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Abstract

Background: Peripheral blood (PB) is a potential source of chondrogenic progenitor cells that can
be used for cartilage repair and regeneration. However, the cell types, isolation and implantation
methods, seeding dosage, ultimate therapeutic effect, and in vivo safety remain unclear.

Methods: PubMed, Embase, and the Web of Science databases were systematically searched for
relevant reports published from January 1990 to December 2019. Original articles that used PB as a
source of stem cells to repair cartilage in vivo were selected for analysis.

Results: A total of 18 studies were included. Eight human studies used autologous nonculture-
expanded PB-derived stem cells (PBSCs) as seed cells with the blood cell separation isolation
method, and 10 animal studies used autologous, allogenic or xenogeneic culture-expanded PB-
derived mesenchymal stem cells (PB-MSCs), or nonculture-expanded PBSCs as seed cells. Four
human and three animal studies surgically implanted cells, while the remaining studies implanted
cells by single or repeated intra-articular injections. 121 of 130 patients (in 8 human clinical
studies), and 230 of 278 animals (in 6 veterinary clinical studies) using PBSCs for cartilage repair
achieved significant clinical improvement. All reviewed articles indicated that using PB as a source
of seed cells enhances cartilage repair in vivo without serious adverse events.
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Conclusion: Autologous nonculture-expanded PBSCs are currently the most commonly used cells
among all stem cell types derived from PB. Allogeneic, autologous, and xenogeneic PB-MSCs are
more widely used in animal studies and are potential seed cell types for future applications.
Improving the mobilization and purification technology, and shortening the culture cycle of culture-
expanded PB-MSCs will obviously promote the researchers' interest. The use of PBSCs for
cartilage repair and regeneration in vivo are safe. PBSCs considerably warrant further
investigations due to their superiority and safety in clinical settings and positive effects despite
limited evidence in humans.
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Abstract

Background: The treatment of cartilage damage is a hot topic at present, and cell therapy is an
emerging alternative therapy. Stem cells derived from peripheral blood have become the focus of
current research due to the ease of obtaining materials and a wide range of sources. Methods: We
used a text search strategy using the ["mesenchymal stem cells" (MeSH term) OR "MSC" OR
"BMMSC" OR "PBMSC" OR" PBMNC" OR "peripheral blood stem cells"] AND (cartilage injury
[MeSH term] OR "cartilage" OR "chondral lesion"). After searching the literature, through the
inclusion and exclusion criteria, the last included articles were systematically reviewed. Result: We
found that peripheral blood-derived stem cells have chondrogenic differentiation ability and can
induce chondrogenic differentiation and repair in vivo and have statistical significance in clinical
and imaging prognosis. It is an improvement of academic differences. Compared with the bone
marrow, peripheral blood is easier to obtain, widely sourced, and simple to obtain. In the future,
peripheral blood will be a more potential cell source for cell therapy in the treatment of cartilage
damage. Conclusion: Stem cells derived from peripheral blood can repair cartilage and are an
important resource for the treatment of cartilage damage in the future. The specific mechanism
and way of repairing cartilage need further study.

Keywords: BMSC; PBMNCs; PBMSC; cartilage injuries; peripheral blood-derived stem cells.
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Abstract

Introduction: Osteoarthritis (OA) is a disabling joint disease with more than 654.1 million affected patients worldwide in 2020. There are
different strategies to treat cartilage defects or OA of the knee. In general, conservative or surgical options are available. In this manuscript we
describe a technique using peripheral stem cells from patient peripheral blood combined with stem cell-derived exosomes to treat patients with
grade IV OA of the knee. We further present the effect of such treatment on outcome parameters six months after the intervention.

Material and Methods: Between March and December 2023 39 individuals (45 knees) were treated with grade IV OA of the knee (45 knees)
in one or more compartments (medial, lateral, retropatellar). In each patient, 30mL venous blood were centrifuged by using a special centrifuge
for stem cell isolation (SMART Cell BSC, Miracell, South Korea) for 17 minutes with 2,500 round per minute in a process that separates peripheral
stem cells and their exosomes from the erythrocyte fraction. After the centrifugation process, the stem cells and the stem cell-derived exosomes
were mixed and injected with a 15 mL syringe into the affected knee joint. Before and six months after the intervention, we analyzed visual
analogue scale (VAS) and the Knee Injury and Osteoarthritis Outcome Score (KOOS).

Results: In all patients, OA symptoms improved after one single injection of 10 mL stem cells combined with their exosomes. There were no
adverse effects related to the injection. VAS significantly improved in all patients six months after the intervention (p< 0.05). Also, KOOS values
showed significant improvement after six months in all patients (p< 0.05). All patients stated they are satisfied and also stated they should have
undergone the procedure earlier. In 11 patient magnetic resonance imaging (MRI) scans showed successful treatment of bone marrow edema
after 6 weeks despite full weight bearing.

Discussion: The here described treatment seems to be a safe and effective method to significantly and reproducibly improve symptoms
in patients suffering from severe OA of the knee after six months. Before the intervention, all patients were advised to undergo total knee
arthroplasty (TKA) but they refused and consulted our institution for second opinion. Considering major surgery and possible complications of
TKA, the here described method seems to be an alternative to treat symptoms non-operatively without associated risks before undergoing joint
replacement. Further research and larger clinical studies are necessary to allow interpretation of outcome also for the long-term course.

Keywords: Osteoarthritis; Erythrocyte fraction; Magnetic resonance imaging; Pain medications or physiotherapy; Cartilage transplantation

Abbreviations: OA: Osteoarthritis; VAS: Visual Analogue Scale; KOOS: Knee Injury and Osteoarthritis Outcome Score; MRI: Magnetic Resonance
Imaging; TKA: Total Knee Arthroplasty

Introduction

above 700 million. The global incidence of OA of the knee was
203 per 10,000 person-years (95% CI, 106-331) in individuals
aged 20 and over. There were around 86.7 million individuals
with incident knee OA in 2020 [1-4]. The main risk factors to

Osteoarthritis (OA) is a disabling joint disease with more
than 654.1 million affected patients worldwide in 2020. By 2025,
the number of individuals suffering from OA is expected to rise
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develop OA are age, overweight, rheumatic diseases, traumatic
injuries and metabolic disorders [5]. It is generally accepted that
the cartilage tissue has no blood perfusion and once damaged
does not regenerate [6]. There are different strategies to treat
cartilage defects or OA of the knee. In general, conservative or
surgical options are available. Conservative treatment includes
visco-supplementation, corticoid injections, pain medications or
physiotherapy [7-9]. Joint preserving surgical treatment incudes
arthroscopic or (mini-) open procedures such as mosaicplasty,
matrix-associated cartilage transplantation, strategies involving
minced cartilage transfer or bone marrow stimulating operations
with or without alignment correction [10-12].

