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ABSTRACT
Rheumatoid arthritis (RA) is a preva-
lent systemic disease that causes signif-
icant joint dysfunction and disability. 
Dramatic improvements in the man-
agement of RA have been achieved with 
the use of biologic therapies aimed at 
cytokines, and B and T lymphocytes. 
Abatacept, a soluble receptor-IgG fu-
sion protein that interferes with T-cell 
co-stimulation, has now been shown to 
improve symptoms, signs and function 
in RA, while also slowing radiographic 
progression. The degree of improve-
ment in these measures is comparable 
to that seen with other biologic agents. 
Abatacept is effective in a range of RA 
patients that are encountered in clini-
cal practice, namely methotrexate-in-
adequate responders, as well patients 
with inadequate responses to tumor 
necrosis factor inhibitors and patients 
with co-morbidities common in an ag-
ing population. When used for up to 2 
years, abatacept appears to be safe and 
remains effi cacious, although there is a 
trend toward increased infection rates 
when used in combination with other 
biologic therapies, as well as a trend 
toward more adverse events when used 
in a background of chronic obstructive 
pulmonary disease. 
Backed by these data, ongoing exten-
sions of these trials, and additional new 
studies, abatacept represents the fi rst 
co-stimulation modulator approved 
for RA, and is a welcome addition to 
the biologic therapies available for the 
management of this disease.  

Introduction
Rheumatoid arthritis (RA) is a preva-
lent systemic disease that causes sig-
nifi cant joint dysfunction and disabil-
ity. Research focused on understanding 
the pathogenesis of RA has implicated 
lymphocytes, both B and T cells, as 
well as cells of the granulocytic lineage 
– including mast cells, monocytes and 
macrophages. The latter secrete infl am-
matory mediators like tumor necrosis 

factor (TNF)-α and interleukin (IL)-1; 
blockade of each of these has provided 
effective therapies for this disease. The 
importance of B cells in RA is demon-
strated by the fact that immunoglobu-
lins, including rheumatoid factor and 
antibodies to citrullinated peptide anti-
gens, are associated with more severe 
radiographic disease and extra-articular 
manifestations. Importantly, this role 
for B cells has been confi rmed with 
the demonstration that B-cell targeted 
therapy, such as with rituximab, is an 
effective treatment.
In addition to the aforementioned play-
ers, a role for T cells is indicated by their 
presence in the rheumatoid synovium. 
Furthermore, major histocompatibility 
complex (MHC)-II encoding alleles of 
the HLA-DR4 and DR1 families con-
fer strong susceptibility to the disease 
among Caucasian patients. Optimal 
T-cell activation requires dual stimula-
tion through both the peptide-loaded 
MHC II molecule:T-cell receptor inter-
action and the binding of CD80/CD86 
family members on the antigen pre-
senting cell to members of the CD28 
family of co-stimulators on the T cell. 
As a likely natural safety mechanism 
against unchecked T-cell stimulation, 
expression of the inhibitory receptor 
cytotoxic T-lymphocyte-associated an-
tigen (CTLA)-4 is up-regulated on the 
T-cell membrane within hours of stim-
ulation. CTLA-4, also a CD28 fam-
ily member, binds to receptors of the 
CD80/CD86 family with high affi nity 
and avidity, holding T-cell activation in 
check. This strategy of immune regula-
tion is mimicked by the new biologic 
agent abatacept, a recombinant protein 
consisting of the extra-cellular portion 
of the CTLA-4 receptor fused to the 
Fc portion of immunoglobulin (Ig)G1, 
and modifi ed to avoid complement ac-
tivation. Blockade of T-cell co-stimula-
tion with abatacept has been shown to 
be effective in several animal models 
of autoimmune disease, including pso-
riasis, lupus, and RA. Clinical trials in 
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RA have demonstrated both its safety 
and its effi cacy, and it has recently be-
come a new addition to the growing list 
of biologic therapies for this disease.

