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Rheumatoid arthritis (RA) is a chronic inflammatory arthritis affecting 1% of the population. The
immunologic dysfunction underlying this immune disorder is complex and intricate with the
involvement of various immune cells as well as cytokines and surface molecules. While inhibition
of TNF-a has changed the outlook of patients with this disorder, it requlates only one aspect of
the inflammatory cascade associated with RA. This is corroborated by experience in the clinic,
where a significant proportion of the patients do not have clinical benefit with such therapies.
Furthermore, a number of patients experience blunting of the initial therapeutic benefits of
TNF-a-targeted therapies. Thus, a different approach to regulate the immune dysfunction
associated with RA is necessary. T cells are considered important in the pathogenesis of RA and
abatacept, a fusion protein, was developed to abolish the activation of the T cell by blocking its
interaction with the antigen-presenting cell. Abatacept has demonstrated promising clinical
improvements in patients with RA. Although clinical experience with this new drug is limited and
its mechanism of action remains to be understood, the data on the safety profile

are reassuring.
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Rheumatoid arthritis (RA) is a chronic,
destructive, inflammatory disorder, character-
ized by polyarticular arthritis primarily involv-
ing small joints of the hands and feet. The
synovitis, cartilage damage and bone erosion
that typifies RA is characterized by infiltra-
tion of leukocytes and activation of osteoclasts.
Although the precise mechanism leading up to
the immune dysfunction remains unknown,
both T and B cells are involved in its patho-
genesis. Several pathways involving a complex
network of cellular, as well as cytokine, events
underlying the self-perpetuating immune dys-
function have been characterized. Current
therapeutic options are aimed at targeting
these immune events with a goal of halting the
ongoing inflammation and bone damage, and
resetting the immune imbalance.

Drug therapy is the mainstay of the treatment
plan for RA. The commonly used traditional
small-molecule disease-modifying antirheumatic
drugs (DMARD:s) include hydroxychloroquine,
sulfasalazine, methotrexate (MTX) and lefluno-
mide. The introduction of biologic DMARDs
has significantly changed the outlook of patients
with RA. However, a significant proportion of
patients remain resistant to TNF-o-neutralizing
therapies, and even those who have an initial

therapeutic response may develop blunting of
such response with time. Abatacept (Orencia®,
BristolMyersSquibb [NY, USA]) has been
approved for the management of RA in the USA
within the past 2-3 years.

Introduction to abatacept (CTLA4lg)

T cells play a fundamental role in the patho-
genesis of RA [1]. In the rheumatoid joint, the
T cells express markers of activation, such as
CD28 and cytotoxic T lymphocyte antigen 4
(CTLA4) [2], and are present along with sev-
eral other cell types, including dendritic cells,
macrophages, fibroblast-like synoviocytes
and osteoclasts. Studies in animal models of
RA as well as in humans have demonstrated
that IL-17-secreting T cells, the Th17 cell, are
important in the pathogenesis of RA. IL-17 has
robust and widespread inflammatory effects
on other cells of the joint. The IL-17 recep-
tor is ubiquitously expressed on monocytes,
macrophages, chondrocytes, osteoblasts and
fibroblasts and induces the production of
IL-1B, IL-6, TNF-o., chemokines and matrix
metalloproteinases. The inflammatory cytok-
ines not only perpetuate synovial inflamma-
tion but also induce further Th17 cell develop-
ment. Th17 cells also express RANKL and can
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induce osteoclastogenesis, resulting in bone erosions [3]. Thus,
IL-17-secreting T cells are important in enhancing inflamma-
tion, cellular infiltration and bone and cartilage destruction
observed in RA.

In the peripheral blood, T cells are present in a naive state
and must be fully activated in order to reach their full func-
tional potential. Activation of the naive T cells requires two
signals, one from the engagement of the T-cell antigen receptor
with an antigen—-MHC conjugate on antigen-presenting cells
(APCs), and the second from the ligation of CD28 on T cells
with CD80/86 on APCs. This dual activating signal into the
naive T cells results in the generation of an activated phenotype
of T cell manifested by the secretion of various inflammatory
cytokines and upregulation of several surface molecules, as well
as proliferation and survival 4-6]. Stimulation of the naive T cell
by cognate antigen in the absence of the costimulatory signal
results in anergy, and ligation of costimulatory molecules on
the T cell in the absence of cognate antigen has no effects on
the T cell.

