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Aim: In rheumatoid arthritis (RA), seropositivity for both anticitrullinated protein antibody (ACPA) and
rheumatoid factor (RF) is associated with disease severity and therapeutic response. Biologic (b) disease-
modifying antirheumatic drugs (DMARDs) such as abatacept are recommended after inadequate response
or contraindication to conventional synthetic DMARDs. This retrospective cohort study aimed to describe
changes in Clinical Disease Activity Index (CDAI) measures over 12 months among patients with ACPA+
and RF+ RA with an inadequate response to methotrexate treated with abatacept as a first-line bDMARD.
Patients & methods: Patient data were abstracted from medical records by treating rheumatologists.
Analyses included McNemar tests for paired proportions or paired t-tests to assess longitudinal changes
in CDAI scores, and Kaplan–Meier methods for time-to-event outcomes. Serious AEs and rationale for
initiating treatment were recorded. Results: Overall, 296 patients were included. Mean CDAI scores
improved (decreased) by 34.0, 61.0 and 74.0% (all p < 0.001) from baseline to 3–6 months, 6–12 months
and ≥12 months after abatacept initiation, respectively. Of 279 patients not in CDAI low disease activity
(LDA) or remission at baseline, 24.7% of patients achieved it within 6 months, 56.3% within 12 months and
71.0% at any point during follow-up after abatacept initiation. Median time to CDAI LDA/remission was
10.2 months. Serious AEs were reported in 2.4% of patients. Common reasons reported by rheumatologists
for initiating abatacept were effectiveness/efficacy (52.7%), safety (31.4%) and patient preference
(25.3%). Conclusion: In this analysis of patients with ACPA+ and RF+ RA treated with abatacept as a first-
line bDMARD in a clinical practice setting, clinical outcomes and remission rates were improved at all time
points, providing real-world evidence to further support the use of abatacept in this patient population.
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Rheumatoid arthritis (RA) is a chronic, systemic autoimmune disease characterized by inflammation and degener-
ation of joints and surrounding tissues that substantially reduces quality of life and can lead to early mortality [1–3].
The presence of anticitrullinated protein antibody (ACPA) and rheumatoid factor (RF) has been associated with
worse prognosis, more aggressive and rapidly progressing disease, higher disease activity, lower rates of remission,
higher prevalence of extra-articular manifestations and higher morbidity and mortality [4–12]. The prevalence of
seropositivity, either double (ACPA+ and RF+) or single (defined as ACPA+ only, RF+ only, or undefined as
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RF+ or ACPA+), among patients with RA ranges from 59 to 95%, depending on patient background, treatment
status and serostatus [13–20].

RA requires early evaluation, diagnosis and treatment to prevent or minimize severe damage and functional dis-
ability [21,22]. Treatment typically involves glucocorticoids and disease-modifying antirheumatic drugs (DMARDs),
initiating with a conventional synthetic (cs) DMARD [5,23]. If symptoms do not improve after 3–6 months, a
different or additional csDMARD may be used; alternatively, a biologic (b) or targeted synthetic DMARD may be
added to the initial treatment strategy [5,23].

The bDMARD abatacept is a selective co-stimulation modulator that disrupts the cycle of T-cell activation
during the process of inflammation [24]. Abatacept has a long-established reputation of clinical efficacy and safety
for the treatment of RA in a variety of patient populations [25–29], including those with ACPA+ and/or RF+
RA [8,13,15,16,30]. Several studies have demonstrated the efficacy of abatacept as a first-line bDMARD for RA [13,31,32].
For example, a large real-world analysis of patients with seropositive RA showed that first- or second-line abatacept
led to improved drug survival compared with other bDMARDs [31]. Similarly, studies have demonstrated the
efficacy of abatacept as a first-line bDMARD for patients with ACPA+ and/or RF+ RA [13,31,33,34]. One study
found that abatacept was more effective as a first-line versus later-line bDMARD among patients with ACPA+
and RF+ RA than patients with ACPA- and RF- RA [13].

Rheumatologists’ perceptions of available therapies and patient preferences are key to determining RA manage-
ment strategies. Factors that may influence rheumatologist prescribing behaviors include (but are not limited to)
patient characteristics and preferences, demands on consultation time, costs and funding arrangements, patient
education and peer discussions [35,36]. Understanding patient needs and communicating effectively with patients
may help break barriers to treatment adherence [37]. Further understanding of rationale for first-line treatment
selection among US rheumatologists is needed to inform policy and guidelines related to treatment selection for
patients with ACPA+ and RF+ RA.

The objectives of this study were to describe changes in Clinical Disease Activity Index (CDAI) measures over
12 months among patients with RA who were both ACPA+ and RF+ and were treated with abatacept as a first-line
bDMARD, to report safety outcomes and to describe the rationale for initiating patients with ACPA+ and RF+
RA on abatacept as a first-line bDMARD.

