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Medications
 ACE inhibitors/ARBs
 Beta-blockers
 Aldosterone 

antagonists
 Diuretics and nitrates
 Ivabradine (AMGEN)
 Entresto (Novartis)

Devices
 Bi-V pacemakers + 

defibrillators (CRT-D)

Hemodynamic 
Support
 IV inotropes
 LVAD

Transplantation
 Immuno-

suppression

Class I, II, & III Class III Class IV

Images from Cleveland Clinic

LVADs and heart transplants used in late-
stage HF patients can cost $150,000 per 
procedure

CURRENT THERAPEUTIC OPTIONS

Regenerative therapy is advocated as a new avenue in the treatment\
of NYHA HF class II-IV Heart Failure
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The Promise of
CardioVascular Stem Cell Therapy

Use of stem cells for myocardial and/or vascular regeneration

NeoAngiogenesis (new vessel formation)

NeoMyogenesis (new cardiac muscle formation)

Myocardial ‘salvage’ (only significant in Acute Myocardial Infarction)
reduction of ischemia/ hypoxic damage
reduction of inflammation 
reduction of oxidative stress (reperfusion injury )
resident cells more resistant to cell death (pAkt/ Bax/ Bad)

Reduced adverse cardiac remodeling on long term
potentially secondary to former beneficial effects



The Promise of
CardioVascular Stem Cell Therapy
Neoangiogenesis has been demonstrated in 

numerous in vitro and in vivo models

a



Rutenberg et al.

Plasticity of human bone marrow stem cells
differentiation into endothelial cells in vitro and in vivo

Planat-Benard et al., Circulation (2004)

BM MNC (top row) in a tube formation assay
fibroblasts (bottom row) were used as a control.

MNC

Fibro-
blasts

BM MNC ADRC

in vivo
(mouse hind limb ischemia model)

Formation of new vessels in ischemic limb

in vitro
(2D MatriGel)

Formation of neo vessels in culture dish

BM MNC

Incorporation of (beta Gal ~ purple) stem cells 
in newly formed vessels in the mouse limb



Phased-contrast microscopy of contracting clones
Isolated BM MNC plated into methylcellulose 

Rounded cells becomes elongated and finally aligned 
and branched myofibrils are seen.

Gene expression of cells from contracting clones
was compared with control cells from mouse heart 
muscle. Absence of MyoD demonstrate BM MNC

are not skeletal muscle cells.
Planat-Benard V. Circ. Res. 2004;94;223-229

Reverse transcription polymerase chain reaction analysis

Plasticity of human bone marrow stem cells
differentiation into cardiomyocytes in vitro

Léobon et al, Cardiovasc Res. 2009 Sep 1;83(4)



Bone marrow stem cells are cytokine factories

Interleukin-1
Interleukin-6 
Interleukin-10

Cytokine induction

Transforming Growth Factor-β
Angiopoetin-1

Vessel Stabilization/ Maturation

Plasminogen Activator
Metalloproteinase-1
Metalloproteinase-2
Metalloproteinase-9
Tumor Necrosis Factor -α

Loosens ECM

Bone Marrow
Stem Cells

PDGF
Interleukine-1
Fibroblast Growth Factor-2
Fibroblast Growth Factor-7
Hepatoma Growth Factor
Hepatocyte Growth Factor
VEGF-A
VEGF-B
Insulin-like growth factor

Transdifferentiation into 
EC/ vsmc/ CMC 

Chemokine induction
MCP-1
M-CSF
Stem cell derived factor (SDF-1)
MCP-2
MCP-3
Interleukin-10

Paracrine stimulation of
NeoAngiogenesis 

Promote Cell Survival
Bad
Bax
Akt

Reduce Oxidative Stress

Promote Angiogenesis &
local perfusion

Immune Modulation,
Reduction of AMI damage &
Promotion of Cell Survival
Recruit other Stem Cells

(Transdifferentiation into CMC)
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(trans)
differentiation

promote 
chemokinesisanti-apoptotic immune-

modulationneoangiogenesiswound
remodeling

Paracrine
signaling

Mechanisms of Cell Regeneration by Bone 
Marrow Stem Cells



11

hematopoietic 
stem cells and

endothelial progenitors

mesenchymal(-like)
stem cells

myoblasts

resident stem cells

Current (stem) cell therapy studies 
in cardiovascular disease:

heart failure (ischemic, non-ischemic)
myocardial infarction 
arrhythmia (pacemaker cells, VT)



