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Stem cells are considered to be one of the greatest potential treatments to cure degenerative diseases. Stem cells
injection for knee osteoarthritis (OA) is still a relatively new treatment and has not yet gained popularity. So, the
effectiveness, safety and potential of mesenchymal stem cells (MSCs) for knee OA treatment is worthy to be
explored. Explore the effectiveness and safety of mesenchymal stem cells (MSCs) in the treatment of knee oste-
oarthritis. We collected clinical trials using MSCs as treatment for knee OA (before April 2019), including ran-
domized controlled trials (RCTs), retrospective studies and cohort studies. We searched PubMed, EMBASE,
Cochrane Library, Web of Science and the ClinicalTrials.gov with keywords (Mesenchymal stem cells [MSCs],
Knee osteoarthritis, Effectiveness and Safety), and then performed a systematic review and cumulative meta-
analysis of all RCTs and retrospective comparative studies. To evaluate the effectiveness and safety of MSC in knee
OA treatment, we applied visual analog scale score, Western Ontario and McMaster Universities Osteo-arthritis
Index and adverse events. We included 15 RCTs, two retrospective studies and two cohort studies including a total
of 584 knee OA patients in this study. We demonstrated that MSC treatment could significantly decrease visual
analog scale in a 12-month follow-up study compared with controls (p < 0.001). MSC therapy also showed
significant decreases in Western Ontario and McMaster Universities Osteoarthritis Index scores after the 6-month
follow-up (p < 0.001). MSC therapy showed no difference compared with controls (p > 0.05) in adverse events.
We suggest that MSC therapy could serve as an effective and safe therapy for clinical application in OA treatment.
The translational potential of this article: This study provided the best available evidence and a wider perspective to
MSCs application in the management of knee OA. MSCs therapy will have great translational potential in the
clinical treatment of various degenerative diseases once optimum formula and explicit target population are
identified.

Introduction

Osteoarthritis (OA) is a degenerative disease, which can be classified
into primary and secondary OA. Primary OA is OA without a clear cause.
Secondary osteoarthritis has definite aetiology, including endocrine
system disorder, anatomical structure abnormality, post-traumatic
arthritis and inflammatory arthritis [1]. OA is characterized by reduc-
tion of articular chondrocytes and destruction of joint matrix [2]. Spe-
cifically, symptoms of OA include continuous chondrocyte cartilage

damage [3], articular chondrocyte loss [4], subchondral microfracture
[51, subchondral bone exposure [6], joint edge and subchondral bone
hyperplasia [10]. Clinically OA patients suffer from slowly developing
joint pain, joint stiffness, joint swelling, decreased joint range of move-
ment and joint deformity [2,7]. Epidemiological statistics show that the
overall prevalence of primary OA in people aged more than 40 years is
46.3%, 41.6% for male and 50.4% for female. Furthermore, the incidence
rate in the middle-aged and elderly population can reach to 40% and
80%, respectively. A milder condition affects the quality of life, whereas
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a heavier condition can lead to disability. The disability rate can even-
tually reach 50% or higher [20,22]. Therefore, OA has become a serious
health problem.

Currently, the treatment for knee OA is very limited. There are some
conventional therapies for OA, including physiotherapy, nonsteroidal
anti-inflammatory drugs, pain-relieving drugs, hyaluronic acid, platelet-
rich plasma (PRP) or corticosteroid-based intra-articular injections,
traditional Chinese medicine and knee arthroscopic surgery. All the
above-mentioned treatments can only relieve symptoms, but cannot
repair cartilage. As OA worsens, total knee arthroplasty is needed [24,
25]. Stem cells therapy is a milestone in regenerative medicine for OA
treatment.

Mesenchymal stem cells (MSCs) have self-renewal and multidirec-
tional differentiation potential [26], and can exert therapeutic effects on
various diseases through directed differentiation [27], regulation of im-
munity [28], anti-inflammatory, proangiogenesis [28], improvement of
microenvironment [29] and promotion of regeneration [30]. MSCs have
been used in the treatment of various diseases [31], such as premature
ovarian failure, Parkinson's disease, nervous system damage and amyo-
trophic lateral sclerosis. MSCs therapy could be applied for OA treatment
and have shown encouraging results [26-31].

MSCs have not applied widely because of ethical issues in cell sources
and expensive cell culture. Furthermore, its effectiveness and safety are
worthy to be explored. The aim of this study is to collect high-quality
clinical trials worldwide and to evaluate the efficacy and safety of stem
cell therapy OA treatment, therefore to provide a convenient and effec-
tive treatment for patients with OA.

Evidence acquisition

A prospective protocol of objectives, literature-search strategy, in-
clusion and exclusion criteria, outcome measurements and statistical
analysis methods were according to the Preferred Reporting Items for
Systematic Reviews. Meta-analysis and Meta-analysis of Observational
Studies in Epidemiology recommendations were applied for study
reporting [32,33].

