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1 | INTRODUCTION

In the United States, more than 6 million people are affected by heart
failure (HF) and more than a half-million new cases are reported every
year.! Nonischemic dilated cardiomyopathy (NICM) accounts for
approximately one-third of HF cases.>* The underlying etiology of
NICM is heterogeneous, including infections, toxins such as alcohol
and anthracyclines, metabolic or endocrine disturbances, and genetic
mutations such as those causing idiopathic and familial dilated cardio-
myopathy.® Although progress has been made in the treatment of HF,
resulting in prolonged survival and alleviation of symptoms®’ the
morbidity and mortality associated with HF continue to be a signifi-
cant health care problem. Therefore, there remains a need to find new
treatments that may improve the prognosis of this syndrome.

A large body of research, both in animal models and human sub-
jects, supports the potential of cell therapy as a promising approach to
HF.811 A variety of cell types, including bone marrow (BM)-derived
mesenchymal stromal cells (MSCs), CD34+ cells, adipose-derived
regenerative cells, and umbilical cord-derived MSCs, have yielded
promising results after either intracoronary or intramyocardial deliv-
ery.8 1 Although the majority of cell therapy research has focused on
ischemic cardiomyopathy, there is now a growing interest in exploring
the use of cell therapy for NICM.811

More than 30 randomized controlled trials (RCTs) have examined
the effect of various cell types in ischemic cardiomyopathy as com-
pared with <15 trials for NICM.*? TOPCARE-DCM was the first study
in NICM; this trial showed that left ventricular (LV) ejection fraction
(EF) improved after intracoronary delivery of BM-derived mononu-
clear cells (BM-MNCs).*® Most subsequent trials were small, had sub-
stantial differences in design, and have yielded mixed results.'42°
Previous meta-analyses of clinical trials of cell therapy in NICM
suggested that this treatment might improve LVEF but not LV end-
diastolic dimensions (LVEDD).?'?? Due to lack of analyzable data,
these meta-analyses did not include other important outcomes such
as quality of life (QolL) and major adverse cardiac events
(MACESs).?24 |n recent years additional trials have been reported, for
a total of 11 RCTs.1>142526 However, the results of published trials
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ischemic dilated cardiomyopathy (NICM). The results of this meta-analysis suggest that cell ther-
apy is safe with no increased risk for major adverse cardiac events and may improve left
ventricular systolic function, left ventricular diastolic dimensions, and functional capacity in
patients with NICM. This supports the concept that cell therapy remains a promising therapeutic
option for NICM. Well-designed, adequately powered randomized trials are needed to conclu-
sively determine the benefits of cell therapy in NICM.

remain discordant and, therefore, the therapeutic potential of cell
therapy as an intervention for NICM remains unclear. The objective of
this study was to perform a comprehensive meta-analysis of pooled
data from all 11 RCTs published to date to better understand the
safety and therapeutic efficacy of cell therapy as a treatment
for NICM.

2 | METHODS

21 | Eligibility

We included trials that met all of the following inclusion criteria: the
study design was a RCT; a clearly stated strategy to include subjects
with NICM; autologous or allogeneic cell therapy as the experimental
group; either no intervention or placebo for the control group; inclu-
sion of participants with HF symptoms > class Il New York Heart
Association (NYHA); and either echocardiographic or magnetic reso-
nance imaging (MRI) evidence of LVEF <40%. Only trials published in
English were included. We did not include any trials presented only as

conference proceedings or abstracts.

2.2 | Search strategy and study selection

This systematic review was performed in accordance with the Pre-
ferred Reporting ltems for Systematic Review and Meta-analyses
(PRISMA) guidelines.?” The search strategy, including initial subject
headings and keywords, was developed by two authors (A.T. and
M.S.K.). The search was subsequently performed and revised as
needed in collaboration with an experienced medical reference librar-
ian (V.M.V.). The following databases were used: Medline/Ovid,
Embase, and the Cochrane Central Register of Controlled Trials from
inception through August 2020. Results were limited to humans. The
full literature search strategy is shown in Supplementary Appendix 1.
The search was completed by using references manually extracted

from article reference lists. We also reviewed the reference list of
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previously published systematic reviews in search of potential studies.
A.T. and M.S.K. independently reviewed the titles and abstracts of all
the articles found initially in the eligibility criteria-based search; then,
they jointly reviewed and cross-checked notes on their independent
selection of the studies. Any discordance and/or disagreements were
solved through discussion and review of the full-text articles to ensure

that the eligibility criteria were met.

