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Abstract

Background: Adipose-derived mesenchymal stem cells (ADMSCs) have recently been studied
for the treatment of knee osteoarthritis. The goal is pain reduction and improvement of joint
function leading to superior health-related quality of life.

Objectives: The aim of this study was to provide a comprehensive meta-analysis assessing the
evidence on the use of ADMSCs in knee osteoarthritis.

Design: This is a Meta-analysis of randomised controlled trials.

Data Sources and Methods: PubMed/MEDLINE, Embase, and Cochrane Databases were
searched for randomized controlled trials using ADMSCs to treat patients with knee
osteoarthritis. Only trials comparing ADMSCs to placebo or conservative treatment were
included. The outcomes studied were improvement in functional, pain, and quality of life
scores along with radiographic findings.

Results: A total of four trials were included, representing 138 patients with knee
osteoarthritis. WOMAC (Western Ontario and McMaster Universities Osteoarthritis Index)
scores favored ADMSCs with a statistically and clinically significant difference over controls at
6- and 12-month follow-ups (p value <0.0001). Pain, functional, and quality of life scores also
favored ADMSCs at 12-month follow-up (p value <0.0001).

Conclusion: ADMSCs are effective in treating knee osteoarthritis symptoms as observed by
functional and pain improvements. Furthermore, ADMSCs injection showed improvement of
cartilage integrity, which indicates the potential for regenerating the knee cartilage. Future
trials with larger number of patients and longer follow-up periods would help to elaborate
further the therapeutic potential of ADMSCs. Correspondence to:
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improved.

ADMSCs at 12-month follow-up.

e Many studies are being performed to see whether these cells can transform to
cartilage and repair the damaged knee joint.

e In this study, we tried to find how the results of different studies comparing the usual
treatments for knee osteoarthritis with that of ADMSCs compared.

o We were mostly interested in the pain, functional, stiffness, and quality of life scores.

e We also reviewed the MRI findings to find out whether the lining of the knee joint

e Four studies were included with 138 patients having knee osteoarthritis.

e WOMAC (Western Ontario and McMaster Universities Osteoarthritis Index] score
which is a self-administered questionnaire evaluating hip and knee osteoarthritis,
showed better results in patients receiving ADMSC injections compared with other
usual treatments at 12-month follow-up.

e Pain, functional, stiffness, and quality of life scores also showed better results in

e MRIimages also showed better cartilage lining in the patients treated with ADMSCs.

e We concluded that ADMSCs are both effective and safe to be used in treating knee
osteoarthritis symptoms. However, studies with longer follow-up periods are needed
to better assess the regenerative potential of ADMSCs.

Keywords: adipose-derived mesenchymal stem cells, cartilage, knee osteoarthritis,

WOMAC score
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Introduction

Osteoarthritis (OA) is characterized by chronic
low-grade inflammation, involving the innate
immune system.! It affects around 250 million peo-
ple worldwide with greater than 27 million in the
United States alone.?3 It involves the activation of
multiple inflammatory markers within the syn-
ovium and the surrounding tissues. This induces
matrix metalloproteinases, which cause cartilage
breakdown secondary to proteoglycan and collagen
destruction.* The pain and stiffness associated with
OA adversely impact patients’ quality of life (QoL)
and activities of daily living.5 The knee is one of the
most common joints affected by OA. The treat-
ment goal in knee OA is pain reduction, improve-
ment of joint function, and optimization of knee
range of motion, thus leading to superior health-
related QoL. The ultimate treatment of knee OA
would be regeneration of the degraded cartilage.

