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Real-world effectiveness of a single conventional disease-
modifying anti-rheumatic drug (cDMARD) plus an anti-TNF
agent versus multiple cDMARDs in rheumatoid arthritis: a
prospective observational study
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Objective: The objective of this prospective, observational multicenter study (NCT03264703) was to compare the effectiveness
of single conventional disease-modifying anti-rheumatic drug (cDMARD) plus anti-tumor necrosis factor (TNF) therapy versus
multiple cDMARD treatments in patients with moderate-to-severe rheumatoid arthritis (RA) following cDMARD failure in the
real-world setting in South Korea.

Methods: At the treating physicians’ discretion, patients received single cDMARD plus anti-TNF therapy or multiple cDMARDs.
Changes from baseline in disease activity score 28-joint count with erythrocyte sedimentation rate (DAS28-ESR), corticosteroid
use, and Korean Health Assessment Questionnaire (KHAQ-20) scores were evaluated at 3, 6, and 12 months.

Results: Of 207 enrollees, the final analysis included 45 of 73 cDMARD plus anti-TNF and 91 of 134 multiple-cDMARD recipi-
ents. There were no significant between-group differences (BGDs) in ANCOVA-adjusted changes from baseline in DAS28-ESR
at 3, 6 (primary endpoint), and 12 months (BGDs —0.18, —0.38, and —0.03, respectively). More cDMARD plus anti-TNF than
multiple-cDMARD recipients achieved a >50% reduction from baseline in corticosteroid dosage at 12 months (35.7% vs 14.6%;
p=0.007). Changes from baseline in KHAQ-20 scores at 3, 6, and 12 months were significantly better with cDMARD plus anti-
TNEF therapy than with multiple cDMARDs (BGD —0.18, —0.19, and —0.19 points, respectively; all p<0.024).

Conclusion: In the real-world setting, relative to multiple cDMARDs, single cDMARD plus anti-TNF therapy significantly im-
proved quality-of-life scores and reduced corticosteroid use, with no significant BGD in disease activity, in RA patients in whom
previous cOMARD therapy had failed.
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INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune inflammatory
disease primarily affecting the joints. The disease hinders a pa-
tient’s ability to perform daily activities, negatively affects patient
quality-of-life (QoL), and exacerbates morbidity and mortality
[1]. In South Korea, the prevalence of RA is increasing, with a
reported yearly increase in prevalence from 0.28% in 2009 to
0.32% in 2012 [2].

The goal of RA treatment should be to reach a target of sus-
tained remission or low disease activity [3,4].

Methotrexate is generally recommended as first-line con-
ventional disease-modifying anti-rheumatic drug (cDMARD)
monotherapy in patients with early RA, with other cDMARDs
(e.g., leflunomide or sulfasalazine) being appropriate in some
patients [3,4]. However, many patients require the addition
of other DMARD:s to achieve low disease activity. In patients
who have not achieved target disease activity despite taking
maximally tolerated doses of methotrexate, the 2021 American
College of Rheumatology (ACR) guidelines [3] conditionally
recommend adding a biological DMARD (bDMARD) or tar-
geted synthetic DMARD (tsDMARD) instead of initiating triple
therapy (i.e., adding sulfasalazine and hydroxychloroquine),
with this recommendation being highly sensitive to the physi-
cian’s judgment and patient preference. For example, triple ther-
apy may be preferred in lower resource settings, and in patients
with specific comorbidities in whom the risk of adverse events
may be significantly higher with bDMARD or tsDMARD
therapy [3]. According to the 2022 updated European League
Against Rheumatism (EULAR) recommendations, the choice
of subsequent treatment in patients who have not achieved tar-
get disease activity with their first cOMARD strategy depends
on the absence or presence of poor prognostic factors (e.g.,
persistent moderate or high disease activity despite cOMARD
therapy; high acute phase reactant levels; high swollen-joint
count; presence of rheumatoid factor and/or anticitrullinated
protein antibody, especially at high levels; presence of early ero-
sions; failure of two or more cDMARDs). If the treatment is not
achieved with the first DMARD strategy, changing to or adding
a second cDMARD should be considered in the absence of poor
prognostic factors. When poor prognostic factors are present,
a bDMARD should be added to cDMARD therapy (treatment
with JAK-inhibitors may also be considered after assessing per-

tinent risk factors for cardiovascular events and malignancies

(51) [4].

