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Background/Aims: The objective of this study was to compare changes in the
simplified disease activity index (SDAI) between biologic (b) and conventional (c)
disease-modifying antirheumatic drugs (DMARD) users with seropositive rheu-
matoid arthritis (RA) in daily clinical practice.

Methods: This was a nationwide multicenter observational study. Patients who had
three or more active joint counts and abnormal inflammatory marker in blood
test were enrolled. The selection of DMARDs was determined by the attending
rheumatologist. Clinical parameters, laboratory findings, and Health Assessment
Questionnaire (HAQ) scores were obtained at baseline and at 6 and 12 months. Se-
rial SDAI changes and clinical remission rate at 6 and 12 months were assessed.
Results: A total of 850 patients participated in this study. The mean baseline SDAI
score in bDMARD group was higher than that in cDMARD group (32.08 + 12.98
vs 25.69 * 10.97, p < 0.0001). Mean change of SDAI at 12 months was —19.0 in the
bDMARD group and -12.6 in the cDMARD group (p < o.0001). Clinical remission
rates at 12 months in bDMARD and cDMARD groups were 15.4% and 14.6%, re-
spectively. Patient global assessment and HAQ at 12 months were also significantly
improved in both groups. Multivariate logistic regression showed that baseline
HAQ score was the most notable factor associated with remission.

Conclusions: There was a significant reduction in SDAI within 12 months after
receiving DMARDs in Korean seropositive RA patients irrespective of bDMARD
or cDMARD use in real-world practice. Clinical remission was achieved in those
with lower baseline HAQ scores.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic progressive in-
flammatory condition that can lead to significant dis-
ability and joint pain [1,2]. In Korea, annual prevalence
rate of RA estimated based on insurance claim data was
0.27% in 2009 [3]. The introduction of biologic therapies
such as tumor necrosis factor alpha (TNF-o) antagonists
has dramatically improved treatment outcomes of se-
vere RA. Biologic therapies now provide opportunities
to target precise pathways within the immune system
and inflammatory pathway, leading to better quality of
life for RA patients in terms of disease activity control
with reduced comorbidities and mortality.

Patients diagnosed with RA are first given conven-
tional disease-modifying antirheumatic drugs (cD-
MARDs). However, the rate of using biologic DMARDs
(bDMARDs) is rising rapidly [4,5]. Currently, numerous
TNF-a antagonists are licensed for use in RA in Korea:
infliximab, infliximab biosimilar, adalimumab, golim-
umab, TNF-a receptor fusion protein etanercept, and
etanercept biosimilar. The efficacy and tolerability of
TNF-a antagonists have been studied in randomized
controlled clinical trials (RCTs) and observational studies
[6-11]. A recent meta-analysis has also reported that these
agents are superior to cDMARDs alone in patients with
active disease [12]. However, data demonstrating disease
activity changes by bDMARDs in parallel to cDMARDs
in routine clinical practice are still limited in Korea.

RCTs are generally considered the gold standard for
evaluating the efficacy of new therapeutic interventions
for defined medical conditions. Standardized trial de-
signs are necessary to ensure that patients randomly al-
located to treatment arms are as similar as possible. The
setting of RCT could therefore encompasses restrictive
inclusion and exclusion criteria, fixed treatment regi-
mens, and rigid follow-up protocol [13,14]. In rheuma-
tology as in many other fields of medicine, clinical trials
may not truly reflect the effectiveness of treatments in
the real-world setting [15], particularly as most patients
with the diagnosis of interest are ineligible for standard
clinical trials [16,17]. In other words, the effectiveness of
a new agent is also determined by how well it performs
in real-world conditions, outside the context of a ran-
domized trial [18]. The aim of this study was to analyze
the effectiveness of bDMARDs and cDMARD treatment
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in daily clinical practice in Korea.

METHODS

Patients

The Korean multicenter observational study of disease
activity changes in DMARD users with seropositive RA
(KOSDAI) study was an observational study conducted
in 24 secondary or tertiary medical institutes nationwide
between January 2012 and April 2014. Seropositive pa-
tients aged = 18 years were required to meet the criteria
of the 2010 American College of Rheumatology (ACR)/
European League Against Rheumatism (EULAR) for RA
[19] and the following criteria: tender joint count (TJC)
= 3, swollen joint count (SJC) = 2, and C-reactive protein
(CRP) = 1 mg/dL or erythrocyte sedimentation rate (ESR)
= 28 mm/hr. Patients were screened and enrolled at the
time point of their regular visit to the outpatient clin-
ic. Patients enrolled in the study had received a regimen
that was deemed appropriate by their treating physician.
The study design was in accordance with the ethical
standards of the Institutional and/or National Research
Committee and the Declaration of Helsinki (as revised
in Brazil 2013). The study protocol was reviewed by Insti-
tutional Review Board at each site (SMG-SNU Boramae
Medical center 20120229/06-2012-42/117, et al.). Informed
consent was obtained from all participants in the study.

