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Allogeneic platelet-rich plasma for knee
osteoarthritis in patients with primary immune
thrombocytopenia: A randomized clinical trial

Xiaohang Zhu,1,9 Lingying Zhao,2,3,8,9 Nicoletta Riva,4 Ziqiang Yu,2,3 Miao Jiang,2,3 Feng Zhou,1

Alexander Gatt,4,5 Peter V. Giannoudis,6,7 and Jiong Jiong Guo1,3,8,10,*
SUMMARY

The treatment of painful KOA in adult patients with ITP has not been well studied yet. We conducted a
prospective, double-blind, randomized, placebo-controlled trial to evaluate the efficacy of intra-articular
allogeneic PRP injections on symptoms and joint structure in patients with KOA and ITP. 80 participants
were randomly allocated in a 1:1 ratio to allogeneic PRP group or saline group. The primary outcome was
the WOMAC total score at 12 months post-injection. The number of patients in each group who achieved
MCID of primary outcome showed a statistically significant difference only at 3-month (27/39 vs. 5/39, p =
0.001) and 6-month (15/39 vs. 3/38, p = 0.032). The difference inWOMAC total score exceeded theMCID
only at 3 month (mean difference of �15.1 [95% CI -20.7 to �9.5], p < 0.001). Results suggest that alloge-
neic PRP was superior to placebo only with respect to symptoms at 3-month of follow-up.
INTRODUCTION

Knee osteoarthritis (KOA) is one of themost common causes of knee pain and dysfunction. Currently, there is no successful cure for KOA, and

most research has focused on pain relief and prevention of functional decline.1,2

Autologous platelet-rich plasma (PRP) is a safe blood product containing a myriad of growth factors and cytokines with the potential to

alter biological processes implicated in OA pathogenesis and symptoms.3,4 Although the evidence to support the clinical benefits of PRP

is limited,1,5 PRP is increasingly used to treat KOA.6,7 Meanwhile, the production process and equipment for PRP are continuously being opti-

mized, leading to a reduction in the cost of PRP production. Currently, the cost of a single PRP treatment is not expensive, and most patients

can afford it. Possibly due to the different PRP preparationmethods and blood samples, some clinical studies reported different outcomes of

PRP treatment in OA.8,9

An autoimmune condition known as chronic primary immune thrombocytopenia (ITP) causes a low chronic platelet count as a result of

increased platelet destruction and decreased platelet production.10,11

Recent systematic reviews concluded that platelet dysfunctionmay affect the efficacy of PRP.12 Therefore, for patients with ITP, autologous

PRP might not be an optimum solution. Conversely, the peripheral venous blood used for the preparation of allogeneic PRP comes from

healthy donors and is not affected by the autologous platelet count. Allogeneic PRP has been reported to be safe and effective in treating

several orthopedic diseases, such asOA, rotator cuff dysfunction, and refractory wounds.13–16 Thus, it might be a promising non-surgical ther-

apy for KOA in patients with ITP. Although several clinical trials have shown that allogeneic PRP could relieve pain and recover articular func-

tion,15,16 the results are not convincing because they lack adequate blinding and a control group. Therefore, it is necessary to conduct a well-

designed clinical trial to evaluate the efficacy of allogeneic PRP.

Therefore, this study aimed to evaluate the efficacy of intra-articular allogeneic PRP injections on symptoms and joint structure in patients

with KOA and ITP.
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Figure 1. This flowchart shows recruitment, randomization, and follow-up of patients in the trial

ll
OPEN ACCESS

2 iScience 27, 109664, May 17, 2024

iScience
Article



Table 1. Baseline participant characteristics

Characteristics Allogeneic PRP (n = 40) Placebo (n = 40)

Age mean (SD), y 64.1 (6.2) 63.9 (6.6)

Sex No. (%)

Male 17 (39.5) 18 (45.9)

Female 23 (60.5) 22 (54.1)

Body mass index, mean (SD)a 29.8 (4.3) 29.8 (4.7)

Kellgren and Lawrence grade of radiographic severity, No. (%)b

1 7 (17.5) 4 (10.0)

2 16 (40.0) 18 (45.0)

3 17 (42.5) 18 (45.0)

Knee alignment, mean (SD), degreesc 180.6 (3.9) 180.8 (4.1)

Symptom duration, median (IQR), y 4.5 (2.0–10.0) 5.0 (2.0–11.5)

Side No. (%)

Left 18 (45.0) 16 (40.0)

Right 22 (55.0) 24 (60.0)

Current pain medication use, No. (%)d 27 (71.1) 30 (75.0)

Nonsteroidal anti-inflammatory drugs 18 (47.4) 21 (52.5)

Topical anti-inflammatory drugs 12 (31.6) 9 (22.5)

Oral opioids 1 (2.6) 3 (7.5)

Treatment expectation, No. (%)e

No effect 0 (0) 1 (2.5)

Improvement

Minimal 6 (15.0) 7 (17.5)

Moderate 22 (55.0) 21 (52.5)

Large 7 (17.5) 5 (12.5)

