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Aims

The purpose of our study was to determine whether mesenchymal stem cells (MSCs) are an
effective and safe therapeutic agent for the treatment of knee osteoarthritis (OA), owing to
their cartilage regeneration potential.

Methods

We searched PubMed, Embase, and the Cochrane Library, with keywords including “knee os-
teoarthritis” and “mesenchymal stem cells”, up to June 2019. We selected randomized con-
trolled trials (RCTs) that explored the use of MSCs to treat knee OA. The visual analogue scale
(VAS), Western Ontario and McMaster University Osteoarthritis Index (WOMAC), adverse
events, and the whole-organ MRI score (WORMS) were used as the primary evaluation tools
in the studies. Our meta-analysis included a subgroup analysis of cell dose and cell source.

Results

Seven trials evaluating 256 patients were included in the meta-analysis. MSC treatment sig-
nificantly improved the VAS (mean difference (MD), —13.24; 95% confidence intervals (Cls)
-23.28 to -3.20, p = 0.010) and WOMAC (MD, -7.22; 95% Cl -12.97 to -1.47, p = 0.010).
The low-dose group with less than 30 million cells showed lower p-values for both the VAS
and WOMAC. Adipose and umbilical cord—derived stem cells also had lower p-values for pain
scores than those derived from bone marrow.

Conclusion

Overall, MSC-based cell therapy is a relatively safe treatment that holds great potential for
OA, evidenced by a positive effect on pain and knee function. Using low-dose (25 million)
and adipose-derived stem cells is likely to achieve better results, but further research is need-
ed.
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Article focus
To evaluate the efficacy of mesenchymal
stem cell (MSC) application in the treat-
ment of patients with knee osteoar-
thritis (OA), as well as the most effective
source and number of stem cells.

treatment costs, but many problems
still need to be addressed.

Strengths and limitations

Unlike other meta-analyses, this article
summarized the effect of MSC injec-
tion on knee arthritis in the elderly, clini-
cally accounting for the largest and most
difficult-to-treat group.

Our study focused on randomized
controlled trials (RCTs) only, and all
patients received MSC injections with
no other treatments during the same

Key messages
The treatment of knee OA presents a
major challenge.
MSC-based stem cell therapy can
achieve substantial benefits and reduce
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period, avoiding the influence of other factors;
we also evaluated the effects of cell dose and cell
source on the treatment outcomes, which, to our
knowledge, is an area that has not been previously
explored.

The preparation method varied between studies, which
may have affected the analysis results.

Introduction
Knee osteoarthritis (OA) is a common disease, causing
pain and limited mobility in patients, which seriously
affects patients' daily lives."? It is characterized in
particular by the degeneration of the joint, causing
loss of cartilage. The synovial membrane or other joint
components may also be damaged.* Depending on
the severity of knee OA, various medications - such as
glucosamine, nonsteroidal anti-inflammatory drugs
(NSAIDs), intra-articular injection of hyaluronic acid,
or platelet-rich plasma (PRP) - are applied.* These
treatments have been proven to have modest clinical
benefits, but the long-term results of these treatments
are poor, and most patients eventually choose knee
arthroplasty.>®

At present, the irreversible damage of cartilage
is the most difficult problem in the treatment of OA
and tissue engineering is considered to be an innova-
tive and promising therapy for OA.”# Among various
cell therapies, mesenchymal stem cell (MSC) therapy
appears to hold promise.*'2 MSCs have the ability to
differentiate into different cell types, including bone,
cartilage, and adipose cells. Additionally, MSCs are
immunoprivileged owing to their low immunoge-
nicity. They can improve the local microenvironment
of the joint cavity by regulating the inflammatory
response, and producing cell growth factors, which
in turn facilitates tissue repair and induces cartilage
regeneration.™™

Many clinical studies have been conducted on
MSC therapy for OA. Adjunct therapy after high tibial
osteotomy and partial meniscus resection have also
achieved encouraging results.'>'® However, adjuvant
surgery and the addition of PRP may lead to ambiguous
conclusions about the efficacy of knee OA with MSCs,
so we excluded these from this study.” Furthermore,
the source and dosage of MSCs for knee OA remain
unclear, so they need to be standardized. Bone marrow
is the most common source of MSCs and has a high
potential for cartilage formation. However, adipose
tissue is easier to obtain, and researchers are increas-
ingly interested in adipose-derived MSCs.'8' Although
the use of stem cells for knee OA is becoming increas-
ingly prevalent, the number of cells delivered has not
yet been identified. This article focuses on comparing
cell dosages and the most effective cell source for
treating knee OA, with the aim of providing guidance
for future clinical treatment.

Additional records
identified through other
sources (N=2582)

Recards identified
through Fubmed
searching (n=128)

| |
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Recards after duplicates
remaved (N=374)

Records excluded (n=267)
85 unrelated experiments
T2 not RCT

54 animal experiments

37 nat knee arthritis

14 meta-analyses and
Records screened systematic reviews
(n=374) — |5 case reports

Full-text articles excluded,
with reasons (n=95)

— 46 unrelated experiments
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Fig. 1

Flow diagram showing the process of inclusion and exclusion. RCT,
randomized controlled trial.