Clinical and laboratory assessment

Clinical and demographic characteristics were collected
on case report forms at the time of enrollment. Clin-
ical features were assessed at baseline and at month 6
and month 12. Simplified disease activity index (SDAI)
score was employed to evaluate disease activity and re-
mission. SDAI score was calculated as the sum of T]C,
SJC, patient global assessment (PGA; 10 cm visual an-
alogue scale [VAS]), and CRP level. SDAI score of < 33
indicated remission while a score of'3.3 to 11, > 11 to <
26, and > 26 indicated low, moderate, and high disease
activity, respectively. Physician global assessment (10
cm VAS) and Health Assessment Questionnaire (HAQ)
scores were also obtained. To assess clinical remission,
the 2011 ACR/EULAR remission criteria were used as
the main tool [20]. Data on baseline rheumatoid factor
and/or anti-cyclic citrullinated peptide antibody were
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obtained. CRP and ESR levels were measured at baseline
and month 6 and month 12.

Statistical analyses

Patients who initiated a bDMARD on enrollment or
who started on a cDMARD but switched to a bDMARD
during the 12-month period were included in the bD-
MARD group. Main analyses were conducted for the full
analysis set. Those who were treated with a bDMARD or
cDMARD for = 6 months were also analyzed. Statistical
analyses were performed using SPSS statistical software
version 22.0 (IBM Co., Armonk, NY, USA). SDAI scores
were analyzed using Wilcoxon’s rank sum test and Wil-
coxon’s signed rank test. Pearson’s chi-square test was
used to evaluate disease activity and remission between
patients treated with DMARDs. A p < 0.05 was consid-
ered statistically significant. Factors affecting remission
were analyzed using a multivariate linear regression
model with treatment group, sex, age, disease duration,
and baseline SDAI score as independent variables and
remission as dependent variable.

RESULTS

Patient demographics

Data of 802 seropositive RA patients were analyzed (Fig.
1). A total of 660 patients (82%) completed follow-up
for 12 months, including 317 patients in the cDMARD
group and 343 patients in the bDMARD group. Patient
demographics and clinical parameters at baseline, in-
cluding SDAI and disease activity score 28 (DAS28) are
summarized in Table 1. The mean age was 57.0 years
in the cDMARD group and 54.2 years in the bDMARD
group. Patients were predominantly women, with a dis-
ease duration of 5.9 + 6.6 and 7.8 + 7.5 years in cDMARD
and bDMARD groups, respectively, showing significant
(b < 0.0001) difference between the two groups. Base-
line SDAT was higher in the bDMARD group than that
in the cDMARD group (32.08 £ 12.98 vs. 25.69  10.90,
p < o.0001). All patients in the bDMARD group were
prescribed with cDMARDs for at least 6 months be-
fore starting bDMARDs following the Korean National
Health Insurance reimbursement guidelines [21]. Bio-
logic DMARDs mainly comprised of TNF-o antagonists
(Supplementary Table 1). Sixteen percent of bDMARD
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850 Subjects screened

48 Screening failure
47 Failing inclusion criteria
1 Lost to follow-up

802 Full analysis set

406 Conventional 396 Biologic
DMARD group DMARD group
89 Drop-out 53 Drop-out
69 Lost to follow-up 38 Lost to follow-up
13 Withdrawal of consent 8 Withdrawal of consent
7 Others 7 Others

[ 317 Completed ] [ 343 Completed }

Figure 1. Study flow and patient disposition. DMARD, dis-
ease-modifying antirheumatic drug.

users were prescribed more than two different agents.
Most patients (97.5%) in the bDMARD group also re-
ceived a cDMARD during the study period (Supplemen-
tary Table 1).

Changes in disease activity scores

Follow-up disease activity parameters were measured at
6 and 12 months. Fig. 2 shows changes in SDAI score in
each group. SDAI was improved during the follow-up
period. The mean SDAI in the bDMARD group was de-
creased from 32.08 + 12.98 at baseline to 15.49 + 11.69 at
6 months and 12.91 + 12.16 at 12 months while the mean
SDAI in the cDMARD group was decreased from 25.69
+10.90 t0 15.10 + 23.65 at 6 months and 12.28 + 13.50 at 12
months. Overall, the mean change in SDAT at 12 months
was —19.0 in the bDMARD group and -12.6 in the c¢D-
MARD group (both p < 0.0001). Most patients (64.2%)
had high SDAI in the bDMARD group while most pa-
tients (58.3%, p < 0.0001) had moderate SDAI in the cD-
MARD group (Fig. 3). Although baseline SDAI scores
were higher in the bDMARD group, SDAI scores were
rapidly decreased after receiving bDMARD, leading to
no significant difference in SADI score between the two
groups at 6 or 12 months.