Literature-search strategy

A literature search was performed in April 2019 without restriction to
regions, publication types or languages. The primary sources were the
electronic databases of PubMed, EMBASE, Cochrane Library, Web of
Science and the ClinicalTrials.gov. The following Medical Subject
Headings (MeSH) terms and their combinations were searched in [Title/
Abstract]: (Osteoarthritis OR Knee Osteoarthritis OR Osteoarthritis of
Knee OR Knee, Osteoarthritis Of OR Knees, Osteoarthritis Of OR Osteo-
arthritis Of Knees) AND (Stem Cells OR Progenitor Cells OR Mother Cells
OR Colony-Forming Unit Mesenchymal Stem Cell OR Wharton Jelly Cells
OR Mesenchymal Stromal Cells OR Bone Marrow Mesenchymal Stem
Cells OR IPS Cells OR Human Induced Pluripotent Stem Cells OR hiPSC
OR Fibroblast-Derived Induced Pluripotent Stem Cells OR Fibroblast
Derived Induced Pluripotent Stem Cells OR Fibroblast-Derived IPS Cells
OR Teratocarcinoma Stem Cells OR Embryonal Carcinoma Cells) AND
randomized controlled trial. The related articles' function was also used
to broaden the search. Furthermore, we also applied manual searches of
the reference lists of all retrieved studies, review articles and conference
abstracts. When multiple reports describing the same population, the
most recent or complete report was adopted.

Inclusion and exclusion criteria

Clinical trials, relevant review articles and postgraduate papers were
examined to identify further relevant studies. Studies were eligible for
inclusion if: (1) study must be published randomized controlled trials
(RCTs), retrospective studies or cohort study in humans applying MSCs
therapy for patients with knee OA; (2) the patient's detailed information
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was recorded both before and after therapy; (3) the study enrolled six or
more patients; and (4) publication time of articles is limited to
2012-2019. Editorials, letters to the editor, review articles, case reports
and animal experimental studies were excluded.

Data extraction and outcomes of interest

Data from the included studies were extracted and summarized
independently by two authors (Junhui Zhang and Zhujian Lin). Any
differences were resolved by the adjudicating senior authors (Hualiang
Xu and Hong Chang).

The extracted study data features included the first author name,
year, number of patients, mean age, body mass index, study design,
outcome measure, follow-up time, stem cell origin, quality assessment,
number of cells and method of experiment. The primary outcomes to
assess effectiveness were performed by Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) and visual analog scale
(VAS). The incidence of adverse events (AEs) was used to evaluate the
safety of MSCs. To make the results more credible, we use subgroup
analysis to reduce heterogeneity.

Quality assessment and statistical analysis

Studies were rated for the level of evidence provided according to
criteria by the Centre for Evidence-Based Medicine in Oxford, UK [34].

The methodological quality of RCTs was assessed by the Cochrane
risk-of-bias tool [35]. The methodological quality of retrospective studies
was assessed by the modified Newcastle-Ottawa scale [36,37], which
consists of three factors: patient selection, comparability of the study
groups and assessment of outcome. A score of 0-9 (allocated as stars) was
allocated to each study except RCTs.

All the meta-analyses were performed using Review Manager 5.3
(Cochrane Collaboration, Oxford, UK). The weighted mean difference
(WMD) and odds ratio were used to compare continuous and dichoto-
mous variables, respectively. All results were reported with 95% confi-
dence intervals (CIs). For studies that presented continuous data as
means and range values, the standard deviations were calculated using
the technique described by Hozo et al. [38].

Statistical heterogeneity between studies was assessed using the Chi-
squared test with significance set at p < 0.10, and heterogeneity was
quantified using the I statistic. The random effects model was used if
there was heterogeneity between studies; otherwise, the fixed effects
model was used.

The subgroup analysis compared WOMAC and VAS score with
different stem cell numbers and different stem cell sources. Sensitivity
analyses were performed for high-quality studies. Funnel plots were used
to screen for potential publication bias.

Evidence synthesis

Nineteen studies including 584 knee OA patients (352 cases for MSC
group and 232 cases for control group) fulfilled the predefined inclusion
criteria and were included in the final analysis (Figure 1). Eighteen
publications were full-text articles [2-5,8-19,21,23], and one publica-
tion was conference abstract [6].

Characteristics of eligible studies

The characteristics of included studies are shown in Table 1. Among
the included studies, there were 15 RCTs [3,5,6,8-15,18,19,21,23], two
retrospective studies [1,17] and two cohort studies [4,16]. All the 19
papers were fully published during the period from 2012 to 2019. The
mean ages of patients enrolled were between 35 and 75 years. Sample
size ranged from a minimum of nine to a maximum of 60 patients. In all
the trials, MSC therapy was evaluated in knee OA patients with MSCs
from fat in nine studies [1,4,8,13,15-19], MSCs from marrow in five
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Figure 1. Flow diagram of studies identified, included and excluded. PRP = platelet-rich plasma.

studies [3,9-11,14], peripheral blood stem cells in one study reported in
a conference paper [21], and MSCs from foetus in four studies [5,6,12,
23]. The patients received cell infusions from 1.89 x 10° to
100 x 108 cells. The injected route for MSG therapy was intra-articular
injection.

