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ARTICLE INFO ABSTRACT

Keywords: This systematic review aims to compile and present information of studies evaluating the effectiveness of
Autologous conditioned serum autologous conditioned serum (ACS) in the healing of tendon, ligament and articular lesions in humans and
IRAP horses. A systematic search of articles using Medline, PubMed, Embase, Bireme and Google Scholar was con-
gif::; ducted up to August 2020. Studies regarding ACS' use in human orthopedic lesions were included if classified as

RCTs, cohort and case-controls. All studies regarding this therapy in equine medicine were included given their
scarcity. Pre-clinical experimental studies were selected if controlled. A total of 1474 results were found; 126
articles were fully accessed, and 28 studies met the inclusion criteria. In vitro studies failed to demonstrate
consistent positive properties and effects, while most clinical trials and observational studies indicated a bene-
ficial response associated with ACS administration. However, RTCs and observational studies presented together
mostly an unclear to high risk of bias, with only a few being considered of low risk. In face of the observed
inconsistencies, the use of ACS in the treatment of musculoskeletal lesions, although safe, promising and
appealing, still cannot be recommended without due caution. Overcoming these incongruences will demand
efforts to construct well-designed studies and to regard ACS as an autologous product that encompass a diverse

Orthopedic lesions
Blood-derived products

composition.

1. Introduction

Musculoskeletal lesions are commonly associated with high physical
demands. Injuries in joints, tendons or ligaments greatly impact on
common daily activities and athletic performance of human and equine
subjects. Such tissues have demonstrated an intrinsic poor healing po-
tential with inadequate reorganization and usual relapse of the original
lesions. The current scarcity of effective proven therapies for their
treatment poses a challenge for clinicians and raise the focus for research
in this field (Ziltener et al., 2012; Dehghani and Rodeo, 2019).

The use of blood-derived products as therapy for musculoskeletal
lesions has emerged as a type of regenerative medicine that aims to
control the degenerative disease process and restore the structural and
functional capacity of tissues (Dehghani and Rodeo, 2019). These
therapies intend to supply the demand for cost-effective, efficient and
safe forms of treatment and although not well established yet, have been
explored by clinicians, regardless of conflicting data on their therapeutic
potential.

The employment of autologous blood preparations relies in the
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fundamentals of exploring the beneficial mechanisms of body's natural
response to tissue damage. Autologous conditioned serum is a cell-free
product harvested after the exposition of blood to activating surfaces,
which prompt the production of several anti-inflammatory cytokines
and growth factors by mononuclear cells and degranulated platelets
(Fjordbakk et al., 2015; Evans et al., 2016; Striimper, 2017; Geburek
et al., 2015). Reported as the major anti-inflammatory cytokine in the
ACS, the interleukin-1 receptor antagonist (IL-1Ra) is a natural inhibitor
of the interleukin-1, which has been implicated as the key pro-
inflammatory mediator of several pathologic conditions (Evans et al.,
2016). Other anti-inflammatory cytokines, such as IL-10 and IL-4 and
growth factors as insulin-like growth factor 1 (IGF-1) and transforming
growth factor p (TGF-p), to name a few, are also found in high concen-
trations in ACS (Evans et al., 2016; Geng et al.,, 2018). In addition,
antioxidant properties regarding this therapy were described by Brossi
et al. (2012) where a decrease in the production of free radicals by sy-
novial fluid cells treated with interleukin-1 receptor antagonist protein
(IRAP) was demonstrated in vitro (Brossi et al., 2012).

Although beneficial effects have been associated with this treatment
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in a considerable amount of studies, results are not unanimous and oc-
casionally, conflicting. A systematic review of RCTs, observational and
pre-clinical studies performed in human and equine medicine was
conducted to assess the ACS' effectiveness in the treatment of tendon,
ligament and joint lesions. Furthermore, evidence was critically evalu-
ated in order to assist clinicians in their choice of treatment for ortho-
pedic disorders.

2. Methods

This systematic review was conducted according to the Preferred
Reporting Items for Systematic Review and Meta-Analysis (PRISMA)
statement published by the CONSORT group (Moher et al., 2009). A
broad literature search was conducted up to August 2020 for all relevant
articles addressing the therapeutic use of ACS in articular, tendinous or
ligamental lesions in humans and equine. Articles were included if
written in English, French, German, Spanish or Portuguese. The data-
base of Embase, Bireme, Medline, PubMed, and Google Scholar were
consulted, searching the terms “autologous conditioned serum” or
“ACS” AND “horses” OR “equine” OR “humans”. The reference lists of
the selected articles were also examined for identification of further
studies. Articles where ACS was used in conjunction with other blood-
derivatives or targeting tissues other than the ones described above or
in other medical fields (e.g. reproduction) were excluded. Studies testing
products with similar function or composition of ACS were not included
if not derived from blood.

Pre-clinical studies (in vivo and in vitro) investigating the ACS' effects
in the target tissues were included if controlled. Clinical trials performed
in human species were included if double-blinded and randomized
(RCTs). Cohort studies with a control group describing ACS therapy in
these subjects were also admitted (Fig. 1). Abstracts presented at con-
ferences or oral communications and other study designs not described
above were not included.

Due to the paucity of equine clinical research currently available in
this area, studies were included regardless of their design or evidence
level.

Primarily, all titles generated by the literature search up to August
2020 were analyzed for selection of the articles eligible for full-text re-
view. Studies that did not fit in the inclusion criteria were excluded and
after eliminating duplicates, relevant data was extracted from elected
articles and organized in tables. Selection was made by P.K.A.T. and R.Y.
A.B. If any disagreement was found, a discussion between the authors,
including P.M.B. was made. The results were further identified as pos-
itive (+), partially positive (+) or negative/impartial (—) regarding its
statistically significant findings about ACS effects.
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Clinical Trials

Experimental
studies

Equine

‘—{ All studies |
Pre-clinical
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Fig. 1. Inclusion criteria according to study design.
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In order to grade the risk of bias, included RCTs were analyzed with
the Cochrane Risk of Bias 2.0 tool which classifies its items as “low”
(green), “unclear” (yellow) or “high risk” (red). According to the tool's
instructions, a final criteria is defined as “low risk” if the risk is
considered low at all items. When there is one or some items classified as
“unclear”, the final risk of bias is considered “unclear”. Finally, if the
majority of items are classified as “unclear” or if at least one item is
classified as “high risk”, the final criteria of the study is “high risk of
bias” (Sterne et al., 2019). For the included observational studies, risk of
bias was evaluated with the MINORS tool, in which topics are graded as
2 =reported and appropriated (green); 1 = reported but unappropriated
(red); and 0 = not reported (yellow). In the MINORs tool, total scores of
13-16 for studies that did not include a control or comparative group
were considered of low risk, while total scores of 12 or less were
considered high risk (Slim et al., 2003; Ajrawat et al., 2019). For studies
including control groups, total scores of 19-24 were considered of low
risk and scores of 18 or less, considered high risk. Pre-clinical studies
were not graded.

Two main tables were constructed in order to accommodate studies
investigating ACS therapy for articular tissues and soft tissues (tendon
and ligament) (Tables 1 and 2).

3. Results

A total of 1474 titles were found in the systematic search, of which
407 were from PubMed, 190 from Medline, 408 from Google Scholar,
244 from Embase and 225 from Bireme. After the screening of titles and
abstracts, 1179 articles were excluded due to lack of correlation with the
investigated tissues and therapy and 295 articles were further analyzed.
The removal of duplicates led to 126 studies which were evaluated in
full text and after applying the inclusion criteria of studies' design, 27
articles were selected. One experimental research investigated the ACS'
effects in vitro and in vivo and therefore, it was considered as two sepa-
rated studies, leading to a total of 28 studies analyzed in this systematic
review (Rutgers et al., 2010) (See Fig. 2).

In order to facilitate results' analysis, studies were gathered accord-
ing to tissue type in which ACS effectiveness was investigated. There
were 20 studies investigating ACS in articular tissues and 9 articles
assessing ACS therapy in soft tissues (ligamental and tendinous). One
study evaluated articular and soft tissues together and it was included in
both analysis (Schneider and Veith, 2013).

3.1. ACS therapy in articular tissues

3.1.1. Studies' characteristics

The effects of ACS therapy in articular tissues and their summarized
data are presented in Table 1. Among the selected articles, six were pre-
clinical researches (Frisbie et al., 2007; Rutgers et al., 2010; Carlson
et al., 2013; Garbin, 2017; Alvarez et al., 2020), seven were randomized
clinical trials (RCTs) (Yang et al., 2008; Baltzer et al., 2009; Darabos
et al., 2009; Darabos et al., 2011; Lasarzik et al., 2018; Hashemi et al.,
2019; Hashemi et al., 2020), and seven were observational studies
(Weinberger, 2008; Chiaradia et al., 2012; Schneider and Veith, 2013;
Tatarniuk, 2015; Warner et al., 2016; Zarringam et al., 2018; Marques-
Smith et al., 2020). There were 11 articles involving horses or articular
tissues harvested from this species and 9 studies employing human
subjects or cartilage explants from human osteoarthritic joints.

Quality assessment by the Cochrane RoB 2.0 tool for RCTs demon-
strated that three RCTs were considered as “low risk” and four were
classified as “unclear risk” (Fig. 3). In the observational studies assessed
by the MINORs tool, only two were considered as “low risk” while five
were considered as “high risk” (Fig. 4).

The ACS acquisition was achieved through the Orthokine® product
in 14 studies and the “according to manufacturer's instructions” or 24-h
incubation protocol was followed by 10 of them (Frisbie et al., 2007;
Yang et al., 2008; Weinberger, 2008; Darabos et al., 2009; Darabos et al.,
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Table 1
Studies investigating ACS therapy in articular tissues (1/7).

