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Aims Cardiopoiesis is a conditioning programme that aims to upgrade the cardioregenerative aptitude of patient-derived
stem cells through lineage specification. Cardiopoietic stem cells tested initially for feasibility and safety exhibited
signs of clinical benefit in patients with ischaemic heart failure (HF) warranting definitive evaluation. Accordingly,
CHART-1 is designed as a large randomized, sham-controlled multicentre study aimed to validate cardiopoietic stem
cell therapy.
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Methods Patients (n = 240) with chronic HF secondary to ischaemic heart disease, reduced LVEF (<35%), and at high risk for
recurrent HF-related events, despite optimal medical therapy, will be randomized 1:1 to receive 600× 106 bone
marrow-derived and lineage-directed autologous cardiopoietic stem cells administered via a retention-enhanced
intramyocardial injection catheter or a sham procedure. The primary efficacy endpoint is a hierarchical composite of
mortality, worsening HF, Minnesota Living with Heart Failure Questionnaire score, 6 min walk test, LV end-systolic
volume, and LVEF at 9 months. The secondary efficacy endpoint is the time to cardiovascular death or worsening HF
at 12 months. Safety endpoints include mortality, readmissions, aborted sudden deaths, and serious adverse events
at 12 and 24 months.
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Conclusion The CHART-1 clinical trial is powered to examine the therapeutic impact of lineage-directed stem cells as a strategy
to achieve cardiac regeneration in HF populations. On completion, CHART-1 will offer a definitive evaluation of the
efficacy and safety of cardiopoietic stem cells in the treatment of chronic ischaemic HF.
Trial registration: NCT01768702
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Introduction
Heart failure (HF) is still a common disorder associated with
significant morbidity and mortality despite recent advances in
therapy.1 Current approaches do not, however, address the
fundamental issues of myocyte loss and microvascular ischaemia
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.. that underscore the progression of ischaemic cardiomyopathy,
warranting treatment-innovative approaches,2 which is at the foun-
dation of more recently proposed regenerative therapies aimed to
limit remodelling and restore parenchymal integrity.3,4 One such
approach is stem cell therapy that has shown some promise in
proof-of-concept and humans studies, where signs of functional
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recovery were observed.5–7 Yet, these effects were not consis-
tently shown.8

Meta-analyses of stem cell-based trials in cardiovascular disease
suggest that the procedures are generally safe, yet clinical bene-
fit remains more uncertain.9–11 Recent data have revealed that
only rare patients harbour stem cells with an innate reparative
capacity.12 The restorative proficiency of autologous preparations
can either be harvested through pre-selection of such rare patient
cohorts or alternatively rescued by pre-emptive programming
within a youthful conditioning environment.13 As pre-selection lim-
its stem cell therapy to only the rare few, pre-emptive specification
has been pursued as an avenue to generalize therapeutic profi-
ciency in the setting of HF.14

In ‘guided cardiopoiesis’, non-regenerative patient-derived stem
cells are expanded and directed towards the cardiac lineage
using a cardiogenic conditioning medium without administration
of genetic material.15 Clinical grade cardiopoietic stem cells
(C3BS-CQR-1, Celyad S.A., Mont-Saint-Guibert, Belgium) repre-
sent a bio-therapeutic in which autologous bone marrow-derived
mesenchymal stem cells (MSCs) have been programmed to
ensure therapeutic performance. The safety and feasibility of
C3BS-CQR-1 therapy was evaluated in 45 patients with HF of
ischaemic origin in the C-CURE (Cardiopoietic stem Cell therapy
in heart failURE) trial.16 In this first-in-man, open label study,
intramyocardial administration of C3BS-CQR-1 was associated
with some improvements in LVEF, LV end-systolic volume (LVESV),
6-min walk test (6MWT) distance, and in a composite clinical score
of clinical and functional parameters compared with standard care
alone. Cell administration was well tolerated, without signs of
increased cardiac or systemic toxicity.

Based on these initial results, the impact of cardiopoietic stem
cell preparations on patient-centred outcomes will be investi-
gated in a prospective randomized sham-controlled trial evaluation.
Accordingly, the Congestive Heart failure cArdiopoietic Regener-
ative Therapy (CHART-1) trial has been designed to assess the
benefits of C3BS-CQR-1 in patients with chronic HF secondary to
ischaemic heart disease.