Based on the current clinical evidence, it is not possible to
definitively conclude that treatment with a cDMARD plus an
anti-tumor necrosis factor (TNF) agent is superior to treatment
with multiple cDMARDs in RA patients. Meta-analyses of ran-
domized clinical trials (RCTs) have shown that combination
treatment with either a cOMARD plus an anti-TNF agent or
multiple cDMARDs is more effective than cDMARD mono-
therapy, with the two combination regimens generally display-
ing comparable efficacy regardless of the outcome assessed,
including the prevention of radiographic progression [6-8].
Conversely, in large real-world studies in RA patients in whom
initial methotrexate therapy had failed, switching to cDMARD
plus anti-TNF therapy was associated with several better out-
comes than multiple cOMARD therapy [9,10], and supports the
ACRS5 conditional recommendation of switching to cDMARD
plus bDMARD or tsDMARD [3].

Since further evidence is still needed to establish which
treatment regimen is superior in patients in whom previous
c¢DMARD treatment has failed, this real-world study was con-
ducted in South Korea. RA patients with moderate or high
disease activity (i.e., disease activity score 28-joint count with
erythrocyte sedimentation rate [DAS28-ESR] score >3.2 points)
despite treatment with two or more cDMARD:s for >3 months,
could be switched to treatment with multiple cDMARDs or to a
c¢DMARD plus an anti-TNF agent, depending on the physician's
judgment and patient preference. The clinical effectiveness of
the treatments over the 12-month study was assessed, with a
focus on changes from baseline in disease activity (DAS28-ESR)
at 6 months. This endpoint is considered clinically appropriate,
as the EULAR guidelines recommend that patients be assessed
for achievement of target disease activity 6 months after changes
in treatment using a validated composite disease activity mea-
sure that includes joint count [4]. The DAS28-ESR is a validated
method of evaluating RA treatment efficacy [11], with valid-
ity comparable to that of other methods, including the clinical
disease activity index (CDAI), simplified disease activity index
(SDAI), and the ACR core set criteria [12].

MATERIALS AND METHODS

Study design and patients
This prospective, observational study was conducted at mul-

tiple centers in South Korea. For inclusion in the study, patients
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were required to have received previous multiple cDMARD
treatment (i.e., stable doses of two or more cDMARD:s for at
least 3 months prior to consent) that had failed, moderate to
severe disease activity as shown by a DAS28-ESR score of >3.2
points at the time of consent, and to have agreed to have their
current treatment regimen changed to either a single cDOMARD
plus an anti-TNF agent or multiple (two or more) cDMARDs
based on the discernment of their treating physician. Eligible
patients were also required to be aged >19 years with a diagnosis
of RA according to the 2010 ACR/EULAR criteria within the
past 3 years. Exclusion criteria included the previous use of a
bDMARD for the treatment of RA, being pregnant or breast-
feeding, participating in or planning to participate in other
interventional studies, and having contraindications to study
therapy. The study was registered with ClinicalTrials.gov, with
the identifier NCT03264703.

As this was an observational study, study participants did not
undergo treatment randomization, and there were no mandated
therapeutic interventions or rescue treatment options. Instead,
patients were included in one of the two treatment groups based
on whether their failed treatment with multiple cOMARDs was
changed to either a single cDMARD plus an anti-TNF agent or
multiple (two or more) cDMARDs. Treatment changes were
made at the discretion of the treating physician.

To collect clinical data, patients were followed for 12 months.
Clinical study visits were conducted at baseline, 3 months (+3
weeks), 6 months (+1 month), and 12 months (+1 month); eval-
uations included measurement of vital signs and weight, labora-
tory tests, 28-tender joint count, 28-swollen joint count, patient
global assessment, Korean Health Assessment Questionnaire
(KHAQ-20) scores, and corticosteroid dosage and discontinu-
ation. Demographic information, medical history, and previ-
ous medications for the treatment of RA were collected at the
baseline visit. The DAS28-ESR was calculated on a visual analog
scale of swollen joint count, tender joint count, ESR, and patient
global assessment of 28 joints. No testing or confirmation of
drug-related safety was planned. Adverse reactions during the
clinical study period were treated according to routine practice.

To avoid the confounding effects of changes in treatment on
the study results, patients who changed treatments during the

study period were dropped from the per-protocol set (PPS).

Efficacy endpoints
The primary efficacy endpoint was the least square mean
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(LSM) change from baseline in disease activity as measured by
the DAS28-ESR at 6 months; changes from baseline in this end-
point at 3 and 12 months were secondary endpoints. Other sec-
ondary efficacy endpoints (all assessed at 3, 6, and 12 months)
were the rate of clinical remission (defined as the proportion of
patients with a DAS28-ESR score of <2.6), changes from base-
line in disease activity and disease improvement criteria (both
classified using the EULAR definitions [11,13]), the rate of cor-
ticosteroid reduction/discontinuation (defined as the propor-
tion of patients achieving a >50% reduction from baseline in to-
tal daily corticosteroid dose), and LSM changes from baseline in
QoL as measured by the KHAQ-20 (decrease in score indicates
improved QoL). Efficacy analyses were performed in the PPS.