2.3 | Data extraction and quality assessment

Data from selected studies were extracted independently by A.T. and
M.S.K. Data included (a) study characteristics (objectives, methods of
randomization, and blinding); (b) characteristics of participants, such
as demographic data and sample size; and (c) characteristics of the
intervention, such as type of intervention in the experimental and
control group, the timing of intervention and subsequently timing of
outcome evaluation, type and dose of cells, and method of cell deliv-
ery. Primary outcomes for this analysis included the change in LVEF
and LV end-diastolic dimension (LVEDD). Secondary outcomes
included NYHA classification, quality-of-life (QoL) measures, such as
the Kansas City Cardiomyopathy Questionnaire (KCCQ), 6-minute
walk distance, and MACEs, which were defined as all-cause death,
myocardial infarction, stroke, life-threatening arrhythmias, hospitaliza-
tion for HF, or heart transplant. In studies with multiple follow-up
times, the outcomes at the longest follow-up were used. In studies
where results were presented graphically, and actual mean differences
and SDs were not available, values were estimated from the graphs
independently by two authors (A.T. and M.S.K.) and average values
were used. Two authors (A.T. and M.S.K.) reviewed each selected trial
for quality assessment including the risk of bias using the Cochrane
criteria for the systematic review of interventions. This methodology
explores the adequacy of sequestration, allocation sequence conceal-
ment, blinding of participants and study personnel, blinding for out-
come assessment, incomplete outcome or selective outcome
reporting, and other potential biases. Any disagreement between the
authors was resolved with the mutual agreement after discussion.

24 | Statistical analysis

Outcomes were used in this meta-analysis only if at least four of the
11 included trials reported usable data (ie, data were presented either as
numbers or graphically which allowed for the calculation of mean differ-
ences and their associated SDs). Random effect models were used
throughout because of likely heterogeneity in studies that included
different patient populations and different types of cells in different
doses. In studies where measures of variation such as SD were not
reported, these were calculated from P values and confidence intervals
(Cls). For continuous outcome variables, mean differences between the
experimental and control groups from baseline to the longest reported
follow-up period were calculated. For categorical outcome variables such

as MACE, odds ratios were calculated. In one trial, the experimental

group was divided into two arms, one receiving BM-MNCs and the other
BM-MSCs.2® We statistically combined the outcomes of these two
experimental groups for the analysis. In another study, MRI was used in
short-term follow-up evaluation of LV function and dimension, and echo-
cardiography was used in long-term follow-up.}” We used the outcome
at the longest follow-up irrespective of the imaging modality. For
LVEDD, some studies reported chamber diameter while others reported
volume. Therefore, the standardized mean difference (SMD) was used to
allow the analysis of these measurements on different scales. Similarly,
the SMD was used for QoL measurements because some studies used
the KCCQ whereas others used the Minnesota Living with Heart Failure
Questionnaire (MLWHFQ). I? statistics was used to assess heterogeneity
among studies. Sensitivity analysis was done to investigate the associ-
ated heterogeneity and the effect of individual studies on it. Statistical

analysis was performed using RevMan v5.3.5.28

3 | RESULTS
3.1 | Search results and characteristics of
included trials

The literature search yielded 1060 potentially relevant studies, of
which 11 were eligible for inclusion in this study after a full read. The
PRISMA flow diagram is presented in Figure 1.

The total number of randomized participants was 574 (312 received
cells and 262 were in the control group). Out of the 11 trials, one was
conducted in India,*® one in China,?® one in United Kingdom,15 two in
Slovenia,*??° two in the United States,?>?? three in Brazil,***¢'” and one
in three countries (Germany, India, and Peru).%° The trials were conducted
from 2006 through 2017. Eight trials recruited participants from a single
medical center, while three were multicenter studies.?®?>3° One trial had
a crossover randomized design, whereby the experimental and placebo
groups received alternative treatment in the crossover phase?>; for this
trial, only the assessments of the pre-crossover phase period were
included in the analysis. The included patients were predominantly male
with an average age > 55 years in almost all the studies. Table 1 summa-
rizes the characteristics of the included studies.