In case of severe OA of the knee, partial or total knee joint
replacement is often recommended in case of severe pain
and impaired life quality. As every surgical procedure, knee
replacement can be associated with significant complications,
namely infection, events, periprosthetic
fractures, nerve damage, arthrofibrosis and side effects or
complications related to anesthesia [13-17]. One also has to
consider a limited life expectancy of hardware and the need for re-
operation. Also, if complications occur, revision surgery is needed
in most cases what has majorimpact on socio-economic structures
[18,19]. Within the past decade ortho-biologic treatment options
have emerged also for patients with cartilage damage. These
include platelet-rich plasma, autologous stem cells or cell-derived
exosomes [20-23]. Recent studies showed encouraging results
when using such strategies. In this manuscript we describe a
technique using peripheral stem cells from patient peripheral

thrombo-embolic

blood combined with stem cell-derived exosomes to treat patients
with grade IV OA of the knee. We further present the effect of
such treatment on outcome parameters six months after the
intervention.

Material and Methods

Between March and December 2023 39 individuals (45
knees) were treated with grade IV OA of the knee (45 knees) in
one or more compartments (medial, lateral, retropatellar). There
were 31 male and 18 female patients. In each knee, we used 30
mL of peripheral venous blood to harvest the cells and to produce
the stem cell-derived exosomes. Blood samples were centrifuged
by using a special centrifuge for stem cell isolation (SMART Cell
BSC, Miracell, South Korea) for 17 minutes with 2,500 round
per minute in a process that separates peripheral stem cells and
their exosomes from the erythrocyte fraction. Figure 1 shows
the product after centrifugation with separated stem cells and
their exosomes (Figure 1). After the centrifugation process, the
stem cells and the stem cell-derived exosomes were mixed and
injected with a 15 mL syringe into the affected knee joint with
a 20-G needle under ultrasound guidance (Clarius, Canada) as a
single-shot procedure. Patients were advised to bear full weight
and to move the knee as tolerated. We advised not to do running
or jumping sports for 8 weeks. Before and six months after the
intervention, we analyzed visual analogue scale and the Knee
Injury and Osteoarthritis Outcome Score (KOOS). For statistical
analysis SPSS was used (SPSS, USA). Level of statistical significance
was set at p < 0.05.

Ve

Figure 1: 30 mL whole blood after centrifugation separating stem cells (red) from stem cell-derived exosomes (yellow).
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Results 500 mg). VAS significantly improved in all patients six months
after the intervention. Also, KOOS values showed significant
improvement after six months in all patients. All patients stated
they are satisfied and also stated they should have undergone

In all patients, OA symptoms improved after one single
injection of 10 mL stem cells combined with their exosomes.
There were no adverse effects related to the injection. No patients
reported worse or equal symptoms at six months follow-up. Eight
patients had slightly increased pain associated to knee swelling
during the first three days after treatment which was treated using
ice packs and a non-steroidal antiphlogistic drug (Paracetamol

the procedure earlier. The results are presented in Figures 2-7.
In 11 patient magnetic resonance imaging (MRI) scans showed
successful treatment of bone marrow edema after 6 weeks despite
full weight bearing. Figure 8 shows the MRI scan of a 79-years old
male patient before and after the intervention.
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Figure 2: Visual Analogue Scale (VAS) showed significant improvement after 6 months (p< 0.05).
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Figure 3: Knee Injury and Osteoarthritis Outcome Score (KOOS) Pain showed significant improvement after 6 months (p< 0.05).
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Figure 4: Knee Injury and Osteoarthritis Outcome Score (KOOS) Symptoms showed significant improvement after 6 months (p< 0.05).
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Figure 5: Knee Injury and Osteoarthritis Outcome Score (KOOS) Activities of Daily Living showed significant improvement after 6 months
(p< 0.05).
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Figure 6: Knee Injury and Osteoarthritis Outcome Score (KOOS) Sports and Recreation showed significant improvement after 6 months
(p< 0.05).
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Figure 7: Knee Injury and Osteoarthritis Outcome Score (KOOS) Quality of Life showed significant improvement after 6 months (p< 0.05).
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Figure 8b: Bone marrow edema in the medial compartment after treatment.
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Discussion

The use of stem cells as possible approach to treat cartilage
defects has been recently described. In this context, it has to be
mentioned that different authors report on different sources of
stem cells and stem cell-rich tissue, namely three major sources:
fat, bone marrow and blood [21-25]. Whereas using bone
marrow aspirated and bone marrow stem-cells is more common,
harvesting stem cell-rich fat is a relatively new practice. Recently,
encouraging results were reported using the so called stromal
vascular fraction and adipose-derived stem cells in patients with
0A [26,27]. It has to be pointed out that current regulatories in the
European Union consider the transfer of fat from the abdomen to
the knee as non-homologous use. Therefore, its routine use must
be questioned and needs further authorization. Current practice
is to inject abdominal fat tissue into the Hoffa-fat pad (“fat to
fat”) [28]. This also means the use of fat grafts for other joints
(e.g. hip, shoulder, ankle) is problematic as they do not have fat
tissue. In our opinion, the fat tissue is an active tissue and contains
numerous cells of different origin that are actively producing
secretomes. So actually, transferring such cells and their
components from one tissue to another in the same individual
is transferring cells from on cell-containing tissue to another
(homologous use). Nevertheless, the use of peripheral stem cells
from autologous blood can be a promising treatment options in
terms of reproducibility and is easier approachable than fat tissue
(liposuction needed) or bone marrow (bone marrow puncture
and aspiration needed). To isolate peripheral stem cells, a simple
venous puncture is needed, which makes it easier for both, the
patient and the healthcare provider. The use of peripheral stem
cells for treating cartilage damage was described recently by Zhu
etal. [29].

Inasystematicreview the authors found that stem cells derived
from peripheral blood can repair cartilage and are an important
resource to treat cartilage injuries. Also, the role of exosomes has
been highlighted repeatedly in recent past. Wu et al described
that exosomes can rewire the cartilage microenvironment in
patients with OA and pointed out their role for cartilage repair
in future [30]. This was also mentioned by He et al who found
that exosomes are able to reduce pain and cartilage defects in a
rat model of OA. The role of exosomes on the reduction of pro-
inflammatory cytokines was also emphasized by He et al. [31].
Also, in our patients we found pain reduction at very early stages
(first follow-up after three days) that might be attributed to the
shift from pro- to anti-inflammation. It was surprising, though,
that also bone marrow edema disappeared as visualized on MRI
per- and post-intervention.

