
clinical effects observed? Not necessarily. SPECT imaging was designed and validated as a
tool for detecting relative reductions in blood flow that result from the obstruction of
epicardial coronary arteries, whereas the mechanism responsible for the benefit of CD34+-
cell therapy is believed to involve increases in capillary density and improved micro-
circulation in the area around the injection sites. These improvements are likely spread
around throughout the ischemic zone of the myocardium, crossing the boundaries of the
standard 17-segment SPECT map; thus, the ability to detect relative changes in blood flow
would be, at best, limited. Newer methods for measuring perfusion, such as quantitative
positron-emission tomography imaging, may be required to document changes in absolute
blood flow at the microvascular level.33

The limitations of this investigation include its status as a phase II study; thus, the findings
of improvement following intramyocardial injection of autologous CD34+ cells must be
replicated in a phase III investigation before definitive conclusions regarding efficacy can be
made. Furthermore, the study was not powered to detect differences between doses, so
observations regarding the apparently greater potency of the lower cell dose do not provide a
conclusive assessment of the potential dose–response relationship.
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In summary, the results from this phase II study support the safety and efficacy of
intramyocardially injected autologous CD34+ cells for symptom reduction and improved
exercise capacity in “no-option” patients with refractory angina. Larger-scale studies are
warranted to verify these effects and to refine the methods for collecting and administering
CD34+ cells to patients with disabling angina symptoms.
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Appendix 2

Protocol Detail

Therapeutic Autologous CD34+ Cells (Auto-CD34+ cells)

Study Phase Phase II

Protocol Title A double blind, prospective, randomized, placebo-controlled study to determine the
tolerability, efficacy, safety and dose range of intramyocardial injections of G-CSF mobilized
Auto-CD34+ cells for reduction of angina episodes in subjects with refractory chronic
myocardial ischemia. (ACT34-CMI)
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Objective Primary Objective: The primary objective of the Phase 2 clinical trial is to demonstrate
reduction in angina episodes, evaluate the efficacy, tolerability and safety of two doses of
Auto-CD34+ cells administered via intramyocardial injection to subjects with refractory
chronic myocardial ischemia (CMI).

Study Design This is a prospective, randomized, double blind, placebo-controlled study to evaluate the
efficacy, tolerability, and safety of two doses of Auto-CD34+ cells when delivered by
intramyocardial injection. A single administration of Auto-CD34+ cells will be dosed at
either 1 × 105 or 5 × 105 (±10%) cells/kg body weight, up to a maximum of 100 kg, and
compared to subjects receiving placebo. There will be 50 subjects per group.

All subjects will receive subcutaneous injections of Granulocyte Colony Stimulating Factor
(G-CSF) at a dose of 5 μg/kg/day for 5 days to mobilize CD34+ cells from the bone marrow
to the peripheral blood. Prior to undergoing apheresis, complete blood counts will be
performed on days 1, 2, 3, 4 and 5. Fluorescent-activated cell sorter (FACS) analysis will be
performed on days 4 and 5, to determine the number of CD34+ cells in the circulation. On
day 5, apheresis will be performed using the Amicus Blood Cell Separator (Fenwal) or an
alternative approved apheresis system (e.g. Cobe Spectra), according to the manufacturer’s
instructions for mononuclear cell collection. The endpoint of each collection will be the
processing of up to 2-5 total blood volumes (TBV) and will be based on the circulating
CD34+ cell count on the day of apheresis and subject tolerance for the apheresis procedure.

