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Abstract
Objectives Evaluate abatacept retention over 2 years in the AbataCepT In rOutiNe clinical practice (ACTION) study.
Method ACTION was an international, observational study of patients with moderate-to-severe rheumatoid arthritis (RA) who
initiated intravenous abatacept. Crude abatacept retention rates over 2 years were estimated using Kaplan–Meier analyses in
biologic-naive and -failure patients. Clinically relevant risk factors and significant prognostic factors for retention were evaluated
using a Cox proportional hazards multivariable model.
Results Overall, 2350/2364 enrolled patients were evaluable; 673 (28.6%) were biologic naive and 1677 (71.4%) had prior biologic
failure (1 biologic, 728/1677 [43.4%]; ≥ 2 biologics, 949/1677 [56.6%]). Abatacept retention rate (95% confidence interval [CI]) at
2 years was 47.9% (45.7, 50.0): 54.5% (50.4, 58.3) for biologic-naive vs 45.2% (42.7, 47.7) for biologic-failure patients (log-rank
P < 0.001). For patients with 1 and ≥ 2 prior biologic failures, respectively, retention rates (95%CI) were 50.2% (46.3, 53.9) vs 41.3%
(38.0, 44.6; log-rank P < 0.001). Main reasons for discontinuation (biologic-naive vs biologic-failure, respectively) were lack of
efficacy (61.4 vs 67.7%) and safety (21.3 vs 21.2%). Rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-CCP) double
positivity versus negativity were predictive of higher retention in both biologic-naive (hazard ratio [HR] [95% CI] 0.71 [0.53, 0.96];
P = 0.019) and biologic-failure patients (HR [95% CI] 0.76 [0.62, 0.94]; P = 0.035).
Conclusions Abatacept initiation as earlier vs later line of therapy in RA may achieve higher 2-year retention rates. RF and anti-
CCP seropositivity could predict increased abatacept retention, irrespective of treatment line.
Trial registration NCT02109666
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Introduction

Management of patients with rheumatoid arthritis (RA) has
evolved in recent years to include more personalized, strategic
use of the range of therapeutic agents now available [1, 2].
Recommendations have been developed with the aim of opti-
mizing clinical outcomes in every patient with RA through a
treat-to-target approach to achieve sustained disease remission
or low disease activity (LDA) [2]. In the presence of poor
prognostic factors, treatment progression from a conventional
synthetic (cs) disease-modifying anti-rheumatic drug
(DMARD) to the inclusion of a biologic (b) DMARD such
as abatacept can have unpredictable benefit [3].

Randomized controlled trials have provided evidence of
the efficacy, safety and tolerability of abatacept in adults with
moderate-to-severe RA [4–6]. However, a high proportion of
patients with RA are unlikely to meet the stringent criteria
required for participation in trials of biologics and study par-
ticipants may not fully represent a clinical population [7].
Real-world data can provide valuable insights into the long-
term use of biologics and the patient characteristics associated
with the diverse responses observed in clinical settings [8, 9].
The determination of predictors of treatment retention and
differential response will assist the development of the most
appropriate, individualized treatment and has the potential to
reduce unnecessary adjustments in therapy.

Abatacept is approved for the treatment of adults with
moderate-to-severe RA [10, 11] and, uniquely, exerts a thera-
peutic effect through interaction with immune cells involved
in the pathophysiology of RA by selective modulation of the
C28:CD80/CD86 co-stimulation signal that is necessary for
full Tcell activation [12]. AbataCepT In rOutiNe clinical prac-
tice (ACTION; ClinicalTrials.gov identifier: NCT02109666)
was a 2-year study to provide prospective, real-world data on
abatacept retention, efficacy, and safety in patients with RA.
The primary objective was to evaluate the retention of
abatacept prescribed to adults with RA in a routine clinical
setting. Secondary objectives included the identification of
predictors of abatacept retention. Here we report the final 2-
year results for all patients enrolled in ACTION.

Patients and methods

Study design

ACTION was a 2-year, non-interventional, international,
multicentre cohort study in patients with RA initiating intra-
venous (IV) abatacept in clinical practice. The study design
has been reported previously [13]. Patients were enrolled
across Europe (Austria, Belgium, Czech Republic, Denmark,
France, Germany, Greece, Italy, Netherlands, Spain, and
Switzerland) and Canada. All participating countries were

required to have regulatory approval and a reimbursement
policy for abatacept to ensure availability of the drug to all
eligible patients.