Author/year Study Design ~ Population Lesion Intervention Control/ Follow Blinding  Hemoderivative Outcome Measurements Results Observations
Comparative up characteristics
Clinical examination: Signif. |
of lameness of ACS group
compared to placebo. SF
Analysis: signif. 1 neutrophils in
ACS treated group. GAG and
L. . i PGE2 [] of the ACS treated
. Clinical and radiologic L .
Autologous Orthokine - . . . joints slightly | but not
. . . evaluation; Synovial fluid .. A
. incubation 24 h - Following . statistically significant. IL-1Ra
OA middle .. 6mlPBS e analysis (TP, cytology, total e
Experimental carpal ioint 6 ml ACS 4 inj. (placebo) manufacturer's directions [] WEC. aspect. mucin clot [1 showed signif. 1 at days 35
Frisbie et al., P . Horses; n .p J on days 14, 21, P . . Outcome  IL-1Ra increased [] of IL- » aspect, ’ and 70 when ELISA mouse Poor ACS
. controlled in chip fracture solution 4 inj. on 70 days . GAG, PGE2, IL-1Ra); . L
2007 . =16 . 28 and 35 after assessors  1Ra using mouse ELISA . . . antibody was used. Gross characterization.
o (Experim. surgery days 14, 21, 28, assay - signif. Greater Histologic examination (HE, pathology: The total score in
Induced ft ) . FG), GA! :
nduced) 35 after surgery (modestly higher) than .So @), G .G’ 3550a ACS was better, but this
I incorporation; Gross . Lo
unconditioned serum . difference was not significant.
evaluation post-mortem. . R R -
Histologic examination: signif.
| inintimal hyperplasia of
synovial membrane of OA
joints in ACS group. No signif.
Changes btw groups in other
topics.
ACS group resulted in
significantly more
improvement for KOOS
Patient reported outcomes:  symptomatology and KOOS
VAS for pain, the KOOS sport, as compared to placebo.
[pain, stiffness, function, Primary efficacy objective to
Physiological sport and Quality of Life demonstrate 30% superiority of
Vang et al Human n ACS 2 ml 6 inj. sali,ne 9 iﬂ 6in. 12 Patients (QoL)] and the KSCRS. At 3, the Orthokin treatment on the Outcome measures
ang et al, RCT KOA KL I-III Ondays0, 3,7, J- and outc.  Orthokine incubation 24 h 6, 9 and 12 months after the WOMAC was not met, but limited; poor ACS £
2008 =167 On days 0, 3,7, months s .
10, 14 and 21 Asses. first injection. Surgeon absolute values of the WOMAC characterization
10, 14 and 21 . L
Physical examination for and most other outcome
completion of KSCRS and measures showed that ACS
check for adverse events and treated patients scored
changes in NSAIDS. consistently better. ACS
induced an improved knee
function as measured by the
surgeon on the KSCRS.
A 110 DIP
.o. 0 199 horses were lame free after
joints; 87 6 weeks. Further 22 showed
. fetlock joints;  ACS 2-3 inj. Orthokine 24 h incubation ~ Lameness evaluation (AAEP . §
Weinberger, . Horses n = 12 . . improvement of lameness at
. Case series 26 carpal 8-12 days no control + centrifugation at 3700 score system) at 6 and 12 o . +
2008 262 L . weeks R this timepoint. 178 horses were
joints; 33 hock interval rpm for 10 min weeks. .
. . still lame free at week 12 and
joints and 6 hip ..
. were back to normal training.
joints
Studies investigating ACS therapy in articular tissues (2/7)
Author/  Study Design  Population Lesion Intervention Control/ Follow  Blinding Hemoderivative Outcome Measurements Results Observations
year Comparative up characteristics
ACS 6 inj. 2 ml Patient reported outcomes: ACS group scored signif.
Baltzer Two inj. Per week Saline inj. 2 ml one Patients  Orthogen incubated and VAS for pain, WOMAC Better than either HA or . .
RCT double- Human n . months . . . . . Differences in
etal., blinded _ 376 KOA KL II-III  over 3 weeks n = inj. Per week over and 2 and outc. centrifuged (no further (dimensions of pain, saline on all WOMAC rotocols: +
2009 N 134 HAinj. 2ml 3 weeks n = 107 years Asses. specifications) stiffness and physical subscales at all time points P ’

one inj. Per week

function), SF-8 health

after the injections. VAS

(continued on next page)
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Table 1 (continued)

Studies investigating ACS therapy in articular tissues (2/7)

Author/  Study Design  Population Lesion Intervention Control/ Follow  Blinding Hemoderivative Outcome Measurements Results Observations
year Comparative up characteristics
over 3 weeks n = related quality of life, and  ratings at weeks 7, 13, and 26
135 GPA of treatment efficacy ~ were lowest in the ACS group.
at baseline, and at weeks 7, In all SF-8 HRQL dimensions
13 and 26. and component scores, ACS
treatment was associated
with the largest
improvement. Treatment
with ACS results in a signif.
Better therapeutic effect
compared to HA and saline
not only at 6 months, but also
at 2 years. GPA scores were
the only domain where ACS
did not show better results
compared to saline and HA.
ACS had a steady | i
Traumatic . Physiological IL-1p [] in peripheral group hac a S eady | in
ACS inj. 2 ml on . . . . . IL-1p levels over time. At 10
Darabos rupture of ACL solution 2 ml on Patients  Autologous ACS - Orthokine circulation on day 0, 1, 6
RCT double- Human n the day of surgery N ; days values were lower than
et al., X followed by the day of surgery 10 days and outc. according to the and 10. Intra-articular IL- small n; +
blinded =20 and post op. Days s . . . those reported for normal
2009 reconst. and and post op. Days Asses. manufacturer's instructions.  1p [] circulationonday1,6 . . .
. 1,6and 10n =10 joints and signif. Lower than
knee arthrosis 1,6and 10n =10 and 10. L
in control group.
Autologous Orthokine -
ACS 6inj. 2 ml At Orthogen incubated for 6 h
Ruteers  Experimental days 0, 3,7, 10, 14 and centrifugated at 1.000x g SF cytokines measured No signif difference in Incubation time
etg"dl corljtrolled in Human n KOA KL- TILIV and 21. n = 22 SF cytokine [] o1 davs  x for 10 min ACS [] of IL-10 and were IL-1Ra, IL-1p, TGF-p1, cytokine profile of synovial  differs from the
9 0(1 6’ Yivo =22 analysis only before treatment Y IL-1ra, TGF-p1, IL-6 IL-1p, 1L-4,IL-6, IL-10, IL-13, IFN- fluid before and after ACS usual
performed in n = OSM and TNF-a were 1 and  y, TNF-a, OSM and OPG. treatment was noted. recommendations
14 patients OPG | compared to
unconditioned serum.
Studies investigating ACS therapy in articular tissues (3/7)
Author/ Study Design  Population Lesion Intervention Control/ Follow Blinding Hemoderivative Outcome Measurements Results Observations
year Comparative up characteristics
1) Proteoglycan
metabolism of cartilage
explants: PG release, PG
tent at th d of the
Allogenic - healthy donors 1) proteoglycan content at the end of the
1) KOA . . . culture and 35S
3 Orthokine - incub. For 6 h and metabolism 2) 35S . .
cartilage 1) ACS 25% n = L. . . . . incorporation showed no . .
. 1)Unconditioned centrif. at 1.000 x g for 10 incorporation: medium . Incubation time
Rutgers Experimental  explants n = 24 2) a) ACS 25% . difference btw groups at .

. serum 25% n = 24 min. ACS [] of IL-10 and IL-  release of proteoglycans . . differs from the
etal., controlled in 48 2)KOA KOA KL- III-IV n = 8 b) ACS 25% s 16 days x : any timepoint. 2) -
2010 Jitro cartilage + Ettanercept 1 — 2) Unconditioned 1ra, TGF-p1, IL-6 IL-1p, OSM  and newly synthesized Addition of etanercent to usual

s ptn= serum 25% n = 8 and TNF-a were 1 and OPG | on days 4, 8, 12 and 16. - P recommendations
explants n = 8 . conditioned serum or
compared to unconditioned DNA and GAG content .
24 serum on day 16 control serum did not
) Y alter PG release, PG
incorporation and final
PG or DNA content after
culture.
Darabos RCT double- Human n — Tunnel widening 2 ml ACS 4 inj. On 2 ml Physiologic 12 Patients AF}S - Orthokine accord'ing CT scans on postop. Day CT scans .shmfved.that
etal., X after ACL days 0, 1, 6 and 10 . .. and outc. with the manufacturers 1, and 6 and 12 months. tunnel widening in the short follow-up +
. blinded 62 . saline 4 inj. On months . . .
2011 reconstruction n=31 Asses. recommendations. Intraarticular and serum ACS group is only half

(continued on next page)
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Table 1 (continued)

Studies investigating ACS therapy in articular tissues (3/7)

