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a b s t r a c t 

Background: There is heterogeneity in the clinical manifestations and responses to drugs in RA patients 

due to variety of factors such as genes and environment. Despite advances in the treatment of rheumatoid 

arthritis (RA), approximately 40% of RA patients still do not achieve primary clinical outcomes in random- 

ized trials, and its low remission rate and high economic consumption remain unresolved, especially in 

developing countries. Iguratimod (IGU) is a new disease-modifying anti-rheumatic drug (DMARD) with a 

low price that has demonstrated good efficacy and safety in clinical trials and was approved for active 

RA in China and Japan. As the most populous country in the Western Pacific region, it is warranted to 

conduct a study with a large scale of patients in a real-life setting. Our study confirms the new option 

for RA patients, which is potentially benificial for public health in developing countries. 

Methods: This was a nationwide, prospective real-world study of IGU. Eligible subjects were active adult 

RA patients who aged 18 to 85 with or without multiple comorbidities such as hypertension and diabetes 

with DMARDs at a stable dosage for at least 12 weeks, or without ongoing DMARDs. A two-stage design 

was used for this study. In the first stage (the first 12 weeks), IGU 25 mg bid was added as monotherapy 

or to the background therapy, and in the second stage (the latter 12 weeks), adjustment of RA medicines 

other than IGU was allowed according to the participants’ disease activity. The primary endpoints were 

American College of Rheumatology 20% response (ACR20) 24 weeks and adverse events during 24 weeks. 

The secondary endpoints were ACR50 and ACR70 over 24 weeks, the changes of DAS28 and Health As- 

sessment Questionnaire (HAQ) at week 12 and week 24 from baseline. The trial was registered with 

ClinicalTrials.gov, number NCT01554917. 

Findings: Between March 2012 and January 2015, 1759 participants were enrolled, of whom 81 • 5% 

(1433/1759) completed the study. Notably, 1597 patients in the full analysis set were assessed for the ef- 
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. Introduction 

Rheumatoid arthritis (RA) is a chronic disease leading to dis- 

bility with serious heterogeneity, which makes it difficult to con- 

rol and seriously affects the life and health of the public. Nowa- 

ays, disease-modifying anti-rheumatic drugs (DMARDs), includ- 

ng conventional synthetic DMARDs, biological DMARDs, and tar- 

et synthetic DMARDs, are widely used for RA treatment. How- 

ver, the remission rate of patients with RA remains low [1–3] . 

urthermore, the economic burden of RA in developing countries 

s heavy. In 2017, the average cost was $1917 • 21 ±2559 • 06 per pa-

ient with RA per year and was approximately $13 • 9–22 • 4 billion

n China, mainly drug expense [4] . New, affordable, oral and tol- 

rable DMARDs are necessary to help patients, especially those in 

eveloping countries, achieve treatment targets. 

Iguratimod (IGU) is a methane sulfonanilide chemically com- 

osed of (N-[7-[( methanesulfonyle ) amino ] −4-oxo-6-phenoxy-4H-1- 

enzopyran-3-yl]-formamide) [5] . It was found to have an in- 

ibitory effect on the expression of interleukin (IL) −1 and IL-6 in 

onocytes, and selectively inhibited cyclooxygenase (COX) −2 ac- 

ivity and reduced the expression of COX-2 mRNA [ 6 , 7 ]. Further

nvestigations have revealed that IGU down-regulated NF- κB ac- 

ivation, inhibited the expression of IgM and IgG in B cells, and 

educed serum levels of TNF- α, IL-1, IL-6, and IL-17 in collagen- 

nduced arthritis mice models [8–10] . It was also found that IGU 

ecreased the mRNA expression of Ccl2 , Cxcl1 , Cxcl2 , and Il-6 ; re-

uced phosphorylation of MAPKs; and targeted Act1 to disrupt the 

nteraction between Act1 and TRAF5 or IKKi in the IL-17 path- 

ays in synoviocytes [11] . Moreover, IGU significantly inhibited the 

xpression of MMP-1 and MMP-3 in RA synovial fibroblasts [12] . 

hese data indicate that IGU is a new DMARD for the treatment of 

A. 

Clinical trials have further demonstrated that for active patients 

ith RA, IGU is effective when used as monotherapy or combined 

ith methotrexate (MTX). In a double-blind, randomized, multi- 

enter clinical trial that enrolled 280 active Chinese patients with 

A, IGU 50 mg/d was effective when compared with placebo, and 

his dosage seemed more effective than IGU 25 mg/d according 

o ACR20 (61 • 29% vs . 39 • 13%) at week 24 and with no increase

f adverse events [13] . A phase III clinical trial of IGU in 489 ac-
2 
ere in the safety analysis set; 71 • 9% (1148/1597) of the patients achieved

 response at week 24, and 51 • 7% (906/1751) patients had at least 1 ad-

 of the clinical significant AE (grade ≥3) of special interest was 3 • 4% (54

nts for grade 4), and 0 • 7% (13/1751) of patients developed SAEs associated

inical significant AEs were infection in 0 • 6% (10/1751) of the patients, ab-

751) of the patients including 0 • 2% (3/1751) gastric ulcer, fracture in 0 • 4%

 aminotransferase (ALT) in 0 • 2% (3/1751) of the patients. The secondary

response rates at week 24 were 47 • 4% (757/1597) and 24 • 0% (384/1597).