Study design
Key objectives
The primary objective of CHART-1 (ClinicalTrials.gov Identifier:
NCT01768702, EudraCT number 2011-001117-13) is to evaluate
the efficacy of cardiopoietic stem cells (C3BS-CQR-1, Celyad S.A.;
Mont-Saint-Guibert, Belgium) delivered using an endoventricular
injection catheter (C-Cathez®) in comparison with a sham proce-
dure on a hierarchical outcome comprising measures of mortality,
morbidity, and changes in quality of life, 6MWT distance, functional
capacity, and LV structure and function at 39 weeks (9 months)
post-procedure.

The secondary objective is to assess safety by comparing the
incidence of serious adverse events between study groups at 52
weeks (12 months) and all-cause mortality at 104 weeks (24
months) post-procedure. ..
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.. Eligible patients with chronic HF secondary to ischaemic heart
disease who consent to participate will be randomized 1:1
to either intramyocardial injection of cardiopoietic stem cells
(Treatment Group) or sham procedure (Control Group) follow-
ing successful expansion of MSCs from autologous bone mar-
row (Figure 1). Follow-up will occur at 4, 13, 26, 39, 52, and
104 weeks post-procedure. The primary efficacy endpoint is a
Finkelstein–Schoenfeld hierarchical composite endpoint compris-
ing all-cause mortality, worsening HF (WHF) events, and changes
in Minnesota Living with Heart Failure Questionnaire (MLHFQ)
score, 6MWT distance, LVESV, and LVEF by transthoracic echocar-
diography (TTE) at 39 weeks.17–19

Study population
A minimum of 240 patients with chronic HF secondary to ischaemic
heart disease fulfilling all inclusion and exclusion criteria (Table 1)
will be enrolled at ∼50 centres in Europe and Israel. The study
will be conducted in compliance with the requirements of govern-
mental regulatory bodies and ethics committees of each participat-
ing centre. Study criteria seek to identify a population of NYHA
class III–IV patients with limited functional capacity and low LVEF
(<35%), who are treated with optimal medical and revasculariza-
tion therapies. Patients must have had an episode of worsened HF,
requiring either hospital admission or outpatient treatment with i.v.
vasoactive medication or diuretic for WHF, in the last 12 months.
The absence of recent acute coronary syndrome, non-ischaemic
causes of LV dysfunction, significant mitral or aortic valve disease,
peripheral vascular disease, and co-morbidities or cardiac trans-
plant listing that would impact the ability to complete the trial
successfully is required. Screening procedures (Table 2) include a
comprehensive medical history, health status assessment, physi-
cal examination, laboratory tests, 12-lead ECG, TTE, 6MWT, and
MLHFQ. In addition to decreased systolic function, to qualify for
study intervention, the left ventricle must be without aneurysm and
with suitable wall thickness characteristics (see ‘Study procedure’
below). Patients who meet eligibility criteria will be scheduled for
bone marrow harvest.

Cell procurement and processing
A volume of 65–85 mL of bone marrow aspirated from the iliac
crest will be transported at 2–8∘C to a central Good Manufactur-
ing Practice (GMP) production facility where an initial MSC expan-
sion and subsequent cardiopoietic stem cell formulation will occur
(Figure 2). Subjects who undergo successful expansion of bone mar-
row to 24× 106 MSCs will be randomized in a 1:1 fashion using a
web-based randomization system (Sealed Envelope™), according
to a central randomization scheme stratified for each study cen-
tre. Patients from whom aspirates are <65 mL or yield <24× 106

MSCs will be eligible for a repeat bone marrow harvest. If the sec-
ond attempt again yields low bone marrow volume or insufficient
MSC numbers, the subject will fail the screening process and will
not be randomized.

The MSCs from subjects randomized to the Treatment Group
will be processed to undergo lineage specification, and released as

© 2015 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Study flow chart. MSC, mesenchymal stem cells.

cardiopoietic stem cells (C3BS-CQR-1). Following closed system
cryopreservation, the C3BS-CQR-1 product will be thermally
packaged and shipped to clinical sites at −130∘C or lower. For
each patient, aliquots will be bio-banked for quality control, as
well as for future high-throughput molecular studies at the Mayo
Clinic. If release specifications (purity, identity, homogeneity, and
sterility)16 are not met, the cell product will be withheld and the
subject allocated to the Process Failure Group (Figure 1).

