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ABSTRACT

Introduction: One target of rheumatoid arthri-
tis (RA) treatment is to achieve early sustained
remission; over the long term, patients in sus-
tained remission have less structural joint
damage and physical disability. We evaluated
Simplified Disease Activity Index (SDAI)

remission with abatacept ? methotrexate ver-
sus abatacept placebo ? methotrexate and
impact of de-escalation (DE) in anti-citrulli-
nated protein antibody (ACPA)-positive
patients with early RA.
Methods: The phase IIIb, randomized, AVERT-2
two-stage study (NCT02504268) evaluated
weekly abatacept ? methotrexate versus abata-
cept placebo ? methotrexate. Primary end-
point: SDAI remission (B 3.3) at week 24. Pre-
planned exploratory endpoint: maintenance of
remission in patients with sustained remission
(weeks 40 and 52) who, from week 56 for
48 weeks (DE period), (1) continued combina-
tion abatacept ? methotrexate, (2) tapered
abatacept to every other week
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(EOW) ? methotrexate for 24 weeks with sub-
sequent abatacept withdrawal (abatacept
placebo ? methotrexate), or (3) withdrew
methotrexate (abatacept monotherapy).
Results: Primary study endpoint was not met:
21.3% (48/225) of patients in the combination
and 16.0% (24/150) in the abatacept
placebo ? methotrexate arm achieved SDAI
remission at week 24 (p = 0.2359). There were
numerical differences favoring combination
therapy in clinical assessments, patient-re-
ported outcomes (PROs) and week 52 radio-
graphic non-progression. After week 56, 147
patients in sustained remission with abata-
cept ? methotrexate were randomized (combi-
nation, n = 50; DE/withdrawal, n = 50;
abatacept monotherapy, n = 47) and entered
DE. At DE week 48, SDAI remission (74%) and
PRO improvements were mostly maintained
with continued combination therapy; lower
remission rates were observed with abatacept
placebo ? methotrexate (48.0%) and with
abatacept monotherapy (57.4%). Before with-
drawal, de-escalating to abatacept
EOW ? methotrexate preserved remission.
Conclusions: The stringent primary endpoint
was not met. However, in patients achieving
sustained SDAI remission, numerically more
maintained remission with continued abata-
cept ? methotrexate versus abatacept
monotherapy or withdrawal.
Trial Registration: ClinicalTrials.gov identifier,
NCT02504268.

PLAIN LANGUAGE SUMMARY

Patients with rheumatoid arthritis (RA) experi-
ence inflamed and damaged joints. RA is an
autoimmune disease in which proteins called
autoantibodies, particularly anti-citrullinated
protein autoantibodies, target the patient’s own
joint tissue and organs by mistake, leading to
symptomatic inflammation. Successful treat-
ment can decrease the disease’s activity to a
state known as remission. Patients in remission
may experience little or no symptoms and it
may be possible for some to then be able to
decrease their treatment. Here, we report the
results of a large, international study that
looked at two treatments, abatacept and
methotrexate, in patients with RA and anti-
citrullinated protein autoantibodies. The study
had two parts. Firstly, to see how many patients
had success (remission) with weekly abatacept
and/or methotrexate treatment, and secondly,
to see if remission was maintained when treat-
ment was either continued or decreased and
stopped. The study showed that the number of
patients in remission 6 months after treatment
started was not greatly different between
patients treated with both abatacept and
methotrexate and those treated with just
methotrexate. Those taking abatacept and
methotrexate together had better remission
rates 1 year later. More patients also stayed in
remission when they continued to receive both
abatacept and methotrexate compared with
those who were just treated with abatacept or
when their abatacept treatment was decreased
and stopped. More patients stayed in remission
when abatacept was decreased than when it was
stopped. The results from this study may help
determine possible future treatment reduction
and/or withdrawal plans for some patients with
RA.

Keywords: Abatacept; Anti-citrullinated
protein autoantibodies (ACPAs); Clinical trial;
Disease-modifying antirheumatic drugs
(DMARDs); Rheumatoid arthritis
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Key Summary Points

Why carry out this study?

Achieving early sustained remission is a
target of rheumatoid arthritis (RA)
treatment. Over the long term, patients in
sustained remission have less structural
joint damage and physical disability.

Following a period of sustained disease
remission defined by stringent criteria,
treatment dose reduction could be
considered, although in general, tapering
regimens are not well defined.

Assessing Very Early Rheumatoid arthritis
Treatment-2 (AVERT-2), a randomized,
placebo-controlled study, evaluated the
efficacy of abatacept ? methotrexate
(MTX) versus abatacept placebo ? MTX
and the maintenance of remission during
a subsequent dose de-escalation (DE)
period.

What was learned from the study?

Patient-reported outcomes (PROs) and
inhibition of structural damage showed
clinically meaningful benefits of
abatacept ? MTX therapy in anti-
citrullinated protein antibody–positive
patients with early RA. Numerically more
patients maintained Simplified Disease
Activity Index remission with improved
PROs on continued abatacept ? MTX
therapy than on abatacept monotherapy
or DE and withdrawal; abatacept DE was
more effective than withdrawal in
maintaining clinical and PRO responses.

