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Evaluation of the autologous conditioned serum in the treatment of

osteoarthritis

Osteoartrit tedavisinde otolog zenginlestirilmis serumun degerlendirilmesi

Bekir Eray Kiling !, Yunus O¢ ?

Abstract

Aim: The present study was a retrospective study aiming to determine the effect of the autologous conditioned
serum (ACS) on osteoarthritis (OA); we made this analysis by injecting it to a symmetrically involved knee.
Methods: The present study comprised 33 patients (19 females, 14 males) with 66 knees and a mean age of
57.6+£8.21 (range: 41-70). The patients included in the study had radiologically verified bilateral grade 2-3 OA
of the knee according to Kellgren-Lawrence classification. Secondary arthritis, inflammatory joint diseases,
clinically relevant hematologic or abnormal clinical chemistry values, joint instability, intra-articular
corticosteroid injection within the previous 6 months, history of diabetes mellitus and body mass index greater
than 30 kg/m2 were the exclusion criteria. Patients who had VVAS difference more than 2 points between their
knees were excluded from the study. ACS was injected twice a week for a total of 6 times in both knee joints for
3 weeks. The patients were analyzed with the Visual Analog Scale (VAS) (no pain was graded 0 and maximal
pain was graded 10), the Knee Injury and Osteoarthritis Score (KOOS) (scoring ranges between 0 and 100. 0
indicates abnormally high level of knee problems, while 100 indicates a healthy knee with no problems) and the
Knee Society Score (KSS) (Of the maximum 100 points, a possible 50 points are assigned to pain, 25 points to
stability, and 25 points for range of motion) before the administration of the first injection and again 1 year after
the last injection.

Results: The pre-treatment and 1-year follow-up VAS values of the patients were 7.36+0.93 (range: 5-9) and
3.27+1.23 (range: 1-6), respectively. ACS treatment showed a statistically significant decrease in VAS score (p
<0.01). Pre-treatment and 1-year follow-up KOOS values of the patients were 42.39+13.38 (range: 21-65) and
72.36+8.81 (range: 54-92), respectively. There was a statistically significant increase in the KOOS values of the
patients (p <0.01). The pre-treatment and 1-year follow-up KSS values of the patients were 42.79+10.26 (range:
14-61) and 70.6149.32 (range: 49-84), respectively. There was a statistically significant increase in the KSS
values of the patients (p <0.01).

Conclusion: Use of intra-articular injection of ACS in patients with painful OA leads to significant
improvements in pain severity, KOOS and KSS scores. In the light of these findings, ACS treatment may be
considered as an effective and safe alternative treatment method in osteoarthritis.
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Oz

Amag: Caligmamizda retrospektif olarak otolog zenginlestirilmis serum (OZS) tedavisinin osteoartritteki
etkisinin bilateral diz enjeksiyonu ile degerlendirilmesi amaglanmustir.

Yontemler: Calismamiza yas ortalamasi 57.6 + 8.21 yil (41-70) olan 33 hasta (19 kadin, 14 erkek) 66 diz dahil
edilmistir. Calismamiza katilan hastalarin diz osteoartritleri Kellgren-Lawrence siniflamasma gore bilateral
olarak evre 2-3 idi. Sekonder artrit, enflamatuar eklem hastaliklari, klinik olarak ilgili hematolojik veya anormal
klinik kimya degerleri, eklem instabilitesi, son 6 ay igerisinde eklem i¢i kortikosteroid enjeksiyonu uygulanan,
diabetes mellitus oykiisii, 30 kg/m2'dan biiyiik viicut kitle indeksi mevcut olan hastalar ¢alismadan diglandi. Her
iki diz arasindaki VAS farklilig1 2 puandan fazla olan hastalar galismadan gikarildi. Ug hafta boyunca haftada iki
kez toplamda 6 kez her iki diz eklem i¢ine OZS enjekte edildi. Hastalar VAS agr1 skorlamasi (hi¢ agri olmamasi
0 olarak ve maksimum agri 10 olarak derecelendirildi), Diz Yaralanmasi ve Osteoartirit Skalasi (DYOS)
(puanlama 0 ile 100 arasinda degismektedir. 0 anormal derecede yiiksek diz problemleri gosterirken, 100
problemsiz saglikli bir diz gostermektedir) ve Diz Cemiyeti Skorlamasi (DCS) (Maksimum 100 puan olan skala
agriya 50, stabiliteye 25 ve eklem hareket agikligina 25 puan atanir) skalalart ile ilk enjeksiyon oncesi ve son
enjeksiyondan 1 y1l sonra degerlendirildi.