One of the surface molecules that are upregulated on the acti-
vated T cell, following antigen recognition in the presence of
costimulation, is CTLA4. CTLA4 binds to CD80/86 on APCs
with higher avidity than CD28. While both CD28 and CTLA4
can bind to CD80 and CD86, studies have demonstrated that
CD28 primarily binds to CD86 and CTLA4 primarily binds to
CD80 [7-10]. The binding of CTLA4 with CD80/86 not only
interferes with the activating signal via CD28, but also sends
inhibitory signals into the newly activated T cell, via CTLA4,
thus limiting T-cell activation [11,12].

The discovery of the two signal pathways that are necessary for
T-cell activation and the generation of T-cell anergy in the absence
of costimulatory signals led to the development of CTLA4Ig as
a therapeutic intervention for diseases associated with T-cell
activation, such as RA and transplant rejection. CTLA4Ig is a
soluble molecule comprised of the extracellular domain of human
CTLA4, in conjunction with the heavy-chain constant region
of human IgGl. CTLA4Ig binds to both CD80 and CD86 and
thereby prevents CD28 on T cells from binding to CD80 or
CD86 on APCs. This blocks the second activating signal into
the T cell and interferes with full T-cell activation. CTLA4Ig was
shown to ameliorate collagen-induced arthritis, a murine model of
RA [13], and also showed promise in several clinical trials in RA.
CTLAA4Ig was approved as a therapeutic agent for RA in 2005.

Mechanism of action of CTLA4Ig (abatacept)

Although abatacept was developed to block the ‘second signal’
necessary for full activation of the T cell, data from animal models
of disease and in vitro studies in humans suggest that abatacept
can modulate several other aspects of the immune system.

The in vitro effect of induction of anergy in T cells in the
presence of CTLA4Ig, via interference with the second signal,
has not been demonstrated to occur iz vivo (14]. In vivo studies
in animal models of transplantation have demonstrated that
blockade of the costimulatory signal results in cell death and
reduction in the number of antigen-specific T cells, leading up

to induction of tolerance in T cells [15-17]. It remains to be seen
if such mechanisms of action account for the therapeutic effect
of abatacept in RA.

In addition, some of the immunologic effects of abatacept are
probably secondary to its effects on APCs. IL-6 is important in
RA and animals models of RA and ligation of CD28 on T cells
with CD80 on APCs induces the secretion of IL-6 by APCs [18].
Thus, binding of CTLA4Ig to CD80/86, could interfere with the
CD80/28-induced secretion of IL-6 by APCs. Consistent with
this hypothesis, IL-6 was reduced in the serum of patients with
RA receiving abatacept [19]. This finding is particularly interest-
ing since IL-6 is one of the key cytokines that is necessary for the
generation and maintenance of Th17 cells, a T-cell phenotype
recently associated with autoimmunity.

Furthermore, ligation of CD80/86 on APCs with CTLA4 on
T cells leads to the induction of indoleamine dioxygenase (IDO)
in APCs. IDO is thought to be critical in inducing anergy in
T cells [20,21]. Since CTLA4Ig binds to CD80/86 on APCs, it is
possible that CTLA4Ig induces anergy in T cells via induction of
IDO in APCs. CTLA4Ig therapy has been shown to induce trans-
plant tolerance in the murine pancreatic islet transplant model via
induction of IDO [22]. However, generation of IDO may not be
the only mechanism underlying CTLA4Ig-mediated tolerance.
In studies in the rat bone marrow transplant and heart allograft
models, tolerance developed in mice treated with CTLA4Ig, even
in the absence of IDO [23,24]. Furthermore, it has been demon-
strated that T cells from the inflamed rheumatoid synovium are
resistant to regulation by IDO [25]. In addition, unlike unmodi-
fied CTLA4Ig, the Fc portion of abatacept is modified such
that it does not bind to Fc receptors and hence does not mediate
complement-dependent or antibody-dependent cytotoxicity, at
least in vitro [26).

While the mechanism of action of abatacept (CTLA4Ig) in
RA remains to be understood, administration of CTLA4lg in
patients with psoriasis, which has several immunologic parameters
in common with RA, is associated with a decrease in the number
of T cells in the plaques [27]. CTLA4Ig can also abrogate the para-
crine stimulation between T cells. The phenomenon of paracrine
activation of naive T cells by other activated T cells is thought to be
important in mediating the self-perpetuating inflammation char-
acteristic of the rheumatoid synovium. T cells express CD80/86
after activation through CD3 and CD28. CD80/86 expressed on
activated T cells has been shown to activate other T cells via liga-
tion with CD28 [28]. Synovial T cells in RA express class I MHC
and CD80, in addition to CD28 [2.29]. Thus, it is possible that
CTLA4Ig may block the paracrine stimulation between T cells of
the rheumatoid synovium by binding to CD80/86 on T cells.

