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background

 

Effective new therapies are needed for rheumatoid arthritis. Current therapies target the
products of activated macrophages; however, T cells also have an important role in rheu-
matoid arthritis. A fusion protein — cytotoxic T-lymphocyte–associated antigen 4–IgG1
(CTLA4Ig) — is the first in a new class of drugs known as costimulation blockers being
evaluated for the treatment of rheumatoid arthritis. CTLA4Ig binds to CD80 and CD86
on antigen-presenting cells, blocking the engagement of CD28 on T cells and preventing
T-cell activation. A preliminary study showed that CTLA4Ig may be effective for the treat-
ment of rheumatoid arthritis.

 

methods

 

We randomly assigned patients with active rheumatoid arthritis despite methotrexate
therapy to receive 2 mg of CTLA4Ig per kilogram of body weight (105 patients), 10 mg of
CTLA4Ig per kilogram (115 patients), or placebo (119 patients) for six months. All pa-
tients also received methotrexate therapy during the study. The clinical response was as-
sessed at six months with use of the criteria of the American College of Rheumatology
(ACR), which define the response according to its extent: 20 percent (ACR 20), 50 per-
cent (ACR 50), or 70 percent (ACR 70). Additional end points included measures of the
health-related quality of life.

 

results

 

Patients treated with 10 mg of CTLA4Ig per kilogram were more likely to have an ACR
20 than were patients who received placebo (60 percent vs. 35 percent, P<0.001). Signif-
icantly higher rates of ACR 50 and ACR 70 responses were seen in both CTLA4Ig groups
than in the placebo group. The group given 10 mg of CTLA4Ig per kilogram had clinically
meaningful and statistically significant improvements in all eight subscales of the Med-
ical Outcomes 36-Item Short-Form General Health Survey. CTLA4Ig was well tolerated,
with an overall safety profile similar to that of placebo.

 

conclusions

 

In patients with active rheumatoid arthritis who were receiving methotrexate, treatment
with CTLA4Ig significantly improved the signs and symptoms of rheumatoid arthritis
and the health-related quality of life. CTLA4Ig is a promising new therapy for rheumatoid
arthritis.

abstract
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heumatoid arthritis is a system-

 

ic disease that causes progressive joint
damage and disability.

 

1

 

 The macrophage
is an important pathogenic mediator in rheumatoid
arthritis, and cytokines such as tumor necrosis fac-
tor alpha

 

 

 

(TNF-

 

a

 

) and interleukin-1 are therapeutic
targets. Drugs that block TNF-

 

a

 

 decrease joint in-
flammation and slow radiographic progression.

 

2-8

 

However, since only approximately 40 percent of
patients have an improvement of 50 percent, ac-
cording to the criteria of the American College of
Rheumatology (ACR), during treatment with TNF-

 

a

 

inhibitors, effective therapies directed against nov-
el targets are needed.

Class II major-histocompatibility-complex (MHC)
phenotype confers susceptibility to rheumatoid ar-
thritis.

 

9

 

 HLA-DR1 and DR4 are expressed in over 80
percent of white patients with rheumatoid arthritis.

 

10

 

Class II MHC molecules present antigens to CD4+
T cells, suggesting an important role of T cells in
the pathogenesis of rheumatoid arthritis.

The rheumatoid synovium contains activated
T cells, providing further support for the theory that
T cells have an important role in rheumatoid arthri-
tis.

 

11,12

 

 Cells resembling monocytes and macro-
phages and dendritic cells are also present in the
rheumatoid synovium. These antigen-presenting
cells are activated and express both class II MHC and
costimulatory molecules such as CD80 (B7-1) and
CD86 (B7-2).

 

13-17

 

 These observations suggest that
synovial T cells, macrophages, dendritic cells, and
B cells may have a direct role in the disease process.

T cells require at least two signals to become ful-
ly activated.

 

18,19

 

 Signal 1 is antigen-specific and is
delivered by engagement of the T-cell receptor with
an MHC–peptide complex on an antigen-presenting
cell. Signal 2 is delivered by the binding of a costim-
ulatory receptor on T cells to a ligand on the antigen-
presenting cell. A key costimulatory signal is provid-
ed by the interaction of CD28 on T cells with CD80
or CD86 on antigen-presenting cells.

