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optimal treatment choices for their patients.

An increased understanding of the role of
immune cells, such as T and B cells, in the initi-
ation and perpetuation of the inflammatory
cascade in rheumatoid arthritis (RA) has led to
the development of newer targeted therapeutic
agents of action.
Targeted biologic therapies, such as the tumor
necrosis factor (TNF) antagonists, have pro-
vided significant benefits over traditional RA
therapies and represent a considerable advance-
ment in the treatment of RA. Even with these

with novel mechanisms

progressions in disease management, there are
still concerns over the efficacy, safety and practi-
cal considerations of these agents. A substantial
proportion of patients have no response [1-3],
lose their response to treatment over time [4] or
form antibodies against therapies [5-8]. Until
recently, the only treatment option for these
patients would be to switch to another TNF
antagonist, the benefits of which have not been
proven in large, randomized clinical trials.
Overall, the probability of retaining a second
TNF antagonist is lower than that of retaining
the first (97, and patients are more likely to dis-
continue a second or third TNF antagonist for
the same reasons as those noted for discontinu-
ation of the first (10l. The approval of novel
targeted biologic therapies, such as rituximab
and abatacept, has provided valuable new
options for patients not responding to their
current disease-modifying antirheumatic drug
(DMARD) regimen.

This review examines the day-to-day aspects
of using currently approved biologic therapies
for the treatment of patients with RA and the
implications of how this relates to patient
management.
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In recent years, an increase in our understanding of the inflammatory cascade in
rheumatoid arthritis has led to the development of newer targeted therapies with novel
mechanisms of action. This review examines the day-to-day aspects of using currently
approved biologic therapies for the treatment of patients with rheumatoid arthritis and the
implications of how this relates to patient management. The tolerability considerations of
anti-tumor necrosis factor therapies are overviewed, and the recently-approved targeted
therapies rituximab and abatacept are discussed in terms of their indication and dosing,
efficacy, safety and tolerability, to assist rheumatology healthcare professionals in making

Overview of biologic therapies for RA
Anti-cytokine therapies

The first biologic agents to be approved for RA
were the TNF antagonists, etanercept [101], adali-
mumab [102] and infliximab [103], and the inter-
leukin (IL)-1 antagonist, anakinra [104]. These
agents, often used in combination with meth-
otrexate (MTX), have not only helped deliver
improvements in the signs and symptoms of dis-
ease, but have also led to improvements in health-
related quality of life and an attenuation of radio-
graphic progression to an extent previously con-
(11]. In addition to the
clinical benefits seen with these agents, there are

sidered unattainable

also a number of associated efficacy and safety
concerns, some of which are outlined below.

Infections with TNF antagonist therapies

Patients with active RA are reportedly at a greater
risk of developing infections compared with
patients without RA [12,13]. The exact cause is
unknown, but this may be due to the immu-
nomodulatory effects of RA or to the agents used
in its treatment. An increased risk of infection,
specifically tuberculosis, has been associated with
the use of TNF antagonist therapies [14]. Serious
infections, sepsis and fatalities have been
reported with all three TNF antagonists. The
prescribing information for etanercept features a
bolded warning regarding the risk of infections
(101], while the prescribing information for both
adalimumab and infliximab feature boxed warn-
ings regarding the risk of infections including
and it is that
patients with infections or those who have a his-

tuberculosis, recommended

tory of recurrent infection should be monitored
closely [102,103]. Tuberculosis has been observed
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in some patients treated with etanercept [101],
adalimumab [102] or infliximab [103], and for some
it has been fatal [103]. In patients receiving inflixi-
mab at a dose of 3 mg/kg, insufficient clinical
efficacy has been reported in some cases, and
these patients may require a modification of dose,
or ‘dose titration” for their treatment to be effica-
cious. However, it should be noted that data from
the Safety Trial for RA with Remicade (START)
trial has highlighted that the risk of tuberculosis
is increased following high-dose infliximab treat-
ment (10 mg/kg). Therefore, the decision to pre-
scribe higher doses of infliximab should include
heightened vigilance for infection [15].

