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ABSTRACT

Introduction: Patients with rheumatoid arthri-
tis (RA) may respond to treatments differently
based on their underlying serology and

biomarker status, but real-world data comparing
treatment responses to abatacept versus other
non-TNFi biologic or targeted-synthetic
DMARDs by anti-citrullinated protein antibody
(ACPA) status remain limited. We assessed the
association between ACPA status and response
to treatment in patients with RA.
Methods: Adults from CorEvitas’ RA Registry
were identified who initiated abatacept, ritux-
imab, tocilizumab, or tofacitinib, and had ACPA
measured at/prior to treatment initiation and at
the 6-month follow-up visit. Three cohorts were
included: abatacept/rituximab (2006–2019),
abatacept/tocilizumab (2010–2019), and abata-
cept/tofacitinib (2012–2019). Patient character-
istics at initiation were compared by ACPA
status (positive [?], anti-cyclic citrullinated
peptide-2 [anti-CCP2] C 20 U/ml; negative [-],
anti-CCP2\20 U/ml). Outcomes over
6 months: changes in Clinical Disease Activity
Index (CDAI), modified Health Assessment
Questionnaire (mHAQ), patient global assess-
ment (PGA) scores, and proportion of patients
achieving a clinical response. Adjusted mean
differences and odds ratios were estimated using
mixed-effects linear regression models.
Results: Overall, 982 abatacept, 246 rituximab,
404 tocilizumab, and 429 tofacitinib initiators
were identified. ACPA? (vs. ACPA-) patients
had longer disease duration and more erosive
disease. During most time periods adjusted
mean changes in CDAI, mHAQ, and PGA scores
and the proportion of patients achieving a
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clinical response were significantly higher for
ACPA? versus ACPA- patients initiating abat-
acept. Adjusted mean change in PGA score and
patient fatigue were significantly higher for
ACPA? versus ACPA- patients initiating ritux-
imab. No significant differences were seen by
ACPA status for patients initiating tocilizumab
or tofacitinib.
Conclusions: Patients who initiated abatacept
or rituximab and were ACPA? had a greater
clinical response at 6-month follow-up post
index compared to patients who were
ACPA- treated with the same biologic.

Keywords: Anti-cyclic citrullinated antibodies;
Biological therapy; Disease-modifying
antirheumatic drugs; Outcome assessment;
Rheumatoid arthritis

Key Summary Points

Why carry out this study?

Serology and biomarker status may impact
treatment response in patients with
rheumatoid arthritis (RA): Patients with
anti-citrullinated protein antibody
(ACPA) positive (?) RA are more likely to
develop more severe, erosive disease than
patients who are ACPA negative (-).

The objective of this study was to evaluate
the association of baseline ACPA status
with response to treatment with abatacept
or other non-TNFi b/tsDMARDs in
patients with RA in a real-world setting.

What was learned from the study?

ACPA positivity was associated with a
greater clinical response at 6 months
among patients who initiated abatacept or
rituximab compared to those who were
ACPA- treated with the same biologic; no
association was observed between patients
with ACPA? and ACPA- RA treated with
tocilizumab or tofacitinib.

Based on underlying serology, patients
with RA may respond differently to
treatments with different mechanisms of
action.

These results, and future studies, help
clinicians develop individualized
treatment plans for patients with RA.

INTRODUCTION

Seropositive rheumatoid arthritis (RA) is char-
acterized by the production of autoantibodies,
including rheumatoid factor (RF) and anti-
citrullinated protein antibodies (ACPAs) [1].
The presence of ACPAs may indicate poor
prognosis in patients with RA. Patients with RA
who are ACPA-positive (ACPA?) are more likely
to develop severe, erosive disease than those
who are ACPA-negative (ACPA-) [2, 3]. The
European Alliance of Associations for Rheuma-
tology and American College of Rheumatology
(ACR) treatment guidelines recommend clini-
cians adopt a treat-to-target approach to man-
age the treatment of patients with RA [4, 5].
Serological markers, such as ACPAs, are useful in
this approach.

Data from several studies have indicated that
response to abatacept or tumor necrosis factor
inhibitor (TNFi) RA therapy may vary based on
ACPA status [6–9]. In a post hoc analysis of the
2-year AMPLE (Abatacept vs adaliMumab com-
Parison in bioLogic naı̈vE RA subjects with
background methotrexate) study, patients trea-
ted with abatacept or a TNFi who were
ACPA? experienced greater improvement in
disease activity and physical disability than
patients who were ACPA- [7]. Additionally,
patients with the highest baseline ACPA con-
centrations had a better clinical response to
abatacept than patients with lower concentra-
tions, an effect not seen with TNFi treatment
[7]. In a post hoc analysis of the AVERT
(Assessing Very Early Rheumatoid arthritis
Treatment) study in patients with RA who were
ACPA immunoglobin (Ig) G? at baseline, abat-
acept plus methotrexate (MTX) had greater
clinical efficacy in those who were also ACPA
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IgM? at baseline compared with patients who
were ACPA IgM- [8].

The Pan-European Registry analysis of nine
observational RA registries in Europe deter-
mined that patients who were ACPA? had a
significantly lower risk of discontinuation of
abatacept for any reason or due to ineffective-
ness of treatment compared with patients who
were ACPA- [10]. A pooled analysis of over
27,000 patients from 16 observational RA reg-
istries demonstrated that RA and/or ACPA
seropositivity was associated with increased
effectiveness and decreased discontinuation
rates of non-TNFi biologic disease-modifying
antirheumatic drugs (bDMARDs; including
abatacept), but this was not seen with TNFis
[11].

An analysis from CorEvitas’ RA Registry,
using data collected from clinical practice set-
tings in the US, has shown that patients with
ACPA? RA had a greater clinical response to
treatment with abatacept, but not to a TNFi,
than patients with ACPA- RA [9]. The analysis
showed improvements in Clinical Disease
Activity Index (CDAI) and modified Health
Assessment Questionnaire (mHAQ; a modifica-
tion of the standard HAQ where the number of
activities of daily living assessed was reduced
from 20 to 8) scores and the proportion of
patients achieving CDAI remission (CDAI
B 2.8) or low disease activity (LDA; CDAI B 10)
at 6 months were all significantly greater among
patients treated with abatacept who were
ACPA? compared with those who were
ACPA- [9]. In another prior analyses from
CorEvitas’ RA Registry, all patients with
ACPA? RA (either bDMARD-naı̈ve or -experi-
enced) showed improvements in clinical disease
activity in response to treatment with abatacept
or a TNFi [12]. However, among those who were
bDMARD-experienced, patients treated with
abatacept had significantly greater improve-
ments in clinical outcomes than patients trea-
ted with a TNFi [12].