In two trials, participants with both ischemic and nonischemic car-
diomyopathy were included; however, a separate analysis was con-
ducted for the two groups in these studies.2?° Only the analysis and
outcomes of participants with nonischemic cardiomyopathy were
included in our study. All trials mentioned administration of maximum
tolerated medical therapy for HF, including diuretics, beta-blockers,
angiotensin-converting enzyme inhibitors, or angiotensin receptor
blockers, and nitrates for at least 3 months. In one study by Henry
et al, the experimental group was divided into two arms: one received
stem cells intramyocardially via a mini-thoracotomy (IMPACT-DCM
trial) while the other arm received them percutaneously using the
Noga XP Cardiac Navigation System (Catheter-DCM trial) (BDS, a
Johnson & Johnson company, Irwindale, California).?’

Allogeneic cells were used in only one trial?®; rest of the stud-

ies utilized autologous cells. The trial by Butler et al utilized
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FIGURE 1 PRISMA flowchart outlining the literature search

ischemia-tolerant allogeneic BM-MSCs, which were extracted
from the BM of young healthy volunteers and grown under hyp-
oxic conditions from the moment of extraction.?® Of the trials with

15-18.29.30, gne trial used

autologous cells, six used BM-MNCs
either BM-MNCs or BM-MSCs,2¢ and three harvested mononu-
clear cells from the peripheral circulation by leukopheresis after
mobilization of BM cells using granulocyte-colony-stimulating fac-
tors (G-CSFs).1*17:2% |n one of the trials that used BM-MNCs, the
BM aspirate was cultured and later harvested to include an
expanded cell population enriched in MSCs (CD90+ cells), and
alternatively activated CD45+ and CD14+ cells.?’? Three trials

14.19.20 \yhijle one used G-

used G-CSF in the experimental group,
CSF for both experimental and control groups.!® All trials tested
the viability of cells before delivery and reported it to be greater

than 90%. None of the trials used cultured c-kit positive cells.

In one trial the cells were delivered intravenously?® and in two tri-
als intramyocardially'”?%; in one study retrograde venous delivery of
cells via the coronary sinus was performed,® while in the others cells
were delivered intracoronary. Among the trials with intracoronary
delivery, an equal volume of cells was delivered into both left and
right coronary arteries in three trials>¢8; selective delivery into the
right or left system based on target area selection using myocardial
perfusion scintigraphy before transplantation was performed in two
trials'?2% and selective delivery into the left main coronary artery
was done in two trials.2*2¢ Also, among trials with intracoronary deliv-
ery, the flow-stop technique with an intracoronary balloon was used
in three studies.}>182¢

Three trials used MRI to assess LVEF.2>172%> One study used both
MRI and two-dimensonal transthoracic echocardiography (TTE); how-

ever, TTE was used for long-term assessment at follow-up.!” In the
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remaining trials, TTE was used for assessment of cardiac structure and
function.

In six trials, cell therapy was compared with optimal medical treat-
ment.7292730 | one study, the control group was given peripheral injec-
tions of G-CSFs.** In one trial, participants were divided into four groups:
peripheral placebo (normal saline), peripheral G-CSF, peripheral G-CSF
and intracoronary serum, and peripheral G-CSF and intracoronary cells.*®
Since the majority of included trials comprised control groups that did not
receive either placebo or peripheral G-CSF, we used the peripheral pla-
cebo (normal saline) group as the primary control group and compared it
with the intracoronary cells group.*®

3.2 | Evaluation of bias

The risk of bias for the included trials is presented in Figure 2. All trials
reported using random sequence generation. Concealment of allocation
to the intervention group was reported in only three trials*>”2°; there-
fore, allocation concealment remains unclear in the other trials. Two trials
reported a double-blind study design and therefore had a low risk of per-
formance bias.*>1¢ One trial had a single-blind study design®” and five tri-
als had an open-label study design”*%202%%0; these studies had a high
risk of performance bias. Three trials did not mention any strategy regard-
ing blinding study participants from medical personnel; therefore, the risk
of performance bias is not clear.2*182% Seven trials clearly stated blinding
of outcomes assessment and therefore had a lower risk of detection

1519.2025:26.29.30 \yhereas the risk of detection bias is unclear in three

bias,
studies.”*1%18 |n one trial, the risk of detection bias was deemed high
because of the presence of a mini-thoracotomy scar at the time of the
echocardiogram after cell therapy.t”