 ±1 • 32 at week 12 and 24, which was significantly decreased -1 • 40 ±1 • 10

h baseline ( P < 0 • 001) respectively. Changes in HAQ at week 12 and 24

8 and -8 • 5 ± 9 • 97, respectively (all P < 0 • 001). Stratified analysis results

shorter disease duration, male gender had better response to IGU. There

 ACR20/50/70 responses between elderly patients( ≥65 years) and younger

therapy or combined with other DMARDs. However, more fractures (1 • 1%

s (8 • 7% vs 7 • 9%; P = 0 • 69) were observed in elderly patients in our study.

firmed the effectiveness and safety of IGU as a new DMARD for active

py or combination therapy. 

rted by “the 11th Five-Year-Plan for Science and Technology Support Pro-

© 2021 The Author(s). Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

ive Chinese patients with RA further showed that the ACR20 of 

GU 50 mg/d was 63 • 8%, which demonstrated non-inferiority to 

ethotrexate (MTX) 15 mg weekly (62 • 0%), and the general side 

ffects of IGU were fewer and milder than those of MTX [14] . 

 similar remission rate was reached when compared with sul- 

asalazine 500 mg twice daily in a phase III study of IGU in Japan, 

lthough the dosage of IGU is 25 mg once daily for the first 4 

eeks and then 25 mg twice daily for the subsequent 24 weeks 

15] . Except for monotherapy, studies have also shown that IGU 

as effective when combined with MTX. A randomized, double- 

lind trial of 253 patients in Japan demonstrated that compared 

ith placebo, IGU was effective with acceptable safety when com- 

ined with MTX [16] . An open-label study showed that IGU plus 

TX sustained efficacy and was well tolerated until week 52 in ac- 

ive patients with RA with inadequate response to MTX [17] . In a 

andomized controlled trial of 60 Chinese active patients with RA, 

he combination of IGU and MTX was superior to MTX monother- 

py at week 24 according to ACR50, DAS28 and, SDAI [18] . Based 

n the phase II and III studies, IGU is regarded as an effective 

MARD in treating active RA and is well tolerated. 

However, in daily clinical practice, patients’ characteristics are 

eterogeneous and complicated, and data from various patients 

 e.g. , individuals who are elderly or have comorbidities or multiple 

edication regimens) may be of greater importance for clinicians 

nd patients to make treatment decisions. To further validate the 

ffectiveness and saf ety of IGU in diverse patients, a prospective 

eal-world study in patients with RA was conducted in China. This 

aper reports the results of the trial. 

. Methods 

 • 1. Study design and participants 

This study was a nationwide, prospective real-world study 

ClinicalTrials.gov, number NCT01554917) to evaluate the effective- 

ess and safety of IGU. Active patients with RA were recruited 

rom 48 academic rheumatology centers in China between March 

012 and August 2015. Participants were aged > 18 years and 

ad fulfilled the American College of Rheumatology (ACR) 1987 

r ACR/European League Against Rheumatism (EULAR) 2010 crite- 

ia. If the participant was already on other RA therapy, the dose 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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3

o

f concurrent DMARDs (including methotrexate, leflunomide, sul- 

asalazine and hydroxychloroquine), non-steroid anti-inflammatory 

rugs (NSAIDs), and corticosteroids (GCs) should have been stable 

or at least 12 weeks. Patients who were pregnant or breastfeeding 

r had mental disorders or severe organ functions were excluded. 

ull inclusion and exclusion criteria are provided in the appendix. 

All participants signed an informed consent, and this study was 

pproved by the China Food and Drug Administration (approve 

umber: CTR20132723) and granted by all participating institutes’ 

ndependent ethics committee. 

 • 2 Procedures 

All patients took IGU 25 mg bid for 24 weeks in this trial, 

nd the therapy comprised 2 periods: IGU add-on period (the first 

2 weeks) and regimen adjustment period (the latter 12 weeks). 

n the IGU add-on period, IGU (Simcere Pharmaceutical, Nanjing, 

hina) 25 mg bid was added in all participants as monotherapy or 

nto background RA treatments. Adjustment of IGU or background 

A medicines, such as DMARDs, GCs, and NSAIDs, was not allowed 

n this period except for safety reasons. In the regimen adjustment 

eriod, IGU 25 mg bid was continued and an adjustment of RA 

edicines except for IGU was allowed by the physicians according 

o the participants’ disease activity. In this period, RA medicines 

ould be either increased or decreased. In the case of medicine de- 

rease, such order shall be obeyed: GCs at first, then NSAIDs, and 

astly DMARDs. Any adjustments shall be recorded with details. 

The study included 7 scheduled visits: baseline, week 2, week 

, week 8, week 12, week 16, and week 24. In each visit, clini-

al data and blood and urine samples were collected. At baseline, 

emographic and disease characteristics from each patient were 

ecorded, including age, gender, body mass index, duration of RA, 

revious and ongoing RA therapy, and a chest and two-hand radio- 

raph. At week 0, 4, 8, 12, 16, and 24, data regarding duration of 

orning stiffness; joint count for swollen joints(SJC); joint count 

or tender joints (TJC); subject’s assessment of pain by visual ana- 

og scale (VAS); and patients’ and physicians’ global assessment of 

isease activity by VAS, Health Assessment Questionnaire (HAQ), 

nd ESR, and CRP were collected. At week 0, 12, and 24, the de- 

ression score and anxiety score on the Hospital Anxiety and De- 

ression Scale (HADS) were evaluated. Any adverse event (AE) be- 

ween week 0 and week 28 was recorded. 