To the best of our knowledge, this is the first report providing
reliable data on the efficacy and safety of peripheral stem cells
and their exosomes in patients with grade IV knee OA. The here
described treatment seems to be a safe and effective method to
significantly and reproducibly improve symptoms in patients

556114. DOI: 10.19080/0ROAJ.2024.22.556114

suffering from severe OA of the knee after six months. Before
the intervention, all patients were advised to undergo total knee
arthroplasty (TKA) but they refused and consulted our institution
for second opinion. Considering major surgery and possible
complications of TKA, the here described method seems to be an
alternative to treat symptoms non-operatively without associated
risks before undergoing joint replacement. Further research and
larger clinical studies are necessary to allow interpretation of
outcome also for the long-term course.
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Abstract: Background/Objectives: Numerous studies have demonstrated the safety and efficacy of
intraarticular stem cell injections for treating osteoarthritic knee joints, reporting symptom reduction
and pain relief within a few months of treatment. Here, we report the results of a 7-year follow-up
after a single intraarticular injection of 0.5-1 x 107 autologous adipose tissue-derived mesenchymal
stem cells in patients with OA (Kellgren-Lawrence grade 2 to 4). Methods: Nine patients were treated,
and two patients had bilateral disease. Patients were evaluated clinically and radiologically using
X-ray and MRI. A comprehensive statistical analysis was undertaken to evaluate the obtained results.
Results: All clinical scores and range of motion significantly improved within the first six months after
injection. At the 18-month time point, a significant improvement in cartilage structure was observed
on MRI while X-ray showed no changes in subchondral bone of distal femur and proximal tibia. At
the 60-month time point, the clinical scores were still improved compared to baseline, except for the
range of motion, which decreased almost back to the baseline level. At 84 months, the clinical scores
decreased significantly toward the baseline level, but the MRI structural characteristics of cartilage still
remained significantly better than those measured at baseline. Conclusions: Adipose tissue-derived
stem cell therapy has substantial long-term clinical effects on patients with knee osteoarthritis.

Keywords: stem cell therapy; osteoarthritis; mesenchymal stem cells; long term follow-up

1. Introduction

Osteoarthritis (OA) is a painful condition in which progressive destruction of hyaline
articular cartilage is usually associated with a limited range of motion and reduced quality
of life. It is predominant in females and usually coincides with older age and overuse of
joints in athletes or due to obesity [1]. In severe cases, OA leads to substantial disability
even in younger people, which can have an impact on work ability [2]. Current medical
treatments are mostly ineffective and rather expensive; thus, OA has an enormous effect on
people’s quality of life, and it is also a burden on healthcare systems and society.

Although the underlying mechanism is quite well understood, the exact cause of OA
is still unknown. In that setting, only symptomatic therapy is available. There are a variety
of therapeutic approaches, ranging from various injectable lubricants [3] to minimally
invasive operative treatments such as arthroscopic surgery [4,5], invasive surgical methods,
and knee replacement surgery [6,7]. Biological therapies, including hyaluronic acid [8],
platelet-rich plasma (PRP) [9], and adipose tissue aspirate [10-12], are also available and
widely used. There are methods that combine surgery and biological therapy, such as the
microfracture technique [13]. In this procedure, abrasion of the joint is performed during
arthroscopic surgery, allowing entry of cells and growth factors from the underlying bone
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marrow into the affected joint, triggering regenerative processes and healing of the chondral
defect [14]. Although biological therapy modalities lead to the relief of symptoms, their
outcome is temporary, lasting from several weeks to several months, and most importantly,
they do not counteract the progression of the disease.

The use of propagated mesenchymal stem cells (MSCs) in the treatment of OA has
increased therapeutic efficacy. MSCs originating from bone marrow or adipose tissue
were used in most of these studies, and their safety and effectiveness were first examined.
Good tolerance of a single injection of stem cells and improvement in clinical parameters
during the first weeks and months after the application were reported in the first studies.
Clinical efficacy has been reported with lower doses of MSCs (ranging from 2 x 10° to
5 x 107) [2,15-20], suggesting that efficacy relies on various parameters, including the
intrinsic features of stem cells and their interaction with the inflammatory background of
the host niche. Nevertheless, injection of 0.5-1 x 10® stem cells per joint led to improvement
in cartilage quality [21-23], probably through the activation of the internal regenerative
potential of the surrounding tissue.

Assessment of clinical, X-ray, and MRI findings over longer periods is necessary for
the estimation of the effects of therapy and the clinical use of stem cells for treating OA.
Here, we present the 7-year follow-up outcomes in a cohort study of nine patients (eleven
knees were examined, because two patients had bilateral disease) treated with a single
intra-articular injection of 0.5-1 x 107 autologous adipose-derived mesenchymal stem cells
(AMSCs) [18].

2. Material and Methods
2.1. Study Design

The study included patients with knee osteoarthritis diagnosed at the Institute for
Orthopaedics “Banjica” during the recruitment period (from April till October 2015). The
original research was carried out in compliance with the Helsinki Declaration. It was
approved by the Serbian Ministry of Health (License No. 500-01-01106/2014-03) and the
Ethical Committee of the Institute for Orthopaedic Surgery “Banjica” under the number
1-67/9 (2 June 2015). Informed Consent was obtained from all participants.

The study relied on the following inclusion and exclusion criteria:

Inclusion criteria:

intensity of symptoms (Knee Society score < 60)
duration of symptoms > 3 months

refractory to nonoperative treatment

age between 18-80 years

Exclusion criteria:

history or signs of oncologic disease
systemic metabolic disease (diabetes, thyroid diseases etc.)

Nine patients (11 knees, since two patients were treated bilaterally) fulfilled all the
criteria and were included in the study. They were clinically examined and scored at
3 months, 6 months, 12 months, and 18 months follow-up time points, with MRI analysis
done at 18 months time points, and these results were published [18].

Patients were further examined at the 5 year (60 months) and 7 year (84 months)
time points, and these results are presented here. One patient had to be excluded from
the study due to developing a systemic disease diagnosed between the 18-months and
60-month follow-up period. The remaining 8 patients (a total of 10 knees) were clinically
and radiographically evaluated. At the 84 months time point, all 8 patients were evaluated
clinically, and for MRI analysis, one patient was unavailable due to total knee replacement
surgery, and another patient refused to undergo MRI; therefore, 8 knees were evaluated
using MRL
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During the follow-up period, patients were allowed to engage in standard daily
activities. Three patients reported occasional use of oral analgesics only after increased
activity events. Two patients received a series of physiotherapy during the recovery period.

