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ABSTRACT. Objective. To assess the overall safety, including rare events, of intravenous (IV) abatacept treatment
in rheumatoid arthritis (RA).
Methods. Data from 8 clinical trials of IV abatacept in RA were pooled. Safety events were assessed
during the short-term (duration ≤ 12 months) and cumulative (short-term plus longterm extensions)
abatacept treatment periods. Incidence rates per 100 patient-years were calculated. Standardized
incidence ratios (SIR) for hospitalized infections and malignancies were compared with external RA
cohorts and, for malignancies, with the US general population.
Results. There were 3173 IV abatacept-treated patients with 2331 patient-years of exposure in the
short-term periods, and 4149 IV abatacept-treated patients with 12,132 patient-years of exposure in
the cumulative period. Incidence rates for serious infections were low and consistent over time (3.68
for abatacept vs 2.60 for placebo during the short-term, and 2.87 for abatacept during the cumulative
period). Hospitalized infections were generally similar to external RA patient cohorts and were
consistent over time. Incidence rates of malignancies were similar for abatacept- and placebo-treated
patients during the short-term period (0.73 vs 0.59) and remained low during the abatacept
cumulative period (0.73). SIR of some tissue-specific malignancies (e.g., colorectal and breast) in
the cumulative period tended to be lower, while others (lymphoma and lung) tended to be higher,
compared with the general population; however, incidence rates were comparable with RA cohorts.
Autoimmune events were rare and infusion reactions uncommon.
Conclusion. Longterm safety of IV abatacept was consistent with the short-term, with no unexpected
events and low incidence rates of serious infections, malignancies, and autoimmune events.
(First Release April 15 2013; J Rheumatol 2013;40:787–97; doi:10.3899/jrheum.120906)
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T CELLS

Abatacept is the first in a class of agents for rheumatoid
arthritis (RA) that selectively modulates the CD80/
CD86:CD28 costimulatory signal required for T cell
activation. Intravenous (IV) abatacept has demonstrated
efficacy in patients with established RA refractory to
disease-modifying antirheumatic drugs (DMARD),
including methotrexate (MTX)1,2,3 and anti-tumor necrosis
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factor (TNF) therapy4. The safety of IV abatacept has been
assessed in randomized, controlled trials (RCT) across
multiple populations, including patients with background
comorbidities (diabetes, chronic obstructive pulmonary
disease, asthma, and congestive heart disease)5. Across these
populations, IV abatacept demonstrated acceptable safety
and tolerability relative to its efficacy benefits1,2,3,4,5,6,7.
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Clinical trial and postmarketing surveillance data have
indicated an increased risk of certain adverse events (AE)
associated with biologic DMARD use: Mycobacterium
tuberculosis (TB) and other opportunistic infections8,
certain autoimmune events9,10, malignancies11,12, and
infusion-site reactions13. Determining whether there is an
increase in the risk of safety events with increasing biologic
exposure is of particular clinical relevance given the chronic
expression of the disease and longterm treatment required.
By pooling data from a number of different trials, we are
able to evaluate the incidence of safety events in a larger
patient population with a greater total patient exposure in
terms of combined patient-years compared with clinical trial
reporting; such analysis allows identification of trends that
may otherwise not be noted with smaller groups of patients
with limited exposure. In addition, the incidence of safety
events in longterm biologic-treated patients should be
evaluated against the incidence in comparator cohorts of
DMARD-treated patients and the overall population, to
determine whether increased risks are associated with
biologic treatment.
We pooled data from 8 trials from the IV abatacept
clinical development program to evaluate safety in a large
population of abatacept-treated patients with moderate to
severe, established RA. Together, these studies include
12,132 patient-years of exposure with up to 8 years of

treatment, representing the largest and longest analysis of
this kind with abatacept, enabling an accurate evaluation of
the safety of longterm treatment and versus comparator
cohorts.
MATERIALS AND METHODS

Database. Data were pooled from 8 clinical trials of IV abatacept in adult
patients with active, established RA with inadequate response to DMARD
or anti-TNF therapy (Table 1). All studies consisted of short-term periods
of ≤ 12 months’ duration and subsequent open-label longterm extensions
(LTE), and included 2 phase II (NCT00162266 and NCT00162279)1,14 and
4 phase III (NCT00048568, NCT00048581, NCT00048932, and
NCT00095147)2,4,5,15 RCT, and 2 open-label trials (NCT00162201 and
NCT00162201)16,17. Data are reported for the pooled short-term period
according to abatacept or placebo treatment arm, and for the cumulative
trial periods, which included data from both the short-term and open-label
LTE of the studies. The cumulative analysis period comprised patients who
received ≥ 1 dose of IV abatacept at any time, regardless of treatment in the
short-term period. Data from the phase III trial of IV abatacept in early RA7
were not included; the current safety analysis was initiated prior to this
phase III study, and comprised a different population compared with our
analysis (i.e., early in contrast to established RA). All patients were
screened for TB; TB-positive patients were excluded, except in 1
open-label trial in anti-TNF inadequate responders17 and 1 double-blind
trial in MTX inadequate responders15. In these studies, TB-positive patients
were included if they had appropriate treatment and a negative chest
radiograph at enrollment17.