Patients may respond differently to different
treatments based on their underlying serology
and biomarker status, but real-world data com-
paring treatment responses to abatacept versus
other non-TNFi biologic or targeted-synthetic
(b/ts) DMARDs by ACPA status remain limited.

This US national observational study used data
from CorEvitas’ RA Registry to assess whether
baseline ACPA status was associated with
response to treatment with abatacept or other
non-TNFi b/tsDMARDs in patients with RA.

METHODS

Data Source

CorEvitas’ RA Registry is an independent,
prospective, national, observational cohort in
which treatment and outcomes data for patients
with RA are collected and analyzed. Patients
were recruited from 180 private practices and
academic sites with 769 participating rheuma-
tologists across 42 states in the US. As of June
2020, the RA Registry included information on
54,833 patients. Data on 419,183 patient visits
and approximately 202,281 patient-years of
follow-up observation time have been collected.
The mean duration of patient follow-up is
4.5 years (median 3.2 years).

This study was carried out in accordance
with the Declaration of Helsinki and all patients
were required to provide written informed
consent and authorization prior to participat-
ing. All participating investigators were required
to obtain full Institutional Review Board (IRB)
approval for conducting non-interventional
research involving human subjects. Sponsor
approval and continuing review was obtained
through a central IRB (the New England Inde-
pendent Review Board, NEIRB No. 120160610).
For academic investigative sites that did not
receive a waiver to use the central IRB, full
approval was obtained from the respective
governing IRBs and documentation was sub-
mitted to CorEvitas, LLC prior to initiating any
study procedures.

Study Population

Adult patients (aged C 18 years) with RA, who
were either treatment-naı̈ve or -experienced,
from the RA Registry who initiated treatment
with abatacept, rituximab, tocilizumab, or
tofacitinib were included. Eligible patients were
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required to have ACPA and CDAI measurements
at or prior to the index date, and a follow-up
visit 6 months after the index date. There was a
3–9-month window for the 6-month follow-up
and the visit closest to 6 months was used if
there was more than one visit. If patients initi-
ated abatacept or another non-TNFi
b/tsDMARD between study visits, CDAI mea-
sured within 4 months prior to initiation was
used. Patients with abatacept use prior to the
index date were excluded.

There was considerable variation in the
duration of follow-up for the individual
b/tsDMARDs, which reflects US Food and Drug
Administration (FDA) approval dates for each
drug. To allow for changes in clinical practice
over time, patients were grouped by treatment
initiation date. Different cohorts of patients
who initiated treatment with abatacept, which
was approved for use in 2005 [13], were evalu-
ated based on the time of first approval of the
other non-TNFi b/tsDMARDs included in the
study (rituximab, tocilizumab, or tofacitinib)
(Fig. 1). These time periods were February 2006
to February 2019 for patients initiating abata-
cept or rituximab, February 2010 to February

2019 for patients initiating abatacept or tocili-
zumab, and December 2012 to February 2019
for patients initiating abatacept or tofacitinib.
The index date was the date of initiation of
abatacept or another non-TNFi b/tsDMARD.

Study Assessments

Patient characteristics at index were compared
in each treatment initiation cohort by ACPA
status in patients who initiated abatacept or
another non-TNFi b/tsDMARD within a similar
time period. ACPA? status was defined as anti-
cyclic citrullinated peptide-2 (anti-CCP2, a sur-
rogate for ACPA) C 20 U/ml and ACPA- status
was defined as anti-CCP2\20 U/ml.

The primary outcome was mean (standard
deviation [SD]) change in CDAI score from
baseline to 6 months. Secondary outcomes
included mean (SD) change in mHAQ score,
and mean (SD) change in patient global assess-
ment (PGA), patient-reported pain and fatigue
scores, all measured by visual analog scale
(0–100 mm) from baseline to 6 months. Addi-
tional assessments included the proportion of
patients achieving CDAI-defined LDA (CDAI

ACPA status

Patients with ACPA status
and CDAI at baseline

Patients who never used ABA
prior to the index date and had
6-month follow-up data

Earliest initiation datea

Feb 1, 2006
N = 4835

ABA initiators
n = 3748

n = 1210 n = 288

n = 982 n = 246

ACPA+
n = 607

ACPA+
n = 180

ACPA–
n = 375

ACPA–
n = 66

RTX initiators
n = 1087

Earliest initiation datea

Feb 1, 2010
N = 4075

ABA initiators
n = 2719

n = 1000 n = 511

n = 799 n = 404

ACPA+
n = 475

ACPA+
n = 258

ACPA–
n = 324

ACPA–
n = 146

TCZ initiators
n = 1356

Earliest initiation datea

Dec 1, 2012
N = 3043

ABA initiators
n = 1621

n = 650 n = 607

n = 489 n = 429

ACPA+
n = 272

ACPA+
n = 277

ACPA–
n = 217

ACPA–
n = 152

TOFA initiators
n = 1422

Fig. 1 Patient disposition. aAll dates ranged from the
earliest initiation date to February 1, 2019. ABA abatacept,
ACPA anti-citrullinated protein antibody, CDAI Clinical
Disease Activity Index, RTX rituximab, TCZ tocilizumab,
TOFA tofacitinib. Figure adapted from Harrold LR, et al.

ACR/ARP Annual Meeting; November 8–13, 2019;
abstract number: 1386. Reprinted from ACR Convergence
held November 8–13, 2019. The American College of
Rheumatology does not guarantee, warrant, or endorse any
commercial products or services. Reprinted by Springer
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B 10) or remission (CDAI B 2.8), and minimal
clinically important difference (MCID) in CDAI
score (a drop of[1 if LDA,[6 if moderate,
or[12 if severe) at 6 months. Modified ACR
(mACR) 20/50/70 response (20/50/70%
improvement in the number of tender and
swollen joints and 20/50/70% improvement
in[2 of PGA, physician global assessment,
patient pain and mHAQ scores; does not
include erythrocyte sedimentation rate or
C-reactive protein) at 6 months was also
assessed.