<15 CD34+ cells/μL whole blood → 5 TBV

15-25 CD34+ cells/μL whole blood → 4 TBV

26-50 CD34+ cells/μL whole blood → 3 TBV

>50 CD34+ cells/μL whole blood → 2 TBV

On the day of cell injection, the apheresis product will be enriched for CD34+ cells using the
Isolex 300i Magnetic Cell Selection System (Baxter Healthcare). Quality control testing will
be performed on the apheresis product and on the final selected product. After the final
selected product is tested and determined to meet release specifications, subjects will be
randomly assigned to 1 × 105, 5 × 105 (± 10%) CD34+ cells/kg body weight (up to 100 kg) or
to placebo (0.9% NaCl (saline) plus 5% autologous plasma) at this point in the trial. The
subject will undergo cardiac catheterization with the NOGA™ electromechanical mapping
system. This system is used to identify ischemic but viable regions of the myocardium as
targets for cell delivery. CD34+ cells will be delivered in 10 intramyocardial injections of 0.2
mLs each into the target areas of myocardial ischemia using the MyoStar injection catheter
(Biosense Webster, Inc., a Johnson & Johnson company).

Number of subjects 150

Study population Male or female subjects who are 21-80 years of age with refractory chronic myocardial
ischemia on maximal therapy who are not suitable candidates for conventional
revascularization

Inclusion Criteria 1 Male or female subjects who are 21-80 years of age, inclusive.

2 Subjects with CCS functional class III or IV chronic refractory angina as
evaluated by the Core Lab independent interview.

3 Subjects without control of their angina symptoms, in spite of maximal tolerated
doses of anti-angina drugs, must be on optimal therapy for their angina (1,2,3a),
and on a stable anti-angina medication regimen for at least 1 month prior to
entering the screening period of the study (3b). This means that their current
treatment must include (all 3 below):

1. Aspirin (81 mg) or clopidogrel or ticlopidine

2. Statins at maximum tolerated dose

3. a. At least 2 of the following anti-angina medications
– Beta Adrenergic Blocking Agents, Calcium
Channel Blocker, ACE Inhibitors, long-acting
nitrates – at maximum tolerated dose, unless not
tolerated because of significant side effects.

b. Stable doses of the anti-angina medications for 1
month prior to entering the screening of the study.
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4 Subjects must be identified as unsuitable for conventional revascularization. A
local independent interventional cardiologist and cardio- thoracic surgeon will
review the subject’s angiogram to determine if the subject is eligible for
revascularization. Additional factors which will be considered in determining the
candidacy of a subject for revascularization: 1) Technical factors, such as the
availability of conduits for bypass (veins, internal mammary arteries, radial
arteries), the suitability of native arteries for accepting bypass grafts, calcification
of the aorta (making cross-clamping difficult and higher risk); or for percutaneous
revascularization, left main disease, restenosis, small vessels, diffuse disease,
severe tortuosity or other anatomic considerations. 2) Comorbidities, such as
chronic obstructive lung disease, asthma, morbid obesity, diabetes, active
infection, arthritis, etc.

5 All subjects must have a recent coronary angiogram (within the last 12 months) to
document the coronary anatomy and to verify the revascularization procedures.
Candidates for this study must meet at least one of the following criteria: 1) Total
occlusion of an epicardial coronary artery. 2) Are at high risk for percutaneous
coronary angioplasty of treatment zone(s) based upon clinical or anatomic
considerations including but not limited to the following: diabetes, left main
disease, pulmonary hypertension, severe proximal vessel tortuosity, severe
bendpoint obstructions, diffuse disease (>2 cm in length), small vessel (<2 mm
reference diameter), stenoses which are either diffuse (>2 cm in length) or distal,
incessant restenotic lesions, unfavorable bifurcation stenosis, and degenerated or
thrombosed saphenous vein grafts.

6 Subjects must have objective evidence of inducible ischemia or viable
myocardium in the potential target injection zone, as manifested by any one of
the following criteria:

a. under-perfused myocardium as shown on their initial nuclear scan
SPECT done during screening. The presence of myocardial perfusion
abnormalities in ≥2 segments of the standard 17-segment model are
required for entry into this clinical study. There must be

1. partial or complete reversibility present on the
SPECT study, or

2. primarily fixed perfusion abnormalities that are
associated with wall motion and thickening on the
gated SPECT study. Eligibility will be determined
by the SPECT Core lab analysis of the screening
SPECT image.