Early clinical trials with abatacept
Initial studies of abatacept in RA were 
performed in patients with longstand-
ing erosive disease refractory to meth-
otrexate (1). A Phase IIb trial compar-
ing two doses of abatacept with place-
bo showed signifi cant improvements in 
the symptoms and signs of RA, as well 
as in physical function. In this study, 
339 patients with long-standing active 
disease despite the use of methotrexate 
were assigned randomly to receive ei-
ther placebo or abatacept at a dose of 
2 mg/kg or 10 mg/kg. Infusions were 
given on Days 1, 15 and 30, and eve-
ry 28 days thereafter until 6 months. 
The primary outcome was a 20% im-
provement in the American College of 
Rheumatology (ACR) criteria (ACR20 
response; this outcome measure rep-
resents a ≥ 20% improvement in both 
the tender and swollen joint counts, as 
well as in ≥ 3 or more of the 5 follow-
ing criteria: patient global assessment, 
physician global assessment, visual 
analog pain scale, functional/disability, 
and erythrocyte sedimentation rate or 
C-reactive protein). 
This outcome was achieved by a sig-
nifi cantly higher proportion of patients 
receiving the 10 mg/kg dose (60.0%) 
than placebo (35.3%). Furthermore, 
ACR50 and ACR70 responses at 6 
months were met by a signifi cantly 
higher proportion of patients receiving 
abatacept than placebo, and the per-
centages achieving all three response 
levels were comparable to those seen in 
the initial trials of TNF inhibitors when 
added to methotrexate in a similar RA 
population. Patients receiving the low-
er dose (2 mg/kg) also responded in 
greater numbers than those receiving 
placebo, although the percentages were 
not statistically signifi cant. Detailed 
analysis showed that for the 10 mg/
kg dose, signifi cant differences from 
placebo in the proportion of patients 
achieving ACR20, 50 and 70 responses 
and clinically important improvements 
(≥ 0.22 units) in the modifi ed Health 
Assessment Questionnaire (m-HAQ) 

were seen by 2 months; an extension 
of this trial to 12 months showed that 
the percentage of responders continued 
to increase quarterly through this entire 
period (2).

The AIM trial 
These encouraging results were fol-
lowed by a large Phase III trial called 
‘Abatacept in Inadequate responders 
to Methotrexate’ (AIM), which was 
composed of roughly 650 patients as-
signed to either 10 mg/kg abatacept 
or placebo who were then followed 
over 1 year (3). The patients enrolled 
in this study were again representative 
of a large portion of the RA popula-
tion seen in everyday practice, with 
the majority of patients being females, 
age 50 or higher, who suffered from 
long-standing (~9 years) seropositive, 
erosive disease that was responding 
inadequately to methotrexate. 
Three primary objectives – signifi cant 
improvement in the ACR20 response 
at 6 months, clinically signifi cant im-
provement (≥ 0.3 units) in the Health 
Assessment Questionnaire Disability 
Index (HAQ-DI) score at 1 year, and 
a signifi cant reduction in the rate of 
structural damage at 1 year – were met 
in all groups receiving abatacept. The 
percentages of patients achieving ACR 
20, 50 and 70 responses at 6 and 12 
months were slightly higher than in 
the Phase II studies, with 73%, 48% 
and 29% achieving these responses, 
respectively, at 1 year. Statistically 
signifi cant responses in AIM were ac-
tually seen as early as 15 days after 
the start of infusions; these consisted 
mainly of decreased pain and improved 
patient and physician assessments of 
disease activity. The percentages of 
responders reached near maximum by 
90 days, but did continue to increase 
compared with placebo through the 
entire length of the study. Signifi cant 
clinical improvement in physical func-
tion as measured by the HAQ-DI was 
achieved by 64% of patients receiving 
the active drug compared with 39% re-
ceiving placebo, with once again near 
maximal responses achieved by 90 
days and then continuing through the 
year. 
The patients studied in the AIM trial 