 

20-22

 

 In the
presence of optimal T-cell–receptor and CD28 sig-
nals, T cells proliferate and produce cytokines that
can activate other inflammatory cells, such as mac-
rophages. With only a T-cell–receptor signal and
no CD28 signal, T-cell activation is not optimal, and
T cells may be rendered poorly responsive to other-
wise optimal subsequent stimulation, or they may
undergo apoptosis.

 

19

 

Cytotoxic T-lymphocyte–associated antigen 4
(CTLA4) is expressed on the surface of T cells hours
or days after they become activated. CTLA4 is the

high-avidity receptor for both CD80 and CD86,
binding approximately 500 to 2500 times as avidly
to these ligands as to CD28.

 

23-25

 

 CTLA4Ig is con-
structed by genetically fusing the external domain of
human CTLA4 to the heavy-chain constant region
of human IgG1. CTLA4Ig binds both CD80 and
CD86 on antigen-presenting cells, thereby prevent-
ing these molecules from engaging CD28 on T cells.
By blocking the engagement of CD28, CTLA4Ig pre-
vents the delivery of the second costimulatory signal
that is required for optimal activation of T cells.
Blocking the second signal is a novel therapeutic
concept. Preclinical studies demonstrated the effi-
cacy of CTLA4Ig in many animal models of autoim-
mune disease

 

26,27

 

 and allograft rejection.

 

28

 

In a three-month pilot study in which patients
with rheumatoid arthritis were given 0.5, 2, or 10 mg
of CTLA4Ig per kilogram of body weight as mono-
therapy on days 1, 15, 29, and 57, 53 percent of pa-
tients who received the dose of 10 mg per kilogram
had a 20 percent improvement (an ACR 20 re-
sponse) after 85 days and 16 percent had a 50 per-
cent improvement (an ACR 50 response), according
to the ACR criteria.

 

29

 

 Here, we report the results of
a six-month, double-blind, randomized, placebo-
controlled investigation of the effectiveness of
CTLA4Ig therapy in patients with rheumatoid ar-
thritis who had an inadequate response to metho-
trexate.

 

patients

 

The study population consisted of patients 18 to 65
years of age who met the ACR criteria for rheuma-
toid arthritis and were in functional class I, II, or
III.

 

30

 

 Entry requirements included active disease,
characterized by 10 or more swollen joints, 12 or
more tender joints, and C-reactive protein levels of
at least 1 mg per deciliter (upper limit of the nor-
mal range, 0.4). Patients had to have been treated
with methotrexate (10 to 30 mg weekly) for at least
6 months and to have received a stable dose for 28
days before enrollment. All patients continued to re-
ceive methotrexate. All other disease-modifying an-
tirheumatic drugs were discontinued. Leflunomide
and infliximab were discontinued at least 60 days
before enrollment, and other disease-modifying an-
tirheumatic drugs were discontinued at least 28 days
before enrollment. Stable low-dose corticosteroids
(≤10 mg per day) and nonsteroidal antiinflammato-
ry drugs were permitted. Women who were nursing

r

methods
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or pregnant were excluded. Patients were enrolled in
the study between December 11, 2000, and Decem-
ber 11, 2001.

 

study protocol

 

This was a six-month randomized, double-blind,
placebo-controlled study to compare the safety, ef-
ficacy, and immunogenicity of 2 mg or 10 mg of
CTLA4Ig per kilogram with those of placebo in pa-
tients with active rheumatoid arthritis. The study
sponsor was involved in the design of the study, col-
lection of the data, and analysis of the data. The ac-
ademic investigators had access to the data and were
responsible for interpreting the data. The protocol
was approved by the appropriate international reg-
ulatory boards and the human-research committees
at each participating center. Written informed con-
sent was obtained from all patients before they un-
derwent randomization or any study-related proce-
dures. A central randomization procedure was used.
To ensure that the treatment groups were balanced
at each site, patients were randomly assigned with
use of a permuted-block size of 6. CTLA4Ig or pla-
cebo was infused intravenously over a 30-minute pe-
riod on days 1, 15, and 30 and monthly thereafter
for a total of six months.