Author/ Study Design  Population Lesion Intervention Control/ Follow Blinding Hemoderivative Outcome Measurements Results Observations
year Comparative up characteristics
days 0, 1, 6 and IL-1p [] on postop. Day 1, that in the placebo group
10n=31 6 and 10. WOMAC and  after 6 and 12 months. SF
IKDC 2000 at baseline, [1 IL-1p continuously |
and 6 and 12 months until day 10. WOMAC
after surgery. Adverse and IKDC 2000 in ACS-
events and changes in treated patients were
analgesic use. consistently better with
the lowest pain scores.
ACS resulted in signif.
More improvement in
WOMAC stiffness scores
compared with placebo.
Clinical examination
IKDC 2000/Surgeon
found better results in
ACS group with |
effusion and better
functional tests at 6
months and results were
still better at 12 months.
ROM signif. Better in ACS
group.
| of acute phase proteins
Chiaradia Horses n = 3-5 ml ACS 4 inj. ACS - Orthokineincubation SF proteomic analysis éCT4$;dC§;2)1’A(ﬁI\;I/G1’OC " Short follow-up;
et al., Case series - OA (MCPJ/MTPJ) 7-10 days X 40 days x for 24 h + centrif. At 2100 xg P y . P +
10 . . before and at last inj. ACS treated horses small n;
2012 intervals for 10 min . .
returned to their athletic
activity
ignificant reducti f
GOLDIC 4 inj. Lameness evaluation if:;n:: erfefu;z:lon °
Cartilage damage Approx. 4 ml On (AAEP score system), (osteoar leritis roup)
. (OCD, OA, Arthritis) Day 7, the horses swelling and/or effusion . 8 p ’
Schneider Horses n = R . and swelling (soft tissue  lack of control
. n = 19 Soft tissue began a strenuous . . graded by 5-point scale R o .
and . 36 lesions = . . . 24 Goldic according to disorders group) within  group, different
R case series disorders exercise regimen X e (0 = not present and 5 = R
Veith, 37 (one horse [ ¥ weeks manufacturer's guidelines . 2 weeks of treatment was types of lesions
S X (Sesamoidosis, five days per week severe swelling/ .
2013 bilateral) L .. R found. Up to 3 and 6 included
tendinosis, susp. for the remaining effusion) before
. months after treatment,
Lig. Damage) n =18 24 weeks of the treatment and at week 1,
all horses were free of
study. 2, 3,12 and 24.
symptoms.
Studies investigating ACS therapy in articular tissues (4/7)
Author/ Study Design  Population Lesion Intervention Control/ Follow Blinding Hemoderivative Outcome Measurements Results Observations
year Comparative up characteristics
AES n = 23 on AES: Blood into borosilicate ACS lead to an 1 in culture
Chondrocyte days 2 and 5 lass tube containing clot Measurement of pellet medium IL-1RA [] but did small n; do not
Carlson Experimental ~ Horsesn =6 Y ACS n = 23 on days 2 4 8 X . & . GAG synthesis, total . fully replicate
. pellets 10% AES 10% activator + centrifugation. not lead to a direct effect on .
et al., controlled in Chondrocyte R and 5 10% ACS + rhIL- 6 days x GAG content, total DNA | . OA; limited —
. stimulated AES + rhIL-1p ACS - IRAP II - Arthrex ) in vitro proteoglycan
2013 vitro pellets n = 46 . 1p 20% ACS + rhIL-1f . ) content, medium MMP- . R outcome
with rhIL-1p 20% AES + according to manufacturer's .. . cartilage metabolism. ACS
. . 3 activity, medium IGF-I .. measurements
rhiL-1p instructions. had no significant effect on

(continued on next page)
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Table 1 (continued)

Studies investigating ACS therapy in articular tissues (4/7)

Author/ Study Design ~ Population Lesion
year

Intervention Control/ Follow Blinding

Comparative up

Hemoderivative
characteristics

Outcome Measurements Results

Tatarniuk, .
Case series Horsesn = 11 .
2015 unilateral

OA of DIP joint

4 ml ACS 3 inj. Weekly
intervals No anti-
inflammatory
medications or joint
supplements were
given.

Outcome

21 days
assessors

2 ml - 6 ml of ACS 24
inj. 7-21 days
intervals *The number

Arthrex® IRAP II incub. 18-
20 h and centrif. For 10 min
at 1.800 xg Comparison of
ACS x 1-h and 19-h incub.
ACS Serum IL-1ra [] not
signif. Different from 19-h
control serum; ACS signif. |
IL-4; IL-8 and IL-6; Ratios of
MMP-1 to TIMP-1, —2, —3,
—4 and MMP-9 to TIMP-1,
—2, —4 were the only ratios
tin ACS compared to
controls. Marked variability
between horses in IL-1ra [] in
ACS

and IL-1Ra [], pellet
mRNA content.

MMP-3 mRNA expression,
compared with AES.

SF cytokine concentrations:
SF only had 1% of the IL-1ra
present in the ACS, 7 days
after the ACS injection.
There was no significant
change in concentrations of
any cytokine, MMP, TIMP or
MMP:TIMP ratio when
comparing post ACS
treatment synovial fluid to
baseline. Lameness: no
signif. Changes detected

Blind graded (by 3
different assessors)
lameness videos based
on AAEP; SF IL-1§, IL-4,
IL-6, IL-8, IL-10 and
TNFa; MMP-1, MMP-3,
MMP-9, and MMP-13;
TIMP-1, TIMP-2, TIMP-
3, and TIMP-4

Treatment success: in 8 of 26

horses (31%) the ACS
Success of treatment

Warner Retrospective of injections and the determined by patient's therapy was successful. The
etal., P Horsesn =26 OADIP joint  amount of ACS used  x 2years x Irap - orthokine R VP therapy was partially
cohort study L files and owner survey .
2016 per injection by telephone successful in four (15%) and
depended on the Y P unsuccessful in 14 horses
amount of serum (54%).
obtained.
Studies investigating ACS therapy in articular tissues (5/7)
Author/ Study Design ~ Population ~ Lesion Intervention Control/ Follow Blinding Hemoderivative Outcome Measurements Results Observations

year

Comparative up

characteristics

Horses n =
16 (Art.
. Experimental 6 (. rt Stimulation of
Garbin, R Cartilage n X
2017 controlledin s explants with IL-
vitro N . 1p
Synovium n
=8)

IL-18 + 10% v/v IL-

1p + 30% v/v for each Cartilage and
treatment ACS synovium
Frozen; FD and FFD n  explants

= 4 Allogenic CS cultured with
Frozen; FD and FFD n ITS or FBS

= 4 Treat. applied at exposed to IL-1p
Day 0 and Day 4

10days x

ACS prod. at their lab.
18-24 h incub. centrif. at
4.000 rpm for 10 min
Sample from each horse
separated to produce
frozen, FD and FFD.
Allogenic CS: ACS from 4
horses polled together

Total GAG content in media
and in cartilage; 35504-
labeled proteoglycans
quantification in media and
in cartilage; Gene
expression ADAMTS-5,
ADAMTS-4, MMP-1, COX-
2, IL-1p in cartilage. Gene
expression of COX-2 and IL-
1p in synovium

Compared to controls, CS
treats. Were not effective in
protecting cartilage from
the catabolic stimulus
induced by IL-1p. Allogenic
x Autologous CS showed
differences in media but not
in cartilage. Author
suggests similar effects of
Autologous and Allogeneic
CS. CS did not signif.
Interfere with gene
expression of ADAMTS-5
and ADAMTS-4 in cartilage
explants. MMP-1 on the
other hand, was strongly
up-regulated (up to 101-
fold). CS did not have a
signif. Effect in expression

(continued on next page)
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Table 1 (continued)

Studies investigating ACS therapy in articular tissues (5/7)

Author/ Study Design ~ Population ~ Lesion Intervention Control/ Follow Blinding Hemoderivative Outcome Measurements Results Observations
year Comparative up characteristics
of COX-2 and IL-1 in
cartilage. No differences
were shown in the
synovium explants.
Increases of SF [] IL-1ra
showed positive correlation
with the ACS IL-1ra [].
Injections of ACS increased
Daily clinical
ary ¢ 1r%1ca a“q . [1 of IL-1ra in the SF at 1
orthopedic examination and 4 h. but these
until the end of the ACS -
. . concentrations decreased
treatment period. Synovial .
. back to baseline values
Fluid: Group 1: SF collected . .
- o within 48 h. Authors
1) ACS 3 inj. At before each injection, 1 h .
X L suggested that half-life of ~ no control group;
Advanced OA weekly intervals; n = after each injection and 42 . . S
L. ACS - ABPS Arthrex IL-1ra lies between 4 and different joints
(OCD, 6 2) ACS 3 inj. At 2- . days after the start of the . . .
. X prepared following 48 h after ACS inj. The 2-  included; different
. Traumatic day intervals; n = 6 . treatment. Group 2: SF . . . .
Lasarzik " manufacturer's day treatment interval etiologies of articular
Horsesn = Arthritis and Treatments started . . collected before each . X .
et al., RCT . 42 days x instructions. [] of IL-Ra . showed better results with  lesions; no info about +
) 12 DJD) Joints 14 days after . injection, 4 h after each . .
2018 . showed a wide range; and |, * . decrease in SFIL-1raand IL- the orthopedic exams
included: MCPJ; arthroscopy; Volumes . injection and 42 days after o
3 IL-1p consistently lay 1P [] as well as C12C, CS that were cited in
MTPJ; TCJ; of ACS varied . L the start of the treatment. . .
. .. under detection limit e 846 and CP II biomarkers ~ methods - selection
MFTJ. according to joint Quantification of IL-Ra and . .
. 42 days after the firstinj. No bias?
type IL-1p in the SF; changes were found in the
Quantification of C12C, €S weekﬁ treatment intervals
846 and CPIL in the SF rou );t the same time. ACS
before and 42 days after the group R 0
X treatment given at two-day
start of the treatment in . A
intervals might indicate an
both groups. . s
improvement in joint
inflammation and cartilage
degrading processes on a
long-term effect.
Patients were approached At the end of this follow-up,
. . . Placebo Saline 6 by phone or letter and 46.3% of the placebo and .
Zarringz Orthokine 6 inj. O Did not tak -
];Ln":lg i Prospective Human n = KOA KL LI d; SOO 1ge7 11n E') 1: inj. On days 0, 10 < Orthokine 24 h provided informed consent. 40.3% of the Orthokin sulr ?;1 tie:tlr.lr?er;t _
. cohort study 126 VS 94y 10, 3,7,10,14 and years incubation For non-responders the group had been treated surg
2018 and 21; n = 72 . . .. into account
21;n="54 electronic health reports surgically - not statistically
(EHR) were evaluated. significant different.
Studies investigating ACS therapy in articular tissues (6/7)
Author/  Study Design ~ Population Lesion Intervention Control/ Follow Blinding Hemoderivative Outcome Measurements Results Observations
year Comparative up characteristics
K MA
QOS and WO C. to assess Improvement of KOOS mean
pain, symptoms, daily .
activities, sport-recreational scores of symptoms, daily
Hashemi RCT double Human n = 2 ml ACS 3 inj. o ml HA 3 ini. 7-day 6 Patients  Orthokine incubated at 37 °C or forma)n ce. and knee activities, and sport-recreational  limited
etal., K ~ KOAKLIIIL 7-day intervals | J: Y and outc. and transferred to a P > . activities in the ACS group outcome +
blinded 60 - intervals n = 30 months . related quality of life. R .
2019 n =30 Asses. laboratory within 24 h. compared to HA. No differences measures;
Performed before treatment .
in WOMAC or VAS scores btw
and 6 months after last
o groups.
injection.
co-cultured co-cultured TA n = 2; ACS IL-1p stimulated 6 h X ACS - Orthokine 24 h incub. + PGE2 [] in culture media; APS 50% v/v was the most 4