Bulgular: Hastalarin tedavi oncesi ve 1. yil takip VAS degerleri sirasi ile 7.36+0.93 (aralik: 5-9) ve 3.27+1.23
(aralik: 1-6) idi. OZS tedavisi VAS skorunda istatistiksel olarak anlamli diisme gostermistir (p<0.01). Hastalarin
tedavi 6ncesi ve 1. yil takip DYOS toplam degerleri sirasi ile 42.39+13.38 (aralik: 21-65) ve 72.36+8.81 (aralik:
54-92) idi. Hastalarin DYOS total skorunda istatistiksel olarak anlamli yiikselme saptanmistir (p<0.01).
Hastalarin tedavi oncesi ve 1. yil takip DCS degerleri siras: ile 42.79+10.26 (aralik: 14-61) ve 70.61+9.32
(aralik: 49-84) idi. Hastalarin DCS degerlerinde istatistiksel olarak anlamli yiikselme saptanmistir (p<0.01).
Sonug: Agrili diz osteoartriti olan hastalarda inra-artikiiler OZS kullanimi agr1 siddeti, DYOS ve DCS skorlar1
agisindan anlamli iyilesmelere yol agmaktadir. Bu bulgular 1s18inda, OZS tedavisi osteoartritte etkili ve giivenli
bir alternatif bir tedavi yontemi olarak degerlendirilebilir.
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Introduction

Osteoarthritis (OA) is the most important cause of
locomotor disability in Western societies and a major issue on
their healthcare systems [1, 2]. It is a progressive and chronic
condition leading to pain and loss of function that dramatically
reduces patients’ quality of life and ability to work. It is the most
common type and encountered in 6% of adults, with a prevalence
reaching up to 40% in advanced age cases (>70 years) [3]. The
management of the knee OA begins with conservative treatment
such as physical therapy, exercise, weight loss and medications.
Pharmacologic treatment options for OA used to be restricted to
the symptomatic use of analgesics, non-steroidal anti-
inflammatory drugs (NSAIDs) and the intra-articular injection of
steroids or hyaluronan (HA) [4]. Intra-articular HA is commonly
used as a safe, off-the shelf treatment for OA of the knee, but its
efficacy is controversial. There is a pressing need for novel,
improved, mechanism-based agents for treating OA. Surgical
intervention can be indicated for patients with advanced OA [5].

In OA, the destruction of hyaline cartilage constitutes
the central pathological mechanism causing various mechanical
and biological dysfunctions within the joint. Of the cytokines
identified in osteoarthritic joints, interleukin-1 (IL-1) appears to
be of particular importance. Accordingly, the IL-1 receptor
antagonist protein (IRAP), a naturally occurring inhibitor of IL-
1, has been reported to limit the intra-articular damage associated
with IL-1 [4, 5]. In animal models, many researchers have
succeeded in positively modifying the osteoarthritic disease
process by effectively antagonizing IL-1 [4-7]. Autologous
conditioned serum (ACS) is an example of a presumably disease-
modifying treatment for OA based on antagonizing the intra-
articular effects of IL-1 [6, 7]. The resulting conditioned serum
contains elevated levels of various anti-inflammatory cytokines,
such as IRAP, IL-4 and IL-10 [4, 7, 8]. Several investigators
have reported effectiveness of IL-1Ra in a pilot human study
when delivered by intraarticular injection in a canine model of
OA [9, 10]. After the initial skepticism, the positive outcome of
an animal model and of recent prospective randomized
controlled double-blind trials have provided the first evidence
demonstrating that ACS is more effective in human samples than
placebo and/or HA for the treatment of knee OA [4, 11-14].

The present study was a retrospective study aiming to
determine the effect of ACS on OA; we made this analysis by
injecting it to symmetrically involved knee.