Statistical Analysis

For patient characteristics, the ACPA? and
ACPA- groups for each drug were compared
separately, using Student’s t tests for continuous
variables and Chi-square and Fisher’s exact tests
for categorical variables. Clinical responses, by
ACPA status, were estimated separately for
abatacept and for specific non-TNFi
b/tsDMARDs (rituximab, tocilizumab, or tofac-
itinib) within a similar time period of initiation
(2006–2019, 2010–2019, or 2012–2019, respec-
tively). Predicted mean differences between
ACPA? and ACPA- groups were estimated
using mixed-effects linear regression models
adjusting for baseline covariates (if P\0.1),
with site as a random effect to adjust for
potential site differences in treatment patterns.
For binary outcomes, odds ratios were estimated
using a mixed logistic regression model with the
ACPA- group as a reference and site as a ran-
dom effect, again, to adjust for potential site
differences in treatment patterns. Outcomes
were deemed statistically significant if P\ 0.05.

RESULTS

Patient Disposition and Characteristics
at Index

Of the patients initiating treatment, there were
1228 patients in the abatacept/rituximab cohort
(abatacept, n = 982; rituximab, n = 246), 1203
in the abatacept/tocilizumab cohort (abatacept,
n = 799; tocilizumab, n = 404) and 918 in the

abatacept/tofacitinib cohort (abatacept,
n = 489; tofacitinib, n = 429) (Fig. 1). Overall,
RA disease duration ranged from 8.8 to
12.6 years (Tables 1, 2, 3). Across treatments,
patients who were ACPA? had a longer dura-
tion of RA (range 10.6–12.6 years) than those
who were ACPA- (range 8.8–10.3 years); mean
differences in duration of RA were statistically
significant for the three abatacept cohorts
(P = 0.013, P = 0.008, and P = 0.022, respec-
tively) but not for the rituximab, tocilizumab,
and tofacitinib cohorts (Tables 1, 2, 3).

A higher proportion of patients who were
ACPA? had erosive disease (range 27.2–54.5%)
compared with those who were ACPA- (range
27.2–39.7%) (Tables 1, 2, 3). A statistically sig-
nificantly higher proportion of patients who
were ACPA? (range 78.6–83.6%) were also
RF? versus those who were ACPA- (range
33.7–50.0%; P\0.001). A numerically higher
proportion of patients who were ACPA? were
in the ACR functional class III/IV [14] at the
index date (P = 0.039 and P = 0.020 for abata-
cept 2006–2019 and 2010–2019 cohorts,
respectively, and P = 0.040 for tocilizumab
during 2010–2019).

The proportion of patients who received
current therapy in combination with MTX and
the proportion of patients with current pred-
nisone use were similar across treatments and
ACPA status. However, in the 2006–2019
cohort, statistically significantly more patients
who were ACPA?, than those who were
ACPA-, used prednisone (P = 0.006 among
abatacept initiators and P = 0.033 among
rituximab initiators).

Mean Change from Baseline in Disease
Activity and Disability Outcomes

For patients who initiated abatacept in the
2006–2019 and 2010–2019 cohorts, the adjus-
ted mean change in CDAI score at 6 months
(primary outcome) following the index date was
statistically significantly higher for patients
who were ACPA? versus those who were
ACPA- (P = 0.033 and P\0.001, respectively;
Fig. 2A and B). In the 2012–2019 cohort, this
difference was numerically higher but not
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Table 1 Baseline characteristics at index date for patients who initiated abatacept or rituximab during the 2006–2019 time
period*

Abatacept Rituximab

ACPA2

(n = 375)

ACPA1

(n = 607)

P ACPA2

(n = 66)

ACPA1

(n = 180)

P

Age, years 58.8 (13.6) 58.6 (12.9) 0.818 58.9 (12.3) 59.1 (13.1) 0.925

Female, n (%) 316 (84.5)a 484 (79.7) 0.062 53 (80.3) 139 (77.2) 0.605

Duration of RA, years 9.0 (9.1) 10.6 (10.2) 0.013 10.3 (10.2) 12.6 (10.4) 0.127

RF?, n (%)b 119 (35.4) 445 (83.3) \ 0.001 29 (50.0) 126 (80.8) \ 0.001

Erosive disease, n (%)c 122 (35.4) 217 (40.8) 0.1070 23 (39.7) 85 (54.5) 0.054

ACR functional class III/IV, n (%) 52 (13.9) 115 (19.0)d 0.039 11 (16.7) 40 (22.2) 0.341

History of comorbidities, n (%)

Diabetes 41 (10.9) 64 (10.5) 0.848 7 (10.6) 20 (11.1) 0.911

Malignancies 41 (10.9) 45 (7.4) 0.058 7 (10.6) 26 (14.4) 0.434

CVD 47 (12.5) 81 (13.3) 0.714 9 (13.6) 28 (15.6) 0.709

Prior b/tsDMARDs, n (%)

0 62 (16.5) 98 (16.1) 0.873 14 (21.2) 29 (16.1) 0.351

1 121 (32.3) 198 (32.6) 0.909 25 (37.9) 72 (40.0) 0.763

C 2 192 (51.2) 311 (51.2) 0.991 27 (40.9) 79 (43.9) 0.676

CDAI score (0–76) 23.6 (12.7) 22.7 (12.9) 0.265 23.7 (14.6) 24.2 (13.3) 0.782

Patient global assessment, VAS 0–100 mm 50.8 (24.5) 49.1 (25.2) 0.284 54.4 (26.6) 51.1 (25.4) 0.382

mHAQ score (0–3) 0.6 (0.5) 0.6 (0.5) 0.457 0.6 (0.6) 0.7 (0.6) 0.600

Patient pain, VAS 0–100 mm 53.6 (26.1) 52.1 (27.0) 0.390 53.3 (26.0) 50.5 (27.2) 0.480

Patient fatigue, VAS 0–100 mm 55.3 (27.6) 52.8 (29.0) 0.233 55.8 (31.5) 52.4 (28.2) 0.513

Current therapy, n (%)

Monotherapy 103 (27.5) 166 (27.3) 0.968 9 (13.6) 35 (19.4) 0.292

Combination therapy with MTX only 143 (38.1) 268 (44.2) 0.063 29 (43.9) 90 (50.0) 0.399

Current prednisone use, n (%) 115 (30.7) 239 (39.4) 0.006 17 (25.8) 73 (40.6) 0.033