These data provide practice-informing
evidence to aid in defining a treatment
tapering/withdrawal strategy for patients
with RA treated with abatacept and
suggest that abatacept-containing DE
regimens may be a viable option in some
patients without risking damage
progression.

DIGITAL FEATURES

This article is published with digital features,
including a video abstract, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.21667850.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic autoim-
mune disease characterized by systemic
inflammation and joint destruction. The pres-
ence of the autoantibodies, rheumatoid factor
and anti-citrullinated protein antibody (ACPA),
is associated with a less favorable prognosis [1].
Remission, a target of RA treatment, is defined
by the American College of Rheumatology
(ACR) and the European Alliance of Associa-
tions for Rheumatology (EULAR) as a sustained
reduction in disease activity measured by a
Simplified Disease Activity Index (SDAI) score
of B 3.3 or Boolean remission [2, 3]. Achieve-
ment of remission has been associated with
reduced structural joint damage and physical
disability over the longer term [4].

A therapeutic ‘‘window of opportunity’’ may
exist where optimal early treatment may induce
sustained remission and beneficial long-term
outcomes [5– 7]. Use of a treat-to-target
approach is advocated by ACR and EULAR; both
suggest early use of biologic and targeted syn-
thetic disease-modifying antirheumatic drugs
(b/tsDMARDs) when use of conventional syn-
thetic DMARDs (csDMARDs) fails to reach the
therapeutic target within 3–6 months [2, 3]. In
patients successfully achieving sustained
remission by this approach, ACR/EULAR advise
that tapering treatment following sustained
disease remission may be possible, though they
remain cautious about all treatment discontin-
uation [2, 3]. Tapering can include dose reduc-
tion, an increased interval between
administration or discontinuation [8]. It has
been suggested that drug tapering after remis-
sion is possible, but not sustainable, for the
majority of patients; no studies have
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demonstrated sustained drug-free remission for
longer than 2 years [9, 10].

Abatacept, a selective co-stimulation modu-
lator that blocks the interaction between CD80/
CD86 on antigen-presenting cells and CD28 on
T cells, disrupting naive T-cell activation [11],
has proven efficacy in the treatment of patients
with RA as monotherapy or in combination
with csDMARDs [12– 14]. We report the results
of Assessing Very Early Rheumatoid arthritis
Treatment-2 (AVERT-2), a randomized, placebo-
controlled study to evaluate the efficacy and
safety of subcutaneous (SC) abata-
cept ? methotrexate (MTX) versus abatacept
placebo ? MTX in MTX-naive, ACPA-positive
patients with early, active RA.

The objectives of the study were: firstly, to
investigate the efficacy of weekly SC abata-
cept ? MTX versus abatacept placebo ? MTX
in achieving stringent remission (SDAI score
B 3.3) at 24 weeks in ACPA-positive patients
with early, active RA; and secondly, to assess in
an exploratory analysis the maintenance of
SDAI remission, radiographic progression,
patient-reported outcomes (PROs) and safety
during a subsequent dose de-escalation (DE)
period in those with sustained SDAI remission
at week 56. Both the primary endpoint and the
exploratory analyses are reported here.

METHODS

Study Design

AVERT-2 was a phase IIIb, randomized, double-
blind, placebo-controlled study (NCT02504268)
in ACPA-positive patients with early RA assess-
ing the primary endpoint at week 24. This two-
stage study consisted of a 56-week double-blind,
placebo-controlled induction period (IP)
assessing if there was a statistical difference in
achieving SDAI remission with abata-
cept ? MTX versus abatacept placebo ? MTX
followed by a 48-week DE period.

IP

In the IP, patients were randomized (3:2) to
blinded SC abatacept (125 mg once weekly
[QW]) ? oral MTX (starting dose 7.5–15 mg/
week titrated to C 15 mg [as tolerated and per
local practice and regulations] within 8 weeks)
or SC abatacept placebo ? oral MTX (with
titration as above) for 56 weeks (Fig. 1).

Per protocol, the primary endpoint was
analyzed at week 24 in the first 325 patients
randomized globally plus the first 50 patients
randomized from Japan (as required by the
Japanese regulatory authorities) and consisted
of patients who received C 1 dose of study drug
in the first 56 weeks of the study (primary
analysis population). This primary analysis
population was used for the primary endpoint
and some secondary endpoints (see Results).
Cohort 1 (intention-to-treat population) com-
prised all randomized patients who received
C 1 dose of study drug in the first 56 weeks.
Additional patients (cohort 2) who received
open-label abatacept ? MTX were enrolled fol-
lowing completion of randomization for cohort
1 to ensure an adequate number of patients
achieving SDAI remission for inclusion in the
DE period.