Rheumatologists were randomly selected for a well-
balanced geographic distribution and were representative of
specialists caring for patients with RA in each participating
country. No product was provided to the physicians or patients
by the study sponsor, and the observational design of the study
did not interfere with usual clinical practice.

The final 2-year results for all patients enrolled in ACTION
between May 2008 and December 2013 are reported here.

Study population

Patients eligible for inclusion were adults (aged ≥ 18 years)
with moderate-to-severe RA, as defined by the American
College of Rheumatology revised criteria 1987 [14], who ini-
tiated IV abatacept under the guidance of their physician and
in accordance with the Summary of Product Characteristics in
Europe [10] or the Product Monograph in Canada [11].
Patients were enrolled in ACTION either prospectively on
initiation of abatacept or retrospectively within 3 months of
initiation where authorized by the local ethics committee.
Patients were recruited over three time periods that reflected
the regulatory approval of abatacept in the participating coun-
tries [2]: May 2008–December 2010 (patients who were bio-
logic naive or had prior ≥ 1 biologic failure; cohort A);
September 2010–December 2013 (biologic-naive patients on-
ly; cohort B); and October 2011–December 2013 (patients
with ≥ 1 prior biologic failure only; cohort C). Patients already
participating in a clinical trial were excluded from ACTION.

Patients were followed up approximately every 3 months
for 30 months in accordance with routine clinical practice or,
if abatacept was discontinued before the end of the study, for
up to 6 months after discontinuation. The ACTION study
database was locked on 22 July 2016.

The study protocol and patient enrolment materials were
approved by local ethics committees and regulatory agencies
in each participating country (first approval received on 31
January 2008, Munich, Germany). The study was conducted
in accordance with the Declaration of Helsinki [15], the
International Conference on Harmonization Good Clinical
Practice Guidelines [16], and the Good Epidemiological
Practice Guidelines [17]. All enrolled patients provided in-
formed consent in accordance with local laws.

Study outcomes

The primary endpoint was crude abatacept retention rate over
2 years. Retention was defined as consecutive time on treat-
ment. Biologic-failure patients were those in whom a previous
biologic was ineffective or had caused safety or tolerability
concerns, patients in clinical remission or in whom there was a
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major improvement of symptoms following a previous bio-
logic, or patients who had discontinued a previous biologic for
any reason [18]. The first date of abatacept discontinuation
and the reasons for discontinuation were recorded by the phy-
sician at follow-up, irrespective of whether the patient subse-
quently switched to subcutaneous (SC) abatacept or resumed
treatment with IV abatacept, Exposure to abatacept was de-
fined as the time between the dates of the first and last infusion
of abatacept, plus 30 days.

Clinical response to abatacept at 2 years was assessed using
European League Against Rheumatism (EULAR) response
rates based on the 28-joint Disease Activity Score (DAS28)
(erythrocyte sedimentation rate [ESR] or C-reactive protein
[CRP]) and classified as good/moderate or no response [19].
Other assessments included clinical remission defined by
DAS28 (ESR or CRP; < 2.6), Clinical Disease Activity
Index (CDAI; ≤ 2.8), Simplified Disease Activity Index
(SDAI; ≤ 3.3), and Boolean criteria [20].

Potential predictors of abatacept retention, including demo-
graphics, disease characteristics, co-morbidities at abatacept
initiation, and previous and current treatments at baseline,
were assessed in biologic-naive patients and in patients with
prior biologic failure. Between-country effects were explored
in patients from countries that recruited more than 10 patients,
with Germany (highest number of enrolments) as the refer-
ence country.

Safety was monitored and evaluated in accordance with
local regulations. The drugmanufacturer’s pharmacovigilance
department was notified of any adverse events (AEs) or seri-
ous adverse events (SAEs) assessed by the treating physician
as related to abatacept or any other Bristol-Myers Squibb
drug. An SAE was defined as an AE that was fatal or life-
threatening, required or extended hospitalization, led to per-
sistent or significant disability or incapacity, induced a birth
defect, or was considered an important medical event. Deaths
from any cause were reported. Safety is presented for the
overall population, irrespective of treatment line.