2.2. Tissue Sampling, Isolation and Propagation of AD-MSCs

Sampling involved excising 5 mL of subcutaneous fat tissue via a small incision in
the superficial abdominal region under local anesthesia. The sample was left overnight at
room temperature. Following repeated washing in 1xPBS solution, the tissue underwent
treatment with 0.1% Collagenase (Sigma Aldrich, St. Louis, MO, USA) until it was com-
pletely dissolved. Autologous serum was prepared by centrifuging whole blood (without
anticoagulants) at 1300 rcf for 10 min and filtering through a 0.22 pum filter. The Collagenase
solution was neutralized using a Growth medium (DMEM GlutaMAX™ 1 g/L glucose,
Gibco, Life Technologies, Carlsbad, CA, USA), supplemented with 10% autologous serum
and 1X antibiotic/antimycotic solution (Gibco, Life Technologies, Carlsbad, CA, USA). The
cells were then filtered through a 100pum filter (BD, Franklin Lakes, NJ, USA), and seeded
at a density of 6 x 10*/cm? in a Growth medium. After one week, floating cells were
removed, and the remaining cells were cultured for 2-3 weeks until reaching a density of
0.5-1 x 107 (second or third passage).

2.3. Safety Assessment and Cell Administration

Cells underwent testing for bacterial and mycoplasma sterility, analysis of expression
of mesenchymal surface markers (CD73, CD90, and CD105), and hematopoietic surface
markers (CD34 and CD45). Cell viability was >90%. Cells were resuspended in 1 mL of
1xPBS (Gibco, Life Technologies, USA), immediately transferred to the hospital, loaded
into 2 mL sterile syringes, and injected into the affected joint within one hour of harvesting.
No prior preparation or premedication of the patient was undertaken. No additional
substances were injected into the knee joint. All patients were advised to abstain from
using analgesics, anti-inflammatory drugs, immunosuppressants, or any form of physical
therapy for one month before and six months following the stem cell application.

2.4. Scoring and Evaluation

Knees are clinically evaluated by the Hospital for Special Surgery Knee (HSS), Knee
Society clinical rating system (KS), and Tegner—Lysholm (TL) scores. In addition, a Visual
analog scale (VAS) was used for assessing the pain level, and knee range of motion (ROM)
was measured.

To assess structural changes, two methods were used, both applied and evaluated by
one person, a researcher who was blinded to the clinical scoring results:

Kellgren-Lawrence (KL) classification was performed using knee roentgenograms
both from baseline and from all follow-up intervals. This widely used X-ray-based grad-
ing system quantifies the following knee osteoarthritis landmarks: joint space narrowing
and osteophyte formation, with grades ranging from 0 to 4, and has solid validity and
sensitivity [24,25]. We opted for KL because of its compatibility with other knee osteoarthri-
tis studies.

Magnetic Resonance Observation of Cartilage Repair Tissue (MOCART) score was per-
formed using MRI images (T2 FSE sequence, 1-1.5 T) at baseline, 18 months, and 84 months.
The scoring method is comprehensive and well-validated in the literature [26,27].

2.5. Statistical Analysis

The data were analyzed using online statistical tools available at Microsoft Excel 2016
(version 16.0.4266.1001) for parameter tests and calculators available from https://www.
socscistatistics.com (accessed on 5 May 2024) for non-parameter tests. The data are reported
as the mean (arithmetic mean + standard deviation). Paired Student’s {-test was used for the
interval, and the Wilcoxon signed-rank test was used for ordinal data differences between
two repeated measures. The ANOVA with Bonferroni post hoc test was used for repeated
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measures. The normal distribution of data sets was determined by the Shapiro-Wilk test.
All tests were two-sided and differences were considered to be significant when p < 0.05
and highly significant when p < 0.01 in all cases.

3. Results

Body mass index did not change significantly during the whole follow-up period: the
baseline mean BMI was 29.5 kg/m? ranging from 25-34 kg/m?, at 60 months BMI was
30.3 kg/m? and after 84 months it was 29.2 kg/m? ranging from 22.5-35.0 kg/m? (Student
t-test, t = —1.121127, p = 0.29126) (Table 1).

Table 1. Characteristics of OA patients.

Baseline 60 months 84 months
Age (year), mean (SD) 63 (10.4) 69.3 years (44-83) 72.2 years (46.3-85.5)
Sex (No) 3 male, 6 female 2 male, 6 female 2 male, 6 female
BMI, mean (SD)
29.5 (3.97 30.4 (4.79 29.2 (4.03
Gegymd) (3.97) (4.79) (4.03)
KL grade 1 0 0 0
KL grade 2 4 2 0
KL grade 3 3 3 3
KL grade 4 4 5 7

BMI (Body-mass index) = body weight/(body height)?. KL (Kellgren-Lawrence) score.

3.1. Clinical Results

At 60 months after the treatment, all clinical scores for knees were significantly im-
proved compared to baseline levels, but at 84 months, all of them showed a declining
trend (repeated measures ANOVA, Figure 1, Table 2). The KS score improved from initial
42.1 £15.71 to 75.6 + 13.88 at 60 months (p < 0.05) and then decreased to 69.7 & 15.64
(p>0.05). A similar pattern was observed for the HSS score (baseline 59.0 + 12.68;
60 months: 88.5 + 11.25, p < 0.01 and 80 months: 79.8 £ 11.36, p > 0.05) and in the
TL score (baseline 46.7 & 20.5; 60 months: 89.1 £ 9.94, p < 0.01 and 80 months: 81.1+ 15.66,
p < 0.05) (Figure 1b, c). At 84 months, only the TL score was still statistically significantly
improved compared to the baseline value (81.1 £ 15.66, p < 0.05). All measurements are
available in Supplementary Material, Table S1.

Table 2. Clinical results of the treatment with ADMCSs during the 84 months follow-up.