Although the CD28 and CD80/86 pathway is important for
the stimulation of naive T cells, there is some controversy regard-
ing the usage of this pathway by memory T cells, which are the
predominant subtype of T cells in RA. While some studies have
demonstrated that memory T cells are independent of CD80/86
for activation of their recall responses [30,31], CTLA4Ig has been
shown to inhibit the recall function and homing capabilities of
memory CD4* T cells and CD80/86 expressed on B cells are
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required for the activation of autoreactive T cells in a murine
model of autoimmune arthritis [32,33]. This is complicated further
by the finding that T cells in patients with RA have reduced
expression of CD28 [34]. In addition, T cells in the rheuma-
toid synovium have been shown to express and utilize NKG2D,
CX3CRI and KIRS2D2, instead of CD28. The ligands for these
receptors are abundantly expressed on nonhematopoetic tissue
cells in the rheumatoid synovium and can induce secretion of
various inflammatory cytokines, such as IFN-y and TNF-a
(35-37]. Thus, it is possible that CTLA4Ig can have distinct effects
on T cells, depending on the activation status and the tissue
distribution of those cells.

In addition, CTLA4Ig has been shown to modulate the number
and function of Tregs and to reduce induction of reactive oxygen
species. The significance of these findings pertaining to the clini-
cal response in patients with RA remains to be evaluated [38-40].
Thus, CTLA4-based intervention has a much broader effect on the
immune system, beyond blockade of the CD28 and CD80/86 inter-
action between T cells and APCs. The immunologic mechanism
underlying clinical response in RA is open to investigation.

Clinical studies of abatacept in RA

Abatacept has been shown to have significant therapeutic responses
in several trials involving RA and is currently licensed for
its treatment. A summary of the clinical trails is shown in Taete 1.

A double-blind, placebo-controlled, Phase I clinical trial of
abatacept in RA showed American College of Rheumatology
(ACR)-20 responses in 50% of patients without any significant
adverse effects [41]. Following this, a Phase Ila trial involving
339 patients with active disease despite MTX 10-30 mg, was
performed. Patients received either abatacept 2 mg or 10 mg/kg
plus MTX or placebo plus MTX, for 6 months [42]. Infliximab or
leflunomide was discontinued 60 days prior to enrollment. Patients
were allowed to continue on stable doses of MTX, prednisone and
NSAIDs. Following randomization, 119 patients received placebo
plus MTX, 105 patients received abatacept 2 mg/kg plus MTX
and 115 patients received abatacept 10 mg/kg plus MTX. The
ACR20/50/70 responses were 60, 36 and 16% in the abatacept
10 mg/kg plus MTX arm, 42, 23 and 10% in the abatacept 2 mg/
kg plus MTX arm and 25, 12 and 2% in the placebo plus MTX
arm, respectively. Although, patients on abatacept 10 mg/kg had
better clinical responses than patients receiving 2 mg/kg, such
differences did not reach statistical significance.

Sustainability of response was further demonstrated by a
Phase IIb extension study to 12 months on the same cohort
of patients as in the Phase Ila study [43]. Although this was a
completer analysis, ACR20 responses at 12 months for patients
receiving abatacept 10 mg/kg plus MTX remained at approxi-
mately 60%, whereas the percentage of patients achieving ACR50
responses increased to 41.7 from 36% at 6 months, and the per-
centage of patients achieving ACR70 responses at 12 months
increased to 20.9 from 16% at 6 months.

In this 12-month extension trial, assessment of physical func-
tion was carried out using the modified health-assessment ques-
tionnaire (M-HAQ). Patients receiving abatacept 10 mg/kg

demonstrated clinically significant improvement compared with
placebo, in terms of both mean percentage improvement in physi-
cal activity and M-HAQ. Initial response in these patients was
demonstrated as early as 30 days, with sustained benefit demon-
strated at both 6 and 12 months of study (abatacept 10 mg/kg
plus MTX: 58.3% at 6 months, 49.6% at 1 year; placebo plus
MTX: 33.6% at 6 months, 27.7% at 1 year). Additionally, 34.8%
of patients receiving abatacept 10 mg/kg plus MTX achieved
disease activity score (DAS)-28 scores under 2.6 (characteristic of
remission) compared with 10.1% on placebo plus MTX.