12

Lessons from clinical cell therapy studies

Meta analysis of 14 RCT with BM MNC in AMI (n=811 pts)
• increase of ~3% LVEF
• reduction of ventricular volumes
• reduction of infarct size of 3.5-5.6%
• improved regional function

Martin-Rendon, E. et al. Eur.Heart J. 2008, 29
Lipinsky et al, JACC 2007, 50(18)

Martin-Rendon, E. et al. Eur.Heart J. 2008,29

• Dose -response relationship is suggested between BMSC and effect on systolic LVEF 
• Suggestion of improvement of diastolic (dys)function as well

Martin-Rendon, E. et al. Eur.Heart J. 2008, 29

improvement of clinical end points is suggested:
• re-AMI
• re-admission due to CHF
• revascularization
• no effect on mortality/ morbidity



compare to effect of current standard of care 
of AMI, the primary PCI procedure

4% improvement of LV 
ejection fraction

End point: Left Ventricular Ejection Fraction

Meta analysis of 1st generation Randomized Controlled Trials (N=976)
overall treatment effect:   +2,7 - 3,7 % increase of EF
excellent safety profile
persistent benefit at long term FU

disconcordant clinical benefit (survival, composite HF end points)



Schachinger et al, NEJM 2006

Study design of REPAIR-AMI 



Bone marrow cell therapy 
enhances cardiac contractile recovery and 
abrogates heart failure  in the REPAIR-AMI 

2,5%



2 year clinical follow up of the BMC therapy in AMI 
REPAIR-AMI 
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Assmus et al, Circ Res 2007; 100

Moderate Improved LV EF after BMC therapy in 
patients with chronic heart failure

TOPCARE-CHD

Assmus et al, NEJM 2006; 355

-18%

-29%

MRI subanalysis of 35 pts demonstrated
• improvement of regional LV contractile function 

(number hypocontractile segments)
• no change in infarct size

n=97 ptsn=28 pts n=24 pts n=23 pts
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+2,7 % LVEFx improvement in patients treated 
with a low dose of BM MNC 

(NOGA delivery catheter - 100 Mill BM MNC)

Perin, EC et al. JAMA 2012, 307(16), pg 418 
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Silva, GV. et al. (2011) Tex Heart Inst J. 38(3):219-24

Reduced Fibrosis
>100 Million BMC  
resulted in less fibrosis

Increased Capillary  
Density
200 Million BMC (>20  
Million BMC/segment)  
resulted in highest  
capillary density and  
least fibrosis

Bone marrow Cells – Preclinical Experience (Pig)
Dose Dependence: Higher dose of MNC led to less fibrosis and increased  
microvessel formation in infarcted pig myocardium 60 days after treatment
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. 
Cochrane Database of Systematic Reviews 2014, Issue 4. Art. No.: CD007888.

2014

Do these improvements of surrogate markers in stem cell trials 
also improve hard clinical endpoints ?
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Fischer et al., Cochrane Database of Systematic Reviews 2014, Issue 4.

At >12 month follow-up

 Reduced Mortality (P=0,0001)
 Reduced hospitalization due to Heart Failure (P=0,04; MACE-HF)
 Reduction in Left Ventricular Systolic Volume (P<0,00001)
 Improvement of Left Ventricular Ejection Fraction (P=0,02)
 Improvement Stroke Volume Index (P=0,01)
 Improvement of NYHA functional Heart Failure Class (P=0,0002) 

and CCS score (P=0,03)

 Trends were also seen at short term follow-up (4-6 months)

 Only 4 Adverse Events in 19 RCT of the meta analysis



Initial Experience with Stem Cell Therapy
in Heart Failure Patients

improvement in LVEF
reduction of adverse remodeling
Reduced NYHA and CCS HF class
reduced MACE HF events (rehospitalizations, HTx, LVAD)

improved survival

excellent safety profile
no arrhythmias or other cell-related mortality/ morbidity



Broughton KM1, Sussman MA; “Empowering Adult Stem Cells for 
Myocardial Regeneration V2.0: Success in Small Steps.” 
Circulation Research. 2016 Mar 4;118(5): pg 867-80.