Or,

b. ST-segment shifts ≥0.5 mm documented on the screening exercise
treadmill test, as determined by the exercise testing core laboratory.

7 A left ventricular ejection fraction ≥25% by ECHO or SPECT (as determined by
the core lab) at screening.

8 Subjects must experience at minimum an average of 7 angina/or anginal
equivalent episodes per week, as recorded in the 28-Day Angina and Angina
Medication Use Diary.

9 Subjects must be able to complete a minimum of 3 minutes but no more than 10
minutes on a treadmill following the Modified Bruce Protocol.

10 Subjects must experience angina or anginal equivalent episodes during the
screening exercise treadmill test.

11 Female subjects must either be no longer capable of reproduction or using
medically valid contraception to prevent pregnancy during the study.

12 Subject must understand the nature of the procedure and provide written informed
consent prior to the procedure.

13 Subject must be willing and able to comply with specified follow-up evaluations.

Exclusion Criteria 1 Predominant congestive heart failure symptoms (CHF). a). Subjects who have
been hospitalized with a primary diagnosis of CHF in the prior 6 months; b).
Subjects with evidence of pulmonary edema that requires acute intervention such
as the administration of intravenous therapy e.g. diuretics, inotropic agents, or
vasodilator therapy, c). Subjects with physical findings consistent with
cardiogenic shock (See Note 3).

2 Myocardial infarction (Q wave or non-Q wave) within 60 days of treatment.
Myocardial infarction is defined according to standard practice on the basis of
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symptoms evocative of acute coronary ischemia accompanied by diagnostic
change in the ECG and/or cardiac enzymes (troponin, CK/CKMB ratio). (See
Note 3).

3 Successful or partially successful coronary revascularization procedures (any
vessel) within 6 months of study enrollment (See Note 3).

4 Placement of a bi-ventricular pacemaker for cardiac re-synchronization therapy
(CRT) for heart failure in the past 90 days. (See Note 3).

5 Documented stroke or transient ischemic attack (TIA) within 60 days of study
enrollment (See Note 3).

6 History of moderate to severe aortic stenosis (aortic valve area <1.5 cm2) or
severe aortic insufficiency; severe mitral stenosis (mitral valve area <1.5 cm2); or
severe mitral insufficiency. The area of the aortic and mitral valve must be
confirmed at the pre-treatment echocardiogram.

7 Subjects with any prosthetic aortic valve replacement.

8 Evidence of any life threatening arrhythmia that requires intervention (e.g. third
degree AV block, sustained ventricular tachycardia, sustained ventricular
fibrillation, prolonged sinus arrest etc.) on the 24-hour Holter monitor (See Note
3). Life threatening arrhythmia that is successfully treated with an ICD is not
exclusionary.

9 Splenomegaly and/or severe co-morbidity associated with a reduction in life
expectancy of less than 1 year, such as chronic medical illness (i.e., severe
chronic obstructive pulmonary disease, renal failure or cancer [exceptions – in-
situ skin cancer or fully removed skin cancer other than melanoma, in-situ
cervical cancer, or cancer free for 5 years with no history of a stem cell
transplant]).

10 Subjects with sickle cell disease or sickle cell trait.

11 Subjects with platelet counts greater than 10% above the upper limit of normal or
a platelet count below 100,000 if on Clopidogrel or 50,000 without Clopidogrel.
(See Note 3)

12 Subjects with a hematocrit <30%. (See Note 3).

13 Serum Creatinine > 2.5 mg/dl. (See Note 3)

14 Any clinically significant laboratory abnormality on screening laboratories.

15 Currently enrolled in another investigational device or drug trial (IDE or IND)
that has not completed the protocol required primary follow-up period (excludes
15 year follow-up of gene therapy trials)

16 History of alcohol or drug abuse within 3 months of screening. (See Note 3)

17 Joint, peripheral vascular disease or neurologic disease that severely limits
treadmill walking.

18 Chronic obstructive pulmonary disease that severely limits walking or forced
expiratory volume in one second (FEV1) <30% predicted.