cartilage and cartilage and

25% n = 2; ACS

control explants

centrif. at 3000 RCF 10 min

Gene expression 18 s,

effective at | PGE2 [] in media.

(continued on next page)
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Table 1 (continued)

Studies investigating ACS therapy in articular tissues (6/7)

Author/  Study Design ~ Population Lesion Intervention Control/ Follow Blinding Hemoderivative Outcome Measurements Results Observations
year Comparative up characteristics
synovium synovium 50% n = 2; APS without treatment APS - ProStride APST WBCs, SCAMP3 (reference genes),  TA was more efficient at | IL-1p
explants n = explants 25% n=2;APS n=1 RBCs, PTLs compared to ACS. IL-1p, MMP-1, MMP-3, MMP- expression in the synovial
12 stimulated 50% n = 2; ACS 1 TGF-p and sTNF-R1 13, IL-6, IL-8, IL-10, and membrane; ACS and APS
with IL-1p compared to APS. IL-1ra: IL.- ADAMTS-4 (in synovial produced a stronger anti-
1p ratio of ACS 1, but not membrane) and GAPDH and inflammatory effect, modulating
signif. Than APS SCAMP3 (reference genes),  pro inflammatory cytokines (IL-
type II collagen (COL2A1), 1p and TNF-a) involved in
aggrecan (ACAN), TNF-a, IL- cartilage destruction in OA. ACS
Alvarez Experimental 1p, and ADAMTS-4 (in and APS, showed a
etal., controlled in articular cartilage) chondroprotective effect by 1
2020 vitro matrix gene expression, while TA
treatment did not modify gene
expression. Both ACS and APS
significantly | PGE2 in media
compared to TA, which could be
one of the reasons horses with
naturally occurring OA show
improvement in lameness after
treat. With ACS or APS.
VAS: no differences at 1 and 3
months after initiation treatment
but statistically significant
KOOS (pain, symptoms, daily improvement in pain levels in the
activities, athletic and ACS group 6 months after
VAS, KOOS and recreational functions, and treatment. KOOS scores of
2 ml ACS 4 WOMAC scores knee-related quality of life) ~ symptoms, daily activities, and
Hashemi . before treatment; Patients  Orthokine incubated at 37 °C + WOMAC (pain, stiffness, athletic and recreational . .
RCT double Human n = injections 7- . X . - . . Differences in
et al., X KOA KL I-IIT . ozone (30 pg/ml) + and outc. and transferred to laboratory and physical function) functions significant higher in
blinded 60 days intervals n . . onths . . ! protocols;
2020 —30 5 ml of lidocaine Asses. in 24 h. completed by patients before ACS group six months after
1% 3 inj. 1 month treat. And 6 months after last treatment compared to ozone
intervals n = 30 injection. VAS level of pain ~ group. WOMAC: pain scores not
by patients before, 1 and 3 signif. Different btw groups but
months after last injection.  other scores (physical function
and joint stiffness) signif. Higher
in ACS group No complications
reported.
Studies investigating ACS therapy in articular tissues (7/7)
Author/ Study Design Population Lesion Intervention Control/ Follow Blinding Hemoderivative characteristics Outcome Results Observations
year Comparative up Measurements
Marques- - ARTHREX ABPS Accord. to manuf. 58% of included horses responded small n; inclusion of
. . naturally ACS 3 inj. 15 . . .. AAEP lameness score . L
Smith Prospective  Horses n = occurring days interval  x 43 days Instructions; 22-24 h incub. + centrif. for lameness to ACS treatment, and that these  different joints; not
et al., cohort study 20 low-grade (mean); 11 — 20 (mean) 4000 rpm for 10 min. ACS content of evaluation at baseline horses had higher ACS levels of IL- standardized
2020 ’ IL-1Ra, IGF-1 and TGF-p. IL-10, IL-1p 1Ra and IGF-1 than non- treatment and

(continued on next page)
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majority of the horses was reported in all studies (Frisbie et al., 2007;
Weinberger, 2008; Schneider and Veith, 2013; Marques-Smith et al.,
2020) except one (Tatarniuk, 2015). Studies showing positive results
investigated ACS effects on lameness from 43 days to 24 weeks after
treatment, while the study that showed no significant changes employed
a shorter follow-up of 21 days (Tatarniuk, 2015). It is important to
highlight that four out of these five studies were observational studies of
routine clinical cases in which no control group was included and that
majority of them were classified as high risk of bias.

3.1.2.2. Patient reported outcome measures in humans. In studies of
human populations, patient reported outcome measures (PROMs) were
the major tools assessing joint pain and function after ACS treatment and
in general, significant or at least mild improvements were found.

The WOMAC (Western Ontario and McMaster Universities Osteoar-
thritis Index) was applied in five RCTs, however, significant improve-
ment after ACS therapy in all of the WOMAC subscales was found by one
author only, Baltzer et al. (2009), who compared ACS with hyaluronic
acid (HA) and saline over a six months period (ACS 6 injections, 2 per
week). HA and ACS were also compared in another study within the
same evaluation period, but with a different treatment protocol (ACS 3
injections, 1 per week) (Hashemi et al., 2019); in this case, no significant
changes were found in WOMAC. Significant improvements in isolated
subscales of the WOMAC (joint stiffness and/or physical activity) were
found by two authors (Darabos et al., 2011; Hashemi et al., 2020); and
despite absolute values in all WOMAC subscales displayed enhancement
in the study constructed by Yang et al. (2008), results were not statis-
tically significant.

In the Visual Analogue Scale (VAS) of pain, statistically significant
improvements after ACS therapy were found in two studies (Baltzer
et al., 2009; Hashemi et al., 2020), enhancement of pain was found in
one study, but not statistically significant (Yang et al., 2008) and no
significant differences were observed by Hashemi et al. (2019). Baltzer
etal. (2009) reported that besides showing the lowest scores for VAS, the
ACS group also had more patients with at least 50% of pain improve-
ment compared to HA and saline. Again, no difference in this score was
found by Hashemi et al. (2019) which also compared ACS to HA.

The evaluation of the Knee injury and Osteoarthritis Outcome Score
(KOOS) was employed in three RCTs which compared ACS with placebo,
HA or ozone (Yang et al., 2008; Hashemi et al., 2019; Hashemi et al.,
2020). Improvements in the ACS groups were detected in the subscores
of symptoms and sports in all articles and further enhancement on
subscores of daily and recreational activities were also found by two
authors (Hashemi et al., 2019; Hashemi et al., 2020). No significant
differences regarding the subscore of pain of the KOOS were identified.

The Knee Society Clinical Rating Scale (KSCRS) was only assigned by
Yang et al. (2008) which found a better outcome for knee function in
ACS treated patients, but no significant differences in the other com-
ponents of this scale.

Darabos et al. (2011) assessed ACS effects with the International
Knee Documentation Committee Score (IKDC) 2000 and identified an
enhancement in the ACS treated group, however differences were not
statistically significant (Darabos et al., 2011).

The Short Form-8 of Health-related Quality of Life (SF-8 HRQL) and
the Global Patient Assessment (GPA) were only employed by Baltzer
et al. (2009) which associated ACS treated patients with the largest
improvement in the SF-8 HRQL, in all of its dimensions, compared to
saline or HA. In addition, the GPA in this study showed that a higher
percentage of patients reported to be at least satisfied with the ACS
treatment.

3.1.2.3. Effusion. The level of effusion was evaluated in three equine
studies but results were not consistent (Frisbie et al., 2007; Schneider
and Veith, 2013; Marques-Smith et al., 2020). A significant improve-
ment of effusion in horses was reported 24 weeks after ACS treatment in
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a case series (Schneider and Veith, 2013), however, in another study,
designed as cohort, similar improvements could only be demonstrated in
8/20 horses in a shorter follow-up time (43 days) (Marques-Smith et al.,
2020). Furthermore, worsening of effusion was presented in one horse
and unchanged effusion level was found in the remaining animals of this
study. It is important to highlight that no control groups were included
in any of these investigations. Only the study performed by Frisbie et al.
(2007) managed to include a control group for comparison, and results
showed that there were no significant differences between ACS and sa-
line groups in the level of joint effusion over a 70-day period.

