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Abstract

Aims—CONCERT-HF is an NHLBI-sponsored, double-blind, placebo-controlled, Phase II trial 

designed to determine whether treatment with autologous bone marrow-derived mesenchymal 

stromal cells (MSCs) and c-kit positive cardiac cells (CPCs), given alone or in combination, 

is feasible, safe, and beneficial in patients with heart failure (HF) caused by ischaemic 

cardiomyopathy.

Methods and results—Patients were randomized (1:1:1:1) to transendocardial injection of 

MSCs combined with CPCs, MSCs alone, CPCs alone, or placebo, and followed for 12 months. 

Seven centres enrolled 125 participants with left ventricular ejection fraction of 28.6 ± 6.1% 

and scar size 19.4 ± 5.8%, in New York Heart Association class II or III. The proportion of 

major adverse cardiac events (MACE) was significantly decreased by CPCs alone (−22% vs. 

placebo, P = 0.043). Quality of life (Minnesota Living with Heart Failure Questionnaire score) was 

significantly improved by MSCs alone (P = 0.050) and MSCs + CPCs (P = 0.023) vs. placebo. 

Left ventricular ejection fraction, left ventricular volumes, scar size, 6-min walking distance, and 

peak oxygen consumption did not differ significantly among groups.

Conclusions—This is the first multicentre trial assessing CPCs and a combination of two 

cell types from different tissues in HF patients. The results show that treatment is safe and 

feasible. Even with maximal guideline-directed therapy, both CPCs and MSCs were associated 

with improved clinical outcomes (MACE and quality of life, respectively) in ischaemic HF 

without affecting left ventricular function or structure, suggesting possible systemic or paracrine 

cellular mechanisms. Combining MSCs with CPCs was associated with improvement in both these 

outcomes. These results suggest potential important beneficial effects of CPCs and MSCs and 

support further investigation in HF patients.

Graphical Abstract

Cardiovascular Cell Therapy Research Network: the CONCERT-HF trial. CONCERT-HF is the 

first multicentre trial assessing c-kit positive cardiac cells (CPCs) and a combination of two cell 

types from different tissues in heart failure (HF) patients. Administration of autologous CPCs 

or mesenchymal stromal cells (MSCs) in patients with chronic ischaemic HF shows promising 

effects, namely, a reduction in hospitalization for HF and an improvement in quality of life, 

respectively, over the ensuing 12 months. Results of this Phase II study provide a rationale for 

additional clinical trials of cell therapy in chronic ischaemic HF.
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Introduction

The prognosis of heart failure (HF) caused by chronic ischaemic cardiomyopathy (coronary 

artery disease and prior myocardial infarction), hereby referred to as ‘ischaemic HF’, 

remains poor.1 Cell therapy is a potentially useful approach to treating ischaemic HF, 

with several Phase I and II clinical trials yielding encouraging results.2–6 The field of cell 

therapy has drawn extraordinary controversy since its inception approximately 20 years 

ago. Although transplanted cells do not regenerate cardiomyocytes,7–13 pre-clinical studies 

have consistently shown that they improve cardiac performance.8–22 Accordingly, this study 

was designed and executed to address, using rigorous methods, whether or not cell therapy 

improves cardiac structure and function in patients with ischaemic HF and whether or not, 

regardless of the outcome in cardiac function, patients experience clinical benefit.

Bone marrow (BM) mesenchymal stromal cells (MSCs) are one of the most promising 

cell types being considered for patients with ischaemic HF.3,5,6 Studies in animal models 

of ischaemic HF have demonstrated that transendocardial injection of MSCs improves left 

ventricular (LV) function and reduces scar size.14–19 Clinical trials of MSCs in patients 

with chronic ischaemic HF have shown safety and potential therapeutic efficacy.2–4,14,23–29 

MSCs do not differentiate into cardiac cells but secrete factors that exert antifibrotic, anti

apoptotic, anti-inflammatory, and pro-angiogenic actions.3,7

Another promising cell type for the treatment of ischaemic HF is c-kit positive cardiac 

cells (CPCs).3,8,9,13 Lineage tracing studies in vivo have shown that CPCs can differentiate 

into endothelial cells and, rarely, other cell types.30 Similar to MSCs, CPCs have been 
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shown to act by releasing paracrine signals, not by differentiating into cardiac cells.7–13 

In pre-clinical models of ischaemic HF, numerous studies from independent laboratories 

in various species have consistently shown that administration of CPCs improves LV 

function.8–13,20–22 However, the therapeutic efficacy of CPCs in humans with ischaemic HF 

has not been evaluated in double-blind, randomized, multicentre trials using cell products 

manufactured according to Good Manufacturing Practice (GMP) standards.