Baseline 3 months 6 months 12 months 18 months 60 months 84 months ANOVA
KS score . . . . * - -
(max = 100) 42.1+15.71 70.6 £17.53 83.5 £ 6.36 86.8 = 3.49 83.7 £11.86 75.6 = 13.88 69.7 £ 15.64 F=14.94
HSS score *ok % *ok ok - s+
(max = 100) 59.0 + 12.68 81.2 +£12.64 929 £ 5.26 94.8 +2.09 91.6 £7.93 88.5 +£11.25 79.8 £11.36 F=27.66
TL score . . ok ot *t * — ot
(max = 100) 46.7 +20.5 79.0 £ 14.56 91.5 + 10.55 94.1 +8.42 92.9 +9.55 89.1 £9.94 81.1 £+ 15.66 F=30.01
Xﬁfxoi I;SE)I)I 545+ 165 20.7 £13.3** 9.3 £ 6.5 8.0 £4.9** 9.1+79* 13.0 £ 1.14 ** 28.7 +24.39 F =15.08 **
(dIe{;lg/E[zs) 932 +1793 110.5 £ 10.42 ** 118.3 £ 12.69 ** 99.2 +10.29 102.4 + 13.88 118.6 £ 11.28 ** 115.5 £ 13.94 ** F=7.03**

**p <0.01; * p < 0.05 (repeated measurements ANOVA with Bonferroni post-hoc test, compared to baseline values).

Knee range of motion exhibited a tidal pattern (Figure 2). After initial gradual improve-
ment (at 3 and 6 months), the ROM values decreased 12 months after injection. On further
measurements, a steady and lasting improvement was observed compared to baseline,
reaching 118.6 & 11.28 degrees at 60 months and 115.5 £ 13.94 degrees at 84 months (both
p < 0.01). Repeated measures ANOVA with Bonferroni post hoc correction revealed that
6 months and 60 months results were significantly better than the baseline average, and
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that the 12 months and 18 months results were significantly lower than both 6 months and
60 months (Table 2).

HSS score KS score

(a) (b)

Points

¥ g 8 858 38 8 8
ints

s &8 5 8 3 8 5 §

% vonths *

TL score VAS of pain

Points
2 8 &8 88 2 8 8 8
Points
B

% vontns *

(c) (d)

Figure 1. Clinical scores of knee joints treated with AMSCs (n = 11), assessed in indicated intervals
(baseline, 3, 6, 12, 18, 60, 84 months). (a) Hospital for Special Surgery (HSS) knee score, (b) Knee
society (KS) score, (c) Tegner-Lysholm score, (d) Visual analog scale (VAS) of pain. The dashed line
represents the results published previously [18]. The vertical bars show the standard deviation.
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Figure 2. Average range of knee flexion (degrees). The dashed line represents the results published
previously [18].

3.2. Radiological Results
3.2.1. X-ray Examination

Structural changes in the distal femur and proximal tibia are evaluated according to
KL classification (Table 1). At baseline, three patients were classified as grade 2, four as
grade 3, and four as grade 4. At 60 months, KL scores did not change significantly (two as
grade 2, three as grade 3, and five as grade 4), (Wilcoxon signed-rank test, Z = —1.095445,
p =0.273322). At 80 months, KL grades decreased significantly compared to that at base-
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line (three as grade 3 and seven as grade 4), (Wilcoxon signed-rank test, Z = —2.201398,
p = 0.027708). Representative radiographies are given in Figure 3.

Figure 3. X-ray images of the right knee (A) at baseline, (B) at 60 months time point, and (C) at
84 months time point; all are classified as KL grade 4.

3.2.2. Magnetic Resonance Examination

MRI examination of the treated knee joints was performed at baseline, 18 months [18],
and 84 months time points. Results were ambiguous, showing both an increase in subchon-
dral bone edema and consolidation of the articular cartilaginous surface. Figure 4. shows
MRI findings of the same patient as in Figure 3.

Figure 4. MRI images of the right knee, T2 sequence, and mid-joint frontal plane. (A) baseline
(MOCART score 0.4); (B) 84 months time point (MOCART score 0.35).

Knee articular cartilage structure and integrity were evaluated using the MOCART
score (range from 0-1) (Figure 5), where a higher score indicates better cartilage struc-
ture. The average MOCART score at 84 months was 0.49 + 0.119, which is significantly
worse than 0.63 £ 0.172 observed at 18 months (Wilcoxon signed-rank test, Z = —2.028370,



J. Clin. Med. 2024, 13, 3861

7 of11

p =0.042522), but still significantly better than the baseline value (0.42 £ 0.072,
Z = —1.991741, p = 0.046399). In two cases, we observed clear cartilage deterioration with
scores at 84 mo decreased back to baseline values (0.3 and 0.4). Conversely, in another
two cases, the 84 months score was either equal to (0.65) or even higher (0.45) than the
18 months score. The four other cases showed some degree of MOCART score lowering
between 18 months and 84 months but still above baseline values (Supplementary Material,
Table S2).

MOCART score

09

0.8

06 1 I i Baseline

0.5 L18m

m» m= m s=HE = = - =“&m

- RAR
: 1&?_*1 1]

Figure 5. Comparison of 2D Magnetic Resonance Observation of Cartilage Repair Tissue (MOCART)

score assessed at baseline (blue bars), after 18 months (red bars) and 84 months (green bars). Value of
the score ranges from 0 (complete destruction of articular cartilage) to 1 (intact articular cartilage).

4. Discussion

Many studies and clinical trials have shown beneficial effects of the stem cell therapy
for the treatment of cartilage defects [2,15-17,20,21]. No severe adverse effects were shown
for a single injection, and all patients tolerated the applied therapy well [28]. The use
of naive stem cells, injected without carriers or scaffolds, is a minimally invasive and
safe treatment option. There are several critical steps in this procedure, from cell sterility
and maintenance of cell integrity to crucial prevention of cell mutagenesis, which is why
prolonged passaging should be avoided. When a source of stem cells for the treatment
of OA is considered, there are many advantages of adipose-tissue-derived MSCs over
bone-marrow-derived MSCs (BMMSCs), which are mostly considered for the treatment
of OA [29]. AMSCs do not decrease their differentiation capacity nor osteogenesis and
clonogenicity with age or toward the chondrocyte lineage, which is crucial for this age-
related disease [30,31]. They exhibit a regenerative profile superior to that of BMMSCs, and
display greater resistance to hypoxia-induced apoptosis and higher telomerase activity [30].