Complete recovery 5 (12.5) 6 (15.0)

WOMAC score, mean (SD)f

Pain subscale 10.6 (3.0) 10.9 (3.2)

Stiffness subscale 4.5 (2.1) 4.5 (2.2)

Function subscale 36.6 (10.4) 36.5 (11.8)

Total subscale 51.4 (13.5) 51.9 (14.6)

Overall knee pain score, mean (SD)g 6.0 (0.9) 6.0 (1.0)

Lysholm score, mean (SD)h 60.9 (10.6) 60.9 (11.6)

SF-36i Physical, mean (SD) 27.4 (8.9) 27.4 (9.8)

SF-36 mental, mean (SD) 36.5 (11.6) 36.7 (12.1)

Medial tibial cartilage volume, mean (SD), mm3j 1542 (505) 1346 (492)

Presence of knee effusion, No. (%)k 19 (47.5) 15 (37.5)

Abbreviations: PRP, platelet-rich plasma; SD, standard deviation.
aCalculated as weight in kilograms divided by height in meters squared.
bThe Kellgren and Lawrence system grades radiographic osteoarthritis disease severity from 0 to 4. Grade 2 indicates the presence of osteophytes and possible

joint space narrowing; grade 3, multiple osteophytes, definite joint space narrowing, sclerosis, and possible bony deformity.
cMeasured as anatomical axis from standing radiograph with 180� indicating neutral alignment; <180�, varus alignment; and >180�, valgus alignment.
dDefined as taken at least once per week over the prior month.
eTreatment expectation was assessed by a 5-point Likert scale with participants asked ‘‘What effect do you think injections of allogeneic platelet-rich plasma will

have on your knee?’’
fMeasured on an 96-point numeric rating scale for knee pain and function, Ranges from 0 to 96; higher scores indicate worse pain.
gMeasured on an 11-point numeric rating scale for average knee pain in the past week. Score range is 0 (no pain) to 10 (worst pain possible); higher scores indicate

worse pain.
hMeasured on an 100-point numeric rating scale for knee pain and function, Ranges from 0 to 100; lower scores indicate worse pain.
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iThe Assessment of SF-36 is a 36-item questionnaire regarding health-related quality of life. The SF-36 range is 0–100, with higher scores indicating better quality

of life.
jA single rater (blinded to the group and time point) measuredmedial tibial cartilage volume from sagittal magnetic resonance images (MRI) bymanually drawing

disarticulation contours around the cartilage boundaries on each section. These data were resampled by bilinear and cubic interpolation for the final

3-dimensional rendering. The cartilage plate volume was determined by summing the pertinent voxels within the resultant binary volume.
kGraded fromMRI images and scored by a single rater (blinded to the group) using theMRI Osteoarthritis Knee Score effusion subscore, with 0 indicating normal;

1, small; 2, medium; and 3, large. Presence of knee effusion was defined as a score of 2 or 3.
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RESULTS

Figure 1 summarizes participant flow. A total of 589 patients were evaluated, and 509 patients were deemed to be ineligible at the

screening visits (either initial evaluation, radiographic and serological screening, or clinical screening). Finally, 80 patients were recruited

and randomized into the two groups (40 patients in each group). The first patient was enrolled on July 30, 2021 and the 12-month follow-up

was completed on October 25, 2022 (Supplement Information, Figure S1). Baseline participant characteristics and Participants’ treatment

expectations (no effect, improvement, and complete recovery) were comparable between groups (Table 1). For the outcomes assessment

at 12 months, the follow-up rate was 95% in the PRP group (2 patients lost to follow-up) and 93% in the placebo group (3 patients lost to

follow-up).

In each group, all participants received one injection. Concomitant interventions were comparable between groups (Table S3 in Supple-

ment Information). The James Blinding Index indicated successful blinding beyond chance (mean, 0.73 [95% CI, 0.68 to 0.77] for participants

and 0.76 [95% CI, 0.70 to 0.79] for the individuals administering the injections).

At baseline, the mean WOMAC total score was 51.7 in the allogeneic PRP groups and 51.9 in the placebo group.
Primary outcome

At 12 months, allogeneic PRP injection was not more effective than placebo injection on the primary outcome (Table 2; Figure 2). The mean

WOMAC total score was 45.1 points in the PRP group vs. 51.0 in the placebo group, corresponding to a difference of �5.9 points (95% CI,

�11.9 to 0.05, p = 0.049). While the difference between the two groups was statistically significant, it did not reach the predefinedMCID, thus

it was not considered clinically relevant. Meanwhile, a sensitivity analysis was done after multiple imputations and the results did not change

(Supplement Information, Tables S7 and S8)
Secondary outcomes

Secondary outcomes were generally in the same direction as the primary outcome (Table 2; Figure S2 in supplement Information). The mean

WOMAC total score was 45.6 in the PRP group vs. 51.7 in the placebo group at 1 month (mean difference of �6.1 [95% CI -12.0 to �0.3], p =