19 Females who are pregnant or lactating.

20 Female subjects who are capable of reproduction and will not use medically valid
contraception to prevent pregnancy during the study.

21 Subjects who test positive for HIV, hepatitis B or hepatitis C, or are on chronic
immunosuppressive medications or have had a prior stem cell transplant.

22 Subjects with a known hypersensitivity to E. coli-derived proteins, or to any
component of Neupogen (Filgrastim) or G-CSF.

23 Subjects who have a significant psychiatric disorder or mental disability that
could interfere with the subject’s ability to provide informed consent and/or
comply with protocol procedures.

Treatment Groups Test: 1 × 105 (±10%) or 5 × 105 (±10 %) CD34+ cells / kg body weight (up to a maximum of
100 kg)

Control: placebo (0.9 % NaCl (saline) plus 5% autologous plasma) Mode of Administration:
Intramyocardial injection

Duration of Treatment Mobilization with G-CSF is 5 days.
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Apheresis is performed in one day on day 5 of mobilization CD34+ selection is performed on
day 6

Mapping and injection of stem cells or placebo is a 2-3 hour procedure performed on day 6.

Subjects will be hospitalized for 24-hour observation after cell injection.

The subject will then be followed for 12 months.

In a separate protocol, subjects will be followed for 12 months after ending participation in
this protocol.

Efficacy Variable Primary Efficacy variable is frequency of angina episodes per week, when comparing
subjects receiving injection of CD34+ cells to placebo.

Secondary Efficacy variables are divided into two categories, symptom relief and myocardial
perfusion, and function measurement endpoints.

Symptom Relief: ETT, anti-anginal medication, pedometer measurements, CCS functional
class and QOL [SAQ, SF-36, Dyspnea Questionnaire, Euro 5 Questionnaire], and the
combined rate of MACE events.

Myocardial perfusion and function measurements: SPECT and cardiac MRI.

Safety Variable Adverse event reporting, MACE, physical examination, vital signs, ECHO, laboratory
parameters, revascularization procedures (as defined by new diseased vessel or progression of
disease in a vessel not believed to be the cause of baseline angina), hospitalization rates for
cardiac related admissions and Emergency Department/Acute Care Service visits for cardiac
related admissions will assess safety.

Pharmacoeconomics Pharmacoeconomics will be evaluated by assessment of hospitalization rates, emergency
room visits, revascularization procedures (as defined by a new diseased vessel or progression
of disease in a vessel not believed to be the cause of baseline angina), and changes in
medication.

Statistical Methods A log linear model (Poisson regression) will be performed on the frequency of angina at
baseline and six months. The independent parameters in the model will be treatment group
(as randomized) and visit (baseline, 6 months), and the interaction between treatment group
and visit. The baseline value will be used as a covariate. Contrasts will be constructed on the
difference between 6 months and baseline. Since this analysis is done on the log scale, these
contrasts will take the form of relative risks. Missing data will be imputed using last value
carried forward. The primary analysis will be with the intent-to-treat (ITT) population.

A secondary analysis will be done using the actual dose of cells the subject received. The
independent parameters in the model will be dose of cells the subject actually received, visit
(baseline, 6 months) and their interaction. The baseline value will be used as a covariate.

Similar analyses will be performed using all available visits. Repeated measures analyses will
be used including all visits. Data will be summarized by visit for each treatment group. The
difference between the treated subjects and control subjects (as randomized) will also be
summarized at each visit. Missing data will not be imputed for this analysis.

One interim analysis is planned. This is for administrative purposes only and will not affect
the conduct of the study. An independent committee will conduct the analysis. All study
personnel will remain blinded until the end of the study.

For the secondary efficacy parameters, analysis of variance with repeated measures will be
performed on continuous data. Generalized linear models will be used to analyze ordinal and
categorical data. The independent parameters in the model will be treatment group and visit
(baseline, 6 months) and the interaction between treatment group and visit. The baseline
value will be used as a covariate.