Several studies have shown that clinical and radiological improvements do not corre-
late with the number of cells used. These studies showed that lower doses have beneficial
effects, especially for pain relief and range of motion [2,15-19]. A recent meta-analysis
showed that lower doses can be significantly powerful in the treatment of OA [32]. Studies
that used high-dose MSCs showed superior effects on cartilage thickness [20-23,33]. So
far, two studies examined the use of multiple injections of AMSCs for the treatment of
OA [22,33]. In a study by Song et al. [22], patients were first treated with two injections of
low-, mid-, and high-dose stem cells at baseline and 3 weeks after liposuction. Forty-eight
weeks later, they received a third injection of a high dose (0.5 x 10® cells per joint). The
outcomes were measured at 48, 72, and 96 weeks after liposuction. Although this study
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confirmed that high doses have an impact on cartilage thickness, they showed that lower
doses have fast, significant, and persistent beneficial effects that are measured clinically. In
a study by Freitag et al. [33], two groups of patients were treated with 1 x 10® cells per joint:
one group received a single dose and the other group received two doses within a 6-month
interval. The outcomes were measured 3, 6, and 12 months after the first injection. Results
showed good tolerance of the second injection and comparable clinical outcomes in both
treated groups. In the second group, cartilage thickness was improved as well. There was a
third treatment group in this study planned to receive five injections of 0.4 x 10> AMSCs
at baseline, 1, 2, 3, and 6 months, but this group was revoked due to severe adverse effects.
This result is of great importance and should be taken into account when multiple injections
of stem cells are considered. From our point of view, the lowest dose that is effective should
be considered for usage in clinical praxis, mostly because of the high costs of stem cell
preparation and the possible need for repeated injections. That was one of the rationales
for choosing the dose 0.5-1 x 107 cells used in our study. Another is that autologous serum
was used for cell isolation and cultivation, which is a technical limitation for growing larger
numbers of cells.

In our previous paper [18], a dose of AMSCs (0.5-1 x 107) was administered and we
documented that treatment results remain statistically improved 18 months after stem cell
injection, regardless of the degree of the cartilage damage and the dose of applied cells.
Here, we showed that at 60 months, except for one patient, functional improvement was
still significant, as was quality of life, including a return to standard everyday activities,
walking without mobility aids, and even modest recreational activities. All clinical scores
as well as the VAS of pain were still significantly improved compared to those at baseline.
At 84 months, the clinical scores decreased significantly, but the structural characteristics,
measured by MRI, remained significantly better than those measured at baseline.

To our knowledge, our study has the longest follow-up period reported in the lit-
erature so far. Davatchi et al. reported 5 years follow-up of three patients treated with
8-9 x 10 BMMSCs [34]. Similar to our study, their patients had moderate to severe knee
OA and their results showed that at a 5-year time point, the parameters decreased com-
pared to those at the 6 months, but were still better compared to those at baseline. It is
interesting to note that although the improvement started to decrease during follow-up,
the transplanted knee joint declined slower than the contralateral non-treated knee (which
was in better condition at baseline).

The use of autologous serum (AS) for the cultivation of MSCs, as performed in our
study, could be a better choice compared to the use of FBS, because cells grown in AS were
shown to exhibit superior proliferative effects while maintaining the capacity for differenti-
ation [35]. It was also shown that the AMSCs cultivated in AS maintain a mesenchymal
phenotype and they retain the potential for multilineage differentiation [36]. In addition
to reducing the risk of xenogeneic immune responses resulting from animal proteins in
FBS, autologous serum possibly offers superior results compared to cells cultured in FBS.
These findings support the argument for the use of autologous serum instead of FBS for
cell growth for therapeutic applications.

Our research faces several constraints. The primary limitation is the absence of control
subjects for comparative analysis of the findings. The inclusion of a control group receiving
alternative treatment, such as HA or other lubricants, was not feasible during the study’s
preparation phase due to hospital policies. Another limitation arises from the small cohort
of patients included in the study, significantly affecting statistical analysis. This is associated
with budget constraints, as well as patients” distrust in undergoing a treatment that was
new and insufficiently explored at the time of the study design. In addition, different
grades of knee OA, ranging from 2—4, made it impossible to assess the effect of stem cells on
different levels of joint damage. Nonetheless, we consider it noteworthy that we tracked a
cohort of patients over seven years, contributing significantly to the study of the therapeutic
impact of mesenchymal stem cells in osteoarthritis treatment, showing good long-term
tolerance and long-lasting effects of the therapy.
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5. Conclusions

The favorable tolerance and long-term improvement in therapy outcomes, as demon-
strated in our study, indicate that stem cell therapy is a safe and effective approach for
treating OA. Our findings suggest that the effects of a single dose of 0.5-1 x 107 stem cells
last for 60 months from baseline, with a noticeable decline in clinical outcomes observed at
the 7-year time point.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm13133861/s1, Table S1. Clinical measurements. Table S2. MRI
2D MOCART score.
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PRESIDENTIAL FOREWORD

There is great variation across Europe when
it comes to medical praxis. Agreeing a com-
mon approach to pathologies or procedures
has always been a challenge. But some such
agreement is important, if we are to ensure
standards.

For years now, ESSKA has developed a strict
and painstaking methodology which employs
our considerable European expertise. We call
it ESSKA European Consensus. Mixing scien-
tific evidence and clinical expertise, this for-
mat aims to facilitate the dissemination of
knowledge among the daily practitioners.

One must underline the scientific value of
such a project which should not be regarded
as a simple expert opinion but as the result of
a complex process based on high level scien-
tific criteria such as pluralism (large European
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representativeness), iterative process, inde-
pendence of the different involved groups.

Five ESSKA consensuses have already been
delivered. More information is available on
www.esska.org/page/Consensus.
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we are delighted to launch ESSKA European
Consensus on The Use of Injectable Ortho-
biologics for Knee OsteoArthritis. Part 2: Cell-
based Therapy (CBT).
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CHAIRPERSONS FOREWORD

After the successful release of the Part 1 of the
Consensus project on the use of injectable
blood-derived products for the treatment of
knee osteoarthritis, the same group of experts
of the ESSKA ORthoBlologics InitiaTive
(ORBIT) has prepared a second part on the
use of injectable cell-based therapy products
(CBT).

While the consensus group acknowledges
the wide variability in terms of the use among
European countries and the lack of solid
evidence for some aspects of these therapies,
at the same time the group recognizes that
CBTs are widespread in most countries,
and for this reason practical guidance was
needed to avoid misuse. For this reason, the
Consensus group felt the need to provide
daily practitioners with a document reporting
answers to the most common practical
questions, based on the most up-to-date
clinical literature and expert opinion. The
Delphi methodology followed during the
process ensures the document's objectivity,
plurality (51 experts between steering, rating
group and scientific advisors, representing
21 european countries), as well as specialty
representativeness and iterative process
among independent groups.