Management of knee OA symptoms starts with
patient education and structured exercises pro-
grams.® This is followed by the use of topical

non-steroidal anti-inflammatory (NSAID) drugs.
A recent Meta-analysis of randomized controlled
trials (RCTs) has shown the effectiveness of topi-
cal NSAIDs in relieving pain due to OA.” For
cases that do not improve on these modalities,
other non-surgical options include intermittent
oral NSAIDs or intra-articular steroid or hyalu-
ronic acid injections.®

In the last three decades, mesenchymal stem cells
(MSC) have emerged as a potential regenerative
treatment for multiple diseases including OA.8
MSCs can be derived from multiple sites like bone
marrow, umbilical cord, placenta, and many oth-
ers. Nevertheless, the aforementioned locations
are either not abundantly available or are associ-
ated with donor site complications and pain.® To
overcome these hurdles, adipose tissue transpires
as a prospective source of MSCs because of its
safety, availability, and accessibility.10

Several RCTs have investigated the role of
ADMSCs in knee OA. To the best of our
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knowledge, no meta-analysis of RCT has yet
been published. This meta-analysis aims at ana-
lyzing the RCTs available in the literature to
draw a conclusion on the role of ADMSCs in
knee OA, focusing on pain and radiological
outcomes.

Methods

This meta-analysis was performed following the
relevant requirements of the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement.!! The following review
was not registered on prospectively registered
systematic reviews (PROSPERO). No protocol
was prepared for study identification or data
extraction.

A total of 1083 articles related to MSC were iden-
tified. After applying all exclusion criteria, only
four RCTs were identified (Freitag et al., Lee
et al., Lianging et al., and Hong er al.) which
evaluated the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMACQC)
score, WOMAC pain score, WOMAC stiffness
score, Visual Analogue Scale (VAS), Numeric
Pain Rating Scale (NPRS), cartilage integrity,
Knee Injury and Osteoarthritis Outcome Score
(KOOS) pain, symptoms, activities of daily living
(ADL), sports, and QoL. Cartilage integrity and
volume were assessed too. Each score was evalu-
ated at 6-month and 12-month follow-up.

The results demonstrate the mean differences
between pre-intervention and post-intervention
scores for both the ADMSC injection and the
control groups.

All the results were tabulated on an excel sheet
that can be accessed on request.

Search strategy
A literature search was done using Cochrane
Library, PubMed/MEDLINE, and Embase

databases from inception till the second week of
November 2021. The study design was limited
to RCTs on all search engines with no restric-
tions on language or publication status. The
search strategy used the following medical sub-
ject headings (MeSH) terms: [(‘Adipose-derived
stem cell’ OR ‘Adipose-derived mesenchymal
stem cell’ OR Lipoaspirate) AND (osteoarthritis

OR ‘degenerative joint disease’ OR ‘degenerative
arthritis’)].

Supplemental data were identified through a ran-
dom search on Google and Google scholar. For
further information about ongoing / current trials,
the ClinicalTrials.gov Registry Platform was
searched using the following three MeSH terms:
‘Adipose-derived stem cell’, ‘Adipose-derived
mesenchymal stem cell’, and ‘osteoarthritis’.

Inclusion and exclusion criteria
Inclusion criteria included:

Studies done on human subjects.

. Randomized controlled trials.

3. Studies on ADMSCs as treatment for knee
OA with or without any surgical interven-
tion, like arthroscopic debridement etc.

4. Studies reporting data of efficacy outcomes

(radiological, clinical, and others), postop-

erative complications, and safety.

[\ SR

Exclusion criteria included:

Reviews or isolated case reports.

. Studies of cartilage injury, lesions, and
fractures.

3. Studies not including ADMSCs.

[\ S IR

Study selection and data extraction

Two investigators (MI & AN) independently
screened the retrieved database starting with the
title and later the abstract. Full-text articles were
reviewed according to the inclusion and exclusion
criteria. Any disagreements were solved wvia dis-
cussion with the senior author (BS). A single
author (NB) extracted and summarized data in a
uniform excel sheet format (Table 1). To allow
for comparability, several adjustments across all
studies were taken. WOMAC total was multi-
plied by 1.042 in the studies by Lee et al. and Lu
et al. to allow for comparison with WOMAC total
in study by Freitag er al. VAS and NPRS scores
were multiplied by 10 across all studies. WOMAC
functional was multiplied by 1.47, WOMAC pain
by 5, and WOMAUC stiffness by 12.5. KOOS
scores in the study by Freitag et al. were all
reported as an inverse percentage to be more eas-
ily compared with the WOMAC and SF-36 scores
where 100 indicates worst score.
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Figure 1. The PRISMA flow diagram showing the study selection process.