The encouraging data from the previous studies prompted
inquiry into whether abatacept would be efficacious in patients
who continue to have active disease despite being on anti-TNF
therapies. The Abatacept Trial in Treatment of Anti-TNF
Inadequate Responders (ATTAIN), a 6-month, randomized,
double-blind, Phase III trial in patients with RA for at least 1 year,
was designed to answer this question [44]. Those with inadequate
response to etanercept, infliximab, or both at approved doses
for at least 3 months of treatment were included in the study.
Adalimumab use was not considered in the study secondary to
lack of widespread use during the time period involved. In addi-
tion to patients who had suboptimal clinical response to anti-TNF
agents, patients experiencing adverse events to anti-T'NF therapy
were also included. All patients were on an oral DMARD or
anakinra for at least 3 months, with a stable dosage for at least
28 days. Oral corticosteroid use was allowed at stable doses less
than 10 mg/day (also for at least 28 days). For those receiving
TNF-antagonist therapy at screening, a washout period of 28 days
for etanercept and 60 days for infliximab prior to randomization
was required. A total of 391 patients were randomized into either
the abatacept-treatment arm or a placebo-treatment arm (ina 2:1
ratio). Those treated with abatacept received an approximated
dose based on calculation of 10 mg/kg bodyweight; subjects less
than 60 kg received 500 mg, those 60-100 kg received 750 mg
and those greater than 100 kg received 1000 mg, via intravenous
route over 30 min on days 1, 15, 29 and every 28 days thereafter,
up to and including day 141.

In total, 50% of patients treated with abatacept achieved
ACR20 responses at 6 months, whereas only 19.5% of patients in
the placebo arm achieved such responses. Patients receiving abata-
cept also had greater improvements in their HAQ disability index
(0.45 in the abatacept arm vs 0.11 in the placebo arm). ACR50
responses were observed in 20.3% of patients receiving abatacept
compared with 3.8% receiving placebo, and ACR70 responses
were observed in 10.2% of patients on abatacept compared with
1.5% on placebo.

The significant improvement in clinical efficacy that was
observed at 6 months in the ATTAIN trial led to an open-
label extension of another 18 months [45]. This study included
317 patients who completed the initial 6-month protocol, receiv-
ing approximately abatacept 10 mg/kg. Individuals receiving
placebo were switched to abatacept at doses similar to the treat-
ment arm. ACR20/50/70, DAS28, HAQ-Disability Index (DI),
pain via visual analog scale (VAS), health-related questionnaire
and fatigue via VAS were evaluated throughout the study as
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measures of response to therapy. Of the initial 317 patients
enrolled, 222 completed the long-term extension (LTE) for
the additional 18 months. Patients receiving abatacept in the
blinded phase continued to receive consistent doses of supportive
DMARD/DMARD combinations throughout the entire 2-year
observation period. Patients continued on abatacept through
the LTE maintained ACR20/50/70 responses throughout the
observation period. Patients who were switched to abatacept
after 6 months of placebo, demonstrated similar ACR20/50/70
responses to the abatacept-treatment arm, when adjusted for
duration of therapy.

Patients receiving abatacept for the entire duration (24 months)
of the study had a reduction of 1.99 and 2.66, at 6 months and
2 years, respectively, in their DAS28 scores. At 6 months, 18.3
and 11.1% of patients achieved low disease activity score (LDAS)
(DAS28 < 3.2) and remission (DAS28 < 2.6), respectively. The
clinical responses continued to improve with 32 and 20.3%
achieving LDAS and remission, respectively, at 2 years.

Health Assessment Questionnaire Disability Index (HAQ-DI)
remained relatively stable over the 2 years in the original abata-
cept-treatment arm (54% at 6 months, 47.9% at 2 years). Patients
who were switched from the placebo arm to the abatacept arm,
during the open-label extension, achieved comparable response in

the HAQ-DI scores (46.5%) at 2 years. Significant improvement
in VAS scores (defined as >10 mm change for pain and fatigue
and >6 mm for sleep) was observed in both groups, showing more
than -30, -25 and -11 changes in respective categories at 2 years.

