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Abstract 

Background  AVERT-2 (a phase IIIb, two-stage study) evaluated abatacept + methotrexate versus methotrexate 
alone, in methotrexate-naive, anti-citrullinated protein antibody-positive patients with early (≤ 6 months), active 
RA. This subanalysis investigated whether individual patients who achieved the week 24 Simplified Disease Activity 
Index (SDAI) remission primary endpoint could sustain remission to 1 year and then maintain it following changes in 
therapy.

Methods  During the 56-week induction period (IP), patients were randomized to weekly subcutaneous abatacept 
125 mg + methotrexate or abatacept placebo + methotrexate. Patients completing the IP who achieved SDAI remis‑
sion (≤ 3.3) at weeks 40 and 52 entered a 48-week de-escalation (DE) period. Patients treated with abatacept + meth‑
otrexate were re-randomized to continue weekly abatacept + methotrexate, or de-escalate and then withdraw 
abatacept (after 24 weeks), or receive abatacept monotherapy. Proportions of patients achieving sustained SDAI and 
Boolean remission, and Disease Activity Score in 28 joints using C-reactive protein (DAS28 [CRP]) < 2.6, were assessed. 
For patients achieving early sustained SDAI remission at weeks 24/40/52, flow between disease activity categories and 
individual trajectories was evaluated; flow was also evaluated for later remitters (weeks 40/52 but not week 24).

Results  Among patients treated with abatacept + methotrexate (n/N = 451/752) at IP week 24, 22% achieved 
SDAI remission, 17% achieved Boolean remission, and 42% achieved DAS28 (CRP) < 2.6; of these, 56%, 58%, and 
74%, respectively, sustained a response throughout IP weeks 40/52. Among patients with a sustained response 
at IP weeks 24/40/52, 82% (14/17) on weekly abatacept + methotrexate, 81% (13/16) on abatacept monotherapy, 
63% (12/19) who de-escalated/withdrew abatacept, and 65% (11/17) on abatacept placebo + methotrexate were 
in SDAI remission at end of the DE period; rates were higher than for later remitters in all arms except abatacept 
placebo + methotrexate.
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Conclusions  A high proportion of individual patients achieving clinical endpoints at IP week 24 with abata‑
cept + methotrexate sustained their responses through week 52. Of patients achieving early and sustained SDAI 
remission through 52 weeks, numerically more maintained remission during the DE period if weekly abatacept treat‑
ment continued.

Trial registration  NCT02504268 (ClinicalTrials.gov), registered July 21, 2015.
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Background
Rheumatoid arthritis (RA) is characterized by sig-
nificant synovitis and structural joint damage, as well 
as systemic inflammation and extra-articular mani-
festations of disease [1, 2]. RA that is left untreated 
or undertreated may lead to cumulative and irre-
versible joint damage, impairment of physical func-
tion, increased morbidity, and risk of early mortality, 
particularly cardiovascular- and respiratory-related 
death [1, 2].

Treating to target is an intensive and dynamic strategy 
[3, 4] endorsed by both the American College of Rheuma-
tology (ACR) and the European Alliance of Associations 
for Rheumatology (EULAR) [5–7]. Clinical remission 
has been considered the main therapeutic goal, with low 
disease activity (LDA) a reasonable alternative [5–7] if 
remission cannot be reached, although recent guidance 
conditionally suggests an initial target of LDA with a sub-
sequent goal of remission [7]. The target, as defined by 
ACR and EULAR, is sustained reduction in disease activ-
ity as measured by the Simplified Disease Activity Index 
(SDAI; score of ≤ 3.3) or Boolean remission [5–7]. This 
strategy, together with the broad range of disease-mod-
ifying antirheumatic drugs (DMARDs) now available, 
means that effective disease control may be attainable for 
many patients with RA [6, 8].