Screening for tuberculosis using the tubercu-
lin skin test is recommended prior to starting
treatment with adalimumab [102] or infliximab
(103] and the author suggests that this should be
extended to treatment with all TNF antagonist
therapies, including etanercept. A number of dif-
ferent recommendations for treating patients
with tuberculosis have been proposed, including
using the antibiotic isoniazid prior to initiating
TNF antagonist therapy [14]. The implementa-
tion of such strategies may lessen the likelihood
of tuberculosis in at risk populations [14].

Although the risk of intracellular infections
such as tuberculosis has been widely reported, the
incidence and risk of more common serious infec-
tions is less well documented. Data from clinical
trials suggest that, overall, there is an increased risk
of infection following treatment with TNF anta-
gonists [13], however, the findings from post-mar-
keting surveillance studies (which are not
controlled and limited by patient numbers) may
provide a more accurate reflection of current
trends. In the Antirheumatic Therapies In Sweden
(ARTIS) study (a nationwide Swedish monitoring
program for biologics in RA), 4160 patients with
RA, who were treated with TNF antagonists, were
identified between the years 1999 and 2003. The
findings from this study suggest that treatment
with these agents is associated with a 30%
increased risk of hospitalization for infection. In
addition, among patients receiving TNF anta-
gonist therapy, pre-treatment hospitalization for
infection was common (20% of patients) [16].

Malignancies with TNF antagonist therapies

Using published data from nine randomized, con-
trolled trials, Bongartz eral. have also demon-
strated that, along with an increased risk of
infection, there is an increased risk of malignancy
in patients with RA who have been treated with
TNF control

antagonists compared  with
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patients [13]. In the majority of trials included in
this analysis, the control group was made up of
patients who were receiving placebo plus standard

antitheumatic  therapy (included traditional
DMARD:s, low-dose corticosteroids, nonsteroidal
anti-inflaimmatory  drugs and/or analgesics).

Although a number of other trials, including those
with data from patient registries, have shown that
there is an increased risk of malignancy in patients
with RA [17-19] it is uncertain to what extent the
risk is attributable to TNF antagonist therapies. In
the trial by Bongartz ez al., the pooled odds ratio
for malignancy was 3.3 (95% confidence interval,
1.2-9.1) (131. More long-term data is needed
before the risk can be estimated accurately, and
any future clinical recommendations must take
into consideration both the risks and benefits of
these agents. The US FDA has issued a statement
confirming that the risk—benefit relationship for
the approved indications remains favorable when
used as indicated. Data from patient registries
provide valuable information on RA that comple-
ment the findings from the randomized clinical
trials. While the overall tumor risk was not
increased in those patients treated with TNF
antagonist therapies, the findings from the South
Swedish Arthritis Treatment Group (SSATG) reg-
ister, suggests that there is a possible increased risk
for lymphoma associated with these agents. In this
study, the cohort of patients treated with TNF
antagonists reportedly represents a subpopulation
of patients with RA who had up to a 25-fold
increased risk of lymphoma due to long-standing
disease activity and, as such, these results should be
interpreted with some degree of caution. In addi-
tion, these findings are based on only a few cases
and further studies will be needed to confirm these
conclusions [19].