Likewise, baseline disease activity parameters includ-
ing TTC, SJC, PGA, DAS28, HAQ, and ESR were signifi-
cantly higher in the bDMARD group (Table 2). After 6
months, there were no significant differences in TJC,
SJC, or PGA between the two groups. DAS28 also be-
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Table 1. Baseline demographics and clinical characteristics of patient enrolled in this study

Characteristic Conventional DMARD group Biologic DMARD group -
(n = 406) (n=396)

Age, yr 57.0 £12.2 54.2£12.3 0.0010
Female sex 325 (80.1) 345 (87.1) 0.0069
Disease duration, yr 5.9+ 6.6 7.8 +7.5 < 0.0001
Rheumatoid factor, IU/mL 281.9 + 687.0 215.2 +£324.1 0.9845
Anti-CCP, IU/mL 267.6 £598.0 262.2 +524.6 0.1300
ESR, mm/hr 51.7 £26.3 58.6 +26.0 0.0002
CRP, mg/dL 2.84 %551 2.50 +3.48 0.4318
SDAI 25.69 +10.90 32.08 £12.98 < 0.0001
DAS28-ESR 4.70 £ 0.71 5.23+0.80 < 0.0001
TJC, n (0—28) 6.9+ 4.4 10.2+ 6.1 <0.0001
SJC, n (0—28) 53+3.5 7.4+5.0 < 0.0001
PGA, cm (0-10) 53+2.1 6.0+2.2 < 0.0001
MDGA, cm (0-10) 5.4%2.1 5.0 %2.1 0.0020
HAQ 1.00 + 0.73 133+ 0.75 < 0.0001
Previous DMARD use, %

Conventional 88.9 100 -

Biologic 6.7 20.7 -
Corticosteroid use, % 02.1 85.9 -

Values are presented as mean + SD or number (%).
DMARD, disease-modifying antirheumatic drug; CCP, cyclic citrullinated peptide; ESR, erythrocyte sedimentation rate; CRP,
C-reactive protein; SDAI, simplified disease activity index; DAS, disease activity score; TJC, tender joint count; SJC, swollen
joint count; PGA, patient global assessment; MDGA, physician global assessment; HAQ, Health Assessment Questionnaire.
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Figure 2. Reduction of simplified disease activity index (SDAI) after 6 and 12 months. (A) Total patient population irrespective
of treatment period. (B) Patients who received conventional disease-modifying antirheumatic drug (¢(DMARD) or biologic
DMARD (bDMARD) for at least 6 months. Data represent mean + standard error. *p < 0.0001.
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<0.001 p<0.1981 p=0.2910

100
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40

Percentage (%)

20 7

cDMARD bDMARD  ¢DMARD bDMARD c¢DMARD bDMARD

Baseline 6 Months 12 Months

B High disease activity
I Low disease activity

B Moderate disease activity
Il Remission

Figure 3. Changes in distribution of simplified disease ac-
tivity index (SDAI) in conventional disease-modifying anti-
rheumatic drug ((DMARD) or biologic DMARD (bDMARD)
groups at 6 and 12 months. Depicted numbers are percent-
ages of patients.

came comparable between the two groups at 12 months.

Factors affecting clinical remission at 12 months
Baseline disease activities were higher in the bDMARD
group. Forty-eight patients (133%) in the cDMARD
group and 32 patients (8.7%, p = 0.0442) in the bDMARD
group fulfilled the 2011 ACR/EULAR remission criteria
at the 6-month follow-up visit (Table 3). However, at 12
months, the two groups showed no significant differ-
ence in remission rate (14.6% vs. 15.4%). The remission
rate in the bDMARD group increased notably in the lat-
ter 6-month period. Similar results were observed for
SDAI values of remission (Fig. 3).

