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Efficacy of Stem cell applications?
What we learned from clinical trials today!

- Not clear when, what, how and how much.

- Much debate on efficacy and reliability of the data
reported.

- No standardization of products and assessments in
vitro and in vivo.
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ALVEF vs Baseline LVEF

LVEF, = 12.5-0.22 LVEF,

¢MR LVEF

Baseline cMR LVEF (LVEFy)

Simari et al Circ Res. 2014;114:1564-1568
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Recommendations on imaging modalities in
cardiac repair:

Any method chosen to estimate LVEF must be used both for
baseline as well as follow up

Any method chosen for a trial should be the one used on all
patients enrolled

Change in infarct size should be evaluated by CT or MR.

256+ CT will probably be the modality of choice in the future but
CMR is currently the gold standard

4 CAT-DGTI-GSCN Workshop, Dresden, 11 September 2014
e



“lean “lean
Study or subgroup BMSC Mo BMSC Difference Wheight Difference
M Mean{50) M Mean(S0Y) VRandom,25% C1 VRandom,55% O
| measured by MR
B 54 (1479) B A4S (2449) 1% 11802211, 069 ]
Lunde 2006 45 5 (29.73) 45 9 (25.87) —_— 1% 400[ 751, 1551 ]
Quyyumi HD 2011 2 27 (133) 10 -1.B4 (17.1) 07 % 454 [-1672. 2580 ]
Quyyumi LD 201 | 5 14.4 (24.6) 10 184 (17.1) — a5 % 1624 [ 779, 4027 |
Cuyyumi MD 2011 4 59 (I18.1) 10 BN A | S E— 07 % BO06[-2872. 1260 ]
Schachinger 2006 7 04 (23.4) 7 o) @I ———— 8% A70[-21.05, 345 ]
lendera 5 2009 5l 3 (2707 20 -1.6 (1031) T 2% 460 [ 4.10,1330)
Tendera U 2009 46 _2(1455) M L6(1031) —s— 57% 040[ 457.577]
Subtotal (95% CI) 205 167 <-—- 16.4% 095 6.05,4.15]
Heterogeneity: Ta? = |56 Chi = 1015, 4/ =7 (P =08 P =31%
Test for overall effect: 7 = 037 F = 071)
2 measured by left ventricular angiography
Huikuri 2008 36 10 (30.3) 36 1.2 (115) L 4% BBO[ -19.39, 1.79]
Schachinger 2006 95 D6 (19 92 56 (22) B 55% -620[-1210.030]
Yao DD 2009 15 49 (1.53) 12 1L (241) - 124 % 24070 -357, 083
Yao 5D 2009 12 S35 217 12 -5 (241) o 119 % -1.00[-283,083 )
Subroral (95% CI) 158 152 - 32.2 % -2.33 | 4.17, -0.49 |
Heterngeneity: Tai? = 1.25: Chi? = 491, df =3 (P = 0.18): P =39%
Test for overall effect Z = 248 (P = 0013)
3 measured by SPECT
Can 2009 41 1347 (447) 45 985 (416) & 9% 362 [-545,-179]
Meluzin HD 2008 20 5 (1342) 20 (156 3% -1400 [ -2304. 436 ]
Meluzin LD 7008 0 1 (1247) 0 g(1n&s) ——— % RO0[-1704, 1.04]
Biapali 2010 17 24(1258) 5 1.8 (15.49) —_— 27% 420[ -1406, 5.66 ]
Plewka 2009 2 5(343) 10 34 (28) ! 06% 160[-20.19,2339]
Subtotal (95% CI) 124 110 - 21.4% -5.74[-9.78,-1.70]
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Mean Mean
Study or subgroup BMSC Caontrol Difference: Weight Difference
N Mean{50) M Mean{50) WRandom, 5% Cl WRandom,25% C1
| measured by MRI
Lunde 2006 45 2 (3241) 45 3 (@94) g —h——— I6% 500[ 778, 1778 ]
Schachinger 2006 26 239 (316) 3 323 (28.66) —— 25% 840[ 2479, 749]
Zhuecva 2009 8 -18 (2589) 2 33 (15.69) [0 ST ATl
Subtotal (95% CI) 79 80 o —————— 7.0 % -4.61[-18.12,8.90 ]
Hetemgeneity Tau? = 6235 ChiZ = 156, df = 7 (P = 017k 1 =44%
Test for overall effect: Z = 067 (P = 050)
2 measured by left ventricular angiography
Yao DD 2009 15 -8.8 (1.85) 12 -45 (13) o 158 % -430 [ -585,-275 ]
Yao 5D 2007 12 &1 204) 12 45 (13) - 156 % 1L.60[-134.0.14]
Subtoal (95% CD 27 24 - 31.5 % -2.98 [ -5.63, -0.34 ]
Hetermgeneity Tau? = 204; Chi? = 517, &f = | (P = 002); @ =01%
Test for overall effect: Z = 2.21 (P = 0027)
3 measured by SPECT
Cao 2009 41 | 606 (4.72) 45 8.05 (5.28) - 152 % 801 [-1012. 550]
Meluzin HD 2008 20 2Ly 20 17 (1585 *— 5% -2000[-2843, -1157]
Meluzin LD 2008 0 2 (15.65) 20 17 (1565) —=—— 54% 1500 [ -2470, 530]
Piepoli 2010 17 125 (2082) 15 Q5 (8.52) 4.6 % 1200 [ -2280.-120]
Subtotal (95% CI) 98 100 e —— 31.7 %  -12.96 [ -19.29, -0.64 |
Heterogeneity Tau? = 2632 Chi2 = 9.14, df = 3 (P =003} 12 =£7%
Test for overall effect Z = 402 (F = 0.00D059)
4 measured by echocardiography
Cao 2009 41 13.1 (549) 45 46 (6.18) - 147 % B50 [ -1097. 403 ]
Grajek 2010 7 102 (14.34) 12 aQelyn ——7J] 35K 850[-21.02, 2.22]
Lunde 2006 0 0 (21.63) 50 & (23.02) . 621% G00[ -1476 2L76]
Piepoll 2010 17 72 (1734) 15 1.8 (11.68) e gl % CAD[ -1554, 474
Subrotal (95% CI) 135 122 - 29.8 % -8.19 [ -10.46, -5.92 ]
Heteropeneity: Tauw® = 0.0 Chi® = 061, df = 3 (F = 0.590): P =0.0%
Test for overall effect 7 = 7.07 (P < 000001)
Total (95% CI) 339 326 - 100.0 %  -7.27 [ -10.00, -4.53 |