Study procedure
In order to maintain a double-blind design, each site will identify
two independent investigative teams: (i) a blinded assessment team
which will perform all non-procedural study visits and assessments;
and (ii) an unblinded interventional team which will perform the
procedure. Through repeated onsite training and review, commu-
nications between teams will be limited. All patients will undergo
retrograde cardiac catheterization and biplane contrast left ven-
triculography according to best practices. Unfractionated or low
molecular weight heparin will be used during the study to maintain ..
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.. low-therapeutic anticoagulation levels (activated clotting time at
∼250 s where possible).

The Treatment Group will receive cardiopoietic stem cells by
endomyocardial injections (Figure 2). In preparation for this, frozen
stem cell product will be reconditioned by unblinded team mem-
bers on the day of the procedure. Based on echocardiography
and contrast left ventriculography, regions of the left ventricle to
be targeted for injection will be delineated onto real-time fluo-
roscopy images. An 8Fr deflectable tip catheter containing a 28
gauge retractable Nitinol alloy needle, featuring a curved tip with
seven side holes (Figure 3) will be used for injections (C-Cathez®).
This catheter has demonstrated cell retention-enhanced prop-
erties following endomyocardial injections.20 Both tip deflection
and needle advancement are controlled at the proximal handle
(Figure 3). Once prepared and primed with cells, the catheter is
inserted via the femoral artery and advanced into the left ventricle
in retro-aortic fashion. Twenty injections, each of 0.5 mL and sepa-
rated by ∼1 cm will be distributed over non-apical, non-basal por-
tions of the left ventricle (segments 7–16 on the standard bulls-eye
echocardiogram display 17 ASE model)21 that have wall thickness
>8 mm.

© 2015 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Study eligibility

Key inclusion criteria Key exclusion criteria
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age ≥18 and <80 years Pregnancy
Chronic ischaemic HF, without need for revascularization Acute coronary syndrome or PCI within 90 days, or CABG within 180

days
Systolic dysfunction with LVEF ≤35% Cardiac resynchronization therapy within 180 days
Hospitalization or outpatient with i.v. therapy for HF within the

previous 12 months
Moderate to severe valvular disease

Be or must have been within the previous 12 months in NYHA
class III or IV or in INTERMACS class 4, 5, 6, or 7, and at the
time of inclusion, must be in NYHA class II or greater

Prosthetic mitral or aortic valve

Total MLHFQ score >30 LV thrombus
6MWT distance >100 and ≤400 m LV wall thickness <8 mm visualized in >50% of the left ventricle
Stable medical regimen, including ACE inhibitor and/or ARB,

beta-blocker, aldosterone blocker, and diuretic for at least
1 month

Sustained VT or VF within 90 days

Willing and able to give written informed consent BMI <19 or >45 kg/m2

Inability to perform a 6MWT due to physical limitations other than HF
including: stroke, peripheral vascular disease, pulmonary disease

Immunosuppressive therapy
Chronic infection or active malignancy
Renal dysfunction with serum creatinine >3.0 mg/dL (>0.265 mmol/L)
Haematocrit <28%
Sero-positivity for HIV 1 or 2, hepatitis B or C, HTLV 1 or 2
Prior cell or angiogenic therapy within 60 days
Any illness other than HF which might reduce life expectancy to <2 years
Allergies to dextran or other plasma volume expanders

BMI, body mass index; CABG, coronary artery bypass graft; HF, heart failure; HIV, human immunodeficiency virus; HTLV, human T-cell lymphotropic virus; MLHFQ, Minnesota
Living with Heart Failure Questionnaire; 6MWT, 6-min walk test; VF, ventricular fibrillation; VT, ventricular tachycardia.

Bone Marrow
Harvest  

Procurement 

MSC Isolation and Expansion Cardiopoietic Stem Cell Formulation 
Endomyocardial

Cell Delivery 

Processing Procedure 

Figure 2 Cardiopoietic stem cell procurement and processing prior to the delivery procedure. Following bone marrow harvest, mesenchymal
stem cells (MSCs) are purified and expanded. Following standard operating procedures, cardiopoiesis is imposed for lineage guidance of MSCs
to derive cardiopoietic stem cells. Stem cells meeting pre-defined release criteria are delivered in an autologous fashion to patients with
ischaemic cardiomyopathy using a catheter-based endomyocardial delivery procedure.

