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Abstract Gota:  Go to

The purpose of the present study was to investigate the effect of intra-anticular injections of autologous
conditioned serum on human hip osteoarthritis and to test whether a potential treatment effect might be
increased by additional injections of steroids and the recombinant interleukin-1 receptor antagonist
protein anakinra. We compared the effects of autologous conditioned serum 46 hip osteoarthritis
patients), autologous conditioned scrum+cortisone (56 paticnts), and autologous conditioned
serum+cortisone+recombinant interleukin-1 receptor antagonist protein (17 patients) in a retrospective
elinical study by means of the Visual Analogue Scale for pain (pre- vs posttreatment). Over 14 months,
treatmient resulted in a large, statistically significant improvement for patients in all three groups,
independent of the severity of osteoanthritis. Meither cortisone nor corfisone+recombinant interleukin- |
receplor antagonist protein increased the beneficial treatment effect over and above the effect of
autologous conditioned serum alone. Autologous conditioned serum successfully reduces pain in hip
osteoarthritis. In severe hip osteoanthritis, the sole application of autologous conditioned serum can be
even more beneficial than the combination of autologous conditioned serum with steroids.

Key words: autologous conditioned serum, recombinant IL-1 receptor antagonist protein, hip
osteoarthritis

Introduction Golo:  Golo

Dsteoarthritis (OA) 15 one of the most common chronic conditions, particularly in elderly populations.
Leading as it dees to pain and loss of function, OA drastically reduces patients” ability to work and
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their Quality of Life. Hip OA is the second most frequent type of OA affecting large joints and
prevalence estimates vary from 3-11% of adults.®

Pharmacological therapies for OA used to be restricted to the symptomatic use of analgesics, non-
steroidal anti-inflammatory drugs (NSAIDs), and intra-articular injections of steroids or hyaluronic
acid (HA)L To date, discase-modifying effects of steroids have only been demonstrated in animal and
in im witre studies, but not et clinically in human in vive studies. The clinical use of steroids in hip
OA, therefore, remains controversial: cortisone injections are said to be short-acting, prone to potential
adverse effects, and the level of evidence regarding their disease-modifying efficacy is low. 2 Nor has
the initial hope for a causal clinical effect of intra-articular HA injections been fulfilled. Most studies
investigating the efficacy of HA injections in human hip OA are methodologically flawed. When
compared to placebo control groups, HA does not significantly improve outcome, and little is known
ahout long-term effects 22 Thus, there is still 2 need for a non-invasive, disease-modifying therapy of
DA in general, and hip OA in |:|zu'ti.-|:1.1li|r.z'E

In OA, the destruction of hyaline cartilage constitutes the central pathological mechanism causing
viarious mechanical and biological dvsfunctions within the joint. OF the cytokines identified in
ostecarthritic joints, interleukin-1 (1L-1) appears to be of particular importance. Accordingly, the IL-1
receptor antagonist protein (IRAF), a naturally occurring inhibitor of [L-1, has been reported to limit
the intra-articular damage associated with IL-1.1% In animal models, many researchers have succeeded

in positively modifying the osteoarthritic discase process by effectively antagonising -1 eu

Autologous conditioned serum (ACS) is an example of a presumably disease-modifying treatment for
O based on antagonising the imra-articular effects of 1L-1 L Currently, Orthokin® (Orthogen,
Diksseldorf, Germany) and Onoccomed™ (Plasmaconcept AG, Bonn, Germany) are the only two
commercially available ACS producis, Both Orthokin® and Onoccomed”™ are prepared from venots
whole blood incubated in the presence of glass spheres to initiate monocyte activation. The resulting
conditioned serum contains elevated levels of various anti-inflammatory cytokines, such as IRAP, IL-4
and 1L-10145L3 A frer initial scepticism and the positive outcome of an animal model, 1412 recent
prospective randomized controlled double-blind trials have provided first evidence in human samples
demonstrating that Crthokin® is more effective than placebo and/or HA for the treatment of knee