Multiple studies have demonstrated sustained remis-
sion or LDA, inhibition of radiographic progression, 
and reduced physical disability in patients with RA in 
response to early, aggressive treatment [2, 9–19]. This 
putative “window of opportunity” in RA suggests the pos-
sibility that early, intensive treatment may alter the long-
term trajectory of the disease [16, 20]. Both ACR and 
EULAR guidelines agree that tapering therapy, through 
reduction of dose or dose frequency, may be achievable 
in some patients [5, 6], and clinical studies have shown 
that a small number are able to maintain disease remis-
sion or LDA following DMARD tapering [8]. However, 
drug-free remission is not sustainable in the majority of 
patients [9, 18, 21–23], and flares after tapering or stop-
ping treatment are associated with progression of joint 
damage [24, 25].

Currently, treatment decisions are based on group-
level efficacy data from clinical trials. However, a bet-
ter understanding of an individual patient’s long-term 
response to particular treatment strategies is desir-
able. It would be useful to know, for example, whether 
the majority of patients who achieve early (e.g., within 
6 months [26]) and durable (e.g., for at least 6 months 
[26, 27]) remission in response to a particular drug reg-
imen will then maintain that response over the longer 
term.

The selective co-stimulation modulator abatacept, 
which disrupts naive T cell activation, is effective 
in treating patients with early RA [9, 28]. The phase 
IIIb AVERT (Assessing Very Early RA Treatment)-2 
(NCT02504268) study evaluated the efficacy and 
safety of subcutaneous (SC) abatacept + methotrexate 
(MTX) versus abatacept placebo + MTX in biomarker-
defined, MTX-naive patients with early, active RA 
during a 56-week induction period (IP). This was fol-
lowed by a further 48-week de-escalation (DE) period 
[29]. Although the primary endpoint of SDAI remis-
sion (≤ 3.3) at IP week 24 was not met, at IP week 
52, numerically more patients in the primary analy-
sis population of AVERT-2 achieved SDAI remission 
(≤ 3.3) with abatacept + MTX versus abatacept pla-
cebo + MTX [29].

While the primary analysis assessed the overall per-
centage of patients achieving SDAI remission in a defined 
subset of the entire study population (primary analysis 
population; n = 375) [29], it is not known whether indi-
vidual patients within a treatment group achieved and 
sustained the same stringent and clinically meaningful 
efficacy outcomes at all time points during the IP and DE 
period. Such data could aid prescribing clinicians when 
making treatment decisions at the individual patient 
level. The subanalysis of the AVERT-2 study reported 
here investigated whether individual patients who 
achieved early clinical responses to abatacept according 
to stringent SDAI criteria (SDAI remission ≤ 3.3 at IP 
week 24) and sustained that response through IP week 
52 were able to maintain SDAI remission during the DE 
period following changes in therapy.
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Methods
Study design
Full details of the study design have been published previ-
ously [29]. Briefly, AVERT-2 (NCT02504268) was a phase 
IIIb, 132-week, randomized, double-blind, placebo-con-
trolled study of MTX-naive, anti-citrullinated protein 
antibody (ACPA)-positive patients with active, early RA. 
During the IP, patients were randomized (3:2) to once-
weekly (QW) SC abatacept 125 mg + MTX (starting dose 
of 7.5–15 mg/week titrated to ≥ 15 mg, as tolerated, and 
as per local practice and regulations, within 8 weeks) or 
abatacept placebo + MTX for 56 weeks (Fig. 1).

Patients who completed the IP and achieved sustained 
SDAI remission (≤ 3.3 at both weeks 40 and 52) entered a 
48-week DE period. Patients entering the DE period who 
were originally treated with abatacept + MTX were re-
randomized (1:1:1) to one of three abatacept treatment 
arms: continuation (abatacept QW + MTX for 48 weeks); 
stepwise DE and withdrawal (abatacept every other week 
[EOW] + MTX for 24 weeks [part 1] followed by abata-
cept placebo + MTX for 24  weeks [part 2]); or abata-
cept monotherapy (abatacept QW + MTX placebo for 
48  weeks) (Fig.  1). Patients who received abatacept pla-
cebo + MTX and attained sustained SDAI remission dur-
ing the IP continued the same treatment in the DE period 
in a blinded fashion.

The study was conducted in accordance with the Dec-
laration of Helsinki and International Conference on 
Harmonisation Good Clinical Practice. The protocol and 
patients’ informed consent received institutional review 

board/independent ethics committee approval prior to 
initiation of the study, and all patients provided informed 
consent prior to enrollment.

