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ABSTRACT

Introduction: Patients with rheumatoid arthri-
tis (RA) with poor prognostic factors, such as
seropositivity for anti-citrullinated protein
antibodies and early erosions, may benefit from
early intensive treatment. However, informa-
tion to guide physicians on the best choice of
therapy in these patients is limited. The objec-
tive of this study was to describe the efficacy of
subcutaneous abatacept versus adalimumab
over 2 years in patients with seropositive, ero-
sive early RA in the AMPLE study.

Methods: This exploratory post hoc analysis
compared clinical, functional and radiographic
outcomes in two subsets of patients: patients
with early RA (B 6 months’ disease duration)
who were seropositive for rheumatoid factor
and/or anti-citrullinated protein antibodies and
had[ 1 radiographic erosion (Cohort 1); and
patients with RA and absence of C 1 of these
inclusion criteria (Cohort 2).
Results: Of the 646 randomized patients,
Cohort 1 included 38 patients receiving abata-
cept and 45 receiving adalimumab, and Cohort
2 included 280 patients receiving abatacept
and 283 receiving adalimumab. Baseline demo-
graphics and disease characteristics were gener-
ally similar between treatment groups in both
cohorts. Over 2 years, in Cohort 1, the adjusted
mean change from baseline in the Disease
Activity Score in 28 joints (using C-reactive
protein) was numerically greater for abatacept
than for adalimumab (mean difference at day
365 was 0.9, 95% confidence interval - 1.47 to
- 0.33). Similar patterns of improvement were
observed for other disease activity measures and
physical function, but not for radiographic
outcomes. No treatment-related differences
were observed in Cohort 2.
Conclusion: This analysis indicates a trend
towards improved disease activity and physical
function with abatacept versus adalimumab in
patients with seropositive, erosive early RA.
Trial Registration: ClinicalTrials.gov
NCT00929864.
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INTRODUCTION

With the introduction of multiple biologic dis-
ease-modifying anti-rheumatic drugs (DMARDs)
and targeted syntheticDMARDs for patientswith
rheumatoid arthritis (RA), it is now a reasonable
undertaking to search for and identify better
predictors of response to targeted, individualized
therapy. The use of biomarkers, including
rheumatoid factor (RF) and anti-citrullinated
protein antibodies (ACPA), which are highly
specific for RA, along with other disease and
patient characteristics, could lead to a more per-
sonalized treatment approach [1]. Combined RF/
ACPA positivity is associated with increased
inflammation anddisease activity, aswell aswith
increased in vitro production of proinflamma-
tory cytokines [2]. Additionally, patients who are
ACPA positive have a tendency towards severe
erosive disease and more rapid disease progres-
sion [3, 4].

Current recommendations of the European
League Against Rheumatism (EULAR) suggest
that ACPA seropositivity and early erosions can
be used as poor prognostic factors to identify
patients with RA who might benefit from early
aggressive treatment [5]. However, additional
data to help physicians decide which biologic
agent to choose for individual patients with
poor prognostic factors early in the course of
their disease would be valuable.

The Abatacept versus adaliMumab comPar-
ison in bioLogic-naı̈vE RA subjects with back-
ground methotrexate (MTX) (AMPLE) study
(ClinicalTrials.gov: NCT00929864) provided the
first head-to-head, investigator-blinded com-
parison of abatacept and the tumour necrosis
factor inhibitor adalimumab over 2 years in
patients with RA. In the 1- and 2-year analyses,
the clinical, functional and radiographic out-
comes with abatacept and adalimumab were
comparable [6, 7]. A post hoc analysis of the

AMPLE study results also showed that the
presence of anti-cyclic citrullinated peptide-2
(anti-CCP2) antibodies was associated with
improved clinical response to both agents [8]
and that a high- versus low-baseline anti-CCP2
concentration was associated with increased
benefit in abatacept-treated patients as com-
pared to adalimumab-treated patients [8].