Similar analysis will be performed using all available visits.

Adverse events will be listed by subject and summarized in tabular format by and within
standard of care (SOC) and treatment group. Listings and tables will be provided for
treatment-emergent adverse events (defined for an individual subject as an event not present
prior to beginning study medication, or, if present prior to beginning study medication, an
event that increases in intensity, is considered related to the study medication, or becomes
serious during the treatment or follow-up phases of the study). Separate listings and/or tables
will also be provided for adverse events by maximum intensity, drug-related adverse events,
serious adverse events, adverse events resulting in discontinuation of study medication, and
deaths.

Vital Signs assessment of the significance of the mean changes from baseline to each follow-
up evaluation point will be made within treatment groups, using paired t-tests. Comparisons
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between treatment groups with respect to mean changes from baseline will be made using
ANOVA/Categorical – Chi-square, or Fisher’s Exact as appropriate.

Laboratory results will be summarized (summary statistics for quantitative assays,
contingency tables for qualitative assays) by treatment group in tabular format. Assessment of
the significance of the mean changes from baseline to each follow-up visit will be made
within treatment groups for quantitative assays, using paired t-tests. Comparisons between
treatment groups with respect to mean changes from baseline in selected quantitative assays
will be made using analysis of variance (ANOVA). Individual subject values identified as
abnormal (outside the lab normal ranges) and substantially abnormal will be listed. Frequency
tables will be produced for selected assays summarizing shifts from pretreatment to the last
assessment while on treatment and the final visit.

Appendix 3

Handling of Quality of Life Data
Handling of Seattle Angina Questionnaire (SAQ)

The SAQ consists of 11 questions. Question 1 consists of 9 sub-questions. These 9 sub-
questions make up the Physical Limitations Scale. Question 2 comprises the Angina
Stability Scale. Questions 3 and 4 make up the Angina Frequency Scale. Questions 5
through 8 make up the Treatment Satisfaction Scale. Questions 9 through 11 make up the
Disease Perception Scale. There is no summary score for the Seattle Angina Questionnaire.

The Seattle Angina Questionnaire responses are ordinal values. Items that correspond to the
lowest level of functioning are assigned a value of 1, while items that corresponded to
higher functioning levels are assigned a higher ordinal value. These scores will be converted
to a 0-100 scale score by subtracting the lowest possible scale score, dividing it by the
response range, and multiplying it by 100. The following equations will be used to calculate
the score for each scale.

equation 1

Where SumQ is the sum of the responses to the questions for that scale

NQ is the number of non-missing responses to the questions for that scale

Range is largest possible response

If more than half of the responses for a given scale are missing then the score is considered
to be missing. For example, for the Physical Limitation Score there are 9 questions, so if
more than four responses are missing for these 9 questions then the Physical Limitation
Score will be missing.

Handling of Short Form-36 Survey (reference 1 and 2)
The SF-36 consists of 11 questions. Table 1 has the name of the scale, the questions that
correspond to that scale, the lowest and highest possible raw scores, and the possible raw
score range.
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Table 1

SF-36 Definitions of Scales

Scale Corresponding Questions Lowest and Highest Possible
Raw Scores

Possible Raw Score Range

Physical Functioning 3a through 3j 10, 30 20

Role-Physical 4a through 4d 4, 8 4

Bodily Pain 7 and 8 2, 12 10

General Health 1, 11a through 11d 5, 25 20

Vitality 9a, 9e, 9g, and 9i 4, 20 16

Social Functioning 6 and 10 2, 10 8

Role Emotional 5a, 5b, and 5c 3, 6 3

Mental Health 9b, 9c, 9d, 9f, and 9h 5, 25 20

Health Transition 2 1,5 4

The score for each of the scales was transformed to a 0-100 scale using the coded values and
the following equation.

equation 2

Equation 2 was adjusted for missing values similar to equation 1.