Safety evaluation. All patients were monitored for AE and serious AE
(SAE); safety information was obtained at each study visit through the

Table 1. Intravenous abatacept rheumatoid arthritis (RA) safety database. Data available up to November 2009.
Study

Patient Population

Interventions and Concomitant Medications
During Short-term Periods*

Phase IIb RCT dose-finding
MTX inadequate responders
Abatacept 10 mg/kg vs abatacept 2 mg/kg
(NCT00162266)1
vs placebo, plus background MTX
Phase IIb RCT abatacept plus
Etanercept inadequate responders
Abatacept 2 mg/kg/mo vs placebo, plus
etanercept
etanercept 25 mg (twice weekly)
(NCT00162279)14
Phase III RCT AIM
MTX inadequate responders
Abatacept 10 mg/kg vs placebo, plus
(NCT00048568)2
background MTX
Phase III RCT ATTAIN
Anti-TNF inadequate responders
Abatacept 10 mg/kg vs placebo, plus
(NCT00048581)4
background nonbiologic DMARD
Phase III RCT ASSURE
DMARD or biologic inadequate responders
Abatacept 10 mg/kg vs placebo, plus
(NCT00048932)5
background DMARD and/or biologic therapy
Phase III RCT ATTEST
MTX inadequate responders
Abatacept 10 mg/kg vs infliximab 3 mg/kg vs
(NCT00095147)15
placebo, plus background MTX
Phase II open-label MoA
Anti-TNF inadequate responders
Open-label abatacept 10 mg/kg, plus
(NCT00162201)16
background nonbiologic DMARD
Phase III open-label ARRIVE
Anti-TNF inadequate responders
Open-label abatacept 10 mg/kg, plus
(NCT00162201)17
background nonbiologic DMARD
Total

Numbers
Short-term
Cumulative
Period†
Period†#
220

287

433

594

959

1343

16

16

85

258

156

1046

3173

107

357

399

1046

4149

* Patients switched to open-label intravenous (IV) abatacept (~10 mg/kg according to weight range) if they entered the open-label longterm extensions, during
which changes to concomitant and background medications were permitted. † Patients receiving IV abatacept. # Some patients from other treatment groups
crossed over to IV abatacept treatment duing open-label extensions. RCT: randomized controlled trial; MTX: methotrexate; AIM: Abatacept in Inadequate
responders to Methotrexate; ATTAIN: Abatacept Trial in Treatment of Anti-TNF INadequate responders; TNF: tumor necrosis factor; DMARD:
disease-modifying antirheumatic drug; ASSURE: Abatacept Study of Safety in Use with other RA therapies; ATTEST: Abatacept or infliximab versus
placebo, a Trial for Tolerability, Efficacy and Safety in Treating RA; MoA: mechanism of action; ARRIVE: Abatacept Researched in RA patients with an
Inadequate anti-TNF response to Validate Effectiveness.
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short-term periods, and monthly during the LTE. For patients who dropped
out of any study, in either the short-term or LTE periods, AE that occurred
up to 56 days (or 60 days for phase II studies) following the last dose of
study medication were included in this analysis. Events were classified
using the Medical Dictionary for Regulatory Activities (MedDRA) classification. Acute infusional events and autoimmune events were prespecified
based on MedDRA preferred terms. The incidence of hospitalized infections and malignancies with abatacept were compared with the expected
incidence in the DMARD-treated RA population. RA cohorts were selected
if they included comparable patient populations including patients
receiving only nonbiologic DMARD, and could provide age- and
sex-specific incidence rates (IR) for the specified outcomes (Table 2).
Hospitalized infections with abatacept were compared with 2 RA cohorts:
the British Columbia (BC) RA Cohort and a PharMetrics claims
database18,19. Malignancies with abatacept were compared with 3 external
RA cohorts: the BC RA Cohort, the National Data Bank for Rheumatic
Diseases in the United States, and the General Practice Research Database
in the United Kingdom18,20,21. For malignancies, standardized incidence
ratios (SIR) were also computed using US general population data from the
Surveillance Epidemiology and End Results database as a comparator22.

Statistics. Safety analyses were not hypothesis-driven; no formal statistical
testing was performed.
Incidence rates (number of patients with event divided by total
exposure for the treatment period; expressed as events/100 patient-yrs with
95% CI) were calculated for the short-term period (IV abatacept- and
placebo-treated patients) and the cumulative period (total and yearly
intervals). Exposure to study drug is defined as the number of months a
patient was known to be on study drug, summed together for each patient to
give the total cumulative exposure. As such, patients contributed different
exposure lengths to the total cumulative exposure. The contribution to the
total exposure time for each patient ended at the first occurrence of the AE.
SIR with 95% CI were calculated for hospitalized infections and malignancies for abatacept treatment versus comparator cohorts, adjusted for age
and sex23. SIR (95% CI) were computed by dividing the observed numbers
of events with abatacept in the cumulative treatment period by the expected
numbers based on event rates in the comparator cohorts.