Materials & methods
Study design & data source
This was a retrospective, observational cohort study of patients with ACPA+ and RF+ RA who initiated first-line
bDMARD treatment with abatacept after inadequate response to methotrexate (MTX). Eligible patients were iden-
tified by their treating rheumatologists in the Cardinal Health Rheumatology Provider Extended Network, which
includes the Cornerstone Partners group purchasing organization (GPO) and other rheumatologists outside the
GPO. In February 2021, Cornerstone represented approximately 1100 practices comprising 2300 rheumatologists
across 48 US states. Purposive sampling was utilized to accumulate data for this study by treating rheumatologists
at 27 practices across the USA.

An electronic case report form (eCRF) for collecting data relevant to this analysis was developed using a US
Health Insurance Portability and Accountability Act-compliant eCRF, which was pre-tested by four rheumatologists.
Twenty-seven rheumatologists selected a maximum of 20 consecutive patients each, starting with the earliest eligible,
and completed an eCRF for each patient by abstracting relevant data from patients’ electronic medical records
(EMRs). Patient demographic, clinical and treatment-related data were abstracted from the date of RA diagnosis
through the date of last follow-up or death (if known or applicable).

Patient identification spanned from 1 January 2015 to 19 February 2020, which defined the index period for
patients initiating abatacept as a first-line bDMARD (Figure 1). Data collection began on 19 February 2021 and
ended on 15 April 2021. Patients were followed (but not necessarily treated) for a minimum of 1 year from the
date of abatacept initiation. The end of follow-up was defined as the end of the study observation period/time of
data collection, date of last visit or date of death, whichever occurred first.

Patient population
Eligible patients were aged ≥18 years with a confirmed diagnosis of RA; responded inadequately to MTX and
subsequently initiated treatment with abatacept as a first-line bDMARD for RA between 1 January 2015 and 19
February 2020; were biologic- and Janus kinase inhibitor treatment-naive; had ACPA+ and RF+ RA at or within
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Figure 1. Abatacept as a first-line biologic disease-modifying antirheumatic drug for rheumatoid arthritis: patient
identification, data collection and follow-up among treating rheumatologists.

12 months prior to initiation; and were followed (but not necessarily treated) by participating rheumatologists
for ≥12 months after initiation of abatacept. Additionally, patients were required to have ≥1 CDAI score within
3 months prior to initiation (baseline) and ≥1 CDAI score within 3–6 months following initiation. Patients who
were on abatacept for ≥12 months were also required to have ≥1 CDAI measurement between 6 and 12 months.

Patients were excluded if they had discontinued abatacept as a first-line bDMARD within 3 months of initiation;
were treated with abatacept for RA in a clinical trial between 1 January 2015 and 19 February 2020; were pregnant
during the study period; or had any of the following: history of cancer within 5 years prior to abatacept initiation;
history of chronic hepatitis or severe chronic/recurrent bacterial or viral infection prior to initiation; diagnosis of
other rheumatic disease at initiation; medical conditions contraindicated to tumor necrosis factor inhibitor agents at
initiation; symptoms of severe, progressive or uncontrolled renal, hepatic, hematologic, gastrointestinal, pulmonary,
cardiac, neurologic or cerebral disease; or active hepatitis, active bacterial or viral infection, active tuberculosis or
risk of tuberculosis at initiation of abatacept.

Patient EMRs were not uniformly complete and data were analyzed according to the number of patients included
in any particular outcome. To reduce bias, rheumatologists consecutively identified all potentially eligible patients
for chart abstraction between 1 January 2015 and 19 February 2020. In an attempt to minimize unmeasured
confounding bias, the collection of numerous data points of clinical relevance to the treatment patterns of patients
was required (see Outcomes section).

Study conduct & ethical considerations
This study was conducted in accordance with accepted research practices described by the International Society for
Pharmacoepidemiology [38], the Professional Society for Health Economics and Outcomes Research [39] and the
Strengthening the Reporting of Observational Studies in Epidemiology guidelines [40] and maintained the ethical
principles enacted by the Declaration of Helsinki [41]. Rheumatologists were required to be able to participate
in research monitored by a central institutional review board (IRB; 20204039). The authors have obtained IRB
approval from the Western Institutional Review Board for the research described, which consisted of protocol,
eCRF and amendment review and included a waiver of patient informed consent due to the minimal amount of
protected health information collected.

Outcomes
The primary outcomes were mean (standard deviation [SD] or 95% confidence interval [CI]) longitudinal change
in CDAI and percent change from baseline at each study interval, percent achievement of and time to CDAI low
disease activity (LDA) and/or remission (referred to hereafter as LDA/remission) and percent achievement of and
time to CDAI remission alone (as defined below).

