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Purpose: To compare the efficacy, safety, and cost-effectiveness of methotrexate (MTX) 
plus hydroxychloroquine (HCQ) vs MTX plus leflunomide (LEF) in established rheumatoid 
arthritis (RA) with inadequate response to MTX monotherapy in a real-world Chinese 
cohort.
Patients and Methods: A prospective RA cohort (n=549) was screened with eligible patients 
who had inadequate response (disease activity score in 28 joints using erythrocyte sedimentation 
rate, DAS28-ESR>3.2) to initial MTX monotherapy and subsequently received either MTX 
+HCQ or MTX+LEF. Propensity score matching (PSM) was applied to adjust the possible 
baseline confounders between two groups. The primary outcome was the proportion of patients 
achieving first remission (DAS28-ESR<2.6) during follow-up by log rank test. Secondary 
outcomes were changes of DAS28, glucocorticoids (GCs) exposure, safety, cost-effectiveness, 
sustained remission, and low disease activity (LDA) rate after 24-month follow-up.
Results: Overall, 222 eligible patients were subjected to the aforementioned two treatment 
protocols (MTX+HCQ, n=102; MTX+LEF, n=120). After PSM adjustment, 97 patients in 
each group were analyzed. A higher remission rate was observed in the MTX+HCQ group 
than in the MTX+LEF group (70.1% vs 56.7%, P=0.048). The median time to remission was 
11 and 16 months in the two groups, respectively. At the endpoint, more patients achieved 
remission (46.8% vs 32.5%, P=0.063) and maintained sustained LDA in the HCQ group 
(53.2% vs 38.6%, P=0.062) and also more patients withdrew GCs in this group (32% vs 
16.7%, P=0.053) than those in the LEF group. Safety profiles were non-alarming, with no 
significant difference between the two groups. The incremental cost-effectiveness ratio 
yielded by MTX+HCQ over MTX+LEF was $1,111.8 per quality-adjusted life-year 
(QALY), within the cost-effective threshold set as the per capita gross domestic product 
(GDP) of China.
Conclusion: The MTX+HCQ combination was seemingly superior to MTX+LEF in a real- 
world cohort of Chinese RA patients with inadequate response to methotrexate monotherapy 
in respect of the efficacy and cost-effectiveness.
Keywords: hydroxychloroquine, leflunomide, methotrexate-resistant, rheumatoid arthritis, 
efficacy, cost-effectiveness

Introduction
Methotrexate (MTX) is recommended as the cornerstone of initial treatment for 
rheumatoid arthritis (RA).1 However, approximately 50% patients who experience 
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failure in the first course of methotrexate monotherapy2–4 

will require an escalated treatment according to the treat-to- 
target strategy.5,6 Previous clinical trials have compared the 
effectiveness of different approaches among such MTX 
inadequate responders, which mainly can be divided into 
two protocols, ie, combination of conventional synthetic 
disease-modifying antirheumatic drugs (csDMARDs) with 
or without the use of glucocorticoids;7–9 or escaping to 
more powerful, yet costly, targeted therapies.10–13

Previous studies demonstrated that the global disease 
burden of RA ranked fifth in musculoskeletal diseases, and 
its average annual direct cost in China could reach 
$3,069.14,15 The increasing disease burden in light of phar-
macoeconomic analysis is at least partially relevant to the 
emerging targeted therapies. Therefore, in the real-world 
practice, to give the csDMARDs a “second chance” is always 
a serious consideration for both health providers and patients.

In this regard, the inevitable next question is, “what 
would be the best combination of csDMARDs?” The “triple 
therapy” combining MTX, sulfasalazine (SSZ), and hydro-
xychloroquine (HCQ) is the most representative protocol 
with abundant evidence.4,16,17 Other combinations, such as 
MTX+SSZ and MTX+HCQ have also been extensively 
studied.18–20 Leflunomide (LEF), with a comparable 
potency to MTX alone, has become an alternative 
option.21,22 To answer the question in a real-world setting, 
the compliance issue should always be taken into account 
because non-compliance will largely impede the treat-to- 
target achievement.23 According to previous data,24 the rule 
of thumb is “the more pills, the less compliance”.