Data are mean (SD) unless stated otherwise. *Patients who initiated abatacept or rituximab from February 1, 2006 to February 28, 2019
an = 374
bRF and ACPA testing are not required for all patients in the RA Registry; therefore, these counts are only available for a reduced number of

patients; abatacept n = 336 and 534, rituximab n = 58 and 156, for ACPA– and ACPA? , respectively
cAbatacept n = 345 and 532, rituximab n = 58 and 156, for ACPA– and ACPA? , respectively
dn = 606

ACR American College of Rheumatology, ACPA? anti-citrullinated protein antibody positive (anti-CCP2 C 20 U/ml), ACPA - anti-citrulli-

nated protein antibody negative (anti-CCP2\ 20 U/ml), anti-CCP2 anti-cyclic citrullinated peptide-2, b/tsDMARD biologic or targeted-synthetic

disease-modifying antirheumatic drug, CDAI Clinical Disease Activity Index, CVD cardiovascular disease, mHAQ modified Health Assessment

Questionnaire, MTX methotrexate, RA rheumatoid arthritis, RF? rheumatoid factor positive, SD standard deviation, VAS visual analog scale

Table adapted from Harrold LR, et al. ACR/ARP Annual Meeting; November 8–13, 2019; abstract number: 1386. Reprinted from ACR

Convergence held November 8–13, 2019. The American College of Rheumatology does not guarantee, warrant, or endorse any commercial

products or services. Reprinted by Springer

470 Rheumatol Ther (2022) 9:465–480



Table 2 Baseline characteristics at index date for patients who initiated abatacept or tocilizumab during the 2010–2019
time period*

Abatacept Tocilizumab

ACPA2

(n = 324)

ACPA1

(n = 475)

P ACPA2

(n = 146)

ACPA1

(n = 258)

P

Age, years 59.4 (13.6) 59.1 (12.6) 0.745 57.0 (13.8) 55.9 (12.7) 0.414

Female, n (%) 272 (84.2)a 378 (79.6) 0.098 106 (72.6) 204 (79.1) 0.139

Duration of RA, years 8.8 (9.0) 10.6 (9.8) 0.008 9.2 (8.8) 11.1 (9.9) 0.054

RF?, n (%)b 102 (34.7) 346 (83.6) \ 0.001 53 (40.2) 180 (78.6) \ 0.001

Erosive disease, n (%)c 109 (36.1) 168 (39.8) 0.310 53 (38.7) 85 (35.7) 0.566

ACR functional class III/IV, n (%) 46 (14.2) 98 (20.6) 0.020 21 (14.4) 59 (22.9) 0.040

History of comorbidities, n (%)

Diabetes 37 (11.4) 50 (10.5) 0.691 11 (7.5) 25 (9.7) 0.465

Malignancies 38 (11.7) 38 (8.0) 0.078 9 (6.2) 11 (4.3) 0.397

CVD 46 (14.2) 65 (13.7) 0.837 25 (17.1) 26 (10.1) 0.041

Prior b/tsDMARDs, n (%)

0 57 (17.6) 80 (16.8) 0.782 12 (8.2) 24 (9.3) 0.714

1 93 (28.7) 152 (32.0) 0.321 56 (38.4) 96 (37.2) 0.819

C 2 174 (53.7) 243 (51.2) 0.479 78 (53.4) 138 (53.5) 0.990

CDAI score (0–76) 24.0 (12.5) 22.3 (13.0) 0.065 25.3 (14.2) 22.2 (14.3) 0.037

Patient global assessment, VAS 0–100 mm 51.9 (24.5) 48.7 (25.5) 0.076 53.9 (23.4) 50.9 (26.9) 0.251

mHAQ score (0–3) 0.6 (0.5) 0.6 (0.5) 0.821 0.7 (0.5) 0.7 (0.6) 0.996

Patient pain, VAS 0–100 mm 54.6 (26.1) 51.8 (27.2) 0.148 55.8 (26.5) 52.7 (28.3) 0.292

Patient fatigue, VAS 0–100 mm 55.3 (27.6) 52.8 (29.0) 0.233 54.9 (29.0) 55.3 (29.0) 0.893

Current therapy, n (%)

Monotherapy 91 (28.1) 142 (29.9) 0.581 47 (32.2) 68 (26.4) 0.212

Combination therapy with MTX only 117 (36.1) 191 (40.2) 0.242 60 (41.1) 119 (46.1) 0.328

Current prednisone use, n (%) 102 (31.5) 175 (36.8) 0.118 42 (28.8) 89 (34.5) 0.237

Data are mean (SD) unless stated otherwise. *Patients who initiated abatacept or tocilizumab from February 1, 2010 to February 28, 2019
an = 323
bRF and ACPA testing are not required for all patients in the RA Registry; therefore, these counts are only available for a reduced number of

patients; abatacept n = 294 and 414, tocilizumab n = 132 and 229, for ACPA– and ACPA?, respectively
cAbatacept n = 302 and 422, tocilizumab n = 137 and 238, for ACPA– and ACPA? , respectively

ACR American College of Rheumatology, ACPA? anti-citrullinated protein antibody positive (anti-CCP2 C 20 U/ml), ACPA- anti-citrul-

linated protein antibody negative (anti-CCP2\ 20 U/ml), anti-CCP2 anti-cyclic citrullinated peptide-2, b/tsDMARD biologic or targeted-

synthetic disease-modifying antirheumatic drug, CDAI Clinical Disease Activity Index, CVD cardiovascular disease, mHAQ modified Health

Assessment Questionnaire, MTX methotrexate, RA rheumatoid arthritis, RF? rheumatoid factor positive, SD standard deviation, VAS visual

analog scale

Table adapted from Harrold LR, et al. ACR/ARP Annual Meeting; November 8–13, 2019; abstract number: 1386. Reprinted from ACR

Convergence held November 8–13, 2019. The American College of Rheumatology does not guarantee, warrant, or endorse any commercial

products or services. Reprinted by Springer
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Table 3 Baseline characteristics at index date for patients who initiated abatacept or tofacitinib during the 2012–2019 time
period*

Abatacept Tofacitinib

ACPA2

(n = 217)

ACPA1

(n = 272)

P ACPA2

(n = 152)

ACPA1

(n = 277)