exhibited high disease activity at base-
line, as measured by the Disease Activ-
ity Score (DAS)28 (mean = 6.4); at 6 
and 12 months signifi cant percentages 
of the patients receiving abatacept had 
achieved remission (score < 2.6) on 
this scale (14.8% and 23.8%, respec-
tively, as opposed to 2.8% and 1.9% 
of the placebo group). Although the 
addition of other disease-modifying 
anti-rheumatic drugs (DMARDs) was 
allowed between 6 and 12 months, the 
continued improvement in patients re-
ceiving active drug during this period is 
not likely to have been affected by this 
relaxing of the study protocol, as ad-
ditional DMARDs were given to only a 
small number of patients, and to fewer 
patients receiving the active study drug 
than to those receiving placebo. Fur-
thermore, the percentage of responders 
in the placebo group did not increase 
during this period. Improvement with 
abatacept was robust, with ACR70 re-
sponses being maintained for up to 9 
consecutive months. 
Preliminary data on a 1-year open-label 
extension of AIM were made available 
at the 2006 ACR annual meeting in 
Washington, DC (4, 5). A non-respond-
er analysis (with all discontinued pa-
tients considered as non-responders) of 
the intent-to-treat population confi rms 
and underscores the AIM data, as im-
provements in both the ACR response 
and physical function as measured by 
the HAQ-DI appeared to be sustained 
through 2 years. When these data are 
analyzed in an as-observed fashion, the 
percentages of ACR 20, 50 and 70 re-
sponders increased slightly during the 
second year of treatment. 

The ATTAIN trial 
Despite the success of the TNF inhibi-
tor agents in treating RA over the last 
decade, a signifi cant proportion of 
patients seen in clinical practice have 
inadequate responses to these medica-
tions, even when used in combination 
with high doses of MTX and/or other 
DMARDs. The utility of abatacept in 
such a group was studied in the ‘Abata-
cept Trial in the Treatment of Anti-TNF 
INadequate Responders’ (ATTAIN), 
which randomized nearly 400 patients 
with an inadequate clinical response 
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to TNF inhibition to receive either 10 
mg/kg abatacept or placebo in addi-
tion to continued use of a background 
DMARD (6). Infusions were given on 
a similar schedule to those in AIM, and 
the study was designed to measure at 
6 months the primary endpoints of the 
ACR 20 response as well as improve-
ment in physical function as measured 
by the HAQ-DI. Patients were largely 
similar to those studied in AIM, having 
long-standing (11–12 years) seroposi-
tive and active (DAS28 = 6.5) disease. 
In addition, all patients had failed at 
least a 3-month trial of either infl ixi-
mab or etanercept. 
The ATTAIN trial met both of its pri-
mary endpoints, as patients receiving 
the active drug achieved ACR20, 50 
and 70 responses at signifi cantly higher 
percentages (50%, 20% and 10%, re-
spectively) than those receiving pla-
cebo (20%, 4% and 1%, respectively). 
Similar to AIM, statistically signifi cant 
differences in the percentages of re-
sponders were seen as early as 15 days 
from study initiation, and they contin-
ued to increase throughout the 6-month 
period. Signifi cant improvements in 
physical function, as measured by the 
HAQ-DI, were also seen by 15 days, 
with percentages increasing to involve 
47% of patients receiving the study 
drug compared with 23% of those re-
ceiving placebo at 6 months. Further-
more, the magnitude of improvement 
in individual responders was greater 
in those receiving abatacept compared 
with placebo (0.45 units vs.. 0.1 units, 
respectively). 
A signifi cantly greater proportion of 
patients receiving abatacept versus 
those on placebo achieved clinical re-
mission as measured by a DAS28 score 
of < 2.6 (10% vs. 1%), although these 
fi gures, like the ACR responses, were 
generally lower that those seen at 6 
months in the AIM trial (15% DAS28-
defi ned remission and 29%, 48% and 
73% of patients achieving ACR20, 50 
and 70 responses, respectively). These 
differences may indicate that the pa-
tients studied in ATTAIN had more 
refractory disease, although they could 
also simply refl ect a generally higher 
placebo response in AIM. Preliminary 
data from an 18-month, open-label ex-

tension of the ATTAIN trial indicate 
that the ACR response improvements, 
as well as the proportion of patients 
reaching a low disease activity score or 
DAS28-defi ned remission, are main-
tained – and possibly continue to in-
crease – through consecutive 6-month 
periods extending to 2 total years of 
treatment (7).