0.040), 36.4 in the PRP group vs. 51.4 in the placebo group at 3-month (mean difference of�15.1 [95% CI -20.7 to�9.5], p < 0.001) and 41.0 in

the PRP group vs. 51.2 in the placebo group at 6-month (mean difference of�10.3 [95% CI -16.0 to�4.6], p = 0.001). TheWOMAC total score

showed a clinically significant difference between the two groups only at 3-month follow-up, since it was the only difference that exceeded the

MCID. This finding was supported by a statistically significant difference in all threeWOMAC subscales at this time point. The number of pa-

tients in each groupwho achievedMCID levels ofWOMAC total score showeda statistically significant difference only at 3month and 6month

(Table S9 in Supplement Information)

The other secondary outcomes that measured symptoms (overall knee pain score, Lysholm score, physical and mental components of the

36-Item Short-Form General Health Survey [SF-36]) were statistically significantly different between the two groups at 3- and 6-month follow-

ups. However, the change in secondary outcomes only exceeded the MCID at 3 month. In the two groups, the mean clinical scores signifi-

cantly improved from baseline to the 3-month follow-up, followed by a decline at the 6- and 12-month follow-ups.

More participants in the allogeneic PRP group than in the placebo group reported reduced painkillers to use at 12-month follow-up (PRP

group, 25/38 [65.8%] vs. placebo group, 9/37 [24.3%]; Risk ratios [RR], 2.71 [95% CI, 1.47 to 4.99]; p = 0.023) (Table 3). The number of partic-

ipants in the allogeneic PRP group who were willing to have a second injection was statistically significantly greater than in the placebo group

(PRP group, 27/38 [71.1%] vs. placebo group, 13/37 [35.1%]; RR, 2.02 [95% CI, 1.25 to 3.28]; p = 0.037).

At a 12-month follow-up, none of the structural outcomes evaluated at the magnetic resonance imaging (MRI) scan revealed statistically

significant improvements (Table 3 and Figure 3). At the 12-month follow-up, there was no evidence that the Kellgren and Lawrence grade (K-L

grade), bodymass index (BMI), or age significantlymoderated the effects of allogeneic PRP on the primary outcome (supplement Information,

Tables S5 and S6).
Adverse events

Adverse events were minor and transient. There were no PRP-related severe adverse events. Overall, 10.0% of patients (4 of 40) in the allo-

geneic PRP group and 7.5% of patients (3 of 40) in the placebo group reported mild knee pain, swelling, and stiffness after injection (imme-

diate adverse events) that did not require treatment and resolved within 48 h. Meanwhile, more patients in the PRP group than in the placebo

group reported delayed adverse events (Table S3 in Supplement Information).
4 iScience 27, 109664, May 17, 2024



Table 2. Primary and secondary outcomes

Allogeneic PRP (n = 40) Placebo (n = 40) Difference (95% CI) p value

Number of patients assessed at

each time-point, n (%)

� 1-month follow-up 40 (100%) 40 (100%)

� 3-month follow-up 39 (97.5%) 39 (97.5%)

� 6-month follow-up 39 (97.5%) 38 (95.0%)

� 12-month follow-up 38 (95.0%) 37 (92.5%)

Primary outcome

WOMAC total score at 12-month, mean (SD)a,b 45.1 (12.1) 51.0 (13.9) �5.9 (�11.9 to 0.05) 0.049

Secondary outcomes

WOMAC score, mean (SD)a,b

� Pain subscale at 1-mo 10.0 (2.9) 10.9 (3.0) �0.9 (�2.2 to 0.4) 0.186

� Pain subscale at 3-month 8.1 (2.9) 10.6 (2.8) �2.5 (�3.8 to �1.2) 0.000

� Pain subscale at 6-month 8.8 (3.3) 10.6 (3.1) �1.7 (�3.2 to �0.3) 0.020

� Pain subscale at 12-month 9.9 (3.1) 10.8 (3.3) �0.9 (�2.4 to 0.6) 0.218

� Stiffness subscale at 1-mo 3.9 (2.0) 4.5 (1.8) �0.5 (�1.4 to 0.3) 0.228

� Stiffness subscale at 3-month 3.0 (1.9) 4.4 (1.8) �1.3 (�2.2 to �0.5) 0.002

� Stiffness subscale at 6-month 3.6 (1.9) 4.4 (1.7) �0.8 (�1.6 to �0.02) 0.044

� Stiffness subscale at 12-month 3.8 (1.9) 4.3 (1.6) �0.5 (�1.3 to 0.3) 0.238

� Function subscale at 1-mo 31.7 (12.3) 36.4 (11.6) �4.7 (�10.0 to 0.6) 0.080

� Function subscale at 3-month 25.3 (10.7) 36.5 (11.6) �11.2 (�16.3 to �6.2) 0.000

� Function subscale at 6-month 28.5 (10.6) 36.3 (11.3) �7.8 (�12.7 to �2.8) 0.003

