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Abstract Go to:

Knee osteoarthritis is the most common degenerative disease of the joints caused by articular cartilage
injury, degradation of the joint edge and subchondral bone hyperplasia. Various treatments are used to
alleviate the symptoms of patients with knee osteoarthritis, including analgesics and intra-articular
injections. Platelet-rich plasma (PRP) is an autologous and multifunctional platelet concentrate of the
blood, which stimulates the cartilage healing process and improves the damage caused by articular
disease. Hyaluronic acid (HA) is an effective treatment for patients with knee osteoarthritis. In the
current study, the effectiveness of PRP and HA combination therapy administered via intra-articular
injections for patients with knee osteoarthritis was analyzed. A total of 360 patients with knee
osteoarthritis were randomized into four different treatment groups as follows: Double-blind treatment
with PRP (2-14 ml); double-blind treatment with HA (0.1-0.3 mg); combination therapy of PRP and
HA; and placebo groups. Following treatment, all patients were evaluated using the Western Ontario
and McMaster Universities Arthritis Index (WOMAC) and Common Toxicity Criteria. The most
common treatment-emergent adverse events were hypertension and proteinuria. The current study
demonstrated that PRP and HA treatment significantly improved arthralgia, and PRP treatment was
determined to be significantly more effective than HA treatment using the WOMAC pain score
(P<0.05). PRP and HA combination treatment significantly improved arthralgia, reduced humoral and
cellular immune responses and promoted angiogenesis, which improved the patients' histological
parameters compared with PRP or HA treatment alone. These results suggested that PRP and HA
combination treatment may be a potential treatment option for patients with knee osteoarthritis in the
future.
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Introduction Go to:

Osteoarthritis is a degenerative disease with clinical manifestations, including joint pain, tenderness,
stiffness, joint swelling, restricted movement and joint deformities (1). In recent years, the incidence of
osteoarthritis has increased and presents as a serious threat to human health and quality of life (2—4).
The causes of osteoarthritis are complex, therefore it is difficult to develop a comprehensive
classification system and its pathogenesis remains unclear (5). Osteoarthritis is divided into primary
and secondary osteoarthritis depending on the presence of local and systemic risk factors, including



high bone mass and metabolic disorders (6). It is frequently diagnosed in the clinic as rheumatoid
arthritis and ankylosing spondylitis (7). Previous studies have demonstrated that rheumatoid arthritis is
the most common manifestation of osteoarthritis in patients; however, an effective treatment strategy
for rheumatoid arthritis remains unknown (8,9). Thus, further investigations into efficient treatments
for osteoarthritis with minimal side effects are required.

Platelet-rich plasma (PRP) is a multifunctional platelet concentrate of the blood that may be used for
the treatment of the manifestations of osteoarthritis, including osteonecrosis of the femoral head,
cartilage injury and rheumatoid arthritis (10). It has been demonstrated previously that PRP improves
the repair of articular cartilage injury in patients with joint disease by removing harmful inflammation
factors (11). It was also demonstrated that PRP reduces the level of inflammatory factor synovial fluid
in theumatoid arthritis without exhibiting side effects (12). Treatment-emergent adverse events of PRP
have not been previously reported. The isolation of PRP, including blood product rich in cytokines,
growth factors and other bio-active molecules from autologous peripheral blood mononuclear cells, is
an efficient and innovative treatment strategy (13). Furthermore, Sadabad et al (14) investigated the
efficiency of PRP vs. hyaluronic acid (HA) for the treatment of knee osteoarthritis and Khoshbin et a/
(15) conducted a systematic review of PRP as a therapeutic intervention in the management of
symptomatic knee osteoarthritis. These reports demonstrated that intravenous injection of PRP repaired
the damage to the tendon and articular bone and reduced inflammation, which may serve a key
function in maintaining the morphology, collagen microarchitecture and mechanical properties of the
injected vein.