Abatacept and the progression of 
radiographic damage
Although the trials discussed here report 
a robust effi cacy for abatacept in treat-
ing the symptoms and disability caused 
by RA, another important outcome 
measure used daily in clinical practice 
is progression of radiographic damage. 
AIM was the only one of these trials 
to study this outcome measure. Nearly 
all (92%) patients had radiographs of 
the hands and feet taken at study entry 
and at completion (at 1 year), and the 
progression of erosions and joint space 
narrowing was measured. Patients had 
moderately destructive disease at study 
onset as measured by the Genant-mod-
ifi ed Sharp score, a scale that assigns 
equal weight to both erosions and joint 
space narrowing. Mean and median 
scores for patients in the treatment arms 
were slightly lower than for the placebo 
group at study onset (mean scores 44.5 
vs. 44.9 in the study drug versus pla-
cebo groups, respectively, and median 
scores 31.9 vs. 33.4, respectively, out 
of a total possible score of 290). At 1 
year, the progression of structural dam-
age was around 50% lower in the treat-
ment group as measured by this scale, 
with patients receiving abatacept pro-
gressing by a median score of 0.25 and 
those receiving placebo progressing by 
a median of 0.53. 
Further data regarding these radio-
graphic responses to abatacept were 
reported at the 2006 ACR annual meet-
ing (8). The reduction in radiographic 
progression in patients receiving abata-
cept is underscored by data from the 
extension phase of the AIM trial, which 
indicates that 56% and 50% of these 
patients have no progression at all (to-
tal score ≤ 0) at years 1 and 2, respec-
tively, when treated with abatacept. In 
addition, nearly half (45%) of patients 
who did progress during the fi rst year 

showed no additional damage during 
the second year. 