3.1.2.4. Synovial fluid content. The articular synovial fluid (SF) content
after ACS therapy was investigated in horses or humans in six studies
(Frisbie et al., 2007; Darabos et al., 2009; Rutgers et al., 2010; Darabos
etal., 2011; Tatarniuk, 2015; Lasarzik et al., 2018). Measured cytokines
and pro or anti-inflammatory biomarkers included: IL-1p, IL-4, IL-6, IL-
10, IL-13, IL-1Ra, IFN-a, OMS, OPG, TNF-«, PGEy, GAG, MMP-1, MMP-9,
MMP-13, TIMP-1, TIMP-2, TIMP-3, TIMP-4, CP II, CS 846 and C12C.

IL-1p was the most measured cytokine among studies and a signifi-
cant reduction of its SF concentrations after ACS treatment at 1-h, 4-h, 1-
, 6- and 10-days was found in three studies (Darabos et al., 2009; Dar-
abos et al., 2011; Lasarzik et al., 2018). Lasarzik et al. (2018) also found
significant decrease in the IL-1p SF concentrations 42 days after a 2-day
interval treatment protocol was applied in horses. This result was not the
same when a weekly treatment protocol was employed by the same
author. In contrast with these findings, Rutgers et al. (2010) and
Tatarniuk (2015) could not detect any significant difference in SF IL-1f
concentrations after ACS therapy when measurements were performed
at days 0, 3, 7, 10, 14 and 21 (in humans), and 0, 7, 14 and 21, (in
horses) respectively.

IL-1Ra SF concentrations were measured in three studies (Frisbie
et al., 2007; Tatarniuk, 2015; Lasarzik et al., 2018). Frisbie et al. (2007)
analyzed synovial fluid of horses between days 0 and 70 on a weekly
interval and found that IL-1Ra concentrations fluctuated between days
0 and 28, and then, significantly (P = 0.005) increased at days 35 and 70
compared to controls. Lasarzik et al. (2018) aimed to compare the usual
weekly ACS treatment protocol employed in horses with a 2-days in-
terval protocol and found that IL-1Ra concentrations were increased at 1
and 4 h after injections but tend to decrease back to baseline values at
48 h and 7 days after ACS application. For the weekly protocol, the IL-
1Ra concentrations showed no changes 42 days after treatment but
concentrations at the same timepoint within the 2-day treatment pro-
tocol showed a significant decrease of this cytokine comparing to
baseline values. Finally, Tatarniuk (2015) did not find any significant
increases in SF concentrations of IL-1Ra, at any timepoint up to 21 days
after ACS treatment in horses.

Only one study reported SF concentrations of OA biomarkers (CP II,
CS 846 and C12C) and no significant differences were found after ACS
treatment when the weekly-injection protocol was applied (Lasarzik
etal., 2018). Again, better results were found when the two-day interval
protocol was employed, which demonstrated a significant reduction of
these biomarkers 42 days after ACS injection.

In regard to the remaining proteins, no significant differences were
found after ACS therapy in any of the studies included in this systematic
review.

3.1.2.5. Proteomic analysis of synovial fluid. Proteomic analysis of the
synovial fluid of 10 osteoarthritic horses was performed in one study
before and at the last ACS injection (protocol of 4 injections, 7 to 10-days
intervals) (Chiaradia et al., 2012). It was found that results varied
among horses but ACS therapy showed a trend to decrease concentra-
tions of C4A, CE-D1, a2MG, CP, ST and APO-A1 out of the 17 deregu-
lated proteins found in osteoarthritic joints.

3.1.2.6. Diagnostic imaging. One study compared radiographic images
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before and after ACS and placebo were employed to treat experimentally
induced OA in horses (Frisbie et al., 2007). No significant changes were
found in the images 70 days following ACS therapy compared to
controls.

Darabos et al. (2011) evaluated tunnel widening in humans — a
common complication of anterior cruciate ligament reconstruction -
through CT scans of human patients at 1 day, 6- and 12-months
following surgery. Intra articular ACS was applied in these patients
because synovial fluid that reaches the bone tunnel increases cytokine
content within the knee joint, leading to a hostile environment which
could also induce osteolysis and tunnel widening (Darabos et al., 2011).
In such study, it was found that the tunnel widening in the ACS group
was significantly decreased (half size) compared to patients that
received placebo injections.

3.1.2.7. Histologic and macroscopic post-mortem evaluation of joints.
Macroscopic post-mortem evaluations of OA joints of horses were also
performed by Frisbie et al. (2007) 70 days after ACS therapy. It was
found that ACS treated joints had a better total score of cartilage erosion
and synovial membrane hemorrhage compared to placebo treated OA
joints, although these values were not statistically significant.

Following gross evaluation of joints, articular cartilage, synovial
membrane and joint capsule were harvested for histological examina-
tion in the same study (Frisbie et al., 2007). Significant improvements
were only found in the degree of intimal hyperplasia of synovial mem-
brane following ACS therapy. No significant changes were found in
articular cartilage morphologic variables.

3.1.2.8. Long-term effects. Among selected studies, two cohort aimed to
investigate the long-term effects of ACS treatment. The first article
investigated the ability of horses to return to performance after having
their distal interphalangeal joint treated with ACS (Warner et al., 2016).
In such study, only 8/26 horses were considered to have a successful
outcome and 4/26 had partial success of treatment in a 2-year follow-up.
Treatments were considered failures when horses became chronically
lame, had neurectomy or were euthanized due to its joint lesion. In-
formation about their performance level two years after treatments was
acquired through phone interviews with the owners of treated horses.
The second cohort study followed human patients that had previ-
ously participated in a clinical trial performed by Yang et al. (2008)
(Zarringam et al., 2018). In this cohort, the ability of ACS therapy in
preventing the need for surgical treatment in a 10-year period was
investigated. Information was obtained by phone, letters or through the
electronic health reports (EHR) and results showed that the ACS had no
surgery preventive effect compared to placebo. The authors further
suggest that it has no clinically relevant disease modifying effect.

3.1.2.9. Articular cartilage metabolism. In order to investigate the effects
of ACS in the articular cartilage metabolism, some in vitro studies
investigated GAG content and 3°SO, labeled GAG in media and cartilage
tissues — harvested from humans or horses — and treated with ACS and
compared results with controls, but no significant changes were
observed (Frisbie et al., 2007; Rutgers et al., 2010; Carlson et al., 2013;
Garbin, 2017).

3.1.2.10. Gene expression. Gene expression was measured in equine
chondrocytes pellets (Carlson et al., 2013), in cartilage explants (Garbin,
2017), in synovium explants (Garbin, 2017) and in co-cultures of
cartilage and synovium explants (Alvarez et al., 2020). Gene expression
was measured for IL-1p, IL-6, IL-8, IL-10, MMP-1, MMP-3, MMP-13,
ADAMTS-4, ADAMTS-5, COX-2, Collagen II, Aggrecan and TNF-a.

In equine chondrocytes pellets, no significant differences were found
for COX-2, collagen II, MMP-3 or Aggrecan expressions (Carlson et al.,
2013).

In equine cartilage explants, it was found a mild downregulation of
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ADAMTS-5 and ADAMTS-4 expression (less then 1-fold) comparing to
controls, considered not biologically relevant by the author (Garbin,
2017). Furthermore, the author found a substantial upregulation of
MMP-1 (up to 101-fold), a mild upregulation of COX-2 (less than 2-fold)
and IL-1p (less than 1-fold) expression in explants treated with ACS
compared to controls.

In synovium explants, no differences were found in gene expression
of IL-1p or COX-2 when comparing treated and untreated explants
(Garbin, 2017).

One study compared controls, triamcinolone (TA), autologous pro-
tein solution (APS) and ACS in co-cultures of equine synovium and
cartilage (Alvarez et al., 2020). When gene expression was measured, it
was found that ACS tend only to upregulated IL-10 in synovium and
regarding to cartilage tissue analysis, ACS induced a significant down-
regulation of IL-1f expression (10-fold greater than TA), reduced TNF-a
expression and showed trend to upregulate aggrecan (ACAN) and type II
collagen (COL2A1) but also ADAMTS-4 expression. In addition, authors
indicated that a treatment dose-effect was found with more concen-
trated solutions of ACS showing greater effects for TNF-a, ACAN,
COL2A1 and ADAMTS-4. This in vitro experiment was followed for 96 h
and inflammation was induced through IL-1f stimulation.

3.1.2.11. Total DNA content. Total DNA content of equine chondrocytes
pellets treated with ACS and control was measured in one study (Carlson
et al., 2013), however no significant difference was found between
groups.

3.1.2.12. Media content. Concentrations of IGF-I, IL-1Ra and MMP-3
activity in media were also measured by Carlson et al. (2013) for
equine chondrocytes pellets and results showed no significant differ-
ences between groups for MMP-3 activity, however, significant higher
concentrations of IGF-I and IL-1Ra were found in medium of ACS treated
pellets.

PGE; concentrations in media were measured in co-cultures of
equine synovium and cartilage by another author (Alvarez et al., 2020)
and results showed that PGE, concentrations reduced by 4.13-fold in
cultures treated with ACS.