Additional tolerability considerations with TNF
antagonist therapies

Etanercept and adalimumab should be used with
caution in patients with congestive heart failure;
additionally, it is advised that infliximab at doses
greater than 5 mg/kg should not be used in
patients with moderate-to-severe heart failure
(101-103]. The use of these agents has, in rare
instances, also been associated with the relapse of
hepatitis B virus (HBV) infection [105]. There-
fore, patients at risk for HBV infection should be
evaluated for prior evidence of this infection
before initiating TNF antagonist therapy and
prescribers should exercise caution when pre-
scribing TNF antagonists for patients identified
as carriers of HBV.
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Immunogenicity with TNF antagonist therapies
Anti-drug antibodies, which may develop in some
patients treated with TNF antagonist therapies,
have been associated with a loss of response to
therapy [7.8.2021]. Antibodies to the TNF-receptor
portion or other protein components of etanercept
were detected in approximately 6% of adult
patients treated for RA, psoriatic arthritis, ankylos-
ing spondylitis, or plaque psoriasis. However, these
antibodies were all non-neutralizing [101]. In a 5-
year trial, Klareskog ez a/. demonstrated that the
development of anti-etanercept antibodies had no
long-term effect on the safety and efficacy of
etanercept in the treatment of patients with RA
(22]. Conversely, in approximately 5% of adult
patients with RA receiving adalimumab, low-titer
neutralizing antibodies to adalimumab were
detected at least once during treatment [102]. How-
ever, patients treated with concomitant MTX had
a lower rate of antibody development than
patients on adalimumab monotherapy (1 versus
12%, respectively) [102]. In a separate trial of
121 patients with RA treated with adalimumab,
17% of patients developed anti-adalimumab anti-
bodies 7. Of these 121 patients, significantly
more efficacy nonresponders had anti-adalimu-
mab antibodies than responders (34 vs 5%;
p = 0.032, respectively), suggesting the production
of antibodies in these patients may have a neutral-
izing effect. It has been estimated that approxi-
mately 30% of patients treated with infliximab do
not respond to therapy and the presence of human
antichimeric antibodies is negatively correlated
with infliximab levels and clinical response [21]. In
a landmark trial, Wolbink ez /. demonstrated that
the formation of anti-infliximab antibodies is asso-
ciated with a reduced response to treatment [8]. Of
the 22 patients who had detectable anti-infliximab
antibodies, only eight patients (36%) were classi-
fied as responders. This is in comparison to the 29
patients who did not have detectable levels of anti-
infliximab antibodies, of which 69% were classi-
fied as responders (8]. In addition, the formation of
anti-infliximab antibodies has also been associated
with an increased risk of infusion-related reactions
8. The incidence of antibodies to infliximab in
patients given a three-dose induction regimen fol-
lowed by maintenance dosing was approximately
10% as assessed through 1-2 years of infliximab
treatment [103].

Long-term management

The experience gained in clinical trials with
TNF antagonists in terms of efficacy and safety
has generally been reflected in post-marketing
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surveillance [23.24], evaluating these drugs in a
broader population of patients than are typically
included in clinical trials. The 6-year survival-
on-drug data from the Stockholm TNF Antago-
nist Follow-up Registry (STURE) suggest that
overall survival-on-drug rates for the TNF antag-
onists has been less than expected: 63.2 + 1.2%
after 2 years and 43.9 + 1.6% after 5 years, indi-
cating that there is considerable room for
improvement in terms of the long-term thera-
peutic management of RA [25]. Results from a
6-year observational study in southern Sweden,
as reported by the SSATG, suggest that patients
are also more likely to adhere to their therapy for
longer if they are tolerating MTX and were
started on therapy with etanercept rather than
infliximab [26]. Furthermore, in patients who
require continuous therapy and have failed to
respond to a TNF antagonist, replacement with
a different TNF antagonist may be beneficial in
some cases. However, in patients registered in the
BIOBADASER (a national registry of patients
with arthritis who are treated with biologic
agents), drug survival rates were lower for those
patients treated with more than one TNF anta-
gonist compared with patients who had been
treated with only one biologic agent [9].

Recently approved agents

New therapies are looking beyond cytokines to tar-
get cell types involved in the inflammatory cascade
in RA. Two therapies with different mechanisms of
action to the TNF antagonists have recently been
approved in the USA. Rituximab [106] — a geneti-
cally engineered chimeric anti-CD20 monoclonal
antibody that depletes B cells; and abatacept [107] —
a soluble human fusion protein that selectively
modulates T-cell costimulation, are described
below. The approval of both rituximab and abata-
cept for the treatment of patients with an inade-
quate response to TNF antagonists, provides
valuable treatment choices for a population of
patients who previously had very limited options.
In addition, abatacept has also been approved in
the USA for use in patients with an inadequate
response to MTX, therefore, providing an addi-
tional treatment option for patients who have not
yet been treated with a biologic therapy.