oA Lit

One problem associated with ACS, however, is that it contains a combination of cytokines and growth
factors, and their respective contributions to the clinical effects remain to be unraveled. "= Some
authors, therefore, suggested antagonising selected cytokines, such as [L-1, individually in order to
study their individual and unique contribution to the disease modification process. For example, the
recombinant IRAP (rIRAP) anakinra is already in use for the evidence-based treatment of rheumatoid
arthritis {RA )51 1n addition, rIRAP has proved its efficacy as a treatment option in an animal OA
model: first results in human knee OA and in patients with erosive hand 0A, 1240 55 well as in
patients with acute anterior cruciate ligament tear, have also been promising.? However, not all of the
OA results are fully convinging;: the presumably low concentration of rIRAP, due to its short half-kife,
has been discussed as one potential explanation for the fact that it sometimes fails to be an effective
clinical treatment in human OA, as the concentration of (r)IRAP scems crucial for a clinically relevant
treatment effect 24L Published studies agree that the concentration of IRAP must greatly exceed the
concentration of IL-1 for it to effectively block the available IL-1 receptors and hence the effects
triggered by 1L-1.2- One possible way to increase the concentration of (r)IRAP (and thus presumably
the antagonism of 1L-1) would be the combined application of different 1L-1 antagonists, including
those which on their own might be ineffective clinically or less effective.
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To the best of our knowledge, the combined effect of an intra-articular application of ACS {Orthokin®™
or Onoccomed ™) and FIRAP or cortisone has not yet been investigated, either in animals or humans.

Aim of the study

Since the few previous human ACS studies were restricted to knee OA, we conducted the first ¢linical
study to retrospectively investigate the effect of intra-articular ACS injections on hip OA. If ACS
proved effective, we would then examine whether the reatment ¢ffect might be enhanced by the
additional intraarticular application of cortisone and rIRAP.

Materials and Methods Gole  Goto

Study design and population

Data collection and treaiment took place at an orthopedic center. In order to be able to assess the
overall efficacy of ACS, and that of cortisone and rfIRAP over and above ACS, we conducted a

retrospective, clinical, nen-blinded and non-randomized intervention study with a modified dismantling
dﬂsign.n

Inclusion criteria were age over 30 years and clinical evidence of hip OA as judged by the treating
physician and defined both by the presence of typical symptoms, such as Efiu and disability, and by
radiographic evidence of OA, i.e. Kellgren/Lawrene (KJ/L) hip grade 2-4.% Patients with active
infection, clinically relevant hematologic or abnormal clinical chemistry values, bone cancer,
metasiasis of wmorlike lesions in immediate proximity to the ireated hip, and poor general health were
excluded. All investigations were conducted in conformity with the ethical standards laid down in the
1975 Declaranon of Helsinki (as revised in 2008), the ethics review board of the Centre for Molecular
Orthepaedics, Dilsseldorf, Germany, approved the study and its subsequent publication. Participation
was voluntary and informed consent for participation in the study was obtained.

A total of 119 patients (150 hips) were assigned to one of the three treatment groups based on the
treating physician’s clinical judgement. There was no placebo control group, such as saline injection.
The treating physician also performed the interventions on his respective patients. All patients
completed the Visual Analogue Scale (VAS) for pain, 2 which ranges from 0 (no pain) o 10 (most
severe pain}, before the first injection was administered (pre-treaiment VAS) and again 14.35£0.60
months after the last injection {post-treatment VAS). No patient dropped out or underweni surgery
while enrolled in the study.

Interventions

o produce ACS, 50 mL of whole blood were taken from each patient using a special syninge with
increased internal surface area (Orthogen, Dilsseldorf, Germany); 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, the serum supematant was filtered (0.22 mm; Millipere, Carrigtwohill, Co. Cork, Ireland)
and aliquoted into 6-8.2 mL portions. The aliquots were stored at -20°C until use.

The rIRAP was generated by diluting commercially available anakinra (Kineret™) and aliquoting it into
portions of 0.2 mg each. Triamcinolone (Triam 10 Lichtenstein™) was used as a cortisone derivative,
The following 3 groups of patients were studied:

i. autologous conditioned serum (ACS): in 46 patients (62 hips), a total of 5.9420.03 injections of 2
mL of ACS each were administerad;
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i. ACS+cortisone {ACS+C): 56 patients (71 hips) received 5.70:0.08 injections of 2 mL ACS, and
1.94+0.15 injections of 10mg of Triamcinolone each;
iii. ACS+conisone+rIRAP (ACS+C+rIRAP): 17 patients {17 hips) were given 5.88+0.19 injections
of 2 mL ACS, 2.88£0.32 injections of 10 mg of Triamcinolone, and 3532026 injections of 0.2
mg rlIRAP each.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) 17.0 was used for data analysis. Means and
standard errors of the mean are reported as M2SE.

