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Abstract

Objective

Hand osteoarthritis poses a significant health challenge globally due to its increasing preva-

lence and the substantial burden on individuals and the society. In current clinical practice,

treatment options for hand osteoarthritis encompass a range of approaches, including bio-

logical agents, antimetabolic drugs, neuromuscular blockers, anti-inflammatory drugs, hor-

mone medications, pain relievers, new synergistic drugs, and other medications. Despite

the diverse array of treatments, determining the optimal regimen remains elusive. This

study seeks to conduct a network meta-analysis to assess the effectiveness and safety of

various drug intervention measures in the treatment of hand osteoarthritis. The findings aim

to provide evidence-based support for the clinical management of hand osteoarthritis.

Methods

We performed a comprehensive search across PubMed, Embase, Web of Science, and

Cochrane Central Register of Controlled Trials was conducted until September 15th, 2022,

to identify relevant randomized controlled trials. After meticulous screening and data extrac-

tion, the Cochrane Handbook’s risk of bias assessment tool was applied to evaluate study

quality. Data synthesis was carried out using Stata 15.1 software.

Results

21 studies with data for 3965 patients were meta-analyzed, involving 20 distinct Western

medicine agents. GCSB-5, a specific herbal complex that mainly regulate pain in hand oste-

oarthritis, showed the greatest reduction in pain [WMD = -13.00, 95% CI (-26.69, 0.69)].

CRx-102, s specific medication characterized by its significant effect for relieving joint stiff-

ness symptoms, remarkably mitigated stiffness [WMD = -7.50, 95% CI (-8.90, -6.10)]. Chon-

droitin sulfate displayed the highest incidence of adverse events [RR = 0.26, 95% CI (0.06,

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0298774 May 9, 2024 1 / 22

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Wu R, Peng Q, Wang W, Zheng J, Zhou

Y, yang Q, et al. (2024) Systematic review and

network meta-analysis on the efficacy and safety of

parmacotherapy for hand osteoarthritis. PLoS ONE

19(5): e0298774. https://doi.org/10.1371/journal.

pone.0298774

Editor: Ashraful Hoque, Sheikh Hasina National

Institute of Burn & Plastic Surgery, BANGLADESH

Received: August 22, 2023

Accepted: January 31, 2024

Published: May 9, 2024

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0298774

Copyright: © 2024 Wu et al. This is an open access

article distributed under the terms of the Creative

Commons Attribution License, which permits

unrestricted use, distribution, and reproduction in

any medium, provided the original author and

source are credited.

Data Availability Statement: All relevant data are

within the manuscript and its Supporting

Information files.

https://orcid.org/0000-0003-2977-9508
https://doi.org/10.1371/journal.pone.0298774
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0298774&domain=pdf&date_stamp=2024-05-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0298774&domain=pdf&date_stamp=2024-05-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0298774&domain=pdf&date_stamp=2024-05-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0298774&domain=pdf&date_stamp=2024-05-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0298774&domain=pdf&date_stamp=2024-05-09
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0298774&domain=pdf&date_stamp=2024-05-09
https://doi.org/10.1371/journal.pone.0298774
https://doi.org/10.1371/journal.pone.0298774
https://doi.org/10.1371/journal.pone.0298774
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


1.22)]. No substantial variation in functional index for hand osteoarthritis score improvement

was identified between distinct agents and placebo.

Conclusions

In summary, GCSB-5 and CRx-102 exhibit efficacy in alleviating pain and stiffness in HOA,

respectively. However, cautious interpretation of the results is advised. Tailored treatment

decisions based on individual contexts are imperative.

Introduction

Osteoarthritis (OA) is one of the most prevalent joint diseases in the world, affecting approxi-

mately 20% of global adults [1,2]. It exerts severe adverse impacts on patients’ quality of life

[3]. The global morbidity of OA has been increasing with the aging of the population and the

increase in the obese population [4]. Although OA would be symptomatic in only part of the

patients with radiological diseases, it is reported that in North America and Europe, 60% of the

adults over 65 may have structural hand osteoarthritis (HOA), which is far higher than the

proportion of knee (33%) and hip (5%) osteoarthritis [5]. Despite the fact that considerable

attentions have been paid to knee and hip osteoarthritis due to their impacts on the range of

joint motion and the subsequent morbidity, multiple studies suggest that symptomatic HOA

would be more prevalent [6–8]. It is reported that HOA primarily occurs in women and

elderly patients. The incidence of HOA is 26% in women over 70, and the estimated lifetime

risk is 40% in the general population [9,10]. HOA brings a heavy medical burden on the

patients and healthcare system in that it is characterized by hand pain, stiffness, disability, and

a compromised quality of life [8,11]. Symptoms of the hands aggravates with time, such as

joint swelling and erythema [12].

Current treatments for HOA mainly aim to attenuate the symptoms and recover the func-

tion of the hand joints [13]. There are several treatment strategies and non-pharmaceutical

therapies like education and exercise, but these interventions yield limited effects [14]. In

recent years, multiple randomized controlled trials (RCTs) and systematic reviews have dem-

onstrated the efficacy and safety of inflammation-targeted biological agents and corticosteroids

for treating HOA [15,16]. However, there are plenty of agents available, as well as a lack of

comparisons of the relative efficacy among different agents, which limits their clinical applica-

tion and the selection of an optimal regimen [17].