HA is a high molecular weight glucosamine (5-7x10° kD) synthesized by chondrocytes, fibroblasts
and synoviocytes (16). It is responsible for viscoelasticity and lubricance in the synovial fluid and
extracellular matrix (17). It has been demonstrated that there is a higher concentration of HA (2.5-4.0
mg/ml) in the synovial fluid, while there is a decreased concentration level in patients with
osteoarthritis (18). Therefore, the concentration of HA is an indicator of the prognosis of patients with
osteoarthritis. The efficacy of HA treatment in improving osteoarthritis symptoms has been widely
studied and the clinical outcomes for patients with osteoarthritis are positive (19-21).

The current study investigated the efficacy and outcomes of PRP and HA combination treatment in
patients with knee osteoarthritis aged 22—68 years. The clinical data demonstrated that intra-articular
injections of PRP were more successful in recovering articular function, alleviating symptoms and
reducing arthralgia and body pain compared with HA treatment. PRP and HA combination treatment
significantly improved arthralgia, reduced humoral and cellular immune responses and promoted
angiogenesis, which led to an improvement in histological parameters, compared with PRP or HA
injections alone. These results suggest that PRP and HA serve a critical therapeutic role in knee
osteoarthritis progression and highlights their potential for the treatment of knee osteoarthritis in the
future.

Materials and methods Go to:

Patients Patients with knee osteoarthritis (age, 22—72 years; 170 females and 190 males) with a
Karnofsky performance status of >80% (patients have difficulty walking by themselves and have knee
pain) (22) were randomly divided into four groups and once-weekly, double-blind trials were
conducted in Xi'an Jiangtong University College of Medicine (Xi'an, China). The inclusion/exclusion
criteria, and allocation method are described in previously published studies (23,24). Patients with knee
osteoarthritis received PRP (2, 4, 8, 10, 12 and 14 ml, Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany), HA (0.10, 0.15, 0.20, 0.25 and 0.30 mg, Sigma-Aldrich; Merck KGaA), combination
treatment or placebo (normal saline, Sigma-Aldrich; Merck KGaA) through intralesional injections as
referenced previously (23). The current phase-I1I study (XAJT006999781) was carried out in strict



accordance with the recommendations in the Guide for Xi'an Jiangtong University College of Medicine
between February 2009 and October 2014 (25). All patients were required to review trial protocols,
amendments and provide informed consent. Ethical approval was granted by the Ethics Committee of
Xi'an Jiangtong University College of Medicine (24).

Study design The double-blind study was carried out in three phases: Baseline stage, the double-blind
treatment phase (4-week dose-titration treatment, PRP, 2, 4, 8, 10, 12 and 14 ml, HA, 0.10, 0.15, 0.20,
0.25 and 0.30 mg) and 52-week post-treatment (PRP, 8ml, HA, 0.2 mg) for patients with knee
osteoarthritis who volunteered to complete the ongoing extension study. Patients were randomly sorted
into groups where they underwent once-weekly, double-blind treatment with HA (n=88), PRP (n=104),
combination therapy of HA and PRP (n=96) or a placebo (n=72). Patients with knee osteoarthritis
continued treatment with PRP (8 ml), HA (0.20 mg), combination (PRP: 8 ml, HA: 0.20 mg) or
placebo throughout the maintenance period (52 weeks).

Outcomes measures A Western Ontario and McMaster Universities Arthritis Index (WOMAC)
questionnaire (26) for pain, two items for stiffness and 17 items for assessing functional limitation and
the function of patients with knee osteoarthritis. The data was recorded and the degree of lesion was
calculated.

ELISA Plasma samples were prepared immediately using centrifugation at 2,000 x g at 4°C for 10 min.
Serum levels of TNF-a (cat no. MBS6080, Thermo Fisher Scientific, Inc., Waltham, MA, USA), IL-1
(cat no. MBS700340, Thermo Fisher Scientific, Inc.), IL-6 (cat no. MBS3205, Thermo Fisher
Scientific, Inc.), IL-17A (cat no. DY-5194, Bio-Rad Laboratories, Inc., Hercules, CA, USA), RANKL
(cat no. DY 626, Bio-Rad Laboratories, Inc.), PD-ECGF (cat no. DY229-05, Bio-Rad), VEGF (cat no.
DVEO0, Bio-Rad Laboratories, Inc.) and IL-10 (cat no. MBS910284, Thermo Fisher Scientific, Inc.)
were analyzed using ELISA kits according to the manufacturer's protocol. The serum concentration
levels of these cytokines were measured using micro-plate reader at a wavelength of 570 nm.