Patient population
Full inclusion and exclusion criteria have been pub-
lished previously [29]. Briefly, patients aged ≥ 18  years 
with a diagnosis of RA (ACR/EULAR 2010 criteria) [30] 
for ≤ 6 months who were ACPA-positive and DMARD-
naive were eligible for the study if they had: a tender 
joint count (TJC) ≥ 3, a swollen joint count (SJC) ≥ 3, 
C-reactive protein (CRP) > 3.0 mg/L or erythrocyte sed-
imentation rate (ESR) ≥ 28  mm/h, and baseline SDAI 
score > 11. The present analysis was carried out in the 
intent-to-treat (ITT) population, i.e., all randomized 
patients who received ≥ 1 dose of the study drug during 
the 56-week IP.

Study outcomes and assessments
In this post hoc analysis, the proportions of patients 
achieving response at IP week 24 and at both IP weeks 
40 and 52 (early sustained response) were assessed. The 
proportion of patients achieving the stringent endpoints 
of remission according to SDAI and Boolean criteria, and 
other endpoints, including Disease Activity Score in 28 
joints using CRP (DAS28 [CRP]) < 2.6, during the IP were 
investigated by treatment arm.

The flow of these patients in early sustained remission 
between SDAI categories (remission, LDA [> 3.3–11], 
moderate disease activity [> 11–26], and high disease 

Fig. 1  Study design. An IP of 56 weeks was followed by a 48-week DE period for patients in sustained SDAI remission (≤ 3.3 at both weeks 40 and 
52 in the IP) and a 24-week post-treatment follow-up period (all patients). DE, de-escalation; EOW, every other week; IP, induction period; MTX, 
methotrexate; OL, open-label; QW, once-weekly; SC, subcutaneous; SDAI, Simplified Disease Activity Index; Wk, week. aSDAI ≤ 3.3 at both weeks 40 
and 52: patients from treatment arm A were re-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. Previously presented at EULAR 2020 (poster SAT0104); copyright © the authors
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activity [> 26]) during both the IP and DE period were 
plotted using Sankey diagrams. The Sankey diagram 
format was used to evaluate patterns of disease activ-
ity following de-escalation of abatacept in patients with 
sustained remission. As a comparison with patients with 
early sustained SDAI remission (IP weeks 24/40/52), San-
key diagrams were also plotted for patients with later sus-
tained SDAI remission (IP weeks 40/52 but not 24).

Heat maps were used to plot color-coded SDAI data 
across time points to visualize response trajectories for 
individual patients with early sustained (weeks 24/40/52) 
SDAI remission during both the IP and 48-week DE period.

Results
Overall ITT population
Patient disposition and baseline characteristics
Overall, as reported previously [29], 752 patients were ran-
domized to receive either abatacept + MTX (n = 451) or 
abatacept placebo + MTX (n = 301); 63 (14%) and 68 (23%), 
respectively, had discontinued by week 52. Baseline clini-
cal and demographic characteristics have been described 
previously and were similar across treatment arms [29]. 
At baseline, disease duration was 1.2–1.3  months, mean 
SDAI score was 38.2–39.4, and mean DAS28 (CRP) score 
was 5.6 across the two treatment arms.

Clinical response during the IP
In the overall ITT population, all endpoints evalu-
ated were achieved and sustained by numerically 
more patients treated with abatacept + MTX ver-
sus those treated with abatacept placebo + MTX. 
SDAI remission at IP week 24 was achieved by 22% 

(100/451) of patients receiving abatacept + MTX and 
13% (40/301) receiving abatacept placebo + MTX, 
and of these patients, 56% (56/100) and 43% (17/40), 
respectively, also achieved sustained SDAI remis-
sion at IP weeks 40 and 52 (Fig.  2A); these patients 
formed the early and sustained SDAI remission sub-
population. Similarly, at IP week 24, 42% (188/451) of 
patients receiving abatacept + MTX and 26% (78/301) 
receiving abatacept placebo + MTX achieved DAS28 
(CRP) < 2.6, of whom 74% (139/188) and 55% (43/78), 
respectively, had sustained DAS28 (CRP) < 2.6 at IP 
weeks 24, 40, and 52 (Fig. 2B). Similar patterns of sus-
tained response were observed for Boolean remission 
in both treatment arms. Consistent with the above, 
17% (76/451) of patients receiving abatacept + MTX 
and 10% (29/301) receiving abatacept placebo + MTX 
achieved Boolean remission at IP week 24, of whom 
58% (44/76) and 28% (8/29), respectively, had sus-
tained Boolean remission at IP weeks 40 and 52 
(Fig. 2C).