Patients from the Control and Process Failure groups will
undergo a sham procedure, without intramyocardial injections
(Figure 1). The sham procedure, conducted over 30–60 min, con-
sists of insertion and removal of an introducer sheath into the
femoral artery following standard percutaneous intervention pro-
cedures, with the patient sedated per local practice. If the patient ..
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..
. is minimally sedated, a 30-min mock injection procedure is per-

formed.
Immediately following the procedure, all subjects will undergo

echocardiography to assess for procedural complications, and
blood samples will be taken for measurement of cardiac biomark-
ers. All patients will be observed in the catheterization laboratory

© 2015 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 3 Catheter-based delivery system. Endomyocardial delivery catheter designed for enhanced endomyocardial retention of stem cells
(C-Cathez®) features a thumbwheel control for distal catheter tip deflection (upper left panel), a curved needle design with side holes (inset),
and a luer lock connector for study injection with adjustable needle advancing mechanism (lower left).

for at least 30 min after the procedure and then for a minimum of
12 h in a telemetry unit.

Follow-up
All follow-up visits will be performed by the blinded team, sched-
uled for 4, 13, 26, 39, 52, and 104 weeks following the proce-
dure (Table 2). Clinical assessments include grading of HF signs and
symptoms, NYHA class, and INTERMACS classification, echocar-
diography, MLHFQ score, and 6MWT distance. Blood samples
for central laboratory measurement of cardiac markers; creatine
kinase (CK)-MB, troponin-T, and NT-proBNP will be taken at week
39. Automatic implantable cardioverter-defibrillator (AICD) inter-
rogation will be conducted at each follow-up visit.

Adverse events and the occurrence of clinical events of interest,
including death, WHF, sudden death, AICD activation, myocardial
infarction (MI), and stroke, will be collected through week 52.
Serious adverse events (SAEs) will be collected through week 104.

Statistical methods
The primary efficacy outcome is a hierarchical composite18 con-
structed from the following endpoints evaluated at 39 weeks fol-
lowing the study procedure in patients treated as randomized:

1. Mortality= days alive out of 39 weeks.
2. Number of WHF events: 0, 1, or≥ 2,
3. MLHFQ ≥10 point improvement, no meaningful change, ≥10

point deterioration.
4. 6MWT ≥40 m improvement, no meaningful change.
5. LVESV ≥15 mL improvement, no meaningful change.
6. LVEF ≥4% absolute improvement, no meaningful change, ≥4%

absolute deterioration. ..
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. Worsening heart failure is defined as new or worsening
HF signs or symptoms requiring additional or increased
treatment—including initiation or up-titration of intravenous
therapy, mechanical or surgical intervention, or ultrafiltration,
haemofiltration, or dialysis—in either an urgent outpatient setting
or hospital admission of at least 24 h duration (or overnight if
exact times are not available). WHF will be adjudicated by the
Clinical Events Committee (CEC; see Appendix 1).

Each patient is compared with every other patient and classified
as having done better (+1), worse (−1), or the same, starting
with the first endpoint in the hierarchy. For a given pair, if the
patients are tied at the first level in the hierarchy they are compared
with respect to the second level, and, if tied, are compared at
the third level, and so on. Treatment groups are then compared
among treated patients at the two-sided 5% significance level using
a modification of the generalized Wilcoxon test constructed from
the sum of the scores for each patient.

Effects were hypothesized based on results reported for effective
therapies in similar patient populations (e.g. CRT), results of the
C-CURE trial,16 and clinical judgement regarding expected results
given the target patient population. Power with 120 patients per
group is ∼87% at the two-sided 5% significance level, with assumed
correlations among the endpoints and with the following assumed
treatment group differences (Treatment vs. Control):

1. Mortality of 7.5% vs. 10%.
2. Number of WHF events of 83.5% vs. 78% with 0, 11% vs. 16%

with 1, and 5.5% vs. 6% with ≥2 events.
3. Change in MLHFQ total score of −14 vs. –5 points with a

common SD of 20 points.
4. Change in 6MWT distance of 45 m vs. 10 m with an SD of

120 m.
5. Change in LVESV of −10 mL vs. 5 mL with an SD of 20 mL.
6. Absolute change in LVEF of 6% vs. 1% with an SD of 5%.
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The secondary efficacy endpoint is the time to cardiovascular
mortality or WHF through week 52.