� Function subscale at 12-month 31.3 (11.4) 35.8 (11.4) �4.5 (�9.8 to 0.7) 0.090

� Total score at 1-mo 45.6 (12.9) 51.7 (13.3) �6.1 (�12.0 to �0.3) 0.040

� Total score at 3-month 36.4 (11.8) 51.4 (13.1) �15.1 (�20.7 to �9.5) 0.000

� Total score at 6-month 41.0 (11.8) 51.2 (13.3) �10.3 (�16.0 to �4.6) 0.001

Overall knee pain score, mean (SD)b,c

� 1-mo 5.2 (1.7) 5.8 (1.2) �0.6 (�1.3 to 0.02) 0.058

� 3-month 3.7 (2.0) 5.8 (1.2) �2.1 (�2.8 to �1.4) 0.000

� 6-month 4.6 (1.7) 5.7 (1.3) �1.1 (�1.8 to �0.4) 0.003

� 12-month 5.1 (1.8) 5.7 (1.5) �0.6 (�1.4 to 0.2) 0.127

Lysholm score, mean (SD)d,e

� 1-mo 66.5 (11.8) 61.3 (11.6) 5.2 (�0.01 to 10.4) 0.051

� 3-month 71.7 (11.2) 61.9 (11.8) 9.9 (4.7–15.1) 0.000

� 6-month 68.4 (11.9) 61.7 (12.1) 6.7 (1.3–12.1) 0.016

� 12-month 66.8 (12.1) 61.7 (12.2) 5.1 (�0.5 to 10.7) 0.071

SF-36b,f Physical, mean (SD)

� 1-mo 31.1 (8.9) 27.3 (9.4) 3.8 (�0.2 to 7.9) 0.065

� 3-month 39.1 (11.1) 27.3 (8.8) 11.8 (7.3–16.3) 0.000

� 6-month 33.2 (8.8) 27.3 (8.0) 6.0 (2.1–9.8) 0.003

� 12-month 30.5 (8.7) 27.6 (7.6) 2.9 (0.9–6.7) 0.130

SF-36 mental, mean (SD)

� 1-mo 40.6 (10.5) 36.5 (11.8) 4.2 (�0.8 to 9.1) 0.098

� 3-month 46.6 (10.4) 36.7 (11.5) 9.9 (5.0–14.9) 0.000

� 6-month 43.3 (11.1) 37.0 (11.6) 6.6 (1.5–11.8) 0.013

� 12-month 40.7 (10.8) 37.1 (10.9) 3.6 (�1.4 to 8.5) 0.161

Abbreviations: PRP, platelet-rich plasma; SD, standard deviation; CI, confidence intervals.
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aMeasured on an 96-point numeric rating scale for knee pain and function, Ranges from 0 to 96; higher scores indicate worse pain. The minimum clinically impor-

tant difference (MCID) is 11.5.
bA negative within-group change indicates improvement. For difference, in change between groups, a negative difference favors the allogeneic platelet-rich

plasma group.
cMeasured on an 11-point numeric rating scale for average knee pain in the past week. Score range is 0 (no pain) to 10 (worst pain possible); higher scores indicate

worse pain. The MCID is 1.8.
dMeasured on an 100-point numeric rating scale for knee pain and function, Ranges from 0 to 100; lower scores indicate worse pain. The MCID is 8.9.
eA positive within-group change indicates improvement. For difference, in change between groups, a positive difference favors the allogeneic platelet-rich

plasma group.
fThe Assessment of SF-36 is a 36-item questionnaire regarding health-related quality of life. The SF-36 range is 0–100, with higher scores indicating better quality

of life. The MCID is unknown.
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DISCUSSION

In this randomized, placebo-controlled study, knee injections of allogeneic PRP did not improve the symptoms of KOA in the long

term, as shown by a non-clinically relevant difference in the WOMAC total score between patients receiving PRP and patients

receiving placebo at 12-month follow-up. Different from the existing studies, all PRPs used for injection in the present study were

from the same healthy donor, prepared with the same system, and administered simultaneously. However, knee injections of allogeneic

PRP may be beneficial in the short term, as demonstrated by a clinically relevant lower WOMAC total score in the PRP group at 3-month

follow-up.

In the primary outcome analysis, the knee injections of allogeneic PRP were not found to be superior to placebo for patients with KOA

combined with ITP, based on the WOMAC total score at 12 month. The absolute improvement in both groups from baseline did not exceed

the MCID. The outcomes did not differ by BMI, age, or K-L grade. Thus, this trial results do not support an expected benefit in the long term.

Similarly, the efficacy of PRP in knee OA has been questioned in recent clinical trials, patients with knee OA who received intra-articular in-

jection of autologous PRP did not result in a significant improvement in symptoms at 12 month compared with those who received the injec-

tion of placebo.1 In a previous clinical study, autologous PRP similarly did not demonstrate an advantage in improving pain and function in

knee OA over 24 weeks compared with placebo and plasma.17 This aligns with the outcomes of our study and all indicate uncertainty about

the long-term efficacy of PRP.