Group differences regarding continuous variables were assessed by one-way between-subjects analyses
of variance (ANOVAS), with Bonferroni-corrected pairwise post hoe comparisons; ;:2 {Fisher's exact)
tests were used for dichotomous variables, The association between VAS scores and K/L hip grade (2-
3 mild vz 4 severe OA) was 1ested by biserial correlation coefficients (ry). Pearson’s comrelation
coefficient {r) was computed to relate pretreatment to post-treatment VAS values, Differences between
pre- and post-treatment VAS scores were tested with one-way withinsubjects ANOVAs for each group
scparately,

In order to evaluate potentially differential treatment effects despite the lack of randomization, 3
safeguards were applied. First, success rates {responders) were compared, os indicated by VAS pain
reduction of at least 20%, =2 using Fisher’s exact tests. Second, the interaction between intervention and
the change in VAS score over time was analyzed in a mixed-design ANOVA. Third, an analysis of
covariance (ANCOVA) was conducted with pretreatment VAS values as a covanate, thus allowing us
to examine the treatment effect adjusting for the (potentially unequal) pretreatment VAS values. In all
tests, P<0.05 was considered statistically significant.

As the computation of P values alone is not fully informative, particularly when samples are very small
or large, Cohen’s method was adopted to additionally determine the power ( 1-f3) and effect sizes.“'&
using the freely available G*Power 3 prﬂgram.u Following Cohen's cntena for the interpretation of
effect sizes, in AN{C)OVAS |'Lz=:[l.14 indicates a large effect, n_z'zﬂ.ﬂﬁ a moderate oneg, and rﬁau.m a
small effect. In Fisher's exact tests, the measure of efTect size 154 with®0.50 a large, ©0.30 a moderate,
and#0.10 a small effect. The comelation coefficients + and #” are themselves measures of effect size,
with #720.50 a large, r*>0.30 a moderate, and #*>0.10 a small effect. With regard to power, 1-8>0.80 is
considered large.

Results Golo: Goto

Patients’ characteristics

There was no significant difference between groups with regard to age, gender, OA localization or
severity, or average total number of ACS injections administered (all P values >0.05). Significant
differences were, however, observed in the average number of cortisone injections, the percentage of
patients with a hip prosthesis, and in the pre- and postirestment VAS scores,

Patients in the ACS+C+IRAP group were administered more cortisone injections (2.8820.32) than
those in the ACS+C group (1.94+0.15), but the difference was only moderate (P=0.01, :1_2=D.EIE:I. The
percentage of patients with a hip prosthesis was significantly larger in the two groups receiving
additionul cortisone injections (ACS+C 31.0%, ACS+C+rlRAP 47.1%), than in the ACS group (6.5%),
but this difference was not large (P=<0.001, w=0.34). The pre-treatment and post-treatment VAS scores
of ACS patients (5.50+0.30 vy 2.5840.26) were significantly lower than for the ACS+C panhients (pre-
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ireatment 6.9740.22, P<0.001, n’=0.09; posi-treatment 3.91£0,31, P<0.01, n?=0.07), The effect sizes in
both cases were moderate {Table 1).

Table 1.

Demographics and interventional characteristics in the Autologous Conditioned Serum (ACS),
ACS+Cortisone (ACS+C), and ACS+C+recombinant [L-1 receptor antagonist protein

(ACS+C=rIRAP) groups.
Characteristic | Total | ACS | ACS+C | ACSsCrIRAP | P Effect | power

(=150} | {n=62) (n=T1) {n=17) size | (1P
¥y o208 | 6152 |6304=1-1.14| 60125228 | 037 | 001 | 0.18 -

071 | =091 i)
Gender | 77 | 0 | 41 | 6@s3% | 021 | o4 | om
{fermale) (51.3%) | (4B.4%) | {o}
Hip DA 67 W | TR | 60S3%) | 062 | 008 | 013
localization | {(44.7%) | (48.4%) | )
(left) ' '
Hipprosthesls | 34 | 46.5%) | 2OL0W) | B@LI%) | <0001 | 034 | 09 _
fyes) (22.7%) w)
[ Gavere OA s | 16 | W@ | sEL%) 0o | 0.8 | 049 |
(KL hip (36.0%) | (25.8%) i )
graie: 4) | |
ACS injoctions | S52:005 | 5.5440.03 | ST0:008 | SS0.19 | 006 | 004 | 059