Dose DE Period

All patients (from cohorts 1 and 2) who com-
pleted the initial 56 weeks with abata-
cept ? MTX who had sustained SDAI remission
at both weeks 40 and 52 were randomized
(1:1:1) at week 56 to one of three blinded abat-
acept treatment arms in the 48-week DE period:
(1) continuation of combination (abatacept
QW ? MTX for 48 weeks), (2) abatacept step-
wise DE and subsequent withdrawal (abatacept
every other week [EOW] ? MTX for 24 weeks
[Part 1] followed by abatacept placebo ? MTX
for 24 weeks [Part 2]), or (3) abatacept
monotherapy (abatacept QW ? MTX placebo)
(Fig. 1). In a fourth treatment arm, patients with
sustained SDAI remission (B 3.3) who received
abatacept placebo ? MTX during the first
56 weeks were not re-randomized, but contin-
ued the same treatment in the DE period in a
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blinded fashion and were followed for moni-
toring purposes; no comparisons between this
arm and the abatacept arms are reported in the
DE period (data for these patients are in Sup-
plementary Material Table S1). The DE popula-
tion comprised those who received C 1 dose of
study drug during the DE period.

MTX doses following initial titration
remained unchanged during the DE period.
Stable doses of oral corticosteroids
(B 10 mg/day prednisone or its equivalent)
were allowed and maintained throughout the
study with a single increase to a maximum

equivalent of 10 mg/day during the DE period.
Between study weeks 56 and 80, a single rescue
intervention for RA of intramuscular, intraar-
ticular, or oral steroids was allowed at the
investigator’s discretion. A second rescue inter-
vention was allowed between study weeks 80
and 104. For each rescue intervention, the total
dose (intramuscular, intraarticular, or oral)
was B 80 mg methylprednisolone or its
equivalent.

Patients were recruited from 167 sites in 30
countries (Supplementary Material Methods)
from September 2015 until September 2019.

Fig. 1 Study design. An IP of 56 weeks was followed by a
48-week DE period for patients in sustained SDAI
remission (SDAI B 3.3 at both weeks 40 and 52 in the
IP) and a 24-week post-treatment follow-up period (all
patients). The open-label treatment schedule, which ran
throughout the study, was an option for: (1) escape during
the IP (between weeks 28 and 52) for patients who, despite
a sufficient trial of rescue therapies, were considered non-
responders (did not achieve a 20% improvement using the
66/68 Joint Count Assessment in both tender joint count
and swollen joint count relative to day 1); (2) patients at
the end of the IP (after week 56) who did not achieve
sustained remission (SDAI B 3.3 at weeks 40 and 52); or
(3) escape during the DE period for patients with
SDAI[ 11 (at least moderate disease activity). Patients
followed the open-label treatment schedule (SC abatacept
QW ? MTX) until they completed 104 weeks of treat-
ment relative to the initial randomization date. Cohort 1:
intention-to-treat population, all randomized patients who

received C 1 dose of study drug in the first 56 weeks;
cohort 2: patients enrolled following completion of
randomization for cohort 1 to ensure an adequate number
of patients proceeded to the DE period. aSDAI B 3.3 at
both weeks 40 and 52; patients from treatment arm A
were randomized into the DE period to one of three
treatment arms (C: continuation, D: DE followed by
withdrawal, or E: monotherapy) in a ratio of 1:1:1 at
week 56. Patients in sustained SDAI remission from
treatment arm B continued to receive this treatment in a
blinded fashion. bDE completers. ABA abatacept, DE de-
escalation, EOW every other week, IP induction period,
MRI magnetic resonance imaging, MTX methotrexate, OL
open-label period, QW once weekly, SC subcutaneous,
SDAI Simplified Disease Activity Index, Wk week.
Figure adapted from Emery P, et al. EULAR Congress
2020; 6 June 2020; poster SAT0104 (with permission of
the authors)
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Randomization and masking details are in the
Supplementary Material Methods.

Compliance with Ethics Guidelines

The study was conducted in accordance with
the Declaration of Helsinki of 1964 and its later
amendments, and the International Conference
on Harmonization Good Clinical Practice
guidelines. The protocol and patient-informed
consent received institutional review board
(IRB)/independent ethics committee approval
prior to study initiation. The study was gov-
erned by both a central IRB (the New England
IRB) as well as local and university-based IRBs if
required at individual sites. IRB approval num-
bers per site were not provided and are not
available. All patients provided written
informed consent prior to enrollment. This
informed consent included both the induction
and the DE periods.

Patients

Patients aged C 18 years with RA (defined by
ACR/EULAR 2010 criteria) [15] were included if
they had baseline SDAI scores[ 11, disease
duration (since diagnosis) B 6 months, were
ACPA positive, had high sensitivity C-reactive
protein (CRP)[ 3 mg/L or erythrocyte sedi-
mentation rate (ESR) C 28 mm/h, had C 3 ten-
der and C 3 swollen joints on a 28-joint count
(at screening and day 1), and were DMARD-
naive. Exclusion criteria are in the Supplemen-
tary Material Methods.