Statistical analyses

Baseline characteristics and demographics were reported
using descriptive statistics including sample size, mean, me-
dian and standard deviation (SD) for continuous variables, and
frequency and percentage for categorical variables, and were
compared using Fisher’s exact tests. Crude abatacept retention
rates over 2 years with corresponding 95% confidence inter-
vals (CIs) were estimated using Kaplan–Meier analyses for
patients stratified by previous biologic exposure (biologic na-
ive, 1 previous biologic, and ≥ 2 previous biologics) and com-
pared by treatment line using a log-rank test.

Clinical outcomes at 2 years were assessed in patients with
relevant baseline data collected no later than 8 days after the

first abatacept infusion and were compared by treatment line
using Fisher’s exact tests.

Clinically relevant known risk factors and predictors of
abatacept discontinuation with significance (P ≤ 0.20) in
univariable analyses and no collinearity were entered into
multivariable Cox proportional hazards regression models
(as shown in Supplementary Table S1 [see Online Resource
1]). Factors with a significance of P ≤ 0.10 after backward
selection were retained in the final multivariable models.
Results are presented as hazard ratios (HRs) with correspond-
ing 95% CIs and P values. The HRs were statistically signif-
icant when the 95% CIs did not cross 1.

Results

Patients

Between May 2008 and December 2013, 2364 patients were
enrolled in ACTION across Europe and Canada (cohort A,
1137 patients from 9 countries; cohort B, 555 patients from
8 countries; cohort C, 672 patients from 8 countries;
Supplementary Fig. S1 [see Online Resource 2]). A total of
2350 patients were evaluable; 673 (28.6%) were biologic na-
ive and 1677 (71.4%) had failed biologic treatment (1 biolog-
ic, 728/1677 [43.4% patients]; ≥ 2 biologics, 949/1677
[56.6% patients]) (Fig. 1). One patient erroneously classified
as biologic naive for the 1-year analysis of ACTION was
reclassified as a biologic-failure patient for this analysis [18].
For biologic-failure patients, 816/1677 (48.7%) had failed 1
tumor necrosis factor inhibitor (TNFi) and 805/1677 (48.0%)
had failed ≥ 2 TNFis; 56/1677 (3.3%) had failed a non-TNFi
biologic only.

Overall, baseline demographics were similar in all pa-
tients irrespective of treatment line (Table 1); however, in
those who were biologic naive vs those with previous bio-
logic failure at abatacept initiation, a higher proportion of
patients had mean disease duration of ≤ 2 years (35.7 vs
9.0%; P < 0.001), mean CRP was lower (1.7 vs 2.1 mg/
dL; P = 0.01), and a smaller proportion of patients had ra-
diographic erosions (58.2 vs 71.5%; P < 0.001).
Hypertension was the most common co-morbidity overall
(38.2% and 39.1% of biologic-naive and biologic-failure
patients, respectively). At abatacept initiation, over 90% of
all patients had received prior methotrexate (Table 1); how-
ever, a greater proportion of biologic-failure vs biologic-
naive patients had previous exposure to > 3 csDMARDs
(6.9 vs 1.2%; P < 0.001), initiated abatacept as monotherapy
(25.5 vs 16.6%; P < 0.001), and initiated abatacept with cor-
ticosteroids at a dose of > 5 mg/day (54.9 vs 47.3%;
P < 0.01). The bDMARDs most commonly used previously
by biologic-failure patients were etanercept and adalimumab
(60.2% and 57.7% patients, respectively; Table 1).
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Retention

A total of 2350 of the 2364 patients enrolled were
evaluable at 2 years. The overall crude retention rate
(95% CI) at 2 years for the evaluable patients was 47.9%
(45.7, 50.0). Retention rates (95% CI) at 2 years were sig-
nificantly higher in biologic-naive vs biologic-failure pa-
tients (54.5% [50.5, 58.3] vs 45.2% [42.7, 47.7], respec-
tively; P < 0.001). Crude retention rates at 2 years de-
creased with increasing number of previous biologics:
50.2% (46.3, 53.9) vs 41.3% (38.0, 44.6); log-rank test:
P < 0.001 for 1 vs ≥ 2 previous biologics, respectively.
The difference in retention rates between each line of treat-
ment was statistically significant (log-rank test, P < 0.001;
Fig. 2). Over 2 years, the most common reasons for dis-
continuation of abatacept in biologic-naive and biologic-
failure patients, respectively, were inefficacy (61.4% and
67.7%) and safety (21.3% and 21.2%).