Results of univariate analysis of baseline variables asso-
ciated with remission (2011 ACR/EULAR remission crite-
ria at 12 months) are shown in Table 4. Baseline SDAI
and HAQ scores were the best predictive factors for re-
mission. However, treatment group, sex, age, or disease
duration was not predictive of remission. In multivari-
ate logistic regression analysis, baseline SDAT and HAQ
scores were analyzed separately since both factors were
markers of disease activities. Baseline HAQ score was the
most significant factor associated with remission.
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DISCUSSION

The KOSDAI study aimed to investigate ‘real-world’
changes in disease activity of moderate to highly active
seropositive Korean RA patients visiting rheumatolo-
gy clinics, especially those who required bDMARDs.
Baseline SDAI score was higher in the bDMARD group.
However, after 6 months of treatment, there were steep
reductions in SDAI, resulting in no significant differ-
ence in SDAI between bDMARD- and cDMARD-treated
patients. Similar trends were observed for other clinical
and laboratory parameters. Different baseline charac-
teristics such as disease activity, levels of inflammatory
markers, and disease duration are somewhat expected
in daily clinical practice because patients with greater
disease severity would be preferentially prescribed with
bDMARD:s [22]. In our study, patients who received bD-
MARDs eventually showed significantly reduced dis-
ease activity, particularly those who were receiving bD-
MARD:s for = 6 months (Fig. 2B).

It is noteworthy that patients in the cDMARD group
also achieved significant reduction of disease activity in
this observational study. This indicates that the aim of
lowering disease activity is well pursued based on pa-
tient’s clinical status or prognostic factors either using
bDMARDs or single/combination use of ¢cDMARDs
(Supplementary Table 1). Surprisingly, the clinical re-
mission rate in the cDMARD group at 6 months was
greater than that in patients treated with bDMARD.
This is in part because of the higher baseline SDAT in
the bDMARD group. In addition, 12% of patients in the
cDMARD group were DMARD-naive (Table 1). Never-
theless, at 12 months, the percentage of patients achiev-
ing remission in the bDMARD group exceeded that in
the cDMARD group.

In our study, baseline HAQ was identified as a key
predictor of remission. This corroborates with previous
studies of bDMARDs on key factors associated with re-
mission, showing that patients with low HAQ or DASs
have better clinical outcomes [23,24]. In contrast, treat-
ment group, sex, age, or disease duration did not affect
clinical remission in our study. A study from the British
Society for Rheumatology Biologics Register showed
that females were less likely to achieve remission [23]. In
our study, higher percentage of females in the bDMARD
group along with higher SDAT at baseline might have con-
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Table 2. Changes in clinical and laboratory parameters

Parameter Visit Conventional DMARD group Biologic DMARD group -
(n = 406) (n =396)
TJC, n (0-28) Baseline 6.9 % 4.4 10.2 £ 6.1 < 0.0001
6 mon 3.4+ 4.0 4.2+ 4.8 0.0589
12 mon 2.6 £3.7 2.9+ 4.1 0.9262
SJC, n (0—28) Baseline 53%3.5 7.4 £5.0 < 0.0001
6 mon 2.1+2.6 2.5+3.3 0.3655
12 mon 1.6+2.4 2.0%3.0 0.2038
CRP, mg/dL Baseline 2.84+5.51 2.50 +£3.48 0.2168
6 mon 2.49 +22.17 136 +3.88 0.2189
12 mon 1.65+9.97 1.53 = 6.95 0.7348
ESR, mm/hr Baseline 517 +26.3 58.6 + 26.0 0.0002
6 mon 34.0 £23.7 413+28.4 0.0002
12 mon 33.2+23.6 39.0 £27.4 0.0048
DAS28-ESR Baseline 4.70 071 5.23 +0.80 < 0.0001
6 mon 3.42 £1.09 3.70 £1.16 0.0012
12 mon 3.22+1.03 338 £1.16 0.0609
PGA, cm (0-10) Baseline 53%2.1 6.0+2.2 < 0.0001
6 mon 3.6+23 3.9+2.4 0.1615
12 mon 33+2.2 3.4+2.4 0.7670
HAQ Baseline 1.00 £ 0.73 133+ 0.75 < 0.0001
6 mon 0.66 + 0.63 0.91 + 0.70 < 0.0001
12 mon 0.61+0.63 0.85+0.71 < 0.0001

Values are presented as mean + SD.

DMARD, disease-modifying antirheumatic drug; TJC, tender joint count; SJC, swollen joint count; CRP, C-reactive protein;
ESR, erythrocyte sedimentation rate; DAS, disease activity score; PGA, patient global assessment; HAQ, Health Assessment
Questionnaire.