Study Assessments and Endpoints

Efficacy
Clinical efficacy was assessed by the proportions
of patients achieving SDAI remission (B 3.3),
Boolean remission, Disease Activity Score in 28
joints using CRP (DAS28 [CRP])\ 2.6, and
C 20%/50%/70% improvement in ACR criteria
(ACR20/50/70) during the course of the study.
Radiographic progression was evaluated by
modified total Sharp score (mTSS; calculated as
proportion of non-progressors, defined as a
change from baseline B 0.5).

The primary endpoint of the AVERT-2 study
was the proportion of patients in SDAI remis-
sion at week 24. Secondary endpoints included
proportions of patients with: radiographic pro-
gression (mTSS; non-progressors change from
baseline B 0.5) at week 52, SDAI and Boolean
remission at week 52, and DAS28 (CRP)\2.6 at
week 24.

Exploratory endpoints evaluated at the end
of the 48-week DE period included proportion
of patients with SDAI B 3.3, adjusted mean
change in SDAI score from DE period day 1, and
radiographic progression (mTSS, non-progres-
sors change from baseline B 0.5). Further end-
points are detailed in the Supplementary
Material Methods.

PROs
PROs included the proportion of patients with
improvement in Health Assessment Question-
naire-Disability Index (HAQ-DI; responders
defined as C 0.30 decrease from baseline [16–
18]) and minimal clinically important differ-
ence (MCID; decrease C 0.22 from baseline
[19]), the 36-Item Short-Form Health Survey
(SF-36) v2.0 Physical Function Scale (PFS) and
Mental Component Summary (MCS; PFS and
MCS 0–100), Functional Assessment of Chronic
Illness Therapy–Fatigue (FACIT-F; 0–52), and
Work Productivity and Activity Impair-
ment–Rheumatoid Arthritis (WPAI-RA; 0–100).

Safety
Safety was assessed by adverse events (AEs),
serious AEs (SAEs), discontinuations due to AEs,
and AEs of special interest (including those
associated with immunomodulatory drugs,
such as infections, prespecified autoimmune
disorders, malignancies, and injection
reactions).

Statistical Analysis

Sample Size Calculation
IP To have sufficient power (75%) to assess the
X-ray secondary endpoint (change in mTSS at
week 52), a total sample size of 750 patients was
planned for the IP of the study. A sample size of
375 patients (225 in the abatacept ? MTX arm
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plus 150 in the abatacept placebo ? MTX arm)
was planned for the primary analysis popula-
tion to assess the primary endpoint (SDAI
remission rate at week 24) with[99% power to
detect a treatment difference of 25% between
the two treatment groups. This calculation was
based on a continuity-corrected chi-squared test
with a 5% two-sided alpha level and assuming
SDAI remission rates at week 24 of 39% and
14% in the abatacept ? MTX and abatacept
placebo ? MTX treatment groups, respectively.

Dose DE Period A total sample size of 700
patients receiving abatacept ? MTX QW (250
from cohort 2 plus 450 from cohort 1) would
allow approximately 280 patients to meet sus-
tained SDAI remission at weeks 40 and 52 and
be eligible to be randomized in the DE period.
This sample size would allow a 97.5% confi-
dence interval (CI) of the estimate of treatment
difference in SDAI remission rate between the
arms in each comparison (comparison 1: abat-
acept EOW ? MTX QW [withdrawal arm] ver-
sus abatacept QW ? MTX QW [combination
arm]; comparison 2: abatacept monotherapy
versus abatacept QW ? MTX QW [combination
arm]) to each exclude 0, assuming an 11% delta
and 90% SDAI remission rate in the abata-
cept ? MTX QW arm at week 24 of the DE
period.

Analyses
Baseline demographics and disease characteris-
tics were analyzed descriptively. The primary
endpoint was tested using a logistic regression
model with a two-sided alpha equal to 0.05;
other binary variables during the IP were also
analyzed in this fashion. Point estimates of the
adjusted odds ratios (ORs) for the odds of
achieving the outcome measure in the abata-
cept ? MTX arm compared with the abatacept
placebo ? MTX arm and corresponding 95%
CIs and p-values were provided. The primary
and secondary endpoints were tested in a hier-
archical fashion to maintain the overall type I
error rate at 5% (detailed in the Supplementary
Material Methods). Continuous variables were

analyzed using a longitudinal repeated mea-
sures model. Missing values were imputed as
non-remitter, except if missing between two
visits with remission where they were imputed
as remitter.

For the DE analysis, all efficacy summaries
are presented over time (from week 56 to
week 104) and by treatment group. Treatment
differences and 97.5% CIs were provided for the
three treatment arms of the DE period; no for-
mal statistical analyses were conducted for the
DE period. Safety was analyzed descriptively
throughout the study.

RESULTS

Patient Disposition and Baseline
Characteristics

Cohort 1 comprised 752 patients who were
randomized to receive abatacept ? MTX
(n = 451) or abatacept placebo ? MTX
(n = 301); 63 (14%) and 68 (23%) discontinued,
respectively, by week 52 (Supplementary Mate-
rial Fig. S1). An additional 242 patients (cohort
2) were treated with open-label abata-
cept ? MTX during the IP (Supplementary
Material Fig. S1; Supplementary Material
Table S2).