The 2015 American College of Rheumatol-
ogy (ACR) treatment guidelines define early RA
as RA with a duration of disease/symptoms of
no more than 6 months [9]. The objective of the
exploratory post hoc analysis reported here was
to evaluate the efficacy of abatacept versus
adalimumab in two groups of patients: (1) those
with early RA with poor prognostic factors and
(2) those without poor prognostic factors
regardless of disease duration.

METHODS

Study Design

The full design, methods, inclusion criteria and
primary results of the AMPLE study have been
described previously [6, 7]. Briefly, patients with
RA (ACR 1987 classification criteria [10]) who
had active disease {Disease Activity Score in 28
joints using C-reactive protein [DAS28
(CRP)] C 3.2} for B 5 years despite MTX treat-
ment and were naı̈ve to biologic therapy were
randomized 1:1 to receive subcutaneous abata-
cept 125 mg weekly or subcutaneous adali-
mumab 40 mg once every 2 weeks, both
administered in combination with weekly MTX
(C 15 and B 25 mg/week or C 7.5 mg/week if
documented intolerance of higher dose) [6, 7].
Patients were stratified by disease activity
[DAS28 (CRP)[ 5.1; DAS28 (CRP) C 3.2
and B 5.1)]. The primary endpoint was treat-
ment non-inferiority, assessed by 20%
improvement in ACR criteria at 1 year. All effi-
cacy and safety analyses were performed using
the intent-to-treat population, which included
all patients who were randomized and received
at least one dose of the study drug. All patients
who prematurely discontinued the study after
receiving the study drug, regardless of the rea-
son, were considered to be non-responders at all
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scheduled visits subsequent to the point of
discontinuation.

The protocol was approved by the institu-
tional review boards and independent ethics
committees at the participating sites. All pro-
cedures performed in studies involving human
participants were in accordance with the ethical
standards of the institutional and/or national
research committee and with the 1964 Helsinki
declaration, as revised in 2013, concerning
human and animal rights, and Springer’s policy
concerning informed consent has been fol-
lowed. Informed consent was obtained from all
individual participants included in the study.

Analysis Population

This post hoc analysis compared the clinical
efficacy and patient-reported outcomes with
abatacept and adalimumab in two subpopula-
tions by treatment arm. Cohort 1 included
patients with multiple poor prognostic factors,
including early RA (defined as disease dura-
tion B 6 months),[1 radiographic erosion
and the EULAR-defined factors of poor prog-
nosis [5, 11] RF and/or ACPA seropositivity.
Cohort 2 included patients with RA in whom at
least one of these poor prognostic criteria was
absent (i.e. the remaining AMPLE study
population).

Outcome Measures

Patient demographics and disease characteris-
tics were analysed at baseline by treatment and
cohort. Clinical, radiographic and patient-re-
ported outcomes were assessed at baseline and
at multiple intervals up to day 729 of the blin-
ded treatment period. Outcomes included the
adjusted mean change from baseline in the
DAS28 (CRP), Clinical Disease Activity Index
(CDAI), Simplified Disease Activity Index
(SDAI), Health Assessment Questionnaire-Dis-
ability Index (HAQ-DI), pain and fatigue and
ACR response rate. In addition, radiographic
progression was assessed using the modified
Sharp/van der Heijde scoring system [12],
including the modified total Sharp score (mTSS)
and the proportion of patients with

radiographic non-progression (defined as a
mTSS B smallest detectable change, where the
smallest detectable change is an estimate of the
measurement error between readers of the
films) [13]. Safety events were classified using
the Medical Dictionary for Regulatory Activities
(https://www.meddra.org).

Statistical Analysis

All randomized and treated patients were
included in the analysis. Baseline patient
demographics and disease characteristics were
analysed descriptively by treatment for each
cohort. Adjusted mean changes from baseline in
disease activity measures and patient-reported
outcomes were determined, with corresponding
95% confidence intervals (CIs), at each time
point by treatment for each cohort. Missing
values were imputed using a last observation
carried forward analysis (excluding patients for
whom only baseline observations were avail-
able). No formal statistical testing was per-
formed for endpoint comparisons due to the
small sample size. A mixed effect model was
used to estimate the differences between abat-
acept and adalimumab treatment over time
within cohorts. Sensitivity analyses were
conducted, limiting Cohort 2 (C 1 of the
following: disease duration B 6 months;[1
radiographic erosion and RF and/or ACPA
seropositivity) to only patients with disease
duration of B 6 months (Cohort 3).