Therefore, we investigated two commonly used simple 
combinations in real-world, MTX+HCQ vs MTX+LEF, in 
a prospective cohort of established RA with inadequate 
response to initial MTX monotherapy. The aim of this 
study is to fill the gap that the efficacy, safety, and cost- 
effectiveness of MTX+HCQ and MTX+LEF has never 
been compared, and moreover it is highly probable that 
a randomized head-to-head comparison of these two com-
binations will never be performed.

Materials and Methods
Study Design
This observational cohort was established following 
the OPCSP trial (ClinicalTrials.gov ID: NCT03024307), 
a randomized trial on a compliance improvement program 
among rheumatic patients by a multidisciplinary team. The 
research protocol was approved by Shanghai Jiaotong 

University School of Medicine, Renji Hospital Ethics 
Committee (approval No.[2016]216K). All participating 
patients provided written informed consent.

Eligible patients’ data were extracted when the follow-
ing inclusion criteria were met; 1) all patients fulfilled 2010 
criteria for RA of the American College of Rheumatology 
or European League Against Rheumatism;25 2) they had an 
inadequate response to initial MTX monotherapy, defined 
as DAS28-ESR>3.2 (28-joint disease activity score using 
erythrocyte sedimentation rate) after receiving MTX for at 
least 6 months with a stable route of administration and 
more than 10 mg weekly for at least 3 months prior to the 
baseline visit; and 3) subsequently using either MTX+HCQ 
or MTX+LEF treatments according to routine clinical prac-
tice. Patients were excluded if they were illiterate, had 
severe mental disorders, had serious physical constraints, 
or were over the age of 85. Nonsteroidal anti-inflammatory 
agents (NSAIDs) and glucocorticoids (GCs) were allowed 
to administrate at stable doses if needed. If an improvement 
in disease activity was achieved by the judgment of the 
investigator, the dose of GCs could be reduced, but tapering 
could not be changed within the 2 weeks before assessment. 
A single intra-articular injection of glucocorticoids was 
allowed during the study; the injected joint was considered 
to be non-evaluable for subsequent study visits.

Outcome Assessment
DAS28 scores, laboratory values, quality-of-life assessments 
by EQ5D (EuroQol five-dimensions questionnaire),26 and 
medications (eg, NSAIDs and GCs) during the follow-up 
were recorded. The primary outcome was the proportion of 
patients having reached at least one remission (DAS28- 
ESR<2.6) over 2 years among propensity score matched 
(PSM) patients,20,27 the low disease activity (LDA) rate and 
treatment retention were also calculated. Switching therapies 
were documented for up to 2 years. When switching of 
therapies occurred, the original therapy was defined as fail-
ure. Secondary outcomes were the changes of DAS28, aver-
age daily exposure to GCs, proportion of patients who 
withdrew from GCs, and cost-effectiveness by the available 
extended 2-year data in matched patients. Data from patients 
who completed 2-year follow-up were analyzed to determine 
whether the remission and LDA response observed over 
12 months of two groups would be sustained over 24 months. 
The participants reported the possible side-effects of the 
treatment at each follow-up and all records were included 
in the safety analysis whether the participants completed the 
2-year follow-up schedules or not.
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Statistical Analysis
The comparisons between the study groups were per-
formed with the use of Student’s t-test for continuous 
measures and the chi-square test (or Fisher’s exact test) 
for categorical measures. The primary comparison 
between two groups was the time until first moment of 
DAS28 remission by Kaplan–Meier survival analysis with 
Log rank testing. The rate of LDA and retention of the 
treatment were also compared by Kaplan–Meier survival 
analysis with Log rank testing. The changes of DAS28 
over time were compared by specifying a linear mixed 
model with treatment and time as fixed factors, and was 
performed with baseline DAS28 score as a covariate. As 
the visit schedules were slightly different between both 
cohorts, only baseline, 12-month, and 24-month data were 
included for the analysis of the secondary outcomes and 
we allowed a 2-month window (the closest information to 
the time within 2 months before or after this time). Results 
were presented as all observed data, without imputation 
for missing values. All statistical calculations were per-
formed using the statistical software package IBM SPSS 
version 25.0 for mac (IBM, Armonk, NY, USA). For all 
tests, P<0.05 was considered to be significant.