Methotrexate is the mainstay of treatment for RA and is often
the anchor of combination therapy. Therefore, the Abatacept in
Inadequate Responders to Methotrexate (AIM) trial was designed
to evaluate the safety and efficacy of abatacept in patients who
have active disease despite being on maximum doses of MTX [46].
This trial design was similar to previous trials by Kremer and col-
leagues; however, in addition to evaluating efficacy of the drug ver-
sus placebo with regards to ACR20/50/70 responses, DAS28 and
HAQ-DI scores over the course of 1 year, the effect of radiographic
progression of disease was studied using the Genant-modified
Sharp score. In total, 652 patients were randomly assigned to abata-
cept/MTX or placebo/MTX in a 2:1 ratio, respectively, with those
treated with study drug receiving 10 mg/kg (approximate dosage)
of abatacept on days 1, 15, 29 and every 28 days up to and includ-
ing day 337 of the study. Radiographs of the hands and feet were
taken at baseline and at 1 year for 586 patients. As in prior stud-
ies, the percentage of patients achieving ACR20/50/70 responses
were significantly higher in the abatacept-treatment group at 6
and 12 months. With continued therapy over the course of 1 year,

Table 1. Percentage of patients achieving American College of Rheumatology 20, 50 and 70 responses

during clinical trials with abatacept.

Kremer et.al.
(2003)"

MTX + abatacept 2 mg/kg
MTX + abatacept 10 mg/kg
MTX + placebo

Kremer et al. MTX + abatacept 10 mg/kg

(2005) MTX + placebo
AIM (Kremer et al.  MTX + abatacept 10 mg/kg
2006)*

MTX + placebo
ATTAIN (TNF DMARD + abatacept 10 mg/kg
nonresponders)$

ATTAIN (18-month
extension)"

DMARD + abatacept 10 mg/kg

ATTAIN (TNF DMARD + placebo

nonresponders)

ATTAIN (18-month  DMARD + abatacept 10 mg/kg
extension) (switched from placebo at 6 months)

“Also included Modified Health Assessment Questionnaire (M-HAQ) findings: abatacept 10 mg/kg plus MTX,

MTX, 6 months: 33.6%, 12 months 27.7%.

105 6 42 23 10 (42]

115 6 60 36 16

119 6 25 12 2

99 12 62.6 41.7 20.2 (43]

78 12 36.1 20.2 7.6

433 6 679 399 19.8 [46]
12 731 48.3 28.8

219 6 39.7 16.8 6.5
12 397 18.2 6.1

258 6 50.4 20.3 10.2 [44]

218 18 54.8 34.1 17.1 [45]
24 56.2 33.2 16.1

133 6 19.5 10.2 1.5 [44]

©9 18 57.6 31.3 1.1 [45]
24 515 32.3 13.1

6 months: 58.3%, 12 months: 49.6%; placebo plus

*Also included the following findings: significant HAQ-DI improvement, MTX plus abatacept 10 mg/kg, 12 months: 63.7%; MTX plus placebo, 12 months: 39.3%;
low disease activity score (LDAS) (DAS28 < 3.2), MTX plus abatacept 10 mg/kg, 6 months: 30.1%, 12 months: 42.5%; remission (DAS < 2.6), MTX plus abatacept
10 mg/kg, 6 months: 14.8%), 12 months: 23.8%; Genant-modified Sharp Score, MTX plus abatacept 10 mg/kg, 50% reduction in change from baseline at

12 months.

SAlso included Health Assessment Questionnaire Disability Index (HAQ-DI) findings (at 6 months): DMARD plus abatacept 10 mg/kg: 0.45, DMARD plus placebo:

0.11.

TAlso included the following findings: DAS28, DMARD plus abatacept 10 mg/kg, 6 months: -1.99, 24 months: -2.66; LDAS (DAS28 < 3.2), 6 months: 18.3%,
24 months: 32%; remission (DAS < 2.6), 6 months: 11.1%, 24 months: 20.3%; significant HAQ-DI improvement, 6 months: 54%, 24 months: 47.9%,

(placebo switched to abatacept at 6 months) 24 months: 46.5%.

ACR: American College of Rheumatology; AIM: Abatacept in inadequate responders to methotrexate; ATTAIN: Abatacept trial | treatment of anti-TNF inadequate

responders; DMARD: Disease-modifying antirheumatic drug; MTX: Methotrexate.
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particular improvement was demonstrated in the latter 6 months
with the ACR20 response increasing to 73.1% at 12 months, from
67.9% at 6 months, in the abatacept arm. This pattern held true
for ACR50 and ACR70 responses, with improvement to 48.3 and
28.8% after 1 year, respectively, from 6-month values of 39.9 and
19.8%. HAQ-DI scores of 1.7 in both abatacept- and placebo-
treatment arms reflected considerable physical impairment prior to
therapy with more statistically significant improvement observed
in patients receiving abatacept for 1 year.