In an exploratory analysis to include the patients who
discontinued IVabatacept but either switched to SC abatacept
or restarted IV abatacept within 6 months (77/186 [41.4%]
biologic-naive and 186/526 [35.4%] biologic-failure patients),
the overall retention rate (95% CI) at 2 years was 61.2%
(59.1%, 63.2%) and remained higher for biologic-naive than
for biologic-failure patients (68.9% [65.1%, 72.4%] vs 58.1%
[55.6%, 60.5%], respectively).

Predictors of retention

Overall, 1603 of 2350 (68.2%) evaluable patients were includ-
ed in the analysis of predictors of abatacept retention. Patients
with data missing for any variables tested in the model were
excluded.

Biologic-naive patients

In total, four of the 27 variables tested in the univariable anal-
ysis were entered into an initial multivariable Cox proportion-
al hazard regression model: diabetes mellitus, country, rheu-
matoid factor (RF) and anti-cyclic citrullinated peptide (anti-
CCP) serostatus, and patient’s sex. After backward selection,
only three variables were retained in the final multivariable
model according to statistical significance (diabetes mellitus,
country, and RF and anti-CCP serostatus; Fig. 3a). Biologic-
naive patients were less likely to have discontinued abatacept
at 2 years if they were RF and anti-CCP double positive vs
double negative at baseline (HR: 0.71; 95% CI: 0.53, 0.96;
P = 0.019); single-positive vs double-negative status at base-
line was not associated with a lower likelihood of abatacept
discontinuation. Biologic-naive patients with diabetes
mellitus were less likely than those without this co-
morbidity to have discontinued abatacept (HR, 0.61; 95% CI
0.38, 0.99; P = 0.043). Abatacept retention at 2 years varied

Fig. 1 Patient disposition
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Table 1 Baseline patient
characteristics Biologic naive (n = 673) Biologic failure (n = 1677)

Age, years 59.9 (12.7) 57.0 (12.5)

Female, n (%) 496 (73.7) 1379 (82.2)

BMI, kg/m2 27.0 (5.4); n = 644 27.1 (5.6); n = 1597

BMI, n (%)

< 25 kg/m2 265 (41.1) 649 (40.6)

25–< 30 kg/m2 224 (34.8) 543 (34.0)

≥ 30–< 35 kg/m2 104 (16.1) 266 (16.7)

≥ 35 kg/m2 51 (7.9) 139 (8.7)

RA duration, years 7.2 (8.2); n = 669 12.1 (9.1); n = 1669

RA duration, n (%)

≤ 2 years 239/669 (35.7)* 151/1669 (9.0)

3–5 years 155/669 (23.2) 320/1669 (19.2)

6–10 years 122/699 (18.2) 421/1669 (25.2)

> 10 years 153/699 (22.9) 777/1669 (46.6)

TJC28 9.0 (6.5); n = 633 10.4 (7.2); n = 1599

SJC28 6.6 (5.0); n = 641 7.0 (5.6); n = 1607

DAS28 (ESR)a 5.3 (1.2); n = 582 5.5 (1.3); n = 1422

DAS28 (CRP)a 4.8 (1.1); n = 568 5.0 (1.1); n = 1411

CDAIa 27.5 (11.5); n = 565 30.0 (12.9); n = 1388

SDAIa 29.1 (12.0); n = 526 31.8 (13.6); n = 1279

HAQ-DI 1.4 (0.7); n = 579 1.5 (0.7); n = 1471

PtGA, 100 mm VAS 62.0 (20.3); n = 620 65.4 (19.9); n = 1539

CRP, mg/dL 1.7 (2.6); n = 590 2.1 (3.5); n = 1474**

ESR, mm/h 33.1 (23.7); n = 605 33.7 (23.7); n = 1491

RF positive, n/N (%) 415/578 (71.8) 987/1385 (71.3)

Anti-CCP positive, n/N (%) 368/556 (66.2) 884/1309 (67.5)

RF and anti-CCP antibody status, n/N (%)

Double positive 311/513 (60.6) 717/1166 (61.5)

Single positive 77/513 (15.0) 182/1166 (15.6)

Double negative 125/513 (24.4) 267/1166 (22.9)

Radiographic erosion, n/N (%) 353/607 (58.2) 1034/1446 (71.5)*

≥ 1 Co-morbidity, n (%) 518 (77.0) 1226 (73.1)

Diabetes mellitus 85 (12.6) 207 (12.3)

COPD 69 (10.3) 128 (7.6)

Cardiac disorders 62 (9.2) 124 (7.4)