RESULTS
Patients. The short-term analysis included 3173 and 1099
patients treated with abatacept and placebo, respectively,
Table 2. Comparator cohorts.

during the pooled short-term study periods. A total of 4149
patients received at least 1 dose of abatacept in either the
short-term or open-label LTE periods, and are included in
the cumulative population. The numbers of patients
included from each abatacept clinical trial are shown in
Table 1.
Baseline data for the pooled short-term and cumulative
populations are presented in Table 3. Although there were
differences in the baseline data across the individual studies
included, demographics and characteristics were similar
between IV abatacept- and placebo-treated patients and
were comparable for patients in the short-term and in
cumulative populations.
Exposure. During the short-term period, abatacept-treated
patients had 2331 patient-years of exposure in total; median
exposure was 11.7 months (range 1.9–13.8). The cumulative
period included 12,132 patient-years of exposure and
median exposure was 31.7 months (range 1.9–104.2). Of the
4149 patients treated in the cumulative treatment period,
3.4% of patients were exposed to abatacept for < 3 months;
26.2% for 3 to < 12 months; 13.1% for 12 to < 24 months;
10.7% for 24 to < 36 months; 7.3% for 36 to < 48 months;
11.4% for 48 to < 60 months; and 28.0% for ≥ 60 months.
Adverse events. The IR of SAE were comparable (with
overlapping 95% CI) for placebo- and abatacept-treated
patients in the short-term periods, with no increase in IR for
the cumulative study period (Table 4).
The IR of discontinuations due to AE was numerically
higher for abatacept- versus placebo-treated patients, and
decreased in the cumulative versus short-term periods for
abatacept-treated patients (Table 4). AE leading to discontinuation during the short-term period (occurring in 3 or
more patients) included pneumonia, bronchitis, localized

Rheumatoid Arthritis Cohorts

Description

British Columbia, Canada, RA cohort18

Administrative data on physician visits, hospitalizations, and
medications, collected between 1996 and 2001.
N = 12,337 DMARD-treated patients
A US integrated managed care database including data from pharmacy,
provider, and facility claims for members enrolled in 61 health plans
across the US from 1998 to 2002.
N = 122,272 RA patients
Longitudinal cohort reported on patient questionnaire between 1998 and
2003.
N = 10,499 DMARD-treated patients
Electronic medical records between 1987 and 2001.
N = 14,467 DMARD-treated patients
The SEER Program of the national Cancer Institute provides information
on cancer statistics from various locations and sources throughout the
United States. Data here are based on SEER 17, collected 2000–2007.
N = 79,021,933 participants

PharMetrics claims database19
National Data Bank for Rheumatic Diseases,
United States (NDB)20

General Practice Research Database,
United Kingdom (GPRD)21
US general population: Surveillance
Epidemiology and End Results (SEER)
database22

Hospitalized
Infections
✓

✓

Malignancies
✓

✓

✓

✓

DMARD: disease-modifying antirheumatic drug; RA: rheumatoid arthritis.
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Table 3. Baseline demographics and clinical characteristics for the short-term and cumulative populations.
Characteristic

Short-term Period
Cumulative Period,
Placebo +
IV Abatacept +
n = 4149
Background Therapy, Background Therapy,
n = 1099
n = 3173

Mean age, yrs (SD)
Sex (female), n (%)
Race (white), n (%)
Mean disease duration, yrs (SD)
Mean physical function, HAQ-DI score (SD)
Mean CRP, mg/dl (SD)
Patients receiving MTX, n (%)
Patients receiving other DMARD, n (%)
Patients receiving biologic RA therapy, n (%)
Anti-TNF therapy, n (%)
Anakinra, n (%)
Rituximab, n (%)

51.9 (12.0)
884 (80.4)
948 (86.3)
9.7 (8.6)
1.5 (0.7)
2.6 (2.9)
919 (83.6)
259 (23.6)
84 (7.6)
74 (6.7)
10 (0.9)
0

53.0 (12.3)
2536 (79.9)
2824 (89.0)
10.4 (8.9)
1.6 (0.6)
2.5 (3.0)
2491 (78.5)
861 (27.1)
239 (7.5)
217 (6.8)
26 (0.8)
1 (< 0.1)

52.6 (12.2)
3335 (80.4)
3651 (88.0)
10.1 (8.8)*
1.6 (0.7)
2.5 (2.9)†
3332 (80.3)
1076 (25.9)
296 (7.1)
265 (6.4)
35 (0.8)
1 (< 0.1)

* n = 4130; † n = 4136. HAQ-DI: Health Assessment Questionnaire-Disability Index; MTX: methotrexate;
DMARD: disease-modifying antirheumatic drug; TNF: tumor necrosis factor; CRP: C-reactive protein; RA:
rheumatoid arthritis; IV: intravenous.

Table 4. Overview of adverse events (AE) in the short-term and cumulative analyses from the 8 integrated trials. Data show incidence rates (IR) per 100
patient-years (95% Poisson CI). An AE was defined as any new or worsening illness, sign, symptom, or clinically significant laboratory test abnormality
during the course of the trial, regardless of causality. A serious adverse event (SAE) was defined as an AE that was fatal; life-threatening; resulted in or
prolonged hospitalization; resulted in persistent or significant disability or incapacity; cancer; a congenital anomaly/birth defect; resulted in an overdose,
development of drug dependency or drug abuse; or thought to be an important medical event.