Quality assessment

Version 2 of the Cochrane risk-of-bias tool for
randomized trials (RoB 2) was used indepen-
dently by two of the authors to assess the risk of
bias of the included studies.'® Rob 2 is structured
into six domains of bias, focusing on different
aspects of trial design, conduct, and reporting
which are accompanied by signaling questions.
The six domains are bias arising from the rand-
omization process, bias due to deviations from
intended interventions (effect of intervention
assignment), bias due to deviations from intended
interventions (effect of adhering to intervention),
bias due to missing outcome data, bias in the
measurement of the outcome, and bias in the
selection of the reported result. Each item was
considered as ‘high risk’, ‘low risk’, or ‘some
concern’.

Statistical analysis

Review Manager (RevMan 5.3) was used for sta-
tistical analysis. Two models of heterogeneity
testing for meta-analyses were applied using the I?
and chi-square tests. The random-effect model
was applied when the heterogeneity test was

found to be significant with I? greater than 50%
and p value < 0.1, while the fixed-effect model
was applied in the remaining instances.

Excluding assessment of heterogeneity, p values <
0.05 were considered statistically significant. Each
variable included in the study was presented as an
odds ratio (OR) with their 95% confidence inter-
val, then plotted on one graph in addition to the
summarized finding.

Results

Literature review results

The initial search identified 1083 articles, 22 were
excluded as duplicates. After screening the
remaining 1061 articles for title and abstract, 974
were excluded. Of the 87 full-text articles assessed
for eligibility, 77 were excluded. Of the 10 articles
identified, 6 were excluded as they were not
RCTs. The remaining 4 were included in the
quantitative synthesis as only randomized clinical
trials were to be included.!?-15 The details of each
article are displayed in Table 1. The search pro-
cess followed the PRISMA flow chart (Figure 1).
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Lu2019

Figure 2. The risk of bias 2 (ROB2) assessments for
randomized controlled trials of the included studies.

Quality of the studies

The risk of bias for the four included studies was
evaluated using the ROB 2 tool (Figure 2). All 4
included articles were RCTs. Hong er al., Lu
et al., and Lee er al. demonstrated a low risk of
bias in all elements. However, Freitag er al.
showed a low risk of bias in almost all elements
except for bias arising from the randomization
process and in the measurement of the outcome,
since participants were not blinded to their treat-
ment allocation. Therefore, the randomization
process was not optimal.

Characteristics of the studies

The characteristics of the included studies are
presented in Table 1. All studies included in
the meta-analysis were RCTs with only one
study (Freitag ez al.) lacking blinding. The meta-
analysis included 138 knees across the studies,
divided into two groups, ADMSCs 74 (53.6%)

and control 64 (45.4%). The study by Freitag
et al. included two arms in the ADMSCs group,
receiving either one injection at baseline or two
injections (one at baseline and another injection
at 6months). The degree of OA was classified
according to Kellgren Lawrence criteria.l” The
pain scores used in this meta-analysis were the
WOMAC pain score, The VAS, and the NPRS.
Patients were also assessed using MRI to confirm
cartilage regeneration. A common approach of
harvesting was performed using manual liposuc-
tion of abdominal subcutaneous tissue. In the
studies included in this meta-analysis, MRI carti-
lage integrity was analyzed by calculating the dif-
ference in the size of the cartilage defect before
and after ADMSC injection or the volume of
cartilage thickness pre and post injection. Both
methods of cartilage integrity evaluation were
considered comparable and were regrouped
under one forest plot: MRI cartilage integrity.

Outcomes of the studies

Western Ontario and McMaster Universities Osteo-
arthritis Index. The WOMAC total score showed
a statistically significant reduction in the ADMSC
group as compared with the control after 6 months
[Mean difference = —15.05, 95% CI (-17.81
to —12.30); p<<0.00001; Figure 3]. Pooled stud-
ies were heterogeneous (< 0.00001; I2 = 92%).
Same statistically significant reduction was
seen after 12months as well [Mean differ-
ence = —20.34, 95% CI (—23.41 to —17.28);
$»<<0.00001; Figure 3]. Pooled studies were het-
erogeneous (p<0.00001; 12 = 97%).