Methodological quality of included studies

The methodological quality of RCTs was assessed by the Cochrane
risk-of-bias tool, which consists of six factors: random sequence genera-
tion, allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data and selective
reporting (Fig. 2). The methodological quality of retrospective studies
was assessed by the modified Newcastle-Ottawa scale, which consists of
three factors: patient selection, comparability of the study groups, and
assessment of outcome. A score of 0-9 (allocated as stars) was allocated
to each study (Table 2).

Primary outcomes

WOMAC 6 month

Information on the 6-month WOMAC improvement was available in
six studies [4,5,8,16,18,23]. There are 11 experimental groups, including
102 patients. The mean difference of WOMAC changes was statistically
significant, with value at —27.13 (95% CI -31.16 to -23.10,
p < 0.00001). In addition, the corresponding I2 was 46%, indicating that
the degree of variability among the trials was consistent with what would
be expected by chance alone (Fig. 3).

VAS score

Information on the 3-month VAS improvement was available in two
studies [4,17]. There are four experimental groups, including 27 patients.
Information on the 6-month VAS improvement was available in six
studies [4,5,8,17,18,23], with 10 experimental groups, including 75
patients. Information on the 12-month VAS improvement was available
in four studies [3,8,17,23], with seven experimental groups, including a
total of 60 patients.
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The pooled data showed significant lower VAS scores in the MSCs
group than the control group (WMD —34.18; 95% CI —37.65 to —31.77;
p < 0.00001). In addition, the corresponding I? was 48% (Fig. 4).

Complication

The clinical trials included in this meta-analysis reported several AEs,
including pain at injection site [6], persistent bleeding [11,15], knee
swelling [8], fracture [23], difficulty in moving knee [20], infection in
knee [3,6,12], nervous system disorders [17], acute myocardial infarc-
tion [14,16], ileus [15] and small-intestine obstruction [26]. However,
there was no statistical difference in what between the MSC treatment
groups and controls (WMD 0.71; 95% CI 0.40-1.26; p = 0.24). In addi-
tion, the corresponding 12 was 0%, indicating that the degree of vari-
ability between the trials was consistent with what would be expected by
chance alone. No serious adverse effects related to MSC implantation
were developed in the 19 selected publications (Fig. 5).

Subgroup analysis

Different cell origin of WOMAC score 6 months
There was no significant difference in this subgroup analysis
compared with the original analysis (Fig. 6).

Different number of MSCs for WOMAC 6 months
There was no significant difference in this subgroup analysis
compared with the original analysis (Fig. 7).

Sensitivity analysis and publication bias

Fifteen RCTs that assessed by the Cochrane risk-of-bias tool to com-
plete bias analysis (Fig. 2) and four retrospective studies that scored six or
more stars on the modified Newcastle-Ottawa scale were included in
sensitivity analysis (Table 2). The degree of between-study heterogeneity
is within reasonable limits [1,3-6,10,12,14-16,18,23]. All the I were <
50%. Fig. 8 shows a funnel plot of the studies included in this meta-analysis
with AEs rates. All studies lied inside the 95% CIs, with an even distri-
bution around the vertical, indicating no obvious publication bias.
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Table 1
Summary of studies using MSCs to treat KOA patients.
Author Year Number of patients Mean age BMI Study Outcome Follow- Stem Quality Number of Method of Ref.
(year) (kg/ design measure up (mo) cell assessment cells (10%) experiment
m?) origin
MSCs Control MSCs/Control
group group
(M/F) (M/F)
Koh 2012 25 (8/ 25 (8/ 54.2 £9.3/ — R Lysholm, 16.4 Fat NOS 1.89 MSCs/PRP [1]
et al. 17) 17) 54.4 +£11.3 VAS
Vega 2015 15 (6/ 15 (5/ 56.6/57.33 — RCT VAS, 12 Marrow ROB 40 MSCs/HA [3]
et al. 9) 10) WOMAC
Pers 2016 18 (8/ — 63.2+ 4.1/ 28.8 Cs WOMAC, 6 Fat NOS 2/10/50 MSCs [4]
et al. 10) 63.2+ 4.1 VAS, SF-36
Wang 2016 18 (10/ 18 (11/ 54.28/52.37 28.31 RCT Lysholm, 6 Foetus ROB 20-30 MSCs/HA [5]
et al. 8) 7) WOMAC,
SF-36
Matas 2017 18 9 — — RCT WOMAC, 12 Foetus ROB 20 MSCs/HA [6]
et al. VAS, SF-36
Joetal. 2017 18 (3/ — 61.8 6.6 26 RCT WOMAC, 24 Fat ROB 10/50/100 MSCs [8]
15) VAS
Shapiro 2017 25 25(7/ 60 27.1 RCT VAS 6 Marrow ROB 52 mL MSCs/NS [9]
et al. (/18) 18)
Bastos 2018 9 (4/5) 9(5/4) 54.7 £ 7.2/ — RCT KOOS 12 Marrow ROB 80-100 mL MSCs/PRP [10]
etal. 60.4 £11.3
Liastani 2018 19 (12/ 24 (15/ 51.7 £9.2/ 30.2 RCT WOMAC, 6 Marrow ROB 40 MSCs/NS [11]
et al. 7) 9) 54.7 £ 5.3 VAS
Forogh 2018 10 10 35-75 <35 RCT VAS, KOOS 6 Foetus ROB 50-60 MSCs/NS [12]
et al.
Jones 2018 27 27 45-75 <40 RCT WOMAC 6 Fat ROB 6 mL MSCs [13]
et al.
Gupta 2016 40 20 57.3 +£9.4/ 29.73 RCT WOMAC, 12 Marrow ROB 25/50/75/ MSCs/HA [14]
et al. 54.9 + 8.2 VAS 100
Kuah 2018 16 4 55 +5.15/ 20-30 RCT WOMAC, 12 Fat ROB — MSCs/HA [15]
et al. 55.0 £ 10.42 VAS
Song 2018 18 — 55 24 Cs WOMAC, 24 Fat NOS 10/20/50 MSCs [16]
et al. SF-36
Zoran 2018 9 (3/6) — 63 +10.4 29.5 RP Lysholm, 18 Fat NOS 5-10 MSCs [17]
et al. VAS
Bait 2019 12 3/ 12 (3/9) 62.2 + 6.5/ 25.3 RCT WOMAC, 6 Fat ROB 100 MSCs/NS [18]
et al. 9 63.2 +4.2 VAS
Freitag 2019 20 11/ 10 (5/5) 54.6/51.5 31.6 RCT WOMAC 12 Fat ROB 95.1-103.9 MSCs/NS [19]
et al. 9)
Khasru 2019 15 15 53 +11 — RCT WOMAC, 6 Blood ROB — MSCs [21]
et al. VAS
Matas 2019 20 (9/ 9 (4/5) 56.1 + 6.8/ 27.6 RCT WOMAC, 12 Foetus ROB 20 MSCs/NS/ [23]
et al. 11) 54.8 £ 4.5 VAS, SF-36 HA