{l.zi' B
Contisone ; s 19415 | 21882032 | <001 | 008 | 078 | ACSeC:
injections l"l:]I
e 1 2 1 = | = | s2m02 | - | - ===
injections . .
brreament | 6275015 | 5505030 | 697:022 | 622:060 |<oo0l| 009 | 093 |  AC
VAS . @)
omeament | 3254020 | 2585026 | 3912031 | 290:053 | <001 | 007 | 085 |  AcC
VAS | i)
. o ! "
s i

N, number of hips; OA, osteoanthritis; VAS, Visual Analogue Scale ((=no pain, I=most severe pain}. The
figures represent either M#SE or absolute frequencies (%%). For continuous variables, P values were calculated by
onc-way between-subjects analyses of variance with the effect size n2 (20.14= lasge, =0.06=maderate,

0. =small} and Bonferroni-cormected post hac tesis. For dichotomous variables, P values were calculsied by
Fisher's exact tests with the effect size wiz=0,50=large, 0. 3=modsrate, =0.10=small), Powes =0.80=large.
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Overall treatment effects

Pre- and post-treatment VAS values were positively correlated {r=0.36, P<0.001), Pretreatment VAS
scores comrelated with K/L hip grade Ir‘!’llll‘i'. P=0.01), whereas the comrelation between post-ireatment
seore and K/L grade failed to attain significance (*"=0.11, P=0.09, 1-p=0.38), The differences between
pre- and post-treamment VAS values were highly significant in all groups (all P<0.001}, with very large
effects (all qu‘s well over 0.14), i.e. all three interventions effectively reduced pain (Figure 1),
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Eigure |,

Mean pre- and post-ieatment Visual Analogue Scale-scores in the Autalogous Conditioned Serum (ACS),
ALSHComisone (ACS+C), and ACS+HCortisone* recombinnnt IL-1 receplor mmlagoni pirobein
(ACSHTrIRAP) groaps. N, number of hips: VAS, Visal Analopue Scale (=m0 pain, |0=most severe
paind. Eror bars indicate standard errors of mean (SEL P valises were calcilaled by one-way within-
subjects analyses of variance (ANOVA) with the effect size 7 (70, 14=large, 70.06=moderate, ?

(] =spmaall)

The same pattern of results emerged when the analyses where conducted separately for patients with
mild (n=96 hips) and severe OA (n=54 hips), indicating that the ¢ffects reperted above were valid
independently of OA severity (Figure 2).
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Figure 3.

Menn pre- and post-treatment Visual Analogue S¢ale seorcs i the fuelogous Conditioned Serum (ACE),
ACSCortisone [ACS+C), and ACS+Cortisone+recombinant [L-1 receplor intagonist proten
(ACSHC+rIRAP) groups as a function of the Kellgren Lawrence (k/L) hip grade, OA, osteoarthintis,
Mild=K/L hip grade 2-3; Severe=K/L hip grade 4: N=number of hips: N=number of hips; VAS=Visual
Analogie Scale (0=no pain, [0=most severe pain), Error bars indscute standard errors of mean (SE). P
values were calculated by one-way w ihir-subjects analyses of vansndee [AMOVAS) with the effect sme r|:

i), 14=large. =0.06=moderate, =0.01-small)

Differential reatment effects

We tested for differential treatment effects by comparing success rates (percentage of responders)
across treatment groups. Overall, patients reported pain reduction in 119 of 150 hips (79.3%). There
was no significant difference in success rates, which varied between 73.2% (ACS+C) and 94.1%
{ACS+C+rIRAP), across interventions (P=0.14, w=0.17, 1= f=0.45). Separate analyses for patients
with mild OA (overall success rate 77.1%, range 73.2-10004) and severe OA (overall 83.3%, range
73.3-100%) showed similar results, i.e. high overall pain reduction with no significant differences
between interventions (LTable 2).

Table 2.

Success rales in the Autologous Conditioned Serum (ACS), ACS +Cortisone (ACS+C), and
ACS+C+recombinant IL-1 receptor antagonist protein (ACS+C+rIRAP) groups.