Considering the baseline difference caused by possible 
selection bias, PSM was applied to adjust the baseline 
confounders. The matching was based on prognostic fac-
tors, including number of previous DMARDs used, daily 
GCs exposure dose, and DAS28-ESR.28,29 The nearest 
neighbor method was used for 1:1 matching, and the 
caliper value was set to 0.02.

Cost-Effectiveness Analysis
We established a decision tree model to evaluate the mean 
between-group difference in costs and quality-adjusted life- 
years (QALYs) gained over 24 months among the patients 
completing 2-year follow-up without switching therapy. 
Since two brands of hydroxychloroquine were included in 
this study, we calculated the weighed price of 
a hydroxychloroquine treatment group according to the 
proportion of two bands in the study. We estimated 
QALYs from the health utility value, derived from EQ-5D 
questionnaire responses and assessed value of the EQ-5D 
using Chinese time trade-off values.26,30 An incremental 
cost-effectiveness ratio was calculated by dividing the cost 
difference by the QALY difference per pair of treatment 
schemes.15 The 10,000 iterations Monte Carlo simulation 
was implemented to get the cost-effectiveness acceptability 
curve to analyze the preferred treatment group between 

different willingness-to-pay (WTP) thresholds. The WTP 
threshold under the per capita gross domestic product 
(GDP) of China was considered cost-effective, $10,279 in 
2019.

Results
Cohort Baseline
Two hundred and twenty-two out of 549 patients of the 
cohort were eligible participants, and 102 of them were 
administered MTX+HCQ, and 120 MTX+LEF (Figure 1). 
Baseline demographic and clinical characteristics of parti-
cipants are summarized in Table 1. In this study, two care 
programs were proportionately distributed in two analyzed 
groups. The average disease duration was 3 years and all 
of them had a diagnosis of RA longer than 1 year. The 
proportion of patients with positive ACPA and/or RF was 
over 85%. The disease activity was similar in both groups, 
such as DAS28-ESR (4.3 vs 4.4, P=0.394). The proportion 
of patients with moderate disease activity (80.4% vs 
80.8%, P=0.934) and high disease activity (19.6% vs 
19.2%, P=0.934) were similar between the two groups. 
The average weekly dose of MTX was 10 mg, which was 
equally distributed in the two groups. The average daily 
dose of HCQ and LEF were 200 mg and 10 mg, respec-
tively. After PSM, the distribution of baseline parameters 
was further balanced. Sixty-two patients (63.9%) received 
GCs in the HCQ group at an average daily dose of 9 mg, 
whereas 75 patients (77.3%) received GCs in the LEF 
group at an average daily dose of 8.5 mg (P=0.464).

Efficacy
Adjusted by PSM, 97 participants were matched in both 
groups and the proportion at some point during follow-up 
achieving DAS28 remission were higher in the MTX 
+HCQ group (70.1% vs 56.7%, P=0.048) (Figure 2A), 
while the LDA rate was not significantly different 
(76.3% vs 69.1%, P=0.125) (Figure 2B). Median time to 
remission was 11 months in the MTX+HCQ group (95% 
confidence interval [CI]=5.7–16.3) vs 16 months in the 
MTX+LEF group (95% CI=6.8–25.2); the median time 
to LDA was 6 months in the HCQ group (95% 
CI=4.8–7.2) and 10 months in the LEF group (95% 
CI=5.7–14.3), respectively. The drug retention rate of 
two regimens was similar (88.7% vs 82.5%, P=0.292) 
(Figure 2C).