Handling of the Dyspnea Questionnaire
Using the same strategy as in the SF-36, the four questions in the Dyspnea Questionnaire
will be combined to form an overall score. A Yes answer will be scored as a 1 and a No
answer as a 2. The sum of the four questions will then be calculated. The overall score will
be derived as follows.

equation 3

If the subject answers Yes to all four questions then their score will be a 0, and if they
answer No to all four questions their score will be 100. Equation 3 will be adjusted for
missing values similar to equation 1.

Handling of Questions on Health Perception, (EuroQOL Questionnaire, EQ-5D)
The 5 domains of the EQ-5D were converted into utility weights using a published
algorithm based on the US population. Details of this approach are provided in reference 3.

Reference 1 :. Ware JE, Loinski M, Dewey JE. How to score Version 2 of the SF-36®
Health Survey, Lincoln, RI: QualityMetric Incorporated, 2000.

Reference 2: Spertus JA, Winder JA, Dewhurst TA, Deyo RA, Prodzinski J, McDonell M,
Fihn SD. Development and Evaluation of the Seattle Angina Questionnaire: A New
Functional Status Measure for Coronary Artery Disease, J Am Coll Cardiol. 25: 333-41,
1995
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Reference 3: Shaw, JW, Johnson, JA, Coons, SJ. US Valuation of the EQ-5D Health States,
Evaluation and Testing of the D1 Valuation Model. Medical Care. 2005;43: 203-220
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Non-standard Abbreviations and Acronyms

CABG coronary artery bypass grafting

CAD coronary artery disease

CCS Canadian Cardiovascular Society

ETT exercise tolerance test

G-CSF granulocyte colony stimulating factor

IVRS interactive voice-response system

MACE major adverse cardiovascular endpoints

MI myocardial infarction
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PCI percutaneous coronary interventions

SPECT single photon emission computed tomography
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Novelty and Significance

What Is Known?

• Human CD34+ cells are well known as hematopoietic stem cells used for stem
cell transplants in patients who have bone marrow ablation by chemotherapy or
radiation therapy.

• The CD34+ cells can differentiate into hematopoietic lineage cells and
reconstitute the bone marrow. In addition, they have also been shown to have
endothelial lineage potential in vitro and in vivo.

• Preclinical studies in models of myocardial or limb ischemia show that local
delivery of human CD34+ cells improves perfusion and function in ischemic
tissue.

What New Information Does This Article Contribute?

• In a double-blind, randomized, controlled clinical trial, direct intramyocardial
injection of autologous CD34+ cells was associated with an improvement of
exercise tolerance and with reductions in angina frequency in 167 “no-option”
patients with refractory angina.

• In addition to yielding data on safety and efficacy, the study also provides
evidence that the strategy of mobilizing, collecting, purifying, and delivering
autologous CD34+ cells in patients with severe cardiovascular disease is
feasible at a large number of centers.

As interventions for acute myocardial infarction have reduced mortality in patients with
coronary artery disease, and because medical treatment has also improved long-term
outcomes, a growing population of patients with refractory ischemia is emerging. These
individuals have exhausted medical, interventional, and surgical options and have
persistent, lifestyle-limiting ischemic symptoms. Epicardial revascularization is no longer
possible, often because of extensive disease or chronic total occlusion. In addition to the
loss of major conduit vessels in these subjects, however, the attenuation of the
microcirculation is also thought to contribute to the decrease in overall myocardial
perfusion. The CD34+ cell population has been shown to be enriched in cells with the
ability to stimulate neovascularization, both by contributing directly to vessel formation
and by secreting proangiogenic factors. This report provides evidence from a double-
blind study that direct injection of CD34+ cells into the ischemic myocardium reduces
chest pain and significantly increases exercise tolerance in patients with refractory
angina.
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Figure 1. Study design, eligibility, randomization, and follow-up
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Figure 2. Weekly angina incidence at 6 and 12 months
Least squares means and standard errors. *Probability values from pairwise comparisons of
ratios from Poisson regression (log of baseline used as covariate).
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Figure 3. Change in exercise time at 6 months and 12 months
Means and standard errors. *Probability values from analysis of covariance with repeated
measures (baseline value used as covariate).
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Table 1