Neoplasmsb 36 (5.3) 42 (2.5)*

Number of previous csDMARDsc, n (%)

≤ 3 655 (98.8) 1561 (93.1)

> 3 8 (1.2) 116 (6.9)*

Previous MTX, n (%) 621 (92.3) 1552 (92.5)

Previous other csDMARDs, n (%)

Leflunomide 278 (41.3) 951 (56.7)*

Hydroxychloroquine/chloroquine 229 (34.0) 681 (40.6)**

Sulfasalazine 148 (22.0) 578 (34.5)*

Previous corticosteroids, n (%) 533 (79.2) 1386 (82.6)

Previous other biologics, n (%)

Adalimumab – 967 (57.7)

Anakinra – 69 (4.1)

Canakinumab – 1 (0.1)
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by country, with patients in Canada, Greece, and Italy less
likely to have discontinued than those in Germany
(P < 0.001). Patient’s sex was not identified as a predictor of
retention at 2 years.

Patients with previous biologic failure

In total, six of the 31 baseline variables tested in the
univariable analyses were entered into the initial multivariable
model: main reason for stopping the last biologic, abatacept
monotherapy vs combination therapy, country, Patient Global
Assessment of disease activity (PtGA), RF and anti-CCP
serostatus, and bronchospasm and obstruction co-morbidity.

After backward selection, four variables were retained in the
final multivariable model according to statistical significance
(main reason for stopping the last biologic, abatacept mono-
therapy vs combination therapy, PtGA, and RF and anti-CCP
serostatus; Fig. 3b). Biologic-failure patients were less likely
to have discontinued abatacept at 2 years if they were RF and
anti-CCP double positive vs double negative at baseline (HR,
0.76; 95% CI 0.62, 0.94; P = 0.035). Primary efficacy failure
(± secondary efficacy failure, remission, or other reasons) was
associated with a trend towards a higher likelihood of
abatacept discontinuation at 2 years (HR, 1.28; 95% CI 1.00,
1.63; P = 0.014). Initiation of abatacept in combination with
methotrexate (± other DMARDs) was less likely than

Table 1 (continued)
Biologic naive (n = 673) Biologic failure (n = 1677)

Certolizumab – 52 (3.1)

Etanercept – 1010 (60.2)

Golimumab – 22 (1.3)

Infliximab – 512 (30.5)

Ocrelizumab – 3 (0.2)

Rituximab – 239 (14.3)

Tocilizumab – 181 (10.8)

Number of previous biologics, n (%)

1 – 728 (43.4)

≥ 2 – 949 (56.6)

Number of previous TNFi, n (%)

1 – 872 (52.0)

≥ 2 – 805 (48.0)

Treatment pattern at initiation, n (%)

Abatacept monotherapy 112 (16.6) 427 (25.5)*

MTX (± other csDMARDs) 436 (77.7) 947 (75.7)

MTX alone 358 (63.8) 829 (66.3)

MTX+ other csDMARD 78 (13.9) 118 (9.4)

Other csDMARDs 125 (22.3) 303 (24.3)

Corticosteroids 455 (67.6) 1190 (71.0)

> 5 mg/day 208/440 (47.3) 625/1138 (54.9)**

≤ 5 mg/day 232/440 (52.7) 513/1138 (45.1)

Median dose, mg/day 5.0; n = 440 7.5; n = 1138**

Data are mean (SD) unless indicated otherwise
a Calculated
b Benign, malignant, and unspecified (neoplasms not classified as either benign or malignant). Information on
malignancies at baseline was not routinely collected
cMTX and corticosteroids not taken into account

Data in italics indicate a significant difference between biologic-naive and biologic-failure groups (P < 0.05)

*P < 0.001; **P < 0.01

anti-CCP, anti-cyclic citrullinated peptide;BMI, bodymass index;CDAI, Clinical Disease Activity Index;COPD,
chronic obstructive pulmonary disease; CRP, C-reactive protein; csDMARD, conventional synthetic DMARD;
DAS28, 28-joint Disease Activity Score; ESR, erythrocyte sedimentation rate; HAQ-DI, Health Assessment
Questionnaire–Disability Index; MTX, methotrexate; PtGA, Patient Global Assessment of disease activity; RA,
rheumatoid arthritis; RF, rheumatoid factor; SD, standard deviation; SDAI, Simplified Disease Activity Index;
SJC28, swollen joint count in 28 joints; TJC28, Tender joint count in 28 joints; VAS visual analogue scale
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initiation as monotherapy to be associated with discontinua-
tion at 2 years (HR, 0.68; 95% CI 0.55, 0.83; P < 0.001).
Biologic-failure patients with a PtGA score of ≥ 70 vs <
70 mm on a visual analogue scale (VAS) of 0–100 mm at
baseline were more likely to have discontinued abatacept at
2 years (HR, 1.26; 95%CI 1.05, 1.52; P = 0.040). The country
in which abatacept was initiated or a baseline co-morbidity of
bronchospasm and obstruction were not identified as predic-
tors of abatacept retention at 2 years.