 

efficacy measurements

 

The primary efficacy variable was the percentage of
patients who had a 20 percent improvement ac-
cording to ACR criteria (an ACR 20 response) at six
months.

 

31

 

 The ACR criteria assess 68 joints for
tenderness and 66 joints for swelling. An ACR 20
response indicates a decrease of at least 20 percent
in both the number of tender joints and the number
of swollen joints, as well as a 20 percent improve-
ment in at least three of the following: the patient’s
global assessment of disease status, the patient’s as-
sessment of pain, the patient’s assessment of phys-
ical function (measured with use of the Modified
Stanford Health Assessment Questionnaire), the
physician’s global assessment of disease status, and
the C-reactive protein level. Secondary outcome
measures were 50 percent improvement and 70 per-
cent improvement according to ACR criteria (an
ACR 50 response and an ACR 70 response, respec-
tively). The ACR response was assessed on days 1,
15, and 30 and then monthly. Assessments were
performed by rheumatologists or trained profes-
sional staff members who were unaware of patients’
treatment assignments and were not involved in the
infusion of CTLA4Ig or placebo.

Health-related quality of life was assessed at
base line, 90 days, and 180 days with use of the Med-
ical Outcomes Study 36-Item Short-Form General
Health Survey (SF-36).

 

32,33

 

 The SF-36 consists of 36
items, 35 of which are aggregated to evaluate eight
dimensions of health: physical function, pain, gen-
eral and mental health, vitality, social function, and
physical and emotional health. Scores on the eight
subscales were aggregated to derive the physical-

 

* Plus–minus values are means ±SD. TNF denotes tumor necrosis factor.
† Sixty-eight joints were assessed for tenderness, and 66 were assessed for 

swelling.
‡ A 100-mm visual-analogue scale was used in which higher values indicated 

more severe abnormalities.
§ The Modified Stanford Health Assessment Questionnaire was used. Scores 

can range from 0 to 3, with higher scores indicating greater disease activity.
¶Scores on the Medical Outcomes Study 36-Item Short-Form General Health 

Survey (SF-36) were standardized on the basis of a mean score of 50±10 in the 

 

general U.S. population. Higher scores indicate a better quality of life.

 

Table 1. Base-Line Characteristics of the Patients.*

Characteristic

Placebo + 
Methotrexate 

(N=119)

CTLA4Ig, 
2 mg/kg, + 

Methotrexate 
(N=105)

CTLA4Ig, 
10 mg/kg, + 

Methotrexate 
(N=115)

 

Age (yr)
Mean
Range

54.7
23–80

54.4
23–80

55.8
17–83

Weight (kg)
Mean
Range

79.9
44–140

78.7
48–186

77.8
40–144

Female sex (%) 66 63 75

White race (%) 87 87 87

Duration of disease (yr) 8.9±8.3 9.7±8.1 9.7±9.8

Methotrexate dose (mg/wk) 15.8±4.1 15.8±4.5 15.0±4.4

Mean duration of methotrex-
ate therapy (yr)

2.9±3.5 2.6±3.0 2.5±2.7

Previous treatment with 
anti-TNF drug (%)

2.6 5.7 2.6

Joints (no.)†
Tender
Swollen

29.2±13.0
21.8±8.8

28.2±12.0
20.2±8.9

30.8±12.2
21.3±8.4

Pain score‡ 65.2±22.1 64.5±22.3 62.1±21.4

Physical-function score§ 1.0±0.6 1.0±0.5 1.0±0.5

Global assessment score‡
Patient
Physician

62.8±21.6
63.3±15.5

59.4±23.7
61.0±16.7

60.1±20.7
62.1±14.8

Positive for rheumatoid 
factor (%)

90 90 99

Erosive disease (%) 100 100 100

C-reactive protein (mg/dl) 3.2±3.2 3.2±2.6 2.9±2.8

SF-36 score¶
Physical component
Mental component

32.3±7.7
41.9±11.0

30.8±8.5
43.1±11.0

31.3±8.5
44.5±10.5
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component summary score and the mental-com-
ponent summary score. The eight subscales, physi-
cal-component summary, and mental-component
summary were scored with use of norm-based
methods that standardize the scores to a mean
(

 

±

 

SD) of 50

 

±

 

10 on the basis of an assessment of the
general U.S. population of persons without chronic
conditions.