Experimental evidence suggests that combining different cell types may be therapeutically 

advantageous,20,21,31,32 possibly because of the complementary effects of the secretomes 

from different sources. Specifically, in pre-clinical models of ischaemic HF, there is 

evidence for a beneficial interaction between MSCs and CPCs that results in additive 

therapeutic effects, greater than those of either cell alone.14,20,21,32 To our knowledge, 

combinations of two different cell types have not been investigated in patients with 

ischaemic HF.

CONCERT-HF (Combination Of meseNchymal and c-kit+ Cardiac stEm cells as 

Regenerative Therapy for Heart Failure) (ClinicalTrials.gov Identifier: NCT02501811) was 

funded by the National Heart, Lung, and Blood Institute (NHLBI) to evaluate the feasibility, 

safety, and efficacy of MSCs and CPCs, alone and in combination, in patients with 

chronic ischaemic HF.33 Specifically, CONCERT-HF addresses the following questions: 

Is combined treatment with autologous MSCs and CPCs feasible and safe in patients with 

ischaemic HF? Do MSCs and CPCs, given alone or in combination, reduce major adverse 

cardiac events (MACE), improve quality of life, augment functional capacity, alleviate LV 

dysfunction, and/or reduce scar size? Is either cell type more effective than the other? Is the 

combination of MSCs and CPCs superior to MSCs alone or CPCs alone?

Methods

The design and methodology of CONCERT-HF have been described in detail33 and are 

summarized briefly below.

Design

In consultation with the NHLBI’s Gene and Cell Therapy Data and Safety Monitoring 

Board (DSMB) and the Food and Drug Administration (FDA), the CONCERT-HF trial was 

implemented in two stages. Stage 1 was performed to assess the feasibility and safety of 

the study procedures and to provide initial insights into the potential bioactivity of the study 

product; this information was used to inform the larger Stage 2 placebo-controlled trial. The 

results of Stage 1 are presented in the online supplementary Appendix S1. The remainder of 

this manuscript describes the results of Stage 2.

Screening and eligibility

A complete list of inclusion and exclusion criteria is provided in online supplementary 

Table S1. Briefly, for enrolment, participants had to have (i) a ‘detectable’ scar by 

magnetic resonance imaging (MRI), defined as ≥5% of LV volume with any subendocardial 

involvement; (ii) an ejection fraction ≤40% by MRI; (iii) maximally tolerated, guideline
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driven medical therapy for HF at stable doses for ≥1 month prior to consent; and (iv) New 

York Heart Association (NYHA) class I, II, or III HF symptoms.

Study protocol

The protocol complies with the Declaration of Helsinki and was reviewed and approved 

by local institutional review boards at each of the seven recruiting centres and the data 

coordinating centre. All participants provided written informed consent prior to study 

procedures. After baseline testing, 125 participants were randomized (1:1:1:1) to receive (i) 

a combination of MSCs and CPCs, (ii) MSCs only, (iii) CPCs only, or (iv) placebo (Figure 

1). All participants underwent bone marrow aspiration (BMA) and right heart catheterization 

(RHC). The RHC included endomyocardial biopsy (EMB) only for participants randomized 

to the MSCs + CPCs and CPCs alone groups; a ‘sham biopsy’ was performed in the other 

two groups.

Study products were manufactured by the central cell manufacturing facility at the 

University of Miami Interdisciplinary Stem Cell Institute. Manufacturing methods, including 

cell expansion, cryopreservation, shipment, and release testing, have been described.33 

Detailed characterization of the cell products is presented in online supplementary Tables S2 

and S3.

Approximately 14 weeks after BMA and RHC, participants underwent transendocardial 

study product injection (SPI) using the NOGA® XP Mapping and Navigation System 

(Biologic Delivery Systems, Johnson and Johnson). The target doses were 150 × 106 MSCs 

and 5 × 106 CPCs. Participants were followed at 1 day, 1 week, and 1, 3, 6, and 12 months 

after SPI.