Tatal Mild (A Severe CMA
vl | N=150 | 119(19.3%) | N96 | 74 (T7.1%) | N=S4 | 45 (83.3%)
ACS T Ne62 | 81 (823%) | N-46 | 38 (76.1%) | Nel6 | 16(100%)
ACSYC | NeTI | 520732%) | Nedl | 30(73.2%) E;Jﬂ--i 22 (73.3%)

ACS+CHIRAP - N=1T | 16(9.1%) | N=9 | 2(100%) | N=8 T{B7.5%)

P | 0.14 027 | 1.5
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Total | Mild DA Severe OA
Effect size (o) | 017 | 0.18 0,30
Power (1-f) 045 033 | 048

N, number of hips; OA, Osteoarthritis; Mild. Kellgren/Lawrence (K1) hip grade 2-3; Severe=K/L hip grade 4;
WAS, Visual Analogue Scale (0=no pain, 10=maos! severe pain).

Buccess was defined by VAS pain reduction, Le. 8 positive difference between o patient's pre- and post-treatment
VAS score, of at least 20%, The figures represent absolute frequencies (%), P values were calculated by Fisher's
exact bests with the effect size w{>0,50=large, =0.30=moderate, 200, [ O=small). Power =), 80=Large,

This pattern of results was confirmed by a mixed-design ANOVA. Treatment did not interact
significantly with changes in the VAS score over time, either overall (P=0.86, n°<0.01, 1-p=0.07} or in
patients with mild OA (P=0.57, n*=0.01, 1- B=0.14) or severe OA (P=0.31, i’=0.04, 1- j=0.25).

In order 10 determine differential treatment effects most direetly, an ANCOVA was caleulated using
pre-treatment VAS scores as a covariate.

This test compares posi-treatment scores after controlling for the significantly different pretreatment
scores (Table 3). Adjusted mean postireatment VAS scores did not vary across treatments, either overall
(P=0.09, n*=0.03, 1-B=0.49) or in patients with mild OA (P=0.81, n><0.01, 1-4=0.08), In patients with
seviere OA, however, there was a significant difference (P<0.05, r|F=H. 12): ACS patients (2.54+0.54)
reported significantly less pain than ACS+C patients (4.3 120.40), but neither group (i.e. ACS and
ACS+C) differed significantly from ACS+C+rIRAP patients (3.09£0,75),

Tabie 3.

Mean post-treatrment Visual Analogue Scale (VAS) scores in the Autologous Conditioned
Serum (ACS), ACS+Cortisone (ACS+C), and ACS+C4recombinant IL-1 receptor antagonist
protein (ACS+C+rIRAP) groups after controlling for the pre-treatment VAS scores,

Total Post | MUdOA | Post | SevereOA | Posthoc
. B . |
verall N=150 | 3.1520,22 N=96 | 31.0520.30 | | o34 | 3.314033 |
ACS | Ne62 | 2834029 TH-H.lMtIJJd-! [ Nws | 2502054 |
ACS'C | NeTI | 3704027 Nedl|3234036|  |Ne30 4314040 |
_.a;{:S+E+rIMF! N=17 | 2.92+0.54 | | N9 3012076 | Nes | 3095075
p | o | - st - .'H=5-li. 0,05 ACS
| <ACSHT
Effect size (n) | | o } <001 0.12 g
Power(IB) | | 049 | oo || | o |
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N, number of hips; OA, osteoarthritis; Mild, Keligron/Lawrence (K/L) hip grade 2-3; Severe, KL hip grade 4,
VAS, Visual Analogue Scale (0-no pain, 10=most severe pain). The figures represen MeSE, P values were
caleulated by analysis of covariance using the pre-trearment VAS scores as 8 covamate with the effect size i
{20, 14=large, =0.D6=moderate, >0.01=small) and Banferroni-corrected post hoc tests, Power =0,80=large.

Discussion Goto: Goto

The present study demonstrates for the first time in the literature that the intra-articular injection of
ACS is an effective treatment for hip OA, both alone and combined with other treatments. Patienis in
all intervention groups (ACS, ACS+C, ACS+C+rIRAP) reported a large, statistically significant
reduction in pain. In addition, VAS scores correlated with K/L grade only prior to treatment; after
weatment, this correlation was smaller and nonsignificant. As a result of treatment, objective
degeneration (as indicated by K/L grade) no longer significantly predicted patients” subjective pain
perception (and vice versa). Interestingly, subgroup analyses showed that these effects were valid not
only for mild OA, but also for severe OA. This pattern of results implies that even patients who could
previously be helped only with endoprothetic surgery can benefit from a far less invasive, potentially
disease-modifying treatment that can possibly prevent, or at least delay, surgery.