BMI = body mass index; CS = cohort study; HA = hyaluronic acid; KOA = knee osteoarthritis; KOOS = knee osteoarthritis outcome score; MSCs = mesenchymal stem
cells; NOS = Newcastle-Ottawa Scale; NS = normal saline; PRP = platelet-rich plasma; R = retrospective; RCT = randomized controlled trial; ROB = The Cochrane
collaboration's tool for assessing risk of bias; RP = retrospective design, prospective data collection; SF-36 = short form-36 health survey; VAS = visual analog scale;

WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.

Discussion

This meta-analysis covered 15 RCTs and four retrospective studies
including 584 patients, and compared the efficacy of MSCs therapy and
traditional treatment. The results showed that MSCs therapy was safe,
effective and can significantly reduce postoperative pain.

OA is a degenerative disease characterized by reduction of articular
chondrocytes and destruction of joint matrix [2]. Its clinical symptoms
include slow progression of joint pain [7,9], tenderness [13], stiffness
[25], joint swelling [20], limited movement [29], joint deformity, etc
[5]. Knee OA is a progressive and degenerative condition, which will
remain a serious clinical problem in orthopaedics unless significant ad-
vancements are made in regeneration technologies [2,7,20,22].

Current studies show that MSCs have the following functions: (1)
interacting with the immune system and promote the immuno-regulation
[26]; (2) migrating to the injury to enhance the tolerance of peripheral
tissues, inhibit the release of inflammatory factors, promote the repair of
injured tissues and increase the activity of injured cells [27,28]; (3)
having great potential of multidirectional differentiation and
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reproductive activity [29]; and (4) secreting a variety of cytokines, such
as transforming growth factor-f1, hepatocyte growth factor, fibroblast
growth factor and vascular endothelial growth factor, which have an
effect on anti-inflammatory, anti-apoptosis, anti-fibrosis, pro-angio-
genesis, pro-mitosis, pro-wound healing, etc [30,31]. Therefore, the
application of MSCs could be applied for OA treatment.

The results of this meta-analysis indicated that MSCs therapy could
significantly reduce the VAS and WOMAC score, as well as improve the
knee function and living quality for patients with OA. The research of
Matas [39] showed that in a Phase I/1I trial (NCT02580695), repeated
Umbilical cord Mesenchymal Stem Cells treatment is safe, effective and
superior to active comparator in knee OA after 1-year follow-up.
Different injection doses [40] and different sources of MSCs [41] can
alleviate pain and improve knee joint function in related studies [41]. In
the study of Zhu et al. [22], the mechanism of action of MSCs may be
attributed to the paracrine effect of stem cells. They evaluated the effi-
cacy of MSC injections by macroscopic, histological and immunohisto-
chemical analyses, and demonstrated that MSCs can achieve very good
results in the treatment of knee OA [22].
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Figure 2. Risk of bias graph—review authors' judgments about each risk of bias item presented.