Network meta-analysis is an extension of conventional meta-analysis. It can pool multiple

similar studies, perform quantitative analysis, provide direct and indirect comparisons among

different interventions, and infer an optimal treatment regimen by calculating the cumulative

probability ranking, which significantly improves the power of RCTs. Therefore, this network

meta-analysis aims to compare the efficacy and safety of different pharmaceutical agents for

the treatment of HOA, thereby providing evidence-based supports for clinical decision-

making.

Materials and methods

This study is conducted and reported in strict accordance with The PRISMA extension state-

ment for reporting of systematic reviews incorporating network meta-analyses of health care
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interventions [18], and has been pre-registered on PROSPERO (registration No.

CRD42023388004).

Inclusion criteria

Types of study. Type of study RCTs published at home and abroad.

Types of participants. Patients diagnosed with primary HOA, accompanied by proximal

interphalangeal point (PIP) or distal interphalangeal point (DIP) according to The American

College of Rheumatology criteria for the classification and reporting of osteoarthritis of the

hand [19], regardless of its subset, including thumb-base osteoarthritis, interphalangeal osteo-

arthritis, carpometacarpal osteoarthritis, intermetacarpal osteoarthritis, metacarpophalangeal

osteoarthritis, or erosiveosteoarthritis, No restrictions were imposed on age, race, and gender.

Interventions. Patients in the experimental group received various treatments, including

biological agents such as Lutikizumab, Tocilizumab, Etanercept, Adalimumab; antimetabolic

drugs like Methotrexate, Colchicine, Diacerein; a neuromuscular blocker (intra-articular botu-

linum toxin A); anti-inflammatory drugs (NSAIDs) such as Celecoxib, Diclofenac Sodium

Gel, Lumiracoxib, NAXOZOL; hormonal drugs like Prednisolone and local corticosteroids;

analgesic drugs like SR paracetamol; new synergistic drugs like GCSB-5 (a herbal complex tar-

geting hand osteoarthritis pain regulation) and CRx-102 (a drug providing significant relief

from joint stiffness symptoms); and other drugs like Hypertonic dextrose, Cannabidiol, and

Chondroitin sulfate. To enhance comparability, we standardized the dosage information for

all included drugs. This involved ensuring consistent units of measure for dosages across dif-

ferent studies. Additionally, we maintained the consistency of dosage groups, defining them

uniformly across studies for a more reliable analysis. The control group in the studies received

a placebo—a simulated treatment with no therapeutic effect. This approach aimed to maintain

consistency between the control and experimental groups, except for the specific intervention,

thus minimizing confounding factors.

Types of outcomes. The primary outcomes were pain and the (Functional Index for

Hand OsteoArthritis, FIHOA) score. The FIHOA score is designed to assess hand function

and disease impact in patients with hand osteoarthritis. It combines patients’ self-report and

clinical assessment, including multiple dimensions such as pain, dysfunction, and others.

Secondary outcomes. The secondary outcomes were stiffness score and the incidence of

adverse events. Studies that reported one of the above outcomes were included. The hierarchy

list of data extraction is provided in S1 Table.

Exclusion criteria

• �The studies without a comfort group.

• �Follow-up duration <1 week.

• �Studies that did not report pain, physical function, stiffness, or adverse events as outcomes.

• �The article was repeatedly published.

• �No reference or homemade diagnostic criteria.

Data search and selection

PubMed, Embase, Web of Science, and Cochrane Central Register of Controlled Trials (CEN-

TRAL) were searched, from inception to September 15th, 2022. We also searched grey litera-

ture and reviewed the reference lists of included studies and related systematic reviews. There
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were no restrictions regarding language, type of publication, date of publication or status of

publication. The type of publication included original research, conference proceedings, letters

to the editor, etc. Search items were designed based on a combination of medical subject head-

ings (MeSH) and free words. Different search strategies were applied for different databases.

The search strategies in these databases are shown in S2–S5 Tables. Two researchers (WWW

and YZ) independently screened the literature based on the inclusion criteria. After extracting

the data, they crosschecked each other’s results. Any disagreements were resolved by consult-

ing a third party (LM). Endnote X9 software was applied for duplicate-checking. The titles and

abstracts of retrieved articles were browsed to exclude irrelevant studies, and then the full texts

of the remaining articles were read to identify eligible studies. If the literature was incomplete,

the authors of the original study were contacted to obtain detailed data.

Data extraction and bias assessment

Two reviewers (RQW and QLP) independently extracted data from each trial using a stan-

dardized form. Any disagreements were resolved by consulting a third party (LM). The

extracted data included the baseline characteristics, factors related to risk of bias, interventions,

treatment courses, and outcome measures. Two reviewers(QPY and XZ) independently

assessed the quality of the included studies using the Risk of Bias Assessment Tool (ROB2) rec-

ommended in The Cochrane Handbook [20] which contains the following 7 domains: ran-

domization sequence generation, allocation concealment, blinding of participants and

personnel, blinding of outcome assessment, incomplete data, selective reporting, and other

bias. Each domain can be graded as “low risk”, “high risk”, and “unclear risk”. Two reviewers

cross-checked their results after completion of data extraction, and any disagreement was set-

tled by discussion or consultation to a third reviewer.