3.1.2.13. Adverse events. The presence or absence of adverse events
after ACS intra-articular injections were observed in seven studies
(Frisbie et al., 2007; Weinberger, 2008; Yang et al., 2008; Baltzer et al.,
2009; Darabos et al., 2011; Schneider and Veith, 2013; Marques-Smith
et al., 2020). There were no adverse events in one experimental in vivo
study with 16 horses (Frisbie et al., 2007) and in one case series with 262
horses (Weinberger, 2008). In three studies, only mild to moderate re-
actions, as local pain or pressure sensations (receding within 48 h or
less) were observed in humans and horses (Baltzer et al., 2009; Darabos
et al., 2011; Schneider and Veith, 2013). Yang et al. (2008) reported a
total of 159 knee-related adverse events in a RCT with 167 human pa-
tients, in which most of them was also due to increase in knee pain.
These events included patients treated with both placebo or ACS and
distribution of adverse reactions was equal between groups. Only two
severe reactions were found in this study, both in the ACS group (one
septic arthritis — reaction was attributed to the procedure - and one se-
vere inflammation). One severe adverse effect was also observed by
Marques-Smith et al. (2020), where 1 out of the 20 included horses
developed septic arthritis.

3.2. ACS therapy in soft tissues

3.2.1. Studies' characteristics

A total of 9 included studies explored the advantages of ACS in-
jections in soft tissues, most of them, specifically in tendons. Only one
study included ligamental injuries (Schneider and Veith, 2013). There
were five experimental pre-clinical studies (Majewski et al., 2009;
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Table 2

Studies investigating ACS therapy in soft tissues (1/3).

Author/year Study Design  Population  Lesion Intervention Control/ Follow Blinding Hemoderivative Outcome Measurements Results Observations
Comparative up characteristics
Tendons exposed to ACS
Allogenic ACS - had greater expression of
Orthokine Pooled rat COL1AI gene, had greater
‘ . Experimental  Sprague Tendinopathy of ACS 3 inj. 24, 48, blood. incub. F(fr 9 h + Ir.nmunohls.tochemlst.ry, ) type 1 c.ollagen conter'lt,
Majewski R . Untreatedn 8 Outcome centrifuged 1 signif. biomechanical and histologic were thicker and regained
controlled in ~ Dawley rats  Achilles tendon and 72 hours post . . . . . . +
etal, 2009 . . =40 weeks  assessors  TGF- p1 levels, slightly evaluation, fluorometric assay stiffness and histologic
vivo n =80 experim. Induced op. n = 40 PR .. . .
1VEGEF levels, no (Lysil oxidase activity); maturity earlier.
changes in PDGF-BB Maximum load to failure
levels was not significantly
affected by ACS.
ACS 1bFGF significantly
after 8 weeks compared to
BMP-12n =15 Control All ic ACS - trol: d the BMP-12
. Experimental ~ Sprague Tendinopathy of " ontro oger{lc Immunohistochemical analysis: contro’s and the Short follow up;
Heisterbach i . TGF-p1 n =15 ACS group 8 Outcome  Orthokine Pooled rat . and TGF-f1 groups; .
. controlled in Dawley rats  Achilles tendon L. . . Gene expression for bFGF, BMP- . limited outcome +
etal., 2012 . 3inj 24 h-interval untreatedn =~ weeks assessors blood incub. For 9 h + Overall TGF-B1 expression
vivo n =60 experim. Induced N 12, VEGF and TGF-p1 . measurements;
n=15 =15 centrif. was 1 in the ACS group
compared to controls and
the TGF-p1 group.
GOLDIC 4 inj. Significant redt.lctwn of
Cartilage damage Aprox. 4 ml On Da lameness, effusion
8 g. . prox. y Lameness evaluation (AAEP score (osteoarthritis group), and
Horsesn = (OCD, OA, Arthritis) 7, the horses began . . X X
. . . . . system), swelling and/or effusion swelling (soft tissue lack of control
Schneider 36 lesions = n = 19 Soft tissue a strenuous Goldic according to . . o .
. . . . . 24 ) graded by 5-point scale (0 = not disorders group) within 2  group, different
and Veith, Case series 37 (one disorders exercise regimen X X manufacturer's . .
P Sl X weeks - present and 5 = severe swelling/ weeks of treatment was types of lesions
2013 horse (Sesamoidosis, five days per week guidelines . X
X - . .. effusion) before treatment and at found. Up to 3 and 6 included
bilateral) tendinosis, susp. Lig. for the remaining
week 1, 2, 3, 12 and 24. months after treatment,
Damage) n = 18 24 weeks of the
all horses were free of
study.
symptoms.
Studies investigating ACS therapy in soft tissues (2/3)
Author/ Study Design  Population Lesion Intervention Control/ Follow Blinding Hemoderivative Outcome Measurements Results Observations
year Comparative up characteristics
Lameness: all horses sound by D36
- ACS group showed a faster
improvement (D11); Signs of
inflammation: Swelling | by D50-
D78 and remained (ACS);
Single Control: single Autologous Irap-l(.) Clinical and B-MODE US Sensitivity and surface
. . . . Orthokine Incubation . temperature: | both groups by
Intralesional intralesional inj. Of examination (DO D11 D22 D36 .
Horsesn = Naturally R . . for 6-9 h; D22. B-MODE US: mean %T-lesion
Geburek . ACS injection saline 1-3 ml Patients . . D50 D78 D106 D134 D162 and L. .
15 (17 occurring . . 190 centrifugation at . . | and echogenicity 1 in ACS group.
etal., RCT . . 1-3ml according to size of and outc. . D190); Histologic and . . small n —+
lesioned forelimb SDFT . . days 4.000 rpm for 10 min . . Histology: more spindle shaped
2015 . according to lesion; n = 2 or Asses. . Immunohistochemical .
tendons) tendinopathy . . (universal 320 X tenocytes and more uniform cell
size of lesionn  untreated tendons n . . expression of collagen I and III . X
. centrifuge, Hettich, density on D36 and improvement
=10 limbs =5 ) (DO, D36 and D190) . -
Tuttlingen, Germany). of fibers organizations compared
to baseline on ACS group.
Immunohistochemistry: 1
collagen-I btw D36 - D190 in ACS
group - not changed in Control
group
X +

(continued on next page)
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Table 2 (continued)

Studies investigating ACS therapy in soft tissues (2/3)

Author/ Study Design  Population Lesion Intervention Control/ Follow Blinding Hemoderivative Outcome Measurements Results Observations
year Comparative up characteristics
[1 IL-1p in tissue was 2.5 | in ACS
group. ACS treated group showed
more visible healing patterns and
prevented the progression of
inflammation. In histological
exam, ACS group appeared better
structured, more properly
Tendi h IRAP® incub f bundl ith littl
. Experimental . endm‘opat Vo3 inj. ACS At 0 L RAP® incubated for IL-1p tissue []; histological arranged bundles with little
Pecinetal., controlled in Rabbits n = of Achilles h. 24 h and 48 h 3inj. PBSAtOh,24 4 aprox. 6 h and tendon healing assessment: ground substance and cellular
2017 . 26 tendon experim. hand48hn=13 weeks centrifugation at 3000 . . & . ? elements. Collagen fibers were
vivo n=13 . microscopic evaluation;
Induced rpm for 10 min more mature. A small number of
tenocytes with less pronounced
amount of extracellular matrix
mucopolysaccharides in the IRAP
group indicated rapid restoration
of certain parts of the tendon in
relation to the findings in the
control group.
All ic ACS - Al : histopathological
oger{lc cs Histopathological: Bonar and s grotlp . .1s opatno ogica
. Orthokine Blood . results significantly better on D15 -
. Tendinopathy .. . . Movin scales; . . small n; limited
Experimental ~ Sprague- . ACS 3inj.n=  Saline 3 inj. n = 20 collected from 5 . . and D30; Immunohistochemical
Geng et al., . of Achilles . . X Immunohistochemical: . outcome
N controlled in ~ Dawley rats . 20 appl. Times  appl. Times not 30days x different rats - donor . density of collagen-III reduced at
2018 . tendon experim. e e . staining of collagen-III; . . X measurements;
vivo n=45 not specified specified group Incub. time not . . . D30. Biomechanical: maximal
Induced . . Biomechanical test: tensile . . short follow-up
mentioned; centrif. At testin load to failure values higher at
3500 rpm for 10 min. 8 D15.
After 24 weeks of follow up, the
Betamethasone 3 Autologous EOT®II . . AVCSVg.roup exhibited a L
. Naturally AP . . . Shoulder pain - VAS and joint significantly better reduction in
Damjanov R 2 ml ACS 4 inj.  inj. Weekly Patients  syringe - Orthokine; . i
- RCT double Human n = occurring . . X function - CSS at weeks 0, 4 and pain (VAS) and greater
et al., . ; Weekly intervals + Saline 1 and outc. incubated for 7 h; . . . small n; +
blinded 32 Supraspinatus . .. weeks R 24 Safety of ACS over the 24  improvement in CSS function
2018 . intervals n = 16 inj. At the 4th week Asses. centrifuged (3000 xg) .
tendinopathy . weeks compared to the glucocorticoid/
n=16 for 10 min
placebo group. No adverse effects
in ACS group.
Studies investigating ACS therapy in soft tissues (3/3)
Author/  Study Design ~ Population  Lesion Intervention Control/ Follow Blinding Hemoderivative Outcome Measurements Results Observations
year Comparative  up characteristics
VISA-A-G scores: ACS group
significantly better after 6
months in VISA-A-G domain
o Clinical evaluation: VIsa-a  2tiVity- Signif. More
Chronic Achilles uestionnaire (pain, functional improvement in ACS group no true control
Tendinopathy (at . ACS — Orthokine Did not & . p ’ between timepoints: - VISA-A-G
Wehren . . Eccentric MRI . . . status and activity) Before group, short
Retrospective ~ Humann = least 6 weeks) ACS 3 inj. 7-days . . specified the incubation total score and VISA-A-G
etal, cohort stud 50 Confirmed b; interval n = 25 training for 3 months evaluation time or centrifugation treatment, after 6 weeks, 12 domain activity at 12 weeks vs follow-up, ACS
2019 Y Y - months n = 25 blinded 8 weeks and 6 months. MRI: y inj. Were not

clinical signs and
MRI

protocol

Before and 6 months after
treatment.

baseline and at 6 months vs
baseline; - VISA-A-G total score
and VISA-A-G domain of pain
and functional status comparing
12 weeks vs 6 weeks. ACS has
better outcome compared to

USG.