Total SAE

Discontinuations due to AE

Deaths

Patients with event, n
IR (95% CI)
Patients with event, n
IR (95% CI)
Patients with event, n
IR (95% CI)

Short-term Period
Placebo +
IV Abatacept +
Background Therapy Total,
Background Therapy Total,
n = 1099
n = 3173
136
16.90 (14.18, 19.99)
40
4.77 (3.41, 6.49)
7
0.82 (0.33, 1.69)

infection, dizziness, headache, cough, cardiac congestive
failure, breast cancer, malignant lung neoplasm, rash,
asthenia, chest pain, aphthous stomatitis, nausea, RA,
leukopenia, and back pain.
Deaths. Causes of death in the short-term period (Table 4)
included cardiac disorders (n = 7), infections (n = 2),
malignancies (n = 1), and other causes (n = 4) for
abatacept-treated patients, and cardiac disorders (n = 3),
infections (n = 2), malignancies (n = 2), and other causes (n
= 3) for placebo-treated patients; more than 1 cause was
cited per patient. The most frequently cited cause of death
for abatacept-treated patients in the cumulative period was
cardiac disorder (n = 26); remaining causes included infections (n = 13), malignancies (n = 13), respiratory, thoracic
and mediastinal disorders (n = 10), vascular disorders (n =
5), or other causes (n = 21). The following infections
resulted in death: pneumonia (n = 6), septic shock (n = 5),
790

399
18.10 (16.37, 19.97)
158
6.84 (5.82, 7.99)
12
0.51 (0.27, 0.90)

Cumulative Period,
n = 4149

1373
14.61 (13.85, 15.41)
426
3.53 (3.20, 3.88)
73
0.60 (0.47, 0.76)

sepsis (n = 3), bronchopulmonary aspergillosis (n = 2),
aspergillosis, Clostridium difficile colitis, Enterobacter
pneumonia, human ehrlichiosis, lobar pneumonia, sinusitis,
staphylococcal bacteremia, systemic mycosis, and staphylococcal wound infections (n = 1 for each).
Infections. The IR of infections and the most common
types were comparable between abatacept- and
placebo-treated patients during the short-term period
(Table 5). The IR of infections were reduced in the
cumulative versus short-term periods, and the annual IR
for hospitalized infections remained consistent with
increasing exposure (Figure 1A).
During the short-term period, the IR of viral infections
were comparable between groups (43.74 vs 42.64/100
patient-yrs for abatacept vs placebo, respectively). Herpes
simplex was slightly more common for abatacept versus
placebo (0.52 vs 0.23/100 patient-yrs), and herpes zoster
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Table 5. Overview of infections in the short-term and cumulative periods from the 8 integrated trials. Data show incidence rates (IR) per 100 patient-years
(95% Poisson CI).
Placebo,
n = 1099

Infections

Short-term Period

IV Abatacept,
n = 3173

Patients with event, n
537
1559
IR (95% CI)
92.46 (84.81, 100.62)
98.00 (93.20, 102.99)
Serious infections
Patients with event, n
22
85
IR (95% CI)
2.60 (1.63, 3.94)
3.68 (2.94, 4.55)
Hospitalized infections
Patients with event, n
20
77
IR (95% CI)
2.36 (1.44, 3.65)
3.33 (2.63, 4.16)
Most frequently reported infections (IR ≥ 6.0/100 patient-yrs for patients receiving abatacept at any time)
Upper respiratory tract infection Patients with event, n
133
346
IR (95% CI)
16.78 (14.05, 19.88)
15.82 (14.19, 17.57)
Nasopharyngitis
Patients with event, n
98
280
IR (95% CI)
12.17 (9.88, 14.83)
12.71 (11.27, 14.29)
Bronchitis
Patients with event, n
60
193
IR (95% CI)
7.26 (5.54, 9.35)
8.57 (7.40, 9.86)
Urinary tract infection
Patients with event, n
56
170
IR (95% CI)
6.75 (5.10, 8.76)
7.50 (6.41, 8.71)
Sinusitis
Patients with event, n
73
199
IR (95% CI)
8.87 (6.95, 11.15)
8.82 (7.64, 10.13)
Most frequency reported serious infections (IR ≥ 0.25/100 patient-yrs for patients receiving abatacept at any time)
Pneumonia
Patients with event, n
5
15
IR (95% CI)
0.59 (0.19, 1.37)
0.64 (0.36, 1.06)
Bronchitis
Patients with event, n
0
7
IR (95% CI)
0
0.30 (0.12, 0.62)
Cellulitis
Pateints with event, n
2
5
IR (95% CI)
0.23 (0.03, 0.85)
0.21 (0.07, 0.50)
Urinary tract infection
Patients with event, n
1
5
IR (95% CI)
0.12 (0, 0.65)
0.21 (0.07, 0.50)

was comparable between groups (1.77 vs 2.01/100
patient-yrs for abatacept vs placebo). The IR of viral infections, herpes simplex, and herpes zoster during the
cumulative period (31.89, 0.37, and 1.51/100 patient-yrs,
respectively) remained consistent with those in the
short-term period. No cytomegalovirus or Epstein-Barr
virus infections were reported.
In total, 44 patients reported opportunistic infections (IR
of 0.36/100 patient-yrs), including TB (n = 8; 0.07/100
patient-yrs) and esophageal/oropharyngeal candidiasis (n =
6; 0.05/100 patient-yrs). There was 1 case of bronchopulmonary aspergillosis in the abatacept group during the
short-term period, and no cases of coccidioidomycosis,
cryptococcus, histoplasmosis, nocardiosis, or Pneumocystis
jiroveci pneumonia.
Two cases of suspected TB were reported during the
short-term period, 1 each for IV abatacept and placebo. The
abatacept-treated patient was diagnosed with TB localized
in a ganglionar (nodal) mass based on histological findings
(necrotizing and suppurative granulomatous inflammation)
although a Ziehl-Neelsen stain was negative for TB and no
acid-fast bacilli (AFB) were identified. The patient, a
55-year-old Hispanic female, had a negative purified protein
derivative (PPD) tuberculin skin test and chest radiograph