Statistical methods

Based on the calculated sample size, 138 patients were re-
quired in the PPS of each treatment group to achieve an effect
size of 0.5 with a 0.05 significance level and 80% power. Given
the inherent nature of observational studies, ~40% of patients
may potentially be lost from the PPS during the 12-month study
period due to a variety of reasons (e.g., discontinuation of study
treatment, loss to follow-up, withdrawal of consent, violation of
inclusion criteria, etc.). To account for this potential 40% loss, it
was calculated that 230 patients per group were initially needed
to provide a PPS sample of 138 patients. The PPS of each treat-
ment group were used for all reported analyses.

Continuous endpoints were summarized using descrip-
tive statistics (e.g., means*standard deviation), and categori-
cal endpoints were summarized as frequency and percentage.
Continuous endpoints were analyzed using the two-sample t-
test or Wilcoxon's rank-sum test, and categorical endpoints were
analyzed using Pearson’s chi-square test or Fisher’s exact test.
To account for between-group differences (BGDs) in baseline
scores, the BGDs in LSM changes from baseline in DAS28-ESR
and KHAQ-20 scores were calculated by performing analysis of
covariance (ANCOVA), with patient age, duration of RA, and
the relevant baseline scores as covariates. A p-value of <0.05
was considered significant. Missing values were not imputed for
endpoint analyses and no adjustments were made for multiplic-
ity. Statistical analyses were conducted using SAS version 9.4
(SAS Institute, Cary, NC, USA).

Ethics

Ethical approval was obtained from the institutional review
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boards of each participating institution (Supplementary Table 1).
The study was conducted in accordance with the International
Council for Harmonization-Good Clinical Practice guidelines,
the Declaration of Helsinki, and all applicable national regula-
tions. All patients provided written informed consent prior to

study participation.

RESULTS

Patients

This study took place from September 2017 to July 2019.
While a total sample size of 460 was planned, this was not
reached because it was difficult to register patients for the cD-
MARD plus anti-TNF and multiple cDMARDs groups at a 1:1
ratio, and there was a lack of patients who qualified for the study
based on the inclusion/exclusion criteria. A total of 207 patients
were enrolled at 15 centers throughout South Korea (Supple-
mentary Table 1). Of these, 73 received anti-TNF plus a cD-
MARD, and 134 received multiple-cDMARD treatment based
on the discernment of their treating physician.

Patient disposition is shown in Figure 1. Of the 73 patients
initially treated with a cOMARD plus an anti-TNF agent, 28
were excluded from the PPS, leaving 45 patients. Eleven pa-
tients in this group discontinued the study and were excluded

from the PPS due to changing to treatment with tocilizumab

(n=5), tofacitinib (n=4), leflunomide (n=1), or hydroxychlo-
roquine (n=1). Of the 134 patients initially receiving multiple
cDMARDs, 39 were excluded from the PPS, leaving 91 patients.
Seven patients in this group discontinued the study due to a
change of treatment, and nine patients were excluded from
the PPS due to switching to treatment with tocilizumab (n=2),
tofacitinib (n=2), etanercept (n=2), adalimumab (n=1), lefluno-
mide (n=1), or hydroxychloroquine (n=1).

Based on the total number of 136 patients in the PPS, the pri-
mary outcome had a calculated power of 92%. As this is similar
to the planned power of 80%, we concluded that we could rely
on the statistical significance of the study despite the lower than
planned patient enrollment.

Table 1 provides the patient characteristics in the PPS. In the
total population, the mean patient age was 56.5+11.9 years,
22.8% of patients were aged 265 years, and 73.6% were female.
The mean duration of RA was 454.9+272.2 days, and the mean
total 2010 ACR/EULAR score was 7.99+1.19 points. Baseline
patient characteristics in the cDMARD plus anti-TNF group
were comparable to those in the multiple cDMARD group, with
the exception of significantly higher mean values for symptom
duration score (1.00+0.00 vs 0.96+0.21 points; p=0.044), ESR
level (51.18+30.86 vs 34.79+21.55 mm/h; p=0.002), DAS28-ESR
score (5.62+0.89 vs 4.77+0.93 points; p<0.001), and KHAQ-20
score (0.95+0.87 vs 0.59+0.63 points; p=0.013).