 • 3 Outcomes 

For effectiveness analysis, the percentage of patients fulfilling 

he American College of Rheumatology 20% /50%/70% response cri- 

eria (ACR 20/50/70) at week 12 and 24; changes in disease activ- 

ty score (DAS) 28, rate of ACR/EULAR clinical remission, HAQ, and 

ADS over time were assessed. For safety analysis, incidences of 

E/severe AE (SAE)/adverse drug reaction (ADR) were recorded. An 

xploration of different subgroups, including different ages, gen- 

ers, disease durations, and medication regimens, were compared 

ith an exploration of further effectiveness signals and potential 

redictive safety factors. Detailed ADRs that occurred in ≥1% pa- 

ients on the basis of the Common Terminology Criteria for Ad- 

erse Events (CTCAE) grades and the changes of ADRs over time 

ere described. Relative risk (RR) of the most common ADRs on 

he basis of different medication regimens was compared with the 

ndings of the safety signals. 

The primary endpoints were ACR20 at week 24 and adverse 

vents over this trial. The secondary endpoints were ACR50 and 

CR70 at week 24 and the changes of DAS28 and HAQ over 24 

eeks. 
3 
 • 4 Statistical analysis 

Measurement data, including age, BMI, duration of RA, rest 

ain, TJC, SJC, ESR, CRP, rheumatoid factor (RF), DAS28, and HAQ 

core were reported by using the mean (SD). Counting data, in- 

luding sex, number of patients in different groups, rate of differ- 

nt functional status, serological status, and radiographic features 

ere reported by using frequency. Relative risks of ADRs from dif- 

erent medication regimens were compared with IGU monotherapy 

nd shown with 95%CI. 

All analyses were based on the intention-to-treat (ITT) princi- 

le. Effectiveness analysis was based on the full analysis set (FAS), 

hich refers to all eligible participants who have been selected 

ithout specific protocol violations ( e.g. , non-indications), and with 

aseline data and ACR assessment after at least one treatment. 

he missing data in outcome measures were carried over by the 

ast observation carried forward (LOCF). If there were missing an- 

wers to the questions on the scales, the missing questions were 

rst treated with LOCF before calculating the total score or aver- 

ge. Baseline values did not participate in LOCF. Safety analysis was 

ased on the safety analysis set (SAS), which refers to all selected 

atients who had used IGU at least once. Compliance = actual dose 

n the study/the dose should be taken × 100%. Good compliance is 

efined as 80%–120%. 

Comparisons of rates, including response rate of ACR20/50/70, 

ate of clinical remission, and incidences of AE/SAE/ADR, were per- 

ormed by the χ2 test, F test, or Fisher’s exact test, as appropri- 

te. Changes after IGU treatment compared with the baseline were 

nalyzed by using the Wilcoxon signed-rank test. Comparisons of 

ther continuous variables were performed by the t- test. All statis- 

ical analyses were performed by SAS version 9 • 2. 

 • 5 Role of funding source 

The funder of the study had no role in study design, data collec- 

ion, data analysis, data interpretation, or writing of the report. The 

orresponding author had full access to all the data in the study 

nd had the final responsibility for the decision to submit for pub- 

ication. 

. Results 

Between Mar 23, 2012, and Aug 3, 2015, a total of 1759 partici- 

ants were assessed for eligibility and enrolled in the study. All pa- 

ients were added IGU 25 mg bid as monotherapy or to their back- 

round therapy, of whom 85 • 4% (1502/1759) of the patients com- 

leted the IGU add-on period, 81 • 5% (1433/1759) patients com- 

leted the entire study, and 18 • 5% (326/1759) patients discontin- 

ed ( Fig. 1 ). Notably, 90 • 8% (1597/1759) patients were included in 

he FAS for effectiveness analysis, and 99 • 5% (1751/1759) patients 

ere included in the SAS after excluding eight patients because of 

ot taking IGU. 

The mean age of the 1597 patients in the FAS at baseline was 

0 • 0 ± 12 • 2 years old, and the duration of RA was 8 • 1 ± 7 • 7 years.

otably, 69 • 7% (1113/1597) of these patients had taken DMARDs, 

nd the other 21 • 1% (337/1597) of patients were DMARDs naive 

t baseline. Additionally, 33 • 2%(531/1597) of these patients were 

aking corticosteroids ( Table 1 ). 

The average compliance rates were 94 • 6% and 95 • 2% in the SAS

nd FAS, respectively. 

.1. The primary endpoints 

The primary endpoints were American College of Rheumatol- 

gy 20% response (ACR20) and adverse events during the trial. 
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Fig. 1. Trial profile. IGU add-on period:the first 12 weeks, IGU 25 mg bid was added as monotherapy or into participants’ background RA treatments;Regimen adjustment 

period:After the visit at the end of week 12, IGU 25 mg bid was continued, and adjustment of RA medicines except for IGU was allowed according to the participants’ 

disease activity. IGU = iguratimod. 
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CR response rate increased gradually over time. The ACR20 re- 

ponse rate at week 12 and 24 was 62 • 2% (994/1597) and 71 • 9%

1148/1597), respectively. 

The incidence of adverse events was 51 • 7% (906/1751) in 

he SAS. No new signal of a previously unreported safety is- 

ue was found. The incidence of AE with grade < 3 and ≥3 was

8 • 3% (846/1751) and 3 • 4% (60/1751), respectively, including 3 • 1%

54/1751) of patients for grade 3 and 0 • 3% (6/1751) of patients for 

rade 4 ( Table 2 ). The most common AE ≥ grade 3 was infec-

ious diseases in 0 • 6% (10/1751) of patients including 0 • 2% (4/1751)

neumonitis, 0 • 5% (9/1751) abdominal discomfort including 0 • 2% 

3/1751) gastric ulcer, 0 • 4% (7/1751) fracture, and 0 • 2% (3/1751) in-

reased alanine aminotransferase (ALT; Table 3 ). 