Cumulative Period,
n = 4149

2998
75.68 (73.00, 78.44)
332
2.87 (2.57, 3.19)
307
2.64 (2.35, 2.95)
990
10.18 (9.56, 10.84)
819
8.38 (7.82, 8.97)
673
6.38 (5.91, 6.88)
658
6.23 (5.77, 6.73)
587
5.41 (4.98, 5.86)
55
0.46 (0.34, 0.59)
19
0.16 (0.09, 0.25)
22
0.18 (0.11, 0.28)
24
0.20 (0.13, 0.30)

prior to starting abatacept. Therapy was discontinued, TB
treatment was initiated, and the patient did not exhibit any
other clinical signs of TB. The placebo-treated patient was a
49-year-old white South American male (dosing was interrupted and TB treatment initiated; the event subsequently
resolved). Although 26 patients were PPD-positive at entry
into 1 of the open-label trials (per protocol), none of these
abatacept-treated patients developed TB17. Annual IR of TB
remained stable with increasing exposure to IV abatacept.
Each of the TB cases tended to occur within 1–3 years of
treatment. There were 7 further TB reports during the
cumulative period: 1 report each of latent TB, bone TB
[positive PPD and computed tomography (CT) scan; potentially Pott’s disease, not formally diagnosed], lymph node
TB (caseating granuloma), TB pleurisy [elevated adenosine
deaminase in pleural fluid (38 U/ml)], and 3 pulmonary TB
reports (1 with bacteriological confirmation, 1 with positive
AFB, and 1 with positive PPD and CT scan). No cases
resulted in death.
The number of hospitalized infections with abatacept
was lower than expected compared with the BC (SIR 0.85,
95% CI 0.8, 1.0) and PharMetrics (SIR 0.73, 95% CI 0.6,
0.8) databases.
Malignancies. The IR of malignancies [excluding
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Figure 1. Incidence rates of hospitalized infections (A) and malignancies excluding
nonmelanoma skin cancer (B) in the intravenous (IV) abatacept and placebo short-term
period and the IV abatacept cumulative period by time interval. Years 1, 2, 3, 4, 5, 6, and 7
of exposure relate to Days 1–360, 361–720, 721–1080, 1081–1440, 1441–1800, 1801–2160,
and 2161–last, respectively. ST: short-term; PBO: placebo; ABA: abatacept.

nonmelanoma skin cancer (NMSC)] were similar for IV
abatacept- and placebo-treated patients during the
short-term period (Table 6). During the cumulative period,
the IR of malignancies (excluding NMSC) remained low
and relatively consistent over time (Table 6, Figure 1B).
Lymphomas were reported in 9 patients, including 3
classified as “lymphoma” (not otherwise specified), 2 each
of diffuse large B cell lymphoma and extranodal marginal
792

zone B cell lymphoma (MALT type), and single instances of
non-Hodgkin’s lymphoma and T cell lymphoma. The IR of
NMSC was comparable for abatacept versus placebo in the
short-term period, and was not increased for the cumulative
relative to the short-term periods (Table 6).
The SIR for overall malignancies and tissue-specific
malignancies indicated that the IR of these events were
comparable between patients treated with abatacept during
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Table 6. Overview of malignancies in the short-term and cumulative analyses from the 8 integrated trials. Data show incidence rates (IR) per 100
patient-years (95% Poisson CI).

Total malignancies (excluding
nonmelanoma skin cancer)
Lymphoma*

Solid organ cancers (combined)
Lung cancer

Breast cancer

Nonmelanoma skin cancer

Patients with event, n
IR (95% CI)
Patients with event, n
IR (95% CI)
Patients with event, n
IR (95% CI)
Patients with event, n
IR (95% CI)
Patients with event, n
IR (95% CI)
Patients with event, n
IR (95% CI)

Short-term Period
Placebo +
IV Abatacept +
Background Therapy,
Background Therapy,
n = 1099
n = 3173
5
0.59 (0.19, 1.37)
0
0
5
0.59 (0.19, 1.37)
0
0
2
0.23 (0.03, 0.85)
7
0.82 (0.33, 1.70)

17
0.73 (0.42, 1.17)
1
0.04 (0.00, 0.24)
15
0.64 (0.36, 1.06)
5
0.21 (0.07, 0.50)
3
0.13 (0.03, 0.38)
19
0.82 (0.49, 1.28)

Cumulative Period,
n = 4149
88
0.73 (0.58, 0.89)
9
0.07 (0.03, 0.14)
72
0.59 (0.46, 0.75)
18
0.15 (0.09, 0.23)
14
0.12 (0.06, 0.19)
87
0.73 (0.58, 0.90)

* Lymphoma refers to combined incidences of lymphoma, including extranodal marginal zone B cell lymphoma (MALT type), diffuse large B cell lymphoma,
T cell lymphoma, and non-Hodgkin’s lymphoma. IV: intravenous.