The secondary efficacy endpoints at 24 months are illu-
strated in Table 2. Among the 162 matched patients who 
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completed the follow-up, the remission rate was marginally 
higher in the HCQ group than in the LEF group (46.8% vs 
32.5%, P=0.063), with 25.3% of patients achieving sus-
tained remission from 12 months to the endpoint in the 
HCQ group and 15.7% in the LEF group (P=0.127). The 
LDA rate was 65.8% in the HCQ group and 56.6% in the 
LEF group (P=0.230), with 53.2% of patients achieving 
sustained LDA in the HCQ group and 38.6% in the LEF 
group (P=0.062). The mean score of DAS28-ESR was 2.7 
in the MTX+HCQ group, whereas it was 2.9 in the MTX 
+LEF group (P=0.246). The net changes of DAS28-ESR 
score over 2 years were similar with a slight, yet significant, 
greater DAS28-ESR reduction in the MTX+HCQ group 
than in the MTX+LEF group (95% CI=0.006–0.478, 
P=0.044) (Supplementary Figure S1). The VAS pain (2.6 
vs 2.3, P=0.328) and EQ5D-index (0.812 vs 0.771, 
P=0.169) were similar between groups. In respect of the 
concomitant medication, a smaller proportion of patients 

were prescribed with GCs at 24 months in the HCQ group 
(45.6% vs 69.9%, P=0.002). In addition, more patients 
tapered off and finally withdrew GCs in the MTX+HCQ 
group (16, 32.0%) than in the MTX+LEF group (11, 
16.7%) at the endpoint (P=0.053), while no significant 
difference was observed about the daily dose of GCs 
among the 94 patients (58.0%) still receiving GCs (6.7 mg 
vs 6.2 mg, P=0.592).

Cost-Effectiveness Analysis
Medication costs and QALYs for each treatment group are 
presented in Table 3. The medication cost for 2 years in the 
MTX+HCQ group was $547.2 and $516.4 in the MTX 
+LEF group. The patients gained an average 1.603 
QALYs in MTX+HCQ group and 1.575 in the MTX+LEF 
group. The incremental cost-effectiveness ratio (ICER) 
yielded by MTX+HCQ therapy was $1,111.8 per QALY, 
compared with the MTX+LEF therapy. Cost-effectiveness 

Figure 1 Flow diagram of the analyzed study population. 
Abbreviations: RA, rheumatoid arthritis; DAS28-ESR, disease activity score in 28 joints using erythrocyte sedimentation rate; MTX, methotrexate; MTX-IR, methotrexate 
inadequate response; DMARDs, disease-modifying antirheumatic drugs; bDMARDs, biological DMARDs; tsDMARDs, targeted synthetic DMARDs; csDMARDs, conven-
tional synthetic DMARDs; HCQ, hydroxychloroquine; LEF, leflunomide; K-M survival analysis, Kaplan–Meier survival analysis.
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acceptability curves also indicated that MTX+HCQ was the 
more cost-effective when the per capita GDP of China 
($10,279) was set as a possible willingness-to-pay threshold 
(Supplementary Figure S2).

Safety Analysis
There were no serious adverse effects observed during the 
follow-up, and also no difference in the proportion of 
participants who experienced comorbidity (46.1% vs 
45.8%, P=0.971) or side-effects (22.5% vs 20.8%, 
P=0.870) across treatment groups (Table 4). In our study 
cohort, the most common comorbidity with RA was osteo-
porosis (19.8%), followed by cardiovascular diseases 
(10.8%), digestive system diseases (9.5%), and other 

rheumatic diseases (5.0%). The most frequently reported 
side-effects were gastrointestinal reactions (5.9%), fol-
lowed by infections (4.5%), hepatotoxicity (3.6%), and 
leukopenia (2.3%).