P

Age, years 60.3 (13.7) 60.8 (12.6) 0.720 59.3 (12.5) 59.4 (11.7) 0.927

Female, n (%) 184 (84.8) 217 (79.8) 0.152 121 (79.6) 209 (75.5) 0.361

Duration of RA, years 9.4 (9.4) 11.6 (11.0) 0.022 9.5 (9.0) 11.4 (9.7) 0.056

RF?, n (%)a 66 (33.7) 201 (82.7) \ 0.001 53 (38.1) 208 (82.2) \ 0.001

Erosive disease, n (%)b 65 (30.7) 87 (33.5) 0.517 41 (27.2) 75 (27.2) 0.996

ACR functional class III/IV, n (%) 29 (13.4) 49 (18.0) 0.163 20 (13.2) 49 (17.7) 0.222

History of comorbidities, n (%)

Diabetes 21 (9.7) 28 (10.3) 0.821 17 (11.2) 33 (11.9) 0.822

Malignancies 23 (10.6) 28 (10.3) 0.913 15 (9.9) 18 (6.5) 0.210

CVD 34 (15.7) 40 (14.7) 0.768 14 (9.2) 48 (17.3) 0.022

Prior b/tsDMARDs, n (%)

0 40 (18.4) 46 (16.9) 0.661 39 (25.7) 65 (23.5) 0.612

1 61 (28.1) 69 (25.4) 0.495 42 (27.6) 87 (31.4) 0.415

C 2 116 (53.5) 157 (57.7) 0.345 71 (46.7) 125 (45.1) 0.753

CDAI score (0–76) 23.2 (12.1) 21.0 (12.6) 0.049 21.8 (13.9) 19.9 (12.5) 0.159

Patient global assessment, VAS 0–100 mm 50.5 (24.4) 48.2 (25.6) 0.308 52.7 (25.5) 48.2 (26.3) 0.082

mHAQ score (0–3) 0.6 (0.5) 0.6 (0.6) 0.788 0.6 (0.5) 0.6 (0.5) 0.448

Patient pain, VAS 0–100 mm 54.1 (26.2) 52.0 (28.0) 0.404 56.9 (26.7) 50.9 (27.6) 0.029

Patient fatigue, VAS 0–100 mm 55.6 (27.2) 51.5 (29.5) 0.109 54.3 (29.4) 50.4 (30.3) 0.201

Current therapy, n (%)

Monotherapy 63 (29.0) 86 (31.6) 0.537 72 (47.4) 102 (36.8) 0.033

Combination therapy with MTX only 72 (33.2) 91 (33.5) 0.949 43 (28.3) 94 (33.9) 0.230

Current prednisone use, n (%) 67 (30.9) 97 (35.7) 0.265 39 (25.7) 88 (31.8) 0.185

Data are mean (SD) unless stated otherwise. *Patients who initiated abatacept or tofacitinib from December 1, 2012 to February 28, 2019
aRF and ACPA testing are not required for all patients in the RA Registry; therefore, these counts are only available for a reduced number of

patients; abatacept n = 196 and 243, tofacitinib n = 139 and 253, for ACPA– and ACPA?, respectively
bAbatacept n = 212 and 260, tofacitinib n = 151 and 276, for ACPA– and ACPA?, respectively

ACR American College of Rheumatology, ACPA? anti-citrullinated protein antibody-positive (anti-CCP2 C 20 U/ml), ACPA- anti-

citrullinated protein antibody negative (anti-CCP2\ 20 U/ml), anti-CCP2 anti-cyclic citrullinated peptide-2, b/tsDMARD biologic or

targeted-synthetic disease-modifying antirheumatic drug, CDAI Clinical Disease Activity Index, CVD cardiovascular disease, mHAQ mod-

ified Health Assessment Questionnaire, MTX methotrexate, RA rheumatoid arthritis, RF? rheumatoid factor positive, SD standard devi-

ation, VAS visual analog scale

Table adapted from Harrold LR, et al. ACR/ARP Annual Meeting; November 8–13, 2019; abstract number: 1386. Reprinted from ACR

Convergence held November 8–13, 2019. The American College of Rheumatology does not guarantee, warrant, or endorse any commercial

products or services. Reprinted by Springer
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Mean (95% CI) change

412– 121086420

C

Mean (95% CI) P

5.13 (4.22–6.04)
5.02 (4.05–5.98)

7.19 (6.40–7.98)
3.10 (2.28–3.91)

5.30 (4.65–5.94)
2.29 (1.61–2.98)

5.15 (4.56–5.74)
4.32 (3.72–4.91)

0.196

0.059

0.397

0.061

Δ CDAI

Δ Patient pain

Δ Patient fatigue

Δ PGA

Abatacept

5.10 (4.54–5.67)
3.68 (3.01–4.35)

6.33 (4.58–8.08)
7.42 (5.22–9.61)

7.42 (6.11–8.73)
6.58 (4.96–8.19)

4.35 (3.34–5.37)
5.84 (4.68–7.00)

0.155

0.635

0.953

0.469

Δ CDAI

Δ Patient pain

Δ Patient fatigue

Δ PGA

Tofacitinib

Abatacept and tofacitinib (2012–2019)a

Mean (95% CI) change

412– 121086420

B

Initiator Mean (95% CI) P

7.36 (6.55–8.16)
4.86 (3.96–5.77)

10.00 (9.28–10.72)
3.50 (2.69–4.31)

9.33 (8.66–9.99)
3.47 (2.73–4.21)

8.21 (7.69–8.74)
2.96 (2.38–3.55)

0.002

< 0.001

0.011

0.001

Δ CDAI

Δ Patient pain

Δ Patient fatigue

Δ PGA

Abatacept

6.02 (4.89–7.16)
6.11 (4.55–7.66)

8.05 (7.19–8.91)
3.96 (2.94–4.98)

8.04 (7.10–8.98)
4.94 (3.86–6.03)

3.66 (3.19–4.12)
–0.76 (–1.31 to –0.22)

0.061

0.178

0.221

0.305

Δ CDAI

Δ Patient pain

Δ Patient fatigue

Δ PGA

Tocilizumab

Abatacept and tocilizumab (2010–2019)a

Mean (95% CI) change

412– 121086420

Initiator

A

Mean (95% CI) P

Abatacept and rituximab (2006–2019)a

Initiator ACPA+ ACPA–

ACPA+ ACPA–

ACPA+ ACPA–

Δ CDAIRituximab

Δ Patient pain

Δ PGA

Δ Patient fatigue

Δ CDAIAbatacept

Δ Patient pain

Δ PGA

Δ Patient fatigue

7.30 (6.96–7.64)
4.84 (4.44–5.24)