the cumulative period and the RA comparison cohorts
(Table 7). The number of observed malignancies (excluding
NMSC) was also similar to that expected based on the US
general population (Table 7). As suggested by the SIR,
breast cancer and colorectal cancer were observed less
frequently, and lung cancer and lymphoma more frequently
in IV abatacept-treated patients compared with the US
general population, although the confidence interval for
lung cancer included unity (Table 7).
Cardiac disorders. For cardiac disorders that were
considered SAE, the IR was 1.42/100 patient-years (95% CI
0.98, 1.99; n = 33) for IV abatacept and 2.24/100
patient-years (95% CI 1.34, 3.50; n = 19) for placebo during
the short-term period. The most common events in the
abatacept versus placebo groups were congestive cardiac
failure (0.21 vs 0.59/100 patient-years) and myocardial
infarction (MI; 0.21 vs 0.23 patient-yrs). During the
cumulative period, the IR for serious cardiac disorders was
1.22/100 patient-yrs, with the most common event being MI

(0.27/100 patients-yrs). The annual IR for SAE cardiac
disorders remained stable with increasing abatacept
exposure (data not shown).
Autoimmune adverse events. The IR of autoimmune AE was
2.64/100 patient-years (95% CI 2.02, 3.39; n = 61) in IV
abatacept-treated and 1.55/100 patient-years (95% CI 0.83,
2.65; n = 13) in placebo-treated patients during the
short-term period; the majority were mild or moderate. The
most common events in the abatacept versus placebo groups
were psoriasis (0.60 vs 0/100 patient-yrs, respectively);
vasculitis (0.34 vs 0.24/100 patient-yrs); uveitis (0.26 vs
0/100 patient-yrs); Sjögren syndrome (SS; 0.26 vs 0.36/100
patient-yrs); Raynaud phenomenon (0.21 vs 0.12/100
patient-yrs); sicca syndrome (0.17 vs 0.12/100 patient-yrs),
and leukocytoclastic vasculitis (0.04 vs 0.24 patient-yrs).
Five abatacept-treated patients and 1 placebo-treated patient
reported autoimmune AE considered severe (abatacept:
psoriasis, leukocytoclastic vasculitis, Raynaud phenomenon,
uveitis, and scleritis; placebo: vasculitis).

Table 7. Standardized incidence ratios (SIR) for selected malignancies in the intravenous abatacept cumulative period compared with external rheumatoid
arthritis (RA) cohorts and the US general population. Data are SIR (95% CI). SIR are calculated by comparing the number of malignancies in the intravenous
abatacept cumulative period with the expected values from the external cohorts, with SIR below 0 indicating reduced incidence with abatacept versus
comparator.

All malignancies excluding NMSC
Lung cancer
Lymphoma
Breast cancer
Colorectal cancer

BC18

0.42 (0.33, 0.51)
0.59 (0.35, 0.94)
0.67 (0.30, 1.27)
0.34 (0.18, 0.56)
0.19 (0.04, 0.54)

RA Cohorts
NDB20

—
1.26 (0.75, 1.99)
0.95 (0.43, 1.80)
0.42 (0.23, 0.70)
0.41 (0.08, 1.19)

GPRD21

1.11 (0.89, 1.36)
1.08 (0.64, 1.71)
1.30 (0.59, 2.46)
0.71 (0.39, 1.20)
0.52 (0.10, 1.51)

US General Population22*
0.99 (0.80, 1.22)
1.59 (0.94, 2.52)
2.49 (1.14, 4.73)
0.62 (0.34, 1.03)
0.37 (0.07, 1.07)

* Data for US general population taken from the Surveillance Epidemiology and End Results database22. BC: British Columbia; NDB: National Data Bank
for Rheumatic Diseases; GPRD: General Practice Research Database; NMSC: nonmelanoma skin cancer.
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Consistent with the short-term period, the IR of
autoimmune AE in the cumulative period was 1.99/100
patient-years (95% CI 1.74, 2.26; n = 232). The most
common events included psoriasis (0.57/100 patient-yrs), SS
(0.19/100 patient-yrs), vasculitis (0.18/100 patient-yrs),
erythema nodosum (0.13/100 patient-yrs), and episcleritis
(0.12/100 patient-yrs). One case of multiple sclerosis (MS),
5 cases of systemic lupus erythematosus (SLE), and 1 case of
lupus-like syndrome occurred. The patient with MS
exhibited undiagnosed symptoms prior to enrollment. One
patient with SLE and 1 with lupus-like syndrome were retrospectively found to have antinuclear or anti-double-stranded
DNA antibodies prior to abatacept treatment.
Respiratory events. Given the inclusion of patients with
respiratory comorbidities from the ASSURE trial into this
pooled analysis, the occurrence of respiratory events is also
of interest. Serious respiratory, thoracic, and mediastinal
disorders occurred in 24 patients (0.8%) in the pooled
short-term periods at an IR of 1.03 (95% CI 0.66, 1.53). The
most common serious events were chronic obstructive
pulmonary disease (COPD) and pleural effusion, which
were reported in 13 patients (0.4%) each in the pooled
short-term periods, at an IR of 0.56 (95% CI 0.30, 0.96)
each. During the cumulative short-term and LTE periods,
serious respiratory, thoracic, and mediastinal disorders were
reported in 97 patients (2.3%) at an IR of 0.81 (95% CI 0.65,
0.98). The most common serious events were pulmonary
embolism, which occurred in 11 patients (0.3%; IR 0.09,
95% CI 0.05, 0.16), COPD, pleural effusion, and respiratory
failure, which all occurred in 10 patients each (0.2%; IR
0.08, 95% CI 0.04, 0.15 each).
Of interest, interstitial lung disease (ILD) occurred in 2
abatacept-treated patients (0.1%) in the pooled short-term
period, an IR of 0.09 (95% CI 0.01, 0.31), compared with no
events in the control group. During the pooled LTE periods,
ILD was reported in 11 patients (0.3%), an IR of 0.11 (95%
CI 0.06, 0.20).
Acute infusional adverse events. Acute infusional AE were
defined as events occurring ≤ 1 h after onset of infusion. The
timing of infusional AE was recorded during the short-term
portion of the phase III but not the phase II trials, yielding
3812 patients evaluable for acute infusional AE (n = 2868
IV abatacept; n = 944 placebo). The IR of acute infusional
AE was 11.66/100 patient-years in abatacept-treated
patients and 9.97/100 patient-years in placebo-treated
patients during the short-term period. The most common
events reported for abatacept versus placebo were dizziness
(2.35 vs 1.53/100 patient-yrs), headache (2.10 vs 1.67/100
patient-yrs), hypertension (1.31 vs 0.69/100 patient-yrs),
nausea (1.27 vs 1.25/100 patient-yrs), increased blood
pressure (0.97 vs 0.69/100 patient-yrs), flushing (0.78 vs
0.28/100 patient-yrs), infusion site pain (0.19 vs 0.97/100
patient-yrs), and chills (0.05 vs 0.69/100 patient-yrs). Most
794