The ASSURE trial and the safety of 
abatacept
Safety is a primary concern in the con-
sideration of any new therapy or class 
of therapies. The AIM trial suggested a 
slightly higher rate of serious adverse 
events (SAEs; 15% vs. 11.9%) and 
discontinuation due to adverse events 
(AEs; 4.2% vs. 1.8%) in the abatacept 
versus placebo groups, respectively, 
although the most frequently reported 
events (headache, nasopharyngitis and 
nausea) did not differ between the two 
groups. These trends were not seen in 
ATTAIN, in which similar percentages 
of patients in the abatacept and placebo 
groups experienced SAEs (10.5% vs. 
11.3%, respectively) and discontinued 
the drug because of them (3.5% vs.
3.8%, respectively) between the two 
groups. Importantly, both trials suggest-
ed a slightly higher rate of infection for 
patients receiving abatacept versus pla-
cebo (3.9% vs. 2.3%, respectively, for 
AIM, and 38% vs. 32%, respectively, 
for ATTAIN), although a trend toward 
serious infection with abatacept versus 
placebo was seen only in AIM (2.5% 
vs. 0.9%, respectively). Infections were 
mostly bacterial, and included both the 
upper and lower respiratory tract; no 
cases of tuberculosis or opportunistic 
infection were seen in either study.  
The safety of abatacept in combination 
with other DMARDs was studied as a 
primary outcome for a large number of 
patients in the Abatacept Study of Safe-
ty in Use with other RA thErapies’ (AS-
SURE) trial (9). This study randomized 
1441 patients on background DMARD 
therapy, of whom 10.7% were receiving 
biologic agents, to receive abatacept at 
10 mg/kg every 4 weeks or placebo for 
1 year. The incidence of AEs and SAEs 
was similar between the abatacept and 
placebo groups (90% vs. 87% AEs, and 
13% vs. 12% SAEs, respectively), as 
were discontinuations due to AEs (5% 
vs. 4%, respectively). Among patients 
who were taking both a background 
biologic DMARD agent and abatacept, 
however, there was a trend toward more 
SAEs (22% vs. 11–12% in groups tak-
ing background biologic agents plus 
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placebo or background non-biologics 
plus abatacept) and discontinuations 
due to SAEs. The incidence of serious 
infections was higher in the abatacept 
group (2.9% vs. 1.7%), and this trend 
appeared to increase in magnitude 
when the group taking both biologic 
DMARDs and abatacept was examined 
(5.8% serious infection rate vs. 1.6% 
and 2.6% in groups taking background 
biologic plus placebo and background 
non-biologic plus abatacept, respec-
tively). Again, most serious infections 
involved the upper respiratory tract, 
and there were no observed cases of 
opportunistic organisms or tuberculo-
sis. Infections were largely treatable 
and did not lead to discontinuation of 
the study drug or fatality. 
Another characteristic of ASSURE 
that should be helpful in daily practice 
is that it included patients with chronic 
diseases that are often encountered in 
the clinic (6–7% of patients had dia-
betes mellitus [DM], 6% had asthma, 
4% had chronic obstructive pulmonary 
disease [COPD], and 1–2% had con-
gestive heart failure [CHF]). Among 
the group of patients with COPD, AEs 
and SAEs were more common in those 
receiving abatacept (AE incidence 
43.2% vs. 23.5% in abatacept vs. pla-
cebo groups, respectively; SAE inci-
dence 27% vs. 5%, respectively). Most 
AEs were of a respiratory nature, in-
cluding exacerbation of COPD, cough 
and dyspnea, while the infection rate 
was similar between the abatacept and 
placebo groups (59.5% and 58.8%, re-
spectively). 
An additional study was presented at 
the late-breaking session of the 2006 
ACR annual meeting. The study was 
entitled: “The effi cacy and safety of 
abatacept or infl iximab in RA patients 
with an inadequate response to MTX: 
results from a 1-year double-blind, 
randomized, placebo-controlled trial.”
This study investigated the magnitude 
of the treatment effect and the safety of 
abatacept, infl iximab or placebo over a 
6-month time frame, and subsequent-
ly looked at abatacept or infl iximab 
over an entire year of use. Abatacept 
was dosed similarly to the previously 
mentioned studies, approximating 10 
mg/kg every 4 weeks, while infl iximab 

was dosed at 3 mg/kg every 8 weeks 
following the initial dosing at 0, 2 and 
6 weeks. The primary endpoint was a 
reduction in the mean DAS28 scores. 
Through 6 months, effi cacy appeared 
to be similar between abatacept and in-
fl iximab, with both agents statistically 
better than placebo. Further improve-
ment was observed at 12 months with 
abatacept (10, 11). Safety data sug-
gested that there were fewer SAEs with 
abatacept than infl iximab at both 6 and 
12 months (10). 

Conclusion
The clinical trials of abatacept in RA 
described here have led to the addition 
of a new agent to the therapies avail-
able to clinicians for the management 
of this disease. Thus far, abatacept 
appears to reduce the symptoms and 
signs, improve function and reduce 
disability, and inhibit radiographic 
progression in patients with RA. Per-
haps the greatest attribute is its effec-
tiveness in those patients who have had 
an inadequate response to TNF inhibi-
tion, as this serves a large unmet need. 
Outstanding issues to be addressed in-
clude its long-term effi cacy as well as 
the long-term safety of continued use. 
Close study of additional safety data as 
more patients receive the drug is war-
ranted, as would be expected from any 
new therapy.

Key points box
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