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Abstract
Clinical outcomes in patients with early rheumatoid arthritis (RA) were assessed by baseline symptom duration in the 
Assessing Very Early Rheumatoid arthritis Treatment trial (ClinicalTrials.gov; NCT01142726). Patients with early, active 
RA were randomized to subcutaneous (SC) abatacept 125 mg/week plus methotrexate (MTX), SC abatacept alone, or MTX 
monotherapy for 12 months. All RA treatments were withdrawn after 12 months in patients with Disease Activity Score in 
28 joints (C-reactive protein; DAS28-CRP) < 3.2. In this post hoc analysis, the proportion of patients achieving protocol-
defined remission (DAS28-CRP < 2.6) or improvement in physical function at 12 and at both 12 and 18 months was assessed 
according to symptom duration (≤ 3 months, > 3 to ≤ 6 months, or > 6 months) and treatment group. No clinically significant 
differences were seen in baseline demographics or characteristics across symptom duration groups. Irrespective of baseline 
symptom duration, a numerically higher proportion of abatacept plus MTX-treated patients achieved DAS-defined remission 
at month 12 and sustained remission at month 18 compared with MTX monotherapy. A numerically higher proportion of 
abatacept plus MTX-treated patients with symptom duration ≤ 3 months maintained DAS-defined remission after complete 
treatment withdrawal from 12 to 18 months compared with longer symptom duration groups. This subgroup also had the fast-
est onset of clinical response (DAS28-CRP < 2.6) after initiation of treatment. Health Assessment Questionnaire–Disability 
Index response was similar regardless of baseline symptom duration. Overall, symptom duration of ≤ 3 months was associated 
with a faster onset of clinical response and higher rates of drug-free remission following treatment with abatacept plus MTX.
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Introduction

Rheumatoid arthritis (RA) is a chronic, progressive, 
inflammatory disease characterized by chronic joint 
inflammation followed by structural damage [1]. An opti-
mum ‘window of opportunity’ has been proposed in early 
RA, during which treatment can alter the disease course 
before inflammatory processes become more established 
[2]. In support of this theory, patients with RA of longer 
disease duration generally do not respond as well to treat-
ment with a biologic disease-modifying antirheumatic 
drug (bDMARD) as those with a shorter duration of dis-
ease [3], with earlier treatment providing better disease 
control than later treatment [4]. In patients with well-con-
trolled disease, sustained remission after the cessation of 
immunomodulatory medications could indicate to clini-
cians that disease modification had been achieved [5].

The Assessing Very Early Rheumatoid arthritis Treat-
ment (AVERT) study examined the ability of subcutane-
ous (SC) abatacept plus methotrexate (MTX) vs MTX 
monotherapy to induce clinical remission in patients 
with early RA after 12 months of treatment, and also 
assessed whether sustained remission could be achieved 
6 months after withdrawal of all RA therapy (month 18) 
[5]. Compared with patients treated with MTX alone, a 
greater proportion of patients treated with SC abatacept 
plus MTX achieved protocol-defined remission Dis-
ease Activity Score in 28 joints with C reactive protein 
(DAS28-CRP) < 2.6 at month 12 and also sustained drug-
free remission at month 18 [5]. Although not statistically 
powered for comparison with combination therapy or 
MTX, a SC abatacept monotherapy treatment group was 
also included. In both abatacept treatment arms, the pro-
portions of patients with sustained DAS-defined remission 
following treatment withdrawal were numerically higher in 
patients who had shorter symptom duration (< 6 months), 
lower baseline DAS28-CRP and lower Health Assessment 
Questionnaire -Disability Index (HAQ-DI)—an effect not 
observed in the MTX treatment arm [5].

AVERT was the first trial to investigate the possibility 
of achieving absolute drug-free remission after withdrawal 
of all RA therapies. As drug-free remission is an attractive 
treatment goal in early RA, understanding whether there 
is an optimum treatment window to initiate therapy has 
important implications for clinical practice. The AVERT 
trial provides the opportunity to examine outcomes in 
patients with early RA of varying duration, when symptom 
duration is well defined across groups. This longitudinal 
post hoc analysis was performed to examine the impact of 

baseline symptom duration on achieving remission and 
sustained drug-free remission in patients with early RA 
enrolled in the AVERT trial.