In the analysis of the secondary outcomes, knee injections of allogeneic PRP significantly improved the symptoms of KOA at the 3-month

follow-up, compared with placebo injections. In addition, the absolute improvement from the baseline obtained by the allogeneic PRP ex-

ceeded the MCID. However, there was no evidence of a statistically significant between-group difference in the structural outcomes, as as-

sessed by MRI at the 12-month follow-up. Allogeneic PRP only slightly improved the symptoms of KOA at the 1-month follow-up, compared

with placebo injections. This suggests that allogeneic PRP can improve the symptoms of KOA in a short period, but it does not slow disease

progression and has a delayed response. Giving serial single injections at 3-month or 6-month intervals can be an option, which may further

relieve symptoms for more extended periods and potentially delay KOA progression.

The benefits of knee injections of autologous PRP for KOA are still controversial. Recent studies have reported variable results.1,8,9,18 This

discrepancy could be the result of methodological variations such as PRP preparation procedure and injection regimen, blood samples, and

outcome measures, as well as design issues affecting the risk of bias. Our findings are consistent with a short-term clinical improvement of

allogeneic PRP for KOA symptoms reported previously in a pilot study.15 The short-term efficacy and delayed response have also been

observed in several autologous PRP studies.19,20

A previous RCT with 288 participants demonstrated no improvements in structural outcomes at 12-month follow-up compared with base-

line and placebo (n = 144) for knee injections of autologous PRP (n = 144) for KOA.1 In another trial of 98 participants21 evaluating structural

outcomes at 52-week follow-up, when compared to hyaluronic acid (n = 32) or nonsteroidal anti-inflammatory medications (n = 33), autolo-

gous PRP did not show any statistically significant difference in knee cartilage thickness (n = 33). This finding is consistent with this study. In 2

other trials,22,23 femoral cartilage thickness measured by ultrasound at 6 months did not differ significantly between autologous PRP (n = 30)

and saline (n = 30), while autologous PRP (n = 44) significantly improved only ultrasound-assessed synovial hypertrophy/vascularity and effu-

sion at 3 and 6 months compared with control group (n = 45). These last three studies, however, had small sample sizes and might not have

enough statistical power.

In the current study, although nodifferences in overall knee pain score between the two groupswere demonstrated at 12month, in general

more PRP-treated participants reduced the use of analgesics. Meanwhile, more participants in the allogeneic PRP group were willing to

receive a second injection. This outcome showed that allogeneic PRP is likely to be beneficial in relieving knee symptoms.
Strengths of the study

This study has several strengths, the use of established end measures for symptoms and joint structure is one of the study’s many strengths,

alongwith the Randomized controlled trial (RCT) design and relatively long follow-up.Other strengths includemasking participants, injectors,

assessors, and the statistician to the treatment group.24,25 In addition, all PRPs used for injection in the present study were derived from the

same healthy donor at the same time, preparedwith the same system, and assessed to quantify the relevant growth factors and cytokines. This

avoided confounding factors and reduced the risk of bias.
6 iScience 27, 109664, May 17, 2024



Figure 2. Each vertical line represents an individual participant, with participants ordered by baseline value (gray dots) and vertical lines extending up

(worsened) or down (improved) to the 12-month values

The horizontal lines in the boxplots from bottom to top show the 25th, 50th (median), and 75th percentiles. The dot in the boxplot indicates the mean. The

whiskers indicate the highest and lowest values no further than 1.5 times the interquartile range.
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Table 3. End of follow-up outcomes, including joint structural outcomes

No./total (%)a

Outcomes Allogeneic PRP (n = 38) Placebo (n = 37) Risk ratio (95% CI)b p value

MRI Osteoarthritis Knee Score subscores at 12 monthsc

Worse meniscus morphologyd 9/38 (23.7) 11/37 (29.7) 0.80 (0.37–1.70) 0.68

Worse intercondylar synovosise 4/38 (10.5) 7/37 (18.9) 0.56 (0.18–1.69) 0.31

No. of areas of cartilage thinningf

0 20/38 (52.6) 16/37 (43.2) 1.22 (0.76–1.96) 0.19

1 7/38 (18.4) 8/37 (21.6) 0.85 (0.34–2.11) 0.75

2 7/38 (18.4) 7/37 (18.9) 0.97 (0.38–2.51) 0.89

R3 4/38 (10.5) 6/37 (16.2) 0.65 (0.20–2.12) 0.57

Change in whole knee effusionh

Improved 10/38 (26.3) 7/37 (18.9) 1.39 (0.59–3.27) 0.09

No change 23/38 (60.5) 22/37 (59.5) 1.02 (0.70–1.47) 0.16

Worsened 5/38 (13.2) 8/37 (21.6) 0.61 (0.22–1.69) 0.36

Other MRI measures at 12 months

Bone marrow lesion progressioni 6/38 (15.8) 8/37 (21.6) 0.73 (0.28–1.90) 0.59

Cartilage defects progressionj 5/38 (13.2) 4/37 (10.8) 1.22 (0.35–4.18) 0.48

Medial tibial cartilage volumek

Reduced 29/38 (76.3) 28/37 (75.7) 1.01 (0.78–1.30) 0.91

No change 5/38 (13.2) 7/37 (18.9) 0.70 (0.24–2.00) 0.52

Increased 4/38 (10.5) 2/37 (5.4) 1.95 (0.38–10.00) 0.16

Change in painkillers usel

Reduced 25/38 (65.8) 9/37 (24.3) 2.71 (1.47–4.99) 0.023

No change 9/38 (23.7) 18/37 (48.6) 0.49 (0.25–0.94) 0.28

Increased 4/38 (10.5) 10/37 (27.0) 0.39 (0.13–1.13) 0.21

Willingness for a second injectionm 0.037

Yes 27/38 (71.1) 13/37 (35.1) 2.02 (1.25–3.28)