SAE occurred in 64 patients with an incidence of 3 • 7% 

64/1751), and 0 • 05% (1/1751) of patients died with sudden 

eath most likely due to cardiovascular disease. Additionally, 0 • 7% 

13/1751) of patients developed SAEs determined by investigators 

o be associated with IGU. For SAE of special interest, pulmonary 

nterstitial fibrosis occurred in 0 • 05% (1/1751) of the patients. The 

atient was a man aged 57 years who had interstitial lung disease 

or 24 months, and had regularly taken LEF 20 mg/d for 2 years. 

he patient felt the arthritis was aggravated with fatigue, and ex- 

rtional dyspnea at week 16, and IGU was stopped at week 23 

ccording to the physician’s advice. The symptom continued until 

eek 28. Among our patients, 12 patients had a history of intersti- 

ial lung disease, none had progressed during the clinical trial. 
4 
ADR occurred in 38 • 5% (674/1751) of the patients and the inci- 

ences of grade 1–4 ADR were 28 • 9% (506/1751), 8 • 6% (151/1751),

 • 9% (15/1751), and 0 • 1% (2/1751), respectively. Both AE and ADR 

ccurred more frequently in the first 4 weeks of administration 

nd then decreased gradually ( Fig. 4 ). 

.2. Secondary endpoints 

The secondary endpoints were ACR50 and ACR70 over 24 weeks 

nd the changes of DAS28 and HAQ at week 24. ACR50 and 

CR70 response rates at week 24 were 47 • 4% (757/1597) and 24 • 0%

384/1597); ACR50 and ACR70 response rates at week 12 were 

9 • 5% (471/1597) and 11 • 0% (176/1597). DAS28 was significantly 

ecreased at week 12 and 24 compared with baseline ( P < 0 • 001);

he changes in DAS28 at week 12 and 24 from baseline were 

1 • 40 ±1 • 10 and −1 • 75 ±1 • 26. DAS28 remission (DAS28 ≤2 • 6) was

chieved in 11 • 3% (169/1498) of the patients at week 12 and 20 • 0%

299/1498) at week 24. The patients who reached low disease 

ctivity (2 • 6 < DAS28 ≤3 • 2) at week 12 and week 24 were 11 • 3%

169/1498) and 14 • 5% (217/1498), respectively ( Fig. 2 B). The score 

f HAQ at baseline was 16 • 3 ± 11 • 37, changes in HAQ at week

2 and 24 from baseline were −7 • 4 ± 9 • 18 and −8 • 5 ± 9 • 97, re-

pectively (all P < 0 • 001). The proportions of RF + RA and ACPA + RA

atients decreased to 66 • 4% (912/1373) and 83 • 9% (1102/1314), re- 

pectively. 
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Table 1 

Baseline characteristics of study participants in the full analysis set (FAS). 

All patients [mean ( ±) / N(%)] 

Age, years 49 • 96 ( ± 12 • 16) 

< 65 years old ( N = 1436) 47 • 82 ( ± 10 • 82) 

≥65 years old ( N = 161) 69 • 06 ( ± 4 • 11) 

Sex 

Female 1327 (83 • 1%) 

Male 270 (16 • 9%) 

BMI 22 • 59 ( ± 3 • 35) 

Duration of RA, month 97 • 14 ( ± 92 • 62) 

RF positive, no. (%) 1256 (78 • 6%) 

ACPA positive, no. (%) 1338 (83 • 8%) 

Ongoing RA therapy 

‡ DMARD treatment, no. (%) 1113 (69 • 7%) 

Concomitant NSAIDs, no. (%) 162 (10 • 1%) 

Concomitant corticosteroids, no. (%) 531 (33 • 2%) 

No 337 (21 • 1%) 

Rest pain, mm 62 • 8 ( ± 16 • 7) 

Tender joint count (TJC) 14 • 7 ( ± 9 • 5) 

Swollen joint count (SJC) 9 • 7 ( ± 6 • 8) 

ESR, mm/hour 43 • 6 ( ± 28 • 7) 

CRP, μg/ml 20 • 1 ( ± 41 • 7) 

DAS28 5 • 5 ( ± 1 • 1) 

Chest radiograph 

Abnormal Chest radiograph 663 (41 • 5%) 

Normal Chest radiograph 886(55 • 5%) 

No Chest radiograph 48(3 • 0%) 

HAQ score 0 • 8 ( ± 0 • 6) 

† Patient global assessment, mm 64 • 8 ( ± 16 • 1) 

† Physician global assessment, mm 63 • 1 ( ± 14 • 9) 

Values are the mean ± SD unless otherwise indicated. Categorical data 

comparisons were performed by Fisher’s exact test, age comparisons were 

performed by the F test, and group comparisons were performed by the 

Kruskal-Wallis test. 

‡ DMARD includes methotrexate, leflunomide, sulfasalazine and hydroxy- 

chloroquine. Detailed DMARD treatment see appendix, suppl.5. 

† Measured on a 100-mm visual analog scale. 

BMI = body mass index; RF = rheumatoid factor; ACPA = anticitrullinated 

peptide antibody; DAS = disease activity score; MTX = methotrexate; 

HAQ = Health Assessment Questionnaire; ESR = erythrocyte sedimentation 

rate; CRP = C-reactive protein; DMARD = disease-modifying anti-rheumatic 

drug; NSAIDs = nonsteroidal anti-inflammatory drugs. 
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.3. Subgroup analysis of effectiveness 

We divided the patients into two groups based on disease du- 

ation (the baseline data are shown in the appendix, suppl.1) and 

ound that the ACR20/50/70 between patients with disease dura- 

ion < 2 years and ≥2 years were 64 • 7% vs. 61 • 6% ( P = 0 • 295),

6 • 4% vs. 27 • 5% ( P = 0 • 001), and 16 • 3% vs. 9 • 5% ( P < 0 • 001) at week

2; and 76 • 3% vs. 70 • 6% ( P = 0 • 033), 55 • 1% vs. 45 • 1% ( P = 0 • 001),

nd 30 • 0% vs. 22 • 3% ( P = 0 • 003) at week 24, respectively ( Fig. 3 A).

he results showed that the patients with shorter disease duration 

ad better response to IGU. 