Quality of evidence

The GRADE (Grading of Recommendations Assessment, Development, and Evaluation)

approach used to evaluate the quality of evidence for the primary outcomes and categorized as

high, moderate, low, or very low. Two authors (RQW and JXZ) without conflicts of interest

related to this study reviewed the synthesized evidence and downgraded its certainty based on

study design, risk of bias, inconsistency, indirectness, and imprecision.

Statistical analysis

Network meta-analysis was performed using Stata 15.1. A network diagram of the evidence

was plotted to reveal the association among the interventions, and a league table was provided.

Nodes in the network represent independent studies or treatment methods, with the size of

each node potentially reflecting the sample size or weight of the corresponding study. Lines

connecting the nodes signify comparisons between two studies, and the width of these edges

may convey the number of studies or their respective weights. Directly connected nodes indi-

cate studies that have directly compared the two treatment methods, often signifying head-to-

head comparisons. In cases where no direct comparisons exist, and comparisons are made

through one or more intermediate nodes, forming indirect comparisons. The thickness of the

lines is proportionate to the number of studies, contributing to the construction of a compre-

hensive network. The availability of both direct and indirect comparative evidence between

different intervention measures makes network meta-analysis a viable approach. The data in

the table represented the RR/MD value with 95%CI of the direct pairwise comparisons of dif-

ferent interventions. If the 95%CI contained 0/1, the results were insignificant. A RR > 1 or

MD< 0 indicated that row-intervention was more effective than column-intervention;
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otherwise, column-intervention was more preferable. The surface under the cumulative rank-

ing (SUCRA) of each intervention was calculated, and a larger SUCRA value indicated a more

effective intervention. The SCURA ranking chart is an effective visualization tool in network

meta-analysis used to integrate information from direct and indirect comparisons, providing

comprehensive rankings of multiple treatment regimens. A comparison-adjusted funnel plot

was provided. The publication bias was assessed using a funnel plot and Egger’s test. A roughly

symmetrical funnel plot and a p value of Egger’s test greater than 0.05 indicated no evident

publication bias. RevManv 5.4 was used to assess the quality of the included studies and pres-

ent the figure of risk of bias.

Results

Study selection and baseline characteristics

The PRISMA flow diagram of study selection is shown in Fig 1. We initially retrieved 1,373

articles from PubMed (n = 332), Embase (n = 550), Cochrane Library (n = 217), and Web of

Science (n = 255). We also identified another 10 studies via manual searching. Irrelevant stud-

ies were excluded after removing duplicates and browsing abstracts and titles, such as animal

experiments, surgery-related studies, and case reports. Full texts of the remaining 150 articles

were downloaded for further screening. After reading the full texts, ineligible studies were

excluded, and 21 RCTs were finally included, with a total of 3,965 patients (1,987 in the treat-

ment group and 1,978 in the control group) diagnosed with primary HOA according to the

diagnostic criteria for HOA. The mean age of the patients was 67.5 years. The included studies

involve biological agents, antimetabolic drugs, neuromuscular blocker, anti-inflammatory

drugs (NSAIDs), hormone drugs, analgesic drugs, new synergistic drugs, and other drugs. The

basic characteristics of the included RCTs are shown in Table 1.

Quality assessment of included studies

Among the included studies, 17 studies performed randomization using a random-number

table, and therefore they were graded as “low risk”, while the other 4 studies failed to report

detailed randomization processes and were graded as “unclear risk”. For allocation conceal-

ment, 12 studies applied allocation concealment using an envelope method and were graded as

“low risk”; the remaining studies provided no descriptions of the allocation concealment, so

they were graded as “unclear risk”. As for blinding, 14 studies performed double-blinding, and

3 studies performed single-binding. These studies were graded as “low risk”. Thirteen studies

reported blinding of outcome assessment, and they were graded as “low risk”. The rest of the

studies provide no detailed information on binding and were graded as “unclear risk”. All the

included studies were graded as “low risk” in terms of incomplete data. No studies were found

to selectively report results, so all the studies were graded as “low risk”. The risk of other bias

was unclear. The quality assessment of the included studies is shown in S1 Fig.

Pain

Network of evidence. Fourteen studies [19,22–24,27–31,33–36] reported pain, involving 14

agents and 1,878 participants. The network of evidence was centered on the placebo, and no

closed loop was formed among the interventions. Thus, the inconsistency test was not

required. The network diagram for pain is shown in Fig 2.

Network meta-analysis and SUCRA ranking. Pairwise comparison was performed for the

14 interventions, and a total of 91 pairwise comparisons were completed. Network meta-analy-

sis showed that in reducing pain, CRx-102 was more effective than ADA [WMD = -19.28, 95%
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CI (-36.35,-2.21)], COL [WMD = -22.00, 95% CI (-42.15,-1.85)], PRE [WMD = -28.00, 95% CI

(-45.49, -10.51)] and PBO [WMD = -11.00, 95% CI (-12.33,-9.67)]; GCSB-5 was more effective

than ADA [WMD = -21.28, 95% CI (-39.33, -3.23)], COL[WMD = -24.00, 95% CI (-44.99,

-3.01)], PRE[WMD = -30.00, 95% CI (-48.45, -11.55)], CS[WMD = -20.00, 95% CI (-39.95,

Fig 1. The flow diagram of study selection.

https://doi.org/10.1371/journal.pone.0298774.g001
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-0.05)],and PBO [WMD = -13.00, 95% CI (-19.03,-6.97)]; and PRE was more effective than

PBO [WMD = -17.00,95% CI (-18.35, -15.65)]. The differences were statistically significant.