Radiographically, both treatment arms demonstrated simi-
lar erosion, joint space narrowing and total scores at baseline;
however, at 1 year, abatacept-treated patients demonstrated sta-
tistically significant slowing of progression of joint damage and
approximately 50% reduction in Genant-modified Sharp scores
compared with patients treated with placebo.

Open-label LTE for an additional year beyond the initial
12-month study of the AIM trial showed continued efficacy and
safety, in addition to slowing of radiographic progression [47.48].
ACR20/50/70 findings in this trial were very consistent with
those generated in the ATTAIN trial, with near identical numbers
at the end of year 1 and 2 of the study. The LDAS (DAS28 < 3.2)
responders in the abatacept arm increased from 44.1% of patients
atyear 1 to 56.1% at year 2. This correlated with DAS28 (C reac-
tive protein [CRP])-defined remission (DAS28 < 2.6) responders
increasing from 25.4% of patients at year 1 to 30.9% at year 2.

There was a 50% reduction in radiographic progression among
abatacept-treated patients compared with placebo at year 1, with
continued improvement during year 2 of treatment (total score
reduction by an additional 57% during year 2 vs year 1). In addi-
tion, patients treated for 2 years with abatacept versus patients in
the placebo arm switched to abatacept after year 1 had signifi-
cantly slower progression of disease, including total score, ero-
sion score and joint-space narrowing. Median change in Genant-
modified Sharp scores from year 1 to year 2 of the abatacept arm
was 0.46 versus 0.51 for the placebo group switched to abatacept
after year 1.

Finally, the Abatacept or Infliximab Versus Placebo Trial for
Tolerability, Efficacy and Safety in Treating Rheumatoid Arthritis
(ATTEST) was performed to quantify the treatment effect of
abatacept versus infliximab versus placebo over a 12-month study
period [49]. A total of 431 patients with active RA on adequate
doses of MTX were randomized in a 3:3:2 ratio using an approx-
imated weight-based dose of abatacept 10 mg/kg, infliximab
3 mg/kg or placebo. MTX was continued in all patients. During
the first 6 months of the study, there were three arms: abatacept
versus infliximab versus placebo. Patients receiving placebo dur-
ing the first 6 months were then switched to abatacept for the
remaining 6 months. Changes in background medications were
allowed after the first 6 months of the study. Patients in the
abatacept or infliximab arms had significant improvement in
the LDAS, European League Against Rheumatism (EULAR)
response and DAS28 (erythrocyte sedimentation rate [ESR])-
defined remission, with slightly better results in the infliximab
arm. However, at the end of the second 6 months, there were
greater reductions in DAS28 (-2.88 with abatacept vs -2.25 with

infliximab), EULAR response (32% with abatacept vs 18.5%
with infliximab), LDAS(35.3 vs 22.4%) and DAS28(ESR)-
defined remission(18.7 vs 12.2%) in the abatacept arm versus
the infliximab arm. The data suggest that, although patients
receiving abatacept had a slower onset of initial clinical improve-
ment in comparison with patients receiving infliximab, patients
in the abatacept arm continued to have a steady improvement in
their clinical response during the second 6 months, eventually
exceeding the clinical improvement observed in the infliximab
arm at the end of year 1. In terms of HAQ-DI, both abatacept-
and infliximab-treatment groups demonstrated improvements in
physical function (61.5 and 58.8%, respectively).

In a recent study conducted by Buch ez a/., MRI of affected
joints and synovial biopsy were performed prior to starting and
4 months after treatment with abatacept [s0]. Although there was
only a small reduction in the cellular infiltration of the synovium,
the expression of IFN-y as well as other proinflammatory cyto-
kines, such as IL-1f, IL-6 and matrix metalloproteinases, were
reduced significantly. Furthermore, the reduction in IFN-y corre-
lated with improvements in MRI scores. This study also evaluated
the expression of RANK, RANKL and osteoprotegerin (OPG).
RANK/RANKL interaction is associated with osteoclast differ-
entiation, activation and bone resorption, whereas OPG interferes
with this interaction, thereby preventing osteoclast activation and
bone resorption. In the aforementioned study by Buch ez 4/, there
was a trend in the reduction of expression of RANK/RANKL
and upregulation of OPG in the synovium of patients receiving
abatacept. These findings are interesting and may explain the
immunologic mechanisms underlying improvement in bone and
cartilage damage with the use of abatacept.