Current Programs in Cardiovascular Cell Therapy
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High Dose Autologous Bone Marrow
Mononuclear Cell Therapy in 
NYHA Class II-III Heart Failure

The CardiAMP HF Program
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CardiAmp as a Phase III pivotal trial, 

anticipate to be deliver final results in 2020

CardiAMP: Novel and Rapid Treatment Paradigm
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 Bone marrow aspirate harvested from iliac crest.
 Isolated Bone Marrow Mononuclear Cells (BM MNC) were injected 

using Helix Transendocardial Delivery System.

CardiAMP: Phase I Trial
Transendocardial Autologous Bone Marrow MNC in Myocardial 

Infarction  (TABMMI, 2003 – 2007)

Left ventricular EF measurements - 2D echocardiography  
24-hour Holter Monitor

Exercise Tolerance Testing (ETT)

Left ventricular EF measurements - 2D echocardiography  
24-hour Holter Monitor

Exercise Tolerance Testing (ETT)

20 Ischemic Heart Failure Patients EF < 40%  NYHA 
Class I, II, and III

20 Ischemic Heart Failure Patients EF < 40%  
NYHA HF Class I, II, and III

Open Label Safety Study
100 Million BM MNC

10 peri-infarct injection sites - Helix System

Open Label Safety Study
100 Million BM MNC

10 peri-infarct injection sites - Helix System
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De la Fuente LM, et al. EuroIntervention 2011, 7: 805-812; .  

CardiAMP: Phase I TABMMI Trial
Improved Cardiac Function

LV End Diastolic Dimensions
Improvement at 12 & 24 months
by -3.5 mm (NS; n=20)

LV Ejection Fraction at 2 and 5 yr FU
Persistent improvement at 24 & 60M 
of +7.1 %, (p<0.0001, p<0.0001)
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De la Fuente LM, et al. Catheterization & Cardiovascular Interventions 2011, Vol 77(S1), pg S34
Varela-Roman A, et al. Heart 2005, 91(4), pg 489

CardiAMP: Phase I TABMMI Trial
Long term improved cardiac function & prognosis

Survival at 5 year FU
First 10 patients (5 yr FU) – No death
All 20 patients (3 yr FU) – 2 deaths

D177 Elective heart transplant 
D695 Unknown causes

Compare to mortality of 54,7% at 5 yr follow-up 
in comparative HF population

Exercise Tolerance Time
Improvement at 12 & 24 
months
by +125 sec (±181 sd)
(+52% & +51%, p ≤ 0.006, n=20)
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CardiAMP: Phase II Trial Design
Transendocardial Autologous BMC and MSC in Heart Failure Trial 

(TAC-HFT RCT, 2007 – 2013)

Patients Randomized into Two Autologous Cell Trials:
BMC and MSC

4 Patients dose escalation 
100M to 200M BMC 

10 Patients 
PBS Placebo

20 Patients 
200M BMC

10 Patients 
PBS Placebo

20 Patients 
200M MSC

*BMC: bone marrow mononuclear cells
**MSC: mesenchymal stem cells

4 Patients dose escalation 
100M to 200M BMC

4 Patients dose escalation 
100M to 200M MSC

68 Ischemic Heart Failure Patients  EF<50%
NYHA Class I, II, and III

Heldman AW et al, JAMA 2014, 311(1), pg 62-73

Higher dose BM MNC, and superior retention:
Effective dose is estimated to be ± 6-fold higher
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Primary Endpoints
o Incidence of any treatment emergent serious adverse events at 30 days FU

o Death, non-fatal MI, stroke, hospitalization due to 
worsening HF,  perforation, tamponade

Secondary Efficacy Endpoints at 6 and 12 months FU
o New York Heart Association (NYHA) heart failure class
o Minnesota Living with Heart Failure quality-of-life questionnaire
o Peak oxygen consumption (VO2max)
o Six minute walking distance
o Cardiac imaging endpoints (CMR, MSCT, 2D TTE)
 Infarct Size
 Regional wall motion at injection sites
 Global LV size and function

Using cardiac magnetic resonance imaging, MSCT, 2D 
transthoracic  echocardiography