Patient flow through SDAI categories during the IP
The flow of patients through the SDAI categories dur-
ing the IP is shown in Fig. 3, with the width of each rib-
bon based on the proportion of patients represented. 
Over time, numerically more patients in the abata-
cept + MTX treatment arm were in a state of SDAI 
remission (Fig. 3A) or LDA than patients who received 
treatment with abatacept placebo + MTX (Fig.  3B). 
Although all patients had achieved SDAI remission by 
week 24, improvements in disease activity states also 
occurred earlier for patients in the abatacept + MTX 

Fig. 2  Patients with IP week 24 response who achieved weeks 40 and 52 responses. ABA, abatacept; DAS28 (CRP), Disease Activity Score in 28 joints 
using C-reactive protein; IP, induction period; MTX, methotrexate; PBO, placebo; SDAI, Simplified Disease Activity Index. aPercentages based on 
number of patients within each treatment group who achieved response at IP week 24 (denominator). Previously presented at EULAR 2020 (poster 
FRI0090); copyright © the authors
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treatment arm: at week 12 of the IP, 55 (12%) and 159 
(35%) of patients receiving abatacept + MTX were in 
SDAI remission or LDA, respectively, compared with 
16 (5%) and 66 (22%) of patients receiving abatacept 
placebo + MTX (Fig. 3).

Early and sustained SDAI remission subpopulation
Patient disposition and baseline characteristics
Overall, 56 patients in the abatacept + MTX arm and 17 
patients in the abatacept placebo + MTX arm achieved 
early sustained SDAI remission during the IP (Table 1). 

Fig. 3  Summary of SDAI categories over time in the intent-to-treat population during the induction period. Unknown status refers to the patients 
for whom data were not available at that particular time point. SDAI categories: remission, ≤ 3.3; low disease activity, > 3.3–11; moderate disease 
activity, > 11–26; high disease activity, > 26. MTX, methotrexate; SDAI, Simplified Disease Activity Index. Portions of panel A were previously 
presented at EULAR 2020 (poster FRI0090); copyright © the authors
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Baseline demographics and RA disease duration were 
similar between the abatacept + MTX and abatacept 
placebo + MTX groups in this subpopulation (Table 1).

At baseline, rheumatoid factor positivity, TJC/SJC 
in 28 joints (TJC28/SJC28), CRP, Patient and Physi-
cian Global Assessments of disease activity, SDAI, 
DAS28 (CRP), Health Assessment Questionnaire-Dis-
ability Index (HAQ-DI), and patients’ assessment of 
pain were all slightly numerically higher in the abata-
cept + MTX arm versus the abatacept placebo + MTX 
arm, although these differences are unlikely to be clini-
cally meaningful. By comparison, in those patients who 
did not achieve sustained SDAI remission, baseline 
demographics and disease characteristics were also 
similar between the abatacept + MTX and abatacept 

placebo + MTX groups (Table 1). There were some dif-
ferences between the subgroups of patients who did or 
did not achieve sustained SDAI remission, with patients 
who did not achieve remission being older, more likely 
to be female, and having higher baseline disease activity 
(SDAI and DAS28 [CRP]) than those who did achieve 
remission (Table 1).

Compared with the overall ITT population [29], 
lower baseline mean scores for TJC28/SJC28, SDAI, 
and HAQ-DI were observed among patients who 
achieved early sustained SDAI remission in both treat-
ment arms. Lower mean scores for Patient and Phy-
sician Global Assessments of disease activity and 
patients’ assessment of pain were also observed for the 
abatacept placebo + MTX group.