Study endpoints

Study endpoints were measures of safety, feasibility, and efficacy. Safety outcomes were 

HF-related-MACE (HF-MACE) (all-cause death, hospitalization for worsening HF, and 

HF exacerbation not requiring hospitalization)34,35 and other significant clinical events, 

as well as all events at least grade 2 in severity. Efficacy endpoints included clinical 

outcomes (HF-MACE), quality of life [Minnesota Living with Heart Failure Questionnaire 

(MLHFQ) score], MRI measures of LV function and structure, measures of functional 

capacity [peak oxygen consumption (VO2), 6-min walking distance], and biomarkers [N

terminal pro-brain natriuretic peptide (NT-proBNP)]. All clinical events were reviewed by 

independent adjudicators (authors DA and CL), blinded to treatment. MRI and treadmill 

exercise (peak VO2) data were evaluated by Core Labs at Johns Hopkins University and the 

Massachusetts General Hospital, respectively.

Statistical analysis

All statistical analyses were conducted by authors DL and BRD using SAS version 9.4 

(SAS institute Inc.) and R version 3.2.2 (R Core Team, 2015). The principal analyses were 

based on an intention-to-treat of the four randomized therapies. There were six possible 

pairwise comparisons between treatments: (i) MSCs + CPCs vs. MSCs, (ii) MSCs + 

CPCs vs. CPCs, (iii) MSCs + CPCs vs. placebo, (iv) MSCs vs. placebo, (v) CPCs vs. 
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placebo, and (vi) MSCs vs. CPCs. Descriptive statistics for baseline characteristics are 

provided. Continuous variables were evaluated for normality using Shapiro–Wilk test and 

histograms. Non-normally distributed variables were log (e) transformed. Fisher’s exact test 

for categorical variables and two sample Student’s t-tests for continuous variables were 

used to evaluate differences of changes of efficacy variables between treatment groups. 

Secondary as-treated analyses were also conducted (online supplementary Appedix S1). 

Safety data were analysed by therapy group using Fisher’s exact test between baseline and 

(i) 6 months and (ii) 12 months. Feasibility of study procedures was evaluated as the number 

and percentage of participants for the event or procedure.

Cumulative incidence of HF-MACE was analysed using Kaplan–Meier curves, log-rank 

tests, and Cox regression. For each of the two prospectively declared follow-up durations 

(6 and 12 months), the change in each efficacy measure of interest was also compared 

using ANCOVA analyses adjusting for baseline values. Repeated-measures linear regression 

models (SAS Proc Mixed) were used to address trajectories (upward or downward trends) 

over time within each of the treatment groups in the randomized and total cohorts. Also, 

a time by treatment interaction was included to assess if there were treatment differences 

in slopes over time. All available data were used to construct likelihood function assuming 

data are missing at random. Partial information is included for participants with missing 

observations. No adjustments for multiplicity were made in this Phase II trial for reasons 

expounded elsewhere.33,36

Sample sizes were selected to ensure sufficient power to detect meaningful changes in 

endpoint measures. Sample size calculations were based on the variability encountered in 

previous trials in similar patient populations, including TIME,37 LateTIME,38 and SWISS

AMI.39 According to these estimates, using two sample Student’s t-test, CONCERT-HF 

needed a sample size of n = 144 assuming a 20% attrition rate, 2-sided alpha = 0.05, and 

power of 90% to detect LV ejection fraction (LVEF) change differences and infarct size 

changes (n = 36 per group).

CONCERT-HF was designed to enrol 144 participants. After 125 participants were 

randomized, recruitment was paused by the NHLBI based on a recommendation from 

the DSMB following their consideration of concerns raised about CPCs.40 Subsequently, 

the DSMB reviewed a report from an independent panel appointed by the NHLBI to 

evaluate cell production protocols and records and a report of an analysis of interim data to 

assess power for the various efficacy endpoints. Neither the DSMB nor the NHLBI raised 

any concerns regarding cell production, characteristics of cell products, or the conduct of 

the trial. The DSMB then recommended that patients who had undergone bone marrow 

harvest and/or EMB should undergo cell transplantation and complete the study protocol. 