Apart from the overall and severity-independent positive effect of ACS, the second main finding is that
additional injections of steroids or steroids and rIRAP did not enhance the beneficial effect of ACS.
There was neither a significant interaction between pain reduction over time and intervention, nor a
relevant difference between post-treatment scores across interventions after controlling for the
(numerically different) pre-treatment VAS scores. According to one analysis in patients with severe
OA, the application of ACS alone was even moderately more effective than combining ACS with
cortisone. Apparently, the combination of IL-1 antagonists does not climically increase the positive
effects of IL-1 antagonism. On the contrary, adding further agents, such as corlisone, may even reduce
treatment success under certain circumstances, such as in severe OA eventually caused by blocking the
local immune response by administering comisone.

Attention must be drawn 1o some limitations of the present non-blinded and non-randomized study in
werms of conclusions for clinical practice. 1) Most importantly, treatment ¢ffects as measured by the
VAS for pain were neither placebo-controlled nor blinded. Itis well known, however, that pain is an
inherently subjective phenomenon that can be influenced by many factors, including, among others, the
evaluation of the observer. 28 Research efforts have repeatedly shown that even supposedly established
surgical procedures can sometimes tum out to be placebos. As early as 1959, Cobb e al =2
demonstrated that the ligation of the intemal thoracic artery for the treatment of angina wis no more
effective than placebo surgery with regard to patients’ subjective improvement, reduction n
nitroglycerin use, and increase in exercise tolerance. In patients with knee OA, Moseley et al 2 found
that neither arthroscopic débridement nor arthroscopic lavage was superior to placebo surgery with
regard to knee pain or function. Nevertheless, there is reason to believe that our present results do not
constitute pure placebo effects: first, pain reduction was not only statistically significant. but was also
very Ism.-gf:.:E Second, the large reduction in pain scores (almost 50%) and the high percentage of
responders (almost 80%) across treatments exceed the average placebo effects typically reported in hip
OA patients of approximately 30% (pain reduction) and 33% tr:spn-ndm}.m ii) Despite our attempls
to compensate for the lack of randomization by companng success rates, analyzing interaction effects,
and controlling for the significantly different pre-treatment scorcs, the treatment groups were nol
completely comparable, e.g. concerning the average number of cortisone injections or the percentage of
patients with a hip prosthesis. Such problems can always eccur in & clinical, retrospective design,
thereby limiting the generalizability of its results. iii) Due 1o the limited sample size, the statistical
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power was not large in some instances. iv) Although we observed no adverse effects in the course of
approximately 14 months of treatment, future studies should use longer and/or additional follow- up
intervals in order to assess long-term cffects maore precisely. Finally, v) ideally, outcome measurcs arc
multimodal, whereas we have focused here on the subjective VAS scores. It seems desirable to extend
the assessment of treatment success to other measures of patients’ Quality of Life and to complement
these self-reports with additional clinical and objective data,

Conclusions Goto: Golw

The present exploratory, yet promising results on the efficacy of ACS in hip OA require and warrant
replication in larger, prospective, randomized, placebo-controlled, clinical trials, as already reported for
ACS in knee OA 112 Since the clinical potential of cortisone in OA therapy scems exhausted, both as a
single agent and in combination with other treatment options as in our study (where it was more likely
10 deteriorate ouicome than to improve it),2 future research should focus on the remaining allegedly
disease-modifying agents, rfIRAP and ACS. We used riIRAP anly in combination with ACS and
comtisone due to its hitherto unproven clinical efficacy as a single agent in heman OA.L Our results thus
cannot allow for any final assessment of rIRAP. On a positive note, rIRAP may have mitigated the
negative effects of cortisune in patients with severe OA. To overcome the problem of low therapeutic
drug levels presumably responsible for the previous clinical failures of riIRAF as a single OA drug,
alternative and possibly more effective methods of application might be considered, 1 for example, the
gene therapeutic use of viral vectors, This approach proved quite successful in the treatment of bath
RA and OA in pre-clinical and animal studies, B2 but its clinical progress has slackened despite its
initial success &2 Regarding ACS, a direct comparison of the two commercially available ACS
products, Orthokin® versus Onoccomed™, would appear to be worthwhile investigating in future
rescarch,
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