(continued on next page)
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1474 records identified
through database
search

!

1179 records excluded after
screening of titles and abstracts

!

295 records screened for
duplicates

!

126 full-text articles assessed
for eligibility

!

27 articles included in
qualitative synthesis

!

28 studies included in the
systematic review
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99 articles excluded for:

* Investigating ACS in other
tissues or disorders;

* Employing other sources of IL-
1Ra;

¢ Not including control groups in
human or pre-clinical studies;

* Insufficient blinding of
patients or personnel of
human studies.

1 article included in vivo and in
vitro ramifications and studies
were considered separated

Fig. 2. Flow diagram for identification of published studies (PRISMA 2009).
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Fig. 3. Risk of bias for included RCTs — articular tissue.

therapy, however, in this study no control group was included
(Schneider and Veith, 2013).

3.2.2.2. Patient reported outcome measurements (PROMs) in humans.

Employed PROMs in included human studies were specific to the
investigated lesions. Damjanov et al. (2018) found a significant greater
improvement in the VAS (Visual Analogue Scale) and in the CSS (Con-
stant Shoulder Score) compare to the usual treatment — betamethasone —
for supraspinatus tendinopathy, at 24 weeks after treatment. Accord-
ingly, significant superior results were found in the VISA-A-G score
(Victorian Institute of Sport Assessment-Achilles — German version)
when injuries in Achilles tendons were treated with ACS, in comparison
with eccentric training at 12 weeks and 6 months (Wehren et al., 2019).

3.2.2.3. Physical exam. Signs of inflammation such as elevated skin
temperature, local sensitivity to palpation and swelling of horses' ten-
dons were evaluated by Geburek et al. (2015) and despite both treat-
ment and control groups showed significant decrease of skin
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temperature and tendon sensitivity, ACS treated horses showed further
significant decrease of swelling while no changes were observed in
controls.

3.2.2.4. Diagnostic imaging. When evaluated with ultrasound imaging,
SDFTs of horses showed a significant decrease in percentage of the lesion
in the tendon by 190 days; and faster improvement in the total echo
score compared to controls by 22 to 78 days; however, no significant
changes in size of total cross-sectional area or total fiber alignment score
were found (Geburek et al., 2015).

MRI was employed to evaluate lesions in Achilles tendons of humans
in one study and no significant changes were found when comparing
groups treated with ACS and eccentric training on a 6 months follow-up
(Wehren et al., 2019).

3.2.2.5. Histological examination. Histological evaluation of treated
tendons was performed in one equine RCT and four in vivo experiments.
Overall, positive results were found in tendons treated with ACS,



P.K.A. Tokawa et al.

A clearly stated aim

Inclusion of consecutive patients

Prospective collection of data

Endpoints appropriate to the aim of the study
Unbiased assessment of the study endpoint
Follow-up period appropriate to the aim of the study
Loss to follow up less than 5%

Prospective calculation of the study size

An adequate control group

Contemporary groups

Baseline equivalence of groups

Adequate statistical analyses

TOTAL SCORE

Marques-Smith
etal. 2020

Research in Veterinary Science 146 (2022) 34-52

Chiardia et al.

Zarringam et al.
2012

2018
Warner et al.
2016
Tatarniuk
Schneider &
Veith 2013
Weinberger
2008

2015

~ 0000000

~ 0000000
00000000
0000000
~ 0000000
0000000

NA NA | NA | NA | NA | NA
NA NA | NA | NA | NA | NA
NA NA | NA | NA | NA | NA
NA NA | NA | NA | NA | NA

Fig. 4. Risk of bias for included observational studies — articular tissue.

showing faster healing process and better organization of tissue when
compared to controls (saline injections or untreated tendons) (Majewski
et al., 2009; Geburek et al., 2015; Pecin et al., 2017; Geng et al., 2018).
Conversely, one recent published study comparing ACS with controls
and PRP showed that no significant differences were found between the
control and ACS groups while PRP demonstrated consistently superior
scores of histological examination (Geng et al., 2020).

3.2.2.6. Immunohistochemistry. Immunohistochemical analysis was
performed by Majewski et al. (2009) to detect collagen III content. The
study showed that in the ACS treated rats, there was a decrease in its
content by approximately one third compared to controls. In study
performed by Heisterbach et al. (2012), ACS treated tendons showed an
increase in gene expression of bFGF, BMP-12 and TGF-f1 and Geburek
et al. (2015) found increased collagen-I content in tendons of horses
treated with ACS injections.

3.2.2.7. Fluorometric assay. No changes were observed by Majewski
et al. (2009) when fluorometric assay was employed to measure lysyl
oxidase activity in tendons of rats.

3.2.2.8. IL-1p content in tissue. A significant reduction in IL-1f con-
centration (2.5 times lower) was found in tendons of rabbits treated with
ACS compared to control (Pecin et al., 2017).

3.2.2.9. Biomechanical analysis. Analysis of maximum load to failure
were performed in three studies (Majewski et al., 2009; Geng et al.,
2018; Geng et al., 2020). The study of Genc et al. (2018) improvements
in treated rats compared to controls were only found at day 15, with no
changes on day 30 of the follow-up. The same follow-up time was
employed by Genc et al. (2020) with no changes being observed at any
timepoint. In agreement, Majewski et al. (2009) investigated maximum
load to failure through 8 weeks and no changes were found in ACS
treated group compared to control group.

3.2.2.10. Adverse events. Adverse events were described in humans,
horses, or rats as not present or only mild (local pain for few hours)
(Schneider and Veith, 2013; Geburek et al., 2015; Damjanov et al., 2018;
Wehren et al., 2019).
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4. Discussion

Regenerative therapies and the use of blood-derived products have
become popular treatment options for musculoskeletal disorders in
human and equine species. The ACS therapy has earned its place within
the range of available options for tissue healing in orthopedic lesions
despite the diversity of results in the available literature (Chevalier,
2010; Fox and Stephens, 2010; Malemud, 2010; Burnouf et al., 2013;
Gross and Hoffmann, 2013; Wehling et al., 2017; Bogers, 2018; Ortved,
2018).

This review aimed to present available information of ACS effec-
tiveness in joints, tendons and ligaments. It encompassed 28 pieces and
different study designs were included due to the scarce published data
on the subject - mainly among equine studies - and aimed to gather a
more comprehensive amount of information about the topic. The het-
erogenicity in studies' designs was taken into consideration in the
appraisal of each paper and studies were rated accordingly, as having
high, unclear or low risk of bias. No correlation between the studies' risk
of bias and their results regarding ACS effects was observed in overall
results. The RoB Cochrane tool showed that most of the RCTs included in
this review were classified as unclear risk with bias arising manly from
randomization process or due to deviations from the intended inter-
vention, while the MINORs tool demonstrated a high risk of bias of
included observational studies, in which fails could arise mainly due to
biased assessment of the study endpoint.

The analysis of studies' characteristics demonstrated that in-
vestigations in horses involved usually only small samples compared to
included studies with humans, different etiologies of lesions and a range
variety of follow-up time, hampering comparisons of results. In addition,
these studies usually did not include control groups. In humans, char-
acteristics were more homogeneous which is explained by the stricter
criteria applied when selecting studies of this species as a greater
amount of higher quality evidence was available.

ACS was usually acquired through similar commercial kits or
methods. However, changes in the usual 24 h of incubation period could
be noted. In studies investigating ACS in articular tissues, employed time
for incubation was mostly 24 h or “according to manufactures in-
structions” with only four studies presenting shorter periods. Three of
them, were not able to identify changes in results when ACS was
employed (Rutgers et al., 2010; Tatarniuk, 2015; Garbin, 2017) while
the one which described the most appropriate time (22-24 h)
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demonstrated partially positive results (Marques-Smith et al., 2020). In
studies investigating ACS in soft tissues, on the other hand, 6-9 h was the
most employed period for incubation and all of the studies that
described this period for ACS preparation managed to acquire positive
results. Incubation time was proven to be one of the key factors in the
induction of IL-1ra synthesis, and the increase in IL-1ra concentration
occurred in a time-dependent manner, even in the absence of the glass
beads, in commercial serum glass tubes or plastic tubes with Z Serum
Clot Activator (Hraha et al., 2011; Ascurra et al., 2019). The preconized
incubation period of blood to effectively produce maximal amounts of
the IL-1ra in the ACS is 24-h (Meijer et al., 2003). However, incubation
periods ranging from 6 to 9 h are also recommended by the manufac-
turer depending on the chosen product (EOT®II-syringe and Orthoki-
ne®vet IRAP10) (Arbel, 2017), nonetheless, there are no available
studies that explain the recommendation of this shorter period for
incubation.