RESULTS

Patient Population

In total, 646 patients were randomly assigned to
receive treatment in the overall AMPLE trial
(abatacept, n = 318; adalimumab, n = 328) [6],
of whom 252 abatacept- and 245 adalimumab-
treated patients completed year 2 [7]. In this
post hoc analysis, 38 abatacept- and 45 adali-
mumab-treated patients were RF and/or ACPA
seropositive, had disease duration of
B 6 months and had [ 1 erosion on baseline
radiographs (i.e. seropositive, erosive, early RA;

Rheumatol Ther (2019) 6:559–571 561

https://www.meddra.org


Table 1 Baseline demographics and disease characteristics of patients included in the AMPLE study (N = 646) by patient
type

Baseline demographics and disease
characteristics of patients

Cohort 1: Patients with
seropositive, erosive, early RA

Cohort 2: Patients with RA

Abatacept SC
(n = 38)

Adalimumab SC
(n = 45)

Abatacept SC
(n = 280)

Adalimumab SC
(n = 283)

Age, years 52.9 (13.2) 53.7 (12.8) 51.2 (12.5) 50.6 (12.7)

Weight, kg 75.6 (16.4) 83.4 (21.0) 81.5 (20.7) 79.6 (20.7)

Female sex, n (%) 31 (81.6) 30 (66.7) 228 (81.4) 240 (84.8)

Race, white, n (%) 32 (84.2) 37 (82.2) 225 (80.4) 219 (77.4)

Geographic region, n (%)

North America 36 (94.7) 42 (93.3) 194 (69.3) 193 (68.2)

South America 2 (5.3) 3 (6.7) 86 (30.7) 90 (31.8)

Disease duration, years 0.3 (0.1) 0.3 (0.1) 2.1 (1.4) 2.0 (1.3)

Disease duration category, n (%)

B 6 months 38 (100.0) 45 (100.0) 30 (10.7) 23 (8.1)

[ 6 months to B 2 years 0 (0) 0 (0) 123 (43.9) 148 (52.3)

[ 2 to B 5 years 0 (0) 0 (0) 125 (44.6) 110 (38.9)

[ 5 years 0 (0) 0 (0) 2 (0.7) 2 (0.7)

TJC-28 24.3 (15.3) 28.8 (15.7) 25.6 (15.3) 25.9 (15.8)

SJC-28 14.3 (9.4) 18.1 (10.6) 16.0 (9.9) 15.5 (9.8)

Patient pain assessmenta 62.2 (21.9) 63.9 (23.3) 63.2 (22.4) 65.8 (21.6)

Physical function (HAQ-DI) 1.5 (0.7) 1.4 (0.7) 1.5 (0.7) 1.5 (0.7)

Patient global assessmenta 61.5 (23.0) 62.1 (23.3) 61.1 (22.1) 61.5 (22.4)

Physician global assessmenta 57.8 (21.9) 63.3 (17.1) 58.9 (18.2) 58.1 (19.1)

CRP, mg/dL 1.9 (2.3) 1.6 (2.1) 1.5 (2.1) 1.5 (2.9)

DAS28 (CRP) 5.5 (1.1) 5.7 (1.1) 5.5 (1.1) 5.5 (1.1)

DAS28 (CRP), n (%)

\ 3.2 0 (0) 2 (4.4) 8 (2.9) 7 (2.5)

3.2–5.1 16 (42.1) 9 (20.0) 95 (33.9) 92 (32.5)

[ 5.1 22 (57.9) 34 (75.6) 177 (63.2) 184 (65.0)

mTSS 19.2 (31.9) 17.4 (23.3) 19.9 (33.2) 19.7 (29.8)

MTX dose, mg/week 16.8 (3.7) 15.3 (3.0) 17.6 (6.6) 17.6 (6.5)

Anti-CCP2 positive, n (%) 31 (81.6) 42 (93.3) 191 (68.2) 204 (72.1)