However, because the observed variability of MRI-derived measures was less than expected, 

recruitment of additional participants was considered unlikely to meaningfully improve 

power. It is important to note that the DSMB did not stop the trial for futility but rather they 

reviewed the sample size calculations, and in light of our low variability in MRI endpoints, 

determined that power was likely sufficient to meet the trial objectives at the sample size at 

that time (n =125). The NHLBI then made the decision to halt enrolment at 125 participants.
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Results

Study population

Between November 2016 and November 2018, 820 individuals were evaluated for 

enrolment, 125 of whom were randomized to the four treatment groups (Figure 1). Reasons 

for exclusion are given in Figure 1. Baseline characteristics are summarized in Table 1. The 

cohort was principally male (93%), 10% non-white and 16% Hispanic, with a mean age of 

62.5 years. The average LVEF at baseline (MRI) was 28.6 ± 6.1% and scar size 19.4 ± 5.8% 

of the left ventricle; 80% of patients were in NYHA class II and 15% in NYHA class III. All 

participants were on maximally tolerated, guideline-directed therapy.

Safety and feasibility

As shown in online supplementary Table S4, there were no significant differences across 

the treatment groups with respect to the incidence of adverse events in the 12 months after 

treatment.

Of the 125 randomized participants, 119 underwent harvest procedures [BMA, RHC 

(with or without EMB), or both]; of these, 110 received SPI (Figure 1). Six randomized 

participants did not undergo harvest procedures due to: death prior to procedure (n =1), 

patient withdrawal (n = 4), and one patient changed his/her mind about treatment but 

continued in follow-up. All participants (n =119) had a successful BMA; all participants 

randomized to the CPCs only or MSCs + CPCs groups (n = 64) had successful EMB except 

in one case in which EMB could not be obtained due to ventricular tachycardia. After 

the harvest visit, an additional nine randomized participants did not receive SPI due to: 

death prior to scheduled procedure (n = 2), LV assist device placement (n = 2), episodes of 

ventricular tachycardia (n = 2), and procedures that were cancelled by the interventionalist 

(n = 3).

To maintain study blinding, if a patient was randomized to MSCs + CPCs and did not meet 

the minimum dose of CPCs, he/she received MSCs alone and conversely, if a patient did 

not meet the minimum dose of MSCs, he/she received CPCs alone; in the circumstance 

where both products failed to meet release criteria, the patient received placebo. If a patient 

in either the MSCs or CPCs alone groups did not meet the minimum dose, he/she received 

placebo.33 Of the 110 participants scheduled to receive study product, 90 (82%) received 

their assigned product and 20 (18%) an alternate product as described above. Of the 55 MSC 

products and 57 CPC products prepared, 25% and 16%, respectively, failed release criteria 

due to failure of CPCs to grow (4 CPC products), insufficient cell counts (9 MSC and 1 

CPC product), and insufficient viability (4 MSC and 2 CPC products) at the clinical site. 

Of the 110 patients who received SPI, 4 received <15 injections; 2 because of insufficient 

product volume and 2 because of safety concerns (patient’s anatomy, pericardial effusion). 

The average MSC and CPC dose cell count of administered products was 108 ± 28 × 106 

cells and 4.3 ± 1.2 × 106 cells, respectively.

Despite 81% of patients having cardiac devices (most of which were MRI non-conditional), 

MRI scans were safely performed in 96% and 95% of participants at the 6- and 12-month 

visits, respectively. LV volumes were obtained in 98% of the scans both at 6 and 12 months; 

Bolli et al. Page 7

Eur J Heart Fail. Author manuscript; available in PMC 2021 August 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



measurements of scar size and viable mass were obtained in 82% and 78% of scans, 

respectively. Primary reasons for the inability to assess these variables were device artefacts 

(creating low signal-to-noise ratio), breathing or motion artefacts, and technologist error 

during image acquisition.

Efficacy

Heart failure-related major adverse cardiac events—The number of patients with 

HF-MACE is presented in Figure 2 and Table 2. The proportion of HF-MACE was 

significantly different across the groups (P = 0.049) (Figure 3A); it was highest in the 

placebo group (28.1%) and lowest in the CPCs alone group (6.5%; P = 0.043 vs. placebo). 

In the MSCs + CPCs group, HF-MACE occurred in 9.1% of patients (P = 0.061 vs. 

placebo). The differences in HF-MACE were driven primarily by hospitalization for HF, 

which was reduced from 21.9% of patients in the placebo group to 3.2% in the CPCs 

alone group (P = 0.053 vs. placebo) and 6.1% in the MSCs + CPCs group (P = 0.082 vs. 

placebo) (Table 2, Figure 3A). Cox regression analysis of the time to event demonstrated 

that, compared with the placebo group, the hazard ratio (HR) was significantly lower in 

the CPCs alone group [HR 0.200 (95% confidence interval-CI 0.043–0.934), P = 0.041] 

and in the MSCs + CPCs group [HR 0.256 (95% CI 0.069–0.934), P = 0.043] (Figure 2). 