Efficacy and safety assessments Efficacy assessments, including WOMAC scores or Karnofsky
performance were analyzed in patients with knee osteoarthritis at baseline, during the 52-week and
double-blind period in the PRP (8 ml), HA (0.20 mg), combination (PRP: 8 ml, HA: 0.20 mg) or
placebo treatment groups. In addition, the overall safety and pharmacokinetic analysis were conducted
according to previous clinical studies (25-27). Safety assessments of the most frequent treatment-
emergent adverse events were evaluated in all randomized patients who received the study drug and
had undergone at least one post-dose safety assessment. Dose-response analysis was conducted at the
time of the last drug injection. Common Toxicity Criteria grades for hypertension and proteinuria were
determined by the National Institute Common Terminology Criteria (28).

Statistical analysis Data are expressed as the mean + standard deviation. Statistical analysis was
performed using a Student's t-test for unpaired data. Comparisons of data between multiple groups
were performed using one-way analysis of variance followed by a Dunnett's t test. Treatment effect
was presented as median reduction in knee osteoarthritis over the treatment period. Robust
nonparametric Responder rates and treatment-emergent adverse events were analyzed using a ¥ test.
P<0.05 was considered to indicate a statistically significant difference.

Results Go to:

Patient characteristics There were 360 patients with knee osteoarthritis (mean age, 48 years) who were
candidates for intra-articular injection in the present study. All patients were randomly divided into
four groups and treated with HA (n=88), PRP (n=104), combination therapy of HA and PRP (n=96) or
a placebo (n=72). The numbers of male and female patients were approximately equal. The
characteristics of patients with knee osteoarthritis are presented in Table I. Overall, 277 (75%) patients



with knee osteoarthritis completed the maintenance period of the phase III study, the other 25%
stopped the study due to side effects.

Table I.

Patient characteristics.

Study groups

Characteristic PRP HA Combination Placebo

Number, n (%) 104 (28.9) 88(24.4)  96(26.7) 72 (20.0)
Age, mean+ SD 46.2£8.6 51.5£9.3 46.5+7.5 56.248.4
Gender (%)

Female,n (%) 54 (51.9) 40(45.5) 46(479) 30(41.7)
Male, n (%) 50 (48.1) 48(54.5)  50(52.1)  42(58.3)

Open in a separate window

PRP, platelet-rich plasma; HA, hyaluronic acid; SD, standard deviation.

Duration of treatment, dose-limiting toxicities and maximum tolerated dose Median overall duration of
PRP and HA treatments was 8 weeks. Patients underwent treatments with at least one of the following
doses: 2, 4, 8, 10, 12 and 14 ml for PRP; and 0.10, 0.15, 0.20, 0.25 and 0.30 mg for HA. The data
presented in Table II demonstrated that 12 ml PRP once a week was identified as the maximum
tolerated dose (MTD) and 16 ml of PRP once a week was identified as dose-limiting toxicity (DLT)
(29). Doses of 0.25 and 0.30 mg HA were identified as the MTD and DLT, respectively (Table III).
The common treatment-emergent adverse events of PRP or HA injection were hypertension, diarrhea,
vomiting, rash, proteinuria, fatigue, constipation, hypertriglyceridemia and edema peripheral. A total of
60 patients with knee osteoarthritis required a reduction in drug dose for cumulative toxicity following
treatment with MTD dose. Therefore, most patients were enrolled at a dose of 8 ml PRP and 0.20 mg
HA for further examination of the tolerability and therapeutic effects of patients with knee
osteoarthritis.

Table Il.

Treatment-emergent adverse events following platelet-rich plasma (PRP) treatment.

Adverse event Total (n=28) PRP (2—4 ml; n=8) PRP (8-12 ml; n=12) PRP (14 ml; n=8)
Hypertension 4 1 1 2
Diarrhea 3 1 1 1

Proteinuria 5 1 2 2



Adverse event Total (n=28) PRP (2—4 ml; n=8) PRP (8-12 ml; n=12) PRP (14 ml; n=8)

Vomiting 1 0 1 0
Rash 2 0 1 1
Fatigue 3 0 1 2
Constipation 4 1 1 2
Hypertriglyceridemia 3 1 1 1
Edema peripheral 3 1 1 1

Open in a separate window

Table Il

Treatment-emergent adverse events following hyaluronic acid (HA) treatment.