Secondary outcomes, recorded on the eCRF, were rates of serious adverse events (AEs) defined as grade 3
(serious, severe or medically significant but not immediately life-threatening, causes hospitalization or prolongation
of hospitalization, disability, self-care activities of daily living limitation), grade 4 (life threatening, in need of
urgent treatment) and grade 5 (death related). Additional secondary outcomes were treating rheumatologists’
characteristics, reported rationale for initiating abatacept as a first-line bDMARD and for discontinuing abatacept,
also reported on the eCRF.
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CDAI measurements

CDAI is an overall continuous measure of disease activity using single-measure components (swollen joint count,
tender joint count, physician global assessment and patient visual analog scale) [42]. Baseline CDAI scores and all
subsequent CDAI measurements during abatacept therapy were recorded in the eCRF. The CDAI scores were
interpreted as follows: remission, ≤2.8; LDA, >2.8 and ≤10.0; moderate disease activity, >10.0 to ≤22.0; and
high disease activity, >22.0 [43]. The composite outcome of LDA/remission (i.e., LDA or remission) was defined
as a CDAI score of ≤10.0.

Longitudinal CDAI assessment

CDAI scores were categorized into intervals for longitudinal analysis to include baseline (within 3 months prior
to abatacept initiation: the baseline interval consisted of 98 days prior to abatacept initiation [up to 91 days
prior plus 7-day grace period]), 3–6 months (days 85 to 182 after abatacept initiation [7-day grace period prior
to day 92]), 6–12 months (days 183 to 371 after abatacept initiation [7-day grace period from day 364]) and
≥12 months (started at day 372) following abatacept initiation as a first-line bDMARD. The ±7-day grace periods
accommodated variability in scheduling visits around the study intervals. Univariate and multivariable analyses
were conducted using the cohort with outcomes at each study interval. A more detailed description of the CDAI
measures in context of the study intervals is available in the Study Interval Context section of Supplementary
Materials.

Statistical analysis
Descriptive analyses of patients’ demographic, clinical and treatment-related characteristics, as well as the rationale
for initiating/discontinuing abatacept as a first-line bDMARD, were performed. Categorical study variables were
reported using frequency counts and proportions. Continuous variables were described using measures of centrality
(mean or median) and spread (minimum, maximum, SD or interquartile range [IQR], as appropriate). Median
duration of abatacept use and time to LDA/remission and remission alone were assessed using the Kaplan–Meier
(KM) method, accounting for right-censoring. Bivariate analyses were calculated using the McNemar test for paired
proportions or paired t-test for paired numeric values to assess change in CDAI score across time intervals. CDAI
LDA/remission and remission alone were assessed descriptively using frequency counts and proportions within
6 and 12 months of abatacept initiation as a first-line bDMARD and at any point during abatacept therapy.
All analyses were conducted in SAS v9.4 (SAS Institute, USA), and 2-sided test p-values ≤0.05 were considered
statistically significant.

Results
Patient population
Overall, 296 patients were included in the study (Table 1), with a median follow-up of 21.8 months at the time
of data collection. Patients had a maximum follow-up time of 73.2 months (mean [SD]: 26.5 [15.2]). Mean (SD)
age at RA diagnosis was 51.7 (15.5) years and mean (SD) age at initiation of abatacept as a first-line bDMARD
was 53.3 (15.6) years. Patients were predominantly female (71.3%), had commercial insurance coverage (55.1%)
and most reported having never smoked (69.6%). All included patients were both ACPA+ and RF+, with ACPA
levels ≥20 AU/ml in the 12 months prior to abatacept initiation (Table 2). During the study period a total of 58
patients discontinued treatment with abatacept, most frequently due to lack of efficacy (56.9%; n/n = 33/58).

The median (IQR) time from RA diagnosis to abatacept initiation was 8.1 (4.0–24.0) months. The majority of
patients (56.4%) required prior insurance authorization to receive abatacept, which was administered intravenously
in 59.5% of patients. At the time of data collection, 80.4% of patients were still receiving abatacept as a first-line
bDMARD; as such, the KM median duration of abatacept was not reached (estimated survival probability for
discontinuation did not fall below 50%).