The risk of attrition bias was deemed high in two trials because
of the high attrition rate and failure to use intention-to-treat
analysis.2®7 In the study by Martino et al, 21/82 and 24/78 partic-
ipants were lost to follow-up in the cell therapy and control/
placebo groups, respectively.'® In the study by Sant'’Anna et al,
~25% of the participants in the treatment group were lost to
follow-up.'” In the rest of the trials, the risk of attrition bias was
low.14:15:17-20.25,26,29.30 Bjaq due to selective reporting was deemed
high in two studies because data were not presented for some of

the secondary outcomes,”?® whereas it was deemed low for the

remaining trials.14-16:18-20.25.29.30

3.3 | Assessment of outcomes

3.3.1 | Leftventricular ejection fraction

Changes in LVEF from baseline to end of follow-up after cell therapy
were reported in all trials. Two trials had a long-term follow-up of up
to 3 and 5 years.?®1? One study reported a mean follow-up of 468
+ 374 days,}* one reported results at 180 days post-stem cell
transfusion,?® and the others reported final endpoint assessments at

12 months®-17:20:2629.30 (Tape 1).
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FIGURE 2 A, Risk of bias summary of included randomized trials.
Symbols: (+) low risk of bias; (?) unclear risk of bias; (—) high risk of
bias. B, Risk of bias graph of included randomized trials

Six trials showed a significant increase in LVEF in the treatment

14.1518-20.26 \\ hereas five tri-

group as compared to the control group,
als did not.1%17:2529:30 |n two studies, the mean change in LVEF was
reported graphically with no clear details of measure of variation;
therefore, these data could not be included in the analysis.?’*° Pooled
data from nine trials**2°%2>2¢ showed that the weighted mean LVEF
was 4.17% greater in the treatment group as compared with the control
group (95% Cl = 1.66-6.69; P = .001; I> = 48%). A subgroup analysis per-
formed by stratifying trials based on duration of follow-up (<1 year vs
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>1 year) suggested that the mean LVEF improvement favored treatment
both for follow-up <1 year (MD = 3.52%; 95% Cl = 0.57-6.47; P = .02;
I = 51%) and 21 year (MD = 6.44%; 95% C| = 2.34-10.53; P = .002;
I? = 0%) (Figure 3A). Sensitivity analysis after excluding four trials'+16172%
at high risk for detection and/or attrition bias showed increased mean
difference in LVEF favoring cell therapy (MD = 5.02%; 95% Cl| = 2.04-

8.00; P = .0009; I? = 63%) (Figure S1A).

3.3.2 | Left ventricular end-diastolic dimensions
(volume or diameter)

Change in LVEDD (LV end-diastolic volume and/or diameter) was evalu-
ated in all included trials. Six trials presented LVEDD in milliliters, 1182527
two in centimeters,®®?° and three in millimeters.2*?4%° One study20
suggested a significant decrease in LVEDD, and another'¢ showed
increased LVEDD in the treated group as compared to the control group.
Nine trials suggested no significant association of cell therapy with
LVEDD changes. Pooled data analysis could be used only for seven trials
(with 458 participants) due to lack of information on variance in three tri-
als.151719.202526 \ne ysed inverse variance methodology with SMD
across two subgroups by the measure of LVEDD, that is, volume or diam-
eter. The cumulative weighted SMD was 0.5 points lower in favor of cell
therapy as compared to the control group (SMD = -0.50;
95% Cl = —0.95 to —0.06; P = .03; I? = 0%) (Figure 3B). In this analysis,
one trial?® contributed 63% of the weight; removal of this trial rendered
the association between cell therapy and LVEDD changes nonsignificant
(Figure S2).
3.3.3 | Major adverse cardiac events

Safety outcomes were reported in all trials; they varied among trials,
but periprocedural life-threatening adverse events and mortality were
reported in all 11 studies. Two trials showed decreased MACE in the
treatment group as compared to control,*??° whereas the other nine
trials did not show any significant difference between the two groups.
Meta-analysis of pooled data showed that the MACE event rate was
69/310 vs 69/259 in the treatment and control groups, respectively
(odds ratio = 0.77; 95% Cl = 0.48-1.24; P = .28; > = 17%) (Figure 4).
Sensitivity analysis after exclusion of trials at high risk of detection
and/or attrition bias resulted in significantly decreased risk of MACE
in favor of cell therapy (odds ratio = 0.55; 95% Cl = 0.33-0.90;
P = .02; I> = 0%) (Figure S1B).