When dividing all patients by gender, we found that men had 

lightly better ACR response than women (the baseline data are 

resented in the appendix, suppl.2). The ACR20/50/70 response 

ates of IGU for men and women were 68 • 1% vs . 61 • 0%, 35 • 9% vs .

8 • 2%, and 15 • 2% vs . 10 • 2% ( P < 0 • 05) at week 12; and 78 • 5% vs .

0 • 5%, 54 • 8% vs . 45 • 9%, 30 • 7% vs . 22 • 7%, respectively, at week 24 ( P

 0 • 05, Fig. 3 B). 

There was no significant statistical difference in ACR20/50/70 

esponses between the 161 patients aged ≥65 years and the 

436 patients aged < 65 years at week 12 and week 24 ( P >

 • 05, Fig. 3 C). The baseline data are presented in the appendix,

uppl.3. 

There was no significant difference in ACR20/50/70 responses 

mong the treatment regimens of IGU monotherapy or combined 

ith HCQ, LEF, and MTX (All P > 0 • 05, appendix, suppl.6).The rate 

f ACR/EULAR clinical remission was achieved in 5 • 7% (79/1379) 
5 
nd 13 • 3% (187/1403) of the patients at week 12 and week 24, re-

pectively ( Fig. 2 C). The total score of depression and anxiety of 

ADS at baseline was 11 • 1 ± 8 • 04, and the changes at week 12 and

4 were −3 • 4 ± 6 • 25 and −4 • 5 ± 7 • 07, respectively (all P < 0 • 001). 

.4. Subgroup analysis of safety 

Subgroup analysis showed that gender and disease duration of 

A were not correlated to the presence of AE, SAE, and ADR. Age 

as also not related to the presence of AE and ADR. Patients aged 

65 years seemed to develop more SAE [7 • 7% (14/183) vs. 3 • 2%

50/1568), P = 0 • 0056], but similar SAE related to drugs [1 • 6%

3/183) vs . 0 • 6% (10/1568), P = 0 • 14]. In elderly patients, frac-

ures and infections were seen significantly more often than in the 

ounger patients in our study. However, no new or worsening pul- 

onary disease were seen in patients with or without pulmonary 

iseases in our study. 

The incidences of AE, SAE, and ADR in IGU monotherapy sub- 

roup were all significantly lower than in the combination therapy 

roup ( Table 2 ). 

Increased alanine aminotransferase (ALT, 10 • 8%, 189/1751) and 

ncreased aspartate aminotransferase (AST; 9 • 8%, 171/1751) were 

he top two ADRs in the study, mainly in grade 1–2 (appendix 

uppl.4). The mean differences between ALT, AST, and total biliru- 

in from baseline to week 24 were 1 • 20 U/L (95%CI −0 • 22 to 2 • 62),

 • 02 U/L (95%CI 0 • 48 to 3 • 56) and 0 • 69 μmol/L (95%CI: 0 • 48, 0 • 90),

espectively, with no clinical significance. In subgroup analysis, no 

ifference was found between IGU combination therapy and IGU 

onotherapy in liver damage. 

Abdominal discomfort (6 • 3%, 111/1751) and abdominal pain 

4 • 5%, 78/1751) were listed as the third and fourth most common 

DRs in our study, and they were mainly in grade 1–2 as well (ap- 

endix suppl.4). In subgroup analysis, no difference was found be- 

ween IGU combination therapy and IGU monotherapy. 

Leukopenia (3 • 9%, 69/1751) was the fifth most common ADR 

n the study. Leukocytes slightly decreased during IGU treatment 

 −0 • 50 ×10 9 /L, 95% CI −0 • 60 to −0 • 39), which was of no clin-

cal significance. Further analysis showed that IGU + LEF combi- 

ation might increase the risk of leucocytopenia more than IGU 

onotherapy would (RR 2 • 90, 95% CI 1 • 15 to 7 • 29). 

Serum creatinine slightly increased and eGFR decreased dur- 

ng IGU treatment with the mean differences of 3 • 55 μmol/L 

95%CI 3 • 00 to 4 • 10) and −0 • 06 mL/ min ×1 • 73 m 

2 (95%CI −0 • 07

o −0 • 04), respectively, from baseline to week 24. However, no pa- 

ients developed renal dysfunction. Further analysis showed no dif- 

erence between IGU combination therapy and IGU monotherapy. 

. Discussion 

In this 24-week nationwide, prospective real-world Study of 

GU in Chinese patients with RA, we found that IGU was safe and 

ffective in patients with active RA in a more complex clinical set- 

ing. The disease activity was improved from week 12, especially 

n early RA patients and men. The patients tolerated IGU well, in- 

luding in elderly patients and patients with multiple DMARDs or 

omplications. Additionally, the HAQ and HADS scores were all sig- 

ificantly decreased after treatment. 