Total HA (0.10-0.15 mg; HA (0.20-0.25 mg; HA (0.30 mg;
Adverse event (n=30) n=8) n=15) n=7)
Hypertension 5 1 3 2
Diarrhea 2 0 1 1
Proteinuria 4 1 1 2
Vomiting 2 0 1 1
Rash 2 0 1 1
Fatigue 2 0 1 1
Constipation 3 1 1 1
Hypertriglyceridemia 3 0 1 2
Edema peripheral 2 0 1 1

Open in a separate window

Treatment-emergent adverse events of PRP, HA and combination treatment Patients with knee
osteoarthritis who received at least one dose of study therapy with a post-baseline safety evaluation
were included in the safety population. Following the last dose of PRP, it was observed that the most
common treatment-emergent adverse events of PRP, HA and combination treatment (PRP, 8 ml; HA,
0.20 mg) were hypertension and proteinuria (=10% each; Table [V). The data for the 12 ml (n=28) and
14 ml (n=18) PRP doses are not shown as there were more side effects, including hypertension,
proteinuria, constipation and diarrhea and few patients were treated at these dose levels. Of the 360
patients enrolled in the current study, 118 patients with knee osteoarthritis completed the overall
maintenance period of the phase I1I study.



Table IV.

Common Toxicity Criteria grades for hypertension and proteinuria.

Adverse event Total (n=72) PRP (n=28) HA (n=30) Combination (n=14)

a

Hypertension 11 4 5 2
Grade 1 5 2 2 1
Grade 2 4 1 2 1
Grade 3 2 1 1 0

Proteinuria 11 5b 4h 2
Grade 1 5 2 2 1
Grade 2 3 1 1 1
Grade 3 3 2 1 0

Open in a separate window

Treatment-emergent adverse events were analyzed by ¥ test.

2P<0.05, HA vs. Combination
YP<0.05, PRP or HA vs. Combination. HA, hyaluronic acid; PRP, platelet-rich plasma.

Efficacy of combination PRP and HA treatment The clinical outcomes of combination treatment of PRP
and HA were analyzed. Preliminary clinical analyses indicated that pain was markedly improved in
drug-treatment groups compared with the placebo group. Pain was reduced more in patients who
received PRP treatment compared with patients who received HA treatment in the 52-week observation
(P<0.01). Combination treatment of PRP and HA improved pain, physical function, stiffness and total
WOMAC score compared with PRP treatment or HA treatment alone compared to the baseline (

Table V). These clinical outcomes indicate that PRP (8 ml) and HA (0.20 mg) combination therapy
improves the clinical features of knee osteoarthritis.

Table V.
WOMAC scores during the study period.

WOMAC score, mean (SD)

Group Pain Stiffness  Physical function Total

PRP
Baseline 8.86(3.14)  2.67(1.76)  24.68(12.63)  36.21(17.53)
Week 52 4.15(3.08)  144(0.84)  14.66(11.28)  20.25 (15.20)
Changes 467(3.07° 1.19(126°  9.98(11.92°  15.84(16.59)"



WOMAC score, mean (SD)

Group Pain Stiffness  Physical function Total
P-value <0.0001" <0.0001" <0.0001" <0.0001"
HA

Baseline  891(3.82) 278(1.58)  2572(1232)  37.41(16.72)
Weeks2  526(3.75) 225(138)  18.89(12.85)  26.40 (16.98)
Changes  3.61(3.75) 049 (1.44)  679(12.55)  10.89 (17.74)
P-value 0.01 0.01 0.01 0.01

Combination
Bascline  894(5.12) 281 (147)  2646(10.66) 3821 (17.25)
Week 52 332(244)  085(0.68)  1023(8.61)  14.40(11.73)
Changes  5.58 (2.64)° 1.92(1.04)  16.19(9.60)" 23.69 (13.28)"
P-value <0.0001°  <0.0001" <0.0001° <0.0001°

HA, hyaluronic acid; PRP, platelet-rich plasma; WOMAC, Western Ontario and McMaster Universities Arthritis
Index; SD, standard deviation.