Material and methods

With written informed patient consent, 33 (19 females,
14 males) patients not older than 70 years and with 66 knees
were included in the study. Data collection and treatment took
place at a single institution. The study was conducted in
accordance with the Declaration of Helsinki. Approval for our
study was obtained from the institutional review board. This
study was based on a retrospective evaluation of one year follow-
up findings of patients treated for osteoarthritis.

Patient selection

All patients presented to orthopedic outpatient clinic
with bilateral knee pain score equal or more than 4 points of 0-10
Visual Analog Scale (VAS) on the day of the examination.
Patients were included to the study to have radiological verified
bilateral grade 2-3 OA of the knee according to Kellgren-
Lawrence classification [15]. All patients in this study had
dissatisfaction with previous attempts at conservative treatment
including non-steroidal anti-inflammatory drugs.

No patient dropped out or underwent surgery while
enrolled in the study. Secondary arthritis, grade IV OA, systemic
or inflammatory joint diseases, a history of a crystalline
arthropathy, clinically relevant hematologic or abnormal clinical
chemistry values, bone cancer, and metastasis or tumor-like
lesions in immediate proximity to the treated joint, joint
instability, intra-articular corticosteroid injection within the
previous 6 months, history of diabetes mellitus, recent history of
trauma to the knee and BMI (kg/m2) greater than 30 were the
exclusion criteria. Patients were also excluded if they had
contraindication to injection, such as infection, anticoagulation
therapy, allergy or hypersensitivity, to any of the study
medications. Patients using systemic corticosteroids were also
excluded. Patients who had a VAS difference of more than 2
points between their knees were excluded from the study.

Outcome Measurements

All patients were analyzed for pain with the visual
analog scale (VAS), Knee Injury and Osteoarthritis Score
(KOOS) and Knee Society Score (KSS) before the
administration of the first injection (pre-treatment) and again 1
year after the last injection (post-treatment). VAS was used to
measure knee pain during the last week at rest and during daily
activities. No pain was graded 0 and maximal pain was graded
10 on a 100-mm scale. KOOS is a specific scale used in
evaluating knee functions and knee-related quality of life. It is
composed of five subscales as pain, patient’s perception for other
symptoms, daily life, sports and recreational activities. Scoring
ranges between 0 and 100. 0 indicates abnormally high level of
knee problems, while 100 indicates a healthy knee with no
problems [16]. KSS includes three main constructs: pain, knee
stability, and range of motion (ROM). Of the maximum 100
points, a possible 50 points are assigned to pain, 25 points to
stability, and 25 points for ROM [17].

ACS preparation

To produce ACS, 50 mL of whole blood were taken
from each patient using a special syringe with increased internal
surface area; glass beads in the syringes increase the non-
pyrogenic surface area and induce the dose-dependent
production of IRAP (among others) by white blood cells in
whole blood incubated at 37°C. After incubation, the blood-filled
syringes were centrifuged, and the serum supernatant was
filtered (0.22 mm; Millipore, Carrigtwohill, Co. Cork, Ireland)
and aliquoted into 6-8.2 mL portions. The aliquots were stored at
-20°C until use. A randomization procedure was followed to
assign each compound to the right or the left knee.

Administration of injection

One orthopedic surgeon in one center applied all the
injections. Patients were placed in sitting position with 90
degrees of knee flexion. Lateral approach to the knee was
selected. The skin of the injection site was cleaned with
povidone-iodine solution. No anesthetic was administered before
injection. ACS was injected twice a week for a total of 6 times in
both knee joints for 3 weeks. The patient was sent home after
injection. Limited movement was allowed for 24 hours, and
resting was recommended in case of pain. The patient was
recommended not to receive NSAIDs nor to apply local ice for a
week after injection in order not to reduce the efficacy of ACS.
In addition, an exercise program was given to the patients, and

performing normal daily activities when tolerable was
recommended.

Another surgeon who was not aware of the study design
performed the clinical evaluation. Clinical data were
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retrospectively collected from the patients’ files and reported on
a case report form before analysis. Patients underwent clinical
evaluation before the injection and at the 1st year follow-up.
VAS, KOOS and KSS scores were compared before the
treatment and at the 1-year follow-up. The possible
complications and side effects were also evaluated in each visit.

