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BSTRACT

 

Background

 

Neutralization of tumor necrosis fac-
tor 

 

a

 

 (TNF-

 

a

 

) for three to six months reduces the symp-
toms and signs of rheumatoid arthritis. However, the
capacity of this approach to effect a more sustained
benefit and its effect on joint damage are not known.

 

Methods

 

We treated 428 patients who had active
rheumatoid arthritis despite methotrexate therapy
with placebo or infliximab, a chimeric monoclonal an-
tibody against TNF-

 

a

 

, in intravenous doses of 3 or 10
mg per kilogram of body weight every 4 or 8 weeks
in combination with oral methotrexate for 54 weeks.
We assessed clinical responses with use of the criteria
of the American College of Rheumatology, the qual-
ity of life with a health-status questionnaire, and the
effect on joint damage radiographically.

 

Results

 

The combination of infliximab and metho-
trexate was well tolerated and resulted in a sustained
reduction in the symptoms and signs of rheumatoid
arthritis that was significantly greater than the reduc-
tion associated with methotrexate therapy alone (clin-
ical response, 51.8 percent vs. 17.0 percent; P<0.001).
The quality of life was also significantly better with
infliximab plus methotrexate than with methotrexate
alone. Radiographic evidence of joint damage in-
creased in the group given methotrexate, but not in
the groups given infliximab and methotrexate (mean
change in radiographic score, 7.0 vs. 0.6; P<0.001).
Radiographic evidence of progression of joint damage
was absent in infliximab-treated patients whether or
not they had a clinical response.

 

Conclusions

 

In patients with persistently active
rheumatoid arthritis despite methotrexate therapy,
repeated doses of infliximab in combination with
methotrexate provided clinical benefit and halted the
progression of joint damage. (N Engl J Med 2000;343:
1594-602.)

 

©2000, Massachusetts Medical Society.

 

From the University of Texas Southwestern Medical Center at Dallas, Dal-
las (P.E.L.); University Hospital Maastricht, Maastricht, the Netherlands
(D.M.F.M.H.); Duke University Medical Center, Durham, N.C. (E.W.S.),
Virginia Mason Research Center, Seattle (D.E.F.); the University of Leiden,
Leiden, the Netherlands (F.C.B.); the Institute for Clinical Immunology,
Erlangen, Germany (J.R.K.); the University of Vienna, Vienna, Austria
(J.S.S.); the University of California at San Diego, San Diego (M.W.); the
Research School of Medicine, University of Leeds, Leeds, United King-
dom (P.E.); the Kennedy Institute of Rheumatology and the Imperial Col-
lege School of Medicine at Charing Cross Hospital, London (M.F., R.N.M.);
and Centocor, Malvern, Pa. (G.R.H.). Address reprint requests to Dr. Lipsky
at the National Institute of Arthritis and Musculoskeletal and Skin Diseases,
National Institutes of Health, 9000 Rockville Pike, Bldg. 10, Rm. 9N228,
Bethesda, MD 20892-1820, or at lipskyp@mail.nih.gov.

 

UMOR necrosis factor 

 

a

 

 (TNF-

 

a

 

) has a cen-
tral role in the pathogenesis of rheumatoid
arthritis,

 

1-3

 

 as demonstrated by the clinical
benefit of TNF-

 

a

 

–neutralizing therapy

 

4-9

 

with either a TNF-

 

a

 

 type II receptor–IgG1 fusion
protein (etanercept) or a chimeric (human and mouse)
monoclonal antibody against TNF-

 

a

 

 (infliximab). Sus-
tained clinical benefit occurred when the TNF-

 

a

 

–neu-
tralizing agents were administered alone

 

5,8

 

 or concom-
itantly with methotrexate,

 

6,7,9

 

 the current standard
disease-modifying therapy for patients with rheuma-
toid arthritis.

 

10,11

 

Rheumatoid arthritis is a chronic disease with the
potential to cause substantial joint damage and dis-
ability.