Safety

In terms of safety, relatively similar results were demonstrated
across all of the aforementioned studies. Abatacept was tolerated
well with few, if any, deaths, malignancy or opportunistic/atypi-
cal infections reported in the groups observed. Adverse events in
most cases included nasopharyngitis, nausea, upper respiratory
tract infections and headache; however, certain studies had higher
incidences in placebo-treated patients. When abatacept 10 mg/kg
was utilized and compared with a lower dosage (2 mg/kg), no
increases in adverse events or discontinuations in treatment were
noted. From an immunologic standpoint, antibodies to CTLA4Ig
developed in some patients; however, the clinical significance of
such findings remains unknown.

In the aforementioned studies, abatacept was administered along
with MTX and had a favorable safety profile. However, in clinical
practice, patients often receive other DMARDs, such as sulfasala-
zine, leflunomide or hydroxycholoroquine, either as monotherapy
or as combination therapy. Similarly to combination DMARD
therapy, biologics are often utilized in combination with DMARDs.
The Abatacept Study of Safety in Use with other RA Therapies
(ASSURE) trial was designed to evaluate the safety of abatacept
use in patients receiving DMARDS, as well as biologics [51]. In
total, 1441 patients were enrolled in this double-blind, placebo-
controlled trial lasting for 1 year. Patients who had active disease,
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characterized by VAS measurement of at least 20 mm despite treat-
ment with a biologic and/or nonbiologic DMARD, for at least
3 months were included. Patients with stable comorbid medical
conditions, including congestive heart failure, asthma, chronic
obstructive pulmonary disease and diabetes mellitus, were included
in this study. However patients who had unstable or uncontrolled
chronic conditions were excluded.

As in other studies, randomized patients were divided in a
2:1 ratio favoring the abatacept-treatment arm compared with
placebo, with treated patients receiving abatacept 10 mg/kg per
standards stated previously in other studies based on weight in
kilograms. Approved DMARD:s include MTX, hydroxychloro-
quine, leflunomide, gold, azathioprine, anakinra, etanercept, inf-
liximab and adalimumab. Drug regimens including combination
DMARD therapies could not be adjusted until after month 3 of
the study. Fewer patients in the abatacept arm required additional
nonbiologic DMARDs than those in the placebo arm (4.3 vs
7.7%, respectively) for the duration of the study.

Few adverse events (AEs), serious AEs (SAEs) or very-severe
AEs were reported in either abatacept- or placebo-treated patients.
Patients receiving abatacept in addition to biologic therapy developed
more AEs in comparison to those receiving abatacept in conjunction
with nonbiologic DMARDs. The most common AE was headache
(20.4% in abatacept vs 15.6% in placebo), with only a slightly
higher percentage of infection (56 vs 54.1%, respectively), repre-
sented mostly by upper respiratory tract infections and nasophar-
yngitis. Although the numbers were small, a higher proportion of
SAEs were observed in patients receiving abatacept in combination
with leflunomide. In these patients, there was no specific trend to
any particular organ system or SAE type. In addition, more AEs
and SAEs were demonstrated in abatacept-treated patients with
chronic obstructive pulmonary disease (COPD), warranting pos-
sible caution of use in the setting of RA and pre-existing COPD.
AEs were also mostly infectious, including upper/lower respiratory
tract infection, bronchitis, sinusitis, influenza and herpes zoster
virus. SAEs included intestinal ischemia, colon adenoma, COPD
exacerbation, squamous cell carcinoma of the skin, bronchitis, basal
cell carconoma, cellulitis, cataracts and events resulting in a need
for eye surgery. However, no deaths occurred in this subgroup of
patients with comorbid COPD. This study, despite demonstrating
that serious infections do not occur in higher frequency when abata-
cept use is combined with nonbiologic DMARD therapy or com-
binations of such, contrastingly, confirmed a higher rate of serious
infections when abatacept was used with other biologic therapies.