Rituximab

Indication & dosing

In the USA, rituximab, in combination with
MTYX, is indicated to reduce signs and symptoms
in adult patients with moderately to severely
active RA who have had an inadequate response
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to one or more TNF antagonists [106]. Rituximab
should always be used in combination with
MTX [106], and is given as two 1000 mg intrave-
nous (iv) infusions, separated by 2 weeks [106].
The rate of the infusion should be at an initial
rate of 50 mg/h; if the patient tolerated the first
infusion well, subsequent rituximab infusions
can be administered at an initial rate of
100 mg/h, increasing by 100 mg/h increments at
30-min intervals, to a maximum of 400 mg/h as
tolerated [106]. Glucocorticoids, such as methyl-
prednisolone 100 mg or its equivalent, adminis-
tered intravenously 30 min prior to each
infusion are recommended to reduce the inci-
dence and severity of infusion reactions [106]. In
addition, antihistamines and acetaminophen
may also be used prior to each infusion.

Clinical efficacy

The efficacy and safety of rituximab in the treat-
ment of patients with RA have been demon-
strated in several trials [27-32]. Of these trials, the
key studies are the Dose-ranging Assessment
International Clinical Evaluation of Rituximab
in RA (DANCER) trial in patients with an
inadequate response to MTX [29] and the Rand-
omized Evaluation of Long-term Efficacy of
Rituximab in RA (REFLEX) trial in patients
with an inadequate response to one or more
TNF antagonists [27]. Significant improvements
in the signs and symptoms of RA, as assessed by
American College of Rheumatology (ACR) 20,
50 and 70 response rates (Tables 1 & 2), were seen
in the two trials described above.

Safety considerations

According to the prescribing information, infu-
sion-associated events occur in approximately
7% of patients treated with rituximab and seri-
ous infections occur in approximately 2% of
patients treated. The prescribing information
for rituximab features a boxed warning regard-
ing the incidence of fatal infusion reactions,
tumor lysis syndrome and severe mucocutaneous
reactions [106].

Tolerability considerations

Patients with a history of cardiopulmonary dis-
ease should also be monitored during the infu-
sions and in the immediate post-infusion
period. Because rituximab targets all CD20*
B lymphocytes (malignant and non-malig-
nant), complete blood and platelet counts
should be obtained at regular intervals during
rituximab therapy and more frequently in
patients who develop cytopenias. Grade 3 and
4 cytopenias (including lymphopenia [40%],
neutropenia [6%], leukopenia [4%], anemia
[3%] and thrombocytopenia [2%]) were
reported in 48% of patients treated with rituxi-
mab [106]. However, the amount of depletion of
B cells may not be correlated with either effi-
cacy or the time needed to retreat. Recent evi-
dence suggests that peripheral blood B-cell
expression does not always reflect synovial
B-cell expression, and that synovial B-cell expres-
sion may possibly be a better barometer of effi-
cacy and/or safety than peripheral expression
(studies are ongoing) [30].

Table 1. Overview of efficacy observed in clinical trials with rituximab — DANCER trial.

Treatment

Rituximab 2x
500-mg doses
24 weeks
Rituximab 2x
1000-mg
doses

24 weeks
Placebo

24 weeks

ACR A DAS28 EULAR AHAQ-DI FACIT-F
20 50 70 No Moderate Good
response /good response
response
55* 33* 13% -1.79 28 738 145 -0.43 20
54* 34* 20* -2.05 34 67 288 -0.49 28
28 13 5 -0.678 63 37 4 -0.16 4

*p < 0.001; *p < 0.029; 5p < 0.0001.
DANCER: Dose-ranging Assessment iNternational Clinical Evaluation of Rituximab in RA; ACR: American College of Rheumatology; DAS28: Disease
Activity Score 28; EULAR: European League Against Rheumatism; HAQ-DI: Health Assessment Questionnaire Disability Index; FACIT-F: Functional

Assessment of Chronic Iliness Therapy-Fatigue subscale.