Studies have shown that the ACR20 response rate of IGU 

onotherapy was 60%–80% at week 24 in phase II and phase III 

linical trials, demonstrating that the majority of patients can ben- 

fit from IGU therapy [ 13 , 14 , 19 ]. Our study showed that the ACR20

esponse rate was 62 • 2% at week 12 and 71 • 9% at week 24 in pa-

ients with IGU monotherapy or combination therapy, which was 

omparable with previous studies. Overall, as a new DMARD, both 

GU monotherapy and combination therapy are effective for active 

atients with RA. 
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Table 2 

Incidences of AE, SAE, and ADR. 

n AE SAE ADR 

Overall 1751 906(51 • 7%) 64(3 • 7%) 674(38 • 5%) 

Age 

Age < 65 years 1568 799 (51 • 0%) 50 (3 • 2%) 596 (38 • 0%) 

Age ≥65 years 183 107 (58 • 5%) 14 (7 • 7%) 78 (42 • 6%) 

P value 0 • 0605 0 • 0056 0 • 2294 

Gender 

Male 301 146 (48 • 5%) 14 (4 • 7%) 117 (38 • 9%) 

Female 1450 760 (52 • 4%) 50 (3 • 4%) 557 (38 • 4%) 

P value 0 • 2287 0 • 3117 0 • 8965 

Duration of RA 

< 2 years 413 210 (50 • 8%) 11 (2 • 7%) 167 (40 • 4%) 

≥2 years 1336 694 (51 • 9%) 53 (4 • 0%) 505 (37 • 8%) 

P value 0 • 7354 0 • 2929 0 • 3545 

† Treatment mode over 24 weeks 

IGU monotherapy 241 86 (35 • 7%) 3 (1 • 2%) 67 (27 • 8%) 

IGU + LEF 599 334 (55 • 8%) 30 (5 • 0%) 256 (42 • 7%) 

P value < 0 • 0001 ∗ 0 • 011 ∗ < 0 • 0001 ∗

IGU + MTX 752 414 (55 • 1%) 47 (6 • 3%) 295 (39 • 2%) 

P value < 0 • 0001 ∗ 0 • 002 ∗ 0 • 001 ∗

IGU + HCQ 398 199 (50 • 0%) 18 (4 • 5%) 144 (36 • 2%) 

P value < 0 • 0001 ∗ 0 • 024 ∗ 0 • 029 ∗

Data are n (%) unless otherwise indicated. 

† Due to one patient may use more than one DMARD ( e.g. a patient on triple therapy 

may use IGU, LEF and MTX, and thus, he will be counted in both IGU + LEF subgroup and 

IGU + MTX subgroup), so the total number in treatment mode is larger than 1751. 
∗compared with IGU monotherapy. 

AE = Adverse Events. SAE = Severe Adverse Events. ADR = adverse drug reaction. IGU = Igurati- 

mod. LEF = Leflunomide. MTX = Methotrexate. 

Table 3 

Incidence of AEs in the safety analysis set. 

Disorders of different system 

SAS (N = 1751) 

Total 
Grade 1 Grade 2 Grade 3 Grade 4 

AEs (one at least) 637 (36 • 4%) 209 (11 • 9%) 54 (3 • 1%) 6 (0 • 3%) 906 (51 • 7%) 

Abnormal laboratory examinations 377 (21 • 5%) 67 (3 • 8%) 6 (0 • 3%) 2 (0 • 1%) 452 (25 • 8%) 

ALT increased 166 (9 • 5%) 32 (1 • 8%) 3 (0 • 2%) 0 201 (11 • 5%) 

Whole blood cell decreased 1 (0 • 05%) 0 0 2 (0 • 1%) 3 (0 • 2%) 

Gastrointestinal system 305 (17 • 4%) 79 (4 • 5%) 9 (0 • 5%) 0 393 (22 • 4%) 

Diarrhea 59 (3 • 4%) 13 (0 • 7%) 2 (0 • 1%) 0 74 (4 • 2%) 

Gastric ulcer 1 (0 • 05%) 2 (0 • 1%) 3 (0 • 2%) 0 6 (0 • 3%) 

Nervous system 148 (8 • 5%) 17 (1 • 0%) 3 (0 • 2%) 1 (0 • 05%) 169 (9 • 7%) 

Dizzy 83 (4 • 7%) 7 (0 • 4%) 2 (0 • 1%) 0 92 (5 • 3%) 

Brain infarction 0 0 0 1 (0 • 05%) 1 (0 • 05%) 

Skin and subcutaneous tissue 134 (7 • 7%) 22 (1 • 3%) 4 (0 • 2%) 1 (0 • 05%) 161 (9 • 2%) 

Rash 34 (1 • 9%) 7 (0 • 4%) 0 1 (0 • 05%) 42 (2 • 4%) 

Facial edema 25 (1 • 4%) 3 (0 • 2%) 2 (0 • 1%) 0 30 (1 • 7%) 

Infectious diseases 107 (6 • 1%) 23 (1 • 3%) 10 (0 • 6%) 0 140 (8 • 0%) 

Urinary tract infection 15 (0 • 9%) 2 (0 • 1%) 2 (0 • 1%) 0 19 (1 • 1%) 

Pulmonary infection 0 0 4 (0 • 2%) 0 4 (0 • 2%) 

Systemic diseases and various reactions of administration site 95 (5 • 4%) 19 (1 • 1%) 1 (0 • 05%) 1 (0 • 05%) 116 (6 • 6%) 

Death 0 0 0 1 (0 • 05%) 1 (0 • 05%) 

Respiratory system, chest and mediastinum 64 (3 • 7%) 13 (0 • 7%) 2 (0 • 1%) 0 79 (4 • 5%) 

Musculoskeletal and connective tissue 13 (0 • 7%) 12 (0 • 7%) 19 (1 • 1%) 0 44 (2 • 5%) 