In the DE period, 147 patients in sustained
SDAI remission (cohort 1, n = 94; cohort 2,
n = 53) were randomized (abatacept QW ?

MTX continuation, n = 50; DE and withdrawal,
n = 50; abatacept monotherapy, n = 47). A total
of 37 patients who received abatacept pla-
cebo ? MTX during the IP continued in the DE
period without randomization, and 30 patients
discontinued during the DE period (Supple-
mentary Material Fig. S1).

Overall demographic and disease character-
istics (Table 1) were similar across treatment
groups, whereas at DE period day 1 across ran-
domized arms, ranges of mean scores were
1.87–2.52 (SDAI), 1.63–1.79 (DAS28 [CRP]),
0.18–0.30 (HAQ-DI), and 4.31–8.30 (mTSS).
Mean (range) MTX dose at DE day 1 continued
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unchanged and was 14.9 (7.0–24.9) mg/week in
the abatacept ? MTX group.

Efficacy

IP
Primary Endpoint (Primary Analysis Popula-
tion) The primary endpoint was not met:
there was no statistically significant difference
between abatacept ? MTX compared with
abatacept placebo ? MTX in the proportion of
patients with SDAI B 3.3 at week 24 in the pri-
mary analysis population 21.3% (48/225) for
abatacept ? MTX versus 16.0% (24/150) for
abatacept placebo ? MTX (adjusted OR [95%
CI]: 1.4 [0.8–2.5]; p = 0.2359) (Fig. 2a).

Secondary and Exploratory Endpoints (Pri-
mary Analysis Population and Cohort 1) As
the primary analysis was not met, only nominal
p-values could be calculated for the subsequent
analyses. Nominally significant benefits in favor
of abatacept ? MTX were observed for all sec-
ondary endpoints. At week 24, proportions of
patients with DAS28 (CRP)\2.6 (primary
analysis population) were 38.7% for abata-
cept ? MTX and 25.3% for abatacept pla-
cebo ? MTX (nominal p = 0.0112;
Supplementary Material Fig. S2). At week 24,
the proportions of patients in Boolean remis-
sion with HAQ-DI response and with ACR20/
50/70 responses were numerically greater in the
abatacept ? MTX group than in the abatacept
placebo ? MTX group (data not shown). At
week 52, proportions of patients achieving SDAI
remission (primary analysis population) were
29.8% for abatacept ? MTX and 15.3% for
abatacept placebo ? MTX (nominal p = 0.0021;
Table 2). Boolean remission was achieved by
21.5% and 11.6% of patients in the abata-
cept ? MTX and abatacept placebo ? MTX
arms, respectively (cohort 1; nominal
p = 0.0006; Table 2). Mean (standard deviation
[SD]) changes from baseline in mTSS were 0.5
(2.3) in the abatacept ? MTX group and 2.5
(6.2) in the abatacept placebo ? MTX group
(cohort 1; nominal p\0.0001); proportions of
radiographic non-progressors were 71.8% in the
abatacept ? MTX group and 49.0% in the

abatacept placebo ? MTX group (cohort 1;
Table 2 and Supplementary Material Fig. S3).
The proportions of patients with HAQ-DI MCID
(decrease C 0.22) were 77.2% for abata-
cept ? MTX and 69.4% for abatacept pla-
cebo ? MTX (cohort 1; p = 0.0178;
Supplementary Material Table S3). Additional
secondary and exploratory endpoints are
detailed in Table 2 and Supplementary Material
Tables S4 and S5.

Dose DE Period (DE Population)
A total of 74.0% of patients in the abata-
cept ? MTX continuation arm maintained
SDAI remission at DE period week 48 (Table 2;
Fig. 2b) compared with 48.0% in the abatacept
DE and withdrawal arm and 57.4% in the
abatacept monotherapy arm. At DE period
week 24, 74.0% of patients in the abatacept DE
and withdrawal armmaintained SDAI remission
prior to withdrawal compared with 78.0% in
the abatacept ? MTX continuation arm. The
adjusted mean changes in SDAI in the DE per-
iod were relatively low but higher in the abat-
acept monotherapy and withdrawal arms
compared with the continuation arm (Fig. 3).
All SDAI components increased similarly in the
DE and withdrawal arm. The proportion of
patients with SDAI B 11 was 90.0% in the
abatacept ? MTX continuation arm, 64.0% in
the abatacept DE and withdrawal arm, and
76.6% in the abatacept monotherapy arm at DE
period week 48 (Table 2).

Sustained inhibition of structural damage
was seen in all arms at DE period week 48
(Table 2). Most patients (84–87%) were radio-
graphic non-progressors (change from DE
weeks -4 to 48, mTSS B 0.5).