Table 1  Baseline demographics and disease characteristics of patients by sustained SDAI remission statusa

Data are presented as mean (SD), unless stated otherwise

CRP C-reactive protein, DAS28 (CRP) Disease Activity Score in 28 joints using C-reactive protein, HAQ-DI Health Assessment Questionnaire-Disability Index, MTX 
methotrexate, RA rheumatoid arthritis, RF rheumatoid factor, SD standard deviation, SDAI Simplified Disease Activity Index, VAS visual analog scale
a At weeks 24, 40, and 52 of the study induction period

Characteristic Patients who achieved sustained SDAI 
remissiona

Patients who did not achieve sustained 
SDAI remissiona

Abatacept + MTX
(n = 56)

Abatacept 
placebo + MTX
(n = 17)

Abatacept + MTX
(n = 395)

Abatacept 
placebo + MTX
(n = 284)

Age, years 44.9 (13.8) 41.3 (13.1) 49.5 (12.5) 49.2 (13.9)

Female sex, n (%) 39 (69.6) 13 (76.5) 310 (78.5) 230 (81.0)

Race, n (%)

  White 43 (76.8) 13 (76.5) 272 (68.9) 196 (69.0)

  Asian 9 (16.1) 4 (23.5) 68 (17.2) 48 (16.9)

  Black/African American 0 0 20 (5.1) 16 (5.6)

  American Indian/Alaska Native 0 0 0 3 (1.1)

  Other 4 (7.1) 0 35 (8.9) 21 (7.4)

Geographic region, n (%)

  North America 2 (3.6) 0 57 (14.4) 47 (16.5)

  South America 30 (53.6) 9 (52.9) 163 (41.3) 103 (36.3)

  Asia 9 (16.1) 4 (23.5) 67 (17.0) 46 (16.2)

  Europe 14 (25.0) 4 (23.5) 84 (21.3) 64 (22.5)

  Rest of world 1 (1.8) 0 24 (6.1) 24 (8.5)

RA disease duration, months 1.0 (1.2) 1.2 (1.5) 1.2 (1.4) 1.3 (1.4)

RF positive, n (%) 53 (94.6) 14 (82.4) 367 (92.9) 265 (93.3)

Tender joint count (28 joints) 10.1 (5.1) 8.6 (4.0) 13.6 (6.9) 14.0 (6.8)

Swollen joint count (28 joints) 8.1 (4.4) 7.5 (2.6) 10.3 (5.8) 10.9 (5.9)

CRP, mg/L 11.4 (14.1) 9.8 (9.5) 21.2 (28.2) 19.6 (22.4)

Patient Global Assessment of disease activity 65.2 (19.6) 52.2 (22.1) 65.7 (23.1) 63.4 (24.1)

Physician Global Assessment of disease activity 63.1 (16.2) 47.5 (13.2) 65.4 (18.8) 67.2 (19.5)

SDAI 32.18 (10.5) 27.12 (8.1) 39.1 (14.3) 40.1 (13.7)

DAS28 (CRP) 5.1 (0.8) 4.8 (0.9) 5.6 (1.1) 5.7 (1.0)

HAQ-DI 1.4 (0.8) 1.2 (0.8) 1.6 (0.7) 1.6 (0.7)

Patient assessment of pain (0–100 mm VAS) 65.9 (18.5) 54.1 (25.5) 66.6 (23.1) 66.1 (22.1)
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Patient flow through SDAI categories during the DE period
Of the 56 patients from the abatacept + MTX arm who 
achieved early (at week 24) sustained SDAI remission 
during the IP, SDAI status was unknown for four patients 
during the DE period of the study (data not shown). For 
the remaining patients who achieved early sustained SDAI 
remission, the flow of the population through SDAI cat-
egories during the DE period is shown in Fig. 4. In addi-
tion, flow through SDAI categories is also shown for the 
patients who achieved later sustained SDAI remission at 
IP weeks 40 and 52 but not 24 (later sustained remitters).