The pain scores. The pain scores assessed were
the NPRS and the VAS score. The pain scores
showed a statistically significant reduction in the
ADMSC group as compared with the control
after 6 months [Mean difference = —24.97, 95%
CI (=27.54 to —22.40); p<0.00001; Figure 4].
The analyzed studies were heterogeneous
(»p<<0.00001; I? = 91%). A similar statistically
significant reduction was seen after 12months
as well [Mean difference = —26.95, 95%
CI (—29.78 to —24.13); P<0.00001; Figure 4].
Again, the pooled studies were heterogeneous
(»<<0.00001; I = 91%).

The stiffness scores. The Stiffness scores ana-
lyzed were the WOMAC stiffness scale and the
KOOS symptoms score. The stiffness scores
showed a statistically significant reduction in the
ADMSC group as compared with the control
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( a) ADMSC Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Freitag 2019 (1 Inj) -234 647 10 -56 559 10 27.0% -17.80[-23.10,-12.50] -
Freitag 2019 (2 inj.) -17.8 998 10 -56 559 10 151% -12.20[19.29,-5.11] -
Lee 2019 -3477 B23 12 -84 BB 12 28.8% -25.37[-30.51,-20.23] -+
Lu 2019 -10.38 1038 26 -659 829 26 29.1% -3.79[-8.90,1.32] B
Total (95% CI) 58 58 100.0% -15.05[-17.81,-12.30] ¢
Heterogeneity: Chi®= 35.80, df= 3 (P < 0.00001); F=92% ; t f {
o -100 -50 0 50 100
Test for overall effect: Z=10.71 (P < 0.00001) Favours [ADMSC] Favours [control]
b ADMSC Control Mean Difference Mean Difference
( ) Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Freitag 2019 (1 Inj) -244 633 10 -03 572 10 332% -24.10[-29.42,-18.78] -
Freitag 2019 (2 inj.) -329 628 10 -03 572 10 33.8% -32.60[-37.86,-27.34] -
Lu 2019 -10.76 11.65 26 -B.79 7.55 26 329% -3.97 [-9.31,1.37] -
Total (95% CI) 46 46 100.0% -20.34 [-23.41,-17.28] L]
Heterogeneity: Chi*= 58.90, df= 2 (P < 0.00001); IF= 97% ' t y d
> -100 -50 0 50 100
Test for overall effect: Z=13.02 (P < 0.00001) Favours [ADMSC] Favours [control]
Figure 3. The forest plot for the total WOMAC score at (a) 6- and (b) 12-month follow-up post-treatment.
ADMSC Control Mean Difference Mean Difference
(a) Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Freitag 2019 (1 Inj.) -38 81 10 -6 56 10 17.7% -32.00(-38.10,-25.90] -
Freitag 2019 (2 inj.) -22 98 10 -6 56 10 13.9% -16.00[-22.89,-9.11] -
Hong 2019 -36.9 101 16 06 93 16 14.6% -37.50[-44.23 -30.77] -
Lee 2019 -34 1341 12 3 76 12 9.0% -37.00[-4557,-28.43] -
Lu 2019 -24.5 7 26 -6 71 26  44.9% -18.50[-22.33,-14.67] =
Total (95% CI) 74 74 100.0% -24.97 [-27.54,-22.40] [}
Heterogeneity: Chi*= 43.46, df = 4 (P < 0.00001); F= 91% ' + y |
o -100 =50 0 50 100
Test for overall effect: Z=19.06 (P < 0.00001) Favours [ADMSC] Favours [control]
ADMSC Control Mean Difference Mean Difference
(b) _sStudyor subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Freitag 2019 {1 Inj.) -41 78 10 -3 93 10 141% -38.00[-45.52,-30.48] —
Freitag 2019 {2 inj.) -42 7.7 10 -3 93 10 14.2% -39.00[-46.48,-31.52] -
Hong 2019 -319 98 16 06 118 16 141% -32.50[-40.02,-24.99] -
Lu 2019 -258 6.9 26 -59 6.8 26 57.5% -19.90[-23.62,-16.18] |
Total (95% CI) 62 62 100.0% -26.95[-29.78,-24.13] [
ity: Chi*= = jE= I + t d
Heterogeneity: Chi®= 34,11, df= 3 (P < 0.00001); I*=81% T 50 100