0.033

10.11 (9.61–10.62)
3.81 (3.22–4.40) 0.005

9.37 (8.89–9.86)
3.59 (3.01–4.17)

0.003

7.83 (7.38–8.27)
2.71 (2.19–3.24) 0.014

6.76 (6.51–7.00)
2.11 (1.47–2.75)

0.051

11.12 (10.41–11.84)
4.42 (2.80–6.04) 0.056

11.40 (10.61–12.20)
1.15 (–0.58 to 2.89)

0.010

9.40 (8.64–10.15)
1.31 (–0.51 to 3.14) 0.033

Fig. 2 Adjusted mean improvement from baseline in
disease and disability outcomes at 6 months after index
date, by ACPA status, for patients who initiated abatacept
or another non-TNFi b/tsDMARD.* A Abatacept and
rituximab (2006–2019)a. B Abatacept and tocilizumab
(2010–2019)a. C Abatacept and tofacitinib (2012–2019)a.
*Adjusted for baseline covariates that differed by ACPA
status (P\ 0.1), not including factors that reduced the
sample size by[ 10% or were correlated with CDAI. Only
the main variable category is listed below, although some
variables were further broken down within each category:
Adjusted variables for the 2006–2019 cohort included: for
both drugs – BMI, marital status, smoking status, and
prednisone use; for abatacept only – sex, race/ethnicity,
insurance, college, work status, duration of RA, ACR
functional class, history of malignancies, history of hyper-
tension, history of serious infection, and current combi-
nation therapy; and for rituximab only – history of
COPD. Adjusted variables for the 2010–2019 cohort
included: for both drugs – race/ethnicity, insurance, work
status, duration of RA, ACR functional class, and CDAI;
for abatacept only – sex, marital status, smoking status,
history of malignancies, history of hypertension, history of

serious infections, current combination therapy, morning
stiffness, and initiation year; and for tocilizumab only –
age, history of CVD, and prednisone use. Adjusted
variables for the 2012–2019 cohort included: for both
drugs – college, duration of RA, and CDAI; for abatacept
only – race/ethnicity, BMI, marital status, work status, and
initiation year; for tofacitinib only – history of CVD,
history of serious infections, prior non-TNFi use, current
combination therapy, and patient pain. aTime period of
initiation; refer to the Methods section for full details. D
change, ACR American College of Rheumatology,
ACPA? anti-citrullinated protein antibody positive
(anti-CCP2 C 20 U/ml), ACPA- anti-citrullinated pro-
tein antibody negative (anti-CCP2\ 20 U/ml), anti-
CCP2 anti-cyclic citrullinated peptide-2, b/tsDMARD
biologic or targeted-synthetic disease-modifying antirheu-
matic drug, BMI body mass index, CDAI Clinical Disease
Activity Index, CI confidence interval, COPD chronic
obstructive pulmonary disease, csDMARD conventional-
synthetic disease-modifying antirheumatic drug, CVD
cardiovascular disease, PGA patient global assessment, RA
rheumatoid arthritis, TNFi tumor necrosis factor inhibitor
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statistically significant (Fig. 2C). Similarly,
mean changes in mHAQ, PGA, and patient-re-
ported pain and fatigue scores at 6 months fol-
lowing the index date were statistically
significantly higher for patients who were
ACPA? and who initiated abatacept during
2006–2019 and 2010–2019 versus patients who
were ACPA- (P\ 0.05; Fig. 2A & B and Fig. S1A
& S1B [Supplementary Material]).

For patients who initiated rituximab, only the
adjusted mean change in PGA and patient-re-
ported fatigue scores were statistically signifi-
cantly higher among patients who were
ACPA? versus ACPA- (P = 0.010 and P = 0.033,
respectively); differences in other secondary
outcomes were not statistically significant
(Fig. 2A and Fig. S1A).

There were no statistically significant differ-
ences in adjusted mean change in CDAI score or

Tofacitinib

Abatacept and tofacitinib (2012–2019)a

Tocilizumab

Abatacept and tocilizumab (2010–2019)aA

OR (95% CI) P

1.85 (1.26–2.73) 0.002

2.47 (1.36–4.50) 0.003

1.65 (1.20–2.27) 0.002

1.69 (1.17–2.43) 0.005

2.84 (1.73–4.66) < 0.001

3.07 (1.55–6.06) 0.001

Achievement of LDAb

mACR70e

mACR50e

mACR20e

MCID in CDAId
Achievement of remissionc

Abatacept

2.66 (0.89–7.92) 0.079

2.57 (0.50–13.22) 0.257

1.18 (0.58–2.38) 0.649

1.81 (0.77–4.25) 0.173

2.11 (0.64–6.94) 0.221

2.13 (0.42–10.64) 0.359

Achievement of LDAb

mACR70e

mACR50e

mACR20e

MCID in CDAId
Achievement of remissionc

Rituximab

Abatacept and rituximab (2006–2019)a

Initiator

OR (95% CI)

410 12108642

B

OR (95% CI) P

1.92 (1.25–2.96) 0.003

2.52 (1.27–5.02) 0.009

1.76 (1.23–2.51) 0.002

1.83 (1.19–2.81) 0.006

3.42 (1.92–6.09) < 0.001

4.01 (1.84–8.78) < 0.001

Achievement of LDAb

mACR70e

mACR50e

mACR20e

MCID in CDAId
Achievement of remissionc

Abatacept

1.86 (0.98–3.54) 0.059

2.40 (0.85–6.75) 0.098

1.13 (0.69–1.84) 0.631

1.34 (0.76–2.38) 0.315

1.28 (0.63–2.57) 0.494

1.46 (0.58–3.69) 0.427

Achievement of LDAb

mACR70e

mACR50e

mACR20e

MCID in CDAId
Achievement of remissionc

Initiator

OR (95% CI)

