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Supplementary Figure 1.  
Program flow of the Perl-based script 
Data aggregation was performed using a Perl script we developed, to minimize errors during the 
screening process and to computerize data for further analyses. 
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Supplementary Figure 2.  
Annotated figure about uses of the different types of stem cells in regenerative medicine 
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Studies using hematopoietic stem cell transplant (with total body irradiation, myeloablative or non-myeloablative regimens, or genetically modified HSCs) were 
excluded from this figure. This chord diagram represents the proportion of studies dealing with each field of application, linked to their respective uses of stem 
cells.  

 

Abbreviations for cells: muco-MSC: mucosal Mesenchymal Stem Cell; men-MSC: menstrual Mesenchymal Stem Cell; dent-MSC: Mesenchymal Stem Cell 
from dental tissues; MSC: Mesenchymal Stem Cell (probably BMSCs); ASC: Adipose-derived Stromal/Stem Cells; UC-MSC: Umbilical-Cord or Umbilical-
Cord Blood Mesenchymal Stem Cell or Wharton Jelly MSC or placental MSCs; BM-MSC: Bone Marrow Mesenchymal Stem Cell.  

mens-BSC: menstrual Blood Stem Cell; UCBSC: Umbilical Cord Blood Stem Cell; SVF: Stromal Vascular Fraction; BMMNC: Bone Marrow MonoNuclear 
Cell; PBSC: Peripheral Blood Stem Cell; EPC: Endothelial or Angiogenic Precursor Cell; CD133: CD133+; CD34: CD34+ cells. 

MPC: Mesenchymal Precursor Cell; MSC-P: MSC-derived progenitors and cells (osteoprogenitor, MSC-derived cardiopoietic cell, MSC-derived 
neuroprogenitor, MSC-derived osteoprogenitor, MSC-derived hepatic cell, MSC-derived endometrium); CSC: Cardiosphere-Derived Cells, Cardiac Stem Cells; 
NSC: Neural Stem Cell; CLSC: Corneal Limbal Stem Cell or Retinal progenitor cell; mus-SC: Muscular Stem Cell; ESC-P: embryonic stem cell-derived cells 
(ESC-RPE: Embryonic Stem Cell Retinal Pigment Epithelial and other progenitors); skin-SC: Skin Stem Cell; OlG-P: Oligodendrocyte or glial progenitor; HSC-
Ins: HSC-derived cell producing insulin. 
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Supplementary Figure 3.  
PRISMA flow diagram of detailed screening process 

 



6 
 

 

Supplementary Figure 4.  
Comparison of expanded MSCs and the respective heterogeneous fraction, from bone marrow or adipose tissue 
The histograms of the upper part of figure show the number of trials using MSCs, ASCs, BM-MSCs, SVF or BMMNCs for musculoskeletal diseases, NSD and 
CVD. The lower part of the figure represents the proportion of studies dealing with each type of cells, with the start years of trials and study phases. 
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Supplementary Figure 5. 
Screenshot of the website http://multireview.perso.sfr.fr/ 

The website http://multireview.perso.sfr.fr/ provides detailed results about studies (using stem cells, MSCs or 
ASCs) included for each MeSH keyword. This screenshot is an example of the CVD branch (C14 or 
Cardiovascular Diseases) for MSC therapy. It presents the temporal evolution of the trials, their geographical 
mapping, the list of included trials and all trial characteristics (state, size, gender, type, randomization, design, 
blinding, sponsoring, phases, donor, stem cells employed and medications taken concomitantly). 
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Supplementary Figure 6.  
Use of ASCs in regenerative medicine 
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Phylogenetic-like tree of included studies using ASCs according to MeSH descriptors. All retrieved keywords from trials were considered to be terminal taxa and 
are represented around a phylogenetic-like tree. As MeSH is redundant, desired duplicates are identified to indicate that there are several occurrences 
(Supplementary File 1).  