Adjusted analyses (including baseline covariates of gender, smoking status, presence of a 

cardiac device, and NYHA class) were consistent with the unadjusted ones. Additionally, 

baseline characteristics for the reduced sample size showed balance across the treatment 

groups. Other cardiovascular clinical events were not significantly different among groups 

(Table 2).

Because 15 of the 125 randomized patients were not treated and 20 received a treatment 

different from that to which they had been randomized due to product release failure (vide 
supra), we also performed an as-treated analysis of HF-MACE in which patient allocation 

to a group was based upon the treatment actually received (online supplementary Table 

S5). In this analysis, the 15 non-treated patients constitute a fifth group. The as-treated 

analysis showed that the proportion of HF-MACE differed significantly among the five 

groups (P = 0.027), being highest in the placebo and non-treated patients (24.4% and 33.3%, 

respectively). In the group that received CPCs alone, only 3.6% of patients experienced a 

HF-MACE (P = 0.022 vs. placebo). In the group that received MSCs + CPCs, HF-MACE 

occurred in 5% of patients (P = 0.084 vs. placebo). Again, these differences reflected 

primarily the rate of hospitalization for HF, which differed significantly among the five 

groups (P = 0.046) and was highest in placebo and non-treated patients (19.5% and 

20%, respectively). In contrast, none of the 28 patients who received CPCs alone were 

hospitalized for HF (P = 0.018 vs. placebo). The rate of HF hospitalization was numerically 

lower in patients who received MSCs alone and MSCs + CPCs (9.5% and 5%, respectively), 

but these differences were not statistically significant vs. placebo.

Other endpoints—Compared with placebo, at 6 months the MLHFQ score was improved 

in the MSCs alone group (−15.09; ANCOVA adjusted for baseline P = 0.050) and MSCs + 

CPCs group (−9.64; ANCOVA adjusted for baseline P = 0.023) (Table 3, Figure 3B, online 

supplementary Table S6). Similarly, at 12 months the MLHFQ score was improved in the 
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MSCs + CPCs group vs. placebo (−11.35; ANCOVA adjusted for baseline P = 0.020) (Table 

3, Figure 3B, online supplementary Table S7).

There were no significant differences between treated and placebo groups with respect 

to LVEF, LV end-systolic and end-diastolic volume index, global circumferential strain, 

longitudinal strain, sphericity index, scar size, peak VO2, 6-min walking distance, or NT

proBNP, either at 6 or 12 months (Table 3).

Using repeated-measures regression modelling, we conducted a trend analysis of the above

mentioned variables to compare trajectories (changes over 6 months) among the groups 

(online supplementary Tables S8 and S9). This analysis demonstrated that in the MSCs 

alone group the rate of decrease in MLHFQ score (i.e. negative regression equation slope) 

was greater compared to the placebo group (zero slope, P = 0.037) and to the CPCs alone 

group (positive slope, P = 0.031) (online supplementary Table S8). Trajectories did not differ 

significantly for other variables; however, the as-treated analyses were consistent with this 

finding.

As-treated analysis of efficacy endpoints at 6 months (online supplementary Table S10) and 

at 12 months (online supplementary Table S11) were consistent with the intention-to-treat 

findings.

Discussion

CONCERT-HF is the first multicentre, randomized, double-blind, placebo-controlled trial 

to assess a combination of two cell types from different tissues in patients with chronic 

ischaemic HF. The salient results are summarized as follows: (i) transendocardial injection 

of autologous MSCs and CPCs, alone or in combination, is safe and feasible; (ii) despite 

background maximal guideline-directed therapy, both MSCs and CPCs had measurable 

effects over 12 months, albeit in different ways; (iii) specifically, CPCs were associated with 

a reduction in the incidence of HF-MACE compared to placebo by 80% (HR 0.2), which 

was driven primarily by a reduction in hospitalization for HF; (iv) a similar outcome, i.e. a 

70% decrease in HF-MACE, was observed when CPCs were combined with MSCs although 

this effect was not statistically significant; (v) MSCs, either alone or in combination with 