410 12108642

C

OR (95% CI) P

1.19 (0.69–2.06) 0.525

1.56 (0.72–3.41) 0.264

1.32 (0.87–2.02) 0.196

1.38 (0.81–2.35) 0.234

2.28 (1.08–4.83) 0.031

4.12 (1.34–12.62) 0.013

Achievement of LDAb

mACR70e

mACR50e

mACR20e

MCID in CDAId
Achievement of remissionc

Abatacept

1.56 (0.88–2.77) 0.125

1.07 (0.47–2.43) 0.871

1.24 (0.79–1.95) 0.359

1.47 (0.86–2.52) 0.157

1.38 (0.69–2.73) 0.363

1.71 (0.58–5.03) 0.332

Achievement of LDAb

mACR70e

mACR50e

mACR20e

MCID in CDAId
Achievement of remissionc

Initiator

OR (95% CI)

410 12108642

Fig. 3 Adjusted association between ACPA status and
achieving a clinical response to treatment with abatacept or
another non-TNFi b/tsDMARD at 6 months after index
date.* A Abatacept and rituximab (2006–2019)a. B
Abatacept and tocilizumab (2010–2019)a. C Abatacept
and tofacitinib (2012–2019)a. Data are presented as odds
ratio (95% CI). *Adjusted for baseline covariates that
differed by baseline CCP status (P\ 0.1), not including
factors that reduced the sample size by[ 10% or were
correlated with CDAI: adjusted variables for each cohort
are listed in the footnote of Fig. 2. aTime period of
initiation; refer to the Methods section for full details.
bCDAI B 10 (among those with moderate or higher
disease activity). cCDAI B 2.8 (among those with LDA or
higher). dDrop of[ 1 if LDA, drop of[ 6 if moderate
disease activity, and drop of[ 12 if severe disease activity.

emACR criteria based on two out of four measures (not
using ESR or CRP). ACPA anti-citrullinated protein
antibody, CCP cyclic citrullinated peptide, CDAI Clinical
Disease Activity Index, CI confidence interval, CRP
C-reactive protein, ESR erythrocyte sedimentation rate,
LDA low disease activity, mACR20/50/70 20/50/70%
improvement in modified American College of Rheuma-
tology criteria, MCID minimal clinically important differ-
ence, OR odds ratio, TNFi tumor necrosis factor inhibitor.
Figure adapted from Harrold LR, et al. ACR/ARP Annual
Meeting; November 8–13, 2019; abstract number: 1386.
Reprinted from ACR Convergence held November 8–13,
2019. The American College of Rheumatology does not
guarantee, warrant, or endorse any commercial products or
services. Reprinted by Springer
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secondary outcomes by ACPA status observed in
patients who initiated either tocilizumab or
tofacitinib (Fig. 2B and C and Fig. S1B and S1C).

Association Between ACPA Status
and Clinical Outcomes

There was a statistically significant association
between ACPA status and the achievement of
CDAI-defined LDA and remission, MCID in
CDAI score, and mACR20/50/70 responses in
the 2006–2019 (Fig. 3A) and 2010–2019
(Fig. 3B) cohorts for patients who initiated
abatacept. With the exception of mACR50 and
mACR70, these associations were not statisti-
cally significant in 2012–2019 (Fig. 3C).

No statistically significant differences in
CDAI-defined LDA or remission, MCID in CDAI
score, or mACR20/50/70 responses by ACPA
status were observed for patients who initiated
rituximab, tocilizumab or tofacitinib
(Fig. 3A–C).

DISCUSSION

This real-world study of adults with ACPA? RA
who initiated abatacept or another non-TNFi
b/tsDMARD provides valuable insight into the
effect of ACPA status on clinical outcomes and
response to treatment. Across treatments and
time periods, at index date, ACPA positivity was
associated with worse clinical characteristics.
Among patients initiating abatacept, improve-
ments in most treatment outcomes were statis-
tically significantly better for those who were
ACPA? versus ACPA-. For non-TNFi
b/tsDMARDs other than abatacept, statistically
significant differences in treatment outcomes at
6 months (PGA and patient-reported fatigue) by
baseline ACPA status were only observed for
patients initiating treatment with rituximab,
not tocilizumab or tofacitinib. These results
highlight the heterogeneous nature of RA –
indeed it is now thought that seropositive and
seronegative RA represent distinct disease enti-
ties [15] – and suggest that a patient’s response
to different treatments with different mecha-
nisms of action (MOA) may vary depending on
their underlying serology.

At index in this study, patients with
ACPA? RA had a longer duration and more
severe course of disease, as measured by erosive
changes, and were more likely to be in the
highest ACR functional class (III/IV), irrespec-
tive of treatment. These data are aligned with
previous studies that show a correlation
between ACPA positivity and a more severe,
erosive disease course [2, 3, 16, 17]. A study of
454 patients with RA showed that patients with
ACPA? RA had more severe radiographic joint
destruction over 4 years than patients with
ACPA- RA [2]. Patients included in our analysis
were more likely to be RF? if they were
ACPA? compared with ACPA-. This is a critical
characteristic of patients with seropositive RA:
studies have shown the additive effect of ACPA,
RF, and other autoantibody positivity may lead
to a more severe RA disease course [3, 17–19].

In the present study, patients with
ACPA? RA treated with abatacept had a good
response to treatment, as shown by statistically
significant changes in clinical outcomes from
index date to 6 months and an association with
achieving a clinical response compared with
patients with ACPA- RA. This is consistent
with previous findings from randomized clini-
cal studies [7, 8], real-world observational stud-
ies [9, 12], and a collaborative registry analysis
[11]. In the AMPLE study, patients with
ACPA? RA had better clinical responses to
abatacept or abatacept ? MTX, than patients
with ACPA- RA [7]. A post hoc analysis of the
AVERT study in patients with ACPA IgG? RA,
combination abatacept ? MTX therapy showed
greater clinical efficacy in patients who were
also ACPA IgM? versus ACPA IgM- at baseline
[8]. The presence of ACPA IgM may indicate an
ongoing immune response that involves the
recruitment of naı̈ve B cells [20]. Previous
analyses from CorEvitas’ RA Registry and a col-
laboration of 16 European registries have
demonstrated an association between ACPA
status and response to treatment with abatacept
[9, 11, 12]. In the current study, trends were
generally consistent across most time periods.
Among patients treated with abatacept in
2012–2019, a statistically significant difference
between patients with ACPA? and ACPA- RA
was observed only for the odds of achieving
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mACR50 and mACR70 response. The sample
size for this later cohort was smaller than the
earlier 2006–2019 and 2010–2019 cohorts
(which may have impacted statistical power),
baseline disease activity was lower and disease
duration was longer compared with the
2006–2019 cohort, therefore smaller changes in
disease activity and clinical responses may be
expected.