Discussion
In this observational cohort study, the combination of 
MTX plus HCQ or LEF was compared in established 
RA who had inadequate response to MTX monotherapy 
with moderate or high disease activity. After adjustment 
by PSM, the first time to remission over 2 years favored 
MTX+HCQ over MTX+LEF combination. At 24 months, 
we also observed a high remission rate and sustained LDA 
rate in the HCQ group, though the statistical difference 

Table 1 Baseline Characteristics of Patients Before and After Propensity Score Matching

Characteristics Overall Sample (n=222) Matched Patients (n=194)

MTX+HCQ 
(n=102)

MTX+LEF 
(n=120)

P-value MTX+HCQ 
(n=97)

MTX+LEF 
(n=97)

P-value

Age, mean (SD), years 51.0 (14.2) 53.3 (10.9) 0.179 50.2 (13.8) 53.3 (10.8) 0.083
Female, n (%) 85 (83.3) 88 (73.3) 0.077 81 (83.5) 72 (74.2) 0.113

BMI, mean (SD) 21.5 (3.0) 22.2 (3.0) 0.090 21.6 (3.0) 22.0 (3.0) 0.282

Smoking history, n (%) 7 (6.9) 7 (5.8) 0.788 7 (7.2) 5 (5.2) 0.767
Drinking history, n (%) 6 (5.9) 4 (3.3) 0.519 6 (6.2) 1 (1.0) 0.118

Disease duration, median (IQR), years 3 (2–6) 3 (2–8) 0.556 5.5 (6.1) 5.3 (5.1) 0.780

Comorbidities, n (%) 45 (44.1) 45 (37.5) 0.526 42 (43.3) 31 (32.0) 0.103

0 57 (55.9) 75 (62.5) 54 (55.7) 66 (68.0)

1 32 (31.4) 28 (23.3) 31 (32.0) 17 (17.5)
2 9 (8.8) 9 (7.5) 12 (12.4) 14 (14.4)

≥3 4 (3.9) 8 (6.6) 0 0

ACPA+*, n (%) 79 (85.9) 14 (86.9) 0.830 76 (87.4) 75 (86.2) 0.823

RF+**, n (%) 71 (85.5) 81 (91.0) 0.264 70 (87.5) 63 (90.0) 0.630

DAS28-ESR, mean (S.D.) 4.3 (0.8) 4.4 (0.8) 0.394 4.3 (0.8) 4.5 (0.9) 0.143
DAS28-CRP, mean (S.D.) 3.9 (0.8) 3.9 (0.8) 0.519 3.8 (0.7) 4.0 (0.8) 0.189

MDA rate, n (%) 82 (80.4) 97 (80.8) 0.934 78 (80.4) 76 (78.4) 0.723

HDA rate, n (%) 20 (19.6) 23 (19.2) 0.934 19 (19.6) 21 (21.6) 0.723
EQ-5D index, mean (SD) 0.7 (0.2) 0.7 (0.2) 0.960 0.7 (0.2) 0.7 (0.2) 0.789

GCs usage, n (%) 64 (62.7) 92 (76.7) 0.024 62 (63.9) 75 (77.3) 0.058
GCs dosage#, mean (SD), mg 9.2 (5.4) 8.1 (3.8) 0.135 9.0 (5.4) 8.5 (3.9) 0.464

Weekly dose of MTX, mean (SD), mg 10.6 (1.9) 10.4 (1.6) 0.450 10.6 (1.9) 10.4 (1.4) 0.329

Prior DMARDs, n (%) 1.3 (0.6) 1.2 (0.5) 0.318 1.2 (0.5) 1.2 (0.5) 0.888
bDMARD, n (%) 2 (2.0) 0 0.210 2 (2.1) 0 0.497

Use of NSAID, n (%) 7 (6.9) 7 (5.8) 0.788 7 (7.2) 7 (7.2) 1.000

Multidisciplinary care, n (%) 60 (58.8) 68 (56.7) 0.746 58 (59.8) 57 (58.8) 0.884