CPCs, were associated with improved MLHFQ score, reflecting improved quality of life, at 

both 6 and 12 months; (vi) these seemingly beneficial effects of CPCs and MSCs on clinical 

outcome were not associated with changes in LV function or structure, suggesting possible 

systemic or paracrine cellular mechanisms; (vii) combination therapy with MSCs and CPCs 

was associated with the best clinical outcomes with respect to both HF-MACE and quality 

of life. Taken together, the results of CONCERT-HF identify important beneficial effects in 

patients with chronic ischaemic HF following administration of CPCs and MSCs. Further 

research will be needed to elucidate the mechanism(s) underlying these effects (e.g. possible 

anti-inflammatory and antifibrotic actions and/or improvement in endothelial function).

The improvement in clinical outcomes (HF-MACE and quality of life) without improvement 

in LV function or reduction in scar size may seem counterintuitive, but is consistent 

with a growing body of literature indicating that in patients with chronic ischaemic 
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HF, cell therapy can effect significant clinical changes without concomitant changes in 

LVEF.4,26,28,29 For example, in the ixCELL-DCM trial, transendocardial injection of BM 

MSCs and macrophages (ixmyelocel-T) reduced MACE by 37% despite no significant 

changes in LVEF or LV volumes.4 Similarly, TAC-HFT demonstrated that transendocardial 

injection of autologous BM MSCs improved quality of life (measured by the MLHFQ 

score) but did not affect LV volumes or LVEF, although it decreased scar size.26 Based 

on Phase II results,28 MACE are the primary endpoint of the DREAM-HF trial, a 

Phase III study of MSCs in HF.41 Preliminary reports indicate that BM MSCs reduced 

MACE in DREAM-HF.42 The mechanism whereby MSCs and CPCs may improve clinical 

outcomes without improving LV function or reducing scar size requires further investigation. 

Potential mechanisms include the paracrine actions of these cells via the secretion 

of anti-inflammatory, immunomodulatory, antifibrotic, antiapoptotic, and proangiogenic 

factors3,7,41 or improvement in endothelial function,41 all of which would be expected 

to be beneficial in HF, where chronic low-grade inflammation, progressive deposition 

of interstitial collagen, increased apoptosis, reduced vasculogenesis, and endothelial 

dysfunction are thought to play an important role in the progression of the disease.41,43,44

CONCERT-HF is the first clinical trial of c-kit+ CPCs produced by a cell manufacturing 

facility according to GMP under strict quality control standards. The marked reduction in 

HF-MACE observed in patients treated with CPCs (either alone or together with MSCs) is 

encouraging and provides a rationale for continued investigation of these cells. As reviewed 

elsewhere,13 despite scientific misconduct in one laboratory,40 at least 50 studies by more 

than 25 independent groups in various animal models of ischaemic cardiomyopathy have 

shown improvement in LV function and/or structure after administration of CPCs, providing 

robust evidence for therapeutic efficacy at the pre-clinical level.

Although the combination of MSCs and CPCs did not confirm pre-clinical studies showing 

additive effects with respect to LV function or structure,20,32 it was associated with the best 

overall results in terms of clinical outcomes, i.e. HF-MACE and quality of life (as measured 

by the MLHFQ score). The effects of CPCs and MSCs appear to be complementary. 

CPCs alone were associated with reduced HF-MACE but not with improved quality of 

life, whereas MSCs alone were associated with increased quality of life but not with a 

reduction in HF-MACE. The combination of MSCs and CPCs was associated not only with 

reduced HF-MACE (as shown by the HR), but also with improved quality of life (Graphical 

Abstract). Furthermore, patients receiving this combination had improved MLHFQ score 

both at 6 and 12 months, whereas those receiving MSCs alone improved only at 6 months 

(Figure 3B). This report provides initial evidence that combining two different cell products 

results in a better outcome than either product alone. The present findings provide a 

rationale for further studies of combinatorial cell therapy.

CONCERT-HF demonstrates the safety and feasibility of MRI in patients with MRI

conditional and non-conditional cardiac devices, a finding that may have broad applications 

that transcend the field of cell therapy. Although 81% of patients had a cardiac device 

present at baseline (MRI non-conditional in most cases), we were able to obtain 

measurements of LV volumes in 98% of the scans at both 6 and 12 months and 

measurements of scar size and viable mass in ∼80% of the scans at both time points. So far, 
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most HF trials have not utilized MRI in patients with cardiac devices. The fact that MRI was 

used safely and effectively in the vast majority of these patients in CONCERT-HF should 

promote widespread adoption of MRI in future clinical trials of HF.