Tertiary (exploratory) endpoints will include, through 39 and 52
weeks, time to all-cause mortality, time to cardiovascular mortality,
WHF, admission for HF, cardiovascular death or HF admission,
death or hospital admission, total days in intensive care, total
outpatient days alive, total days on any i.v. positive inotropic
drug, change in 6MWT distance and MLHFQ score, changes in
INTERMACS class, changes in NYHA class, change in blood values
(blood cell counts, C-reactive protein, creatinine), and total cost
in healthcare utilization. Change in LVESV, LV end-diastolic volume
(LVEDV), LVEF, and LV mass index at 26, 39, and 52 weeks and
changes in NT-proBNP and troponin-T at 39 weeks, as well as
total costs and healthcare utilization will also be examined.

Safety endpoints will be assessed in patients as treated and
include mortality through 104 weeks, readmissions, cardiac trans-
plantation, MI, stroke, and SAEs through weeks 52 and 104, and
non-serious AEs through week 52. Safety will also be assessed
by the occurrence of aborted sudden death events, defined as
resuscitated sudden death or appropriate defibrillator therapy for
sustained ventricular tachyarrhythmias, through 39, 52, and 104
weeks. The CEC will adjudicate all post-randomization deaths, MI,
stroke, and aborted sudden death events.

Study oversight and events assessment
A Steering Committee (see Appendix 1), comprised of the global
co-ordinating investigators and five additional members, will over-
see the study, including data collection and implementation of
operational issues that may arise and that may warrant a protocol
amendment or other corrective action. The Steering Committee
will also approve policy regarding presentations and publications.

A blinded CEC, composed of cardiologists with expertise in HF,
interventional techniques, and electrophysiology, will be responsi-
ble for reviewing and adjudicating specified clinical events collected
in the trial. An unblinded, independent, interventional cardiologist
will review and adjudicate the relatedness of peri-procedural SAEs
to the catheter or cell product.

An independent Data Safety Monitoring Board (DSMB; see
Appendix 1), consisting of HF and interventional cardiologists,
and including a clinical pharmacologist and biostatistician, will
assess all SAEs (myocardial trauma, perforation, pericardial tam-
ponade, ventricular tachyarrhythmias causing haemodynamic insta-
bility, stroke), as well as reviews of aggregate safety. Safety analysis
of the C-Cathez® catheter will be performed after 40 patients have
reached the 4-week follow-up visit. Accumulated safety and effi-
cacy data of the C3BS-CQR-1 stem cell product will be evaluated
after enrolment of ∼120 patients and a minimum of 13 weeks of
follow-up, at which time a futility analysis of the primary efficacy
outcome will be performed. For this unblinded examination of the
primary endpoint, a two-sided alpha of 0.0001 will be considered
to have been spent. The DSMB will make recommendations to the
Sponsor regarding the continuation, modification, or stoppage of
the trial. The full-cohort study will be unblinded and the primary
analysis will be performed after the last patient randomized has
been followed for 39 weeks. ..
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.. Discussion
The late phase CHART-1 trial builds upon findings and experience
derived from its predecessor, the C-CURE study.16 The general
clinical condition, chronic ischaemic HF, and the test agent, car-
diopoietic stem cells (C3BS-CQR-1, processed at a central facility),
are consistent between studies. CHART-1 incorporates unique
elements in the design for power to validate the efficacy signals
initially observed in the C-CURE trial.

Entry criteria are designed to include patients who are symp-
tomatic and at high risk despite traditional therapy for HF. Inclusion
of high-risk populations (HF decompensation within 12 months of
screening) targets a population in need, and serves to increase
the probability of detecting a treatment effect in follow-up. As a
late-phase clinical trial, CHART-1 incorporates randomization and
treatment allocation after successful MSC expansion. Randomiza-
tion is more commonly performed before any cell processing, a less
than optimal approach when utilizing autologous bio-therapeutics.
Incorporating assessment of MSCs in the inclusion process reduces
patient-to-patient variability in stem cell availability and potency
among randomized patients. Delaying randomization even further,
i.e. until after successful production of cardiopoietic stem cells,
rather than at the MSC expansion phase, while conceivable, pro-
vides limited advantage while adding significant cost burden.