Notes: *23 Missing data were excluded in calculating the positive proportion. **50 Missing data were excluded in calculating the positive proportion. #Average daily dose of 
GCs was calculated in prescribed patients. 
Abbreviations: IQR, interquartile range; MTX, methotrexate; HCQ, hydroxychloroquine; LEF, leflunomide; BMI, body mass index; ACPA, anticitrullinated protein antibody; 
RF, rheumatoid factor; DAS28-ESR, disease activity score in 28 joints using erythrocyte sedimentation rate; DAS28-CRP, disease activity score in 28 joints using c-reactive 
protein; MDA, moderate disease activity; HDA, high disease activity; EQ-5D, EuroQol five-dimensions questionnaire; GC, glucocorticoid; DMARDs, disease-modifying 
antirheumatic drugs; bDMARDs, biological DMARDs; NSAID, non-steroidal anti-inflammatory drug.
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Figure 2 Kaplan–Meier curve for time to first remission (A), LDA (B), and drug retention (C) among matched patients. The solid line represents MTX+HCQ, and the 
dashed line represents MTX+LEF. 
Abbreviations: MTX, methotrexate; HCQ, hydroxychloroquine; LEF, leflunomide; LDA, low disease activity; HR, hazard ratio; CI, confidence interval.
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was at the critical value. In addition, significantly fewer 
patients were administered GCs in the HCQ group than 
that in the LEF group at the endpoint.

Previous studies in patients with inadequate response to 
MTX showed that the initial combination therapy of target 
agents and MTX appeared to be more effective than it 
alone;8,31–34 the triple combination of MTX+SSZ+HCQ 
was not inferior to etanercept plus MTX. In spite of this 
knowledge, considerable patients still prefer the conventional 
combination therapy after failure in the first course of MTX 
monotherapy for the sake of the cost of biological agents.20 

Also, patients receiving target agents were likely to discon-
tinue treatment for economic factors.23,35 On account of the 
cost and compliance issues, a combination of conventional 

DMARDs should be considered in the real-world setting 
when initial MTX monotherapy was suboptimal. However, 
the limited research on hydroxychloroquine mainly focused 
on triple combined therapy with a relatively high dose of 
MTX and SSZ.7,36 It was not quite feasible for real-world 
practice, for concerns about patient compliance and unfavor-
able side-effects due to the differences in ethnic 
adaptability,36 a maximum dose of 16 mg MTX weekly in 
a Japanese population.1,37 According to our data, 
a combination of 10 mg MTX weekly plus hydroxychloro-
quine 200 mg daily in patients with a low body mass index 
(BMI) of 21.9 on average was safe and more effective than 
plus 10 mg LEF daily. Indeed, a previous pharmacokinetic 
study had underscored a synergistic effect of the MTX+HCQ 
combination.38 On the other hand, the classic triple therapy 
of MTX+SSZ+HCQ, which bore abundant evidence in terms 
of efficacy;8,17 however, its compliance was problematic in 
Chinese patients according to our previous real-world data.14 

The main reason seemed to be that patients were reluctant to 
take an extra 4–8 SSZ tablets each day (with a therapeutic 
dose of 1–2 gram/day). MTX+LEF apparently provided an 
alternative option; and within the dose range the safety 
profile was good. However, our data supported that MTX 
+HCQ had a better remission response over MTX+LEF 
combination at a low dose in the patients with a low BMI.

Admittedly, the average daily exposure to GCs in this 
study was higher than previously reported, but still within 

Table 2 Secondary Efficacy Endpoints

Measure Month 0 Month 12 Month 24

MTX 

+HCQ 

(n=97)

MTX 

+LEF 

(n=97)

P-value MTX 

+HCQ 

(n=86)

MTX 

+LEF 

(n=87)

P-value MTX 

+HCQ 

(n=79)

MTX 

+LEF 

(n=83)

P-value

DAS28-ESR, mean (SD) 4.3 (0.8) 4.5 (0.9) 0.143 2.9 (1.1) 3.2 (1.0) 0.066 2.7 (1.1) 2.9 (1.1) 0.246

DAS28-CRP, mean (SD) 3.8 (0.7) 4.0 (0.8) 0.189 2.2 (0.9) 2.4 (0.9) 0.157 2.5 (0.9) 2.6 (0.9) 0.525