Taken from [29].
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Table 2. Overview of efficacy observed in clinical trials with rituximab — REFLEX trial.

ACR (24 weeks) [27] A DAS28 EULAR Mean change in structural damage
(24 weeks) moderate/ (mean [SD] at 1 year) [33]
20 50 70 [27] goodresponse , rosion A JSN A Total

(24 weeks) 1271 score score score

Rituximab 51* 27" 127 -1.83" 65" 0.59 0.41 1.00
(1.85)* (1.33)8 (2.76)1

Placebo 18 5 1 -0.34 22 1.32 0.99 2.31

(3.16)% (2.57) (5.28)

*p < 0.0001; *p < 0.05; 5p < 0.001; "p < 0.005; *a proportion of placebo-treated patients also received rituximab.
REFLEX: Randomized evaluation oF long-term efficacy of rituximab in RA; ACR: American College of Rheumatology; DAS28: Disease activity Score
28; EULAR: European League Against Rheumatism; SD: Standard deviation,; JSN: Joint-space narrowing.

Recently, it was demonstrated that repeated
courses of rituximab produce equivalent or
improved efficacy compared with the original
baseline, with no apparent cumulative toxicity,
in patients with an inadequate response to
DMARDs (31,32, The long-term safety and
efficacy of rituximab is still being investigated.

Requlatory affairs

Rituximab has been approved in the USA and
Europe for use in patients with RA with an inad-
equate response to TNF antagonist therapy [106].

Abatacept

Indication & dosing

In the USA, abatacept is indicated for reducing
signs and symptoms, inducing a major clinical
response, inhibiting the progression of struc-
tural damage and improving physical function
in adult patients with moderately to severely
active RA who have had an inadequate response
to one or more DMARDs, including both non-
biologic DMARDs such as MTX and the bio-
logic TNF antagonists. Abatacept may be used
as monotherapy or concomitantly with
DMARDs other than TNF antagonists or

anakinra [107]. Abatacept should be administered
as a 30-min iv infusion at a dose of 500 mg for
patients less than 60 kg, 750 mg for patients
60-100 kg and 1g for patients greater than
100 kg. Following the initial administration,
abatacept should be given at 2 and 4 weeks after
the first infusion, and then every 4 weeks
thereafter. Standard premedication
required [107].

is not

Clinical efficacy

The efficacy and safety of abatacept have been
assessed in a number of randomized, double-
blind, placebo-controlled trials in patients aged
18 years or over with active RA, diagnosed
according to ACR criteria. Abatacept has dem-
onstrated significant reductions in the signs and
symptoms of RA in both the Abatacept in Inade-
quate responders to Methotrexate (AIM) trial of
patients with an inadequate response to MTX
(34 and in the Abatacept Trial in Treatment of
Ant-TNF Inadequate responders (ATTAIN)
trial of patients with an inadequate response to
TNF antagonists (Table 3) (35]. In addition, abata-
cept also demonstrated a significant slowing of
structural joint damage in the AIM trial (341.

Table 3. Overview of efficacy seen in clinical trials with abatacept — AIM [34] and ATTAIN [35] trials.

Study

AIM 6 months abatacept
AIM 6 months placebo

AIM 12 months abatacept

AIM 12 months placebo
ATTAIN 6 months abatace

ATTAIN 6 months placebo

ACR DAS28 Mean change in structural damage
20 50 70 Remission A Erosion score 4 JSN score A Total score
67.9* 39.9* 19.8* 14.8*% - - -
39.7 16.8 6.5 2.8 - - -
73.1* 48 3% 28.8* 23.8* 0.63% 0.58% 1.2117
39.7 18.2 6.1 1.9 1.14 1.18 2.32
pt 50.4* 20.3* 10.2#% 10.0* - - -
19.5 3.8 1.5 0.8 - - -

*p < 0.001; *p = 0.029; 5p = 0.