Methods

Search strategy. This meta-analysis was conduct-
ed in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
Statement and was registered at the International
Prospective Register of Systematic Reviews. Relevant
studies were identified by searching PubMed, Embase,
and the Cochrane Library (to June 2019). The follow-
ing search terms were used, alone or in combination:
“knee Osteoarthritides” or “knee Osteoarthritis” and
“Mesenchymal Stromal Cell” or “Mesenchymal Stem
Cells” or “Mesenchymal Progenitor Cells” or “Wharton
Jelly Cells.” We did not impose any language restric-
tions on our search.
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Table 1. Trials included in the meta-analysis.

721

Mean Regimen dose,

Source Publication age,yrs Mean BMI, Male Patients, n Control arm number of Follow-up, OA K-L Outcome

(country) year (SD) kg/m? (SD) sex,n (control) (stem cell arm) cells mths grade® measure

Emadedin et al 2018 53(7) 31 (5) 27 43 (24) Placebo (BMSCs) 40 million 3,6 2to4 VAS, WOMAC?

(Iran)? (autologous)

Gupta et al 2016 56 (7) 28 (4) 15 60 (20) Placebo (BMSCs + 2 25, 50, 75, or 1,3,6,12 2t03 VAS, WOMAC,

(India)?” ml hyaluronic acid) 150 million WORMS (MRI),
(allogenic) AE

Kuah et al 2018 53(7) 27 (3) 12 20 (4) Placebo (ADSCs) 3.9, 6.7 million 12 Tto3 VAS, WOMAC,

(Australia)?® (allogenic) MRI, AE

Lamo-Espinosa etal 2016 61 (4) 28(2) 19 30 (10) Hyaluronic acid 10, 100 million ~ 3,6,12 2to 4 VAS, WOMAC,

(Spain)® (BMSCs + 4 ml WORMS (MRI)
hyaluronic acid)
(autologous)

Vega et al 2015 57.09) N/A " 30 (15) Hyaluronic acid 40 million 12 2t04 VAS, WOMAC,

(Spain)* (BMSCs) MRI, AE
(allogenic)

Luetal 2019 57 (8) 24 (3) 6 47 (24) Hyaluronic acid 50 million 6,12 Tto3 VAS, WOMAC,

(China)* (ADSCs) MRI, AE
(autologous)

Matas et al 2018 56 (5) 27 (3) 10 26 (8) Hyaluronic acid 20 million or 6,12 2t03 VAS, WOMAC,

(Chile)* (UCMSCs) 20 million twice WORMS (MRI),
(allogenic) AE

ADSC, adipose-derived stem cell; AE, adverse events; BMI, body mass index; BMSC, bone marrow-derived stem cell; K-L, Kellgren-Lawrence grade; N/A, not available; OA, osteoarthritis; UCMSC,
umbilical cord tissue-derived mesenchymal stem cell; VAS, visual analogue scale; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index ; WORMS, whole-organ MRI score

Eligibility criteria. We reviewed all the retrieved ab-
stracts and full texts. The inclusion criteria for this anal-
ysis were as follows: 1) RCTs of MSCs for knee OA; 2)
detailed information of patients reported before and
after treatment; 3) transplanted stem cells limited to
MSCs without PRP; and 4) knee OA patients with no
recent surgery conducted.

Quality assessment. The data we extracted included the
first author's name, year of publication and country,
sample size per group, mean patient age, OA grade,
follow-up time and dose administered by MSCs, the
control compositions, and the study results. We fol-
lowed the guidance established by the Cochrane
Collaboration to conduct a risk assessment of bias to
measure the risk of systematic errors. To assess risk of
bias and provide a summary chart of risk assessments,
we used: random sequence generation; allocation
concealment; blinding of participants and personnel;
blinding of outcome assessment; incomplete outcome
data; and selective reporting.2>%

Outcome measures. The primary goal of this study was
to determine whether pain and joint function could
be improved after MSC injection therapy and whether
damaged cartilage could heal. Pain improvement was
defined as mean change in visual analogue scale (VAS)
from baseline and mean change in Western Ontario and
McMaster University Osteoarthritis Index (WOMAC)*
pain from baseline.?* The mean change in WOMAC was
the primary criterion for functional change, and the sec-
ondary outcome measure was the change in some other
scoring indicator. We also performed a subgroup analy-
sis of cell dose and source, with low doses of less than
30 million, high doses of 50 million or more, and me-
dium doses. The bone marrow-derived stem cells com-
prised one group and the stem cells from other sources
comprised the other. Autologous and allogeneic stem

Random sequence generation (selection bias) _:I

Allocation concealment (selection bias) _:I

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _:I
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _:-
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Quality assessment of included trials, risk of bias graph, and summary.