The study procedure in CHART-1 takes advantage of
a trans-endocardial cell delivery catheter, a novel system
(C-Cathez® catheter) designed to increase tissue distribution
and retention of injected stem cells.20 The Control arm as well
as the Process Failure group will undergo a sham procedure,
instead of receiving placebo injection, in order to achieve a rea-
sonable balance between study risk and scientific rigour. While
placebo-controlled, double-blinded injections have been utilized
in other stem cell trials,22 the risks of intramyocardial injection
are not negligible.23 Effective barriers to ensure blinding24 are
intrinsic to this study in order to assess the effectiveness of the
interventional therapy. Maintaining the blinding is a difficult task
in studies requiring invasive therapies such as the present one.25

On the one hand, blinded (both patient and physician) assessment
of the treatment effects is crucial to ensure objective assessment,
but on the other hand performing a full sham procedure including
intramycoardial injection was felt to add unnecessary risk for
patients. Therefore, first the teams performing the efficacy assess-
ments and those performing the procedure will be separated into
two distinct firewalled teams and, secondly, patients receiving
sham treatment would receive a mini-procedure; however, no
intramyocaridal injections will be attempted.

Furthermore, endpoint selection is of critical importance in
the design of HF trials and continues to evolve reflective of the
systemic nature of the disease.26 To this end, the CHART-1 design
combines in a hierarchical manner survival time, WHF events,
quality of life, functional capacity, and parameters of LV remodelling
as a primary efficacy outcome. The relevance of the specified
changes in MLHFQ, 6MWT, LVESV, and LVEF merits discussion.
Some parameters, including the 6MWT and MLHFQ, are subjective
and may be particularly influenced by knowledge of the treatment
assignment. The absolute change in MLHFQ score that would
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indicate a clinical meaningful outcome is not certain. The selected
10-point change excludes chance variability, and was associated
with substantially increased risks of death and re-hospitalization
in patients with advanced chronic HF followed for 18 months
on average.27 Regarding the 6MWT, a 43 m improvement was
found to be statistically significant in the COMPANION study and
accompanied by reduced risks of death or HF rehospitalization
at 6 months.28 We have therefore considered a 40 m change as
meaningful. Lastly, LVESV and LVEF are more objective measures
of response, which, when considered in conjunction with more
subjective parameters, provide a clinically valuable readout of
regenerative impact.26 However, when taken alone, in a patient
population with baseline NYHA class II/III symptoms and LVESV
of 200 mL, it has been suggested that a change of 10 mL is clinically
meaningful,29 informing the CHART-1 design.

Study designs based exclusively on a hard endpoint, such as mor-
tality, disregard patient symptoms and functional capacity which, in
the setting of severe HF, are vitally important to the patient them-
selves. Such studies would also mandate an order of magnitude
larger patient cohort, typically in the thousands, which is not fea-
sible in this type of very intensive study. A composite endpoint
not only provides power above that afforded by a single endpoint,
but importantly allows formal assessment of the therapy’s effective-
ness across multiple clinical parameters. Composite endpoints have
been used, including combined death and recurrent hospitalization
with the method of Finkelstein and Schoenfeld,18 in device-based
clinical trials as a comprehensive analytical approach.30 The com-
posite endpoint method affords simultaneous insight into multi-
ple facets of the disease, and asserts whether the intervention
has an overall benefit weighting in a descending order outcomes
by importance.26,31 So the risks of a spurious false-positive or
false-negative finding, which in small studies and single endpoints
are high, are diminished in a large trial such as CHART-1 utilizing
this approach.

Summary
Cardiopoiesis offers an optimizing platform by which to generalize
the regenerative potential of patient-derived stem cells in the con-
text of HF. CHART-1 is a late-phase, randomized study designed to
establish the efficacy and safety of autologous cardiopoietic stem
cells in the treatment of chronic ischaemic HF. In utilizing cardiac
lineage-directed cells and a delivery catheter featuring increased
tissue retention, CHART-1 will serve as the foundation for a global
CHART programme.
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