Among patients who achieved early sustained remis-
sion, a higher proportion who were re-randomized to 
continue abatacept QW + MTX (82% [14/17]) or receive 
abatacept monotherapy (81% [13/16]) at week 56 were 
in remission at the end of the DE phase (DE week 48) 
compared with patients who were re-randomized to de-
escalate to abatacept EOW + MTX for 24 weeks and then 
stop abatacept treatment (63% [12/19]) (Fig. 4A–C, left-
hand panels). Although patient numbers per group were 
small, there was also less movement between SDAI cat-
egories in patients who continued abatacept with MTX 
or as monotherapy compared with the abatacept de-
escalation/withdrawal arm (Fig. 4A–C, left-hand panels). 
Among patients who were randomized to de-escalate 
and then stop abatacept treatment, patients lost SDAI 
remission status more frequently in part 2 of the DE 
period after they had stopped abatacept treatment com-
pletely (Fig. 4B); this was not seen in patients who con-
tinued abatacept with MTX (Fig. 4A) or as monotherapy 
(Fig.  4C). In all treatment groups except abatacept pla-
cebo + MTX, remission rates at DE week 48 for early 
sustained remitters were higher than for later sustained 
remitters (in remission at IP weeks 40 and 52 but not 24; 
Fig. 4A–C, left-hand vs right-hand panels); there was also 
generally less movement between SDAI categories for 
early sustained remitters compared with later sustained 
remitters.

Individual patient SDAI responses during the DE period
In the subpopulation of patients who achieved early (at 
week 24) sustained SDAI remission, individual patient 

trajectory data presented as heatmaps show that more 
patients maintained SDAI remission at all study visits 
during the DE period if they continued abatacept (either 
abatacept + MTX, 53% [9/17] or abatacept monotherapy, 
63% [10/16]) than if they de-escalated/withdrew abata-
cept (37% [7/19]) or received abatacept placebo + MTX 
(41% [7/17]; Fig.  5A–D). Of the patients who achieved 
sustained remission during the IP on abatacept pla-
cebo + MTX therapy and continued with the same regi-
men during the DE period, 65% (11/17) were in SDAI 
remission at the end of the de-escalation phase (Fig. 4D).

Discussion
In this subanalysis of a phase IIIb study in ACPA-posi-
tive patients with early RA, a higher number of indi-
vidual patients who received SC abatacept QW + MTX 
achieved clinically stringent (SDAI and Boolean remis-
sion) endpoints early at IP week 24 and sustained these 
responses through IP week 52 than patients who initially 
received abatacept placebo + MTX. Furthermore, of 
the patients who achieved early sustained SDAI remis-
sion through IP week 52, numerically more of those who 
continued abatacept QW + MTX during the DE period 
maintained SDAI remission at further follow-up visits 
than patients who tapered and then withdrew abatacept 
therapy or those who continued treatment with abata-
cept placebo + MTX.

As previously reported for the overall population 
in the AVERT-2 study, patients who continued abata-
cept + MTX during the DE period demonstrated bet-
ter maintenance of SDAI remission and inhibition of 
structural damage than patients who de-escalated/
withdrew abatacept or who continued with abatacept 
monotherapy [29]. However, such group-level data may 
not reflect the fact that the same individual patients can 
achieve and then lose response (and vice versa) dur-
ing the study; hence, an individual response may not be 
sustained. The present subanalysis of AVERT-2 assessed 
individual patients who achieved early SDAI remission 
and sustained it through IP week 52, and similar findings 
to the primary analysis of the overall population were 
observed. Although some individual patients moved in 