cells were divided into two groups. MRI was found to
be the best means of observing cartilage in the study.
The whole-organ MRI score (WORMS) scale,? area of
cartilage, and cartilage signal changes were all taken
into account. Although other scoring indicators such
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  EBvenis Total BEvents Total Weight M-H, Random, 95% CI M-H, Random. 95% CI
Gupta, P. K 2016 27 40 13 20 33.0% 1.12[0.36, 3.47] —n—
kuah, O 2018 16 16 4 4 Mot estimahle
LuLz2018 18 23 14 24 261% 3.39[0.88, 13.08] T =
Matas J 2018 ] 18 4 g 191% 1.00[0.19, 5.29] .
YWega, A 2015 a8 15 11 15 21.8% 0.42[0.09,1.92] - =
Total (95% CI) 112 71 100.0% 1.18 [0.52, 2.69] i
Total events 74 46
Heterogeneity, Tau®= 0.20; Chi= 4.19, df= 3 (P = 0.24); F= 28% =D.D1 0?1 ) 150 1IZID=
Testfor overall efiect Z=0.39 (F = 0.65) Favours [experimentall] Favours [control]
Fig. 3

Forest plot of mesenchymal stem cell injection on adverse events. Random-effect models were used. Cl, confidence interval; M-H, Mantel-Haenszel method.

A Experimental Control Mean Difference Mean Difference

Study or Subgrouy Mean SD Total Mean SD Total Weight IV, Random. 95% CI IV, Random, 95% CI

2.4.1low dose

Gupta, P. K 2016 -40.3 197 10 -21.3 238 g 9.4% -19.00 4347, 517] n

Kuah, D 2018 -29.68 1977 16 -8.46 13.46 4 133%  -2112[37.49,-4.75) -

Lamo-Espinosa, J. M. 2016 -47.5 29.65 10 -0 33148 g B.0% -37.80[71.88-313]

MatasJ 2012 -34.28 17.34 18 -166 168 8 146% -17B5[31.78-353) -

Subtotal (95% CI) 54 22 43.4% -20.49[-29.90,-11.08] <>

Heterogeneity: Tau®= 0.00; Chi*=1.12 df=3{F =077} F=0%

Test for overall effect: £= 4.27 (P = 0.0001)

2.4.2 medium dose

Emadedin, M 2018 -20.8 4316 19 -147 4288 24 8.7% -5.10 [F31.03, 20.83] - 1

Yega, A 2015 -21 154 15 13 292 15 11.6% -8.00 [-27.59, 11.49] -1

Subtotal (95% CI) 34 39 20.2% -6.95 [-22.57, 8.68] el

Heterogeneity: Taw® = 0.00; Chi*= 0.03, df= 1 (P = 0.88); F= 0%

Test for overall effect: 2= 0.87 (P = 0.38)

2.4.3 high dose

Gupta, P. K 2016 -12.35 26.09 30 -23.63 1614 185 15.7% 11.28 112, 23.69] —

Lama-Espinosa, J. M. 2016 -32.5 2965 10 -0 3315 5 B.0% -22.50 [56.88, 11.88] - 1

LulL 2018 -25.3 24.83 23 -595 2439 24 147%  -10.36[-33.43,-527] I

Subtotal (95% CI) 63 44 36.4%  -8.17 [-32.61, 16.27] e

Heterogeneity; Tau® = 358.85; Chi#= 11.48, df = 2 (P = 0.003); F= 83%

Test for overall effect: 7= 0.66 (P = 0.51)

Total (95% CI) 151 105 100.0% -13.24[-23.28,-3.20] -

Heterogeneity: Tau®= 127.43; Chi®= 18,48, df= 8 (P = 0.01); F= 59% t ! t |

Testfn?nver:fneﬁect-E:Qﬁé(P:ﬂDm) ' ¢ ; -1o0 80 - 40 100

Testfor subaroun differences: Chi*= 2.56. df=2 (P =028 = 21.8% Favours [experimental] Favours [contro]

B Experimental Control Mean Difference Mean Difference

Study or Subgrouy Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

3.2.1 low dose

Gupta, P K 2016 -29.02 21.04 10 -11.48 3026 g 40% -17.54 [4710,12.02] _

Kuah, D 2018 -58.89 445 16 -18.25 378 4 1.9% -4065[-84.93, 3.63] L

Lamo-Espinosa, J. M. 2016 -20 1283 10 -17.48 1685 5 10.5% -2.80[19.35 14.35) T

Matas J 2018 -315 121 18 -135 158 8 165% -18.00[30.35, -565] —_—

Subtotal {95% CI) 54 22 32.9% -14.29[-25.29,.3.29] -

Heterogeneity: Tau®= 24 03; Chi®= 3.63, df= 3 (P=030); F=17%

Testfor overall effect Z= 2.55 (P = 0.01)

3.2.2 medium dose

Emadedin, M 2018 -35 7151 19 -12.2 2607 24 30% -22B0[57.03 11.43] —

Yena, A 2015 -16 1548 148 -6 20.49 16 154% -10.00[23.00, 3.00] T

Subtotal (95% CI) 34 39 18.5% -11.61[-23.77,0.54] -

Heterogeneity: Tau®= 0.00; Chi®= 047, df=1{F = 0.48), F=0%

Test for overall effect =187 (P = 0.06)