207 patients were enrolled

v

73 patients received
cDMARD plus anti-TNF

26 patients discontinued

Change of treatment (n=11)
Symptom worsening (n=4)
Treatment had no effect (n=2)
Adverse event (n=1) <
Other (n=4)

Lost to follow-up (n=1)

Patient withdrew consent (n=2) v

Other (n=12) 47 patients
completed the study

28 patients were excluded
from the PPS <
Excluded from the FAS (n=14)
Dropped out (n=12)
Violated inclusion/exclusion

134 patients received
cDMARD 39 patients discontinued

Change of treatment (n=7)
Symptom worsening (n=5)
Treatment had no effect (n=2)

> Lost to follow-up (n=9)
Patient withdrew consent (n=6)
Other (n=17)
95 patients

completed the study

43 patients were excluded
R from the PPS
Excluded from the FAS (n=32)
Dropped out (n=10)

v Violated inclusion/exclusion

criteria (n=2)

45 patients were included
in the PPS

criteria (n=1)

91 patients were included
in the PPS

Figure 1. Patient disposition. Anti-TNF: anti-tumor necrosis factor agent, cDMARD: conventional disease-modifying anti-rheumatic drug,

FAS: full analysis set, PPS: per-protocol set.
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Table 1. Baseline patient characteristics (per-protocol set)

Parameter

Total (n=136)

Patient demographics

Age (years) 56.47+11.90
Age <65 years 105 (77.21)

Female 100 (73.53)
Outpatient 135 (99.26)
BMI (kg/m”) 23.76+3.68"

Disease characteristics

Duration of RA (days) 454.94+272.16

Total 2010 ACR/EULAR score 7.99+1.19
Joint involvement score® 3.51+1.19
Serology score' 2.60+0.95
Acute phase reactant score® 0.92+0.27
Symptom duration score” 0.97+0.17
CRP (mg/L) 12.46+18.06
ESR (mm/h) 40.21+26.07
Baseline effectiveness outcomes
DAS28-ESR score 5.05+1.00
KHAQ-20 score 0.71+0.74

cDMARD+anti-TNF Multiple cDMARDs
(n=45) (n=91)
54.88+12.41 57.26+11.63 0.274
35 (77.78) 70 (76.92) >0.999
35 (77.78) 65 (71.43) 0.560
44 (97.78) 91 (100.00) 0.331
23.78+3.71° 23.74+3.69° 0.955
432.24+243.04 466.16+£286.08 0.496
8.07+1.07 7.96+1.25 0.612
3.36+1.00 3.58+1.27 0.607
2.761£0.68 2.52+1.06 0.189
0.96+0.21 0.90+0.30 0.221
1.00+0.00 0.9610.21 0.044~*
15.53+18.53 10.95+17.72 0.164
51.18+30.86 34.79+21.55 0.002*
5.62+0.89 4.77+0.93 <0.001*
0.95+0.87 0.59+0.63 0.013*

Values are presented as meanzstandard deviation or number (%). Percentages are based on the number of patients in each treatment
group. “Two-sample t-test or Wilcoxon’s rank-sum test or Pearson’s chi-square test or Fisher's exact test. *Statistically significant at a
5% significance level, two-tailed test. ®n=131. °n=42. ¢ n=89. °Scored as follows: 0=1 large joint; 1=2~10 large joints; 2=1~3 small
joints (tlarge joint involvement); 3=4~10 small joints (tlarge joint involvement); 5=>10 joints (<1 small joints). ‘Scored as follows: 0=RF
negative and anti-CCP antibody negative; 1=positive RF or anti-CCP antibody tests with <3 higher than normal titer; 3=positive RF or anti-
CCP antibody tests with >3 higher than normal titer. Scored as follows: O=normal CRP and normal ESR; 1=abnormal CRP or abnormal
ESR. "Scored as follows: 0=<6 weeks; 1=>6 weeks. cDMARD: conventional disease-modifying anti-rheumatic drug, anti-TNF: anti-tumor
necrosis factor agent, BMI: body mass index, RA: rheumatoid arthritis, ACR: American College of Rheumatology, EULAR: European League
Against Rheumatism, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, DAS28-ESR: disease activity score 28-joint count with
ESR, KHAQ: Korean Health Assessment Questionnaire, anti-CCP: anti-cyclic citrullinated peptide, RF: rheumatoid factor.