CONCERT-HF has a number of limitations. First, due to the complexity and cost of the 

study, the groups are relatively small. As discussed above, the number of patients enrolled 

was sufficient to achieve adequate power for MRI-based measurements. Second, of the 125 

patients randomized, 15 did not receive SPI and 20 received a treatment different from 

that to which they had been randomized, reflecting the complexity of the protocol and 

the challenges associated with cell expansion and shipment. However, the results of the 

as-treated analysis were similar to those of the intention-to-treat analysis. The experience of 

CONCERT-HF will be useful for future studies. Third, since multiple endpoints spanning 

several domains (MACE, quality of life, cardiac function and structure, functional capacity, 

biomarkers) were examined with no adjustment for multiple comparisons, the findings are 

not conclusive but, rather, hypothesis generating for future trials. The reason for this design 

was the exploratory nature of the study, as the effects of the combination of CPCs + MSCs, 

have never been tested before. As discussed previously,36 the role of a Phase II study 

is to broadly survey the possible benefits of the study product. Phase II studies do not 

definitely confirm benefit but rather identify its first signal, providing a rationale for larger 

confirmatory Phase III trials.36 In CONCERT-HF, the exploration of multiple endpoints in 

several key domains provides a wealth of information on candidate outcomes for further 

study. While many of these endpoints were not significant, we highlight the promising ones 

that are perhaps worth further investigation. The apparent reduction in HF-MACE in patients 

randomized to CPCs alone or CPCs + MSCs is corroborated by the results of the as-treated 

analysis (online supplementary Table S5); if this reduction is confirmed in Phase III trials, it 

would be a significant advance. In conclusion, the CONCERT-HF trial suggests that a single 

administration of autologous CPCs or MSCs in patients with chronic ischaemic HF shows 

promising effects, namely, reduction in hospitalization for HF and improved quality of life, 

respectively, over the ensuing 12 months. The most promising overall results with respect 

to these outcomes were observed when MSCs were combined with CPCs. Further research 

will be needed to elucidate the mechanism(s) underlying these salubrious effects, because 

they were not accompanied by improved LV function or reduced scar size. Nevertheless, the 

results of this Phase II study provide a rationale for additional clinical trials of cell therapy in 

chronic ischaemic HF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
CONCERT-HF CONSORT diagram. CONSORT diagram shows patients screened, enrolled, 

and treated in the CONCERT-HF trial, as well as number of patients that completed follow

up for each endpoint, along with reasons for non-completion. 6MWT, 6-min walk test; ACT, 

anticoagulation therapy; BMA, bone marrow aspiration; CPC, c-kit positive cardiac cell; 

EF, ejection fraction; eGFR, estimated glomerular filtration rate; EMB, endomyocardial 

biopsy; FU, follow-up; HbA1C, glycated haemoglobin; LV, left ventricular; MLHFQ, 

Minnesota Living with Heart Failure Questionnaire; MRI, magnetic resonance imaging; 
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MSC, mesenchymal stromal cell; NT-proBNP, N-terminal pro-brain natriuretic peptide; 

NYHA, New York Heart Association; VO2, oxygen consumption.
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Figure 2. 
Heart failure-related major adverse cardiac events (MACE)–time to event. Cumulative 

(Kaplan–Meier) incidence of heart failure-related MACE. Events occurring between 

randomization and 30 days past the 12-month follow-up visit were adjudicated as endpoints. 

Some participants had extended 12-month visit windows due to the COVID-19 pandemic. 

Log rank P = 0.0364 is based on the entire follow-up of all participants. CPC, c-kit positive 

cardiac cell; MSC, mesenchymal stromal cell.
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Figure 3. 
Clinical outcome findings. (A) Proportion of first heart failure-related major adverse cardiac 

events (HF-MACE) by treatment group. Percentage of participants experiencing HF-MACE 

(first event) during the trial displayed by treatment group. (B) Quality of life results 

at baseline and follow-up by treatment group. Change in Minnesota Living with Heart 

Failure Questionnaire scores from baseline to 6 months and from baseline to 12 months by 

treatment group. Data are mean± standard deviation. CPC, c-kit positive cardiac cell; MSC, 

mesenchymal stromal cell.
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