 

34

 

 Scores on each subscale range from
0 to 10, and the summary scores range from 0 to
100, with higher scores indicating better health. Ab-
solute differences of three or more in both the sub-
scale scores and summary scores were considered
clinically meaningful.

 

35,36

 

safety assessments

 

Patients were asked about adverse events at each vis-
it, and the investigator assessed the severity of any re-
ported event and its relation to the study medication.
A data and safety monitoring board supervised the
overall safety assessment in an unblinded fashion.

 

immunogenicity testing

 

Serum samples were obtained for the measurement
of drug-specific antibodies on days 1, 30, 90, and
180. Formation of specific antibody against the
whole molecule (CTLA4Ig) and against the CTLA4
portion alone were evaluated separately according
to previously described methods.

 

29

 

 Results were ex-
pressed as the end-point titer, defined as the recipro-
cal of the interpolated dilution with an absorbance
value equal to five times the mean absorbance back-
ground value. Seroconversion was defined by an in-
crease of at least two serial dilutions (by a factor of
nine) relative to the predose value.

 

statistical analysis

 

A sample of 107 patients per treatment group was
determined to yield 94 percent power at the 5 per-
cent level (two-sided) to detect an absolute differ-
ence of 25 percent between the group given 10 mg
of CTLA4Ig per kilogram and the group given pla-

 

Figure 1. Enrollment and Disposition of the Patients.

 

Asterisks indicate a significant difference (P<0.05) from placebo plus methotrexate.

544 Patients recruited

339 Underwent
randomization

205 Did not undergo
randomization

119 Assigned to
placebo

41 Discontinued study
7 Due to adverse

effects
29 Due to lack of

efficacy
5 For other reasons

78 Completed study

105 Assigned to
CTLA4Ig, 2 mg/kg

23 Discontinued study
7 Due to adverse

effects
13 Due to lack of

efficacy*
3 For other reasons

82 Completed study

115 Assigned to
CTLA4Ig, 10 mg/kg

16 Discontinued study
2 Due to adverse

effects
12 Due to lack of

efficacy*
2 For other reasons

99 Completed study
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cebo plus methotrexate, on the basis of an expected
ACR 20 response rate at six months of 25 percent in
the placebo group and a dropout rate of 15 percent
in each treatment group. A closed testing procedure
based on an ordered analysis of variance

 

37

 

 was es-
tablished for hypothesis testing: if there was a sig-
nificant difference in the rates of ACR 20 responses
between the group given 10 mg of CTLA4Ig per kil-
ogram and the placebo group with use of a chi-
square test, then we compared the group given 2 mg
of CTLA4Ig per kilogram with the placebo group.
This testing strategy was also used to identify differ-
ences in the rates of ACR 50 and ACR 70 responses.

Descriptive statistics were used to compare the
demographic and base-line characteristics of the
patients in the three treatment groups. The efficacy
analyses included all patients who received at least
one dose of study medication. To account for miss-
ing data in the assessment of the ACR responses in
the primary, prespecified analysis, we considered
patients who discontinued the study because of wor-
sening disease not to have had a response, and we
carried forward the values obtained at the last as-
sessment for patients who discontinued the study
for any other reason. Thus, all patients were as-
sessed for an ACR response. When assessing the
change from base line in the health-related quality
of life and the individual components of the ACR
response in patients who discontinued the study for
any reason, we used the values obtained at the last
assessment and carried them forward. A secondary
analysis was performed in which all patients who
discontinued the study for any reason were classi-
fied as having had no response. 