Patients and methods

Study design and patient population

We performed post hoc analyses on data from the AVERT 
study (NCT01142726). Full study design, methods, inclu-
sion criteria and primary results have been described pre-
viously [5]. Briefly, AVERT was a phase 3b, randomized, 
active-controlled trial consisting of a 12-month treatment 
period and a 12-month withdrawal period [5]. Patients were 
randomized 1:1:1 to SC abatacept 125 mg/week plus MTX, 
SC up to 20 mg/week, abatacept monotherapy or MTX 
monotherapy for 12 months. At month 12, all RA treat-
ment was withdrawn in patients with DAS28-CRP < 3.2. 
Patients enrolled in AVERT had active clinical synovitis of 
≥ 2 joints for ≥ 8 weeks with persistent symptoms for ≤ 2 
years, DAS28-CRP ≥ 3.2 and anti-CCP2 antibody positivity. 
Patients were MTX naïve or had received MTX (≤ 10 mg/
week) for ≤ 4 weeks with no MTX for 1 month prior to 
enrolment.

Outcomes and statistical analysis

In this post hoc analysis, outcomes were analyzed in patients 
grouped by symptom duration (defined as the duration of 
persistent symptoms at baseline) of ≤ 3 months, > 3 to ≤ 6 
months, or > 6 months, as these time points are significant 
in determining whether a patient is adequately responding to 
therapy, and also by treatment group [6, 7]. Baseline demo-
graphic data and disease characteristics for each subgroup 
were calculated. The proportion of patients achieving remis-
sion (DAS28-CRP, Boolean, Simplified Disease Activity 
Index [SDAI] and Clinical Disease Activity Index [CDAI]), 
or improvements in physical function (HAQ-DI response) 
were calculated at monthly intervals up to month 12 during 
the treatment period, and then at months 13, 14, 15, and 18 
during the withdrawal period. Patients in remission at both 
months 12 and 18 were considered to have sustained drug-
free remission. Odds ratios and P values were generated 
using a Logistic Regression test which adjusted for treatment 
group, baseline DAS28-CRP value and corticosteroid use at 
baseline (yes/no). Definitions of remission for the different 
disease activity measures were: DAS28-CRP < 2.6; Boolean: 
tender joint count 28 ≤ 1, swollen joint count 28 ≤ 1, patient 
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global assessment of disease activity (0–10 cm) ≤ 1 and 
high-sensitivity CRP ≤ 1 mg/dl; SDAI ≤ 3.3 and CDAI ≤ 2.8. 
Improvement in physical function (HAQ-DI response) was 
defined as a reduction in HAQ-DI score of ≥ 0.3 units from 
baseline as this had been a previously defined threshold for 
analysis in this trial [5].

Missing DAS-defined remission or HAQ-DI response 
data, not due to premature discontinuation and not at treat-
ment period day 1 or month 18, was imputed as DAS-defined 
remission or HAQ-DI response if the missing value was 
between two observed DAS-defined remissions or HAQ-
DI responses (if not, the patient was considered not in 
remission).

Results

Patient disposition

The AVERT intent-to-treat population comprised 351 
patients with severe, active, early RA: 119 were rand-
omized to receive abatacept plus MTX, 116 to abatacept 
monotherapy and 116 to MTX monotherapy. No clinically 
significant or consistent differences were seen in baseline 
demographic data and clinical characteristics when patients 
were grouped by treatment and symptom duration; however, 
both the proportion of patients from South America and the 
mean baseline symptom duration were lowest for patients 
with ≤ 3 months’ symptom duration, and the proportion of 
male patients was higher in the > 6 months’ group than in 
the other groups (Supplementary Table 1).