Clinical outcomes

Good/moderate EULAR response rates based on DAS28
(ESR, otherwise CRP) increased over 2 years of abatacept
treatment in both biologic-naive and biologic-failure patients.
Of the 605 patients with data available for the evaluation of
EULAR response at 2 years, the proportion of patients with a
good/moderate response was higher in biologic-naive patients
than in those with previous biologic failure (Fig. 4). A good or
moderate EULAR response (95% CI) was attained at 2 years
by 90.7% (86.8, 94.6) of patients who were biologic naive and
81.6% (77.7, 85.4) of patients with previous biologic failure (1
previous biologic failure, 81.7% [76.2, 87.2]; ≥ 2 previous
biologic failures, 81.5% [76.1, 86.9]) (Fisher’s exact test,
P = 0.005; Fig. 4). Overall, RF/anti-CCP positivity vs double
negativity was associated with a higher good/moderate
EULAR response rate at 2 years: 87.7%, 83.4%, and 75.6%
in double RF/anti-CCP-positive, single RF- or anti-CCP-pos-
itive, and double RF/anti-CCP-negative patients, respectively;
Fisher’s exact test P = 0.007.

At 2 years, clinical remission rates were numerically higher
in biologic-naive vs biologic-failure patients: DAS28 (ESR)

(n = 591): 49.5 vs 35.1%; DAS28 (CRP) (n = 579): 57.1 vs
49.3%; CDAI (n = 201): 31.5 vs 27.4%; SDAI (n = 151): 32.7
vs 25.6%; and Boolean (n = 579): 28.9 vs 20.2%. In the ex-
ploratory analysis, which included the patients who had
discontinued abatacept and had either switched to SC
abatacept or restarted IV abatacept within 6 months, clinical
remission rates at the last follow-up before discontinuation in
the biologic-naive vs biologic-failure patients were DAS28
(ESR) (n = 71): 36.4 vs 18.4%; DAS28 (CRP) (n = 75): 26.1
vs 26.9%; CDAI (n = 85): 4.3 vs 4.8%; SDAI (n = 72): 13.6 vs
6.0%, and Boolean (n = 75); 4.3 vs 5.8%. Remission rates at
the first follow-up after abatacept was restarted were DAS28
(ESR) (n = 189): 21.0 vs 15.0%; DAS28 (CRP) (n = 191):
35.1 vs 17.9%; CDAI (n = 219): 17.5 vs 6.4%; SDAI (n =
172): 21.6 vs 5.0%; and Boolean (n = 191): 19.3 vs 3.0%.

Treatment pattern

Changes from baseline concomitant DMARD medication
over 2 years were assessed in 286 biologic-naive patients
and in 564 patients with previous biologic failure. At 2 years,
the pattern of abatacept co-treatment was unchanged in 89.5%
of biologic-naive patients (42/47 patients who had initiated
abatacept as monotherapy and 214/239 patients who had ini-
tiated abatacept as combination therapy). At the same time
point, the pattern of co-treatment was unchanged in 88.3%
of biologic-failure patients (100/120 patients who had initiated
abatacept as monotherapy and 398/444 patients who had ini-
tiated abatacept as combination therapy). The proportions of
patients co-prescribed corticosteroids with abatacept were
smaller at 2 years vs baseline: 141/286 (49.3%) vs 455/673
(67.6%) biologic-naive patients, and 319/564 (56.6%) vs

Fig. 2 Crude abatacept retention
rates over 2 years by treatment
line
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1190/1677 (71.0%) biologic-failure patients. Themedian dose
of corticosteroid co-prescribed at 2 years was unchanged from
baseline in biologic-naive patients (5 mg) and decreased from
7.5 mg to 6.0 mg in biologic-failure patients.