CDAI assessments
Longitudinal CDAI assessment

Compared with baseline, there were statistically significant decreases in CDAI scores across all study intervals
assessed after initiation of abatacept as a first-line bDMARD (Table 3). From baseline to 3–6 months, the mean
(SD) CDAI score improved (decreased) from 27.5 (12.8) to 17.8 (11.4) (p < 0.001), reflecting a mean (95%
CI) decrease of 34.0% (-38.0 to -30.0). From baseline to 6–12 months, mean (SD) CDAI score improved from
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Table 1. Cohort demographic overview.
Characteristic n = 296

Age in years, mean (SD)

At RA diagnosis 51.7 (15.5)

At first-line abatacept initiation 53.3 (15.6)

Race, n (%)

White 204 (68.9)

Black/African–American 50 (16.9)

Asian 26 (8.8)

Native Hawaiian or other Pacific Islander 6 (2.0)

American Indian or Alaska Native 4 (1.4)

Unknown 6 (2.0)

Ethnicity, n (%)

Non-Hispanic/non-Latino/non-Latina 240 (81.1)

Hispanic/Latino/Latina 55 (18.6)

Sex at birth, n (%)

Female 211 (71.3)

Male 84 (28.4)

Unknown 1 (0.3)

BMI at abatacept initiation, mean (SD), kg/m2 27.2 (5.7)

Smoking status at abatacept initiation, n (%)

Never smoked 206 (69.6)

Former smoker 56 (18.9)

Current smoker 34 (11.5)

Payer†, n (%)

Commercial 163 (55.1)

Medicare 110 (37.2)

Medicaid 21 (7.1)

Military 5 (1.7)

Self-pay 2 (0.7)

Other 1 (0.3)

Duration of follow-up (from initiation of abatacept as a first-line bDMARD), months

Median (IQR) 21.8 (14.3–33.1)

†Not mutually exclusive.
bDMARD: Biologic disease-modifying antirheumatic drug; IQR: Interquartile range; RA: Rheumatoid arthritis; SD: Standard deviation.

27.5 (12.8) to 10.6 (8.3) (p < 0.001), reflecting a decrease (95% CI) of 61.0% (-64.6 to -57.4). From baseline
to ≥12 months, mean (SD) CDAI score improved from 27.5 (12.8) to 7.2 (7.6) (p < 0.001), corresponding to a
decrease (95% CI) of 74.0% (-77.9 to -70.1).

CDAI LDA/remission

Of the 279 patients not in LDA/remission at baseline, 69 (24.7%) and 157 (56.3%) achieved the composite
outcome of LDA/remission within 6 and 12 months of initiating abatacept as a first-line bDMARD, respectively
(Table 4 & Figure 2). Additionally, 198 patients (71.0%) achieved CDAI LDA/remission at any time during
abatacept therapy. The KM median (95% CI) time to CDAI LDA/remission was 10.2 (9.0–11.1) months.
Supplementary Figure 1 shows the proportion of patients with CDAI remission alone over time during abatacept
therapy as a first-line bDMARD.

Serious AEs reported during treatment with abatacept as a first-line bDMARD
Overall, 7 patients (2.4%) reported grade 3 serious AEs and no patients reported grade 4 or 5 serious AEs (Table 2).

10.57264/cer-2023-0144
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Table 2. Cohort clinical and treatment overview.
Diagnostic characteristics n = 296

ACPA+ and RF+ within 12 months prior to initiating abatacept as a first-line bDMARD, n (%)† 296 (100.0)

ACPA level within the 12 months prior to initiating abatacept as a first-line bDMARD† ,‡

≥20 AU/ml 296 (100.0)

�60 AU/ml 225 (76.0)

�250 AU/ml 78 (26.4)

Serum biomarker levels within 3 months prior to initiating abatacept as a first-line bDMARD, mean (SD)‡

CRP, mg/dl (n = 215 [72.6%]) 14.3 (14.9)

ESR, mm/hour (n = 207 [69.9%]) 54.1 (24.3)

Clinical characteristics and comorbidities at initiation of abatacept as a first-line bDMARD,‡ n (%)

Extra-articular manifestations (within 1 month prior to or at initiation) 141 (47.6)

Type 2 diabetes§ 39 (13.2)

Chronic obstructive pulmonary disease§ 9 (3.0)

Congestive heart failure§ 7 (2.4)

Type 1 diabetes§ 4 (1.4)

Time to treatment

Months from RA diagnosis to first-line abatacept initiation, median (IQR) 8.1 (4.0–24.0)

Medication use at baseline (within 12 months prior to/at initiation of abatacept as a first-line bDMARD), n (%)‡ ,¶

NSAIDs 172 (58.1)

csDMARDs# 134 (45.3)

Opioid/narcotic analgesics 31 (10.5)

Corticosteroids

No 233 (78.7)

Yes 49 (16.6)

Unknown 14 (4.7)

During first-line abatacept therapy, n (%)††

Concomitant use of MTX 194 (65.5)

Prior authorization required for initiation of abatacept as a first-line bDMARD, n (%) 167 (56.4)