VAS pain, mean (SD) 4.9 (1.6) 4.7 (1.9) 0.312 2.8 (1.8) 2.8 (1.9) 0.960 2.6 (1.7) 2.3 (1.9) 0.328

Remission rate, n (%) 0 0 / 35 (40.7) 30 (34.5) 0.399 37 (46.8) 27 (32.5) 0.063

Sustained remission rate, n (%) / / / / / / 20 (25.3) 13 (15.7) 0.127

LDA rate, n (%) 0 0 / 51 (59.3) 42 (48.3) 0.146 52 (65.8) 47 (56.6) 0.230

Sustained LDA rate, n (%) / / / / / / 42 (53.2) 32 (38.6) 0.062

EQ5D, mean (SD) 0.712 (0.2) 0.705 (0.2) 0.789 0.796 (0.1) 0.765 (0.2) 0.137 0.812 (0.2) 0.771 (0.2) 0.169

GCs usage, n (%) 62 (63.9) 75 (77.3) 0.058 46 (53.5) 61 (70.1) 0.029 36 (45.6) 58 (69.9) 0.002

Withdrawal from GCs*, n (%) / / / 10 (18.5) 10 (14.9) 0.597 16 (32.0) 11 (16.7) 0.053

GCs dose#, mean (SD), mg 9.0 (5.4) 8.5 (3.9) 0.464 7.5 (3.6) 7.2 (4.0) 0.688 6.7 (4.2) 6.2 (3.8) 0.592

Use of NSAID, n (%) 7 (7.2) 7 (7.2) 1.000 2 (2.3) 3 (3.4) 1.000 3 (3.8) 1 (1.2) 0.358

Notes: *Proportion of patients who withdrew from GCs was calculated in prescribed patients still under follow-up. At 12 months, 54 patients were prescribed GC at 
baseline in the HCQ group and 67 in the LEF group. At 24 months, 50 patients were prescribed GC at baseline in the HCQ group and 66 in the LEF group. #Average daily 
dose of GCs was calculated in prescribed patients. 
Abbreviations: MTX, methotrexate; HCQ, hydroxychloroquine; LEF, leflunomide; DAS28-ESR, disease activity score in 28 joints using erythrocyte sedimentation rate; 
DAS28-CRP, disease activity score in 28 joints using c-reactive protein; VAS pain, visual analogscale for pain (0–10); LDA, low disease activity; EQ-5D, EuroQol five- 
dimensions questionnaire; GC, glucocorticoid; NSAID, non-steroidal anti-inflammatory drug.

Table 3 Medication Costs and QALYs Over 24 Months

Measure MTX+HCQ 
(n=68)

MTX+LEF 
(n=67)

Medication costs (US$) 547.2 516.4

Δ Costs (US$) 30.8 Reference
QALYs 1.603 1.575

Δ QALYs 0.028 Reference

Average C/E ($/QALY) 327.8 327.8
ICER ($/QALY) 1,111.8 Reference

Abbreviations: MTX, methotrexate; HCQ, hydroxychloroquine; LEF, leflunomide; 
ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years; 
Average C/E, average cost-effectiveness ratio.
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the recommended dose of 7.5 mg or less.1 The tapering 
scheme of GCs could be optimized. GCs should primarily 
be used as a bridging therapy until DMARDs exhibit their 
efficacy and should be tapering off as rapidly as clinically 
feasible. However, the participants of this study preferred 
conservative treatment, they neither accepted target agents, 
nor step-up DMARDs dosage. In real-world practice, the 
compliance, preference, and economy of patients should 
always be considered when we provide therapies. Because 
of the inability to switch to more effective DMARD treat-
ment, GC was administrated to control the disease activity. 
From our results, fewer patients were administered GCs in 
the HCQ group and more of them tapered off and finally 
withdrew it than in the LEF group at the endpoint. This 
result suggested that MTX+HCQ might be of more benefit 
than LEF for these difficult patients.

