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Too Much Controversy!

Too Much Hype!
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Which Cell is the BEST Cell?

Cell Therapy

 Embryonic stem cells Embryonic stem cells

 Cord blood stem cells

 Adult stem cells
 Circulating

 Bone marrow
 Hematopoietic Hematopoietic 

 Mesenchymal

 Tissue specific
 Fat, Muscle, etc
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Cardiovascular Disease Targets 

 Refractory angina

 Acute myocardial infarction

 Congestive heart failure

 Ongoing ischemia

 Previous MI

 Nonischemic Nonischemic

 Peripheral arterial disease

 CLI

 Claudication

How do Cells Work?

• Cell as a cell

• Cell as a factory

• Cell as a courier
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Will Stem Cell therapy play a key role in the 
Prevention and Treatment of CHF post-MI?

 Acute: Acute:
 STEMI

 Chronic:
 Ischemic Cardiomyopathy Ischemic Cardiomyopathy

With ongoing Ischemia: Hibernating Myocardium

Without Ischemia: SCAR

The Problem
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The Solution

PPCI

Ph-Inv

Primary PCI protocol 
(Zone 1 < 60 miles)

Aspirin 324mg
Clopidogrel 600mg
UFH 60/kg load, 12/kg/hr 
infusion
Metoprolol 25mg PO 

Ph-Inv PCI protocol 
(Zone 2: 60-210 miles)

Aspirin 324mg PO
Clopidogrel 600mg PO
UFH 60/kg load, 12/kg/hr 
infusion
Metoprolol 25mg PO
½ dose Fibrinolytic½ dose Fibrinolytic
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Kaplan-Meier Survival Curve
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MHI Level 1 STEMI  results

1 year cardiovascular mortality < 6%1 year cardiovascular mortality < 6%
Early 1/3 card shock, anoxic brain injury, 

arrythmia
Late mortality noncardiac, CHF rare

Persistent LV dysfunction/need for AICD      
< 3% at 1 year< 3% at 1 year

Readmission rate at 1 year 10% majority 
elective, CHF admissions <2%
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STEMI: 
Is there a role for stem cells?  

Yes, when the Horse is 
out of the Barn!!

Ventricular Remodeling After 
Myocardial Infarction

NEJM 2003;348(20):2011
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Transplantation Pathways of Bone Marrow Cells

Strauer & Kornowski, Circulation 2003;107:929-934

REPAIR-AMI Team
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Bad Oeynhausen
Horstkotte / Farr Suhl

Haberbosch
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Lippe-Detmold
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Bad Nauheim
Hamm / Elsässer
Dill

Bad Nauheim
Hamm / Elsässer
Dill

Frankfurt / Rotes Kreuz
Haase
Frankfurt / Rotes Kreuz
Haase

Frankfurt / J. W. Goethe Uni
Zeiher / Schächinger
Dimmeler / Martin
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MainzMainz

LauerLauer

Leipzig
Hambrecht / Schuler / Erbs
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Hambrecht / Schuler / Erbs

Bochum
Mügge / Germing
Bochum
Mügge / Germing

 MRT Core Lab MRT Core Lab

 Doppler Core Lab Doppler Core Lab

 Echo Core Lab Echo Core Lab

 Coordination / Angio Core Lab Coordination / Angio Core Lab
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Ludwigshafen
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 Cell Processing Center Cell Processing Center

 Coordination / Angio Core Lab Coordination / Angio Core Lab

BSD Hessen
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Tonn / Krzossok / Seifried

Zürich
Lüscher / Corti
Zürich
Lüscher / Corti
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Outcomes Placebo BM Cell p
Change EF

Overall 3.0 +/- .7 5.5+/- .7 0.014
EF <49% 2.5 7.5 0.002
EF >49% 3.7 4.0 0.81
 5 days 1.9 7.0 0.004
<5 days 3.9 4.5 0.62

Death 2 0

MI 5 0

CHF 2 0

Revasc 28 19

Death/MI/revasc 30 21 0.17

Death/MI/CHF 9 2 0.03
Schachinger NEJM 2006;NEJM 2006;355:1210355:1210--12211221

Ejection fraction change

EF change % (SE)