#P<0.0001, Week 52 vs. baseline in PRP group.
YP<0.0001, Week 52 vs. baseline in the combination group.
°P<0.05

4p<0.01, Combination vs. PRP

°P<0.05

fP<0.01, Combination vs. HA

£p<0.05

"P<0.01, PRP vs. HA.

Anti-inflammation effects of combination PRP and HA treatment for patients with knee osteoarthritis The
level of serum inflammatory cytokines in patients with knee osteoarthritis following PRP and/or HA
treatments was then measured. Plasma concentration levels of interleukin (IL)-17A, tumor necrosis
factor-a, IL-1pB and receptor activator of nuclear factor k-B ligand were downregulated in patients with
knee osteoarthritis following treatment with PRP or HA and further downregulated following
combination treatment with PRP and HA (all P<0.01; Figs. 1-4). The plasma concentration of platelet
derived-endothelial cell growth factor, IL-6, vascular endothelial growth factor and IL-10 were
upregulated in patients with knee osteoarthritis following treatment with PRP or HA and were further
upregulated following combination treatment with PRP and HA (all P<0.01; Figs. 5-8). These results
suggest that combination PRP and HA treatment inhibits inflammation for patients with knee
osteoarthritis.
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Figure 1.

Effect of combination of PRP and HA treatment on plasma concentration levels of IL-17A in patients with
knee osteoarthritis. Data are presented as the mean + standard deviation. **P<0.01. IL-17A, interleukin-

17A; PRP, platelet-rich plasma; HA, hyaluronic acid.

&k
= 801 I {
E E3 Placebo
2 . " EZ3PRP
% 60 4 .- } | ElHA
F — [0 Combination
© 40 - :
£
w
o omam P
2 20+ : =
! - .l
Z e
Z o el
Figure 4.

Effect of combination of PRP and HA treatment on plasma concentration levels of RANKL in patients
with knee osteoarthritis. Data are presented as the mean + standard deviation. **P<0.01. RANKL, receptor

activator of nuclear factor-kB ligand; PRP, platelet-rich plasma; HA, hyaluronic acid.
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Figure 5.

Effect of combination PRP and HA treatment on plasma concentration levels of PD-ECGF in patients with
knee osteoarthritis. Data are presented as the mean + standard deviation. **P<0.01. ECGF, platelet

derived-endothelial cell growth factor; PRP, platelet-rich plasma; HA, hyaluronic acid.
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Figure 8.

Effect of combination PRP and HA treatment on plasma concentration levels of IL-10 in patients with
knee osteoarthritis. Data are presented as the mean + standard deviation. **P<0.01. IL-10, interleukin-10;

PRP, platelet-rich plasma; HA, hyaluronic acid.

Discussion Go to:

Reports have indicated that inflammatory cytokines serve a critical function in the induction and
development of osteoarthritis (30,31). PRP is an autologous and multifunctional platelet concentrate of
the blood that contains highly concentrated platelets and high levels of cell growth factors. PRP
promotes synovial cell proliferation and differentiation, and promotes recovery of cartilage



morphology. Clinically, Battaglia et al (32) has demonstrated the efficacy of ultrasound-guided intra-
articular injections of PRP vs. HA for hip osteoarthritis. Laudy ef a/ (33) has suggested that PRP
injections are beneficial to patients with knee osteoarthritus based on a reduction in pain, improvement
in function, global assessment and changes regarding joint imaging. Meheux et al (34) demonstrated
that treatment with PRP injection significantly improved validated patient-reported outcomes in
patients with symptomatic knee osteoarthritis at 6 and 12 months post-injection, and indicated
similarities and differences in outcomes based on the PRP formulations used in the analyzed studies.
These clinical reports suggest that PRP exhibited a potential efficacy for treating osteoarthritis.