In the cDMARD plus anti-TNF group, the anti-TNF agent
most frequently received was adalimumab (62.2% of patients),
followed by etanercept (20.0%). Golimumab and infliximab
were each received by 8.9% of patients (Supplementary Table 2).
The most common concomitant cDMARD: in this group were
methotrexate (93.3% of patients) and prednisolone (40.0%). In
the multiple cDMARD group, the most common cDMARDs
were methotrexate (86.8% of patients), methylprednisolone
(49.5%), tacrolimus (49.1%), and leflunomide (42.9%) (Supple-
mentary Table 2). Methotrexate plus a systemic corticosteroid
was the most common cDMARD combination, being received
by 88 patients (96.7%) in the multiple cDMARD group. In ad-
dition to DMARDs, muscloskeletal system agents were com-
monly taken to treat RA symptoms, with celecoxib being taken
by 60.0% and 54.9% of patients in the cDMARD plus anti-TNF
and multiple cODMARD groups, respectively (Supplementary
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Table 2).

The proportion of patients receiving treatment with some
individual cDMARD:s differed significantly between treat-
ment groups. Significantly fewer patients in the cDMARD plus
anti-TNF agent group than in the multiple cDMARDs group
received treatment with leflunomide, tacrolimus, ciclosporin,
methylprednisolone, or deflazacort (all p<0.01) (Supplementary
Table 2). No significant BGDs were shown in the proportion
of patients receiving other individual cDOMARDs, or any of the
musculoskeletal system drugs used to treat the symptoms of RA.

Efficacy endpoints

Improvements from baseline in DAS28-ESR scores did not
differ to a significant extent between treatment groups (Figure
2). At 6 months, the ANCOVA-adjusted LSM change from
baseline in DAS28-ESR score was —2.26 points (95% confidence
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interval [95% CI] —2.59 to —1.93) in the cDMARD plus anti-
TNF agent group compared with —1.88 points (95% CI -2.11 to
-1.66) in the multiple cDMARD group, with a non-significant
BGD of —0.38 points (p=0.0782). Likewise, no significant differ-
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c= —— cDMARD+anti-TNF
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§W -204 T~ [T
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2 <Dn: 2.5+
_30 T T T T 1
Baseline 3 6 12
Time (mo)
cDMARDs n=91 n=84 n=91 n=82
cDMARD+anti-TNF n=45 n=45 n=45 n=44

Figure 2. Change from baseline in disease activity score 28-joint
count with erythrocyte sedimentation rate (DAS28-ESR) scores
at 3, 6, and 12 months (per-protocol set). Results of ANCOVA of
LSMs using patient age, duration of rheumatoid arthritis, and
baseline DAS28-ESR score as covariates. Bars indicate 95%
confidence intervals for each treatment group. Values above
bars indicate the difference between the cDMARD+anti-TNF and
cDMARDs groups. Baseline mean DAS28-ESR scores were 5.62
points in the points in the cDMARD+anti-TNF group vs 4.77 points
in the multiple cDMARD group (p<0.001). ANCOVA: analysis of
covariance, anti-TNF: anti-tumor necrosis factor agent, cDMARD:
conventional disease-modifying anti-rheumatic drug, LSM: least
square.

ence in this outcome was shown at either 3 months (BGD —0.18
points; p=0.4243) or 12 months (BGD —0.03 points; p=0.8794).

The difference in clinical remission rate (DAS28-ESR <2.6
points) between the cDMARD plus anti-TNF and multiple c¢D-
MARD groups was —11.43%, —11.70%, and —15.8% at the 3-,
6-, and 12-month visits, respectively, with no significant BGDs
(Table 2).

Changes in disease activity status (EULAR response criteria)
at months 3, 6, and 12 in patients with moderate or high base-
line disease activity are shown in Figure 3. In patients classi-
fied as having moderate disease activity at baseline, most were
reclassified as having low disease activity at month 3 (81.8% of
patients in the cDMARD plus anti-TNF group and 59.0% in the
multiple cDMARD group). At month 6, the proportion of pa-
tients with low disease activity status remained at 81.8% in the
c¢DMARD plus anti-TNF group and increased to 71.4% in the
multiple cDMARD group. At month 12, the proportion of pa-
tients who attained low disease activity decreased to 54.6% and
66.7% in the respective groups with a corresponding increase
in the proportion of patients with moderate or high disease
activity. In patients classified as having high baseline disease
activity, most patients were reclassified as having low or moder-
ate disease activity by month 3 in the cDMARD plus anti-TNF
groups (29.4% and 50.0%, respectively) and multiple cDOMARD
group (43.5% each). In both treatment groups, the proportions
of patients with low or moderate disease activity remained gen-
erally consistent at month 6 (47.1% each in the cDMARD plus
anti-TNF group vs 42.9% and 50.0% in the multiple cDMARD

Table 2. Rates of clinical remission and corticosteroid reduction (per-protocol set)