Ancestors of the tree are represented using MeSH sub-levels of these taxa, placed in the center of circle. The number of studies for each clinical phase (Phase 0: 
red, Phase 1: orange, Phase 1-2: green, Phase 2: pale blue, Phase 2-3: deep blue, Phase 3: purple, and not applicable: black) is illustrated in histograms at the 
extremity of each end branch of the tree. Bar heights refer to the scale provided.  
The key message is both diversity in fields of application and diversity of diseases within some fields. For example, in musculoskeletal diseases, MeSH structure 
showed the use of ASCs in osteonecrosis, arthritis, muscular dystrophies, cartilage diseases and tennis elbow, in Phases 1 to Phase 2.  A great diversity was also 
observed for the 14 nervous system diseases studies, fragmented into sub-subjects (e.g. spinal cord injuries, multiple sclerosis, brain injuries).  

For digestive diseases, two major themes emerged, revealed by the MeSH structure: one theme for liver cirrhosis and one theme for the digestive system. We 
found Phase 3 studies only for the treatment of digestive system fistula and inflammatory bowel diseases. 
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Name of package Description provided by CPAN Version 
Dancer Lightweight yet powerful web application framework 1.3110 
Storable Persistent data structure mechanism 2.45 
Data-Dumper Convert data structure into perl code 2.136 
XML-Simple API to maintain XML (esp config files) 2.20 
URI -Escape General URI escaping/unescaping functions 3.31 
LWP-UserAgent Web user agent class 6.04 
Spreadsheet -WriteExcel Write to a cross-platform Excel binary file 2.39 
Statistics-Descriptive Descriptive statistical methods 3.0605 

Supplementary Table 1. 
List of packages employed in Perl script.  

The script was developed and run using Strawberry Perl 5.16.3.1-64 bits on Windows 7 operating 
system (Professional edition 64 bits) with 6Go RAM memory. 
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  Studies without hematopoietic stem cell transplantation 

  All studies 
(n = 939) 

Studies using MSCs 
including ASCs 

(n = 480, 51.1% total) 

Studies using MSCs  
excluding ASCs 

(n = 403, 42.9% total, 84.0% MSCs) 

Studies using ASCs 
(n = 77, 8.2% total, 16.0% MSCs) p 

State of the study 939 480 403 77  
 Not yet recruiting 219 (23.3%) 118 (24.6%) 98 (24.4%) 20 (26.0%) 0.76 
 Recruiting 421 (44.8%) 230 (47.9%) 196 (48.6%) 34 (44.2%) 0.47 
 Enrolling by invitation 27 (2.9%) 13 (2.7%) 12 (3.0%) 1 (1.3%) 0.41 
 Suspended 10 (1.1%) 3 (0.6%) 3 (0.7%) 0 (0.0%) 0.45 
 Withdrawn 11 (1.2%) 3 (0.6%) 3 (0.7%) 0 (0.0%) 0.45 
 Completed 220 (23.4%) 100 (20.9%) 80 (19.9%) 20 (26.0%) 0.23 
 Terminated 28 (3.0%) 11 (2.3%) 9 (2.2%) 2 (2.6%) 0.84 
 No longer available 3 (0.3%) 2 (0.4%) 2 (0.5%) 0 (0.0%) 0.54 