Rheumatoid arthritis 0 5 (0 • 3%) 7 (0 • 4%) 0 12 (0 • 7%) 

Fracture 0 3 (0 • 2%) 7 (0 • 4%) 0 10 (0 • 6%) 

Eyes disorders 35 (2 • 0%) 1 (0 • 1%) 1 (0 • 05%) 0 37 (2 • 1%) 

Circulatory system 29 (1 • 7%) 5 (0 • 3%) 1 (0 • 05%) 1 (0 • 05%) 36 (2 • 1%) 

Acute myocardial infarction 0 0 0 1 (0 • 05%) 1 (0 • 05%) 

Metabolic and nutritional system 26 (1 • 5%) 6 (0 • 3%) 0 0 32 (1 • 8%) 

Blood and lymphatic system 16 (0 • 9%) 6 (0 • 3%) 0 0 22 (1 • 3%) 

Kidney and urinary system 18 (1 • 0%) 0 2 (0 • 1%) 0 20 (1 • 1%) 

Ear and labyrinth 16 (0 • 9%) 0 0 0 16 (0 • 9%) 

Reproductive system and breast diseases 10 (0 • 6%) 3 (0 • 2%) 0 0 13 (0 • 7%) 

Immune system diseases 2 (0 • 1%) 4 (0 • 2%) 1 (0 • 05%) 0 7 (0 • 4%) 

Blood vessels and lymphatic vessels 7 (0 • 4%) 0 0 0 7 (0 • 4%) 

Hepatobiliary system 1 (0 • 05%) 2 (0 • 1%) 1 (0 • 05%) 1 (0 • 05%) 5 (0 • 3%) 

Hepatitis E 0 0 0 1 (0 • 05%) 1 (0 • 05%) 

Injury, poisoning and surgical complications 2 (0 • 1%) 3 (0 • 2%) 0 0 5 (0 • 3%) 

Operations 0 3 (0 • 2%) 1 (0 • 05%) 0 4 (0 • 2%) 

Tumors (benign, malignant, or unknown) 0 2 (0 • 1%) 0 0 2 (0 • 1%) 

Endocrine system 1 (0 • 05%) 0 0 0 1 (0 • 05%) 

Pregnancy, puerperium and perinatal period 0 0 1 (0 • 05%) 0 1 (0 • 05%) 

6 
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Fig. 2. Efficacy of IGU at week 12 and week 24. (A) ACR20/50/70 response rate of all patients at week 12 and week 24; (B) DAS28 disease activity of patients at baseline, 

week 12, and week 24(Remission, DAS28 ≤2 • 6; Low disease activity 2 • 6 < DAS28 ≤3 • 2; Moderate disease activity, 3 • 2 < DAS28 ≤5 • 1; and High disease activity, DAS28 > 5 • 1);(C) 

ACR/EULAR remission rate of patients at baseline, week 4, week 8, week 12, week 16 and week 24. ∗ P < 0 • 05 compared with week 12. ACR = American College of Rheumatol- 

ogy; DAS28 = Disease Activity Score 28 joints; DR = disease duration; EULAR = European League Against Rheumatism; IGU = Iguratimod. 

Fig. 3. ACR 20/50/70 response rate of different subgroups and the comparison between subgroups at week 12 and week 24. (A)ACR20/50/70 response rate of subgroups 

that was divided by disease duration ( < 2 years or ≥ 2 years); (B) ACR20/50/70 response rate of subgroups that was divided by gender (Male or Female); (C) ACR20/50/70 

response rate of subgroups that was divided by age ( < 65 years or ≥ 65 years). ∗ P < 0 • 05 between 2 subgroups; ∗∗ P < 0 • 01 between 2 subgroups. ACR = American College of 

Rheumatology. 

7 
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Fig. 4. Changes of AE and ADR over time. Data are n (%). All incidences were adjusted to the same period of 2 weeks to compare them. ADRs were classified by using the 

system organ class (SOC) and preferred term (PT) according to the Medical Dictionary for Regulatory Affairs (MedDRA; version 17 • 1). AE = Adverse Events. ADR = adverse drug 

reaction. 
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Several studies have demonstrated that early treatment leads to 

etter outcomes [ 13 , 14 , 20 ]. This study also showed that patients

ith disease duration of less than 2 years had higher ACR20/50/70 

esponses at week 12 and week 24 compared with patients with 

onger disease duration. The safety was comparable in these two 

roups. This consequence was in accordance with the concept of 

arly intervention for RA and confirmed that IGU is a comparable 

election in the strategy of early therapy. 

Notably, our study showed IGU was more effective in men than 

omen both at week 12 and 24 although males had a significantly 

onger disease course than females (101 • 77 ±94 • 64 vs. 74 • 43 ±78 • 26

onths, P < 0 • 0 0 01). Studies have demonstrated that gender could 

e an influencing factor for treatment. The CORRONA study showed 

hat male sex was associated with sustained remission in early 

A and point remission in established RA [21] . Kleinert et al. and 

urmester et al. investigated the efficacy of adalimumab in active 

A and found that male gender was a positive predictor of ther- 

peutic response [ 22 , 23 ]. van der Heijde et al. found that male

ender was an independent predictor of remission using the com- 

ination therapy of etanercept and methotrexate in RA [24] . Soli- 

an et al. found that response to RTX for RA was also influenced 

y gender, with women having lower response rates [25] . Wessels 

t al. and Hoekstra et al. summarized that male patients had better 

fficacy and prognosis than female patients did regardless of cD- 

ARDs, bDMARDs, or combination drugs in the treatment of early 

A or RA with a long course of disease [ 26 , 27 ]. Sex factors can af-

ect the efficacy, which might be related to the role of estrogen. 

ider et al. found that in addition to its immunomodulatory func- 

ion, estrogen has been found to affect the kinetics and pharmaco- 

ynamics of drugs, resulting in differences in efficacy [28] . For IGU, 

o studies have shown that its efficacy was related to gender; thus, 

urther studies are necessary to confirm whether gender affects its 

fficacy in RA. 