009; Tp = 0.012; #*p = 0.003.

AIM: Abatacept in Inadequate responders to Methotrexate; ATTAIN: Abatacept Trial in Treatment of Anti-TNF Inadequate responders; ACR:
American College of Rheumatology, DAS28: Disease Activity Score 28; JSN: Joint-space narrowing
[Reprinted with permission from Cohen M Abatacept in focus. Internet J. Rheum. 3(1), (2007). Copyright Internet Scientific Publications LLC.]
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Safety considerations

The safety of abatacept has been assessed in five
randomized, double-blind, placebo-controlled
trials involving almost 2000 patients. Acute
infusion-related events (occurring within one
hour of the start of the infusion) were more com-
mon with abatacept than with placebo (9% for
abatacept, 6% for placebo). The most frequently
reported events (1-2%) were dizziness, headache
and hypertension. Acute infusion-related events
that were reported in more than 0.1% and up to
1% of patients treated with abatacept included
cardiopulmonary symptoms such as hypoten-
sion, increased blood pressure and dyspnea;
other symptoms included nausea, flushing, urti-
caria, cough, hypersensitivity, pruritus, rash and
wheezing. The majority of these reactions were
mild to moderate with fewer than 1% of abata-
cept-treated patients discontinuing due to an
acute infusion-related event. In controlled trials,
six abatacept-treated patients compared with two
placebo-treated patients discontinued study
treatment due to acute infusion-related events
(107). Infections were reported in 54% of abata-
cept-treated patients and 48% of placebo-treated
patients, and serious infections were reported in
3% of patients treated with abatacept and 1.9%
of patients treated with placebo [107].

Although no cases of tuberculosis are reported
in the abatacept prescribing information, as with
other biologic therapies, all patients should be
screened for latent tuberculosis infection with a
tuberculin skin test prior to initiating therapy
[107]. More cases of lung cancer were observed in
abatacept-treated patients compared with pla-
cebo-treated patients (four patients [0.2%] vs
none, respectively) [107]. In the cumulative abata-
trials  (placebo-controlled and
uncontrolled, open-label) a total of eight cases of
lung cancer (0.21 per 100 patient-years) and
four cases of lymphoma (0.10 per 100 patient-
years) 2688  patients
(3827 patient-years). In terms of immuno-
genicity, 1.7% of patients developed binding
antibodies to either the entire abatacept mole-
cule or to the cytotoxic T-lymphocyte-associated

cept clinical

were observed in

antigen-4 portion of abatacept. No relationship
between immunogenicity and the efficacy or
safety of abatacept was observed [107].

Tolerability considerations

Of 2688 patients treated with abatacept in the
double-blind and open-label clinical trial phases,
there were two cases of anaphylaxis or ana-
phylactoid reactions. Other events potentially

Future Rheumatol. (2007) 2(5)

associated with drug hypersensitivity, such as
hypotension, urticaria and dyspnea, occurred in
less than 0.6% of abatacept-treated patients and
generally occurred within 24 h of abatacept
infusion [107).

Because an increased incidence of infection
has been seen when abatacept is used in combi-
nation with another biologic therapy [36], abata-
cept is not recommended for use concomitantly
with TNF antagonists or with anakinra. The
effects of using abatacept in combination with
rituximab have not been assessed [107].

Requlatory affairs

Abatacept is approved in the USA and Canada
for the treatment of moderate to severe RA in
patients with an inadequate response to MTX
and/or TNF-antagonist therapy [107]. In Europe,
approval has been restricted for use in patients
with RA who have experienced an inadequate
response to TNF antagonist therapy only.