The network meta-analysis diagram of pain is shown in Table 2.

Among the studies reporting pain, the cumulative ranking of the 14 interventions is shown

in S2 Fig. The ranking of these agents was based on their SUCRA values. A higher SUCRA

value indicated greater efficacy in reducing VAS. The probability ranking was: GCSB-5

(91.8%)>CRx-102 (88.6%)>LC (64.1%)>MTX (60.6%)>PBO (60.2%)>DSG (54.6%)>TOC

(54.3%)>DX (46.7%)>ETA (43.9%)>LUM (43.4%)>CS (33.2%)>ADA (28.2%)>COL

(22.9%)>PRE (7.7%).

Stiffness

Network of evidence. Six studies [22,28–30,34,35] reported the Stiffness, involving six inter-

ventions and 932 participants. The network of evidence was centered on placebo. No closed

Table 1. Characteristics of included studies.

First Author, Publication

Year

Sample

size

Age (Year) BMI (kg/m2) Duration of

Complaints (Year)

Interventions Follow-Up

period

Outcome

Assessment

T C T C T C T C T C

Nguyen.et al, 2022 [21] 30 30 65.2 64.6 NA NA NA NA IABTA PBO 26weeks ④
Kloppenburg.et al, 2019

[14]

64 67 66±8 66±7 27±5 28±5 11±9 11±8 LUT PBO 26weeks ④

Richette.et al, 2021 [22] 42 41 64.1±8.9 64.7±8.6 23.1±3.9 25.7±4.9 9.1±6.3 10.7±9.8 TOC PBO 12weeks ①②④
Ferrero.et al, 2021 [23] 32 32 67.5 ± 8 64.9 ± 7 24.2 ± 4 24.6 ± 4 NA NA MTX PBO 52weeks ①③④
Davis.et al, 2021 [24] 32 32 66±8 66±7 28.5±4.5 29.3±6 NA NA COL PBO 12weeks ①
Park.et al, 2020 [25] 52 53 65.44

±8.49

66.09

±7.1

NA NA NA NA NAX CEL 12weeks ④

Kroon.et al, 2019 [26] 46 46 62.2 65.6 26.9 27.2 6.9 6.2 PRE PBO 6weeks ①③④
Kloppenburg.et al, 2018

[27]

45 45 59.4 60.1 26.3 25.5 6.2 7.3 ETA PBO 52weeks ①④

D.Aitken.etal,2018 [28] 18 25 63.1 61.2 29.2 28.7 NA NA ADA PBO 12weeks ①②④
Park.et al, 2016 [29] 109 106 60.7 59.4 23.9 23.9 2.38 2.6 GCSB-5 PBO 16weeks ①②③
Chevalier.et al, 2015 [30] 41 42 62.8 62.2 25.2 24.7 13.5 13.5 ADA PBO 26weeks ①②
Jahangiri.et al, 2014 [31] 30 30 63.3 63.9 NA NA 0.94 0.89 LC DX 26weeks ①
Kichul.et al, 2013 [32] 42 44 57.0 58.6 23.5 24.7 4.9 4.6 DIA PBO 12weeks ③④
Gabay.et al, 2011 [33] 80 82 63.9± 8.5 63±7.2 26.7±4.5 25.0±3.9 NA NA CS PBO 26weeks ①③④
Altman.et al, 2009 [19] 198 187 63.6±10.3 64.7±9.6 28.0 ± 6.3 28.6 ± 6.5 NA NA DSG PBO 8weeks ①
Kvien.et al, 2008 [34] 42 41 61.1 59.6 NA NA NA NA CRx-

102

PBO 6weeks ①②④

Grifka.et al, 2004 [35] 205 196 62±12.1 62.7

±11.7

26.6 ± 4.6 27.0 ± 4.8 4.9 ± 4.8 5.7 ± 6.0 LUM PBO 4weeks ①②④

Reeves.et al, 2000 [36] 13 14 64.5 63.9 NA NA NA NA DX PBO 26weeks ①
Vela.et al, 2022 [37] 70 66 62 61.5 26.99 26.25 NA NA CBD PBO 12weeks ④
Yelland.et al, 2007 [38] 41 41 65 61 NA NA NA NA CEL SRp 12weeks ④
Fleischmann.et al, 2008 [39] 755 758 62.9

±10.25

62.7 ± 10 29.5

±6.41

29.7

±6.34

7.9

±7.73

7.6 ± 7.79 LUM CEL 52weeks ④

Abbreviations: T: Experimental group; C: Control group; PBO: Placebo; IABTA: Intra-articular botulinum toxin A; LUT: Lutikizumab; TOC: Tocilizumab; MTX:

Methotrexate; COL: Colchicine; NAX: NAXOZOL; CEL: Celecoxib; PRE: Prednisolone; ETA: Etanercept; ADA: Adalimumab; LC: Local corticosteroid; DX: Dextrose;

DIA: Diacerein; CS: Chondroitin sulfate; DSG: Diclofenac Sodium Gel; LUM: Lumiracoxib; CBD: Cannabidiol; SRp: SR paracetamol; NA: Not avaliable.