(See figure on next page.)
Fig. 4  DE-period SDAI categories in patients achieving sustained SDAI remission earlyb or laterc during the IP; intent-to-treat population. 
Unknown status refers to the patients for whom data were not available at that particular time point. SDAI categories: remission, ≤ 3.3; low disease 
activity, > 3.3–11; moderate disease activity, > 11–26; high disease activity, > 26. For parts A, B, and C, patients received SC abatacept QW + MTX 
during the IPd. For part D, patients received abatacept placebo + MTX during the IP and continued the same randomized treatment in the DE 
period. DE, de-escalation; EOW, every other week; IP, induction period; MTX, methotrexate; QW, once-weekly; SC, subcutaneous; SDAI, Simplified 
Disease Activity Index. aPart 1: abatacept EOW + MTX for 24 weeks; part 2: abatacept placebo + MTX for 24 weeks. bIP weeks 24, 40, and 52. cIP 
weeks 40 and 52, not 24. dOf the 56 patients from the abatacept + MTX arm who achieved sustained SDAI remission at weeks 24, 40, and 52 during 
the IP, SDAI status was unknown for four patients during the DE period of the study (data not shown)
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and out of different disease activity levels, a higher num-
ber of patients who continued with abatacept + MTX 
(82%) or who stopped MTX and continued treatment 
with abatacept monotherapy (81%) remained in SDAI 
remission at the end of the 48-week DE period compared 
with patients who underwent stepwise DE (abatacept 
EOW + MTX for 24 weeks) then withdrawal of abatacept 
(abatacept placebo + MTX for 24  weeks; 63%) or those 
who continued abatacept placebo + MTX (65%). Of note, 
remission rates for early sustained remitters were higher 
than for later sustained remitters in all arms except 
abatacept placebo + MTX. This may suggest that early 
sustained remitter status may be an independent favora-
ble predictor of sustained remission for patients continu-
ing abatacept-containing regimens.

The ability of individual patients to achieve a deeper 
level of remission, that is both early in the course of a 
particular treatment regimen and sustained over time, 
should be beneficial in terms of future joint function 
and control of inflammation, potentially resulting in less 
systemic complications of disease. Being able to deter-
mine relatively early for each individual patient whether 
a particular drug or regimen is likely to lead to sus-
tained remission would allow clinicians to make more 
informed treatment choices, including whether additions 
or changes to treatment are required to achieve better 
long-term outcomes. Previous studies have suggested 
that early improvement in disease activity in response 
to treatment predicts longer-term outcomes. For exam-
ple, pooled patient data from early RA clinical trials of 
MTX, tumor necrosis factor inhibitor (TNFi) monother-
apy, or TNFi + MTX combination therapy demonstrated 
significant correlation between disease activity (SDAI) 
during the first 3 months of treatment and disease activ-
ity after 1  year of therapy [3]. In another study of bio-
logic DMARD-naive patients with RA initiating a TNFi, 
DAS28 (ESR) scores at 6 months were predictive of long-
term outcomes [31]. Although patients without early 
disease control can achieve favorable clinical and func-
tional outcomes when switched to a different regimen 
[17, 24, 32–35], early and sustained disease control is 
important to achieving favorable long-term radiographic 
outcomes and reduction in physical disability before sig-
nificant deterioration occurs. Further research is needed 

to understand the impact of early and sustained dis-
ease control on radiographic outcomes at an individual 
level. For example, a study of registry data showed that 
in patients with early RA treated using a treat-to-target 
strategy, radiographic progression appears to be a dis-
ease process that is individually determined and driven 
by multiple factors [36]. Continued characterization of 
individual patients who achieve and sustain a treatment 
response will enable better prediction of which patients 
will respond.

Following the advent of treat-to-target and tight con-
trol strategies for the management of RA, together 
with the wide availability of biologic/targeted synthetic 
DMARDs, RA is now a disease that can be controlled 
in many patients [8]. However, whether some patients 
whose RA has been controlled can successfully stop 
treatment remains to be fully determined. Reports on 
the number of patients who sustain remission/LDA fol-
lowing de-escalation vary widely [8, 23, 37–46]; it is diffi-
cult and inappropriate to make direct comparisons across 
studies due to differences in patient populations and 
study designs. It seems apparent, however, that complete 
drug-free remission is achievable only in a small propor-
tion of patients [9, 14, 23, 39]. In addition, while some 
patients can successfully sustain remission/LDA fol-
lowing dose tapering or stopping biologic/targeted syn-
thetic DMARDs but retaining background MTX, many 
will experience worsening of disease state when tapering 
therapy [8, 23, 37–42, 44–47]. To make informed deci-
sions for optimal patient health, we need more insight 
to understand which groups of patients will benefit from 
treatment withdrawal/tapering over the long term and 
to identify factors that predict successful de-escalation 
to guide treatment management decisions for individual 
patients.