Clinical effects of ACS were mostly measured through subjective, yet
well accepted methods, such as subjective scoring of lameness or local
effusion/swelling in horses or employment of PROMs in humans. In
horses, majority of studies agreed that improvements in lameness could
be observed after ACS treatment (Frisbie et al., 2007; Weinberger, 2008;
Schneider and Veith, 2013; Geburek et al., 2015; Marques-Smith et al.,
2020). Most of them were rated as high risk of bias, however, in a better
designed in vivo controlled study performed by Frisbie et al. (2007),
equivalent results were found. Only one study could not demonstrate
improvements in lameness of horses but this finding could be attributed
to the shorter follow-up time of the investigation or the shorter incu-
bation period for ACS preparation (Tatarniuk, 2015). Conclusions about
articular effusion, on the other hand, are difficult to be made as results
were not unanimous (Frisbie et al., 2007; Schneider and Veith, 2013;
Marques-Smith et al., 2020), and despite inflammation of tendons
treated with ACS seems to present faster improvement in sensibility and
temperature along with decrease in swelling, there are not enough
studies performing such evaluations to allow a definitive verdict
(Geburek et al., 2015). In humans, PROMs mostly indicate — at low risk
of bias - some improvements in pain and function after ACS therapy.
Enhancements, at least in the absolute values, or displays of significant
superiority within at least of some of the subscores of employed PROMs
were observed in all studies, agreeing with clinical improvements found
in horses.

The results of SF analysis were conflicting regarding the concentra-
tions of IL-1f and its antagonist after ACS treatment. Concentrations of
IL-1B seems to decrease shortly after injections but not all studies could
demonstrate this effect (Darabos et al., 2009; Rutgers et al., 2010;
Darabos et al., 2011; Tatarniuk, 2015; Lasarzik et al., 2018). In addition,
although elevated levels of IL-1Ra are thought to play the major role in
the ACS mechanism of action, increases in its concentrations in the SF
after ACS injection were not consistently detected in all included articles
(Rutgers et al., 2010; Tatarniuk, 2015). A significant increase in IL-1Ra
levels in the SF of horses was found by two authors only, in different
timepoints (Frisbie et al., 2007; Lasarzik et al. (2018). Lasarzik et al.
(2018), have found increases in concentrations of this protein in the SF
of horses only a few hours after each ACS application despite the follow-
up of 42 days. The authors suggested that the half-life of the induced
increase of this cytokine by the ACS would last less than 48 h in the
articular environment. This could explain the unchanged levels of SF IL-
1Ra concentrations found in other experiments in which different
timepoints for SF analysis were employed. On the other hand, Frisbie
et al. (2007) found increases in the IL-1Ra concentrations at the 4th
injection of ACS at day 35, which remained high weeks later (at day 70),
suggesting that ACS treatment could have some effect on the stimulation
of the endogenous production of IL-1Ra. The findings of Frisbie et al.
(2007) and Lasarzik et al. (2018) reflect the diversity of results that are
available in the literature and cast doubt about the actual mechanism of
action and the role of the IL-1Ra in ACS therapy.

The eventual participation of molecules other than IL-1ra in the
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observed effects of ACS has been described. Conditioning of blood for
ACS acquisition also results in synthesis of other anti-inflammatory cy-
tokines that may be beneficial for tissues, such as IL-4 and IL-10 (Meijer
et al., 2003; Hraha et al., 2011; Textor et al., 2011). Interleukin-10, for
example, is considered an antioxidant and a potent anti-inflammatory
cytokine (Dokka et al., 2001; Haddad and Fahlman, 2002; Adib-Con-
quy and Cavaillon, 2009) with several potential therapeutic indications
(Opal and DePalo, 2000). These cytokines can contribute to the positive
results observed when ACS is administered but adopted outcome mea-
sures are not specifically selected to detect their presence or effects.

Positive effects of ACS administration on protein profile regarding
inflammatory state, coagulation pathways, oxidative stress, and matrix
damage were revealed by proteomic analysis of SF from OA equine
joints (Chiaradia et al., 2012). The reduction of oxidative burst gener-
ated in inflammatory processes could, therefore, contribute to the clin-
ical improvements described in clinical trials. Brossi et al. (2012)
investigated the antioxidant effects of blood-products on equine syno-
vial fluid cells in vitro. In such study, the authors were able to demon-
strate a markedly reduction of free radicals generated by synovial
leukocytes, restoring the redox equilibrium of these cells. The delete-
rious effects of reactive oxygen species on cartilage homeostasis and
joint inflammation have already been demonstrated (Henrotin et al.,
2003).

Effects of ACS were also investigated through diagnostic imaging
tools in some studies (Frisbie et al., 2007; Darabos et al., 2011; Geburek
et al., 2015; Wehren et al., 2019) but conclusions could not be drawn as
each of them employed a different type of equipment for different le-
sions, and so further studies including these evaluations should be
conducted in the future to allow proper analysis.

Likewise, post-mortem macroscopic evaluation and histology of joint
tissues were only performed by one author, which found a tendency of
improvement in cartilage and synovial membrane macroscopic scores
and a significant decrease of synovial membrane intimal hyperplasia in
ACS treated joints. However, once again, no conclusions can be drawn
due to scarcity of studies evaluating such characteristics in joints (Fris-
bie et al., 2007).

Histologic evaluation of tendons, on the other hand, were much
employed in studies investigating ACS effects. Four out of five studies —
most of them designed as controlled in vivo experiments - could
demonstrate that ACS treated subjects showed significant improvements
in quality of tissue healing and a faster evolution compared to controls
(Majewski et al., 2009; Geburek et al., 2015; Pecin et al., 2017; Geng
etal., 2018). Only one study could not demonstrate equal findings (Genc¢
et al., 2020). In such study, a comparison was also made with a PRP
treated group which showed superior (p < 0.05) results over both ACS
(p > 0.05) and controls at Bonar's and Movin's Scales which evaluate
respectively: abnormalities in tenocytes, ground substance, collagen and
vascularity; and abnormalities in fiber structure, fiber arrangement,
rounding of the nuclei, regional variations in cellularity, increased
vascularity, decreased collagen stainability, hyalinization and GAG
content. PRP has been widely used as treatment for tendinopathies and
its superiority over control groups was recently shown in a systematic
review (Miller et al., 2017). However, ACS has also shown encouraging
results, with improvements in histologic and immunohistochemistry
tests and reduction of IL-1 content in treated tendons, therefore, further
studies comparing these therapies should be performed in the future
(Majewski et al., 2009; Heisterbach et al., 2012; Geburek et al., 2015;
Pecin et al., 2017).

In vitro studies were mainly performed with articular tissues, inves-
tigating articular cartilage metabolism, gene expression, DNA content
and media content of biomarkers (Rutgers et al., 2010; Carlson et al.,
2013; Garbin, 2017; Alvarez et al., 2020). The results were not able to
consistently demonstrate beneficial properties of ACS as shown by
outcomes from clinical trials, case series or in vivo studies. This may
suggest that the in vitro scenario has, so far, failed in reproducing the
pathways responsible for ACS' effects observed clinically and that it may
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Fig. 5. Risk of bias for RCTs (A) and observational studies (B) — soft tissues.

acts through mechanisms or in tissues different from the ones investi-
gated in these particular experiments. For instance, ACS had no effects
on cartilage metabolism (Rutgers et al., 2010; Carlson et al., 2013;
Garbin, 2017) which lead us to speculate that other tissues could be the
primary target for ACS actions in articular lesions. The synovial mem-
brane, for instance, has been recognized as a potent source on inflam-
matory mediators and proteolytic enzymes that fuel the cycle of
deleterious intra-articular events leading to cartilage damage (Sutton
et al., 2009). Reduction in synovial membrane intimal hyperplasia was
found by Frisbie et al. (2007) in ACS treated OA joints and as synovitis
has been implicated to play an important role in osteoarthritis, synovial
tissues could be important targets for the treatment of this condition
(Attur et al., 2010; Sellam and Berenbaum, 2010). Another hypothesis is
that failure to observe positive effects on cartilage after ACS treatment
can be explained by the short follow-up period employed in in vitro
studies. Given the slow metabolic rate of this tissue, maybe a longer-
term evaluation would be necessary to demonstrate beneficial effects
on cartilage structure.

Studies that aimed to investigate the clinical effects at a long-term
basis were much limited. One study with human subjects concluded
that the term of “disease modifying drug” couldn't be employed for ACS
therapy, as it wasn't able to prevent the need for future surgery in KOA
patients on a 10-year basis (Zarringam et al., 2018). Their results and
graphs, however, also demonstrate that the ACS group could indeed
show a better cumulative survival in a shorter follow-up time (5 years),
but this was not discussed by the authors. In addition, patients were
aware of their treatment (placebo x control) which could lead placebo
treated patients to search for other IA treatments during the follow-up
period leading to bias on the results. In horses, a long-term investiga-
tion was conducted to verify if treated patients had a successful outcome
up to 2 years after treatment. The conclusion was that no long-term
positive effects were present in the majority of horses (Warner et al.,
2016).

Regarding ACS safety, adverse events after its injection were mostly
temporary and considered as mild and moderated. Severe reactions,
such as infections, were scarce and in general, associated with the pro-
cedure of the injection and not with the ACS product, meaning that it is
safe to use it in joints or tendons (Frisbie et al., 2007; Weinberger, 2008;
Yang et al., 2008; Baltzer et al., 2009; Darabos et al., 2011; Schneider
and Veith, 2013; Geburek et al., 2015; Damjanov et al., 2018; Wehren
et al., 2019; Marques-Smith et al., 2020).
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5. Conclusion

Clinical improvements were observed in the majority of studies in
both humans and horses, but not in the in vitro scenario. However,
available information from RCTs and observational studies presented
together mostly an unclear to high risk of bias, with only a few being
considered of low risk.

The use of ACS in the treatment of musculoskeletal lesions, although
safe, promising and appealing, still cannot be recommended without due
caution in face of the observed inconsistencies. This review highlights
the need for well-designed studies, which would prevent a high risk of
bias in its construction and avoid the association of results to a low
evidence level.
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