Heterngensity: Tau? = | 1.6%: Chi2 = 52.95. df = 12 (P<000001): P =77%
Test for overall effect: 7 = 520 (P = 0.00001)
Test for subgroup differences Chi2 = 1301, df = 3 (P = 000). P =77%
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Stem Cells vs no Stem cells — size >12 mo

M Mezn
Study or subgroup BMEC Control Crferonca Wapnt Drkeronce
M Miaan{sl) M Maanso) IVAandomS5% O NFandom95% O
| Mazmured by Ml
Lurvia 2006 L 47 (B53) a 59 BT - 2% LED[-211,531 ]
Schachingar 2006 I 105 &7 % 115 &3 —_— 146 % .30 [ -£95, @95 ]
fao DD 2009 15 -13A) 12 a7 s 154 % BED[ 1107, &18]
Yao 50 2005 17 £7 (258) 12 27 [269) —— 162 % 350560, -1L39 ]
Subtotal (95% CI) 94 93 — 553 % -3.54[-7.54,045)
Hetorogenaite T = 14,12 (0F = 2279, of = 3 F = Q00004¢ F =87%
st for overal eflect 7 = L4 (P = GDEY)
1 Maamured by SFECT
Can 1008 41 783 (144 = 58 [154) - 174 % 203 [-3151, 058 |
Mahstn HD 2008 0 10 (447) p.J] £ [147) —— 145 % ADO[-&77, -3 ]
Mihstn LD 2008 . 5 (&71) m £[44T) —= 126 % -300 [ 453,053 ]
Sabtotal (95% CI) Bl 85 at 447 % 153 [-3.75,-1.31)
Hetorogenaite Tau® = G CH? = 155, of = 3 7 = 045y P =008
Total (95% CI) 175 178 - 100.0 % -3.36 [ -5.50,-1.22 )
Hatorogenaity Tau® = £7% Chi® = 1877, of = & (¢ = LO0DDAY 1 =79%
st for ovorall efect 7 = 108 (P = 0D 1)
st for subgroup Mbrences OVF = 03, o = | [P = 0.£3), 17 -O0%
i i i i
w5 0 I
Fravours AMSC Faweurs res BMEC
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Stem Cells vs no stem cells - mortality