The proportions of patients who switched between the IV
and SC formulations of abatacept over 2 years were similar in
both biologic-naive and biologic-failure groups (13.1% and
13.4%, respectively). Patient choice was the most common
reason for switching from the IV to SC formulation in both
groups (biologic-naive, 54.9% patients; biologic-failure
62.0% patients).

Safety

A total of 381 SAEs were reported in 193/2364 (8.2%) pa-
tients; 94 SAEs led to abatacept discontinuation. There were
27 deaths, 2 of which were due to opportunistic infections
(Pneumocystis jirovecii; candida). Serious infections were re-
ported in 76 patients: most were upper respiratory tract infec-
tions; others included 4 opportunistic infections (4 cases:
Pneumocystis jirovecii [2 cases], cytomegalovirus [1 case],
candida [1 case]), and herpes (8 cases). Malignancies were
reported in 24 patients (acute myeloid leukemia [1 patient],

a

b

Fig. 3 Multivariable model of abatacept retention in: a biologic-naive patients; b patients with previous biologic failure
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basal cell carcinoma [5 patients], bladder neoplasm [1 patient],
benign breast neoplasm [1 patient], Bowen’s disease [3 pa-
tients], brain neoplasm [1 patient], breast cancer [2 patients],
melanoma [2 patients], neoplasm [1 patient], non-Hodgkin’s
lymphoma [2 patients], ovarian adenoma [1 patient], pelvic
mass [1 patient], and squamous cell carcinoma of the skin [1
patient]); two patients had pre-existing malignancies at base-
line (brain tumor, Bowen’s disease). Serious cardiac disorders
were reported in 17 patients, serious vascular disorders oc-
curred in 15 patients and serious immune system disorders
were reported in 20 patients.

Discussion

Final results from this prospective, international study of
abatacept showed that, in real-world clinical practice, around
48% of patients remained on abatacept treatment at 2 years,
irrespective of treatment line. In this first real-world study to
include a cohort of biologic-naive patients treated with
abatacept, higher abatacept retention rates at 2 years were
associated with lower previous exposure to biologics:
biologic-naive patients showed a retention rate of 55% com-
pared with a rate of 45% in patients with previous biologic
failure. This was consistent with findings from independent
registry studies for abatacept [21, 22] and other biologics
[23–26]. Predictors of abatacept retention were identified
using multivariable analysis. Abatacept treatment achieved
continued clinical improvement over 2 years and was well
tolerated; the safety profile was consistent with that previously
reported in clinical trials and the real-world setting [27–29]
with no new safety signals identified. In general, the current
findings confirm earlier observations from interim analyses of

the ACTION study [30–32, 18] and provide clinically appli-
cable data on various parameters of disease activity in both
biologic-naive patients and in those with previous biologic
failure.

ACTION was a long-term, observational study of adult
patients with moderate-to-severe RA who initiated IV
abatacept in routine clinical practice from May 2008 to
December 2013. In this first analysis of ACTION to include
the full study cohort, the overall retention of abatacept at
2 years was 47.9%, lower than the 54.4% reported in a previ-
ous interim analysis which included the patients enrolled from
May 2008 to December 2010 only [32]. A later year of pre-
scription has been associated with a higher risk of discontin-
uation of other biologics, possibly due to an increased likeli-
hood of a change in therapy with the availability of more
treatment options [33]. The SC formulation of abatacept
gained European and Canadian approval for use in
moderate-to-severe RA in 2012 and 2013, respectively [10,
11]. In our exploratory analysis to include patients who, fol-
lowing discontinuation of IVabatacept, either switched to the
SC formulation or restarted IV abatacept, overall retention at
2 years was higher than in the main analysis in which these
patients were excluded.

Double positivity for both RF and anti-CCP was associated
with a greater likelihood of abatacept retention than either
single positivity or double negativity, irrespective of treatment
line. Real-world evidence from a pooled analysis of European
RA registries has previously shown that RF and anti-CCP
positivity were each strongly associated with improved reten-
tion of abatacept [34]. A positive association has also been
demonstrated between abatacept retention and anti-CCP pos-
itivity in patients in clinical trials [35, 36] and a registry study
[37]. In contrast, evidence of an association between

Fig. 4 EULAR response over 2 years by treatment line
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seropositivity and improved retention of other biologics is
lacking. A good/moderate EULAR response to abatacept at
2 years was significantly associated with an RF/anti-CCP pos-
itive versus double-negative serostatus and could suggest an
increased clinical response to abatacept in more severe dis-
ease. Positivity for RF and anti-CCP was reported to be sim-
ilarly predictive of more successful long-term treatment of
biologic-failure patients with rituximab in a registry study
[23]. The underlying reasons for improved response and re-
tention rates in patients with seropositivity are not yet fully
understood; however, a recent study demonstrated that
abatacept inhibits autoantibody-mediated production of in-
flammatory cytokines by monocytes via the induction of
indoleamine 2,3-dioxygenase [38]. These inhibitory effects
may explain the rapid anti-inflammatory effects of abatacept
and its preferential efficacy in anti-CCP-positive patients [38].