Study size (median [Q1 ; Q3]) 25 [12 ; 55] 
N = 919 

25 [10 ; 50] 
N = 477 

27 [12 ; 50] 
N = 403 

19 [10 ; 40] 
N = 76 0.02 * 

Gender 939 480 403 77  
 Female only 26 (2.8%) 12 (2.5%) 9 (2.2%) 3 (3.9%) 0.39 
 Male only 28 (3.0%) 14 (2.9%) 10 (2.5%) 4 (5.2%) 0.19 
 Both 885 (94.2%) 454 (94.6%) 384 (95.3%) 70 (90.9%) 0.12 
Clinical trial site 896 460 386 74  
 Eastern Asia 203 (22.7%) 160 (34.8%) 133 (34.5%) 27 (36.5%) 0.74 
 Northern Asia 16 (1.8%) 6 (1.3%) 6 (1.6%) 0 (0.0%) 0.28 
 South Central Asia 105 (11.7%) 39 (8.5%) 34 (8.8%) 5 (6.8%) 0.56 
 South East Asia 18 (2.0%) 11 (2.4%) 9 (2.3%) 2 (2.8%) 0.84 
 Western Asia and Middle East 22 (2.5%) 13 (2.8%) 12 (3.1%) 1 (1.4%) 0.40 
 Central and South America 63 (7.0%) 19 (4.1%) 16 (4.1%) 3 (4.1%) 0.97 
 North America 222 (24.8%) 94 (20.4%) 87 (22.5%) 7 (9.5%) 0.01 ** 
 Europe 290 (32.4%) 131 (28.5%) 90 (23.3%) 41 (55.4%) < 0.001 *** 
 Africa 15 (1.7%) 9 (2.0%) 9 (2.3%) 0 (0.0%) 0.18 
 Oceania 15 (1.7%) 12 (2.6%) 12 (3.1%) 0 (0.0%) 0.12 
Randomization 930 477 401 76  
 Single arm study 369 (39.7%) 180 (37.7%) 150 (37.4%) 30 (39.5%) 0.73 
 Randomized 401 (43.1%) 213 (44.7%) 176 (43.9%) 37 (48.7%) 0.44 
 Non-randomized 160 (17.2%) 84 (17.6%) 75 (18.7%) 9 (11.8%) 0.15 
Blinding 930 477 401 76  
 Open label 652 (70.1%) 346 (72.5%) 290 (72.3%) 56 (73.7%) 0.55 
 Single blind 84 (9.0%) 33 (6.9%) 26 (6.5%) 7 (9.2%) 0.35 
 Double blind 194 (20.9%) 98 (20.5%) 85 (21.2%) 13 (17.1%) 0.47 
Donor 918 464 388 76  
 Allogeneic 316 (34.4%) 248 (53.4%) 224 (57.7%) 24 (31.6%) < 0.001 ***  Autologous 604 (65.8%) 218 (47.0%) 167 (43.0%) 52 (68.4%) 
Main sponsor 939 480 403 76  
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 NIH 14 (1.5%) 8 (1.7%) 8 (2.0%) 0 (0.0%) 0.22 
 Industry 278 (29.6%) 146 (30.4%) 114 (28.3%) 32 (41.6%) 0.02 * 
 Other 647 (68.9%) 326 (67.9%) 281 (69.7%) 45 (58.4%) 0.07 
Study phase 939 480 403 77  
 Phase 0 6 (0.6%) 5 (1.0%) 3 (0.7%) 2 (2.6%) 0.14 
 Phase 1 252 (26.8%) 132 (27.5%) 108 (26.8%) 24 (31.2%) 0.43 
 Phase 1/Phase 2 342 (36.4%) 194 (40.4%) 162 (40.2%) 32 (41.6%) 0.82 
 Phase 2 187 (19.9%) 92 (19.2%) 80 (19.9%) 12 (15.6%) 0.38 
 Phase 2/Phase 3 38 (4.0%) 16 (3.3%) 16 (4.0%) 0 (0.0%) 0.08 
 Phase 3 41 (4.3%) 20 (4.2%) 16 (4.0%) 4 (5.2%) 0.62 
 N/A 73 (7.8%) 21 (4.4%) 18 (4.4%) 3 (3.9%) 0.82 
Area of expertise 924 474 400 74  

Bacterial Infections and Mycoses 5 (0.5%) 5 (1.1%) 4 (1.0%) 1 (1.4%) 0.79 
Virus Diseases 3 (0.3%) 3 (0.6%) 3 (0.5%) 1 (1.4%) 0.40 
Parasitic Diseases 1 (0.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) - 
Neoplasms 12 (1.3%) 6 (1.3%) 5 (1.3%) 1 (1.4%) 0.94 
Musculoskeletal Diseases 110 (11.9%) 66 (13.9%) 54 (13.5%) 12 (16.2%) 0.54 
Digestive System Diseases 85 (9.2%) 61 (12.9%) 47 (11.8%) 14 (18.9%) 0.09 
Stomatognathic Diseases 10 (1.1%) 10 (2.1%) 9 (2.3%) 1 (1.4%) 0.62 
Respiratory Tract Diseases 40 (4.3%) 29 (6.1%) 26 (6.5%) 3 (4.1%) 0.42 
Otorhinolaryngologic Diseases 3 (0.3%) 1 (0.2%) 1 (0.3%) 0 (0.0%) 0.67 
Nervous System Diseases – [NSD] 195 (21.1%) 96 (20.3%) 82 (20.5%) 14 (18.9%) 0.76 
Eye Diseases 43 (4.7%) 11 (2.3%) 10 (2.5%) 1 (1.4%) 0.55 
Male Urogenital Diseases 50 (5.4%) 26 (5.5%) 20 (5.0%) 6 (8.1%) 0.28 
Female Urogenital Diseases and Pregnancy 
Complications 47 (5.1%) 27 (5.7%) 19 (4.8%) 8 (10.8%) 0.04 * 