ASTAMI - 1.4 (0.72) 
Burtanek et al - 3.1 (3.10)
BOOST - 2.8 (1.12)
Jannsens et al - 1.1 (0.79)
MAGIC 3 - 5.2 (1.01)
Meluzin et al - 2.0 (0.49)
REPAIR-AMI - 2.5 (0.54)
Strauer et al. - 1.0 (1.56)
TCT-STAMI - 6.7 (1.63)
Zhan-Quan et al - 5.5 (0.85)

-10 -5 0 5 10
Favors cell therapy Favors control

Total (95% CI)

Test for heterogeneity Chi2 = 33.62, df=9, (p=0.0001), I2 = 73.2%
Test for overall effect: Z = 5.35 (p  0.00001)

Lipinski, JACC 2007;50:1761

+ 3.0% [1.9% to 4.1%]
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Controls BMMNC
P< 0 001

LVESV                       -
7.4 ml [-12.2 to -2.7] 

MI size                         
-5.6% [-8.7% to -2.5%]

P< 0.001

P= 0.002

5.6% [ 8.7% to 2.5%]

Lipinski, JACC 2007;50:1761

Cells labeled with 18F-FDG 

BMMNC CD34+- enriched
BMMNC

3d-PET imaging 75 minutes post injection

BMMNC

Circulation 2005;111:2198

1% to 3% 14% to 39%
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43
50

REPAIR MI – 1-Year Outcomes
204 Patients

REPAIR MI – 1-Year Outcomes
204 Patients

P=0.02P=0.02 P=0.01P=0.01 P=0.08P=0.08 P=0.006P=0.006
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AMI Cell therapy

Alt ti llAlternative cells

Allogeneic cells

Alternative methods of delivery

The Mesenchymal Stem Cell

As we age, the number declines.

Old l d t h l llOlder people do not heal as well.
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Improvement in FEV1 % Predicted
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CHF with Ongoing Ischemia

When the Horse is out 
of the barn and thirsty!y

Cell Mobilization (GCSF 5mcg/kg/d x 5d)
Apheresis on Day 5

Screening and Baseline Visits

Phase II ACT34–CMI Study Design

Subject population
(n=167)

1 x 10^5 CD34+ cells/kg
(n = 55)

5 x 10^5 CD34+ cells/kg
(n = 56)

Endomyocardial Mapping and Injection with NOGA
Isolex selected CD34+ cells / Placebo Rx

Placebo 
(n = 56)

Randomization• 21-80 yrs
• CCS class III or IV Angina
• Attempted “best” medical 

therapy
• Non-candidate for 

Surgical/Perc. revasc.
• Ischemia on SPECT
• 3-10 min. mod. Bruce 

protocol with angina or Isolex selected CD34  cells / Placebo Rx 

Follow-up Safety and Efficacy Assessments:
1 - 7 days, and 1, 3, 6, and 12 months; ETT at 3, 6, 12 months

MRI at 6 months, SPECT at 6 & 12 months

protocol with angina or 
anginal equivalent at baseline
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0

Anginal Episodes per WeekAnginal Episodes per Week
Change from baseline at 6 monthsChange from baseline at 6 months

ACT-34 CMI: Reduction in Angina
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Placebo Low High

Analysis of Variance (ANOVA)Analysis of Variance (ANOVA)
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• DESIGN: Single-blinded, 
dose-escalation, randomized, 
multicenter clinical trial

• PRIMARY ENDPOINTS: 

60 Patients

Study Design

To evaluate the feasibility 
and safety of transendocardial 
injection of MPCs

• SECONDARY ENDPOINTS:

• NYHA class
• MLWHF 
• SF36

Cohort C
High Dose

150 M
15 Treated
5 Placebo

Cohort A
Low Dose

25 M
15 Treated
5 Placebo

Cohort B
Med Dose

75 M
15 Treated
5 Placebo

• 6 minute walk test
• EF:  Echo, MUGA
• Spect Perfusion
• MACE, Mortality

5 Placebo5 Placebo 5 Placebo

Time Points
Safety:
1, 2, 30, 90, 180, & 360 days 
Efficacy:
3,6, & 12 months

36.5

33 435

40

Increase In EF Relative 
To Controls EF < 40%

6 months6 months

30.5
27.827.4

25.7

33.4

15

20

25
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35
P= 0.05

SD±2.2

SD±3.9

SD±5.3

SD±2.8

SD±2.5

SD±2.1

-3.1, - 4.8 +8.7, + 4.8

0
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10
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Baseline 3 months 6 months

9.69.611.8 11.8 
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CHF with Scar

Wh th H i tWhen the Horse is not 
only out of the barn; 

Its DEAD!!