Test for overall effect: Z=18.70 (P < 0.00001)

Favours [ADMSC] Favours [control]

Figure 4. The forest plot for the Pain scores at (a) 6- and (b) 12-month follow-up post-treatment.

after 6 months (Mean difference = —14.04, 95%
CI [-18.07 to —10.01]; p<<0.00001; Figure 5).
The pooled studies were heterogeneous
(»p<0.00001; I?> = 91%). At 12months, the stiff-
ness scores showed a similar reduction favoring
ADMSC group (Mean difference = —17.73,95%
CI [-21.51 to —13.94]; p<0.00001; Figure 5).
The pooled studies were heterogeneous as well
(»<<0.00001; I> = 89%).

The functional scores. The functional scores
considered were the WOMAC functional scale
and the KOOS ADL scores. The functional
scores showed a statistically significant reduc-
tion in the ADMSC group as compared with
the control after 6months [Mean differ-
ence = —11.43, 95% CI (—-15.00 to —7.87);

$<<0.00001; Figure 6]. The pooled studies were
heterogeneous (p=0.001; I> = 85%). A similar
statistically significant reduction was seen after
12 months as well [Mean difference = —21.12,
95% CI (-24.38 to —17.85); P<0.00001;
Figure 6]. The pooled studies were heteroge-
neous (p<0.00001;I2 = 96%).

The quality-of-life scores. The quality-of-life
scores used were the KOOS QoL score and the
SF-36 scale. The quality-of-life scores exhibited a
statistically significant reduction in the ADMSC
group as compared with the control after 6 months
[Mean difference = —9.36, 95% CI (-11.52 to
=7.20); p<0.00001; Figure 7]. The pooled stud-
ies were heterogeneous (p<<0.00001; I2 = 97%).
A similar statistically significant reduction was
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Figure 5. The forest plot for the Stiffness scores at (a) 6-

Favours [ADMSC] Favours [control]

and (b) 12-month follow-up post-treatment.
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Figure 6. The forest plot for the Functional scores at (a) 6- and (b) 12-month follow-up post-treatment.

seen after 12months as well [Mean differ-
ence = —10.71, 95% CI (-12.85 to —8.58);
p»<<0.00001; Figure 7]. The pooled studies were
heterogeneous as well (p<<0.00001; 12 = 98%).

MRI findings. The MRI cartilage integrity was
reported as either a change in the cartilage defect
or a change in cartilage volume showing a clini-
cally significant improvement in the ADMSC
group as compared with the control after 6 and
12 months. In the study by Lee ez al.,!5 the change
in cartilage defect was significantly less in the
ADMSC group after 6 months (2.39 *+14.54 mm?
versus 35.61 £58.80mm?2, p=0.0051). After
12months, Lu ez al.1* showed a significant increase
in cartilage volume in both right and left knees
compared with control (193.36 *=282.80mm?,
p»=0.0042  versus —101.88*+224.30 mm?,
p»=0.0362 for the left knee; 108.70 = 220.13 mm?,

$»=0.0307 versus —23.47 £291.37mm?3,p=0.6967
for right knee).

Discussion

Mesenchymal stem cells (MSCs) can differenti-
ate both in vivo and in vitro into a variety of cell
types. As multipotent stromal cells, MSCs depend
on the milieu and the vascular niche to metamor-
phose into osteoblasts, chondrocytes, myocytes,
or adipocytes.1820 Among sources for MSCs,
the adipose tissue in the human body has several
advantages due to its abundance and accessibil-
ity using minimally invasive technique.?! It
provides multipotent MSCs characterized by
their viability, proliferative properties, and high
potency for multi-lineage cell differentiation
depending on the surrounding milieu.%2?2
ADMSCs tackle the main components of OA by
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ADMSC Control Mean Difference Mean Difference
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Figure 7. The forest plot for the quality of life scores at (a) 6- and (b) 12-month follow-up post-treatment.

creating an anti-inflammatory and immunomod-
ulatory response through the release of cytokines
and growth factors, acting in a paracrine fashion
in the damaged joint.23-26 In addition, ADMSCs
stimulate local tissue repair through cytokines,
intact vascular niche, and the differentiation of
MSCs leading to pain relief, functional improve-
ment, and cartilage regeneration.?’2° In our
study, we analyzed 4 RCTs attempting to extrap-
olate the functional and radiological outcomes.
Our aim was to assess whether the hypothesized
regenerative potential of ADMSCs translates into
better functional scores and improved QoL.