3.2.3 high dose

Gupta, P K 2016 -14.82 3344 10 -11.48 3026 ) 31%  -3.34 [37.00, 30.32) —

Lamo-Espinosa, J. M. 2016 -10 641 10 -17.4 1685 i 121% 7.50[-7.88 2288 T

LuL 2018 -1318  11.8 23 -7.2 9248 24 335% -5.85 1203013 -

Subtotal (95% CI) 43 34 48.7%  -2.65[-11.00,5.70] <

Heterogeneity: Tau®= 16.02; Chi*= 2.54, df= 2 (P=0.28), F=21%

Testfor overall effect 7= 062 (P =053)

Total (95% CI) 13 95 100.0% -8.11[-14.26,-1.97] L 4

Heterageneity Taus= 19.75, Chi*= 10,58, 6f= 8 (P = 0.23); I*= 24% I t ; |
-100 -50 0 a0 100

Test for overall effect £=2.59 (P = 0.010) P . - .

Testfor subaroun diferences: ChF=317. df=2 (P=020. F=37.0% Favours [experimental] Favours [contral]

Fig. 4

Forest plots of mean difference (MD) on pain according to dose groups. a) MDs of pain according to visual analogue scale and b) MDs of pain according to
Western Ontario and McMaster Universities Osteoarthritis Index.?? Cl, confidence interval; IV, inverse variance method.

as the 36-ItemShort-Form Health Survey questionnaire
(SF-36)* were used, few articles included such indica-

tors, so they were not used in our evaluation.

Statistical analysis. In this

meta-analysis,

RevMan

5.3 software (Nordic Cochran Centre, Copenhagen,
Denmark) was used to compare MSC-treated groups
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A Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI I/, Random, 95% CI
4.2.1low dose

Gupta, P. K 2016 -34.8 2235 10 128 26.7 g 5.5% -21.90 4910, 5.30] B
Lamo-Espinosa, J. M. 2016 -25 2458 10 0 16 g 9.5% -2500[45.67,-4.33]

Matas J 2018 -21.29 19125 18 -18.79 16.375 8 196% -2.50[16.88, 11.88] =
Subtotal (95% CI) 38 18 34.6% -14.17 [-29.93, 1.59] i
Heterogeneity: Tau®= 89.92; Chi*= 3.70, df= 2 {P = 0.16); F= 46%

Test for overall effect: Z=1.76 (P = 0.08)

4.2.2 medium dose

Emadedin, b 2018 -16.9 3517 19 -131 2788 24 10.8% -3.80[23.15 15.45] TR e
Subtotal (95% CI) 19 24 10.8% -3.80[-23.15, 15.55] =g
Heterogeneity: Mat applicable

Test for overall effect: Z=0.38 (P=0.70)

4.2.3 high dose

Gupta, P. K 2016 -2.25 436 10 129 26.7 g 32% 10652510, 46.40] -
Lamo-Espinosa, J. M. 2016 -6.25 16 10 0 16 9 138% -6.25[23.43,10.83] o
LulLz2019 -8.375 20125 23 -55 1575 24 3Y.6%  -2.80[13.24,7.49] t
Subtotal (95% Cl) 43 34 545% -2.94[-11.55, 5.67]

Heterogeneity: Tau®= 0.00; Ch#= 070 df=2 (F=071); F=0%

Testfor overall effect: 2= 0.67 (P = 0.50)

Total (95% CI) 100 76 100.0%  -6.09[-12.47,0.30] L 4
Heterogeneity: Tau= 0.26; Chif= 6.02, df= 6 (P = 0.42); F= 0% {100 50 550 100’

Test for overall effect: Z=1.87 (P = 0.08)

A s S
Testfor subaroun differences: ChiF=1.53. df= 2 (P = 0.47). F= 0% avours [experimental] Favours [control

B Experimental Control Mean Difference Mean Difference
Study or Subgrou| Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
5.2.1low dose

Gupta, Pk 2016 -33.54 251 10 -10.04 3052 ] 24% -23.50[-54.42, 743 I Y (75
Lamo-Espinosa, J. M. 2018 -12.5 12.86 10 -16891 1712 ] 8.0% 44112580 21.33 T
Matas J 2018 -27.2 1232 18 -13.97 15.04 B 16.2% -13.23[2510,-1.38] —=

Subtotal (95% CI) 38 18 26.5% -B.62[-22.87,5.64] il

Heterogeneity: Tau®= 73.79; Chi®= 3.75 df=2 (P=0.15); F=47%
Testforoverall eflect Z=1.18(F=0.24)

5.2.2 medium dose

Emadedin, M 2018 -22.9 475 19 -19.5 2617 24 4.0% -3.40[2719, 2039
Subtotal (95% CI) 19 24 4.0% -3.40[-27.19, 20.39]
Heterngeneity: Mat applicable