Fisher’s exact tests were used to compare the in-
cidence of adverse events in the CTLA4Ig groups
and the placebo group. For other end points, analy-
sis of covariance (adjusted for base-line values) with
linear contrasts was used for continuous variables
and chi-square tests were used for proportions. All
statistical tests were two-sided and conducted at the
5 percent level.

 

characteristics of the patients

 

Study medication was administered to 339 patients:
119 patients were randomly assigned to receive
placebo plus methotrexate, 105 to receive 2 mg of
CTLA4Ig per kilogram plus methotrexate, and 115
patients to receive 10 mg of CTLA4Ig per kilogram
plus methotrexate. The demographic and base-line

clinical characteristics were similar among the treat-
ment groups (Table 1). Despite concurrent treat-
ment with methotrexate, patients had a high degree
of base-line disease activity on the basis of the num-
bers of swollen and tender joints.

A total of 259 patients completed six months of
treatment (Fig. 1). More patients in the placebo
group discontinued the study than in either of the
CTLA4Ig groups. The most common reason for dis-
continuation was lack of efficacy as indicated by
worsening arthritis.

 

clinical efficacy

 

The percentage of patients who had an ACR 20 re-
sponse at six months was significantly higher in the
group given 10 mg of CTLA4Ig per kilogram than in
the placebo group (Fig. 2 and Table 2). There was no
significant difference in the rate of ACR 20 respons-
es at six months between the group given 2 mg of
CTLA4Ig per kilogram and the placebo group
(P=0.31). ACR 20 responses in the group given
10 mg of CTLA4Ig per kilogram were significantly
higher than those in the placebo group from month
2 through month 6 (Fig. 2).

results

 

Figure 2. Clinical Efficacy of CTLA4Ig.

 

A clinical response was defined according to the American College of Rheu-
matology (ACR) definition of a 20 percent improvement (ACR 20), indicating 
a decrease of at least 20 percent in the number of both tender joints and swol-
len joints, along with a 20 percent improvement in three of the following: the 
patient’s global assessment of disease status, the patient’s assessment of 
pain, the patient’s estimate of physical function (measured with use of the 
Modified Stanford Health Assessment Questionnaire), the physician’s global 
assessment of disease status, and the serum C-reactive protein level. At each 
study visit, measurements were obtained before any treatment was adminis-
tered. Asterisks indicate a significant difference (P<0.001) between the group 
given 10 mg of CTLA4Ig per kilogram and the placebo group. 
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The rates of ACR 50 and ACR 70 responses at six
months were significantly higher in both CTLA4Ig
groups than in the placebo group (Table 2). As com-
pared with the patients in the placebo group, pa-
tients who received 10 mg of CTLA4Ig per kilogram
also had significant improvements in all clinical
components of the ACR response criteria (Table 2).

In a secondary analysis, patients who discontin-
ued the study for any reason were classified as hav-
ing had no response. In this analysis, the rate of ACR
20 responses at six months was significantly higher
in the group given 10 mg of CTLA4Ig per kilogram
than in the placebo group (57.4 percent vs. 31.1 per-
cent, P<0.001). The rate of ACR 20 responses in the

group given 2 mg of CTLA4Ig per kilogram was 39
percent and did not differ significantly from that in
the placebo group (P=0.21). The rates of ACR 50 re-
sponses were 35.7 percent in the group given 10 mg
of CTLA4Ig per kilogram and 22.9 percent in the
group given 2 mg of CTLA4Ig per kilogram, as
compared with 10.1 percent in the placebo group
(P<0.001 and P=0.009, respectively). The rates of
ACR 70 responses were the same as those in the
primary analysis.

Patients in the group given 10 mg of CTLA4Ig
per kilogram had clinically meaningful and signif-
icant improvements from base-line scores in the
scores on all eight subscales and both summary
scores of the SF-36, with the greatest effect in the
physical-health, pain, vitality, and social-function
domains (Fig. 3). All improvements were signifi-
cantly greater than those in the placebo group
(P<0.05). For patients treated with 2 mg of CTLA4Ig
per kilogram, improvements from base-line values
were significant for all domains except mental
health but did not differ significantly from those in
the placebo group.