Proportion of patients in remission and sustained 
remission

Irrespective of baseline symptom duration, a higher pro-
portion of patients receiving abatacept plus MTX achieved 
DAS-defined remission at month 12 and sustained remis-
sion at month 18 compared with those receiving MTX 
monotherapy (Supplementary Table 2). Numerically greater 
treatment differences in sustained remission (measured at 
12–18 months) following withdrawal of all treatment were 
observed for patients with ≤ 3 months’ symptom duration 
vs those with longer symptom durations with both abatacept 
plus MTX and abatacept monotherapy (Fig. 1a , b). Patients 
treated with abatacept plus MTX who had symptom dura-
tions of ≤ 3 months also had the numerically fastest onset 
of DAS28-CRP-defined remission (Fig. 1a, Supplemen-
tary Table 3). Among patients with ≤ 3 months’ symptom 

duration, as early as day 29, a numerically higher proportion 
of patients receiving abatacept plus MTX (25.0%) achieved 
DAS-defined remission compared with patients receiving 
abatacept alone (2.8%) or MTX alone (8.3%). The rate of 
DAS-defined remission at day 29 for patients receiving 
abatacept plus MTX with ≤ 3 months’  symptom duration 
(25.0%) was greater than for patients receiving this treatment 
with symptom durations of > 3 to ≤ 6 months (11.8%) and 
> 6 months (6.1%).

In the abatacept plus MTX group, a numerically higher 
proportion of patients maintained DAS-defined remission at 
18 months during the drug-free period in the subgroup with 
symptom durations of ≤ 3 months (33.3% [95% CI: 17.9, 
48.7]) compared with those with symptom durations of > 3 
to ≤ 6 months (14.7% [5.0, 31.1]) and > 6 months (10.2% 
[3.4, 22.2]); these differences were not seen in patients 
receiving abatacept or MTX alone (Fig. 1a–c).

Similar results to those seen for DAS28-CRP-defined 
remission were observed when using CDAI, SDAI or 
Boolean measures of disease remission (Supplementary 
Figs. 1–3).

The proportion of patients with improvements in physical 
function (HAQ-DI response) was comparable, irrespective 
of baseline symptom duration, with a numerically greater 
proportion of patients with an improvement with abatacept 
plus MTX compared with abatacept monotherapy and MTX 
monotherapy. This treatment difference was seen as early as 
day 29 and persisted up to 6 months after treatment with-
drawal (Fig. 2a–c).

Discussion

The results of this post hoc analysis demonstrate that, 
irrespective of symptom duration at treatment initiation, 
patients with early RA treated with abatacept plus MTX 
achieve higher rates of remission and numerically greater 
proportions of patients with improvements in physical func-
tion compared with MTX monotherapy at 12 months. Fur-
thermore, the fastest onset of DAS28-CRP-defined remis-
sion and highest rates of drug-free sustained remission 
were seen in patients receiving abatacept plus MTX who 
had the shortest symptom duration (≤ 3 months). HAQ-DI 
response (improvement ≥ 0.3), however, was not affected by 
baseline symptom duration. These results in subpopulations, 
based on baseline symptom duration, are consistent with 
the results seen for the overall AVERT population [5], but 
demonstrate an additional benefit of very early treatment in 
terms of achieving remission on drug as well as maintaining 
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drug-free remission. Age, sex and other factors have been 
shown to predict better treatment outcomes, but it is unlikely 
that any of these impacted this analysis. However, as the 
number of patients is small in this post hoc subgroup analy-
sis, the results reveal only numerical trends, thus requiring 
further studies for corroboration.

Numerous studies have shown that earlier intervention 
is associated with better treatment outcomes [2, 3, 8], lead-
ing to the proposal that an optimal therapeutic window is 
present in early RA. Two large clinical cohorts of patients 
treated with MTX, using DMARD-free sustained remission 
as the outcome, suggest that a period exists within the first 6 
months in which RA is particularly susceptible to modifica-
tion with treatment [7]. The findings from our analysis are 
consistent with such a model in which an early ‘window of 
opportunity’ exists to achieve the best outcomes. Moreover, 
the use of abatacept as a first-line bDMARD following an 
inadequate response to MTX has been shown to be more 
cost-effective than the use of adalimumab at this stage, in 
anti-citrullinated protein antibody–positive patients with RA 
[9].