Testforoverall effect 2= 028 (F=0.78)

|
|

5.2.3 high dose

Gupta, P. K 2016 -19.35 37.28 10 -10.04 3052 ] 1.8% -9.31 [44.66, 26.04] — e —
Lamo-Espinosa, J. M. 2016 <1177 12.37 10 -1681 1712 ] 8.0% 514 [11.71,21.88] o Fi
Lul 2018 -10.35 11.85 23 -682 942 24 59.5% -3583[-8.67, 261] z
Subtotal (95% CI) 43 34 69.4% -2.69 [-8.38, 3.00]

Heterogeneity: Tau®= 0.00; Chi*= 1.04, df= 2 (P = 0.60); F= 0%
Testfor overall effect Z= 093 (P = 0.35)

Total (95% CI) 100 76 100.0%  -4.31[-9.13,0.44] L
Heterogeneity: Tau?= 0.22; Chi*=6.02, df=6 (P=0.42);F=0% I
Testfor overall effect Z=1.78 (F = 0.08)
Testfor subaroun diferences: Chi®= 0.57. df=2 (P=073. F= 0%

100 -80 0 50 100
Favours [experimental] Favours [control]

C Experimental Control Mean Difference Mean Difference
Study or Subgrou; Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
6.2.1 low dose

Gupta, P K 2016 -2871 2014 10 -9.35 2568 bl 4.5% -19.36[45.10,6.38] B
Lamo-Espinosa, J. M. 2016 -15.48 T8 10 -155 1674 5 108% 0.00[15.45 1545 A
Matag J 2018 -26.95 1158 18 137 1231 8 19.4% -13.25[22.32,-3.14] &
Subtotal (95% CI) 38 18 34.7% -9.95[-19.61, -0.30] ‘
Heterogeneity, Tau® = 16.62; Chi®= 2.1, df= 2 (P = 0.28); F= 20%

Test for overall effect: £=2.02 (P = 0.04)

6.2.2 medium dose

Emadedin, M 2018 -25.7 6332 149 546 17.73 24 4.8% -31.20 [56.20,-6.20] NS S

Wega, A 2015 -13 1688 148 -4 2012 18 135%  -0.00[22.29 4329 e
Subtotal (95% CI) 34 39 18.2% -17.47 [-38.61, 3.67] e
Heterogeneity: Tau® = 142.06; Chi*= 2.36, df= 1 (P = 0.12); F= 58%

Testfor overall effect Z=1.62 (P = 0.11)

6.2.3 high dose

Gupta, P. K 2016 -14.4 3146 10 -9.35 2568 ] 38% -505[34.83 2473 T
Larmo-Espinosa, J. . 2016 -11.8 1164 m -1545 1674 bl 98% 4.00[12.35, 20.39] P oo
Lul 2014 -10.33 1118 23 -652 715 24 337% -3.81 [-9.22,1.60] o
Subtotal (95% CI) 13 34 47.0%  -3.10 [-8.16, 1.97] <
Heterogeneity: Tau®=0.00; Chi*=0.81, df= 2 (P=0.67), F=0%

Testfor overall effect: Z=1.20 (P = 0.23)

Total (95% CI) 115 91 100.0% -7.22 [-12.97, -1.47] L 2
Heterogeneity, Tau®= 17.88; Chi*= 9.77, df = 7 (P = 0.20%; F = 28% 5_1 o0 50 ; 5’0 100’

Testfor overall effect: Z=2.46 (P = 0.01)

Favour imental] Favours [control
Testfor subaroun difersnces: Chi= 2.80. df= 2 (P= 0.24), F= 30.8% ayours lexpenimentall; Ravours [cantral

Fig. 5

Forest plots of mean difference (MD) on function according to dose groups: a) MDs of Western Ontario and McMaster Universities Osteoarthritis Index
(WOMACQ)?* stiffness, b) MDs of WOMAC physical function, and c) MDs of WOMAC total. Cl, confidence interval; |, inverse variance method.
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A Experimental Control
Study or Subgroup Mean  SD Total Mean  SD

Total Weinght

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% Cl

Gupta, P. K 2016 -0.075 28.32 40 -1.29 187 20 69.7% 1181017, 12.587]
Lamo-Espinosa, J. M. 2016 -6 3476 20 -1 484 10 7.8% -500[-38135 2885] —
Matas J 2018 05 206 18 13 2541 8 224% -1.80[21.82 1827 -
Total (95% CI) 78 38 100.0% 0.02 [-9.45, 9.50] ?
Heterogeneity: Tau®= 0.00; Chf= 0.16, df=2 (F=0.92); F= 0% I-mu 50 ; 5’0 100’
Testfor overall efiect 2= 0.00 (P = 1.00] Favours [experimental] Favours [contral]

B Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI

Gupta, P. K 2016 -1.85 2508 40 -0.05 18868 20 55.8% -1.80[13.18 9.58] -

Lamo-Espinasa, J. b, 2016 -0.75 19.09 20 -05 2286 10 2645% -025[16.76, 16.26] -
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Fig. 6