CardiAMP: Phase II Trial Design  
Transendocardial Autologous Cells in Heart Failure Trial  

(TAC-HFT, 2007 – 2013)
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Improved functional capacity

Treatment vs. placebo: +56.3 m, 
(p=0.049, at 12 mo FU)

Phase II TAC-HFT - BMC 

Improved Quality of Life 

Treatment vs. placebo:  -17.4 pts, 
(p=0.038, at 12 mo FU)

 Primary safety endpoint: No treatment emergent SAE at 30 days FU
 Secondary efficacy endpoints:

Better

WorseBetter

Worse
Compare to CHF Resynchronization Therapy
Treatment vs. placebo:

+ 29.0 mtr (6MWD)
- 6.5 points QoL (MLWHFQ)

MIRACLE (ICD/CRT) trial
Pires et al. Am.Heart J, 2006, 151(4), 837

Aranda et al, Clin.Cardiol 2004, 27(12), 678
Young et al, JAMA 2003, 289(20), 2685

Heldman AW et al, JAMA 2014, 311(1), pg 62-73
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Secondary  Efficacy  Endpoints Active  
(Mean)

Placebo  
(Mean)

Treat.
Difference

Favors   
CardiAMP

P‐value

6 minute walk (meters) +14.3 -42.0 +56.3 ✔ 0.049

Minnesota living with HF 
questionnaire -7.7 +9.7 -17.4 ✔ 0.038

Maximum Oxygen Use  (mL/kg∙min) +0.16 -0.870 +1.03 ✔ 0.321

NY Heart Association  Class -0.42 -0.25 -0.17 ✔ 0.638

LV End Systolic Volume  (ml) +3.2 +47.2 -44 ✔ 0.129

LV End Diastolic Volume  (ml) +4.5 +51.2 -46.7 ✔ 0.149

LV Ejection Fraction (%) +0.97 -2.38 +3.35 ✔ 0.252

 All other remaining secondary endpoints  favor therapy

Wong Po Foo et al 2015.

CardiAMP: Phase II Results
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CardiAMP
Phase II study Results for NYHA class II and III
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CardiAMP Data Relative to Peers (NYHA class II-III)
 Superior six minute Walk (6MW) and Quality of Life (QOL) as compared to CRT  
 Superior 6MW and QOL to Mesoblast Revascor Phase II, with more consistent
 Superior QOL to that of Novartis Entresto, which does not report out 6MW
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250 Ischemic Heart Failure Patients  
20% ≤ EF ≤  40%

NYHA Class II and III
CardiAMP Potency Assay Score of 3

150 Patients @200 Mill BM MNC 100 Patients SHAM

 Changes from Phase II: 
 NYHA Class I patients are not included
 potency assay is implemented to enhance response to therapy

 Primary endpoint: 
o Superiority with respect to functional capacity as measured by six minute walk test at 

one-year post-procedure (efficacy) ; achieved in Phase II 

 Secondary hierarchical endpoints:
o Non-inferiority with respect to survival (safety)
o Non-inferiority with respect to MACE (safety)
o Superiority with regard to quality of life as measured by the MLHFQ
o Time to first heart failure (HF)-related major adverse cardiac events (efficacy) 
o Superiority with respect to survival (efficacy)

Phase III CardiAMP HF clinical Trial

Achieved in Phase II
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CardiAMP HF Trial Study Design

Patient meets initial 
Medical History eligibility 

requirements for Inclusion/
Exclusion Criteria

Obtain 
Informed 
Consent

Screening tests 
complete and 
acceptable?

Randomization

Treatment
Subjects treated with 

CardiAMP cell therapy

Sham Control Procedure
Subjects not treated with 
CardiAMP cell therapy

Primary Endpoint at 12 Month Follow-up
Additional 24 Month Follow-up

Primary Endpoint: 6 MW Distance
Secondary Hierarchical Endpoints: Survival (non-inferiority), Freedom from 

MACE (non-inferiority), MLWHF, Time to MACE, Survival

Yes

No

Yes

Yes

No
Patient not 

enrolled 
into study

No

Study Design
Prospective, multi-centered, 3:2 
randomized, controlled, double-blinded 
phase III clinical trial to assess CardiAMP
cell therapy in 260 patients with post-
infarction heart failure.