Previous cost-effectiveness analyses on RA were mainly 
centered on bioDMARDs vs csDMARDs.39–42 The 

comparison among the conventional combinations were 
limited,43 especially the cost-effectiveness of MTX+HCQ 
over MTX+LEF. This study provided direct evidence that 
in China mainland, the ICER yielded by MTX+HCQ was 
$1,111.8 per QALY greater than MTX+LEF. Within the cost- 
effective threshold set as the per capita GDP of China, our 
data indicated a favorable cost-effectiveness with MTX 
+HCQ combination. This analysis was of greater reference 
value for patients in other countries such as in South America 
and Europe, because the price of leflunomide in these coun-
tries was often much higher than that of hydroxychloroquine. 
In view of these conditions, the findings of our study on the 
effectiveness and economy of methotrexate add-on hydroxy-
chloroquine suggested that this combination could be 
a superior option for these patients.

There were several limitations with this study. First, unlike 
in a randomized-controlled trial, selection bias was inevitable 
in this real-world analysis. Although adjusted by propensity 
score matching with the baseline disease activity, GCs, and 
previous DMARDs exposure, the possibility of other potential 
confounders that exerted impact on the outcome measure-
ments could not be excluded. What’s more, patients did not 
strictly follow the visit schedules in the study. Consequently, 
only baseline, 12-month, and 24-month data were included 
for the analysis of the secondary outcomes and we allowed 
a 2-month window. Second, as a single center cohort study in 
China, caution should be taken when extrapolating our results 
to a larger population or area.

Conclusion
In conclusion, methotrexate plus hydroxychloroquine was 
seemingly better in terms of remission response with 
a favorable cost-effectiveness for established RA patients 
with inadequate response to MTX monotherapy in 
a Chinese cohort, compared with the combination of metho-
trexate and leflunomide.

Data Availability Statement
The datasets generated and/or analyzed during the current 
study are available from the corresponding author on rea-
sonable request.

Ethics Approval and Consent to 
Participate
The study was established following the OPCSP trial 
(ClinicalTrials.gov ID: NCT03024307) and performed in 
compliance with the Declaration of Helsinki. The research 

Table 4 Safety Outcomes (n=222)

Measure MTX+HCQ 

(n=102)

MTX+LEF 

(n=120)

P-value

Comorbidities, n (%) 47 (46.1) 55 (45.8) 0.971

0 55 (53.9) 65 (54.2)

1 33 (32.4) 38 (31.7)

2 10 (9.8) 9 (7.5)

≥3 4 (4.8) 8 (6.6)

Osteoporosis 19 (18.6) 25 (20.8)

Cardiovascular diseases 11 (10.8) 13 (10.8)

Digestive system diseases 10 (9.8) 11 (19.2)

Other rheumatic diseases 7 (6.9) 4 (3.3)

Endocrine system 6 (5.9) 9 (7.5)

Respiratory diseases 5 (4.9) 6 (5)

Musculoskeletal diseases 3 (2.9) 3 (2.5)

Hematological system diseases 2 (2.0) 2 (1.7)

Renal disease 2 (2.0) 5 (4.2)

Nervous system 0 3 (2.5)

Adverse effects, n (%) 23 (22.5) 25 (20.8) 0.870

0 79 (77.5) 95 (79.2)

1 20 (19.6) 24 (20)

2 3 (2.9) 1 (0.8)

Gastrointestinal response 6 (5.9) 7 (5.8)

Infection 6 (5.9) 4 (3.3)

Hepatotoxicity 2 (2.0) 6 (5.0)

Leukopenia 2 (2.0) 3 (2.5)

Musculoskeletal diseases 3 (2.9) 1 (0.8)

Blurred vision 2 (2.0) 0

Alopecia 1 (1.0) 2 (1.8)

Rash 0 1 (0.8)

Abbreviations: MTX, methotrexate; HCQ, hydroxychloroquine; LEF, leflunomide.
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protocol was approved by Shanghai Jiaotong University 
School of Medicine, Renji Hospital Ethics Committee 
(approval No.[2016]216K), in accordance with the 
Declaration of Helsinki. All participating patients provided 
written informed consent.
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