Table 2
Risk of bias in retrospective studies using modified Newcastle-Ottawa scale.

Author Selection Comparability Outcome Quality score
o) Assignment for Representative Representative Comparable for Comparable for Assessment of Adequate
treatment® treatment group reference group 1,2,3,4° 5,6,7,8" outcome follow-up

Koh No NA NA 1,2 6,7 Yes Yes ok k ok
(2012)

Pers No NA No 1,2,3,4 6,7,8 Yes Yes %k ok ok
(2016)

Jo (2017) No Yes Yes 1,2,3,4 6,7,8 Yes Yes 3k ko kK

Zoran No Yes Yes 1,2,3,4 5,8 Yes Yes % %k ok ke ke
(2018)

BMI = body mass index; NA = data not available; SF-36 = short form-36 health survey; VAS = visual analog scale; WOMAC = Western Ontario and McMaster Uni-

versities Osteoarthritis Index.

Comparability variables: 1 = age; 2 = gender; 3 = BMI; 4 = disease duration; 5 = Lysholm Knee Scoring Scale; 6 = WOMAC; 7 = SF-36; 8 = VAS.

2 Details of criteria for adequate random assignment of patients to treatments were provided.
b If all characteristics were comparable, two stars; if two or three characteristics were comparable, one star; otherwise, no star.

6 moof MSCs  Preoperative of MSCs Mean difference Mean difference
Study or Subgroup  Mean  SD Total Mean SD __ Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
[04] Pers 2016 (02) 2716 89 6 607 186 6  6.0% -33.10 [-49.60,-16.60] T
[04] Pers 2016 (01) 198 91 6 472 147 6 8.5%-27.40[-41.23,-13.57] -
[04] Pers 2016 (03) 162 16 6 388 273 6 25% -22.60[-47.92,2.72] ]
[05] Wang 2016 4313 185 18 9925 3185 18 5.6%-56.12[-73.14,-39.10] -
[08] Jo 2017 (01) 253 338 3 433 22 3 0.8% -18.00[-63.64,27.64] - |
[08] Jo 2017 (02) 485 165 3 69 102 3 34% -20.50[-42.45,1.45] ]
[08] Jo 2017 (03) 328 218 12 542 18 12 6.3% -21.40[-37.40,-5.40] -
[16] Song 2018 2038 1989 18 3475 17.05 18 11.1% -14.37[-26.47,-2.27)] -
[18] Bait 2019 267 133 12 60 17 12 10.9% -33.30 [-45.51, -21.09] -
[23] Matas 2019 (01) 138 9.2 9 374 128 9 15.3%-23.60 [-33.90, -13.30] -
[23] Matas 2019 (02) 83 5.1 9 356 101 9 29.7%-27.30 [-34.69, -19.91] -
Total (95% Cl) 102 102 100.0%-27.13 [-31.16, -23.10] ¢

Heterogeneity: Chi? = 18.48, df = 10 (P= 0.05); I* = 46%

Test for overall effect: Z = 13.20 ( P < 0.00001) -0 50 0

50
6 mo of MSCs  Preoperative of MSCs

100

Figure 3. Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score (6 months of MSCs and preoperative of MSCs). CI = confidence interval;