Abatacept route of administration, n (%)‡

Intravenous infusion 176 (59.5)

Subcutaneous (auto-injector) 98 (33.1)

Subcutaneous (prefilled syringe) 28 (9.5)

Serious AEs reported during routine clinical practice captured in study period, n (%)‡

Grade 3 7 (2.4)

Grade 4 0 (0.0)

Grade 5 0 (0.0)

Patient status at final follow-up, n (%)‡‡

In active therapy with first-line abatacept 238 (80.4)

In active therapy with bDMARD, JAK inhibitor or IL-6 inhibitor 45 (15.2)

Alive with RA, receiving supportive care only or not in active therapy 9 (3.0)

Unknown, lost to follow-up 3 (1.0)

Other (on rituximab) 1 (0.3)

†ACPA and RF measured within 12-month study interval prior to or at initiation of abatacept as a first-line bDMARD, and mean value of each closest to initiation is reported
(if more than 1 was entered); RF/ACPA if measured within 3 months of abatacept initiation.
‡Not mutually exclusive.
§Comprehensive of the CCI and additionally reports diabetes mellitus by type, hemiplegia and obesity.
¶Use reported at time of initiation of abatacept as a first-line bDMARD or anytime during the 12-month study interval prior to initiation.
#Other than MTX; patients may have reported more than 1 csDMARD at baseline: 134 patients reported 159 instances of csDMARD use.
††Patients may have been followed (but not necessarily treated) by participating rheumatologist for ≥12 months after initiating abatacept as a first-line bDMARD.
‡‡Patients may have been followed (but not necessarily treated) by participating rheumatologist for ≥12 months after initiating abatacept as a first-line bDMARD.
ACPA: Anticitrullinated protein antibody; AE: Adverse event; bDMARD: Biologic disease-modifying antirheumatic drug; CCI: Charlson Comorbidity Index; CRP: C-reactive
protein; csDMARD: Conventional synthetic disease-modifying antirheumatic drug; ESR: Erythrocyte sedimentation rate; IL: Interleukin; IQR: Interquartile range; JAK: Janus
kinase; MTX: Methotrexate; NSAID: Nonsteroidal anti-inflammatory drug; RA: Rheumatoid arthritis; RF: Rheumatoid factor; SD: Standard deviation.
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Table 3. Mean CDAI scores and changes from baseline at 3–6, 6–12 and ≥12 months of initiating abatacept as a
first-line bDMARD (n = 296).
Patients with CDAI value, n Baseline

(n = 296)
3–6 months after
abatacept initiation
(n = 243)

6–12 months after
abatacept initiation
(n = 227)

≥12 months after
abatacept initiation
(n = 142)

CDAI, mean (SD) 27.5 (12.8) 17.8 (11.4) 10.6 (8.3) 7.2 (7.6)

Absolute change from baseline, mean (95% CI) - -10.5 (-12.0 to -9.0) -17.9 (-19.5 to -16.3) -21.3 (-22.9 to -19.7)

Percent change from baseline, mean (95% CI)† - -34.0 (-38.0 to -30.0) -61.0 (-64.6 to -57.4) -74.0 (-77.9 to -70.1)

p � 0.001 for all timepoints. p-values were calculated for each time interval vs baseline: p-value calculated using McNemar test for paired proportions or paired t-test for
paired numeric values.
†A negative percent change from baseline (i.e., a decrease) indicates improvement.
CDAI: Clinical Disease Activity Index; CI: Confidence interval; SD: Standard deviation.

Table 4. Rates of and time to CDAI LDA or remission (LDA/remission) during treatment with abatacept as a
first-line bDMARD.
CDAI LDA or remission rate, n (%) n = 296

Patients not in LDA/remission at baseline (total) 279 (94.3)

Achieving LDA/remission within 6 months of initiation† 69 (24.7)

Achieving LDA/remission within 12 months of initiation† 157 (56.3)

Achieving LDA/remission any time during abatacept therapy as a first-line bDMARD† 198 (71.0)

Time to CDAI LDA or remission

Months to LDA/remission, median (95% CI) 10.2 (9.0–11.1)

CDAI is calculated from single-measure components (swollen joint count, total joint count, physician global assessment and patient visual analog scale) into overall continuous
measure of disease activity. CDAI LDA and/or remission: CDAI ≤10.
†Presented as a proportion of the patients not in LDA and/or remission at baseline (n = 279).
CDAI: Clinical Disease Activity Index; CI: Confidence interval; LDA: Low disease activity.
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Figure 2. Time to Clinical Disease Activity Index low disease activit and/or remission (low disease activit/remission)
during treatment with abatacept as a first-line biologic disease-modifying antirheumatic drug.
CDAI LDA/remission: CDAI ≤10. n = 279 (patients not in LDA and/or remission at baseline).
CDAI: Clinical Disease Activity Index; CI: Confidence interval; LDA: Low disease activity.