The presence of co-morbidities is an important aspect of
the therapeutic management of RA [39]; patient co-
morbidity has been shown to be predictive of the discontin-
uation of TNFis in RA [40]. In this final 2-year analysis of
ACTION, biologic-naive patients with diabetes mellitus
were at a lower risk of abatacept discontinuation than those
without this co-morbidity. This finding could reflect a clini-
cian preference for abatacept in patients with RA and diabe-
tes mellitus; however, this would require confirmation in
further study. Data from healthcare claims databases suggest
that abatacept is associated with a reduced risk of cardiovas-
cular outcomes compared with TNFis in patients with RA
and diabetes mellitus [41].

Although there were no local reimbursement restrictions,
differences in abatacept retention by country were observed
within the biologic-naive patient group in the multivariable
analysis, and these were independent of patient characteristics.
These differences in retention may reflect national differences
in prescribing guidelines; for example, although abatacept
monotherapy is approved in Europe and Canada [10, 11],
clinical guidelines in Germany permit abatacept monotherapy
only in patients who are intolerant of methotrexate.
Differences in abatacept retention have been observed previ-
ously across countries in a pooled analysis of data from
European registries and were indicative of a lack of uniformity
in access to biologics [22]. Irrespective of regional variations,
real-world studies continue to provide valuable data on
abatacept for clinicians.

The current analysis also identified a higher baseline PtGA
(≥ 70 mm on a VAS scale of 0–100 mm) and the initiation of
abatacept as monotherapy vs in combination with a
csDMARD as predictors of lower retention in biologic-
failure patients. Patient sex was not found to be a significant
predictor of abatacept retention in biologic-naive patients,
consistent with the findings for retention in a population-
based, observational study of patients with RA receiving bio-
logic therapy for the first time [42].

Several interim analyses of ACTION have investigated
potential predictors of clinical response in specific patient
populations [31, 32, 43, 44]. Identification of predictors in
heterogeneous patient populations in a clinical setting may
assist the prediction of clinical response with increased
accuracy and improve the ability to attain treatment targets
for the optimal management of RA [2]. Although multi-
variable analyses to investigate predictors of response were
not performed in the current analysis, double RF/anti-CCP
positivity was associated with better EULAR response vs
double negativity, consistent with previous real-world evi-
dence of an association between seropositivity and im-
proved clinical outcomes with abatacept [37, 45]. The
rates for good/moderate EULAR response based on
DAS28 (ESR, otherwise CRP) and DAS28 (ESR or
CRP) remission at 2 years were higher in biologic-naive
than in biologic-failure patients, suggesting a greater ben-
efit with earlier treatment, and reflecting changes in the
management of RA over the study period and the earlier
selection of bDMARDs for patients with poor prognostic
factors [2].

ACTION was an observational study of abatacept in rou-
tine practice. The study methodology did not interfere with the
usual clinical care of patients with RA, very few patients were
lost to follow-up, and the results generated were representative
and relevant to each participating country. Inherent limitations
of observational, real-world studies include referral and
channeling bias, the absence of an active comparator, and loss
of patients to follow-up. Moreover, as there was no require-
ment for the investigator to perform follow-up visits or clinical
assessments consistent with other registry studies worldwide,
the data generated could be incomplete. To evaluate the im-
pact of missing data in this real-world study, the same multi-
variable model was performed both with and without imputa-
tion; the predictors of retention identified were consistent with
the assumptions tested (data not shown).

In conclusion, abatacept retention and EULAR response
rates were higher in patients who received abatacept as an
earlier line of treatment and in those who were seropositive
for both RF and anti-CCP; additional predictors of abatacept
retention were observed by treatment line. These findings
have the potential to inform the development of an individu-
alized treatment plan for the optimal management of patients
with moderate-to-severe RA.
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