 

safety

 

CTLA4Ig was well tolerated, and no deaths, can-
cers, or opportunistic infections were reported by
CTLA4Ig-treated patients after six months of treat-
ment. In general, adverse events were reported at a
similar or lower rate in the CTLA4Ig groups than in
the placebo group. The most frequently reported ad-
verse event was headache, followed in decreasing
order by upper respiratory tract infection, musculo-
skeletal pain, and nausea and vomiting (Table 3).

Fewer serious adverse events were reported in the
group given 10 mg of CTLA4Ig per kilogram than
in the group given 2 mg of CTLA4Ig per kilogram or
the placebo group (Table 3). None of the serious ad-
verse events in the group given 10 mg of CTLA4Ig
per kilogram were considered to be related to the
study drug. One patient in the group given 2 mg of
CTLA4Ig per kilogram was hospitalized for celluli-
tis of the left foot. No other serious infections were
reported. The rate of discontinuation because of ad-
verse events was lower in the group given 10 mg
of CTLA4Ig per kilogram (1.7 percent) than in the
group given 2 mg of CTLA4Ig per kilogram (6.7 per-
cent) or the placebo group (5.9 percent).

 

immunogenicity testing

 

Most patients had preexisting antibodies against
CTLA4Ig. No patient in either of the CTLA4Ig

 

* A clinical response was defined according to the American College of Rheuma-
tology (ACR) definition of a 20 percent improvement (ACR 20), indicating a 
decrease of at least 20 percent in the number of both tender joints and swollen 
joints, along with a 20 percent improvement in at least three of the following: 
the patient’s global assessment of disease status, the patient’s assessment of 
pain, the patient’s estimate of function (measured with use of the Modified 
Stanford Health Assessment Questionnaire), the physician’s global assess-
ment of disease status, and the serum C-reactive protein level. The percentag-
es of patients with an improvement of 50 percent (ACR 50) and 70 percent 
(ACR 70), according to the ACR criteria, were assessed in a similar manner.

† Patients who discontinued the study because of worsening disease were con-
sidered to have had no response; for those who discontinued the study for 
other reasons the values for the last efficacy observation were carried forward.

‡ P<0.001 for the comparison with the group given placebo plus methotrexate.
§ P<0.05 for the comparison with the group given placebo plus methotrexate.

 

¶Values were carried forward from the last efficacy observation.

 

Table 2. Efficacy at Six Months.*

Variable

Placebo +
Methotrexate

(N=119)

CTLA4Ig,
2 mg/kg, +

Methotrexate
(N=105)

CTLA4Ig,
10 mg/kg, +

Methotrexate
(N=115)

 

percent

 

ACR response rate†

ACR 20 35.3 41.9 60.0‡

ACR 50 11.8 22.9§ 36.5‡

ACR 70 1.7 10.5§ 16.5‡

Mean change from base line 
in individual ACR 
components¶

Tender joints 32.1 43.3 59.9§

Swollen joints 33.4 45.1§ 54.9§

Pain 8.4 22.7§ 46.4§

Physical function 14.1 17.3 41.5§

Patient’s global assessment 17.6 9.6 40.8§

Physician’s global 
assessment

25.6 38.6§ 52.0§

C-reactive protein level ¡23.6 16.2§ 31.5§
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groups had evidence of seroconversion for CTLA4Ig-
specific antibodies during the six-month study pe-
riod. Seroconversion for CTLA4-specific antibodies
was detected in one patient in the group given 10 mg
of CTLA4Ig per kilogram (the end-point titer in-
creased from less than 10 at base line to 92 at one
month [the last sample collected]) and in one pa-
tient in the group given 2 mg of CTLA4Ig per kilo-
gram (the end-point titer increased from less than
10 at base line to 148 at six months).

The goal of clinical management of rheumatoid ar-
thritis has been to avert disease progression through
treatment with disease-modifying antirheumatic
drugs such as methotrexate, sulfasalazine, lefluno-
mide, and hydroxychloroquine. More recently, bio-
logic agents targeting specific inflammatory cyto-
kines such as TNF-

 

a

 

 and interleukin-1 have been
prescribed for patients with an inadequate response
to methotrexate. Even with the use of these newer

therapies, many patients do not have a satisfactory
response.