RF positive, n (%) 36 (94.7) 43 (95.6) 227 (81.1) 250 (88.3)

Elevated ESR, n (%) 1 (2.6) 3 (6.7) 48 (17.1) 39 (13.8)
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Cohort 1). The remainder of the study patients,
280 abatacept- and 283 adalimumab-treated
patients, did not have all of these poor prog-
nostic factors (Cohort 2). Most demographics
and disease characteristics at baseline, including
anti-CCP2 titres, were similar across treatment
groups in both cohorts (Table 1). In Cohort 1, at
baseline, patients receiving abatacept had a
lower mean body weight and received a higher
mean MTX dose than did those receiving adal-
imumab. Also, compared to patients treated
with adalimumab, a lower proportion of
patients treated with abatacept had a baseline
DAS28 (CRP) of[5.1.

Clinical, Patient-Reported
and Radiographic Outcomes

Over 2 years, in Cohort 1, the adjusted mean
improvements from baseline in the DAS28
(CRP) and HAQ-DI scores were numerically
greater for the abatacept treatment group than
for the adalimumab treatment group (Fig. 1a, c).
There was no difference between the two treat-
ment groups over the same period in Cohort 2
for either outcome measure (Fig. 1b, d).

Regarding the other efficacy measures, simi-
lar differences between abatacept- and adali-
mumab-treated patients were observed in
Cohort 1 but not in Cohort 2. Differences were

seen in disease activity as captured by both the
CDAI (Fig. 2a, b) and SDAI (Fig. 2c, d) and by
the 20/50/70/90% improvement in ACR criteria
(ACR20/50/70/90, respectively) composite
measures (Fig. 3). Other patient-reported out-
comes, including pain and fatigue scores, also
captured differences between abatacept- and
adalimumab-treated patients in Cohort 1 but
not in Cohort 2 (pain and fatigue scores,
Table 2).

All randomized and treated patients were
included in the analysis reported in Table 2. At
day 365, in Cohort 1, the adjusted mean dif-
ference in pain score between the abatacept and
adalimumab treatment arms was – 15.33 (95%
CI – 26.30 to – 4.46), and at day 729 the
adjusted mean difference in fatigue score
between treatment arms was – 12.33 (95% CI
– 23.83 to – 0.82).

At 1 year, more abatacept- than adalimumab-
treated patients in Cohort 1 achieved DAS28
(CRP) of\2.6 (Fig. 3). This was not seen at
2 years or in Cohort 2 at either time point. At
1 year and 2 years, more abatacept- than adali-
mumab-treated patients in Cohort 1 achieved
remission according to CDAI, SDAI and Boolean
criteria, a trend not seen in Cohort 2 (Fig. 4).
Longitudinal analysis showed trends towards
improved disease activity in Cohort 1 [Elec-
tronic Supplementary Material (ESM) Fig. S1].

Table 1 continued

Baseline demographics and disease
characteristics of patients

Cohort 1: Patients with
seropositive, erosive, early RA

Cohort 2: Patients with RA

Abatacept SC
(n = 38)

Adalimumab SC
(n = 45)

Abatacept SC
(n = 280)

Adalimumab SC
(n = 283)

Elevated CRP, n (%) 0 (0) 4 (8.9) 51 (18.2) 36 (12.7)

Data are presented as the mean, with the standard deviation given in parenthesis, unless stated otherwise
All randomized and treated patients were included in the analysis
Anti-CCP2 Anti-cyclic citrullinated peptide-2, CRP C-reactive protein, DAS28 (CRP) Disease Activity Score in 28 joints
using CRP, ESR erythrocyte sedimentation rate, HAQ-DI Health Assessment Questionnaire-Disability Index, mTSS
modified total Sharp score, MTX methotrexate, RA rheumatoid arthritis, RF rheumatoid factor, SC subcutaneous, SJC-28,
28 swollen joint count, TJC-28 28 tender joint count
a Assessed using a visual analogue scale (100 mm where 0 = none and 100 = worst possible)
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Fig. 1 Adjusted mean change from baseline in the Disease
Activity Score in 28 joints using C-reactive protein
[DAS28 (CRP)] (a, b) and Health Assessment Question-
naire-Disability Index (HAQ-DI) (c, d) over 2 years, by
patient type. n is the number of patients with both post-
baseline and baseline measurements. Panels a and c indicate
patients with seropositive, erosive early rheumatoid arthri-
tis (RA) treated with abatacept versus adalimumab,
respectively. The adjusted mean change in DAS28
(CRP) from baseline at day 365 was - 2.58 [95%