Treatment Group: 160 Subjects treated 
with autologous BM MNC using the 
CardiAMP cell therapy and optimal medical 
therapy

Sham Control Group: 100 Subjects 
treated with optimal medical therapy

Roll-in Phase: Maximum of 10 subjects

Total Number of Patients: 260 subjects
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 Biomarkers identified in previous BioCardia trials and the literature 
shown to correlate independently with efficacy of CV cell therapy

 Bone marrow sample 1-2 weeks before planned treatment. Proprietary 
Biomarker Analysis at Central Core Lab to assess presence of bone 
marrow characteristics associated with myocardial repair (flow 
cytometry and cell biology) 

 Potency Assay ensures appropriate function and (sufficient high) titer of 
BM cells 

 One of the markers is the CD34+ cell titer in the bone marrow
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AMI  2011
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2011

BM CMI
2009

Preserve
AMI 2014
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2011
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2011
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Estimated effective CD34+ cell dosage from leading trials 
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CardiAMP assay 
threshold in HF

Modified from Wong et al : International Conference on Cell Therapy for Cardiovascular Disease 2014

Negative trial

CardiAMP HF: Pre‐procedure Marrow Potency Assay



BM Stem Cells number and 
function reduced (CFU)

aging
hypertension
smoking
hypercholesterolemia
diabetes
(ACE inhibition)
(heparin)

Autologous Stem Cell Therapy

Appropriate action to 
promote graft efficacy ?

subculture cells
pharmacotherapy
selection of cells
rejection of patient

• naturally occurring variability in cell functionality between patients (biovariability)
• functionality of BM MNC, EPCs and MSCs is impaired in patients with ischemic CMP 

and diabetes (but also aging, hypertension, hypercholesterolaemia) ~ “depleted or 
damaged”
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Predictor of survival after BMC therapy 
in chronic heart failure

functional capacity of progenitor cells predicts 
mortality after infusion of BM stem cells in congestive heart failure
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 Biomarkers identified in previous BioCardia trials and the literature 
shown to correlate independently with efficacy of CV cell therapy

 Bone marrow sample 1-2 weeks before planned treatment. Proprietary 
Biomarker Analysis at Central Core Lab to assess presence of bone 
marrow characteristics associated with myocardial repair (flow 
cytometry and cell biology) 

 Potency Assay ensures appropriate function and (sufficient high) titer of 
BM cells 

 One of the markers is the CD34+ cell titer in the bone marrow
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CardiAMP Step 2. The Stem Cell Harvest and Intramyocardial Delivery 
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 The clinician draws 60 cc of bone marrow from the iliac crest

 The procedure is performed under local anesthesia and conscious 
sedation and takes approximately 15 minutes

CardiAMP Procedure Step 1: Cell Collection

Loffredo FS et al Stem Cell. 2011;8:389-98.

The Helix/Morph delivery device results in superior retention with a 
higher dose of delivered BM MNC

In CardiAMP HF trial patients receive 200 Mill MNC and 8-10 Mill CD34 cells
(so dosing each of these functional sub populations at a therapeutic dose)

Bone marrow contains several 
relevant stem cell populations
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 The CardiAMP cell processing platform prepares the cell graft from the bone 
marrow sample using a proprietary point‐of‐care method

 The system includes a single‐use, sterile, disposable separation tube that includes 
a density‐tuned dual buoy separation system, designed for the isolation of BM 
nucleated cells

 Cells processing, while the patient is prepared for cell delivery, takes 
approximately 20 minutes

CardiAMP Procedure Step 2: Cell Processing
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Intramyocardial injection of CardiAmp cell graft using the Helix system

 The CardiAMP cells are intramyocardially injected using the proprietary Helix  
percutaneous delivery system (10 injections of 0,5 cc)

CardiAMP Procedure Step 3: Intramyocardial cell delivery
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CardiAMP Procedure Step 3: Intramyocardial cell delivery
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Increased efficiency of delivery 
increases effective dosage

Wong Po Foo, IC3D 2013.