No 5/38 (13.2) 19/37 (51.4) 0.26 (0.11–0.62)

No preference 6/38 (15.8) 5/37 (13.5) 1.17 (0.39–3.50)

MRI, magnetic resonance imaging; CI, confidence intervals.
aCounts and proportions are based on complete case data.
bRisk ratios greater than 1 indicate that the risk of the outcome is greater in the platelet-rich plasma group.
cThe MRI Osteoarthritis Knee Score is a semiquantitative MRI scoring tool for knee osteoarthritis. It was assessed by a single rater (blinded to group) grading

baseline and 12-month MRI images.
dThree regions were scored from 0 to 9 for morphological features for each meniscus, and defined as worse if any region of either the medial or lateral meniscus

was scored higher at 12 months than at baseline.
eIncorporating synovitis and effusion and scored from 0 to 3, with 0 being normal; 1, mild; 2, moderate; and 3, severe. Defined as worse if the score was higher at

12 months than at baseline.
fFourteen regions each scored from 0 to 3, with 0 indicating no area with cartilage loss; 1, less than 10% of cartilage surface area with loss; 2, 10%–75% of cartilage

surface area with loss; and 3, greater than 75% of cartilage surface area with loss. Data are the number of regions for which the score was higher at 12 months than

at baseline.
hScored from 0 to 3, with 0 being normal; 1, small; 2, medium; and 3, large. Improved was defined as a lower score at 12 months than at baseline, no change was

defined as the same score, and worsened was defined as a higher score.
iAssessed by a single rater (blinded to group and time point) grading baseline and 12-month MRI images. Bone marrow lesions were graded in the medial distal

femur andmedial proximal tibia as 0 to 3 (0, absent; 1, occupies less than one-third of the region; 2, occupies one-third to two-thirds of the region; and 3, occupies

greater than two-thirds of the region). Progression was defined as an increase in bone marrow lesion grade of 1 or greater in either the medial distal femur or

medial proximal tibia between baseline and 12 months.
jAssessed by a single rater (blinded to group and time point) grading baseline and 12-month MRI images. Cartilage defects were graded in the medial tibia and

medial femur as 0 to 4 (0, normal cartilage; 1, focal blistering and intracartilaginous low-signal-intensity area with an intact surface and bottom; 2, irregularities on

the surface or bottom and loss of thickness of less than 50%; 3, deep ulceration with loss of thickness of more than 50%; and 4, full-thickness chondral wear with

exposure of subchondral bone). Progression was defined as a score increase of 1 or greater in either the medial tibia or medial femur between baseline and

12 months.
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kMedial tibial cartilage volumewasmeasured bymanually drawing disarticulation contours around the cartilage edges, section by section (change inmedial tibial

cartilage volume at 12 months compared to baseline; categorized as reduced, no change, or increased).
lThe use of pain medication during the 12-month follow-up was registered (change in pain medication use during 12 months compared to baseline; categorized

as reduced, no change, or increased).
mAt the end of the 12-month follow-up, participants were asked if they are willing to receive a second injection.
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Limitations of the study

This study has potential limitations. First, the generalizability of results to other PRP products and treatment regimens remains unknown. All

PRP products differ in their production method and content, and different treatment regimens regarding dose, timing, and the number of

injections are used in clinical practice. However, we prepared PRP using commercial kits and following standardized procedures and analyzed

related components (growth factors and cytokines) in the present study. Second, this study was not controlled for variations in physical ther-

apies between the two groups. However, throughout the trial, exercise therapy and lifestyle were registered and they were comparable be-

tween the two groups. Third, the population was recruited from a single center. However, as our center is one of the three national clinical

research centers for hematological diseases in China, it is likely to attract patients with this condition from different areas, thus improving the

generalizability of our results to the population of patients with ITP and KOA.
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KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Software and algorithms

SPSS IBM https://www.ibm.com/analytics/spss-statistics-software

Other

Regen PRP ACR� Regen Lab SA SFDA Certified NO.20173667130
RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to and will be fulfilled by the Lead Contact, JiongJiong Guo

(drjjguo@163.com; guojiongjiong@suda.edu.cn).
Materials availability

This study did not generate new unique reagents.
Data and code availability

� Data reported in this paper will be shared by the lead contact upon request.
� This paper does not report original code.
� Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.
EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

This was a prospective, randomized, double-blind, placebo-controlled study. All participants provided written informed consent. Ethical

approval was obtained from the the clinical research ethics committee at National Clinical Research Center for Hematologic Disease, the First