The aim of this consensus is to provide general
recommendations based on evidence and
expert opinion to improve indications and
decision-making related aspects when using
CBTs. Presenting information on the various

Lior Laver
Chairperson

Laura de Girolamo
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specific techniques or commercial systems
available was not within the scope of this
Consensus, although the recommendations
regarding POC-CBT products are referred
only to those obtained by medical devices that
have been clinically tested and appropriately
studied in the literature.

During the Consensus process, some
aspects concerning the regulatory and
ethical issues around CBT were not taken
into consideration given the wide inter-
countries variability. Therefore, and as per
the Delphi methodology, peer reviewers
representing the ESSKA national affiliated
societies reviewed the document in term of
geographical availability. With the exception
of two countries that did not consider the
document applicable to their national realities
and two that by their own admission were
unable to provide experts of the field, all
others were in favor.

Note: Within the Consensus, the term CBTs
refers to a wide variety of products that are
prepared from autologous or allogenous
tissues, such as adipose tissue and bone
marrow, and fetal annexes (umbilical cord,
placenta, amniotic membrane), respectively.
In particular POC-CBTs indicates products
prepared at the point-of-care by minimal
manipulation and expanded-CBTs indicates in
vitro/laboratory expanded cells by extensive
manipulation.



CBT - RATIONALE/INDICATIONS

Does current evidence support the use of
CBT for knee OA? (Point-of-care products)

Current scientific evidence has shown that
the use of Point-of-care (POC) CBT products
for knee OA can provide clinical benefit and
is a safe treatment option, although certain
limitations of current evidence exist due to
heterogeneity of products and lack of studies
on larger populations. Clinical improvement
has been shown at both shorter (6 months)
and longer (12 months) durations in most
of the studies available in literature. The
consensus group therefore concludes that
there is sufficient clinical evidence to support
the use of POC-CBT as a treatment option for
knee OA (see following questions addressing
CBT specifications and indications).

However, due to the lack of sufficient high-
quality studies in larger populations, as well as
lack of superiority in some studies compared
to CSlor PRP, the full clinical benefitand role of
POC-CBT products in the treatment algorithm
for knee OA, is not fully understood and as
such, the consensus group currently does
not recommend the use of POC-CBT as a
first line injectable treatment for knee OA. The
consensus group therefore does agree that
CBTs could be considered when other non-
operative and other injectable measures have
failed and in circumstances where surgery is
not yet indicated or medically appropriate.
Grade B

Does current evidence support the use of
CBT for knee OA? (In-vitro expanded cells)

Current scientific evidence supports the clinical
benefit/efficacy and safety of Expanded-
CBT for knee OA, confirming the findings of
preclinical research. Clinical improvement has
been shown at both shorter (6 months) and
longer (up to 24 months) durations in most of
the published studies. The consensus group
therefore concludes that there is sufficient
pre-clinical and clinical evidence to support

the use of Expanded-CBT as a treatment
option for knee OA (see following questions
addressing Expanded-CBT specifications and
indications) when regulatory approval exists.
Grade A

Due to the complexity of the preparation
procedure of autologous Expanded-CBT
products, the consensus group currently does
not recommend the use of Expanded-CBTs
as a first line injectable treatment for knee
OA. The consensus group does agree that
Expanded-CBTs could be considered when
other non-operative and other injectable
measures have failed and in circumstances
where surgery is not yet indicated or not
medically appropriate. Grade B

For which degrees of knee OA is CBT indicat-
ed/recommended?

Current evidence has shown the clinical
benefit of CBTs in knee OA Kellgren-Lawrence
(KL) grades 1-4, however most studies involved
populations with KL grades 2-3. The consensus
group recommends CBTs can be used for
knee OA mainly in grades 1-3, although
clinical benefit have also been shown in KL
grade 4. (This statement is valid for both POC
products and in vitro-expanded Cells). Grade B

Are there advantages of CBT use in compar-
ison to Corticosteroids for treating knee OA?

Although the literature is sparse with regards
to direct comparisons between CBT and
corticosteroid injections, current available
evidence does not show the clinical
superiority of CBT compared to CSI. However,
CSI have been shown to have detrimental
effects on chondrocytes and can lead to
accelerated cartilage degeneration, especially
with multiple/repeated injections, although
corticosteroids are strong anti-inflammatory
agents and can provide short term relief in knee
OA (mainly less than 3 months), CBT injections



have been shown to have the potential for a
longer effect in comparison to the shorter-
term effect of corticosteroids injections. They
also seem to provide a safer use profile with
less potential related complications compared
to CSI, especially when considering the
potential need for repeated injections in knee
OA patients, more so in younger patients.
Therefore, the consensus group considers
CBT injections to be a non-chondro-toxic and
effective treatment option, with potentially
expected longer term clinical improvements
compared to corticosteroids injections. (This
statement is valid for both POC products and
in vitro-expanded Cells). Grade D

Are there advantages of CBT use in compar-
ison to Hyaluronic acid injections (HA) for
treating knee OA?

Several high-level studies as well as meta-
analyses exist comparing the effectiveness of
CBTs to hyaluronic acid (HA) for knee OA, with
the majority favoring CBTs in terms of overall
clinical improvement and a longer-lasting
effect documented to last up to 12 months.

Based on current available evidence, the
consensus group acknowledges that CBTs
seem to have superiority over HA for knee
OA due to overall clinical improvement
and expected longer-lasting effects, whilst
also acknowledging that there are different
formulations of the products that may
introduce some bias in the conclusions of
meta-analyses (This statement is valid for both
POC products and in vitro-expanded Cells).
Grade B

However, due to the more invasive and
complex preparation process of CBTs, the
consensus group recommends that its use
should be reserved as a 2nd line injectable
treatment option (This statement is valid for
both POC products and in vitro-expanded
Cells). Grade D

Are there advantages of CBT use in compari-
son to PRP for treating knee OA?

Current literature  with regards to the
advantage or superiority of CBTs compared
to PRP is limited and inconclusive, with few
studies performed with direct comparisons
between CBTs and PRP. Therefore, based
on current evidence the consensus group
does not acknowledge a superiority or clear
advantages of CBT over PRP for knee OA (This
statement is valid for both POC products and
in vitro-expanded Cells). Grade C

Moreover, considering the relatively invasive
and more complex nature of the preparation
procedure of CBT compared to PRP, the
consensus group recommends that PRP
should be used as a 1st line orthobiologic
injectable treatment option in knee OA,
while CBT could be considered as a 2nd
line orthobiologic treatment option (This
statement is valid for both POC products and
in vitro-expanded Cells). Grade D



CBT - PREPARATION/CHARACTERIZATION

Is there a difference between Bone Marrow
Aspirate (BMA) or Bone Marrow Concentrate
(BMAC) for the management of knee OA?