①Pain.②Stiffness.③FIHOA score.④Adverse reactions.

https://doi.org/10.1371/journal.pone.0298774.t001
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loop was formed among the interventions, so the inconsistency test was not required. The net-

work diagram for stiffness is shown in Fig 3.

Network meta-analysis and SUCRA ranking. Pairwise comparison was performed for the 6

interventions, and 15 pairwise comparisons were completed. Network meta-analysis showed

that in improving stiffness, LUM was more effective than TOC [WMD = -11.30, 95% CI

(-16.23, -6.37)] and PBO [WMD = -0.20, 95% CI (-0.39, -0.01)]; CRx-102 was more effective

than TOC [WMD = -18.60, 95% CI (-23.72, -13.48)], PBO[WMD = -7.50, 95% CI (-8.90,

-6.10)], and LUM [WMD = -7.30, 95%CI (-8.71, -5.89)]; GCSB-5 was more effective than TOC

[WMD = -15.30,95% CI (-24.21, -6.39)] and PBO [WMD = -8.00, 95% CI (-15.29,-0.71)];TOC

was more effective than PBO [WMD = -11.10,95% CI (-16.03,-6.17)]; and the differences were

statistically significant. No statistical difference was observed between other agents. The net-

work meta-analysis diagram of stiffness is illustrated in Table 3.

The cumulative ranking of the 6 agents is shown in S3 Fig. The ranking of these agents was

based on their SUCRA values. An agent with higher SUCRA value would be of greater efficacy

Fig 2. Network diagram for pain.

https://doi.org/10.1371/journal.pone.0298774.g002
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in attenuating stiffness. The probability ranking was: CRx-102 (95.1%) > GCSB-5 (74.0%)>

LUM (53.7%)>ADA (42.7%)>PBO (34.0%)>TOC (0.6%).

FIHOA score

Network of evidence. Six studies [22,23,26,29,32,33] reported Functional Index for Hand

score, involving 7 interventions and 677 participants. The network of evidence was centered

Fig 3. Network diagram for stiffness.

https://doi.org/10.1371/journal.pone.0298774.g003

Table 3. League table of stiffness in network meta-analysis.

LUM

7.30 (5.89,8.71) CRx-102

4.00 (-3.42,11.42) -3.30 (-10.85,4.25) GCSB-5

-0.66 (-10.49,9.16) -7.96 (-17.88,1.95) -4.66 (-16.97,7.64) ADA

-11.30 (-16.23,-

6.37)

-18.60 (-23.72,-

13.48)

-15.30 (-24.21,-

6.39)

-10.64

(-21.62,0.35)

TOC

-0.20 (-0.39,-0.01) -7.50 (-8.90,-6.10) -8.00 (-15.29,-0.71) -2.40 (-13.65,8.85) -11.10 (-16.03,-

6.17)

PBO

Abbreviations: PBO: Placebo; TOC: Tocilizumab; ADA: Adalimumab; LUM: Lumiracoxib.

https://doi.org/10.1371/journal.pone.0298774.t003
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on placebo. No closed loop was formed among the interventions, so the inconsistency test was

not required. The network diagram for FIHOA score is depicted in Fig 4.

Network meta-analysis and SUCRA ranking. Pairwise comparison was performed for the 7

interventions, and 21 pairwise comparisons were completed. Network meta-analysis showed

no significant differences between CS, DIA, PRE, TOC, MTX, GCSB-5 and placebo in improv-

ing the FIHOA score. The efficacy of these agents was similar in pairwise comparison. The net-

work meta-analysis diagram of FIHOA score is illustrated in Table 4.

The cumulative ranking of the 7 agents is shown in S4 Fig. The ranking of these agents was

based on their SUCRA values (Table). An agent with higher SUCRA value would be of greater

efficacy in improving FIHOA score. The probability ranking was: PBO (77.6%)>GCSB-5

(61.6%)>MTX (56.5%)>TOC (48.4%)>PRE (45.1%)>DIA (41.0%)>CS (36.4%).

Incidence of adverse events

Network of evidence. Fifteen studies [13,21–23,25–28,33–35,37–39] reported the incidence of

adverse events, involving 16 interventions and 3,131 participants. The network of evidence

Fig 4. Network diagram for FIHOA score.

https://doi.org/10.1371/journal.pone.0298774.g004
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was overall centered on placebo. No closed loop was formed among the interventions, so the

inconsistency test was not required. The network diagram for adverse reaction rate is shown

in Fig 5.