confidence interval (CI) - 2.99 to - 2.17] versus - 1.68
(95% CI - 2.10 to - 1.25) and that in HAQ-DI from
baseline at day 365 was - 0.70 (95% CI - 0.90 to - 0.51)
versus - 0.50 (95% CI - 0.71 to - 0.30). For calculation
of the 95% CI within each group, normal approximation
was used if n C 5, otherwise the exact method was used.
The dagger symbol indicates that adjustment was based on
an analysis of the covariance model with treatment as a
factor and baseline values and DAS28 (CRP) stratification
as covariates
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Given the difference in mean weight
between the abatacept and adalimumab groups
in Cohort 1 at baseline, sensitivity analyses were

performed that adjusted for baseline body
weight; four patients with a body weight
of[ 100 kg were excluded from this analysis.

Fig. 2 Adjusted mean change from baseline in the Clinical
Disease Activity Index (CDAI) (a, b) and Simplified
Disease Activity Index (SDAI) (c, d) at 1 and 2 years, by
patient type (Cohort 1: a, c; Cohort 2: b, d). All
randomized and treated patients were included in the
analysis; n is the number of patients with both post-
baseline and baseline measurements. Asterisk indicates
patients with seropositive, erosive early RA treated with
abatacept versus adalimumab, respectively. The adjusted
mean change from baseline at day 365 was - 25.68 (95%

CI - 29.88 to - 21.49) versus - 19.28 (95% CI - 23.55
to - 15.02) for CDAI and - 26.71 (95% CI - 31.09 to
- 22.33) versus - 20.22 (95% CI - 24.70 to - 15.74)
for SDAI. For calculation of the 95% CI within each
group, normal approximation was used if n C 5, otherwise
the exact method was used. The dagger indicates that
adjustment was based on an analysis of covariance model
with treatment as a factor and baseline values and DAS28
(CRP) stratification as covariates
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These analyses demonstrated that patient body
weight had minimal impact on treatment effi-
cacy (data not shown).

Sensitivity analyses, limiting Cohort 2 (C 1
of disease duration B 6 months,[ 1 radio-
graphic erosion and RF and/or ACPA seropos-
itivity) to only patients with disease duration
of B 6 months (Cohort 3), showed that there
were no differences between treatments in
either pain or fatigue (ESM Table S1). There

was a trend towards a benefit of abatacept over
adalimumab for the outcomes of DAS28 (CRP)
and CDAI (ESM Fig. S2); however, no conclu-
sions could be drawn due to the small sample
size.

No between-group differences were observed
in mean change from baseline in mTSS or in the
proportion of patients without radiographic
progression at day 365 or day 729 in either
cohort (data not shown).

Fig. 3 American College of Rheumatology (ACR)
response rate at day 365 in Cohort 1 (a) and Cohort 2
(b). All randomized and treated patients were included in
the analysis. In Cohort 1, the mean differences in ACR
response rates between treatment arms were: ACR20, 29.0
(95% CI 10.1 to 47.9); ACR50, 18.6 (95% CI - 4.1 to

41.2); ACR70, 13.3 (95% CI - 6.7 to 33.4); ACR90: 5.7
(95% CI - 6.9 to 18.3). Estimates of difference and 95%
CIs were based on the minimum risk weights method with
randomization stratification of screening DAS28 (CRP).
ACR20/50/70/90 C 20/50/70/90% improvement in the
ACR response criteria, SC subcutaneous
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The safety profiles between cohorts and
treatment arms were consistent with that of the
overall trial (Table 3).