10.57264/cer-2023-0144



Research Article Balanean, Brown-Bickerstaff, Klink et al.

Table 5. Rationale for initiating abatacept as a first-line bDMARD versus other RA therapy.
Reason(s) reported by treating rheumatologists for initiating abatacept as a first-line bDMARD vs TNF, JAK or IL-6 inhibitor therapy, n (%)† n = 296

Effectiveness/efficacy based on prior experience/research studies 156 (52.7)

Safety profile 93 (31.4)

Patient preference 75 (25.3)

Insurance 68 (23.0)

Infusion schedule/dosing 58 (19.6)

Contraindications of other medications 20 (6.8)

Comorbidities for which abatacept may be amenable (e.g., seropositive RA and psoriatic arthritis overlap) 18 (6.1)

Practice/hospital protocol 4 (1.4)

Other (total)‡ 13 (4.4)

†Not mutually exclusive.
‡Other reasons included: n = 3 ACPA/RF positivity; n = 2 Sjögren syndrome (anti-TNF contraindication); n = 1 for each of remote history of histoplasmosis treatment, episode
of congestive heart failure, brain lesions, RA and myositis, no box warning, wanted to discontinue methotrexate and optic neuritis (anti-TNF contraindication).
ACPA: Anticitrullinated protein antibody; bDMARD: Biologic disease-modifying antirheumatic drug; IL: Interleukin; JAK: Janus kinase; RA: Rheumatoid arthritis; RF: Rheuma-
toid factor; TNF: Tumor necrosis factor.

Table 6. Rationale for discontinuing abatacept initiated as a first-line bDMARD.
Reason(s) reported for discontinuing abatacept therapy† n = 58

Lack of effectiveness 33 (56.9)

Patient preference 12 (20.7)

Insurance/financial issues 9 (15.5)

Adverse event/toxicity 8 (13.8)

Other (lost to follow-up) 1 (1.7)

†Not mutually exclusive.

Rheumatologist characteristics
Of the 27 treating rheumatologists, the largest proportion (37.0%) worked in large private community practice
settings of ≥10 physicians, 22.2% worked in small private community practice settings of two to five physicians
and 22.2% were solo practitioners (Supplementary Table 1). Participating rheumatologists had a mean (SD) of
15.0 (6.8) years in practice. Most of the 296 patients (94.3%) had been managed solely by the participating
rheumatologists. Further details of the rheumatologists included in this analysis can be found in the Supplementary
Results.

Rationale for initiating abatacept as a first-line bDMARD & patient discontinuations
The most common reason reported by the treating rheumatologists for initiating abatacept, instead of another
therapy, as a first-line bDMARD was effectiveness/efficacy based on prior experience/research studies (52.7%;
Table 5). Other common reasons included safety profile (31.4%) and patient preference (25.3%).

Of the 58 patients who discontinued first-line abatacept, lack of effectiveness (56.9%), patient preference (20.7%)
and insurance/financial issues (15.5%) were among the reasons reported (Table 6).

Discussion
In this retrospective cohort study, a statistically significant and clinically meaningful decrease in CDAI disease
activity was observed over 12 months in patients with ACPA+ and RF+ RA who were treated with abatacept
as a first-line bDMARD after an inadequate response to MTX. A high proportion of patients (71%) who were
not in CDAI LDA/remission at baseline achieved this status during the study period. The rate of serious AE
occurrence reported during the study was low, which may have contributed to the low abatacept discontinuation
rate. Patients with poor prognostic factors, such as ACPA and/or RF seropositivity, require early treatment to help
minimize joint inflammation and damage, functional disability and disease progression [5,21,23]. The findings from
the present study demonstrate that rheumatologists were primarily concerned with effectiveness and safety when
making treatment decisions, and indicate that abatacept has therapeutic benefit and an acceptable safety profile in
patients with ACPA+ and RF+ RA. The favorable outcomes (reduction in CDAI from baseline and achievement
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of LDA and/or remission) for patients with ACPA+ and RF+ RA treated with abatacept as a first-line bDMARD
reported in the present study concur with and strengthen the previous literature on this topic [8,13,15,32,44,45].

One important aspect of RA management is supporting patients so they remain on treatment. The many
factors requiring consideration when selecting an appropriate treatment for individual patients can be problematic.
However, initiating the right treatment at the right time can prevent discontinuation and treatment swapping,
which in turn can improve outcomes and patient quality of life. Our analysis has demonstrated a high rate of
patients with ACPA+ and RF+ RA remaining on abatacept (80%) at the time of data collection (minimum
treatment period of 1 year). This is supported by previous studies that have shown high retention rates of abatacept
as a first-line bDMARD, ranging from 52% to 75% [13,15,31,32,46,47].