 

12

 

 Critical issues concerning the effect of thera-
py, therefore, are the ability to control symptoms and
signs of the disease for prolonged periods as well as
the capacity to retard the damaging effect of rheuma-
toid inflammation on articular cartilage and bone.
Although TNF-

 

a

 

–neutralizing therapy reduces the
symptoms and signs of rheumatoid arthritis, it has
been given for only three to six months,

 

5-9

 

 and no
analysis of the effect on the progressive damage to
joint structure has been reported. We evaluated the
ability of repeated administration of infliximab along
with methotrexate to control the clinical manifesta-
tions of rheumatoid arthritis over a one-year period,
and the effect of this therapy on damage to cartilage
and bone as determined by radiographic assessment.

 

METHODS

 

Patients

 

The eligibility criteria and the design of the study have been de-
scribed in detail elsewhere.

 

7

 

 Patients were enrolled from March 31,
1997, to January 22, 1998. Briefly, patients were eligible for the
study if they had active rheumatoid arthritis despite treatment with

T
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at least 12.5 mg of methotrexate per week. Active rheumatoid ar-
thritis was defined by the presence of six or more swollen joints,
six or more tender joints, and at least two or more of the following:
morning stiffness that lasted at least 45 minutes, an erythrocyte
sedimentation rate of at least 28 mm per hour, and a serum C-reac-
tive protein concentration of at least 2.0 mg per deciliter. The effect
of 30 weeks of therapy on the symptoms and signs of rheumatoid
arthritis in these patients has been reported previously.

 

7

 

Study Protocol

 

The patients were randomly assigned to receive the same dose of
methotrexate they had been receiving weekly before the study
plus infusions of placebo or infliximab (Remicade, Centocor, Mal-
vern, Pa.) at a dose of 3 or 10 mg per kilogram of body weight for
54 weeks. No other disease-modifying drugs were permitted. Ini-
tially, all patients received intravenous infusions at the initiation of
treatment (week 0) and at weeks 2 and 6. Two infliximab groups
(one receiving 3 and the other receiving 10 mg per kilogram) and
the placebo group received subsequent infusions every four weeks,
whereas two other infliximab groups (receiving 3 and 10 mg per
kilogram) received infliximab every eight weeks and placebo infu-
sions on the interim four-week visits. Patients were allowed to con-
tinue the same dose of nonsteroidal antiinflammatory drug and
oral glucocorticoid (prednisone, «10 mg per day) they had been
taking at study entry. The study protocol was approved by the in-
stitutional review committee at each participating center, and each
study subject gave written informed consent.

 

Clinical Response

 

The number of tender and swollen joints was evaluated by an in-
dependent assessor who had no knowledge of the patient’s treat-
ment assignment. A total of 68 joints were assessed for tenderness,
and 66 for swelling. A clinical response at week 54 was defined ac-
cording to the American College of Rheumatology (ACR) defi-
nition of a 20 percent improvement (ACR 20), indicating a decrease
of at least 20 percent in the number of tender joints and a decrease
of at least 20 percent in the number of swollen 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 health assessment questionnaire estimate of disability, and the
physician’s global assessment of disease status, all of which were
assessed with the use of visual-analogue scales (range, 0 to 10 cm,
with higher scores indicating poorer status or more severe pain);
and the erythrocyte sedimentation rate or serum C-reactive pro-
tein concentration.

 

13

 

 The percentages of patients with an improve-
ment of 50 percent (ACR 50) and 70 percent (ACR 70), according
to the ACR criteria, were assessed in a similar manner.

Arthritis-related functional disability was measured with the
Health Assessment Questionnaire, a well-validated, self-administered
form that assesses functional ability in a variety of areas, including
the ability to dress, arise, eat, walk, maintain personal hygiene, reach,
and grip, on a scale ranging from 0 (no difficulty) to 3 (unable to
perform the activity).

 

14

 

 General health status was assessed by the
Medical Outcomes Study Short-Form Health Survey (SF-36) as
described previously.