Cardiovascular diseases – [CVD] 274 (29.7%) 86 (18.1%) 75 (18.8%) 11 (14.9%) 0.43 
Hemic and Lymphatic Diseases 21 (2.3%) 15 (3.2%) 14 (3.5%) 1 (1.4%) 0.33 
Congenital, Hereditary, and Neonatal Diseases 
and Abnormalities 58 (6.3%) 26 (5.5%) 24 (6.0%) 2 (2.7%) 0.25 

Skin and Connective Tissue Diseases 52 (5.6%) 34 (7.2%) 30 (7.5%) 4 (5.4%) 0.52 
Nutritional and Metabolic Diseases 64 (6.9%) 29 (6.1%) 27 (6.8%) 2 (2.7%) 0.18 
Endocrine System Diseases 49 (5.3%) 28 (5.9%) 25 (6.3%) 3 (4.1%) 0.46 
Immune System Diseases – [ISD] 109 (11.8%) 91 (19.2%) 85 (21.3%) 6 (8.1%) 0.01 ** 
Wounds and injuries 91 (9.8%) 53 (11.2%) 40 (10.0%) 13 (17.6%) 0.06 

Supplementary Table 2. 
Characteristics of trials.  

 



14 
 

Results for trials excluding therapeutics based on hematopoietic stem cell transplant, for trials using mesenchymal stromal cells including ASCs (MSCs), for trials 
using MSCs excluding ASCs, and for trials using adipose-derived stromal cells (ASCs). Characteristics were statistically compared between studies with ASCs and 
studies using MSCs (excluding ASCs) by means of a Chi² test for qualitative outcomes. Significance is presented as follows: * p<0.5, ** p<0.01, *** p<0.001. Median 
and interquartile ranges are provided for study sizes retrieved from included trials, and frequencies and percentage are provided for categorical outcomes. State of the 
study, gender, country of origin, blinding, randomization, type of stem cells employed, and cell donors are described. The probable funding source was derived using 
an algorithm furnished by Califf et al., and is categorized as NIH, industry or others.
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Name of product Manufacturer Type of cells Type of graft Studies 
AC607 Allocure BM-MSC Allogeneic 1 
Adipocell/ANTG-adip Bioheart Adipocytes derived-ASC Autologous 1 
Adipoplus Anterogen ASC Autologous 2 
ALD301/401/451 Aldagen/Cytomedix Selected BM-MNC Autologous 3 
ALLO-ASC Anterogen ASC Allogeneic 4 
Allostem Allosource ASC Allogeneic 1 
AMR-001/NBS10 Neostem/Caladrius CD34+ cells Autologous 2 
ANT-SM/ANTG ASC Anterogen ASC Autologous 2 
ASCT01 Lifecells BM-MNC Autologous 1 
C3 BS-CQR-1 Cardio3 BioSciences MSC-CC Autologous 2 
Cartistem Medipost UC-MSC Allogeneic 3 
C-Cure Cardio3 BioSciences MSC-CC Autologous 1 
Cellbeads (GLP-1) CellMed AG/BTG MSC Allogeneic 1 
CAP-1002 Capricor CDC Allogeneic 2 
CEP-41750 Teva MPC Allogeneic 1 
Cerecellgram-Spine Pharmicell BM-MSC Autologous 1 
Cerecellgram-ED Pharmicell BM-MSC Autologous 1 
Chondrogen Mesoblast BM-MSC Allogeneic 2 
Cordstem-ST CHABiotech UC-MSC Allogeneic 1 
CTX0E03 ReNeuron NSC w/ genetic modifications Allogeneic 3 
CX401 eASC Cellerix/TiGenix ASC Autologous 3 