Another study performed by Weinblatt ez a/. evaluated the safety
of abatacept in combination with etanercept [52]. This multicenter,
randomized, double-blind, placebo-controlled, open-label, LTE
Phase II trial to 3 years total therapy included 121 patients main-
tained on etanercept 25 mg every 2 weeks. In the treatment arm,
abatacept 2 mg/kg was administered in addition to etanercept.
Following the initial 6 months of double-blind therapy, addition
of other DMARD:s was allowed, including plaquenil, sulfasala-
zine, leflunomide or MTX, with patients completing 1 year of
double-blind therapy eligible for LTE for an additional 2 years.
LTE included fixed-dose abatacept approximating 10 mg/kg as in

other studies with adjustment accordingly (increase or decrease) of
steroids, etanercept and NSAIDs, according to RA status. In total,
80 patients eventually completed the first 2 years of the study, all
eventually participating in LTE, and 61 patients completed the
full 3 years of the study. Combination therapy with abatacept
and etanercept did not result in significant clinical response, as
measured by percentage of patients achieving ACR20 responses,
over etanercept plus placebo, at 6 months. Increase in the dosage
of abatacept to 10 mg/kg weight-approximated doses, as in other
studies, during the open-label LTE, did not lead to any additional
improvement in clinical response, beyond that observed during
the first 2 years. The incidence of AEs was relatively low, however,
because the combination of etanercept and abatacept demonstrated
an increase in AEs, therapy-related AEs and serious infections.
These findings provide additional suggestion to the findings in
the ASSURE trial, which reflect a less-favorable safety profile for
the combination of abatacept with biologic agents compared with
standard combination of abatacept with nonbiologic DMARDs.

Expert commentary

Abatacept is a fusion protein composed of the extracellular por-
tion of the human CTLA4 and the heavy chain of human IgGI.
Immunologically, it does not deplete T cells and probably works
by immunomodulation. It has been shown to induce improve-
ments in signs and symptoms of RA in combination with MTX.
It has also been demonstrated to be beneficial in patients whose
disease is unresponsive to TNF-o-targeted therapies. The slowing
of radiographic progression is indeed impressive and important,
since patients with RA not only have signs and symptoms of
synovial inflammation but also have cartilage damage and bone
erosions. It is possible, although more evidence is needed, that the
immunologic mechanism of action of abatacept can target both
aspects of joint disease.

Abatacept infusions are well tolerated and the molecule itself is
not considered immunogenic. Abatacept scores very well in terms
of its safety profile and clinical studies have not demonstrated
an increased incidence of infection to date. Long-term safety in
terms of risk of malignancy remains an open question and will be
answered in the future. Although murine studies suggest the rela-
tive safety of this drug in tuberculosis [s3], the safety of this drug
in patients with positive skin tests for purified protein derivative
of mycobacteria remains to be resolved.

As with previous studies involving biologics in RA, a significant
number of patients do not achieve ACR50/70 responses, or even
ACR20 responses, over the study period. This raises the question
of how long we should wait before switching patients to another
therapeutic agent. Furthermore, the concern with blunting of
the initial therapeutic response, as observed with TNF-targeted
therapies, remains an open question.

Five-year view

Abatacept is the first T-cell-targeted therapy approved for patients
with RA. It modulates the immune system without depleting the
T cells and is associated with a favorable clinical outcome and
safety profile. All this makes abatacept a unique and attractive
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therapeutic option for RA. Furthermore, this provides the proof
of concept that interventions targeting surface molecules or
T cells are a viable modality of treatment in RA. Another thera-
peutic option in RA, targeted towards a specific immune cell,
is rituximab. Rituximab targets B cells and is currently used in
patients who have failed anti-TNF agents. It is probable that,
with more clinical experience, abatacept and rituximab will be
used as first-line biologic therapies in RA.

We now have several biologic agents (infliximab, etanercept,
adalumimab, abatacept and rituximab) approved for the treat-
ment of RA. Currently, several biologic agents are in Phase II
and III clinical trials and will possibly be approved for treat-
ment, and several others are currently under development and
will join the pipeline soon. The necessity for newer drugs in RA
cannot be overemphasized; however, well-designed translational

studies evaluating the immunologic mechanisms underlying clini-
cal response, as well as adverse events associated with biologic
therapy, must be undertaken. Such studies will not only advance
our understanding of the immunologic dysfunction underlying
RA and lead to further drug discoveries but, more importantly,
provide the foundation for selecting the appropriate biologic
therapy for our patients.
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Key issues

e Abatacept has shown clinical improvements in signs and symptoms of rheumatoid arthritis (RA) in combination with methotrexate.
e Abatacept is efficacious in patients with RA who are naive to TNF-neutralizing therapies, as well as those who have failed previous

treatment with such therapies.

e Although abatacept is generally well tolerated, the long-term safety data are unavailable at this time.
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