3.34 | Secondary outcomes

Changes in NYHA classification were reported in seven tri-

15:17.18.2526.2930 Ty trials showed significant improvement in NYHA

15,26

als.
classification in the treatment group, while five trials showed nonsig-
nificant association.?”18252730 Meta-analysis for NYHA classification was

not feasible because some of the studies reported changes in NYHA

# TRANSLATIONAL MEDICINE

17,18,26,29

classification as mean differences, while other trials reported

them as categorical variable.1>25%°

Changes in QoL measures were evaluated by seven trials using
different measures, that is, the MLHFQ,*¢*72930 the KCCQ,'>18%
and European quality of life-5 Dimensions.'®> Two trials reported an
overall improvement in QoL measures in the cell treatment group.*>8
Pooled analysis was done using the SMD in MLHFQ and KCCQ
scores from four distinct trials. The mean difference was not signifi-
cantly different between treatment and control groups (SMD = 0.13;
95% Cl = —0.12 to 0.39; P = .30; I> = 0%) (Figure 5A).

Changes in 6-minute walk distance were evaluated in six tri-

16,17,19,20,25,

als 22 Two trials reported a significant improvement in

6-minute walk distance in the treated group compared with the control
group19,20 16,17,25,29

Pooled data analysis was performed in five trials*41”1%2025 pecause in

while four trials reported no significant change.

one trial, the mean change in 6-minute walk distance was reported graph-
ically with no clear details of measure of variation?’ and therefore could
not be used in the analysis. There was significant improvement in
6-minute walk distance with cell treatment (MD = 7249 m;
95% Cl = 3.44-141.53; P = .04; I = 72%) (Figure 5B).

Comparisons of changes in brain natriuretic protein (BNP) or N-
Terminal pro-BNP were performed in six trials.}#>1%:20.2530 |5 one
trial, incomplete data are provided®?; three trials showed a significant

15,19,20 while

decrease in NT pro-BNP levels in the cell therapy group,
in two trials there were no significant differences in BNP or NT pro-

BNP.2530

4 | DISCUSSION
The utility of cell therapy for HF due to NICM is unclear because of
the paucity of trials reported, their small size, and their inconsistent
design. We conducted the most comprehensive review and meta-
analysis of RCTs in this patient population to date, including endpoints
(QoL and MACEs) and trials that were not available in previous meta-
analyses.?Y22 The salient findings of this study can be summarized as
follows: (a) in patients with NICM who are already on maximal toler-
ated medical therapy, cell therapy improves LV systolic function and
may decrease LV diastolic dimensions; (b) cell therapy is also associ-
ated with improvement in functional capacity, as assessed by the
6-minute walking distance; and (c) importantly, cell therapy appears to
be safe, with no increase in MACE compared with the control group.
These results not only support the safety and efficacy of cell therapy
in patients with NICM, but also strengthen the concept that this
approach is a promising avenue of therapeutic intervention to
improve morbidity and mortality in this population. The present study
provides a strong rationale for the continued investigation of cell ther-
apy in NICM.

Prior meta-analyses in patients with NICM have suggested the
safety and efficacy of cell therapy.??2! These studies, however, were
limited by several biases that were inherent to the included trials,

namely, concealment bias, selection bias, detection bias, and attrition
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Effect of cell therapy on LV structure and function. A, Forest plot of the effect of cell therapy on LVEF. B, Forest plots of the

effect of cell therapy on LV end-diastolic volume or diameter. LVEF, left ventricular ejection fraction

bias, among others. The impact of blinding and concealment bias on
our results is not clear because sensitivity analysis was not feasible.
However, we did perform sensitivity analyses to assess the risk that
detection bias and attrition bias may have affected significant end-
points, that is, changes in LVEF and MACE. The results suggest that
after removal of lower quality trials, that is, those with high risk of
detection and/or attrition bias, cell therapy was associated with a
lower risk of MACE and greater improvement in LVEF. These results
suggest that inherent biases in the included trials may obfuscate the
true potential of cell therapy in the treatment of HF.

In our study, cell therapy produced a mean increase in LVEF of
4.17%, consistent with previous systematic reviews and meta-ana-
lyses, which have suggested an improvement in LVEF ranging from
3% to 5%.21222% Our study also demonstrated an improvement in

LVEDD in patients who receive cell therapy, although this association

was limited by differences in imaging methodology and units of mea-
surement used in individual studies. Future studies should be
designed with standardized quantitative assessment of LV volumes
with MRI, which provides the advantage of better spatial and contrast
resolution, operator independence, and reproducibility.3!