Conclusion

The expanding range of biologic therapies offers
greater opportunity to maximize clinical effec-
tiveness for a broad range of patients with RA,
including those with an inadequate response to
TNF antagonists — a population of patients that
previously had very limited treatment options. To
date, the clinical experience with the most
recently approved therapies, rituximab and abata-
cept, suggests that their safety and tolerability
profiles are not dissimilar to the profiles of the
TNF antagonists. The approval of rituximab in
combination with MTX for the treatment of
patients with an inadequate response to TNF
antagonists, provides a feasible option for patients
who have experienced inadequate responses to all
other treatment options. Since abatacept can be
used cither as monotherapy or in combination
with non-biologic DMARD:s in patients with an
inadequate response to MTX and/or TNF antag-
onist therapy, it provides a valuable therapeutic
option with a novel mechanism of action that can
be considered for use in these patient popula-
tions. However, more data are needed and several
long-term data extensions are currently underway
to substantiate the persistency of response and
provide a continued evaluation of the safety data
for both of these agents.

Future perspective

The exciting findings with abatacept to date are
expected to be substantiated and extended with
continued long-term observations. In addition,
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trials are ongoing in other patient populations,
including those with early RA and juvenile RA.
The mechanism of action of abatacept also sug-
gests potential for this drug in other auto-
immune disease states. The promising effects seen
to date with rituximab also suggest potential for
enduring efficacy; however, the long-term effects
of B-cell depletion have yet to be established.
Together with more aggressive treatment strat-
egies and revolutionary new methods of detect-
ing an inadequate response to treatment, the
arrival of the targeted therapies discussed here
suggests that the future of RA will include signif-
icant, tangible improvements in patients’ quality
of life, with the real possibility of remission
becoming an achievable goal of treatment.
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Executive summary

Rituximab

e Indication and dosing:

—Rituximab, in combination with methotrexate (MTX), is indicated to reduce signs and symptoms in adult patients with
moderately to severely active RA who have had an inadequate response to one or more TNF antagonists.

—Rituximab should always be used in combination with MTX, and is given as two 1000 mg intravenous infusions, separated by

2 weeks.

e Clinical efficacy:
—Clinical trials have shown significant improvements in the signs and symptoms of RA, as assessed by American College of

¢ Tolerability challenges have been identified with tumor necrosis factor (TNF) antagonist therapy in the treatment of rheumatoid
arthritis (RA), and long-term survival-on-drug data have been worse than expected.

e As such, novel therapies with alternative mechanisms of action are sought.

e Recently approved therapies include rituximab — a genetically engineered chimeric anti-CD20 monoclonal antibody that depletes
B cells, and abatacept — a soluble human fusion protein that selectively modulates T-cell co-stimulation.

Rheumatology 20, 50 and 70 response rates.

o Safety:
—Infusion-associated events occur in approximately 7% of patients treated with rituximab, and serious infections occur in

approximately 2% of patients treated with this agent.
—The prescribing information for rituximab features a boxed warning regarding the incidence of fatal infusion reactions, tumor
lysis syndrome and severe mucocutaneous reactions.

Abatacept

Indication and dosing:

—Abatacept is indicated for reducing the signs and symptoms, inducing a major clinical response, inhibiting the progression of
structural damage and improving physical function in adult patients with moderately to severely active RA who have had an
inadequate response to one or more disease-modifying antirheumatic drugs (DMARDs), including both non-biologic DMARDs
such as MTX and the biologic TNF antagonists.

—Abatacept should be administered as a 30-min intravenous infusion at a fixed dose based on a patient's body weight (500 mg
for patients <60 kg, 750 mg for patients 60-100 kg and 1g for patients >100 kg). Following the initial infusion, it is
recommended that the second infusion should be given two weeks after the first infusion and the third, 4 weeks after the first
infusion. Any additional infusions should be given every four weeks thereafter.

Clinical efficacy:

—Abatacept has demonstrated significant improvements in the signs and symptoms of RA both in patients with an inadequate
response to MTX and in those with an inadequate response to TNF antagonist therapy.

Safety:

—Acute infusion-related events were more common with abatacept than with placebo (9% for abatacept, 6% for placebo).

—Serious infections were reported in 3% of patients treated with abatacept and 1.9% of patients treated with placebo.

—An increased incidence of infection has been reported when abatacept is used in combination with other biologic agents.
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