CTLA4Ig is the first in a new class of drugs for
the treatment of rheumatoid arthritis known as co-
stimulation blockers. Current biologic agents spe-
cifically block the activity of single cytokines pro-
duced predominantly by macrophages. CTLA4Ig
acts earlier in the inflammatory cascade and directly
inhibits the activation of T cells and the secondary
activation of other important cells, such as macro-
phages and B cells. Recently, Grohmann et al.

 

38

 

demonstrated that CTLA4Ig has a direct inhibitory
effect on dendritic cells and macrophages. The bind-
ing of CTLA4Ig to CD80 and CD86 appears to lead
to the production of indoleamine-2,3-dioxygenase
by antigen-presenting cells, which is associated with
down-regulation of the inflammatory responses of
T cells, dendritic cells, and macrophages.
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In this six-month trial, CTLA4Ig therapy induced
dose-related improvements in the signs and symp-
toms of rheumatoid arthritis and in physical func-
tion. The magnitude of the ACR 20, ACR 50, and

discussion

 

Figure 3. Effect of CTLA4Ig on the Health-Related Quality of Life.

 

Health-related quality of life was assessed with use of the Medical Outcomes Study 36-Item Short-Form General Health Survey (SF-36).

 

32,33

 

 
Scores on the eight subscales of the SF-36 were aggregated to derive the physical-component summary score and the mental-component 
summary score. The eight subscales, physical-component summary, and mental-component summary were scored with use of norm-based 
methods that standardize the scores to a mean (±SD) of 50±10 on the basis of an assessment of the general U.S. population of persons with-
out chronic conditions.
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 Scores on each subscale range from 0 to 10, and the summary scores range from 0 to 100, with higher scores indi-
cating better health. Asterisks indicate a significant difference (P<0.05) for the comparison with the placebo group with use of an analysis of 
covariance model with the base-line value as a covariate. Values were carried forward from the last efficacy observation. Changes from base 
line were also significant for each subscale score and for the summary scores in the 10-mg CTLA4Ig group.
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ACR 70 responses after treatment with 10 mg of
CTLA4Ig per kilogram (60.0 percent, 36.5 percent,
and 16.5 percent, respectively) was similar to that in
patients who received methotrexate after treatment
with 10 mg of infliximab per kilogram every four
weeks (ACR 20, 58 percent; ACR 50, 26 percent;
and ACR 70, 11 percent).
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 Furthermore, the com-
bination of 10 mg of CTLA4Ig per kilogram and
methotrexate resulted in clinically meaningful and
significant improvements over base-line scores on
all eight subscales of the SF-36.

CTLA4Ig was safe and well tolerated, and the rate
of discontinuation because of adverse events was
no higher than that in the placebo group. In addi-
tion, no clinically significant antibody response to
CTLA4Ig was detected in either active-treatment
group.

In the analysis in which all patients who discon-
tinued the study were considered not to have had a
response, the ACR responses remained significant.
The low rates of serious adverse effects and discon-
tinuation owing to adverse events, especially with
the dose of CTLA4Ig of 10 mg per kilogram, pro-
vides further support for its use in the treatment of
rheumatoid arthritis. However, longer-term obser-
vation of the safety and efficacy of CTLA4Ig in com-
bination with methotrexate, especially with regard
to infection, is needed to confirm and extend these
encouraging findings.

We found that the combination of CTLA4Ig and
methotrexate improved the signs and symptoms of
disease, physical function, and quality of life in pa-
tients who had active rheumatoid arthritis despite
ongoing methotrexate therapy. Clinical responses
were dose-dependent. Both the 2 mg per kilogram
dose and the 10 mg per kilogram dose of CTLA4Ig
were well tolerated, with no antibody response to
the fusion protein detected. These data underscore
the value of costimulation blockade in the treat-
ment of rheumatoid arthritis. The potential use of
CTLA4Ig in the treatment of rheumatoid arthritis
and other autoimmune disorders requires further
investigation.