Statistical Analysis

Statistical analysis was performed using NCSS
(Number Cruncher Statistical System) 2007 (Kaysville, Utah,
USA). Descriptive statistics are expressed as number and
percentage for categorical variables and as mean, standard
deviation, median, minimum and maximum for numerical
variables. . Paired Samples T-Test was used to compare KOSS
and KSS scores before the treatment and at the 1-year follow-up.
Non-parametric Wilcoxon Signed Ranks Test was used to
compare VAS scores before the treatment and at the 1-year
follow-up. p<0.01 was considered statistically significant.

Results

The present study comprised 33 patients (19 females, 14
males) with 66 knees and a mean age of 57.6+£8.21 (range: 41-
70); general characteristics of the patients are demonstrated in
Table 1. Before the first admission, the mean VAS score was
7.36+0.93 (range: 5-9). After treatment at the 1-year follow-up
time the mean VAS score was 3.27+1.23 (range: 1-6). The
change in VAS scores before and after treatment was statistically
significant. Treatment with ACS consistently showed significant
decrease in VAS (p<0.01) (Figure 1, Table 2).

Table 1. Demographic changes of patients

Range Mean£SD
Age (year) 41-70 57.66+8.21
n %
Gender Female 19 57.6
Male 14 42.4
100
90 -
80 *
70
60 -
50
40 -

Post | Pre | Post

Figure 1. Before the treatment and at the 1-year follow-up of KOSS
changes.

Pre-treatment and 1-year follow-up values of KOOS
were 42.39+13.38 (range: 21-65) and 72.36+8.81 (range: 54-92),
respectively. ACS resulted in significantly greater improvement
over the 1-year period bilaterally. When asked to rate their health
in retrospect using the test, the patients reported a significant
improvement in KOOS (sub-scores and total) 1 year after ACS
treatment (p<0.01). Patients rated their initial health (all
outcomes of KOSS) as lower than how they had rated it before
the actual ACS treatment (Figure 1, Table 2).

Autologous conditioned serum and osteoarthritis

By the end of the study, there was a significant
improvement in the KSS over time. Pre-treatment and 1-year
follow-up values of KSS were 42.79+10.26 (range: 14-61) and
70.61+£9.32 (range: 49-84), respectively. Increase in KSS score
from baseline to post-treatment 1 year was significant (p<0.01)
(Figure 1, Table 2).

Table 2. Before the treatment and at the 1-year follow-up scores of the
patients.

Min-Max Mean£SD p

KOOS stiffness Before 18-78 44.67+£18.09 0.001
1 year 39-100 72.85+13.35

KOQS pain Before 17-75 45.30+14.90  0.001
1 year 56-94 74.21£10.36

KOOS function Before 18-87 44.30+16.80  0.001

daily 1 year 53-95 72.82+10.20

KOOS function Before 10-65 31.82+14.94 0.001

activity 1 year 30-85 66.15+£13.39

KOQOS life quality Before 12-75 34.21+13.96  0.001
1 year 56-92 72.85+10.17

KOOS total Before 21-65 42.39+13.38  0.001
1 year 54-92 72.36+8.81

VAS Before 5-9 7.36+0.93 0.001
1 year 1-6 3.27+1.23

KSS Before 14-61 42.79+10.26  0.001
1 year 49-84 70.61+£9.32

KOOS: Knee Injury and Osteoarthritis Score, VAS: Visual Analog
Scale, KSS:Knee Society Score.

No intraarticular injection-related major complications
such as infection, deep venous thrombosis, muscular atrophy was
detected in any of the patients over the course of the treatments.
We had no complication after injections.

Discussion

OA is accompanied by a number of mechanical and
biologic dysfunctions within the joint, the central pathologic
feature being the destruction of hyaline cartilage. Of the
catabolic cytokines identified in osteoarthritic joints, IL-1, the
most potent known mediator of cartilage loss [16-18], appears
pivotal. The naturally occurring inhibitor of IL-1, the IL-1
receptor antagonist (IL-1Ra), could potentially limit the intra-
articular actions of IL-1 and thereby control the disease process
[19, 20].