MSCs = mesenchymal stem cells; SD = standard deviation; IV = Inverse Variance methods.
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3/6/12 month of MSCs Preoperative of MSCs Mean difference Mean difference
Study or Subgroup Mean SD  Total Mean SD  Total Weight 1V. Fixed. 95% Cl 1V, Fixed, 95% CI
2.1.1 3 mo of MSCs & Preoperative of MSCs
[04] Pers 2016 (02) 22.6 127 6 77 15.7 6 46%-54.40[-70.56,-38.24] —
[04] Pers 2016 (01) 415 11.9 6 63.7 20.5 6  3.4% -22.20[-41.17,-3.23]
[04] Pers 2016 (03) 22.4 16.4 6 43.7 25.4 6 21% —21.30[-45.49,2.89] - T
[17] Zoran 2018 20.7 13.3 9 54.5 16.5 9  6.3%-33.80[-47.65, -19.95] -
Subtotal (95% Cl) 27 27 16.4%-35.67 [-44.26, -27.07] -
Heterogeneity: Chi? = 8.52, df = 3 (P=0.04); I> = 65%
Test for overall effect: Z=8.13 (P < 0.00001)
2.1.2 6 month of MSCs & Preoperative of MSCs
[04] Pers 2016 (02) 35.5 13.3 6 77 15.7 6 4.5% -41.50 [-57.96, -25.04]
[04] Pers 2016 (03) 36.7 11.9 6 63.7 20.5 6  3.4% -27.00[-45.97, -8.03]
[05] Wang 2016 24 171 6 43.7 254 6 20% -19.70[-44.20, 4.80] I
[08] Jo 2017 (01) 48.3 25.6 3 70 17.3 3  1.0% -21.70[-56.66, 13.26]
[08] Jo 2017 (02) 67 27.4 3 78.3 29 3 12% -11.30[-42.48, 19.88] —
[08] Jo 2017 (03) 44.2 21.8 12 79.6 7.6 12 7.1%-35.40 [-48.46, -22.34] -
[17] Zoran 2018 9.3 6.5 9 545 16.5 9 9.0% —45.20 [-56.79, -33.61] -
[18] Bait 2019 34 15 12 44.8 16.5 9 6.4% -10.80 [-24.52, 2.92] I
[23] Matas 2019 (01) 12 7.5 9 44.8 16.5 9  8.6%-32.80 [-44.64, -20.96] -
[23] Matas 2019 (02) 10.8 7.8 9 39.4 21.4 9  5.5%-28.60[-43.48, -13.72] -
Subtotal (95% CI) 75 72 48.7%-31.18 [-36.16, -26.19] <
Heterogeneity: Chiz = 19.07, df = 9 (P=0.02); I> = 53%
Test for overall effect: Z = 12.26 (P < 0.00001)
2.1.3 12 month of MSCs & Preoperative of MSCs
[03] Vega 2015 33 23 15 54 27 15 3.8% -21.00[-38.95, -3.05]
[08] Jo 2017 (01) 33.3 25.1 3 70 17.3 3  1.0% -36.70[-71.20, -2.20]
[08] Jo 2017 (02) 46 25.1 3 78.3 2.9 3  1.5% -32.30[-60.89, -3.71]
[08] Jo 2017 (03) 33.3 27 12 796 7.6 12 4.8%-46.30 [-62.17, -30.43]
[17] Zoran 2018 8 4.9 9 54.5 16.5 9  9.6%-46.50 [-57.75, -35.25] -
[23] Matas 2019 (01) 13.3 8.4 9 44.8 16.5 9  8.3%-31.50[-43.60, -19.40] -
[23] Matas 2019 (02) 24 2.1 9 39.4 214 9  6.1%-37.00 [-51.05, -22.95] -
Subtotal (95% Cl) 60 60 35.0%-37.65 [-43.53, -31.77] <>
Heterogeneity: Chi? = 7.96, df = 6 (P = 0.24); I = 25%
Test for overall effect: Z = 12.55 (P< 0.00001)
Total (95% Cl) 162 159 100.0% -34.18 [-37.65, -30.70] ‘
itv: Chi2 = - - .12 = 480 t t t t
Heterogeneity: Chi2 = 38.41, df = 20 (P=0.008); I> = 48% 50 25 0 25 50

Test for overall effect: Z = 19.27 (P < 0.00001)
Test for subaroup differences: Chi? = 2.85. df = 2 ( P= 0.24). 1= 29.8%

3/6/12 mo of MSCs  Preoperative of MSCs

Figure 4. Visual analog scale (VAS) score (3-6-12 months of MSCs and preoperative of MSCs). CI = confidence interval; MSCs = mesenchymal stem cells; SD =

standard deviation; IV = Inverse Variance methods.

Hyaluronic acid, PRP or corticosteroid are commonly used injec-
tion drugs for knee joint, which can also relieve pain and improve
knee joint function [42]. The biggest advantage of MSCs is that they
can improve and even repair cartilage [42], allowing damaged

cartilage to regenerate, which is one of the biggest reasons for MSCs
injection in knee could become a mainstream treatment in the future.
Reports by Im [42] show that MSC-secreted factors target both syno-
vium and articular chondrocytes to regulate anabolic and catabolic

Complications in MSCs

Complications in Control

Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed. 95% CI

[01] Koh 2012 1 25 1 25 3.5% 1.00[0.06, 16.93]

[03] Vega 2015 8 15 9 15 15.5% 0.76 [0.18, 3.24] - T

[04] pers 2016 4 18 4 18 11.5% 1.00[0.21, 4.81] - 1

[05] Wang 2016 2 18 2 18  6.6% 1.00[0.13, 8.00]

[06] Matas 2017 1 9 1 9 33% 1.00[0.05, 18.91]

[10] Bastos 2018 2 9 1 9 29% 2.29[0.17, 30.96]

[12] Forogh 2018 4 10 4 10 89% 1.00[0.17, 5.98] - 1

[14] Gupta 2016 1 40 3 20 14.4% 0.15[0.01, 1.50] L

[15] Kuah 2018 3 14 3 4 13.6% 0.09[0.01, 1.22] ¥

[16] Song 2018 2 12 2 6 82% 0.40[0.04, 3.90] - |

[18] Bait 2019 2 12 1 12 31% 2.20[0.17,28.14] - 1

[23] Matas 2019 3 18 2 8 85% 0.60 [0.08, 4.54] - 1

Total (95% Cl) 200 154 100.0%  0.71[0.40, 1.26] L _d

Total events 33 33 l . l .
. 2 = - - .12 = N0

Heterogeneity: Chi? = 6.53, df = 11 (P = 0.84); I?= 0% 0.0lO5 011 1 1'0 260

Test for overall effect: Z=1.17 (P = 0.24)