DISCUSSION

The AMPLE study recorded multiple clinical,
patient-reported and radiographic outcomes
through 2 years of blinded head-to-head treat-
ment, allowing explorative analyses to be per-
formed [6, 7]. In this post hoc analysis of

patients with early RA and poor prognostic
factors with an inadequate response to MTX
across several outcome measures (except radio-
graphs), abatacept showed a trend towards
greater efficacy compared with adalimumab. Of
note, a trend towards increased efficacy for
abatacept compared with adalimumab on mea-
sures of remission and DAS28 (CRP) of\2.6 in
this difficult-to-treat, biologic-naive patient
population was shown at 1 year.

The limitations of this analysis include its
exploratory post hoc nature and the limited

Fig. 4 Comparison of treatments by remission outcomes
and DAS28 (CRP) of\ 2.6 in Cohort 1 (a) and Cohort 2
(b). Asterisk denotes that Boolean remission is defined as

tender joint count of B 1, swollen joint count of B 1,
CRP of B 1 mg/dL and patient global assessment of B 1
(on a 0–10 scale)
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sample size. The ACR 1987 criteria were used to
identify patients with RA. These criteria have a
limited ability to identify patients with early
RA; hence, there is a possibility of bias in the
patient selection. However, the post hoc nature
of the analysis allowed the inclusion of the 2015
ACR criteria that included disease/symptom
duration of\6 months in the definition of
early RA [11]. This analysis may also be con-
founded by baseline differences in body weight,
MTX dose and baseline DAS28 (CRP) score
between patients receiving abatacept and adal-
imumab in Cohort 1. The differences in body
weight (lower with abatacept) and MTX dose
(higher with abatacept) could be explained by
the limited sample size. Our analysis attempted
to minimize the weight differences between
groups, but we acknowledge that such differ-
ences relevant to RA may cause concern with
our interpretation of the results.

The lack of differences in radiographic pro-
gression is not surprising since there was little
radiographic progression noted in either treat-
ment arm over the 2 years of blinded therapy. If

differences exist, they may require more time or
the use of a more sensitive detection
methodology.

CONCLUSION

Although the sample size was relatively small,
this post hoc analysis of the AMPLE trial indi-
cated a trend towards improved disease activity
and physical function with abatacept in com-
parison to adalimumab in biologic-naive
patients with seropositive, erosive, early RA.
Our principal goal was to study disease-specific
factors known to be relevant to clinical deci-
sion-making to help generate hypotheses for
testing in future clinical trials in RA. It is hoped
that this will lead to the generation of patient-
centric, definable biomarkers that will help to
achieve more effective, personalized, rapid and
safe care for a greater number of patients.

Table 3 Safety summary by patient type at 2 years

Safety parameters Cohort 1: Patients with seropositive, erosive,
early RA

Cohort 2: Patients with RA

Abatacept SC
(n = 38)

Adalimumab SC
(n = 45)

Abatacept SC
(n = 280)

Adalimumab SC
(n = 283)

Deaths 0 (0) 0 (0) 1 (0.4) 1 (0.4)

SAEs 6 (15.8) 7 (15.6) 38 (13.6) 47 (16.6)

Related SAEs 0 (0) 0 (0) 11 (3.9) 20 (7.1)

Discontinuations due to SAEs 0 (0) 2 (4.4) 5 (1.8) 14 (4.9)

Serious infections and infestations 2 (5.3) 0 (0) 6 (2.1) 12 (4.2)

AEs 37 (97.4) 39 (86.7) 258 (92.1) 261 (92.2)

Related AEs 10 (26.3) 18 (40.0) 122 (43.8) 146 (51.6)

Discontinuations due to AEs 1 (2.6) 5 (11.1) 11 (3.9) 26 (9.2)

Malignancies 0 (0) 0 (0) 5 (1.8) 5 (1.8)

Autoimmune events 1 (2.6) 1 (2.2) 11 (3.9) 4 (1.4)

Local injection-site reactions 1 (2.6) 6 (13.3) 9 (3.2) 26 (9.2)

Data are presented as the number of patients with adverse events, with the percentage given in parenthesis
AEs adverse events, RA rheumatoid arthritis, SAEs serious adverse events, SC subcutaneous
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