The majority of patients who switch to an alternative treatment do so due to inefficacy, side effects or contraindi-
cations with other drugs/patient circumstances (for example, pregnancy) [5,23,48]. Serostatus is one factor that may
affect treatment retention. Although our study did not compare clinical outcomes among patients with seropositive
RA versus those with seronegative RA, we have shown that clinical outcomes (CDAI scores and proportions of
patients in LDA/remission) were significantly improved over time, up to 12 months from baseline, with first-line
abatacept in patients with ACPA+ and RF+ RA. Previous studies that have compared different serostatuses and
abatacept treatment status have shown patients with ACPA and/or RF seropositive RA to have significantly im-
proved outcomes versus patients with seronegative RA [13,16,49,50]. Of particular note is the large pan-European
analysis of 9 observational registries across Europe, encompassing almost 3000 patients with ACPA+ and/or RF+
RA treated with abatacept. The multi-registry analysis showed that the presence of ACPA and RF were each indi-
vidually associated with a lower risk of abatacept discontinuation and may be associated with better effectiveness
of abatacept for RA outcomes [51]. Additionally, several studies have shown significantly improved outcomes when
abatacept was administered as a first-line treatment [13,32,44,47]. A multicenter, observational study of >200 patients
with RA demonstrated that patients experienced reduced disease activity irrespective of bDMARD received [32]. The
study also demonstrated the movement of patients through different lines of therapy. Patients who received first-line
bDMARDs such as etanercept, adalimumab or rituximab were more likely to switch to a further line of treatment
than patients who received first-line abatacept [32]. Furthermore, patients who received abatacept as a first-line
therapy spent significantly longer on treatment compared with patients who received other bDMARDs [32]. A
large (n >8000), real-world cohort study of patients with seropositive RA showed that treatment with tocilizumab,
tofacitinib or abatacept as first- or second-line therapy may have better drug retention versus treatment with other
bDMARDs (including TNFis) [31]. An exploratory analysis of the Abatacept versus Adalimumab Comparison in
Biologic-Naive RA Subjects with Background Methotrexate (AMPLE) phase IIIb randomized trial demonstrated
that both abatacept and adalimumab were more effective in patients who were positive for anti-cyclic citrullinated
peptide-2 (anti-CCP2, the diagnostic test for assessing ACPA levels) at baseline than those who were anti-CCP2–
negative at baseline [8]. Recently, Michaud et al. conducted an analysis on pooled data from the AMPLE, Abatacept
study to Gauge Remission and joint damage progression in methotrexate-naive patients with Early Erosive RA
(AGREE), Assessing Very Early Rheumatoid arthritis Treatment (AVERT) and AVERT-2 clinical trials. The authors
demonstrated the differential effect of abatacept (versus MTX or adalimumab) among patients with ACPA and
RF seropositive, early and active RA and concluded that ACPA and RF seropositivity has potential utility to guide
treatment selection [52].

Pathways for future research may include further investigation into the mechanism of action of abatacept in
patients with ACPA+ and RF+ RA to support current literature on the processes involved with ACPA and
RF protein binding [53–59]. Additionally, further investigation into the longitudinal assessment of ACPA levels in
patients with ACPA+ and RF+ RA to identify ACPA level variations and possible correlations with RF levels in
disease response during first and later lines of therapy may provide additional information for clinicians [14,60].
Additionally, comparison of abatacept as a first-line bDMARD with other bDMARDs will be investigated in future
analyses.

Due to the heterogeneity of RA in disease presentation, progression and response, the American College of
Rheumatology and the European Alliance of Associations for Rheumatology recognize that varying treatment
approaches may be required and modified throughout the therapeutic course [5,23]. Curating high-quality, real-
world data and making them accessible to researchers and clinicians will inform better hypotheses, study designs,
drug discovery and development, clinical practice and post-marketing surveillance for the treat-to-target approach
in managing RA. The present study shows that rheumatologists consider effectiveness/efficacy, prior experience,

10.57264/cer-2023-0144



Research Article Balanean, Brown-Bickerstaff, Klink et al.

research studies, safety and patient preference when determining treatment options for patients with ACPA+ and
RF+ RA.