Endpoint

Clinical remission (defined as DAS28-ESR score of <2.6)
Primary outcome
Clinical remission at month 6
Secondary outcome
Clinical remission at month 3
Clinical remission at month 12
Corticosteroid reduction during study
Corticosteroid reduction (=50% reduction from baseline in dose)

cDMARD+anti-TNF

PPS, n outcome, n

Multiple cDMARDs
(n=91)
Achieved

PPS,n  outcome, n
(%) (%)

Between-group

(n=45) difference*

Achieved Achieved

o T
outcome, % EREllE

45 16 (35.6) 91 43 (47.3) -11.7  0.1953
45  12(26.7) 84 32(38.1) -11.4 01919
44  13(29.6) 82 37 (45.1) -158  0.0884
42 15 (35.7) 82 12 (14.6) 211 0.0071

cDMARD: conventional disease-modifying anti-rheumatic drug, anti-TNF: anti-tumor necrosis factor agent, PPS: per-protocol set, DAS28-
ESR: disease activity score 28-oint count with erythrocyte sedimentation rate. *cDMARD+anti-TNF minus multiple cDMARDs. TPearson’s

chi-square test or Fisher’s exact test.
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Figure 3. Effect of treatment on baseline disease activity status (per-protocol set). Proportion of patients with low, moderate or high
disease activity at months 3, 6, and 12 in patients with (A) moderate disease activity at baseline, and (B) high disease activity at baseline.
Based on European League Against Rheumatism (EULAR) response criteria, disease activity was classified as low (DAS28-ESR <3.2),
moderate (DAS28-ESR >3.2 to <5.1) or high (DAS28-ESR >5.1) at baseline, then reclassified at each timepoint. There were no significant
between-group differences in disease activity status at any timepoint. Anti-TNF: anti-tumor necrosis factor agent, cOMARD: conventional
disease-modifying anti-rheumatic drug, DAS28-ESR: disease activity score 28-joint count with erythrocyte sedimentation rate.
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Figure 4. Change from baseline in quality-of-life, as measured
by KHAQ-20 scores, at 3, 6, and 12 months (per-protocol set).
Results of ANCOVA of LSMs means using patient age, duration of
rheumatoid arthritis, and baseline KHAQ-20 scores as covariates.
Bars indicate 95% confidence intervals for each treatment
group. Values above bars indicate the difference between the
cDMARD+anti-TNF and cDMARDs groups. Baseline mean KHAQ-
20 scores were 0.95 points in the cDMARD+anti-TNF group
vs 0.59 points in multiple cDMARD group (p=0.013). ANCOVA:
analysis of covariance, anti-TNF: anti-tumor necrosis factor agent,
cDMARD: conventional disease-modifying anti-rheumatic drug,
KHAQ: Korean Health Assessment Questionnaire, LSM: least
square mean.
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in the respective groups). There were no statistically significant
BGDs at any time point.

A >50% reduction from baseline in corticosteroid dose was
reported in significantly more patients in the cOMARD plus
anti-TNF group than in the multiple cDMARD group (35.7% vs
14.6%; BGD 21.1%; p=0.0071) at study end (Table 2).

KHAQ-20 scores improved to a significantly greater extent
in the cDMARD plus anti-TNF group than in the multiple
cDMARD group (Figure 4). LSM changes from baseline in
ANCOVA-adjusted KHAQ-20 were significantly better in
the cDMARD plus anti-TNF group than in the multiple cD-
MARD group by month 3 (BGD —0.18 points; p=0.0083), with
these results being maintained at month 6 (BGD —0.19 points;
p=0.0203) and month 12 (BGD —0.19 points; p=0.0331).

DISCUSSION

This prospective, observational real-world study found that
switching to single cDMARD plus anti-TNF therapy may have
some benefits in patients with moderate-to-severe RA in whom
previous cDMARD:s had failed. Treatment with a cDMARD
plus anti-TNF therapy significantly improved QoL scores and

reduced corticosteroid use, but did not significantly reduce dis-
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ease activity, relative to treatment with multiple cDOMARDs.

Combination treatment with a cDMARD plus an anti-TNF
agent is significantly more effective than cDMARD mono-
therapy in treating RA [14,15]. In RCTs, adalimumab plus
methotrexate significantly improved mean DAS28-CRP scores
at week 26 [14], and golimumab plus methotrexate signifi-
cantly improved DAS28-ESR scores at 16 weeks [16], relative to
methotrexate monotherapy. Furthermore, according to a meta-
analysis of 15 RCTs in patients with active early RA, treatment
with either a cDMARD plus an anti-TNF agent or multiple
cDMARD:s increased ACR response rates, and delayed disability
and erosive radiographic progression to a significantly greater
extent than methotrexate monotherapy [6]. However, it was not
clear which combination regimen was more effective, as both
displayed comparable efficacy [6]. Likewise, a meta-analysis of 8
RCTs in patients with RA found that treatment with methotrex-
ate plus an anti-TNF agent was not superior to treatment with
two to three cDMARD:s in preventing radiographic progression
at 12 and 24 months, despite a greater improvement in DAS28
scores with cOMARD plus anti-TNF therapy at 6 months [7].
Similarly, a network meta-analysis of 39 RCTs concluded that
bDMARD:s plus methotrexate may not be superior to treatment
with multiple cDMARD:s or one or two cDMARD:s plus low-
dose corticosteroids in preventing radiographic progression [8].