Complications in MSCs ~ Complications in Control

Figure 5. Safety assessment (MSCs and control groups). CI = confidence interval; MSCs = mesenchymal stem cells; M-H (Mantel-Haenszel) = Statistical Method for
Calculating Odds Ratio of Binary Variables.
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6mo of MSCs  Preoperative of MSCs Mean difference Mean difference

Study or Subgroup  Mean  SD Total Mean SD  Total Weight IV, Fixed. 95% CI IV, Fixed, 95% CI

1.2.1 Stem cell origin— fat

[04] Pers 2016 (02) 276 89 6 607 186 6 6.0% -33.10 [-49.60, -16.60] -

[04] Pers 2016 (01) 198 91 6 472 147 6 85% -27.40[-41.23,-13.57] -

[04] Pers 2016 (03) 162 16 6 388 273 6 25% -2260[-47.92,2.72] -

[08] Jo 2017 (01) 253 338 3 433 22 3 08% -18.00[-63.64, 27.64]

[08] Jo 2017 (02) 485 165 3 69  10.2 3 34% -20.50 [-42.45, 1.45] ]

[08] Jo 2017 (03) 328 218 12 542 18 12 6.3% -21.40[-37.40,-5.40] -

[16] Song 2018 2038 1989 18 3475 17.05 18 11.1% -14.37[-26.47,-2.27] _'_

[18] Bait 2019 267 133 12 60 17 12 10.9% -33.30 [-45.51, -21.09] N

Subtotal (95% CI) 66 66 49.4%-24.83 [-30.56, -19.10] 4

Heterogeneity: Chi? = 6.26, df = 7 (P=0.51); I?= 0%
Test for overall effect: Z = 8.49 (P< 0.00001)

1.2.2 Stem cell origin—fetus

[05] Wang 2016 4313 185 18 9925 3185 18 5.6%-56.12[-73.14, -39.10] -

[23] Matas 2019 (01) 138 9.2 9 374 128 9 15.3%-23.60 [-33.90, -13.30] -
[23] Matas 2019 (02) 83 5.1 9 366 101 9 29.7%-27.30[-34.69, -19.91] -
Subtotal (95% Cl) 36 36 50.6% -29.37 [-35.04, -23.71] 2

Heterogeneity: Chi? = 11.00, df = 2 (P=0.004); I* = 82%
Test for overall effect: Z=10.17 ( <0.00001)

Total (95% CI) 102
Heterogeneity: Chi? = 18.48, df = 10 (P= 0.05); I = 46%
Test for overall effect: Z = 13.20 (P < 0.00001)
Test for subaroun differences: Chi?=1.22. df =1 (P=0.27). 2= 18.1%

102 100.0% -27.13 [-31.16, -23.10]
!

¢

1 | |
T T 1

-50 0 50 100
6 mo of MSCs Preoperative of MSCs

~100

Figure 6. WOMAC score of different cell origin (6 months of MSCs and preoperative of MSCs). CI = confidence interval; MSCs = mesenchymal stem cells; SD =

standard deviation; IV = Inverse Variance methods.

factors to induce/mediate tissue regeneration [42]. Other studies have
shown that MSCs stimulate the proliferation and anabolic activity of
articular chondrocytes, or promote the recruitment of stem cell-
s/progenitor cells and cartilage differentiation [43]. In the objective
evidence of cartilage repair, the related study mentioned that after
cartilage healing, the degree of cartilage repair was confirmed by the
degree of phase-contrast x-ray imaging. Phase-contrast x-ray imaging
was found to be significantly improved after autologous MSC treat-
ment and continued to improve during the second year of follow-up,
indicating that MSCs contribute to cartilage repair or regeneration
[8,44,45].

As a new treatment method, safety is the most important concern
for patients. A number of researchers have evaluated the safety of
MSCs. The safety of MSCs therapy has long been discussed and
confirmed by numerous clinical trials. No significant adverse compli-
cation has been reported in any of the literatures in this review, and all
included studies indicate that MSC injections in knee are safe. Most
MSCs are low-immunogenic cells that rarely cause cellular immune
responses in the body, causing side effects [46-48]. In a study of MSCs
injection for up to 7 years of follow-up, patients had no adverse reac-
tion [49].

In general, this meta-analysis was conducted at an appropriate time,
because enough data have been accumulated for inspection by meta-
analytical methods. We applied multiple strategies to identify studies,
strict criteria to include and evaluate the methodological quality of the
studies, and subgroup and sensitivity analyses to minimize the hetero-
geneity. Therefore, we are confident to provide the most up-to-date in-
formation in this field.
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Limitation

There are some limitations in this meta-analysis: (1) WOMAC, VAS score
and complications are subjective evaluation indexes. Although patients
may answer the questionnaire truthfully, the risk of bias is unavoidable. (2)
Included studies were worldwide, which performed by investigators with
different levels and various methods to cultivate and preserve MSCs, with a
risk of bias. (3) The sample capacity of all included studies is generally low.
(4) Some clinical trials with negative results may not be published, which
may also affect the results. It is expected that the evaluation of objective
indicators would be adopted in the clinical trial design, such as examination
of knee cavity effusion and magnetic resonance imaging examination of
knee cartilage. We hope that our study would be of some help in the design
of high-quality multicentre clinical trials in the future.