Forest plots of mean difference (MD) on cartilage: a) MDs of whole-organ MRI score (WORMS) at six months and b) MDs of WORMS at 12 months. ClI,

confidence interval; IV, inverse variance method.

with their respective control groups. We used the in-
verse variance method for continuous data collection
and the Mantel-Haenszel method for binary data. The
effects of MSC treatment were reflected by the mean
difference (MD) and 95% confidence interval (Cl). The
chi-squared Q test (p-value less than 0.10 for high het-
erogeneity) and the 12 statistic (value 50% or higher for
high heterogeneity) were used to assess heterogeneity
in the assay. The results were summarized with random-
effect models and all p-values < 0.05 were considered
statistically significant.

Results
In total, we identified 410 articles through the search of
the databases, and then removed any duplicates. After
review of the abstracts and full texts, seven articles
remained, involving 256 patients (Figure 1).26-32

The seven studies were published between 2015 and
2019, comprising a total of 151 patients in the trial group
and 105 patients in the control group. The mean age
range of the enrolled patients was 53 to 61 years. The
majority of patients in the trials were grade 2 to 3 of knee
OA. Three studies compared MSCs with placebo,?¢-2
and the remaining studies compared an MSC group
with a control group receiving hyaluronic acid.?-32 MSCs
were mainly derived from bone marrow, except for two
studies derived from adipose tissue®?' and one study
derived from umbilical cord.?? Three trials used autolo-
gous cells,?¢?3" and another four trials used allogeneic
cells.?283032 The patients received cell infusions ranging
from 3.9 x 106 to 1.5 x 10® cells. All experiments were
direct injections and followed up for at least six months
(Table I).
Assessment for risk of bias. Most trials generated ran-
dom sequence but did not explain the method of al-
location concealment. Only one trial had a high risk of
reporting bias as it did not report all clinical outcomes,
specifically WOMAC scores. The risk of attrition bias and

performance bias for most of the trials was low. In gen-
eral, the risk of bias in all the trials was relatively low
(Figure 2).

Safety. Firstly, we assessed the level of safety of inject-
ing MSCs into the knee. Only two trials of five patients
reported serious adverse events: three cases from the
experimental group and two cases from the control
group.?3" We counted the number of patients who
reported having had mild-to-moderate adverse events
in all studies.?#?%30-32 No significant difference was
found between the experimental group and the con-
trol group, although almost every patient experienced
adverse events (p = 0.690, chi-squared test, Figure 3).
The most common adverse events were joint pain and
swelling, which were controlled without special treat-
ment. The four studies that used allogeneic bone mar-
row MSCs did not show an increased number of ad-
verse events.2830-32

Pain. Pain was another clinical parameter evaluated in
these studies. All studies used VAS to assess the effect
of MSC injection on pain.?¢-32 A total of 151 patients
received MSC treatment and 105 received either pla-
cebo or hyaluronic acid. The mean difference (MD) in
VAS changes in patients treated with MSCs significantly
decreased by 13.24 (95% CI -23.28 to —-3.20; p = 0.010)
compared with that of the controls. Heterogeneity was
found in one high-dose group, but did not affect the
final results.?”

In addition, all studies also used the WOMAC pain
scale to assess the effect of MSC injection on pain
relief.26-32 The test group comprised 131 subjects and
the control group comprised 95 subjects. Because the
WOMAC scales differed between studies, we have made
some conversions. The MD of the changes in WOMAC
pain was statistically significant at —-8.11 (95% Cl -14.26
to —=1.97; p = 0.010) and there was only slight heteroge-
neity (12 = 24%).
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Fig. 7

Forest plots of mean difference (MD) on pain according to cell source (bone marrow-, adipose-, or umbilical cord tissue-derived): a) MDs of pain according
to visual analogue scale and b) MDs of pain according to Western Ontario and McMaster Universities Osteoarthritis Index.?? ADMSC, adipose-derived
mesenchymal stem cell; BMSC, bone marrow-derived stem cell; Cl, confidence interval; IV, inverse variance method; UCMSC, umbilical cord tissue-derived

mesenchymal stem cell.

The VAS and WOMAC pain scales showed slight
heterogeneity (12 = 21.8% and 1> = 37.0%) among the
different dose groups. It is worth noting that only in
the low-dose group was the p-value found to be lower
and statistically significant (Figure 4). Interestingly,
in different source groups, the p-value of adipose- or
umbilical cord—derived cells was smaller than that
of bone marrow, and the VAS score had moderate
heterogeneity (1> = 48.6%) (Figure 5). In addition, after
excluding studies showing heterogeneity, allogeneic
and autologous stem cells all showed good therapeutic
effects (p < 0.050) (Figure 6).