Helical shaped needle in Helix/Morph delivery device results
in superior myocardial retention and a higher effective dose of delivered BM MNC

In CardiAMP HF trial patients receive 200 Mill MNC and 8-10 Mill CD34 cells
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CardiAMP Heart Failure Trial Study Design

Study Design
Prospective, multi-centered, 3:2  
randomized, controlled, double-blinded  
phase III clinical trial to assess CardiAMP  
cell therapy in 260 patients with post-
infarction heart failure.

Treatment Group: 160 Subjects treated  with 
autologous BM MNC using the  CardiAMP 
cell therapy and optimal medical  therapy

Sham Control Group: 100 Subjects treated  
with optimal medical therapy

Roll-in Phase: Max of 10 subjects (completed)

Total Number of Patients: 260 subjects

Patient meets initial  Medical 
History eligibility  requirements 
for Inclusion/  Exclusion Criteria

Obtain  
Informed  
Consent

Screening tests  
complete and  
acceptable?

Enrolled/Randomization

Sham Control Procedure
Subjects not treated with
CardiAMP cell therapy

Primary Endpoint at 12 Month Follow-up  Additional 24 
Month Follow-up

Primary Endpoint: 6 MW Distance
Secondary Hierarchical Endpoints: Survival (non-inferiority), Freedom from  MACE 

(non-inferiority), MLWHF, Time to MACE, Survival

Yes

No

Yes

Yes

No
Patient not  

enrolled  into
study

No

Treatment Procedure  
Subjects treated with  
CardiAMP cell therapy
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Phase III CardiAMP  
committees

 Executive Steering Committee/ ESC
 Carl Pepine – University of Florida (PI)
 Amish Raval – University of Wisconsin (PI)
 William Abraham - Ohio State University
 Peter Johnston – Johns Hopkins Hospital
 Jay Traverse – Minneapolis Heart Institute
 Peter Altman – BioCardia

 Data safety monitoring board/ DMSB
 3 members (Int.card./ HF/ BioStat), undisclosed

 Data adjudication committee/ CEC
 3 members (Int.card./ HF), undisclosed 

 Core Laboratories
 Echocardiography Yale Cardiovascular Research, New Haven (Lissa Sugeng)
 Cell Analysis Lab Center for Cell & Gene Therapy, Baylor Univ, Houston (Adrian Gee)
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CardiAMP Heart Failure Trial

Inclusion Criteria
 New York Heart Association (NYHA) Class II or III
 Diagnosis of chronic left ventricular dysfunction, due to previous myocardial infarction 

(TTE)
 Left ventricular ejection fraction of 20 - 40% as determined by 2D/3D echocardiogram, and 

not in the setting of a recent ischemic event
 No recent MI within last 6 months
 Previous treatment with thrombolytic therapy, coronary artery bypass surgery, or 

percutaneous coronary revascularization
 On stable evidence-based medical and device therapy for heart failure, per the 2013 

ACC/AHA Heart Failure guidelines, for at least 3M prior to randomization
 Optimal pharmacotherapy (BB, ARB/ACE-I, diuretics, aldosteron.inh.)
 Cardiac resynchronization therapy (CRT/ CRT-D) if appropriate

 CRT or CRT-D implanted at least 3M prior to randomization
 Eligible or anticipated to be eligible for CRT or CRT-D > 6M

 Cell Potency Assay Score of 3, as determined by the Cell Analysis Core Lab
0449
1-B 
(MK
T)
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Key Exclusion Criteria

 bronchospastic lung disease, orthopedic, muscular, or neurologic conditions that could limit 
the ability to perform the 6MWD Test

 Need for coronary artery revascularization. (PCI/CABG should occur at least 3 months prior 
to randomization)

 Severe mitral, tricuspid or aortic regurgitation (≥3+) , 
 Presence of aortic stenosis ((≥3+, AVA < 1.5 cm2)

 mechanical aortic valve or heart constrictive device
 a life-threatening arrhythmia
 complete heart block or QTc interval >550 ms
 AICD firing in the past 60 days prior to the procedure

 peripheral artery disease involving the aorta or iliofemoral system that impacts the feasibility 
or safety of the study intervention. 