Although our study supports the utility of cell therapy in patients
with NICM, the evidence available at this time is insufficient to deter-
mine which specific cell type offers the greatest promise. The trials
included in our analysis used different types of cells: autologous or
allogenic BM-derived cells and autologous peripheral blood-derived
CD34+ cells obtained after G-CSF stimulation. Early studies in NICM
used BM-MNCs and yielded varied results.1”182? Later trials utilizing
selected populations of CD 34+ cells showed more consistent
improvement in LVEF.?2° Recently, MSCs, which are potent modula-

tors of the immune system and exert anti-inflammatory effects,>?
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Effect of cell therapy on quality of life measures and functional capacity. A, Forest plot of the effect of cell therapy on changes in

quality of life measures assessed by the Minnesota Living with Heart Failure Questionnaire (MLHFQ) and Kansas City Cardiomyopathy
Questionnaire (KCCQ). B, Forest plots of the effect of cell therapy on functional capacity assessed by the 6-minute walk distance

have emerged as a promising cell type for the treatment of cardiomy-
opathy.81%11 Allogeneic MSCs show great promise as an off-the-shelf
therapeutic agent, as they may be able to escape immune recognition
and allosensitization.333* They also have the potential to be safely
delivered intravenously.*®?° Various strategies have been proposed
to enhance the survival and function of donor cells after transplanta-
These

preconditioning by treatment with growth factors or small molecules

tion. include using combinatorial cell therapy, in vitro

or by physical stimulation with hypoxia or heat shock, and genetic

modification through overexpression of pro-survival molecules or

knockdown of proapoptotic factors resulting in greater cell survival
and paracrine factor secretion.®>3¢

As discussed above, many distinct etiologies may account for
nonischemic cardiomyopathy, leading to differences in natural his-
tory, prognosis, and response to treatment.®” It is conceivable that
identification of the underlying pathophysiologic and structural sub-
strate may help select the most appropriate cell therapy modality.*®
As an example, anthracycline-induced cardiomyopathy is strongly
linked to an increase in cardiac oxidative stress and accumulation of

reactive oxygen species leading to endothelial dysfunction and
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cardiotoxicity.>® Administration of MSCs can alleviate anthracycline
induced oxidative stress and improve endothelial dysfunction.®%#!
Furthermore, a recent study evaluated the role of genetic influences
in determining responsiveness to cell therapy in NICM and reported
that individuals with certain genetic variants can have greater clini-
cal benefit compared to others.*? Taken together, these factors can
help individualize the approach to cell therapy in NICM populations
to improve responsiveness.

Several limitations of our study need to be acknowledged. First,
significant heterogeneity was observed in the included studies in
terms of baseline characteristics of patients, associated comorbidities,
etiology of cardiomyopathy, type and number of cells delivered, route
of delivery, imaging modality for assessing LV dimensions, QoL mea-
surement indices, and definition of MACEs. Second, our results are
limited by the small number of trials included and by the fact that the
majority of these trials had a small sample size and short follow-up.
Third, many of the included trials have unclear risk of bias, which
limits the ability to interpret their results. A strength of this review is
that it provides the most updated analysis of the safety and efficacy
of cell therapy in NICM, with the inclusion of recently published
RCTs.252% Because of the larger number of trials, it has greater statis-
tical power than previous systematic reviews and meta-analyses,

improving the robustness of the evidence.

5 | CONCLUSION

In conclusion, this meta-analysis suggests that in patients with NICM,
cell therapy is not only safe but also associated with improvement in
LVEF and, possibly, in LVEDD, functional capacity, and risk of MACE.
These results support the concept that cell therapy remains a promis-
ing strategy for mitigating the morbidity associated with HF due to
NICM, and are in agreement with a multitude of trials and meta-
analyses in patients with ischemic cardiomyopathy*® and refractory
angina** who received cell therapy.'* The main limitation in NICM is
the lack of pivotal phase Il trials. Our findings provide a rationale for
conducting larger, rigorous studies aimed at conclusively determining
the efficacy of cell therapy in patients with NICM and identifying the

appropriate cell type, dose, and delivery route.
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