Knee OA is a disabling disease characterized by
an inflammatory process in the knee due to con-
stant wear and tear.3? This inflammatory process
leads to cartilaginous degeneration affecting the
biomechanics of the knee.3! Currently, no defi-
nite treatment for OA exists only modalities to
help slow down the progression of the disease.3?
These include weight loss, quadriceps & ham-
string strengthening exercises, and analgesia.
Once the disease has reached advanced stages,
these modalities have proven to have minimal
effect, and the only treatment available is a joint
replacement surgery.32 Therefore, ADMSC has
emerged as a viable alternative treatment. Our
analysis found a statistically significant improve-
ment in all the analyzed pain scores (WOMAC,
VAS, KOOS, NPRS). The improvement in the
WOMAC score at 6 and 12months in patients
receiving ADMSC injection compared with the
control group can be explained by the attenuation
of the chronic slow inflammation in OA. In the
RCT by Freitag et al., the pain improvement was
mainly attributed to the stabilization of OA

progression by paracrine effects and secretion of
growth factors by the vascular niche, rather than
cartilage regeneration by mesenchymal stem cell
differentiation into chondrocyte.®!2 On the other
hand, other studies attribute this pain relief to the
regeneration potential of the mesenchymal stem
cells.?7-33:34¢ What advocates for that are the chon-
dral changes seen after intra-articular injection of
MSC at 6-month follow-up as shown by Orozco
et al.3* The improvement in functional scores in
this study is also in line with previously described
literature.?> These findings are encouraging
enough to promote for the use of ADMSCs in the
clinical setting. The non-invasive procedure and
the ability to harvest the material in an outpatient
clinical setting will prove to be vital in increasing
its use and by that validate its efficacy and safety
further.3¢ Thus, the focus for now should be the
efficacy of ADMSCs in validated scoring system
that emphasizes the symptomatic relief and the
functional improvement. As for cartilage regen-
eration, more studies are needed to establish a
clear consensus on the exact mechanism of this
improvement.

This study assessed the MRI findings in patients
receiving ADMSCs as well. The MRI results
were reported as either changes in cartilage thick-
ness or changes in cartilage defect. Lee er al. did
not find any significant change in cartilage defect
by MRI at 6months post-ADMSC injection;
however, they found a significant increase in the
cartilage defect in the control group. The study
by Hong er al. as well, noticed a decrease in the
cartilage defect in the ADMSCs group compared
with the control group. On the other hand, Lu
et al. reported a clinically significant increase in
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the volume of cartilage post ADMSC injection
compared with the control group. Therefore, car-
tilage regeneration is a conclusion that is difficult
to be established from the above radiological find-
ings and thus, more basic research investigating
the molecular aspect of the cartilage post-ADM-
SCs is needed to analyze the integrity of the carti-
lage and if there are signs of ‘real’ regeneration. Jo
et al.?® in his study used arthroscopy to show a
decrease in cartilage defect of the medial femoral
and tibial condyles at 6 months post-ADMSC
injection for knee OA. This could prove to be a
more reliable method to assess true regeneration
as compared with MRI findings