 

Drs. Kremer and Emery report having received grant support
from Bristol-Myers Squibb and having served as paid consultants to
the company. Drs. Alten, Leon, Dougados, and Moreland report hav-
ing served as paid consultants to Bristol-Myers Squibb. Drs. Nua-
mah, Williams, Becker, and Hagerty are employees of Bristol-Myers
Squibb.

 

appendix

 

In addition to the authors, the following investigators also participated in the study: A. Bankhurst (Albuquerque, N.M.), A. Beaulieu (Sainte-
Foy, Que., Canada), R. Bernstein (Manchester, United Kingdom), C. Birbara (Worcester, Mass.), B. Bockow (Seattle), L. Bridges, Jr. (Bir-
mingham, Ala.), S. Brighton (Pretoria, South Africa), W. Chase (Austin, Tex.), B. Combe (Montpellier, France), B. Diamond (Bronx, N.Y.),
G.S. Dolan (Long Beach, Calif.), P. Dura (Endwell, N.Y.), P. Durez (Brussels, Belgium), R. Fleishmann (Dallas), S. Hall (Malvern, Victoria,
Australia), A. Hammond (Maidstone, Kent, United Kingdom), P. Hanrahan (South Perth, Western Australia, Australia), B. Haraoui (Mon-
treal), B. Hazleman (Cambridge, United Kingdom), G. Hein (Jena, Germany), R. Honsinger (Los Alamos, N.M.), R. Katz (Chicago), E. Key-
stone (Toronto), M. Khraishi (St. Johns, Newf., Canada), A. Kivitz (Duncansville, Pa.), S. Klein (Cumberland, Md.), R. Leff (Duluth, Minn.),
P. Liang (Sherbrooke, Que., Canada), R. Lies (Wichita, Kans.), J.M. Cocco (Buenos Aires, Argentina), R. McKendry (Ottawa, Ont., Canada),
B. Miskin (West Palm Beach, Fla.), R. Moidel (Sellersville, Pa.), M. Molloy (Wilton, Ireland), J. Peller (Rome, Ga.), H. Peter (Freiburg, Ger-
many), D. Pierangelo (Springfield, Mass.), K. Pile (Woodville, South Australia, Australia), A. Rosen (Largo, Fla.), C. Saadeh (Amarillo, Tex.),
R. Salach (Titusville, Fla.), J. Sany (Montpellier, France), W. Shergy (Huntsville, Ala.), J. Sibilia (Strasbourg, France), W. St. Clair (Durham,
N.C.), E. Tindall (Portland, Oreg.), P.L.C.M. Van Riel (Nijmegen, the Netherlands), F. vas den Bosch (Ghent, Belgium), A. Weaver (Lincoln,
Nebr.), and L. Williame (Antwerp, Belgium).

 

* P=0.03 for the comparison with the group given placebo plus methotrexate.

 

† Rheumatoid arthritis was not included.

 

Table 3. Adverse Events.

Adverse Event

Placebo +
Methotrexate

(N=119)

CTLA4Ig,
2 mg/kg, +

Methotrexate
(N=105)

CTLA4Ig,
10 mg/kg, +

Methotrexate
(N=115)

 

number (percent)

 

Death 0 0 0 

Serious adverse events

Total 12 (10.1) 12 (11.4) 3 (2.6)*

Related to study drug 1 (0.8) 4 (3.8) 0 

Most frequent adverse events†

Headache 15 (12.6) 15 (14.3) 12 (10.4)

Upper respiratory tract 
infection

12 (10.1) 13 (12.4) 15 (13.0)

Musculoskeletal pain 15 (12.6) 15 (14.3) 8 (7.0)

Nausea and vomiting 14 (11.8) 7 (6.7) 16 (13.9)

Fatigue 13 (10.9) 10 (9.5) 6 (5.2)

Cough 10 (8.4) 6 (5.7) 12 (10.4)

Diarrhea 7 (5.9) 7 (6.7) 11 (9.6)

Pharyngitis 7 (5.9) 5 (4.8) 12 (10.4)
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