Study or subgroup BMSC no BMSC Risk Ratio Weight Risk Ratio
~ N H,Randcarlr’é?ﬁ% H,Ranm%sx
| Short term follow-up (<12 months)
Huikuri 2008 /40 1140 - 1 30% 033[Q01,7.95]
Janssens 2006 1733 034 s B A 30% 309[013,7320]
Kang 2006 25 1125 —_—T 30% 033[0Q0I1,781]
Meyer 2006 /30 1730 T o = 30% 033[0Q0I,787]
Nogueira VG 2009 17110 [ D 32% 1.91 [ 0.09, 40.60]
Penicka 2007 N7 or10 = 36% 428[024,7520]
Piepoli 2010 219 419 — 121 % 050[QI0, 241]
Plewka 2009 2140 220 R B4 % 050[0Q08,329]
Quyyumi HD 2011 116 015 N 32% 686[032 14844 ]
Ronaalli 2010 1148 0744 — = 30% 276[0.12,6592]
Schachinger 2006 2101 2103 —_— 79 % 1.02[Ql5,7.10]
Tendera S 2009 1780 1740 = 40% 050[Q03,779]
Tendera U 2009 1780 1740 R 40% 050[0Q03,779]
Wohrle 2010 1129 1713 —_— 41 % 045003, 663]
Zhukowva 2009 o8 13 —_—T 34% Q.I15[Q0l,2%1]
Subtotal (95% CI) 566 442 - 68.9 % 0.75[0.39, 1.46 ]
Total events: 16 (BMSC), |5 (no BMSC)
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Stem Cells vs no stem cells — mortality > 12 mo
. ]

Study or subgroup BMSC no BMSC Risk f.fa:jo Weight Risk Ratio
HRandom 5% {Random35%

n/N nN Cl C
Cao 2009 04 /45 — T 0% 0.37[002,872]
Grajek 2010 7 012 A A% 1.39[006,3153]
Lunde 2006 /50 /50 B E— 40% .00 0.06, 1555 ]
Meyer 2006 54% 193[019, 2018
Schachinger 2006 68 % Q177002 1.39]
Zhukova 2009 89 % 050008, 3.13]
Subtotal (95% ClI) 255 239 - 311 % 0.59[0.22, 1.56 |

Total events: 7 (BMSC), 10 (no BMSC)
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The effect of intracoronary reinfusion of bone marrow-derived
mononuclear cells (BM-MNC) on all- cause mortality in acute myocardial
infarction

M| Bami
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| Diagnosis of myocardial infarction | BAMIL 1D YPEAN MESICINES AGENCY
| Primary Angioplasty <12 hours |

Echocardiogram EF<45%

m3000 patient outcome study

BEnd—point = 25 % reduction
in death (all cause at 2 years)

BSTANDARDISATION of cell

processing technique

Study end-point - mortality
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Over 1700 pts in 33 trials

THE COCHRANE
COLLABORATION®

“Overall, bone marrow stem cell therapy
improved left ventricular ejection

fraction (LVEF) by “
Sustained after 12 months and dependant on the dose
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Discrepancies vs functional outcome

EF effect size

50 i 100

No of discrepancies per trial

Nowbar et alBMJ 2014;348:92688 doi: 10.1136/bmj.g2688

14 CAT-DGTI-GSCN Workshop, Dresden, 11 September 2014



14 4 a N N
/ \‘
)

-

EUROPEAN M ED4ICI NES AGENCY

Effect vs discrepancies

EF effect size

0 1-10 11-20 21-30 30
Strials  24trials  12trials  3trials 5 trials

No of discrepancies per trial

Nowbar et alBMJ 2014;348:92688 doi: 10.1136/bm|.g2688
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Conclusions

With unselected and selected BMMNC: significant but very limited
effect on Left Ventricular volumes and infarct size.

Very limited effect on mortality reduction; Outcome BAMI trial?

Not enough data on other cell sources yet to make firm
statements.

Lack of standardization: product, dosage; application mode;
assessment of efficacy clinical and preclinical
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Publication bias ?

Solution: registration of ongoing studies

www.preclinicaltrials.eu

% UMC Utrecht
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Morphology:
Infarct size MRI LGE

Caduceus: cardiospheres Scipio: cardiac stem cells
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