Our finding that abatacept plus MTX provides the great-
est benefit in those with the shortest symptom duration at 
treatment initiation complements existing data that demon-
strate better outcomes with abatacept in early vs established 
disease (≤ 2 years vs ≥ 10 years) [8] and further suggest that 
within early RA there is an optimum treatment window for 
RA disease modification. The enhanced benefits of abatacept 
in early RA are likely due to its impact on naïve T cells and 
upstream mechanism of action which leads to the down-
regulation of autoantibodies and inflammatory mediators 
downstream [5]. Research has also demonstrated the ability 
of abatacept to bind directly to osteoclast precursor cells 
thereby inhibiting their differentiation, suggesting a protec-
tive effect on structural bone damage [10].

RA progresses rapidly in some patients and treatments 
that are able to achieve disease control quickly are greatly 
needed to prevent irreversible joint damage and disability. 
The AVERT study patient population had highly active dis-
ease and poor prognostic markers, indicative of a high risk 

of structural damage and disease progression [5]. We found 
that, in this patient population, the onset of remission was 
quickest in those with symptom duration ≤ 3 months, again 
demonstrating the benefits of earlier intervention. Indeed, 
faster response to treatment with a tumor necrosis factor 
inhibitor [11] and lower disease activity within 3 months of 
initiating treatment [6] have been shown to be indicative of 
better long-term outcomes.

The results of the AVERT trial, indicating that abatacept 
can achieve drug-free remission in patients with very early 
disease [5], are consistent with the finding that abatacept has 
a greater impact on naïve T cells than on memory T cells 
[12], providing a scientific rationale for the use of abatacept 
early in the disease course.

As adverse events are always a concern when using 
medications, allowing patients in remission to discontinue 
treatment without relapse would be advantageous. In addi-
tion, maintenance of drug-free remission would provide 
significant financial benefits to payers as well as patients. In 
this study, we were not able to predict which patients were 
most likely to achieve remission and stay in remission. This 
should be a goal of future research.

Limitations of this study should be considered and 
include that this was a post hoc analysis, and that the trial 
was not powered to detect the effects of abatacept mono-
therapy. In addition, there may be a regional difference 
in how quickly patients access care across the symptom 
duration groups. A greater number of males in the shorter 
symptom duration group may also have influenced a bet-
ter prognosis [13], and a lower baseline HAQ may indi-
cate that patients were less impacted by the disease and 
thus more inclined to stay off therapy. While a 6-month 
window is frequently used for similar analyses, here we 
used a 3-month window to examine the very earliest 
patients, which revealed more clear effects compared with 
the longer duration groups (> 3 to ≤ 6 months and > 6 
months). In addition, we used a > 0.3-unit cut-off point for 
our minimal clinically important difference of the HAQ-DI 
(others have used a 0.22 or 0.4 change [14, 15]), as this 
had been a previously defined threshold for analysis in this 
trial and supported by the literature [5, 16].

In summary, early treatment of patients with early, 
active, poor prognosis RA with abatacept plus MTX 
results in a numerically higher rate of remission and 
improvements in physical function compared with MTX 
monotherapy, with the fastest onset and greatest benefit to 
patients with the shortest symptom duration (≤ 3 months).

Fig. 1   Proportion of patients achieving DAS-defined remission over 
time by symptom duration in each treatment arm: a abatacept + MTX, 
b abatacept monotherapy, c MTX monotherapy. Error bars represent 
95% CI. DAS-defined remission is defined as DAS28-CRP < 2.6. 
DAS28-CRP  Disease Activity Score in 28 joints with C-reactive pro-
tein (DAS28-CRP); MTX methotrexate
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