0449
1-B 
(MK
T)

CardiAMP Heart Failure Trial
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Primary Endpoint at 12-months follow-up
o Change in 6-minute walking distance (6MWD)

Secondary Hierarchical Endpoints at 12-months follow-up
o Overall survival (non-inferiority outcome)
o Freedom from MACE (non-inferiority outcome)
o Change in Quality of Life as measured by Minnesota Living with Heart Failure (superiority outcome)
o Time to first MACE (superiority outcome)
o Overall survival (superiority outcome)

Additional Secondary Endpoints at 12-months follow-up
o Heart failure death
o Hospitalization due to exacerbation of heart failure 
o All-cause hospitalization
o Days alive out-of-hospital
o Freedom from Serious Adverse Events
o NYHA Functional Class for Heart Failure
o Treatment-emergent Serious Adverse Events at 30-days follow-up
o Survival, at 24-months follow-up
o 6MWD repeated measure analysis
o Technical success, defined as successful percutaneous delivery of BM-MNC

o change in left ventricular ejection fraction, end systolic and end diastolic dimensions, and mitral 
regurgitation as analyzed by echocardiography (TTE)

CardiAMP Heart Failure Trial



Recruitment of Medical Centers

March
10 centers activate

April
12 centers activate

May
15 centers activated

Up to 40 US centers
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Over the past decade, cell therapy has emerged 
as a new treatment of a variety of cardiac 
diseases, including chronic heart failure, 
refractory angina and AMI.

CardiAMP HF stem cell therapy in Heart Failure
High Dose Autologous BM MNC Therapy by intramyocardial injection

The first results suggest

• Functional benefit of ~79 mtr (TAC HFT)

• Improvement of Quality of Life ‐21 pts (TAC HFT)

• Reduced NYHA HF classification

• Results of first 10 CardiAMP patients will be 
published in Circ.Res. (Johnston et al)

• CardiAMP HF Program will be initiated in next few 
weeks at Oklahoma Heart Institute
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n=304; Henry et al, EHJ, 2018 
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n=304; Henry et al, EHJ, 2018 

Meta Analysis of Cell Therapy in 
Chronic Myocardial Ischemia/ Refractory Angina

Treadmill Exercise Performance up to 12 months
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n=304; Henry et al, EHJ, 2018 

Meta Analysis of Cell Therapy in 
Chronic Myocardial Ischemia/ Refractory Angina

MACE and all cause Mortality at 24 months



57

n=304; Henry et al, EHJ, 2018 

RENEW protocol required 4 days of iv GCSF treatment, plasmapheresis and 
immune isolation (in a clean room facility) to generate a dose of 8 Mill CD34+ MNC

Technology at hand allows one to generate this dose within 20-30 min in the Cath Lab 
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CardiAMP Chronic Myocardial Ischemia Trial Design 
CardiAMP-CMI

Study Design
Prospective, multi-centered, 2:1 randomized, 
controlled, double-blinded phase III clinical 
trial to assess the effect of CardiAMP cell 
therapy in 343 patients with chronic 
myocardial ischemia/ refractory angina (CCS 
III-IV chronic refractory angina).

Treatment Group: 222 Subjects treated with 
autologous BM MNC using the CardiAMP cell 
therapy and optimal medical therapy

Sham Control Group: 111 Subjects treated 
with optimal medical therapy

Roll-in Phase: Maximum of 10 subjects

Total Number of Patients: 343 subjects

Patient meets initial 
Medical History eligibility 

requirements for Inclusion/
Exclusion Criteria

Obtain 
Informed 
Consent

Screening tests 
complete and 
acceptable?

Randomization

Treatment
Subjects treated with 

CardiAMP cell therapy

Sham Control Procedure
Subjects not treated with 
CardiAMP cell therapy

Primary Endpoint at 12 Month Follow-up
Additional 24 Month Follow-up

Primary Endpoint: 6 MW Distance
Secondary Hierarchical Endpoints: Survival (non-inferiority), Freedom from 

MACE (non-inferiority), MLWHF, Time to MACE, Survival

Yes

No

Yes

Yes

No
Patient not 

enrolled 
into study

No

Primary Endpoint: Total Exercise Time at 12 months
Secundary Hierachical Endpoints: Survival (non-inferiority), 
MACE (non-inferiority), Total Exercise Time at 6 months, 
Angina Frequency at 6 months, MACE at 24 months, SAE 
frequency



Thank you for 
your kind attention !

Eric Duckers

educkers@biocardia.com
BioCardia San Carlos, CA
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