Baseline Characteristics of the Study Population

Control (n=56) 1×105 cells/kg (n=55) 5×105 cells/kg (n=56) P Value

Demographics

 Age (mean±SD) 61.8 (8.5) 61.3 (9.1) 59.8 (9.2) 0.471*

 Female, % 10.7 16.4 12.5 0.668**

Cardiovascular risk factors

 HTN, % 94.6 94.5 94.6 1.000†

 Smoker, % 73.2 74.6 71.4 0.933†

 Diabetes, % 55.4 47.3 55.4 0.617**

Medical history

 Prior MI, % 75.0 78.2 80.4 0.798†

 Prior CABG, % 96.4 92.7 89.3 0.343†

 Prior PCI, % 83.9 87.3 78.6 0.464†

 Prior CHF, % 41.1 21.8 28.6 0.091†

Medications

 Beta blocker, % 98.2 90.9 92.9 0.243†

 Nitrate, % 73.1 65.5 71.4 0.647†

 Ca++ blocker, % 51.8 41.8 50.0 0.535†

 ASA, % 96.4 87.3 96.4 0.081†

 Clopidogrel, % 69.6 72.7 78.6 0.553†

 Statin, % 69.6 76.4 76.8 0.625†

 ACE-inh/ARB, % 76.8 76.4 75.0 0.974†

Cardiovascular condition

 LVEF (mean±SD) 59.8 (14.5) 58.9 (14.2) 60.6 (13.3) 0.820*

 Angina episodes/week (mean±SE) 24.6 (3.0) 22.9 (2.1) 26.4 (2.8) 0.653*

 Blood pressure, systolic (mean±SD) 122.0 (19.3) 123.0 (16.4) 124.8 (16.2) 0.689*

 Blood pressure, diastolic (mean±SD) 68.5 (11.0) 68.5 (9.9) 71.9 (7.9) 0.103*

Baseline values are for treated subjects only. HTN, hypertension; MI, myocardial infarction; CABG, coronary artery bypass graft; PCI,
percutaneous coronary intervention; CHF, congestive heart failure; ACE-inh, angiotensin converting enzyme inhibitors; ARB, angiotensin II
receptor blocker; LVEF, left ventricular ejection fraction.

*
Analysis of variance, based on the model including treatment effect.

**
Pearson c2 test used for testing differences among treatment groups.

†
Fisher exact test used for testing differences among treatment groups.
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Table 2

Major Adverse Cardiac Events

MACE Control N=56 (%) 1×105 cells/kg N=55 (%) 5×105 cells/kg N=56 (%) P Value*

Death 3 (5.4) 0 (0) 0 (0) 0.107

MI 7 (12.5) 3 (5.5) 3 (5.4) 0.305

Death, MI 10 (17.9) 3 (5.5) 3 (5.4) 0.058

Death, MI, urgent revascularization 11 (19.6) 5 (9.1) 4 (7.1) 0.106

Death, MI, urgent revascularization, worse CHF,
ACS

15 (26.8) 7 (12.7) 7 (12.5) 0.093

Stroke 1 (1.8) 0 (0) 2 (3.6) 0.774

Cardiac hospitalization or ER visita 21 (37.5) 16 (29.1) 18 (32.1) 0.357

Hospitalization for CHF 4 (7.1) 2 (3.6) 1 (1.8) 0.407

All MACE from start of mobilization to the end of the 12-month follow-up. MI, myocardial infarction; worse CHF, worsening congestive heart
failure; ACS, acute coronary syndrome.

a
Includes all hospitalizations or emergency room (ER) visits that were cardiac related. This is based on adjudicated hospitalization and ER visit.

*
P values calculated using Fisher exact test.
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