Future perspectives

With the gradual improvement of related technologies and processes,
MSCs will be widely used in the clinical treatment of various degenera-
tive diseases. However, it remains unclear which exact pathways and
factors that participate in the mechanism of MSCs to repair the damaged
knee joint cartilage. In recent years, related clinical trials are still limited.
In addition, more clinical trials with the evaluation of the efficacy and
safety of MSCs in the treatment of knee OA by subjective and objective
indicators are needed. Furthermore, some factors related to therapeutic
effect such as injection quantity, source and preservation of MSCs, and
treatments combined MSCs with traditional knee injection therapy (so-
dium hyaluronate, glucocorticoid, PRP) are worthy to be explored to
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6 mo of MSCs Preoperative of MSCs Mean difference Mean difference

Study or Subgroup _Mean  SD Total Mean SD___ Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
1.3.1 Low-dose group ( 0~25 * 1016)
[04] Pers 2016 (02) 276 89 6 607 18.6 6 5.9%-33.10 [-49.60, -16.60] -
[04] Pers 2016 (01) 198 91 6 472 14.7 6  8.5%-27.40[-41.23, -13.57] -
[08] Jo 2017 (01) 253 338 3 433 22 3 0.8% -18.00[-63.64, 27.64] I
Subtotal (95% Cl) 15 15 15.2%-29.15 [-39.48, -18.83] L 4
Heterogeneity: Chi? = 0.51, df =2 (P=0.77); 2= 0%
Test for overall effect: Z = 5.53 (P< 0.00001)
1.3.2 Medium-dose group ( 25~50 * 1016)
[05] Wang 2016 4313 185 18 9925 31.85 18  5.6% -56.12[-73.14, -39.10] -
[16] Song 2018 20.38 19.89 18 3475 17.05 18 11.1% -14.37 [-26.47,-2.27] -
[23] Matas 2019 (01) 138 92 9 374 12.8 9 15.3% -23.60 [-33.90,-13.30] -
[23] Matas 2019 (02) 83 51 9 356 10.1 9 29.6% -27.30 [-34.69, -19.91] -
Subtotal (95% Cl) 54 54 61.5%-26.68 [-31.81, -21.55] ¢
Heterogeneity: Chi? = 15.84, df = 3 (P=0.001); I*= 81%
Test for overall effect: Z = 10.19 (P< 0.00001)
1.3.3 High-dose group ( >50 * 1046)
[04] Pers 2016 (03) 16.2 16 6 388 273 6 25% -22.60[-47.92,2.72] I
[08] Jo 2017 (02) 485 165 3 69 10.2 3 34% -20.50[-42.45,1.45] ]
[08] Jo 2017 (03) 328 218 12 542 18 12 6.3% -21.40[-37.40,-5.40] -
[18] Bait 2019 20.38 19.89 18 3475 17.05 18 11.1% -14.37[-26.47,-2.27] -
Subtotal (95% Cl) 39 39 23.3% -18.06 [-26.40,-9.72] L 2
Heterogeneity: Chi? = 0.70, df = 3 (P=0.87); = 0%
Test for overall effect: Z = 4.24 (P< 0.0001)
Total (95% CI) 108 108 100.0% -25.05 [-29.07,-21.02] ¢

ity 2= = = 12 = 0, t } } }
Heterogeneity: Chi? = 20.74, df = 10 (P=0.02); I? = 52% _1'00 _5'0 0 5'0 1(')0

Test for overall effect: Z = 12.20 (P< 0.00001)

) . 6 mo of MSCs Preoperative of MSCs
Test for subaroun differences: Chi? = 3.69. df =2 (P=0.16). 12 = 45.8%

Figure 7. WOMAC score of different number of cells (6 months of MSCs and preoperative of MSCs). CI = confidence interval; MSCs = mesenchymal stem cells; SD =
standard deviation; IV = Inverse Variance methods.
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Figure 8. Funnel plots illustrating meta-analysis of complication rates. OR = odds ratio; SE = standard error.

ensure the best therapeutic effect. Finally, with the continuous devel- patients were included in the present meta-analysis. This analysis of
opment of biomedical technology, individualized treatment is the trend MSC therapy in knee OA patients yielded encouraging results, with
of MSCs therapy in knee OA treatment. significant improvement in VAS, WOMAC and low rates of AEs.
MSC therapy was shown to be effective, safe and has great potential

Conclusions as a clinical therapy for patients with knee OA. However, the safety
and efficacy must be evaluated with a more rigorous, larger sample

A total of 19 selected publications regarding knee OA with 584 size validation before MSC therapy can be used in clinical practice.
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