Differences in response to treatment with
abatacept between patients who were ACPA?
and ACPA–, in contrast to those observed with
TNFi or other non-TNFi b/tsDMARDs, may be
related to differences in MOA [21]. Abatacept
blocks CD80/86–CD28 co-stimulation of anti-
gen presenting cells and T cells, inhibiting
downstream B-cell activity and autoantibody
production, while rituximab, a B-cell-specific
anti-CD20 antibody, acts as a B-cell depleting
agent [21]. Through B-cell modification, both
agents effectively reduce levels of antibodies,
potentially explaining their relative effective-
ness in patients with seropositive compared
with seronegative RA. However, while agents
such as tocilizumab or tofacitinib that inhibit
interleukin-6 (IL-6) signaling have some impact
on T- and B-cell responses, IL-6 also regulates
other broader proinflammatory pathways
involved in autoimmune disorders such as RA
[22].

Here we report a higher proportion of
patients with ACPA? RA treated with rituximab
had statistically significant changes 6 months
after index date in PGA and patient-reported
fatigue scores than patients who were ACPA-.
Interestingly, there were no statistically signifi-
cant changes in disease and patient-reported
outcomes or the achievement of treatment
response for patients with ACPA? RA treated
with tocilizumab or tofacitinib, compared with
patients with ACPA- RA. While previous stud-
ies have shown little difference in treatment
response to TNFis in patients who are
ACPA? versus ACPA- [9, 12, 23], data on the
clinical effectiveness and treatment response of
non-TNFi b/tsDMARDs in patients with
ACPA? and ACPA- RA are lacking. Two small
analyses (n = 25 and n = 30) that investigated
response to rituximab treatment provided con-
tradictory results [24, 25]; one concluded that

patients with a good response to rituximab had
lower baseline ACPA IgM than patients with
moderate/no response [24] and the other found
clinical response was better in patients where
antibody levels (including ACPA) were higher
(versus lower) at baseline [25].

Similar to the results we report here, analysis
of 316 patients with RA from CorEvitas’ RA
Registry concluded that response to tocilizumab
did not differ by ACPA status [16]. A collabora-
tion of 16 European RA registries (n = 27,583)
found seropositivity (RF? and/or ACPA?) was
associated with longer drug maintenance and
higher response rates for abatacept, rituximab,
and tocilizumab, but not TNFis [11]. This dif-
ference in overall drug retention between
seropositive versus seronegative patients was
statistically significant for patients treated with
abatacept and rituximab, but not tocilizumab.
Thus, similar to our study, this large collabora-
tive analysis found that the effect of seroposi-
tivity was greater for abatacept and rituximab,
than tocilizumab.

Outcomes for patients with seronegative and
seropositive RA treated with tofacitinib were
assessed in a post hoc pooled analysis of five
phase III randomized clinical trials (n = 3061)
and a pooled analysis of long-term extension
studies (n = 4967) [26, 27]. In contrast to the
current study, patients who were ACPA? /
RF? were more likely to achieve a response with
tofacitinib than patients who were ACPA- /
RF- ; those who were ACPA? were more likely
to achieve remission or LDA in Disease Activity
Score in 28 joints with erythrocyte sedimenta-
tion rate than patients who were ACPA- /
RF- [26]. The contrasting outcomes observed
for different non-TNFi b/tsDMARDs between
previous studies and the present analysis may
be partially explained by heterogeneity in data
sources, study design, sample size, and data
analysis, e.g., for the present analysis, treatment
response was not stratified by baseline RF status.

This study has several strengths. The RA
Registry is a US-based registry that includes a
large number of patients with RA with physi-
cian-validated outcome measures and is repre-
sentative of patients found in clinical practice
in the US [28]. Previous analyses have compared
Medicare patients with RA enrolled in the RA
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Registry to those not enrolled and found similar
demographic and comorbidity characteristics,
supporting the generalizability of data from the
registry [28]. Several different treatments were
analyzed in this study: outcomes by ACPA sta-
tus were assessed among patients treated with
abatacept, the non-TNFi bDMARDs rituximab
and tocilizumab, and the tsDMARD tofacitinib.
Results from this study support data from pre-
viously reported analyses that show patients
with ACPA? RA experience a more severe dis-
ease course and are more likely to experience a
better response to treatment, than patients with
ACPA- RA [2, 3, 7–9, 11, 12, 17].

One limitation was the relatively small
sample size, particularly for rituximab-treated
patients, and the relatively short duration of
follow-up (6 months) for all treatments. There
was considerable variation in the timing of fol-
low-up for patients treated with the individual
treatments. To overcome this, and to allow for
changes in clinical practice over time, patients
were grouped based on the availability of
rituximab, tocilizumab, or tofacitinib, which
reflected the FDA approval date for each drug. It
should be noted that the study was not
designed to compare differences in outcomes
between abatacept and other b/tsDMARDs. At
the time of collection of the present data only
one Janus kinase (JAK) inhibitor (tofacitinib)
[29] and one IL-6 inhibitor (tocilizumab) [30]
were FDA approved; consequently patients
treated with other JAK or IL-6 inhibitors were
not included. Additionally, selection bias
should be considered as a limitation due to
prescribing patterns potentially being influ-
enced by serological status – the impact of
serological status in the efficacy of some
bDMARDs has gained increasing evidence
[31–34]; as such, selection bias may have
increased during the study period. As with all
real-world studies, patients enrolled in the reg-
istry may not fully reflect patients with RA
observed in other regions or areas of general
practice.

CONCLUSIONS

In conclusion, after 6 months of therapy, the
improvement in outcomes among patients with
ACPA? RA treated with abatacept or rituximab
was statistically significantly better than out-
comes among the respective patients with
ACPA- RA. By contrast, no statistically signifi-
cant difference in clinical response was
observed between patients with ACPA? and
ACPA- RA treated with tocilizumab or tofaci-
tinib. The data presented here demonstrate that
patients with RA may respond differently to
treatments with different MOA based on their
underlying serology. More research is needed to
fully elucidate the cause-and-effect relationship
between serology and response to treatment in
patients with RA, to help clinicians plan treat-
ment on a patient-by-patient basis. An analysis
comparing the effectiveness of abatacept versus
other non-TNFi b/tsDMARDs by ACPA status is
planned.
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