HA is responsible for the viscoelastic and lubricant capabilities of the synovial fluid in joints. It serves
a key function in metabolism in the joints and mechanical support, which stimulates chondrocyte
metabolism and cartilage matrix components synthesis as well as inflammatory processes (35). Clinical
research has indicated that intra-articular HA injections in patients with knee osteoarthritis are
associated with pain relief, quality of life, survival time, clinical effect and a longer period of time prior
to the onset of knee arthroplasty (16). In addition, the efficacy and safety of HA in the management of
osteoarthritis has been investigated using real-life setting trials and surveys (17). However, single intra-
articular HA injections did not achieve the ideal therapeutic effect for patients with osteoarthritis.

Previous studies have compared the clinical efficacy of PRP vs. HA for treatment of knee osteoarthritis
and determined that PRP presented more notable improvements in physical function, stiffness and total
WOMAC (14,36). Coincidentally, Kon et al (37) investigated PRP intra-articular injection vs. HA
viscosupplementation in treatments for cartilage pathology from early degeneration to osteoarthritis,
and outcomes suggested that PRP was superior to HA treatment for patients with cartilage pathology.
However, the efficacy and safety of combination treatment with PRP and HA for patients with knee
osteoarthritis remains unknown.

In the present study, the clinical efficacy of combination treatment with PRP and HA for patients with
knee osteoarthritis was investigated in a phase-III clinical study. Following an 8-week baseline period,
patients with knee osteoarthritis were randomized into groups undergoing once-weekly, double-blind
treatment with PRP, HA, combined therapy or a placebo. Although previous studies indicated that
patients with knee osteoarthritis treated with PRP or HA exhibited regulated plasma concentrations of
inflammatory factors and pro-angiogenic factors, the clinical outcomes of combined PRP and HA have
not been investigated (27,38). The current study was performed to evaluate the clinical application of
combination treatment with PRP and HA. Responses to treatment were assessed by median percent
reduction in arthralgia, which was improved with PRP and/or HA treatments compared with the
placebo group. Hypertension and proteinuria were the treatment-emergent adverse events with the
highest incidence following treatment with PRP or HA alone. The results demonstrated that PRP
and/or HA alleviated knee osteoarthritis and reduced the humoral and cellular immune responses,
which subsequently led to beneficial effects on histological parameters. The clinical outcomes revealed
a significant improvement in all the variables of WOMAC following combination treatment with PRP
and HA.

In conclusion, although the direct effects of different drugs on knee osteoarthritis have been
demonstrated previously, it is critical that the overall role of PRP and HA in affecting entire joint
cytokines homeostasis is investigated (39). Clinical outcomes of the current study demonstrated that
PRP and HA are potential novel therapeutic options for treating knee osteoarthritis and an increasing
number of clinical reports continue to indicate promising results. Of note, the results of the current
study suggest that pharmacokinetic interactions of PRP and HA are important determinants in
optimizing therapies for treating knee osteoarthritis. Therefore, clinicians are required to monitor
clinical responses and tolerability when patients are treated with PRP and HA. The results indicate that



patients with knee osteoarthritis treated with PRP and HA exhibited beneficial effects on body pain,
and alleviated arthralgia, cartilage destruction and bone damage.
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Figure 2.

Effect of combination of PRP and HA treatment on plasma concentration levels of TNF-a in patients with
knee osteoarthritis. Data are presented as the mean + standard deviation. **P<0.01. TNF-o, tumor necrosis

factor-a; PRP, platelet-rich plasma; HA, hyaluronic acid.
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Effect of combination of PRP and HA treatment on plasma concentration levels of IL-1f in patients with
knee osteoarthritis. Data are presented as the mean + standard deviation. **P<0.01. IL-1p, interleukin-1f;

PRP, platelet-rich plasma; HA, hyaluronic acid.
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Figure 6.

Effect of combination PRP and HA treatment on plasma concentration levels of IL-6 in patients with knee
osteoarthritis. Data are presented as the mean + standard deviation. **P<0.01. IL-6, interleukin-6; PRP,

platelet-rich plasma; HA, hyaluronic acid.
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Figure 7.

Effect of combination PRP and HA treatment on plasma concentration levels of VEGF in patients with
knee osteoarthritis. Data are presented as the mean + standard deviation. **P<0.01. VEGF, vascular

endothelial growth factor; PRP, platelet-rich plasma; HA, hyaluronic acid.
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