There are several strengths to this analysis. These data were collected from patients treated by rheumatologists
that represent >1000 practices across 48 US states. Chart review studies leveraging EMR data are well suited for
describing outcomes of treatment sequencing (e.g., using abatacept in the first-line as opposed to the second-line
or later setting). These clinical parameters are important for elucidating patient journeys, especially in targeted
and precision medicine. Additionally, the rheumatologists participating in this study benefited from access to data
contained in unstructured fields of patients’ EMRs (e.g., disease activity/response reporting and clinical notes
from interdisciplinary care teams). To avoid biases that may have arisen from single-site or single-source data sets,
our study data were gathered from unique sites and providers irrespective of EMR platform, health system or
GPO. Finally, the data were abstracted by the patients’ rheumatologists, enabling collection of high-quality data
independent of third-party abstractors’ assumptions.

This analysis is not without limitations. Firstly, the purposive sampling methodology used in this study was
intended to select rheumatologists and patients based on prespecified criteria; as such, our findings may not
represent all patients with ACPA+ and RF+ RA or all rheumatologists. The current analysis did not include any
comparison with other treatment strategies, therefore the relative effectiveness of abatacept could not be assessed
– this will be the focus of a future study. One of the inclusion criteria was that patients were required to have
been followed by participating rheumatologists for ≥12 months after initiation of abatacept; it is possible that had
patients not been followed for ≥12 months they may have had a lower response rate compared with those that had
been followed for ≥12 months. Moreover, selection bias (unequal probability of patient selection from all eligible
patients), bias associated with missing or incomplete data, and unmeasured confounding cannot fully be accounted
for in statistical analysis, due to not being able to include all patient characteristics with potentially prognostic
significance or those that may influence physician prescribing behavior and treatment decisions. Selection bias
was mitigated by rheumatologists selecting all potentially eligible patients for chart abstraction consecutively, and
unmeasured confounding was minimized by the collection of numerous data points that were of clinical relevance to
patient treatment patterns. Additional outcomes such as physical functioning and radiographic progression, which
could provide further important data regarding the course of RA disease over time, are not routinely collected in
this patient population and therefore were not feasible to include in this retrospective cohort study. As a medical
chart review study, the accuracy and completeness of the data collected were limited by the quality of the data
in the patient EMRs. Data relating to AEs should be interpreted with caution due to patients who discontinued
abatacept within 3 months of initiation being excluded from the analysis. Additionally, as AEs often occur outside
of the clinical practice setting, they may be underreported compared with clinical trials or prospective observational
studies (particularly those of grade 2 or lower if medical intervention is not required). The AEs assessed in this
study were reported as part of routine clinical practice and were grade 3 or higher; because these AEs were more
likely to result in a clinic or emergency visit than less serious AEs, higher-grade AEs were more likely to be captured
in the EMR.

Conclusion
Real-world effectiveness and safety data from this study further support the efficacy and safety of abatacept, with a
high overall rate of CDAI LDA/remission observed. Findings suggest that patients with ACPA+ and RF+ RA may
benefit from treatment with abatacept as a first-line bDMARD in routine clinical practice. Our work contributes
to a more comprehensive understanding of the patient journey and decision-making in patients with ACPA+ and
RF+ RA treated with abatacept and may illuminate pathways for decisions to optimize patient care and outcomes.
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Summary points

• Seropositivity for rheumatoid factor (RF) and anticitrullinated protein antibody (ACPA) in patients with
rheumatoid arthritis (RA) has been associated with worse prognosis, more aggressive and rapidly progressing
disease, higher disease activity, lower remission rates, higher prevalence of extra-articular manifestations and
higher mortality.

• This analysis aimed to record changes in Clinical Disease Activity Index (CDAI) measures over time among patients
with ACPA+ and RF+ RA treated with abatacept as a first-line biologic disease-modifying antirheumatic drug
(bDMARD), and to report rates of serious adverse events, rheumatologists’ treatment rationale for initiating
abatacept as a first-line bDMARD and reasons for discontinuation.

• In this real-world analysis of 296 patients with ACPA+ and RF+ RA treated with abatacept as a first-line bDMARD,
there were statistically significant improvements in mean CDAI scores over time: 34% decrease at 3–6 months,
61% decrease at 6–12 months and 74% decrease at ≥12 months after initiation of abatacept (all p < 0.001).

• Approximately 25% and 56% of patients achieved a combined outcome of LDA and/or remission within 6 and
12 months, respectively, of initiating abatacept as a first-line bDMARD; 71% achieved this at any point during
therapy.

• The safety profile of abatacept aligned with previous studies, with no new safety signals identified.
• Rheumatologists’ most common reasons for initiating patients on abatacept as a first-line bDMARD were

effectiveness/efficacy, safety and patient preference; lack of effectiveness was the most common reason for
abatacept discontinuation.

• The improvement in clinical outcomes found in this group of patients with ACPA+ and RF+ RA treated with
abatacept as a first-line bDMARD provides real-world effectiveness data to support the clinical trial efficacy of
abatacept and its use in clinical practice.
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