CX601 Cellerix/TiGenix ASC Allogeneic 4 
CX611-0101 eASC Cellerix/TiGenix ASC Allogeneic 2 
Furestem-AD Kang Stem Biotech UC-MSC Allogeneic 1 
Furestem-CD Kang Stem Biotech UC-MSC Allogeneic 1 
Furestem-RA Kang Stem Biotech UC-MSC Allogeneic 1 
Hearticellgram-AMI Pharmicell BM-MSC Autologous 1 
Hepastem Promethera Liver-P Allogeneic 1 
HomeoGH HomeoTherapy BM-MSC Allogeneic 1 
HuCNS SC StemCells NSC Allogeneic 6 
HYNR-CS Inj Corestem BM-MSC Autologous 2 
HYNR-CS-AlloInj Corestem BM-MSC Allogeneic 1 
Ixmyelocel-T Vericel BM-MSC Autologous 2 
Livercellgram Pharmicell BM-MSC Autologous 1 
Lungcellgram Pharmicell BM-MSC Autologous 1 
MA09-hRPE Ocata therapeutics hESC-RPE Allogeneic 6 
Mesendo TCA Cellular Therapy BM-MSC and EPC Autologous 5 
MSB-CAR001 Mesoblast BM-MSC Allogeneic 1 
MSC-Apceth Apceth GmbH BM-MSC Autologous 1 
MSC-NTF/Nurown Brainstorm Cell therapeutics BM-MSC w/ growth factors Autologous 2 
Multistem Pfizer/Athersys MPC Allogeneic 4 
Myelocell Bioheart musc-SC Autologous 1 
Neofuse Mesoblast MPC Allogeneic 5 
Neurostem-AD Medipost UC-MSC Allogeneic 2 
Nucel Nutech Amniotic-SC Allogeneic 1 
cenplacel-L/PDA001 Celgene pl-MSC Allogeneic 3 
PF-05206388 Pfizer hESC-RPE Allogeneic 1 
PLX-PAD Pluristem pl-MSC Allogeneic 3 
Pneumostem Medipost UC-MSC Allogeneic 3 
Map3 RTI Biologics MPC Allogeneic 1 
opRegen CellCure Neurosciences hESC-RPE Allogeneic 1 
Prochymal/Remestemcel Osiris Therapeutics BM-MSC Allogeneic 13 
Promostem Medipost UC-MSC Allogeneic 1 
Provacel Osiris Therapeutics BM-MSC Allogeneic 1 
Repaircell/ANL-adip-AL Anterogen Adipocytes derived-ASC Allogeneic 1 
Revascor Mesoblast MPC Allogeneic 3 
RNL-Astrostem K-Stemcell ASC Autologous 1 
RNL-Jointstem K-Stemcell ASC Autologous 1 
RNL-Vascostem K-Stemcell ASC Autologous 1 
SB623 SanBio BM-MSC w/ genetic modification Allogeneic 1 
Stempeucel Stempeutics BM-MSC Allogeneic 1 
Trinity Evolution Orthofix BM-MSC and OP Allogeneic 2 
Vescell Theravitae APC Autologous 4 
XCEL-M-ALPHA XCelia BM-MSC Autologous 2 
XCEL-MT-OSTEO-ALPHA XCelia BM-MSC Autologous 3 

Supplementary Table 3. 
List of cellular specialties identified during screening, with the description of the type of cells (cellular 
source, allogeneic or autologous), and the number of trials.



16 
  



17 
  



18 
  



19 
  



20 
  



21 
  



22 
  



23 
  



24 
  



25 
  



26 
  



27 
 

 
Supplementary File 1. 
Refinement of the resulting MeSH terms before phylogenetic-like tree visualization. 
This file provides the final MeSH structure used. Bold: MeSH terms that were selected. Underlined: proximal branches of selected MeSH terms. Crossed out: 
branches that were removed for phylogenetic-like tree visualization. 