PROs

PROs improved in all groups during the IP
(Supplementary Material Tables S4 and S5). The
proportion of patients achieving a HAQ-DI
C 0.3 decrease was maintained through DE
period week 48 (84.0% of those continuing
abatacept and 64.0% and 74.5% in the DE/
withdrawal and abatacept monotherapy arms,
respectively) (Supplementary Material Fig. S4).
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Fig. 2 Proportion of patients in SDAI remission (B 3.3)
in (a) the IP at week 24 (primary endpoint; primary
analysis population, n = 375) and in (b) the DE period
among randomized patients. For part A, data in table re-
port n (%). For part B, the percentage of patients at week 0
of the DE period represents those in remission at weeks 40
and 52 of the IP; some patients may have lost remission
prior to week 0 of the DE period. Numbers of patients in
remission during the DE period were as follows: DE
week 24, abatacept QW ? MTX n = 39, abatacept
EOW ? MTX n = 37, abatacept QW ? MTX PBO
n = 30; DE week 48, abatacept QW ? MTX n = 37,
abatacept PBO ? MTX n = 24, abatacept QW ? MTX
PBO n = 27. The primary analysis population was a subset
comprising the first 50 patients from Japan and the first
325 from the rest of the world who were randomized and

treated in the IP. Missing values were imputed as non-
remitter, except if missing between two visits with
remission where they were imputed as remitter. Treatment
differences and 95% CIs were based on minimum risk
weights. Error bars show 95% CIs. aDe-escalation period
weeks 0–48 correspond to study weeks 56–104. ABA
abatacept, CI confidence interval, DE de-escalation,
EOW every other week, IP induction period, MTX
methotrexate, PBO placebo, QW once weekly, SDAI
Simplified Disease Activity Index. a Reprinted from ACR/
ARHP Annual Scientific Meeting held 19–24 October
2018. The American College of Rheumatology does not
guarantee, warrant, or endorse any commercial products or
services. Reprinted by Springer Nature. b Adapted from
Emery P, et al. EULAR Congress 2020; 6 June 2020;
poster SAT0104 (with permission of the authors)
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Table 2 Summary of secondary and exploratory endpoints for the IP (cohort 1 and primary analysis population) and DE
populations

IP week 52 Nominal

p-value

DE week 48

Abatacept

QW 1 MTX

(n = 451)

Abatacept

placebo

QW 1 MTX

(n = 301)

Abatacept

QW 1 MTX

(continuation,

n = 50)

Abatacept

EOW 1 MTX

(DE and

withdrawal,

n = 50)

Abatacept

QW 1 MTX

placebo

(monotherapy,

n = 47)

Clinical outcomes and PROs

SDAI remission (B 3.3)a 67 (29.8)

(n = 225)

23 (15.3)

(n = 150)

0.0021 37 (74.0) 24 (48.0) 27 (57.4)

SDAI LDA ([ 3.3– B 11) 164 (36.4) 89 (29.6) N/A 8 (16.0) 8 (16.0) 9 (19.1)

SDAI LDA or remission (B 11) N/A N/A N/A 45 (90.0) 32 (64.0) 36 (76.6)

Boolean remission 97 (21.5) 35 (11.6) 0.0006 N/A N/A N/A

ACR20 response 340 (75.4) 185 (61.5) N/A 45 (90.0) 33 (66.0) 37 (78.7)

ACR50 response 271 (60.1) 135 (44.9) N/A 45 (90.0) 32 (64.0) 36 (76.6)

ACR70 response 199 (44.1) 79 (26.2) N/A 41 (82.0) 26 (52.0) 31 (66.0)

HAQ-DI response (C 0.30 decrease) 331 (73.4) 203 (67.4) N/A 42 (84.0) 32 (64.0) 35 (74.5)

Radiographic progression

Change from baseline in mTSSb, mean (SD) 0.5 (2.28)

(n = 401)

2.5 (6.21)

(n = 249)

\ 0.0001 0.2 (1.41)

(n = 45)

0.77 (2.18)

(n = 44)

-0.10 (1.68)

(n = 37)

Change from DE week -4 to DE week 48 (study

week 104) in mTSS score, mean (SD)

– – – 0.21 (0.60) 0.28 (0.84) -0.03 (0.73)

p-value for treatment differencec – – – N/A 0.9736 0.0812

Change from baseline mTSS B 0.5d (95% CI) 288 (71.8)

(67.4–76.2)

(n = 401)

122 (49.0)

(42.8-55.2)

(n = 249)

N/A 40 (87.0)

(77.2–96.7)

37 (84.1)

(73.3–94.9)

34 (87.2)

(76.7–97.7)

Estimate of difference versus abatacept

QW ? MTX (97.5% CI)

– – – N/A -2.9

(-19.5 to 13.8)

0.2

(-16.1 to 16.6)

Data are shown as n (%) unless otherwise specified

n values in bold show the numbers of patients with data available

Number of patients with assessments available at DE week -4 and DE week 48; abatacept QW ? MTX n = 46, abatacept EOW ? MTX/abatacept placebo ? MTX n = 44,

abatacept QW ? MTX placebo n = 39

Nominal p-values for key secondary endpoints are given

ACR20/50/70 20%/50%/70% improvement in American College of Rheumatology score, CI confidence interval, DE de-escalation, EOW every other week, HAQ-DI Health