IL1b is a pivotal mediator of many inflammatory and
regenerative diseases, including OA, rheumatoid arthritis (RA)
and spinal disorders. Strategies for inhibiting the biological
activities of IL-1b include the use of the recombinant IL-1
receptor agonist, soluble forms of IL-1 receptors and anti-
inflammatory cytokines such as IL-4, IL-10 and IL-13, which
inhibit the synthesis of IL-1 and/or increase the synthesis of IL-
1Ra. A biologic therapeutic preparation known as ACS has been
developed and used clinically in orthopedic patients suffering
from OA, RA and spinal disorders. ACS is prepared from
peripheral whole blood. Briefly, blood is drawn into a syringe
containing treated glass beads with CrSO4 to initiate monocyte
activation [21, 22].

ACS was developed in the mid-1990s in an attempt to
generate an injectable material enriched in endogenous IL-1Ra as
a novel therapeutic for OA. Meijer et al. noted that exposure of
blood to glass beads elicits a vigorous and rapid increase in the
synthesis of several anti-inflammatory cytokines, including IL-
1Ra. This observation is the basis for producing ACS, which is
injected into the affected joint in a series of six intra-articular
injections given twice a week for 3 weeks. This therapy is
currently available for humans in several countries, and its use is
even more widespread for equine OA, where ACS considerably
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improves clinical lameness in horses and may protect cartilage
from degradation [23]. In our study, treatment with ACS
produced a rapid decline in pain, accompanied by a large
improvement in ROM. These results suggest that ACS is a valid
option for the treatment of OA.

Injections of intra-articular therapies directly into the
joint evade conservative obstacles to joint entry, rise
bioavailability and minor systemic toxicity. Current progresses in
osteoarthritis management have designed better diversity of
treatment approaches. Based on novel opinions, an innovative
therapy by ACS from the whole blood was settled. The
inoculation of ACS into tissues has revealed clinical efficacy for
the treatment of osteoarthritis and muscle injuries [6]. Our data
show that ACS is safe and has a therapeutic effect on the major
clinical parameters of painful knee OA. ACS resulted in
significantly greater improvement over the 1-year period.
Furthermore, patients treated with ACS consistently showed
significantly higher improvements in terms of the pre-treatment
parameters. Remarkably, the therapeutic effect persists for at
least 1 year.

The ACS production process has been shown to
reproducibly elevate IL-1Ra and other factors, although the
mechanisms by which the effects are mediated are not fully
understood [22, 24]. The multitude of synergistic and active
therapeutic molecules may explain the observed clinical effect,
but its long-term persistence is more difficult to explain. One
possibility may be that the therapeutic molecules help re-
establish a healthy joint homeostasis [25-29]. Given the
favorable safety profile, reduction in pain and enhanced quality
of life experienced by patients enrolled in this joint health
program, ACS has the potential to offer an alternative,
chondroprotective, natural, molecular approach to treating pain
and functionality in patients with mild, moderate or severe knee
osteoarthritis [29-31]. In terms of our experience, intra-articular
injection of ACS in patients with painful knee OA has a safe
profile and results in a strong clinical response. The data shows
that ACS represents an effective and well-tolerated alternative to
the currently predominant treatments of OA.

In summary, based on our clinical trial results, intra-
articular ACS reduces pain and increases function and mobility
for up to one year. It can be considered as clinically safe because
of its autologous origin. No clinically serious side effects were
observed in the ACS group during the observation period.

We have some limitations in our study. Firstly, the
retrospective design of the study was the main limitation, and
also we included patients with wide range of age distribution.
However, we included similar grade of knee osteoarthritis and
we treated our patients with same method. Our study may guide
further studies when evaluating the effect of ACS in
osteoarthritis treatment and relation the clinical outcomes.

In conclusion, the ACS is effective for the treatment of
patients with low- to medium-grade painful knee OA. Although
this study supports the use of ACS in mid-stage painful OA of
the knee, we are aware of its shortcomings. We only treated
patients with grade 2-3 OA of the knee according to Kellgren-
Lawrence classification; so the results cannot necessarily be
generalized to all OA patients.
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