Multiple comorbidities are present in elderly patients with 

A, including cardiovascular disease, interstitial lung disease (ILD), 

alignancies, osteoporosis, cognitive impairment, depression, and 

nxiety, and made the management of elderly patients more dif- 

cult [29] . The declines in physical function and safety problems 
8 
re important issues in elderly patients. In Krishnan et al’s study of 

530 Finnish adults with RA, elderly patients had higher pain VAS 

cores [30] . In our study, 162 patients with RA aged over 65 years 

ith multiple chronic diseases including diabetes, pulmonary, and 

ardiovascular diseases were enrolled. Our results showed that in 

lderly patients with RA, the incidences of AE and ADR were not 

ncreased, and IGU did not impair renal function. These data indi- 

ated no obligatory need for dosage adjustment in elderly patients. 

owever, patients aged ≥65 years seemed to develop more SAE in 

ur study; thus, close monitoring and prevention of side effects, 

specially fracture and infection. Additionally, there was no signif- 

cant difference in efficacy between elderly and younger patients, 

ndicating that IGU is also effective in elderly active patients with 

A. 

The main safety concerns of IGU are liver dysfunction and gas- 

rointestinal disorders. Increased ALT and increased AST were com- 

on in our study with an incidence of approximately 10%. Fortu- 

ately, liver dysfunction caused by IGU is transient and revisable. 

ubgroup analysis in our study showed IGU combined with other 

MARDs did not increase the risk of liver dysfunction. Thus, IGU as 

 combination regimen is safe. However, physicians should be cau- 

ious, especially in patients with a history of liver diseases. Addi- 

ionally, although the rate of leucocytopenia was comparable with 

TX [14] , we found that IGU combined with LEF increased the risk 

f leucocytopenia; thus, IGU + LEF may not be an ideal combination. 

ecause of safety concerns, liver function and white blood count 

hould be monitored when IGU starts. Notably, the incidence of 

dverse events of kidney disorder in our study is lower than that 

n Japanese phase IV study of 5.1% (136/26 6 6) 32 . The reason might 

e that the patients in the Japanese phase IV study are older and 

ave longer disease duration and our result is consistent with the 

esults of phase II and phase III clinical studies of IGU in China 

hich show that kidney disorder related to IGU was < 1% [ 13 , 14 , 19 ].

The management of RA patients with ILD is a difficult clin- 

cal situation [31] . MTX, LEF, and bDMARDs have all been re- 

orted to be associated with RA-ILD, although it is difficult to 

istinguish causality [32–34] . In our study, interstitial pneumo- 

ia aggravated in one patient with an ILD history. A retrospec- 
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ive observational study demonstrated that the combination of IGU 

n the basis of treatment with multiple DMARDs including LEF, 

CQ, and sulfasalazine was safe in patients with RA with chronic 

nterstitial pneumonia [35] . Further studies on IGU to ILD are 

arranted. 

A post-marketing study that enrolled 26 6 6 Japanese patients 

lso showed that the clinical safety of long-term use of IGU was 

atisfactory [32] . In their study, IGU was prescribed at half-dose 

or the first 4 weeks, while IGU in our study was used in 25 mg

id from the beginning. The Japanese study mainly analyzed the 

afety results in detail, and only the DAS28-CRP level was analyzed 

n the efficacy results; by contrast, our study analyzed the efficacy 

nd safety in more detail and stratified the analysis by age, gen- 

er, disease duration, and dosing regimen. Our findings are a more 

omprehensive addition to those studies in Japan. 

Our study has limitations. First, the duration of IGU treatment 

as 24 weeks based on the instruction. Notably, a longer-term 

tudy on the safety and efficacy of IGU is now ongoing in China. 

econd, because this study is a single-arm study with no control 

roup based on the characteristic of phase IV study, it was not 

ossible to compare the effectiveness and safety of IGU with other 

MARDs. 

In conclusion, this prospective, large sample clinical study pro- 

ided a comprehensive analysis of the effectiveness and safety of 

GU. We found that IGU was effective and safe for patients with 

ctive RA and is a new, inexpensive choice as monotherapy or in 

ombination with other DMARDs. 
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esearch in context 

Evidence before this study 

Nowadays, disease-modifying anti-rheumatic drugs (DMARDs), 

ncluding conventional synthetic DMARDs, biological DMARDs, and 

arget synthetic DMARDs, are widely used for Rheumatoid arthri- 

is (RA) treatment. However, the remission rate of patients with 

A remains low and the economic burden of RA in developing 

ountries is heavy. The economic inequality results in different 

reatment options between developed and developing countries. 
9 
ow-cost conventional synthetic DMARDs are more in line with 

he needs of patients with RA in developing countries. Iguratimod 

IGU) is a new DMARD with low price that has demonstrated ef- 

cacy and safety in previous pre-market and post-market studies. 

owever, real-life data of various patient groups from a large pop- 

lation cohort was urgently needed. 

Added value of this study 

A large scale real-world study of IGU in the treatment of active 

A in China was conducted and revealed that IGU might be a cost- 

ffective choice for RA patients in developing countries. 

Implications of all the available evidence 

IGU should be a preferred option to choose for the low response 

n RA patients in developing countries. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi:10.1016/j.lanwpc.2021.100128 . 
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