Assessment Questionnaire-Disability Index, IP induction period, LDA low disease activity, mTSS modified total Sharp score, MTX methotrexate, N/A not available, PRO

patient-reported outcome, QW once weekly, SD standard deviation, SDAI Simplified Disease Activity Index
aFor all endpoints shown, data for the IP are for the cohort 1 analysis population, except for SDAI remission data, which are for the primary analysis population (as per the

prespecified key secondary endpoint)
bFor DE period day 1
cp-value was derived from a rank-based non-parametric analysis of covariance model with treatment group and DE week -4 rank score as covariates. For patients missing a DE

week 48 assessment, if DE week -4 data and data collected during the DE period were available, imputation was made at DE week 40
dTotal mTSS change from IP day 1 to week 52 B 0.5. For patients where baseline data and data collected at the time of discontinuation/early escape is available, imputation was

done by linear extrapolation. Total mTSS change from DE week -4 to DE week 48 B 0.5
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At DE period week 48, the adjusted mean
change in HAQ-DI declined slightly in the
abatacept combination arm but increased to
some extent in the DE/withdrawal and abata-
cept monotherapy arms (Fig. 4a). Similar trends
were seen for SF-36 PFS and FACIT-F (Supple-
mentary Material Table S5). FACIT-F scores
improved during the DE period in all arms
(Fig. 4b), while WPAI-RA scores remained
stable in the abatacept ? MTX continuation
(adjusted mean change: 3.34) and monotherapy
arms (adjusted mean change: 2.53) but wors-
ened in the DE and withdrawal arm (adjusted
mean change: 13.08) (Fig. 4c).

Safety

Safety profiles were similar across treatment
arms during the study period with no unex-
pected safety signals noted. During the IP, 38
patients (30 [6.7% abatacept ? MTX] and 8

[2.7% abatacept monotherapy]) reported SAEs,
leading to 5 and 3 discontinuations, respec-
tively (Supplementary Material Table S6).

DISCUSSION

Although the primary endpoint of the propor-
tion of patients achieving SDAI remission was
not met in the AVERT-2 study, clinically
meaningful benefits of abatacept ? MTX ther-
apy compared with abatacept placebo ? MTX
were observed in ACPA-positive, MTX-naive
patients with early RA with SDAI and Boolean
remission, DAS28 (CRP), HAQ-DI improvement,
and change at week 52 in mTSS. To our knowl-
edge, this study is the first to evaluate bDMARD
efficacy using the strict metric of SDAI remis-
sion as a primary endpoint. Not meeting the
primary endpoint may have been due to the
stringency of achieving SDAI remission by
week 24 rather than a later time point, in

Fig. 3 Adjusted mean change in SDAI score from de-
escalation day 1 in the DE period among randomized
patients. Estimates of adjusted mean changes are from a
repeated measures mixed model that includes treatment
group, time, time-by-treatment interaction, baseline value,
and time-by-baseline value interaction. Patients receiving
ABA EOW ? MTX were switched to ABA PBO ?

MTX at DE week 24 in a blinded manner. Number of
patients with measurement at DE weeks 0, 12, 24, 40, and
48, respectively: ABA QW ? MTX: 50, 45, 42, 41, and

40; ABA EOW ? MTX/ABA PBO ? MTX: 50, 45, 43,
41, and 37; ABA ? MTX PBO: 47, 39, 34, 33, and 31.
ABA abatacept, DE de-escalation, EOW every other
week, MTX methotrexate, PBO placebo, QW once weekly,
SDAI Simplified Disease Activity Index. Figure reprinted
from ACR/ARHP Annual Scientific Meeting held 8–13
November 2019. The American College of Rheumatology
does not guarantee, warrant, or endorse any commercial
products or services. Reprinted by Springer Nature
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patients with high disease activity who were
treatment naive. If a less restrictive endpoint
had been used, such as DAS28 (CRP) at week 24,
which has been reported in numerous other
trials [20, 21], this study would have met the
primary endpoint (the difference in DAS28
[CRP]\2.6 of 38.7% for abatacept ? MTX and
25.3% for abatacept placebo ? MTX
monotherapy was nominally significant
[p = 0.0112] at week 24). We elected to use
SDAI, one of the two ACR/EULAR-approved
metrics for sustained remission, as we felt this
would be clinically meaningful and more likely
to result in limiting radiographic progression
and improving patient function and health-re-
lated quality of life over time compared with
DAS28 (CRP). It is well recognized that patients
with DAS28 (CRP)\2.6 can still have signifi-
cant disease activity [22]. Consistent with this
hypothesis are the clinically meaningful bene-
fits of abatacept ? MTX therapy we observed in
SDAI and Boolean remission, improvement in
PROs, and slowing radiographic progression at
week 52.