AffiliatedHospital of SoochowUniversity(study approval number was 2021-356). The trial protocol (1.0) has been published previously and the

revised protocol (2.0) can be found in ref.26 The Consolidated Standards of Reporting Trials (CONSORT) guidelines were followed and the

CONSORT checklist is available in Supplement Information.27

Participants were recruited from the orthopedic outpatient clinics or from the hematological patients’ databases at the First AffiliatedHos-

pital of SoochowUniversity. Eligible participants were aged between 18 and 80 years and of either gender; had chronic primary ITP (more than

12 months’s duration, diagnosed by American Society of Hematology 2019 guidelines28 and updated international consensus29); had symp-

tomatic KOAwith a history of chronic pain (for at least 4 months) or swelling; had a knee pain score of at least 4 on an 11-point visual analogue

scale (VAS) score in the past week; and had mild to moderate radiographic imaging findings of KOA (Kellgren and Lawrence grade 1-3).30

Exclusion criteria were (1) systemic or inflammatory disease, (2) cutaneous infections in the area to be injected, (3) injection of a glucocor-

ticoid in the past 3months or hyaluronic acid in the past 6months, (4) previous treatment with stem cell preparation, (5) previous knee surgery.

In cases of bilateral KOA, the most symptomatic knee joint was considered for this study.
METHOD DETAILS

Randomization and treatment

Randomization was centralized, and participants were allocated in a 1:1 ratio. An independent statistician provided a computer-generated

randomization list using a permuted block design with block sizes of 4 and 6. The sequence was concealed by means of a computer interface

implemented in the electronic case report form. Each registered participant corresponds to a different serial number. Participants, injecting

physicians, assessors, and the statistician were blinded to group allocation. An unblinded study nurse had access to the randomization result

and the allocated intervention.

All participants completed an initial evaluation to determine eligibility. Patients deemed potentially eligible underwent a radiographic

screening (conventional X-ray: weight-bearing long-leg, anteroposterior and lateral views) and a serological screening (laboratory test for

ITP) before visiting the study site for routine clinical screening (collection of medical history and knee examination). At the time of enrolment,

participants had a baseline assessment, which consisted of several questionnaires and knee magnetic resonance imaging (MRI) scans, and

were randomized. Age, sex, body mass index, duration of symptoms, and symptoms in other joints were also recorded as baseline informa-

tion. Follow-up questionnaires were filled out at 1, 3, 6, and 12 months. An additional MRI was done after a 12-month follow-up.
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Participants were instructed to refrain from using of non-steroidal anti-inflammatory drugs and other analgesics for knee pain from 3 weeks

before the baseline assessment until the 12-month follow-up. Throughout the study period, all concomitant treatments (including conven-

tional treatment, such as exercise therapy and healthy lifestyle guidance; KOAmedications, such as painkillers; physical therapies; intra-artic-

ular injections; knee surgery) were registered.

All participants received one intra-articular knee injection by two experienced orthopedic surgeons. The injection consisted of allogeneic

PRP in the PRP group or saline in the placebo group. The unblinded study nurse prepared the injection in a separate room and placed an

opaque patient label over the syringe and needle base to mask the contents. Both the participants and the physicians were blinded to

the contents of the injection. After the injection, passive knee flexion and extension were performed three times and the participant rested

for 10 minutes thereafter.

For the PRP group, one healthy volunteer donor, a 30-year-old male, donated about 350 ml of peripheral venous blood. To assess the

safety of the allogeneic PRP, tests for hepatitis B, hepatitis C, human immunodeficiency virus, and syphilis were performed and confirmed

as negative before injection. Allogeneic PRP was obtained using a commercial product (Regenlab PRP Kit-RegenACR�, Le Mont-sur-

Lausanne, Switzerland) with a single centrifugation at 1500g for 5 minutes. This method is leukocyte-poor, produces platelet concentration

factors that are 1.6 to 5 times higher than whole blood values and recovers around 80% of the initial platelets.1 In accordance with accepted

standards,31,32 details about PRP characteristics, such as growth factor and cytokine concentrations in PRP preparations, are provided in

Table S4 in Supplement Information. Overall, 43 tubes of PRP were obtained from this blood donation: 40 PRP tubes were used for injection

and 3 tubes were sent to the laboratory for analysis. All tubes contained the same volume of PRP (4 ml). All participants received injections on

the same day (October 25, 2021).
Outcomes

The primary outcome was the 12-month change, compared to baseline, in knee pain and function, measured using theWestern Ontario and

McMaster Universities (WOMAC) total score. This is a validated 96-point numerical rating scale (5-point Likert for each question) with total

scores of 0-32 points representing mild OA, 33-48 points for moderate OA, and 49-96 points for severe OA. Based on previous studies,

the minimum clinically important difference (MCID) for the WOMAC total score was reported to be 11.5 points.33

The secondary self-reported symptom-related outcomes were as follows: (1) 1-, 3- and 6-month changes in theWOMAC total score; (2) 1-,

3-, 6- and 12-month changes inWOMACsubscales (pain, range 0-20 points; stiffness, range 0-8 points; function, range 0-68 points); (3) 1-, 3-, 6-

and 12-month changes in overall knee pain score during activities of daily living (using an 11-point VAS, range 0-10 points, with higher scores

indicating worse pain; reportedMCID 1.8 points)34; (4) 1-, 3-, 6- and 12-month changes in Lysholm knee scoring scale (range 0-100 points, with

lower scores indicating worse outcomes; reported MCID 8.9 points33); (5) 1-, 3-, 6- and 12-month changes in the Physical Component Sum-

mary (PCS) andMental Component Summary (MCS) of the 36-Item Short-FormGeneral Health Survey (SF-36) (range 0-100, with higher scores

indicating a better quality of life; no reported MCID).