ADMSCs’ potential for healing and differentia-
tion into different cell lines has paved the way for
its larger use with wide indications in several
fields, including orthopedics.?” Concerns regard-
ing the safety of ADMSCs remain despite their
increased usage.3® The main concern regarding
the use of stem cells has been their potential to
differentiate into fast-growing cancerous cell
lines. Multiple studies in the literature have
addressed the tumorigenic potential of
ADMSCs.3%40 In a study by Ra ez al.,*° immuno-
compromised mice were injected with human
ADMSCs showing no increased risk of transfor-
mation at doses as high as 2 X 108 cells/kg body
weight. A meta-analysis by Lalu ez al.#! revealed
no increased risk of tumor formation attributed to
mesenchymal cell infusion in adult or pediatric
subjects. These studies were mostly concerned
with the tumorigenicity of mesenchymal stem
cells in vivo, when administered systematically.
The risk of tumorigenicity following intra-articu-
lar injections particularly has been infrequently
described in the literature with only one study by
Peeters er al.#2 reporting two occurrences of tumor
(benign schwannoma and prostate carcinoma)
following hip and knee injections with MSC, both
unrelated to the harvesting or the injection sites.
In our study, no surveillance for tumorigenicity
was performed as previous studies already estab-
lished the safety of intra-articular injection of
ADMSCs. 284344 Ag for the adverse events related
to the procedure, few patients described discom-
fort on activity and bruising at the abdominal har-
vesting site that resolved on its own after 1
week.1%13 Arthralgia and swelling at the injection
site joint were the most common adverse events
reported with all controlled analgesia and rest.28
Severe adverse events interfering with daily activ-
ity was reported in only four patients across the

studies, three related to continuous knee pain
beyond 2 weeks that resolved spontaneously after
1 month, and one patient with urinary stone
related to the patient’s known history. Other side
effects included nasopharyngitis, headache, and
back pain all resolving on acetaminophen
analgesia.?8

This article has many strengths. First, the stage of
the OA among the groups was similar with
Kellgren—-Lawrence between grade 2 and 3 knee
OA with only one patient with grade 4 in the con-
trol group study by Lee et al. The absence of
grade 4 was vital given the very advanced stage of
OA that would make it difficult to improve or halt
the progression at this point and thus reflect it on
the functional aspect.!? Second, the harvesting
procedure was done from the abdominal subcuta-
neous tissue by manual liposuction in all the stud-
ies removing the difference in stem cell yield
between the various harvesting locations possible.
Third, to the best of our knowledge, this study is
the first meta-analysis to date of RCT's comparing
ADMSCs with other injections in knee OA.

This meta-analysis has some limitations. First,
there was no consensus on the control group in
each study where it ranged from conservative
treatment, saline injection to hyaluronic acid.
Hyaluronic acid is a known treatment modality
for knee OA and could improve the pain and
functional scores.*> Therefore, the actual impact
of ADMSCs would have on the native knee might
differ based on the control groups used. Second,
there were no common standardized scores for
evaluating the change in pain and function.
Functional and QoL scores were only reported in
two studies (Lu er al. and Freitag ez al.) making a
conclusion on this topic difficult. The pain scores
were adjusted to a score of 100 to allow better
comparability. In addition, the change in KOOS
score was reported in negative numbers to allow
comparability as well. Third, the radiographic
parameters were performed via MRI in all the
studies; however, not all were assessed through a
quantitative scoring system. Using validated and
standardized imaging scores will prove to be
essential to systematically assess the legitimacy of
stem cell-based therapy and its repercussions.*®
Fourth, the study by Freitag which lacked blind-
ing was utilizing two study groups with one receiv-
ing two injections 6 months apart. We analyzed
the two arms separately to allow differentiation of
the outcomes based on the number of injections.
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Moreover, the article of Lee et al. included both
patients with OA and local cartilage defects.
Finally, only few forest plots were generated using
two of the included studies, thus not affecting
much the validity of our outcomes.

Conclusion

This meta-analysis showed that administration of
ADMSCs is a safe procedure and a potentially
effective therapy for the treatment of knee OA.
ADSMCS has a short-term and possible long-
term effect on pain relief and improvement of
functional outcomes of patients with OA. Ongoing
robust clinical trials assessing functional out-
comes are needed to investigate the effectiveness
of ADMSCs. Current RCTs cannot conclude a
regenerative potential of ADMSCs. In addition,
translational medicine integrating basic and clini-
cal research would be of beneficial value for inves-
tigating the exact mechanistic pathophysiology of
ADMSCs and if it has any potential for cartilage
regeneration.
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