Importantly, in a pre-planned analysis, we
investigated dose DE over 48 weeks. The results
suggest that in patients with sustained SDAI
remission during the IP, the continuation of
combination therapy (abatacept QW ? MTX)
was more effective for maintenance of SDAI
remission than abatacept monotherapy or DE

and withdrawal of abatacept. Of note, the DE of
abatacept to EOW ? MTX preserved SDAI
remission as well as the PRO response in a large
proportion of patients, suggesting that this may
be a viable alternative in the real world. Abata-
cept withdrawal was associated with the great-
est loss of patients in remission (although
changes in mean SDAI score were minor) as well
as worsening of PROs. Of interest, radiographic
non-progression was maintained in all three
abatacept arms including the arm with eventual
abatacept withdrawal. One possible explanation
for this is that radiographic improvements
might be more persistent and slower to worsen
than clinical outcomes, and that progression
would not be expected in patients whose dis-
ease is under reasonable control, although it is
unclear if radiographic progression would
increase over a longer timeframe than 3 months
in the abatacept withdrawal arm. Safety was
similar across treatments with no unexpected
events reported.

Dose reduction data are available for many
DMARDs; notably, unlike the AVERT-2 study,
these data are not from randomized controlled
studies and do not include radiographic out-
comes [2, 23–32]. Most reports conclude that
discontinuation of bDMARDs is often associ-
ated with eventual worsening of disease [25–
30]. Findings from trials assessing dose reduc-
tion/withdrawal of other bDMARDs have some
similarities with the current study. The PRE-
SERVE trial showed that conventional or
reduced doses of etanercept ? MTX in patients
with active RA were more effective in main-
taining low disease activity than MTX alone
[31]. The PRIZE study of etanercept tapering in
MTX- and bDMARD-naive patients with early
RA also noted that reduced doses of etaner-
cept ? MTX were more effective in maintaining
remission/low disease activity than MTX alone
or treatment discontinuation [33]. In addition,
PRIZE data showed that continuing MTX with
or without etanercept, compared with switch-
ing to placebo, did not affect radiographic pro-
gression [33]. A trial of certolizumab pegol
showed that it cannot be withdrawn in most
patients with low-to-moderate active RA
achieving Clinical Disease Activity Index B 2.8,
as most patients were unable to maintain

Fig. 4 Adjusted mean change in a HAQ-DI, b FACIT-F,
and c WPAI-RA activity impairment in the DE period
among randomized patients. HAQ-DI and WPAI-RA
activity impairment: decrease in adjusted mean change de-
notes improvement; FACIT-F: increase in adjusted mean
change denotes improvement. ABA abatacept, CI confi-
dence interval, DE de-escalation, EOW every other week,
FACIT-F Functional Assessment of Chronic Illness
Therapy–Fatigue, HAQ-DI Health Assessment Question-
naire-Disability Index, PBO placebo, QW once weekly,
WPAI-RA Work Productivity and Activity Impair-
ment–Rheumatoid Arthritis. Figure adapted from Emery
P, et al. EULAR Congress 2020; 6 June 2020; poster
SAT0104 (with permission of the authors)

b
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remission [25]. These findings, combined with
data from this study, may help guide clinician
decision making once a patient is in sustained
remission. Guidelines suggest that treatment
dose adjustments following achievement of
sustained remission should focus on tapering by
dose reduction or interval increase rather than
by discontinuation [2, 3]. The AVERT-2 data
shown here provide practice-informing evi-
dence to aid in defining a treatment tapering/
withdrawal strategy for patients with RA treated
with abatacept.

There are some limitations to this study. The
generalizability of the data may be limited, as
this study included a select group of patients
with very early ACPA-positive RA, many of
whom were from South America. The choice of
SDAI remission by 6 months as primary end-
point in patients with very active RA may have
been overly optimistic; 12 months may have
been a more reasonable time frame. The DE/
withdrawal part of this study was not powered
to show whether the results were statistically
significant or not. Furthermore, the choice of
primary endpoint and/or its timing may not be
appropriate for head-to-head clinical trials that
have MTX as a comparator in patients with
early RA who are MTX naive and are highly
sensitive to the effects of MTX early in disease.

CONCLUSIONS

In summary, in this study of ACPA-positive,
MTX-naive patients with early RA and high
disease activity, a numerically but not statisti-
cally greater proportion of patients receiving
abatacept ? MTX achieved SDAI remission at
week 24 than those receiving abatacept pla-
cebo ? MTX, using the stringent primary end-
point of SDAI remission. However, abatacept in
combination with MTX led to meaningful
improvements in many other clinical assess-
ments and PROs, consistent with previous trials
in MTX-naive patients with early RA [34]. In
addition, during the DE period, among patients
with sustained SDAI remission following treat-
ment with abatacept ? MTX, the continuation
of abatacept ? MTX combination therapy was
more effective at maintaining SDAI remission

than abatacept monotherapy or DE followed by
subsequent withdrawal. Sustained inhibition of
structural damage was maintained at DE period
week 48 even after abatacept withdrawal.

The data suggest that some patients may
tolerate abatacept DE regimens, which may be a
viable option in clinical practice for patients
with early RA in sustained remission according
to stringent SDAI criteria without risking joint
damage progression.
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