KneeMRI, performed at baseline and 12months, used a 3T whole body systemwith a dedicated extremity coil and a T1-weighted fat-sup-

pressed 3Dgradient recall acquisition sequence. SecondaryMRI outcomes at 12months were the results of theMRIOsteoarthritis Knee Score

(MOAKS)35 for (1) meniscal morphology (any region worsening at 12 months; scored as yes or no); (2) intercondylar synovosis incorporating

synovitis and effusion (worsening at 12 months; scored as yes or no); (3) cartilage morphology (number of areas worsening in thickness; cate-

gorized as 0, 1, 2, orR3); (4) whole knee effusion (categorized as worsened, no change, or improved); (5) progression of medial distal femur

and proximal tibia bone marrow lesion size (scored as 0-3 per region, with higher scores indicating greater size); (6) progression of cartilage

defects (scored as 0-4 per region, with higher scores indicating greater cartilage defects). Progression (yes or no) was defined as a score in-

crease of 1 or greater from baseline in either compartment, and (7) medial tibial cartilage volume was measured by manually drawing disar-

ticulation contours around the cartilage edges, section by section (categorized as reduced, no change, or increased). All participants’ paired

image sets were evaluated by two radiologists (blinded to treatment allocation) with excellent reliability (intraclass correlation coefficient, 0.92

[95% CI, 0.82-0.97]). The MCID for the MRI outcomes is unknown.

Adverse events were self-reported following injection and follow-up. At the end of the 12-month follow-up, participants were asked if they

were willing to receive a second injection.
QUANTIFICATION AND STATISTICAL ANALYSIS

Sample size calculation

Regarding the primary outcome (12-month change in knee pain and function measured using the WOMAC total score), based on previous

studies,8,9,33,36–38 an 11.5 points reduction in WOMAC total score was considered as the MCID to be detected between the groups with a

standard deviation (SD) of 16. Accepting a false-positive rate of 5% (a= 0.05) and a power of 80% (b= 0.20), we have calculated that aminimum

sample size of 64 participants is required. To allow an approximate dropout rate of 20%, a total of 40 participants in each group were deemed

necessary. After the necessary minimum number of patients was reached, patient recruiting was stopped.
14 iScience 27, 109664, May 17, 2024



ll
OPEN ACCESS

iScience
Article
Statistical analysis

All patients were included in the analyses and an intention-to-treat analysis was conducted. There was no crossover between groups. All sta-

tistical analyses were performed as 2-sided tests with a significance level of P < .05. The statistical software SPSS v. 26.0 (SPSS Inc., Chicago,

Illinois, USA) was used to perform the analysis.

Multivariable imputation by chained equations with predictive mean matching and 5 nearest neighbors was used to impute missing out-

comes for the sensitivity analysis of the primary and secondary outcomes.

The means and SDs of continuous variables were calculated and compared using the Student’s t test (for normally distributed variables)

and the Mann-Whitney U test (for not-normally distributed variables). Categorical data were reported as frequencies and were compared us-

ing either the chi-square or Fisher’s exact test. The Kolmogorov-Smirnov test was used to evaluate normality. For the primary and secondary

continuous outcomes, the difference between the two groups was compared using the repeated-measures mixed linear model (MLM) with

Sidak’s test for multiple comparisons, including an interaction between month (time point) and treatment group. Structural outcomes (MRI

results) were analyzed via binomial regression models with a log-link fit using generalized estimating equations to account for multiple mea-

surements per participant, including terms for month and treatment group and an interaction between them, using the same analysis plan to

analyze pain medication consumption, with results reported as risk ratios (RR) with 95% confidence intervals (CI). The outcome regression

models were used to assess whether PRP effects on the primary outcome at 12 months were moderated by age, body mass index, and Kellg-

ren and Lawrence grade. The within-group differences at different times of continuous, normally distributed and homoscedastic data were

compared for their means using the analysis of variance (ANOVA). Secondary outcomes were interpreted as exploratory because of the po-

tential for type I error due to multiple comparisons. The success of blinding was assessed using the James Blinding Index,39 calculated by

asking participants and researchers whether they believed that each patient was assigned to the treatment group, or to the control group,

or they were uncertain. Incorrect guesses, uncertain responses, and disagreements are indications that blinding was successful.
Additional resources

TRIAL REGISTRATION Chinese Clinical Trial number: ChiCTR2100048624.
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