In contrast, large real-world studies [10,11] support the ACRs
conditional recommendation to switch to cDMARD plus bD-
MARD or tsDMARD therapy when initial methotrexate thera-
py had failed [3]. As shown in our study, b(DMARD-containing
regimens were associated with several better outcomes than
multiple cDOMARD therapy in these studies [9,10]. In one study,
treatment with anti-TNF agent plus methotrexate was associated
with significantly higher rates of attaining low disease activity,
greater improvements in CDAI scores, and lower rates of media-
tion discontinuation at 6 months than triple cDMARD therapy
in patients who had not previously been exposed to a bDMARD
[9]. In the other study, DAS responses at 6 and 12 months were
significantly better when patients were switched to a regimen
containing a bDMARD than when they were switched to a regi-
men containing cDMARD(s) with or without corticosteroids
[10].

The present study directly compared the effectiveness of
cDMARD plus anti-TNF therapy with that of multiple cD-
MARD:s treatment in the real-world setting. DAS28-ESR scores

improved from baseline in both treatment groups, with no sta-

tistically significant BGDs at 3, 6, or 12 months. Nevertheless,
there was a tendency for cOMARD plus anti-TNF therapy to
reduce disease activity at a faster rate than multiple-cDMARD
treatment. Several studies have reported that anti-TNF treat-
ment responses may vary according to the reaction of individual
patients to these drugs as a result of genetic pleomorphism, bio-
availability, anti-TNF product stability, and anti-TNF antibody
formation [16-18]. The positive effect of an anti-TNF agent on
disease activity slightly decreased between months 6 and 12 in
our study, which may reflect the development of anti-TNF neu-
tralizing antibodies to monoclonal anti-TNF agents. Due to the
small number of patients, it is not possible to observe any differ-
ences in effectiveness between individual anti-TNF therapies or
between various combinations of cDMARDs. Because of this,
the DAS28-ESR results should be interpreted with caution.

A rapid improvement in disease activity was also shown by
the changes from baseline in EULAR disease activity status
at 3 months. Most patients in the cDMARD plus anti-TNF
group who were classified as having moderate disease activity
at baseline were reclassified as low, and most of those classified
as having high disease activity at baseline were reclassified as
moderate or low” at 3 months, with improvements generally
being maintained throughout the 12-month study. Overall, out-
comes were comparable in the multiple cDMARD group, with
no statistically significant BGDs. Similar results were shown in
the open-label, non-inferiority TACIT RCT in RA patients with
high baseline disease activity: improvements in disease activity
were initially greater in patients treated with an anti-TNF agent
than in those treated with multiple cDMARDs, but these differ-
ences did not persist beyond 6 months [19].

Significantly more patients in the cDMARD plus anti-TNF
group than in the multiple cDMARD group experienced a >50%
reduction in corticosteroid dose. Corticosteroids are often used
as short-term adjunct treatment with cDMARDs, as they rapid-
ly and effectively suppress inflammation, and slow radiographic
progression in patients with RA [3,4,20,21]. However, they have
well-known toxicities and adverse effects (infections, osteopo-
rosis, cardiovascular disease, etc.), which detrimentally affect
patient QoL and increase overall healthcare costs. It is, therefore,
important that treatment with corticosteroids is limited to the
lowest effective dose for the shortest duration possible. In South
Korea, it is generally recommended to slowly reduce and dis-
continue even very small amounts of corticosteroids. Likewise,

the EULAR guidelines recommend that corticosteroids are ta-
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pered and discontinued as rapidly as clinically feasible [4], and
the ACR guidelines strongly recommend against the long-term
(=3 month) use of corticosteroids [3].