Function. To assess the improvement in knee function
in the patients, we extracted changes in WOMAC, ex-
cept for one study that did not provide specific data.*
We observed that the p-values of WOMAC stiffness and

WOMAC physical function were very close to 0.05. The
MD in changes was —6.09 (95% Cl -12.47 to 0.30; p =
0.060) and —4.34 (95% CI -9.13 to 0.44; p = 0.080), and
no heterogeneity was found between the different dose
groups (I = 0%). However, in the WOMAC total score,
an improvement in function was found (p = 0.01). The
low-dose group also showed a lower p-value (Figure 7).
Cartilage. The problem of greatest concern is the role
MSCs play in regenerating cartilage during the treat-
ment. However, in only three studies could we com-
pare the data relating to the WORMS scoring for MRI of
the knee.?”2%32 The WORMS scores for MRI of the knee
showed no significant difference (MD: 95% Cl 0.02
(-9.45 to 9.50); p = 1.000) between the scores at six
months (MD: 95% Cl -1.92 (-10.42 to 6.58); p = 0.660)
and at 12 months after treatment (Figure 8).

VOL. 9, NO. 10, OCTOBER 2020



726 J. WANG, L. ZHOU, Y. ZHANG, L. HUANG, Q. SHI

A Experimental Control Mean Difference Mean Difference

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

2.3.1 allogeneic

Gupta, P. K 2016 -18.34 27 40 -23.05 1844 2 187% 371801, 1543 -

Kuah, D 2018 -2988 1977 16 -B46 1348 4 151% -2112[-37.49,-4.74] e

Matas J 2018 -34.25 1734 18 -1666 168 8 172% -17.65[31.78,-357] —

Wega, A20148 -1 254 15 -13 242 18 128% -B.00[27.549 11.549] - 1

Subtotal (95% CI) 89 47  64.5% -10.19[-22.59, 2.20] i

Heterogeneity, Tau®= 98.99, Chi*=8.07, df=3 (P =004}, F=63%

Test for overall effect Z=1.61 P =011}

2.3.2 autologous

Emadedin, M 2018 -208 4316 19 -1587 42498 24 a7% -510[31.03 20.83] - 1

Lamo-Espinosa, J. M. 2016 -40 2565 20 -10 3315 10 94% -30.00[-54.31,-5649] - -

Lul 2014 -25.3 2443 23 -585 24724 24 17 3% -1935[-33.43,-5.27] —

Subtotal (95% CI) 62 58 35.5% -18.96[-29.99,-7.94] .

Heterogeneity: Tau®*=0.00; Chi*=1.89, df=2 (P=038) F=0%

Test for awerall effect: 2= 3.37 (P = 0.0007)

Total (95% CI) 151 105 100.0% -13.13[-22.27,-3.99] ‘.’

Heterogeneity: Tau®= 74.34; Chi*=12.28, df= & (P = 0.06); = 51% f f f |
-100 -a0 0 an 100

Test for overall effect: 2= 2.82 (F = 0.009) ) N - )

Testfar subaroun differences: Ghi*=1.07. di=1 (F = 0,30, F= 6.9% Favours [experimental] Favours [control

B Experimental Control Mean Difference Mean Difference

Studly or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

3.4.1 allogeneic

Gupta, P. K 2016 -21482 28158 20 -11.48 3026 10 T.3% -1044[-32.89,12.01] - 1

Kuah, D 2018 -583.9 445 16 -18.25 378 4 21% -40.65[-84.93, 3.63]

Matas J 2018 -3a 124 18 -135 158 g8 I7.7% -18.00[-30.35 -5.69] -

“ega, A 2014 -16 1548 14 -6 2048 18 16.6% -10.00[-23.00, 3.00] T

Subtotal (95% CI) 69 37 43.7% -14.61[-22.78, -6.43] <P

Heterogeneity: Tau®= 0.00; Chif= 2.23, df= 3 (F=0.53) F= 0%

Test for averall effect: £= 3.50 (P = 0.0004)

3.4.2 autologous

Ernadedin, M 2018 -35 7141 19 -122 2607 24 34% -2280[57.03 11.43 —

Lamo-Espinosa, J. M. 2016 -1 1115 20 175 1695 10 19.2% 250[-9.09 14.049] -

LulL2018 -1315 118 23 -T2 425 24 337% -5894 1203013 —

Subtotal (95% CI) 62 58 56.3% -4.13[-11.80, 3.54] '.'

Heterogeneity: Tau?=14.30; Chi®= 272, df= 2 (P =0.26), I*= 26%

Test for overall effect Z=1.05 (P =028)

Total (95% CI) 131 95 100.0% -B.77 [-15.35, -2.20] <

Heterogeneity: Tau?= 23.75; Chif= 8.01, df= 6 (F = 0.17); F= 33% =-mu 50 7 5=n 1uu=

Testfor averall effect: £= 262 (P =0.009) I - - .

Testfor subaroun differences: Ghif= 3.35. df=1 (P = 0.07), = 70.2% Favaurs [experimental] Favours [control

Fig. 8

Forest plots of mean difference (MD) on pain according to cell source (allogeneic or autologous): a) MDs of pain according to visual analogue scale and b)
MDs of pain according to Western Ontario and McMaster Universities Osteoarthritis Index?? pain. Cl, confidence interval; IV, inverse variance method.