Network meta-analysis and SUCRA ranking. Pairwise comparison was performed for

the 16 interventions, and 120 pairwise comparisons were completed. Network meta-analysis

showed that patients receiving LUM had a lower incidence of adverse events, compared

with those receiving CRx-102 [RR = 0.32,95% CI (0.11, 0.95)]. Patients receiving CS had a

lower incidence of adverse events than those receiving CRx-102 [RR = 13.51,95% CI (2.41,

75.79)]. Patients receiving DIA had a lower incidence of adverse events than those receiving

CRx-102 [RR = 2.61, 95% CI (1.12, 6.07)]. ADA administration had a lower incidence of

adverse events than CRx-102 [RR = 5.49, 95% CI (2.12, 14.19)] and DIA [RR = 2.10,95% CI

(1.22, 3.62)]. Patients receiving ETA had a significantly lower incidence of adverse events

than those receiving CRx-102 [RR = 3.25, 95% CI (1.08, 9.79)]. Patients receiving LUT had

a significantly lower incidence of adverse events than those receiving CRx-102

[RR = 7.15,95% CI (2.59, 19.71)] and DIA [RR = 2.74,95% CI (1.37, 5.51)]. Patients receiv-

ing MTX had a significantly lower incidence of adverse events than those receiving CRx-

102 [RR = 8.05, 95% CI (2.10, 30.88)] and DIA [RR = 3.09, 95% CI (1.03, 9.24)]. Patients

receiving IABTA had a lower incidence of adverse events, compared with those receiving

CRx-102 [RR = 6.56, 95% CI (2.03, 21.26)], DIA [RR = 2.52, 95% CI(1.04, 6.12)], and TOC

[RR = 3.58, 95% CI (1.05, 12.23)]. Patients receiving CBD had a significantly lower inci-

dence of adverse events than those receiving CRx-102 [RR = 3.76,95% CI (1.25, 11.32)]. CS

administration had a significantly lower incidence of adverse events than DIA [RR = 0.19,

95% CI (0.04, 0.89)] and TOC [RR = 0.14, 95% CI (0.02, 0.78)]. ADA administration had a

significantly lower incidence of adverse events than TOC [RR = 0.33, 95% CI (0.12, 0.92)].

MTX administration had a significantly lower incidence of adverse events than TOC

[RR = 0.23, 95% CI (0.06, 0.91)]. The differences were all statistically significant. The net-

work meta-analysis diagram of adverse reaction rate is shown in Table 5.

The cumulative ranking of the 16 agents is shown in S5 Fig, and the ranking was based on their

SUCRA values. An agent with higher SUCRA value would be of lower risk for adverse events. The

probability ranking was: CS (83.1%)>MTX (74.3%)>LUT (73.0%)>CRx-102 (70.6%)> IABTA

(68.0%)> ADA (62.3%)> PRE (47.4%)> PBO (46.2%)> NAX (46.2%)> SRp (42.9%)> CBD

(42.4%)> ETA (36.6%)> CEL (34.7%)> LUM (32.6%)> TOC (25.1%)> DIA (21.2%).

Table 4. League table of stiffness FIHOA score in network meta-analysis.

CS

-0.50

(-6.51,5.51)

DIA

2.50

(-5.41,10.41)

3.00

(-5.05,11.05)

GCSB-5

-2.07

(-7.31,3.17)

-1.57

(-7.54,4.40)

-4.57

(-12.45,3.31)

MTX

-1.30

(-7.24,4.64)

-0.80

(-6.93,5.33)

-3.80

(-11.80,4.20)

0.77 (-5.14,6.68) TOC

1.60 (-4.97,8.17) 2.10 (-4.64,8.84) -0.90 (-9.37,7.57) 3.67

(-2.86,10.20)

2.90

(-3.78,9.58)

PRE

-2.20

(-6.31,1.91)

-1.70

(-6.08,2.68)

-4.70

(-11.45,2.05)

-0.13

(-4.19,3.93)

-0.90

(-5.19,3.39)

-3.80

(-8.92,1.32)

PBO

Abbreviations: PBO: Placebo; TOC: Tocilizumab; MTX: Methotrexate; PRE: Prednisolone; CS: Chondroitin sulfate;

DIA: Diacerein.

https://doi.org/10.1371/journal.pone.0298774.t004
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Adverse events were detaily reported in 15 studies, mainly including gastrointestinal dis-

comforts, dizziness, headache, musculoskeletal pain, erythra, infection, and nausea. The occur-

rence of adverse reactions is shown in S6 Table.

Publication bias. Comparison-adjusted funnel plots were provided for outcomes that

involved more than 10 studies, as shown in S6 Fig. Dots in the funnel plot represented compar-

isons of the interventions; the color of the dots represented different drugs; and the number of

dots in same color represented the number of compared RCTs. If the dots were symmetrically

distributed on both sides of the vertical line (X = 0), there would be no small-sample effect or

publication bias. The funnel plot of pain was asymmetrical, suggesting small-sample effect or

publication bias, while Egger’s test indicated no significant publication bias (p = 0.891). There

Fig 5. Network diagram for adverse reaction rate.

https://doi.org/10.1371/journal.pone.0298774.g005
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was difference in the results between the funnel plot and Egger‘s test, indicating that publica-

tion bias would probably exist. The funnel plot for the incidence of adverse events showed that

several dots were located in the middle of the funnel plot. Small sample effect or publication

bias might exist, while Egger’s test showed no significant publication bias (p = 0.226).