Current evidence is lacking controlled clinical
studies directly comparing BMAC and BMA for
the management of knee OA. Nevertheless,
data indicates that BMA obtained with the
most appropriate instruments and technique
provide a similar number of cells (BM-
MSC) as in single-spin BMAC from a sample
harvested without specific techniques aimed
at minimizing peripheral blood contamination.
When wusing the same equipment and
technique for bone marrow harvesting, BMAC
(obtained by centrifugation) will result in a
product with a higher cell number, although
with a lower volume. The consensus therefore
agrees it is essential to adopt the most suitable
technique and instrument for bone marrow
collection in order not to compromise the
resulting product or concentration procedure
when relevant. A Double spin BMAC protocol
is reported to increase the cell concentration
while significantly reducing the volume.
Double-spin BMAC products produce a higher
BM-MSCs number which seem to positively
influence clinical benefit and therefore, when
considering BMAC use for knee OA. Grade D

Is there a difference between mechanical SVF
and Microfragmented Fat products for the
management of knee OA?

Although different in  composition and
structure, mechanical stromal vascular fraction
(SVF) and microfragmented adipose tissue
(MFAT) show a similar safety and efficacy profile
for the treatment of knee OA, with satisfactory
subjective results up to 24 months. Until further
studies are conducted to determine whether
one product is clinically superior to the other,
the consensus group currently does not
support one type of adipose-derived CBT over
the other and considers both mechanical SVF
and MFAT valid options for the management
of knee OA when this approach is considered.
Grade D

When using expanded mesenchymal stem
cells (MSCs), what is the optimal/most appro-
priate number of cells to inject?

The majority of available dose-response studies
reported the use of <100 X 106 MSCs, however,
duetolack of stringency and high heterogeneity
in the design of the available studies and due
to the absence of a clear correlation between
cell numbers and clinical outcomes, as well
as various cell numbers in different studies,
currently no consensus exists about the most
appropriate number of expanded MSCs to
inject in the treatment of knee osteoarthritis.
The consensus group concludes that defining
the optimal MSC number for the management
of knee OA is complex and includes many
variables, and therefore currently optimal cell
ranges for the treatment of knee OA cannot be
defined. Grade C

Is there a clinical difference between expand-
ed-CBTs and POC-CBTs for the management
of knee OA?

The literature involving direct comparisons
between expanded-CBTs and Point of care
(POC)-CBTs is sparse and limited. Treatments
involving both expanded cells and POC
products have been shown to be safe
treatment options and to have the ability to
provide clinical benefit for up to 12-24 months.
Expanded cell products have been shown
to provide more consistent cell numbers,
although they entail a higher production cost
and a more complex two-stage procedure (in
autologous products). Discrepancies in the
clinical settings, in production protocols and
the lack of stratification of OA patients based
on the radiologic classification currently limit
any recommendation on the use of either
product group in clinical practice and therefore
the consensus group does not recommend
the use of one group over the other and
currently considers both expanded-CBTs
and cell concentrate products/POC-CBTs as
acceptable products for the management of
knee OA. Grade C



CBT - PROTOCOL

For CBT Injections in knee OA — is 1 injection
sufficient per treatment cycle?

Current literature is scarce with regards to
the optimal number of CBT injections per
treatment cycle for the management of knee
OA. To date no study involving autologous
POC-CBT includes more than one injection
protocol, whereas a few studies using
expanded MSCs reported the outcomes of
multiple injections in a short interval. Although
studies using expanded cells with more than
one-injection protocols have shown to provide
clinical benefit, there is lack of sufficient data
to support multiple injection protocols over
single-injection protocols and therefore the
consensus group cannot recommend one
protocol over the other for either POC-CBTs
or expanded-CBTs for the management of
knee OA (This statement is valid for both POC
products and in vitro-expanded Cells). Grade C

Is Antibiotics administration recommended
around CBT use?

Evidence on antibiotics administration around
CBT use is lacking. Therefore, the consensus
group does not recommend the routine use
of antibiotics around CBT use. However,
unlike other injectable products for the knee
joint, autologous CBT preparation process
involves tissue harvesting (mainly but not
only fat or bone-marrow) and therefore some

degree of infectious risk should be taken
into consideration. To reduce the infectious
risk the consensus group recommends to
perform CBT procedures in an appropriate
and dedicated environment (i.e. sterile
office area, operating theater or similar
environments). Nevertheless, the consensus
group suggests taking a cautious approach in
specific cases and consider the administration
of antibiotics in populations with higher risk
factors for infections such as diabetics, heavy
smokers, previous joint infections or wound
complications (This statement is valid for both
POC products and in vitro-expanded Cells).
Grade D

Is there any clinical benefit combining PRP to
cell-based products?

Current pre-clinical and clinical literature
suggest some potential benefits combining
PRP with cell-based products, with the majority
of studies focusing on culture-expanded cells,
evidence is still lacking regarding the clear
benefits of using these products in combination
over using CBT alone. Therefore, based on
current evidence the consensus group does
not see clear advantages from combining
PRP to CBT products for knee OA and does
not recommend a combined treatment (This
statement is valid for both POC products and
in vitro-expanded Cells). Grade C
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The use of injectable Orthobiologics for knee osteoarthritis: a formal
ESSKA consensus

Part 2 — Cell-Based Therapy (CBT)

Introduction

The field of Orthobiologics continues to develop as a result of the growing interest in biologic
approaches for the treatment of a variety of musculoskeletal conditions and nowadays it is clear
and evident that the use of orthobiologics, both blood-derived and cell-based products, is widespread
in most countries around the world. Despite the increasing volume of publications and data, the
outcomes of these treatments are still inconclusive because of the lack of unanimous opinion by
professionals in terms of patients’ indications, administration protocols and even more in the choice
of the available options/devices. Moreover, therapy developers and providers must address hurdles
from regulatory issues, through reimbursement considerations and to commercial challenges before
successful orthobiologic procedures are available to patients. All of this risks to devalue the potential
and the use of these treatments, with a potential loss of valid care opportunities.

In response to this, as Europe’s largest association of musculoskeletal specialists, ESSKA, through
the creation of the Orthobiologic Initiative (ORBIT) has highlighted the value of establishing and
assemble a pan-European/International collaboration to create a common language and a uniform
and responsible voice in the field of orthobiologics as well as driving good standard of care in this
field.
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