Potential indicators of patients suitable for success-
ful tapering of other DMARDs have been investi-
gated previously. For example, in a post hoc analysis 
of data from three clinical trials, among patients with 
moderate-to-severe RA, those who achieved sustained 
Boolean or Clinical Disease Activity Index remission 
or DAS28 (CRP) < 2.6 and/or “deep remission” (DAS28 
[CRP] ≤ 1.98) were more likely to maintain remission/
LDA after etanercept dose reduction/withdrawal than 

Fig. 5  Individual SDAI responses (patients achieving early [IP week 24] sustained [through IP week 52b] SDAI remission). Each row represents 
an individual patient in the intent-to-treat population. For parts A, B, and C, patients received SC abatacept QW + MTX during the IPc. For part 
D, patients received abatacept placebo + MTX during the IP and continued the same randomized treatment in the DE period. BL, baseline; DE, 
de-escalation; EOW, every other week; IP, induction period; MTX, methotrexate; QW, once-weekly; SC, subcutaneous; SDAI, Simplified Disease 
Activity Index. aPart 1: abatacept EOW + MTX for 24 weeks; part 2: abatacept placebo + MTX for 24 weeks. bDefined as remission at both weeks 40 
and 52. cOf the 56 patients from the abatacept + MTX arm who achieved sustained SDAI remission at weeks 24, 40, and 52 during the IP, SDAI status 
was unknown for four patients during the DE period of the study (data not shown)

(See figure on next page.)
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patients who only achieved remission or LDA [37]. Pre-
vious studies have largely used either DAS28 (CRP or 
ESR) < 2.6 or ≤ 3.2 as inclusion criteria [8]. To the best 
of our knowledge, the present study is the first to assess 
individual patients’ ability to maintain the more stringent 
outcome of SDAI remission (≤ 3.3) following tapering/
withdrawal of a biologic DMARD or MTX. It remains 
to be determined whether more stringent definitions 
of remission (SDAI, Boolean) or cut-offs for DAS28 
(≤ 1.98, ≤ 1.61) would be more appropriate criteria for 
determining which patients are suitable for de-escalation 
of therapy.

There were several strengths and limitations to the 
AVERT-2 study and this subsequent post hoc analysis. 
This is the first study to use stringent sustained SDAI 
remission (≤ 3.3 at both weeks 40 and 52) as a criterion 
for de-escalation/withdrawal, and de-escalation/with-
drawal strategies were assessed in a relatively large popu-
lation of patients (n = 752) compared with many previous 
de-escalation trials. However, as a post hoc analysis of a 
randomized, placebo-controlled clinical trial, this study 
was not powered to show a statistically significant differ-
ence between treatment arms for individual patients who 
achieved and sustained a clinical response in any of the 
outcomes presented. In addition, patients were required 
to have an early and sustained stringent response of 
SDAI ≤ 3.3 at IP weeks 24, 40, and 52 to be included in 
this subanalysis; thus, the numbers of patients were rela-
tively small, and the findings would need to be verified in 
a larger population. The AVERT-2 study included a select 
group of patients with very early (≤ 6 months duration) 
biomarker-defined (ACPA-positive) RA, and as such, 
the results may not be generalizable to other RA popu-
lations (e.g., those with more advanced RA or seronega-
tive disease). In addition, the follow-up in the DE period 
subsequent to treatment de-escalation/withdrawal was 
relatively short (48  weeks), and the outcomes of such 
de-escalation/withdrawal strategies over the longer term 
need to be determined.

Conclusions
In this post hoc evaluation of AVERT-2, among indi-
vidual patients with early, biomarker-defined RA 
who achieved clinically stringent endpoints such as 
SDAI or Boolean remission at IP week 24 with SC 
abatacept QW + MTX, a high proportion of indi-
vidual patients (56–58%) sustained their responses 
through week 52.

Furthermore, numerically more patients who achieved 
early and sustained SDAI remission in the IP main-
tained remission during the DE period of the study if 
they continued weekly treatment with abatacept (either 

in combination with MTX or as monotherapy) than 
patients who tapered then withdrew abatacept therapy 
or those who continued treatment with abatacept pla-
cebo + MTX. The achievement of early remission or 
other clinically relevant outcomes by individual patients 
treated with weekly SC abatacept + MTX may be indic-
ative of sustained efficacy over time.
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