Discussion

The pathogenesis of osteoarthritis is associated with multiple factors, such as gender, gene

expression, biomechanics, bone dysplasia, obesity, arthromeningitis, and complement proteins

[40,41]. Nearly half of the HOA patients would progress to severe functional limitation, result-

ing in a heavy disease burden [42]. NSAIDs, cortisol, and analgesic agents are typically applied

to alleviate the symptoms of HOA (pain, limited function, and stiffness). However, newly-

emerged evidence suggests that these agents could probably induce adverse events [43]. For

example, oral administration of NSAIDs could increase the risk of gastrointestinal injury, and

its local application also may cause skin irritation. Oral administration of cortisol could induce

glucocorticoid-related complications, especially in older patients. These adverse events may

compromise patients’ treatment compliance, and subsequently exert a negative impact on

their long-term treatment. Therefore, the efficacy and safety of the currently recommended

drugs for HOA need to be further validated.

In this study, we conducted network meta-analysis for pain, stiffness, FIHOA score, and

incidence of adverse events, and assessed the efficacy and safety of various drugs for the treat-

ment of HOA to provided reference for its clinical medication. This study included 21 RCTs,

involving 3,965 participants and 20 drugs. We performed direct and indirect comparisons cen-

tered on the placebo. Network meta-analysis showed that GCSB-5 would be the optimal option

for alleviating pain in terms of stiffness index, CRx-102 would be the most preferable. No sig-

nificant differences were observed between all the agents and placebo in improving FIHOA

score. Chondroitin sulfate would be the optimal option in reducing adverse events. However,

we only performed qualitative analysis instead of quantitative analysis due to differences in the

methods of assessing adverse events among the studies. In general, gastrointestinal reactions

were mostly reported, which were characterized by nausea, vomiting, abdominal pain, etc. Sev-

eral studies reported erythra and musculoskeletal pain, while these adverse events could disap-

pear after drug discontinuation, rest, or receiving symptomatic treatment.

The pain induced by osteoarthritis is associated with the structural changes that are caused

by accelerated degeneration of articular cartilage and secondary bone remodeling, while the

pain signal could eventually be perceived by the brain after being intensively processed at mul-

tiple levels of the central nervous system [44]. The pain is more closely related to subjective

parameters such as stiffness and function scoring. Likewise, improvements of stiffness and

function score are associated with baseline stiffness and function, respectively. In a word, the

severity of the pain and joint dysfunction depends not just on the joint impairment, but also

on the central pain management. The pain score can reflect the degree of pain in patients with

HOA, and GCSB-5 was the most effective in alleviating pain. Although the exact pharmacolog-

ical mechanism of GCSB-5 is still under investigation, extracts from GCSB-5 have been

reported to have multiple biological effects. These extracts exhibit antioxidant properties to

reduce the production of nitric oxide and have anti-oxidative stress, analgesic and anti-inflam-

matory effects. GCSB-5 regulates inflammation by inhibiting the expression of cyclooxygen-

ase-2 in macrophages, down-regulating inflammatory mediators such as interleukin-1β (IL-

1β) and tumor necrosis factor-α (TNF-α), and inhibiting nitrite oxides [45,46]. On the other

hand, a previous study demonstrates that GCSB-5 might be effective for OA. It alleviates the

PLOS ONE Pharmacotherapy for HOA: A network meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0298774 May 9, 2024 15 / 22

https://doi.org/10.1371/journal.pone.0298774


inflammatory response by inhibiting the activity of matrix metalloproteinases to reduce the

expression of inflammatory cytokines, so as to attenuate OA-induced cartilage injury [47].

It is reported that inflammatory cytokines and chemokines could cause inflammation in

synovial cells and chondrocytes [48]. Several pro-inflammatory mediators, such as IL-1, TNF-

α, and IL-6, play a crucial role in the pathogenesis of cartilage injury [49]. which could be also

induced by activated macrophages and mast cells in innate immunity [50]. The further tissue

degradation is driven by the catabolic effects of the cartilage matrix (including metalloprotei-

nases, deintegrins, and other activated chondrodegradation enzymes) and by cellular anti-ana-

bolic effects (through increased production of nitric oxide), leading to gradual degradation of

the extracellular matrix [51,52]. Anti-inflammatory biological agents, including but not limited

to TNF-α inhibitors (e.g., Adalimumab and Etanercept), IL-1 inhibitors (e.g., canakinumab),

and IL-6 inhibitors (e.g., Tocilizumab), have been used for the treatment of rheumatoid arthri-

tis (RA) and other inflammatory diseases. These agents can suppress specific components of

the immune system to inhibit the activation of inflammatory factor-mediated inflammatory

pathways [53,54]. Therefore, anti-inflammatory agents would be promising for the treatment

of OA. CRx-102 is one of those novel synergistic candidates, and is under investigation for

treating inflammatory-immune diseases, including RA and OA. The candidate drugs include a

combination of low-dose prednisone (3mg) and dipyridamole (200mg or 400mg). According

to preclinical pharmacological studies, CRx-102 acts through an unrecorded mechanism.