events were mild to moderate, none were considered
serious, and few patients discontinued (0.4% abatacept;
0.2% placebo).
The IR of acute infusional AE in the cumulative period
(evaluated in 6 studies; n = 3755, 9662 patient-yrs of
exposure) was 3.90/100 patient-years. The most common
events included dizziness (0.67/100 patient-yrs), headache
(0.66/100 patient-yrs), hypertension (0.61/100 patient-yrs),
nausea (0.38/100 patient-yrs), and increased blood pressure
(0.34/100 patient-yrs). Events became less common over
time, typically occurring within the first few months of
treatment.

DISCUSSION
This analysis of safety data from 8 clinical trials included
4149 patients treated with IV abatacept, with a cumulative
exposure of 12,132 patient-years. This represents the largest
and longest analysis of its kind with IV abatacept to date.
Abatacept had low IR for SAE, including serious infections,
malignancies, cardiac disorders, autoimmune events, and
infusion reactions, relative to treatment with placebo in the
cumulative short-term period. IR did not increase with
increasing exposure, and abatacept was not associated with
an increased risk of hospitalized infection or malignancy
versus the DMARD-treated RA populations.
Previous studies15,24,25,26,27 have demonstrated an
increase in serious infections, such as pneumonia and TB, in
patients receiving some anti-TNF therapies compared with
other biologic or nonbiologic DMARD. The IR of serious
infection among patients treated with IV abatacept
presented in our study was similar to, or less than, that
previously reported in other integrated or pooled safety
analyses of biologic agents in RA28,29. A recent
metaanalysis reported that the OR for serious infection in
abatacept-treated patients was not significantly increased
versus placebo-treated patients (OR 1.35, 95% CI 0.78,
2.32)30. It should be noted that published studies have
shown that treating patients with combination biologic
therapy, such as abatacept plus etanercept or anakinra plus
etanercept, increases the frequency of serious infection14,31.
Thus concomitant use of other biologics alongside abatacept
is contraindicated.
The IR of TB and other opportunistic infections during
abatacept treatment reported here was relatively low, with
no increases over time, and was toward the lower end of the
range reported for other biologic agents in patients with
RA32,33,34. All TB events occurred in patients living in
countries with high endemic rates (Mexico, Brazil, Portugal,
Thailand, and South Africa). These data are supported by
findings from the ATTEST study, which evaluated abatacept
and infliximab in the same clinical trial setting, and reported
fewer serious infections with abatacept versus infliximab,
respectively, over 12 months (1.9% vs 8.5%), including
fewer serious opportunistic infections (0 vs 5 events)15.
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In addition, patients with RA are also reported to have
about a 2-fold greater rate of hospitalized infections than
patients without RA35. These data suggest that the IR of
hospitalized infections with abatacept is not increased over
time, and is lower than published rates for patients treated
with nonbiologic DMARD (9.57/100 patient-yrs)35,36.
A metaanalysis of patients with RA suggested an
increased risk for lymphoma and lung cancer, and a
decreased risk for colorectal and breast cancer compared
with the general population37. Data from our study of
abatacept-treated patients are consistent with these findings.
However, the combined SIR for all forms of lung cancer
were not statistically different from unity versus the external
RA cohorts and the US general population, suggesting that
there was no overall increased risk for lung cancer with
abatacept treatment.
The cumulative IR for lymphoma was increased
compared with the US general population, but was not
increased compared with the external RA cohorts. Several
patients had diffuse B cell lymphoma, which is known to
occur with increased frequency in patients with RA37. IR of
lymphoma observed here were comparable with those
observed with other biologic agents24,30, and registry data
suggest that biologics are not associated with any further
increase in the already elevated lymphoma occurrence in
RA38.
Autoimmune AE associated with IV abatacept exposure
were rare; the most common autoimmune AE reported was
psoriasis. A small phase I study of patients with psoriasis
vulgaris reported no evidence of worsening of psoriasis with
abatacept treatment39. Thus, the relationship between
psoriasis and abatacept treatment in patients with RA is
unclear. The cases of SS observed here were likely to be
secondary to RA, and there was no clear definition of
primary or secondary SS used in the trials.
Of note, the ASSURE study was included in this pooled
analysis, which included patients with comorbidities, who
are more representative of patients typically encountered in
clinical practice5. In ASSURE, relatively comparable
frequencies of SAE and discontinuations due to AE were
reported for abatacept- and placebo-treated patients
presenting with congestive heart failure or asthma compared
to patients without comorbidities5. They did find, however,
that for patients with COPD or diabetes, SAE frequencies
were higher in abatacept- versus placebo-treated patients,
driven by increases in respiratory and infection-related
events in patients with COPD, and by musculoskeletal
disorders and injury in patients with diabetes5. The occurrence of certain respiratory events such as COPD is of
interest in patients with RA. Only a small number of patients
included in this analysis had underlying COPD — those
included from ASSURE. Data presented here indicate that in
this pooled analysis, the overall IR of COPD did not
increase in the cumulative relative to the short-term