50

LV ejection fraction after autologous myoblast 
transplantation – 12 months follow up
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Dr. Tomasz Siminiak, University School of Medical Sciences related study as presented at 
the AHA meeting November 2003.  Surgical (epicardial) study.
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MYOHEART Study Design

First Cohort (n=5)

A Phase 1, Multi-Center, Open Label, 
Dose Escalating Study

2 injections
(.25 cc)

6 injections
(.25 cc)

First Cohort (n=5)
25 x 10 6 cells

30-Day Safety 
Evaluation

Second Cohort (n=5)
75 x 10 6 cells

30-Day Safety 
Evaluation

18 injections
(.25 cc)

Third Cohort (n=5)
225 x 10 6 cells

30-Day Safety 
Evaluation

Fourth Cohort (n=5)
675 x 10 6 cells

27 injections
(.50 cc)

MYOHEART LVEF (MUGA)
Interim Analysis
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N=17 N=14 N=14 N=10
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MYOHEART 6-Minute Walk
Interim Analysis

Absolute Improvement (m) Relative Improvement (%)

375
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525 Baseline 3-Month
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300
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N=5 N=4 N=5 N=1

p = n/s

0

3

6
6%

10%

Cohort 1 Cohort 2 Cohort 3 Cohort 4
N=5 N=4 N=5 N=1

MARVEL Study Design
330 Patients with Ischemic Cardiomyopathy

EF < 35%, Class II-III, Stable Medical Therapy, ICD Placement > 2 mos.

Informed Consent Provided, Screening, 1:1:1 Randomization

Group A*
800 x 106 ASMs

N = 110

Group B*
400 x 106 ASMs

N = 110

Group C*
Sham Injection

N = 110

Muscle
Biopsy

Cardiac Cath Lab Procedure

Post-Procedure,  Week 1, Week 2, Week 3, 1-Month, 3-Month, 6-Month Follow-Up:
Medical Review, Haematology, ICD Interrogation, ECG, DSE / WMSI, MUGA / LVEF, 6MWT, QOL, NYHA Class

*  All patients receive 16 injections of 0.25 mL over 20 seconds
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MARVEL-1: Mean 6 Minute Walk 
Distance (meters)

We still need better Options!!
Will it be Cell Therapy??
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Still not available at the florist 
yet….GETTING CLOSER!
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 t

Lipinski, JACC 2007;50:1761

Overview: 10 studies, 698 
patients

 t

Lipinski, JACC 2007;50:1761
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Premature Ventricular Contractions
PROPORTION OF PATIENTS WITH  >10 PVC/hr
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Screening
550 pts

2:1 Randomization
30 pts

Study FlowStudy Flow

Treatment Group
30x106 BMMNC

20 pts

Control Group
Mock BM Harvest

10 pts

3 Month Assessment
- CCS - SPECT
- NHYA - Echo

LVA/ NOGA
Cell Injection/
Mock Injection

Early     Assessments

- NHYA - Echo
- Holter - MVO2

MRI Subgroup
17 pts

Crossover
8 pts

6 Month Assessment
- CCS - SPECT
- NHYA - Echo
-Holter - MVO2
- NOGA - Cor/LVA

Control Treatment

Baseline 3 months p Baseline 3 months p

Cli i l

Baseline and 3 Month Follow-up

Clinical
Assessment

CCS 3±0.8 2.2±0.8 0.08 3±0.8 2.1±1 0.01

NYHA 2.6±0.7 1.9±0.9 0.08 2.3±1.2 2±0.7 ns

Functional
Assessment

MVO2MVO2
(ml/Kg/min) 14.8±3 15.7±5 ns 14.7±4 15.5±4 ns

Echo EF (%) 39±9.1 41.1 ±8 ns 37.3±10.6 38.4±12 ns

SPECT % of 
reversibility 21.3±18 20.1±22 ns 16.8±9 11.7±11.7 0.005
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3 Month SPECT and MRI Results in 
the Injected Segments

B li T t tBaseline Treatment p

SPECT

Rest perfusion 0.94±1.1 0.99±1.06 0.5

Stress Perfusion 1.48±1.1 1.46±1.1 0.63

Reversibility 0.57±0.7 0.41±0.6 0.01

MRI

Rest Perfusion 0.08±0.34 0.02±0.14 0.08

Stress Perfusion 1.02±0.78 0.86±0.66 0.03
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