Improvements in QoL were also significantly greater in the
cDMARD plus anti-TNF group than in the multiple cDMARD
group. Moreover, the ANCOVA-adjusted changes from base-
line in the KHAQ-20 score in the cDMARD plus anti-TNF
group can be considered clinically significant at all time points
(3, 6, and 12 months), as they were all greater than or equal to
the minimally important differences (-0.09 for somewhat im-
proved, —0.20 for somewhat/much better) that were previously
reported for a Health Assessment Questionnaire (HAQ) used in
clinical practice to assess patients with RA [22]. The goal of RA
treatment is to reduce pain and control the disease, thereby re-
ducing joint damage and improving QoL [23]. The significantly
greater improvement in QoL reported in the cDMARD plus
anti-TNF group suggests that cDMARD plus anti-TNF treat-
ment is a more effective treatment option for RA than multiple
cDMARDs. This differs from the finding in the TACIT RCT, in
which HAQ scores improved from baseline in both groups, but
with multiple cDMARD treatment being favored over anti-TNF
treatment (mean BGD -0.14; 95% CI —0.29 to 0.01, which was
below the prespecified non-inferiority boundary of 0.22) [19].

This study had several limitations. The target number of pa-
tients to be enrolled was not reached; this affected the statistical
power of the results. Based on post-study sample size analysis,
we believe that the data are sufficiently robust to allow us to
draw meaningful and clinically relevant conclusions; however,
such post-hoc analysis is controversial [24,25]. Due to the
limitations of the observational study design, an equal number
of patients were not enrolled in each treatment group. High
acquisition costs may have contributed to the low recruitment
of patients in the cDMARD plus anti-TNF group, as physicians
may have hesitated to choose the more costly therapy [19].
However, the impact of the cost of anti-TNF treatment was not
addressed in our study, and well-designed pharmacoeconomic
studies are required to evaluate the relative costs and benefits of
various treatment options. Since the Korean Health Insurance
Review and Assessment Service guideline for biological use
is based on DAS28-ESR, we were only able to collect DAS28-
ESR (not including DAS28-CRP or SDAI etc.), representing a
limitation of this retrospective analysis. Also due to the study’s
observational design, baseline disease activity and disability
were not matched in the PPS of the cDMARD plus anti-TNF
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and multiple cDMARD groups, resulting in significant BGDs in
baseline disease activity (i.e., DAS28-ESR scores) and QoL (i.e.,
KHAQ-20 scores). To correct for this limitation, ANCOVA was
performed using baseline DAS28-ESR and KHAQ-20 scores as
covariates in the corresponding analyses, along with patient age
and RA duration.

The findings of the study may have also been influenced by
the number and specific combinations of cDMARDs being
received in the multiple cDMARD group, as well as by the spe-
cific cDMARD and anti-TNF agent received in the other group
(for example, most patients in both treatment groups received
methotrexate and, in the multiple cDMARD group, patients
mainly also received leflunomide or tacrolimus); however, given
the small patient numbers, it would be difficult to assess the role
of various drug combinations. Moreover, a high percentage of
patients (31.4% overall; 35.6% in the cDMARD plus anti-TNF
agent group, and 29.1% in the multiple cDMARD group) did
not complete the study, which may have introduced bias to the
findings. All endpoints were analyzed without replacing miss-
ing values and results were reported only in the PPS, which may
profoundly affect the results and interpretation of the study.

As radiographic progression, disability endpoints, and safety
outcomes were not monitored, it is difficult to conclude whether
a single cDMARD plus anti-TNF agent provided greater overall
benefits than multiple-cDMARD therapies. Safety-related data
will be assessed in future investigations.

Moreover, this study included only treatment with cOMARDs
and anti-TNF agents, while in the real-world setting there are
various other treatment options including non-TNF bDMARDs
and tsDMARD:s. In addition, precision medicine, which takes
into account individual variability in genetic, environmental,
and lifestyle factors [26], has a growing role in the treatment of
RA. The exclusion of these other treatment options leaves a gap
between the present study and the current real-world situation.
Finally, this study only included South Korean patients, limit-
ing the generalizability of the results; however, our results are
consistent with those of studies in non-South Korean patients
[14,15].

CONCLUSION

In our real-word study, switching to single cDMARD plus
anti-TNF therapy provided some potential advantages over

switching to multiple cDOMARD therapy in patients with RA in
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whom previous cDMARD therapy had failed. DMARD plus
anti-TNF therapy significantly improved QoL and reduced cor-
ticosteroid dependence but with no significant BGD in disease
activity, relative to multiple cDMARD therapy in this patient
population. Taken together with the current ACR and EULAR
guidelines and the results of previous studies, the results of our
study suggest that cOMARD plus anti-TNF therapy has several
advantages and may often be the preferred option. Multiple
cDMARD therapy also has advantages and may be preferred in
other situations. Further large clinical and pharmacoeconomic
studies are warranted to clarify the overall role of anti-TNF regi-

mens in RA.
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