Dipyridamole selectively enhances the anti-inflammatory and immunomodulatory effects of

prednisolone without replicating the side effects of steroids. It is designed to work synergisti-

cally through multiple pathways to provide new therapeutic effects that neither component

can achieve alone. Preclinical trials also demonstrate that CRx-102 has great anti-inflammatory

effects. Compared with the mono-use of dipyridamole or prednisolone, CRx-102 has a higher

mean percentage of inhibition to TNF-α and IL-1 [55]. In comparison, other types of TNF-α
are unassociated with the alleviation of OA symptoms. Adalimumab and Etanercept exert

anti-inflammatory effects via mechanisms, like CRx-102, while components of CRx-102 affect

the activity of key transcription factors without affecting their nuclear localization or increas-

ing glucocorticoid receptor translocation or positive glucocorticoid response element pro-

moter transcription compared to low-dose prednisolone [56]. One of its components,

dipyridamole, may promote the effects of CRx-102 by increasing cAMP (partially by inhibiting

inflammation-associated phosphodiesterase) and by regulating adenosine transport (inducing

increased extracellular endogenous adenosine). Adenosine inhibits TNFa release from acti-

vated monocytes and macrophages [57].

It is interesting that in this study, the combination of GCSB-5 with agents that are similar to

CRx-102 was associated with more remarkable pain-relief, stiffness-relief, and function-

improvement. The results of this meta-analysis are in contrast to those of previously published

studies, which might be attributed to newer data and methodological differences. Firstly, we

included trials that compared any class of drugs with placebo for the treatment of HOA,

whereas previous studies only included patients receiving corticosteroids or NSAIDs. Sec-

ondly, this meta-analysis included only RCTs to avoid selection bias. Thirdly, we included the

latest published studies, which would be helpful to increase the robustness and precision of the

results. In addition, our outcome measures included pain relief, functional recovery, and the

assessment of other two core indicators, namely stiffness index and the overall assessment of

the patients. Several post-treatment adverse events such as gastrointestinal reactions, dizziness,

headache, musculoskeletal pain, and erythra were included as safety outcomes to provide a

comprehensive perspective.

This is the first network meta-analysis comparing the efficacy and safety of various drugs

for the treatment of HOA. The results provide evidence-based support for the selection of
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therapeutic agents for HOA patients. The limitations of this study are as follows: Firstly, some

of the studies failed to report randomization, blinding, and allocation concealment, which

would compromise the power of the results. Secondly, significant heterogeneity existed among

the studies. Randomization method, sample size, treatment course, outcome measures, and

stage of the disease might affect the accuracy of the results. Thirdly, the number of included

studies was limited, and several outcomes did not include the involved drugs. Despite the

diversity of drugs, several interventions were investigated by only 2 or 3 studies. There were

few direct comparisons, and most of the interventions involved only 1 study, which could

affect the accuracy of the ranking. More well-designed studies are needed to further validate

the results of this study. Fourthly, most of the included studies set a relatively short follow-up

duration. They had assessed just the short-term (1–6 weeks) and medium-term (6–12 weeks)

efficacy and safety. The safety could not be concluded as it failed to assess the long-term safety

of these drugs, such as gastrointestinal and musculoskeletal pain. Fifth, this network meta-

analysis did not consider non-pharmaceutical or procedure-based interventions. It is more dif-

ficult to implement blinding and randomization, and set proper control in these studies,

which often leads to short-term or small-scale studies. Sixth, while our network meta-analysis

has furnished comprehensive information about the effects of drugs, the interpretation of the

results may be limited due to limited direct comparisons between drugs. To address this limi-

tation, we conducted sensitivity analysis to explore potential sources of heterogeneity. Future

research based on studies involving direct comparisons is needed to further validate the effi-

cacy of different drugs. Seventh, we provided detailed methods for node formulation, encom-

passing the definition of nodes, selection criteria, and approaches for handling diverse data

types. It’s crucial to note that this process relies on evidence from previous research and pro-

fessional consensus. However, ensuring the rationality and soundness of the node formulation

process is intricate, potentially uncertain, and subjective. We performed sensitivity analysis to

evaluate result robustness through by changing selected nodes. Despite our efforts to mitigate

biases in this process, caution should be given to the inherent limitations in this step. Lastly,

the SUCRA curve was utilized to approximate the likelihood ranking of the comparative effec-

tiveness of various interventions, but it has limitations and the findings should be cautiously

interpreted. Based on the particular circumstances, these treatment modalities can be

recommended.

Conclusions

In conclusion, our network meta-analysis reveals that compared with NSAIDs, corticosteroids,

and analgesics, the combination of novel drugs with oral agents of disease-modifying activities

is a preferable option for the prevention and treatment of HOA. That is because synergistic

combinations can not only produce greater and more selective effects but also bring greater

therapeutic benefits with lower toxicity and fewer side effects than the use of an agent alone.

The combination of novel drugs with oral agents of disease-modifying activities may be an

optimal treatment strategy for HOA, although more well-designed RCTs are warranted to vali-

date its efficacy. In the clinic, appropriate treatment methods should be chosen based on the

specific situation of the patient. Due to the significant heterogeneity among the included stud-

ies, more well-designed, large-scale, multi-centric, and double-blinded RCTs are needed to

provide a more robust evidence-based reference for clinical HOA treatment.
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S2 Fig. Cumulative ranking plots to show comparative efficacy of medications in pain in

the network meta-analysis.
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S3 Fig. Cumulative ranking plots to show comparative efficacy of medications in stiffness

in the network meta-analysis.
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score in the network meta-analysis.
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