Discussion

MSCs are multipotent stem cells that share all the
commonalities of stem cells—namely, self-renewal and
multidirectional differentiation. MSCs are found not
only in the bone marrow but also in the synovium and
umbilical cord tissues, placental tissues, and adipose
tissues.?*** Because they can differentiate into bone,
cartilage, muscle, or tendon, MSCs provide a source of
cells for the clinical treatment of various wounds and
injuries, so their clinical application is of great value.3¢
To achieve the successful treatment of OA, we need to
consider cell source, cell dose, and appropriate MSC
implantation methods.

The data of the research included in this meta-analysis
are detailed and meet the minimum reporting require-
ments agreed by experts.*’ We found that MSC-based
therapy is safe. Joint pain or swelling after injection may
diminish over time or following oral medication. Severe
complications are rare and there is no firm evidence

linking such complications with MSC injections. More-
over, the most important finding is that MSC-based inter-
ventions can significantly reduce VAS and WOMAC pain,
as shown by several studies.?®??° Therefore, we conclude
that MSCs can relieve pain and improve the quality of life
in patients with knee OA.

However, there was no evidence in this meta-analysis
that cartilage was repaired, and in three particular
studies?”?*32 no changes were observed in the WORMS
score of the knee MRI. While some studies have shown
no progressive loss of cartilage and others have found
an increase in cartilage area, following MSC injection,
cartilage repair remains controversial.?22%3" Cell types,
cell numbers, cell culture methods, and implanta-
tion methods may influence the therapeutic effect.
We performed a subgroup analysis of cell doses and
concluded that < 30 million cells improved pain and
function best. Our conclusion is similar to that of Gupta
et al,” who suggested that knee joint space is limited

BONE & JOINT RESEARCH



MESENCHYMAL STEM CELLS - A PROMISING STRATEGY FOR TREATING KNEE OSTEOARTHRITIS 727

and that injecting too much solution and too many
cells could cause adverse effects such as joint pain and
swelling. Although the volume of the solution varies
greatly between studies and no quantitative analysis
has been performed, it is well-demonstrated that for
injection purposes, the optimum number of cells is 25
million. Doyle et al®® also consider that the use of large
numbers of cells carries increased risk, as shown by
their systematic review. However, Lamo-Espinosa et al?®
reported that ten million or 100 million cells were effec-
tive, and found that the clinical effect was maintained
for longer in the high-dose group. In terms of research
into repeated injections of hyaluronic acid, Matas et
al*? compared single and repeated injections of MSCs
and observed better results with repeated dosing. Two
studies in particular have shown that multiple injec-
tions may reduce adverse reactions and enhance the
effect compared with a single injection of high numbers
of cells; however, the literature is limited in this area,
which may be a direction for future research.’23°

In recent years, in addition to bone marrow-derived
stem cells, adipose, umbilical cord, and synovium-
derived cells have attracted an increasing amount
of attention.* In our study, the adipose and umbil-
ical cord stem cell groups had lower p-values, which
were statistically significant and showed advantages in
treating knee OA. Migliorini et al*' reviewed 18 studies
of fat- and bone marrow-derived MSCs used in the
treatment of arthritis and found that cells from both
sources improved pain and functional scores. However,
Shariatzadeh et al*2 found that the collection/isolation,
culture conditions, and characterization criteria of stem
cells vary. The optimal source of MSCs remains specu-
lative, and a more consistent method is needed to stan-
dardize the assessment of cell source. Interestingly, our
subgroup analysis revealed that allogeneic stem cells
have a greater pain-relieving effect than autologous
stem cells, and fewer adverse events are observed with
allogeneic stem cells than with autologous stem cells.

There were several limitations to our study. First,
the number of studies we included was too small. The
minimum number of participants in the trial group
was less than ten, and the dose difference between the
studies was also large. The methods for MSC prepa-
ration varied, which may have caused greater biases.
All evaluation indicators were subjective evaluations
of patients, yet differences among individuals were
still apparent. We also need more objective evidence
to assess the specific effects of MSC treatment on carti-
lage damage.** The number of injections, the interval
between injections, and the sustainability of injections
should be the focus of future research. Two studies
included in this review used hyaluronic acid in the
experiment group and the control group.?”? Consid-
ering that both groups used hyaluronic acid, we believe
that the difference in clinical results between the two
groups can be considered the effect of MSCs.* In

addition, MSCs in combination with PRP, stents, growth
factors, and even gene therapy also need to be explored
to achieve optimal results.

In conclusion, without surgical assistance, intra-
articular injection of MSCs can improve pain and func-
tion in patients with knee OA, but may not improve
cartilage status. Adipose tissue may be a good source of
MSCs because of its easy accessibility. High-dose stem
cell (100 million) injections may induce more adverse
reactions, and low-dose (20 million) multiple injections
may be a good choice.
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