treatment periods, suggesting no increased risk of COPD
with continued exposure. There is also a reported increased
risk of ILD for patients with RA relative to the general
population, with 10-, 20-, and 30-year cumulative IR for
probable and definite ILD of 3.5%, 6.3%, and 7.7%, respectively (adjusted for the competing risk of death), conveying
a lifetime risk of ~10%40. In this pooled analysis, the IR of
ILD was low during both the short-term and LTE periods,
with no apparent increase in risk over time.
Findings from this pooled analysis confirm the observations made during the individual trials, but in a larger pooled
patient population and over a longer timeframe than previously reported, confirming the well-tolerated safety profile
of IV abatacept in patients with established moderate to
severe RA. Observations made across clinical trials suggest
that abatacept may have an improved safety profile when
administered earlier in the disease progression2,4,7. The
database for this longterm analysis was initiated prior to the
phase III study of abatacept in patients with early RA, and
thus those data are not included here; however, findings
from that study7 suggest that abatacept plus MTX is well
tolerated in MTX-naive patients with early RA, with no
increase in the rates of SAE, serious infections, and
autoimmune events from Years 1 to 2. Although treatment
patterns are shifting toward earlier, more aggressive intervention, the majority of patients treated in the clinic will
have failed MTX treatment prior to initiating treatment with
a biologic DMARD such as abatacept, as per internationally
accepted guidelines. Thus, patients included in this analysis
are more representative of those seen in clinical practice,
making these findings particularly clinically relevant.
The strengths of this integrated analysis include a
database of sufficient size and duration of IV abatacept
exposure to detect rare events. Nevertheless, the data should
be interpreted within the context of the analyses’ limitations.
Clinical trial conditions do not always reflect real-world
experience; some patient types are excluded because of
preexisting illnesses or concomitant medications, and
patients generally do not have as many underlying comorbidities. Such differences between a clinical trial patient
population and the patient population enrolled in registries
may limit the ability to compare IR between these 2 populations. However, this pooled analysis included data from both
the ASSURE and ARRIVE studies, which were designed to
include patients more representative of those seen in clinical
practice, including patients with comorbidities, as discussed
above for the ASSURE trial5, and those from the ARRIVE
study without anti-TNF washout who may have had positive
PPD testing at baseline17.
In this analysis, safety is described exactly as reported in
the clinical trials included, with no statistical design
correction or weighting applied, which may have been of
benefit given the different patient populations included in
each study. There are additional well-documented issues
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with reporting LTE clinical trial data, with a bias toward
reporting outcomes only for those patients who remain in
the trial and are, therefore, responding to and tolerating
therapy. Patients who do not respond and discontinue
treatment early are often those at higher risk of AE, and
could account for the higher IR of safety events in the
short-term versus LTE periods. However, events that
occurred up to 56 days post-discontinuation were included
in this analysis, and given that abatacept has a half-life of
around 14 days in patients with RA, this should allow the
recording of many events. Given that some patients discontinued abatacept therapy during the clinical trials pooled for
this analysis, patients would have contributed different
patient-years of exposure to the analysis. The median
exposure time, however, was ~2.5 years, with ~30% of the
4149 patients treated in the cumulative study period exposed
for ≥ 5 years. Further, there was a relatively low frequency
of discontinuation due to AE in the pooled short-term
periods discussed here, and although the IR for abatacept
was numerically higher than that for placebo, 95% CI did
overlap. Importantly, the objective of this analysis was to
evaluate safety with prolonged abatacept treatment, given
the chronic expression of the disease and in light of the shift
toward earlier treatment, resulting in patients receiving
treatment for more extended periods of time. The limits of
this analysis provide such an assessment.
Finally, a further tolerability issue with biologic administration that has not been covered here is that of immunogenicity. Generally, abatacept has demonstrated low
immunogenicity rates, with any occurrence being transient
and with low titer41. A pooled longterm analysis of immunogenicity with abatacept is being performed, and will be
given in a separate report.
The integrated analyses presented here, conducted in a
large patient population, show that with increasing
exposure, IV abatacept demonstrates a consistent safety
profile with no unexpected or new safety signals occurring
during longer-term followup. Given that many patients will
continue biologic treatment for long periods of time, these
data are of particular relevance to clinicians using abatacept
in daily clinical practice.
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