Table 3. Clinical remission rate according to the 2011 ACR/EULAR remission criteria

Visit Remission Conventional DMARD group Biologic DMARD group pvalue

6 mon Yes 48 (13.30) 32(8.65) 0.0442
No 313 (86.70) 338 (91.35)

12 mon Yes 43 (14.58) 50 (15.43) 0.7660
No 252.(85.42) 274 (84.57)

Values are presented as number (%).
ACR, American College of Rheumatology; EULAR, European League against Rheumatism; DMARD, disease-modifying anti-
rheumatic drug.

tributed to the observed rate of remission at 6 months. activity, and inflammatory marker levels at baseline all
Characteristics of the bDMARD group were con- reflected clinical status of study patients at enrollment.
founded by indication. Age, disease duration, disease Thus, there could be a selection bias which limits fur-
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Table 4. Factors affecting clinical remission in study patients

KJIM™

Univariate analysis

Multivariate analysis

Variable
OR (95% CI) pvalue  Estimate SE OR (95% CI) pvalue
Treatment group® 1.078 (0.693-1.677) 0.7393
Sex” 1.039 (0.579-1.866) 0.8972
Age 0.988 (0.970-1.000) 0.1756
Disease duration 0.999 (0.996-1.001) 0.3000
SDAI at baseline 0.977 (0.957-0.997) 0.0251°
HAQ score at baseline 0.662 (0.483—0.907) 0.0102° —0.435 0.165 0.648 (0.469—0.894) 0.00834

OR, odds ratio; CI, confidence interval; SE, standard error; SDAI, simplified disease activity index; HAQ, Health Assessment

Questionnaire.

0 = conventional disease-modifying antirheumatic drug (DMARD), 1 = biologic DMARD.

b5 = female, 1 = male.
“p<o0.05.
dp <0.01.

ther comparison of SDAI changes with the cDMARD
group. In addition, heterogeneity regarding previous
DMARD use, previous or current biologic use, and con-
comitant DMARD prescriptions in the bDMARD group
make it difficult to compare results between treatment
groups. Moreover, a higher rate of drop out (21.9%) in
the cDMARD group might have resulted in reasonable
outcomes seen in our study. Conversely, the lower rate
of dropouts in the bDMARD group (13.3%) may indi-
cate improved adherence to bDMARDs over cDMARDs
in RA patients with moderate to high disease activity,
a finding that has also been reported previously [25].
However, it was impossible to clearly interpret wheth-
er dropout rates were due to the lack of effectiveness or
specific adverse events in either group in our study.
Despite these potential limitations, this observation-
al study collected clinical data from patients receiving
standard RA treatment in daily clinical practice. Obser-
vational studies are of great value for obtaining data on
effectiveness and prognosis in RA patients [26]. As few
published data comparing DMARD use in Korean RA
patients are available, we believe that this study has value
in that it assesses a large number of RA patients, includ-
ing analyzing their clinical outcomes after bDMARD use.
In conclusion, Korean seropositive RA patients with
moderate to high disease activity irrespective of receiv-
ing cDMARDs or bDMARD:s are being offered proper
standardized care, showing marked decrease in SDAI at
6 months with additional reduction in the following 6

https://doi.org/10.3904/kjim.2018.137

months. Low baseline HAQ was the best predictor for
achieving remission at 1 year. Thus, those with higher
HAQ at baseline would need further intervention to
achieve better outcomes in longer term.

KEY MESSAGE

1. There was a significant reduction in simpli-
fied disease activity index within 12 months in
Korean seropositive rheumatoid arthritis pa-
tients irrespective of biologic or conventional
disease-modifying antirheumatic drug use in
real-word practice.

2. Clinical remission was achieved particularly for
those with lower baseline Health Assessment
Questionnaire scores.
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Supplementary Table 1. DMARDs used during the study period

Variable Conventional DMARD group Biologic DMARD group
(n = 406) (n =396)

Conventional DMARDs 406 (100.0) 386 (97.5)
Methotrexate 327 (80.5) 362 (91.4)
Hydroxychloroquine 226 (55.7) 62 (15.7)
Leflunomide 174 (42.9) 47 (11.9)
Sulfasalazine 72 (17.7) 28 (7.1)
Tacrolimus 55 (13.6) 18 (4.6)
Bucillamine 23 (5.7) 6 (1.5)
Mizoribine 8(2.0) 5(13)
Cyclosporine 3(0.) 2(0.5)
Azathioprine 2(0.5) -

Biologic DMARDs - 396 (100.0)
Adalimumab - 212 (53.6)
Etanercept - 130 (32.8)
Infliximab - 58 (14.7)
Rituximab - 33(8.3)
Abatacept - 23 (5.8)
Tocilizumab - 7(1.8)
Golimumab - 2.(0.5)
Secukinumab - 1(0.3)

Values are presented as number (%). The number of agents used by each patient during the study period was counted.
DMARD, disease-modifying antirheumatic drug.
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