 

15,16

 

 Eight aspects of health status were as-
sessed: general and mental health, physical function, social function,
physical and emotional health, pain, and vitality; the score on each
subscale ranges from 0 (worst) to 100 (best). The individual aspects
of the survey were grouped into physical-component and mental-
component summary scores, each of which was assigned a mean
(±SD) score of 50±10 on the basis of an assessment of the general
U.S. population of persons without chronic conditions.

 

16

 

 Individ-
ual scores were compared with the normalized scores for the gen-
eral population.

 

Serologic Studies

 

Serum antibodies against infliximab were measured as described
previously.

 

5,17

 

 Serum antinuclear antibodies and antibodies against
double-stranded DNA were measured at base line; at weeks 2, 4,
6, and 10; and every eight weeks thereafter.

 

18-20

 

Radiographic Evaluations

 

The effect of therapy on articular damage was assessed on the
basis of an evaluation of radiographs of the hands and the feet for
both erosions and joint-space narrowing, according to the van der
Heijde modification of the Sharp scoring system.

 

21-24

 

 Scores on
this scale can range from 0 to 440, with higher scores indicating
more articular damage. The reliability of this method has been pre-
viously documented.

 

22

 

 Anteroposterior radiographs of the hands
and feet were obtained at base line and after 30 and 54 weeks. Two
readers scored the films independently without knowledge of the
order of the radiographs or the patient’s treatment assignment or
clinical response. For each set of radiographs, the mean score of
the two readers was used for the analyses. Patients with missing
radiographs at base line or week 54 and joints that had undergone
surgery before enrollment were not included in the analysis; in the
case of patients who had undergone surgery on specific joints dur-
ing the trial the values used in the analyses were the mean changes
from base line in the specific joint group. Patients with unequivocal
evidence of major progression were defined as those with changes
from base line that exceeded the 95 percent confidence intervals of
the mean of the scores of the two readers.

 

24

 

Statistical Analysis

 

We examined the overall effect of treatment by evaluating the dif-
ference in the means or proportions in the five treatment groups.
Pairwise comparisons of the infliximab and placebo groups were
made when the overall effect of treatment had a significant (P<
0.025) effect on the primary end point — a clinical response. We
used the chi-square test to evaluate categorical variables and analy-
sis of variance to evaluate continuous variables. The proportion of
patients who had a response was analyzed by chi-square test, and we
used Fisher’s exact tests for pairwise comparisons of adverse effects.
For continuous variables, we made pairwise comparisons using lin-
ear contrasts. All statistical tests were two-sided.

 

RESULTS

 

Characteristics of the Patients

 

The patients were predominantly white women with
considerable disease activity (Table 1). The scores on
the physical-component subscales of the SF-36 were
more than 2 SD below the score for the general U.S.
population of persons without chronic conditions.

 

16

 

A considerable degree of joint damage was document-
ed at base line. There were no significant differences
in any of these characteristics among the treatment
groups (Table 1).

Forty-four patients (50 percent) in the group that
received methotrexate alone discontinued treatment,
as compared with 71 of the total of 340 patients (21
percent) in the groups that received infliximab plus
methotrexate (Fig. 1). Lack of efficacy was the reason
for discontinuation in the case of 32 patients (36 per-
cent) in the group that received methotrexate alone
and 40 patients (12 percent) in the groups that re-
ceived infliximab plus methotrexate. Similar numbers
of patients in the treatment groups discontinued ther-
apy because of adverse events (Fig. 1).

 

Efficacy

 

The symptoms and signs of rheumatoid arthritis de-
creased in more patients in the groups that received
infliximab plus methotrexate than in the group that
received methotrexate alone, as judged by the percent-
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ages with ACR 20, ACR 50, and ACR 70 responses
(Table 2). Although there was a tendency for the low-
est dosage of infliximab (3 mg per kilogram every eight
weeks) to be less effective than the other doses, this
difference was significant only with respect to the ACR
50 responses (P=0.008 for the comparison with the
group given 10 mg of infliximab per kilogram every
eight weeks, and P=0.02 for the comparison with
the group given 10 mg of infliximab per kilogram ev-
ery four weeks). The results were similar when the
individual components of the ACR criteria were an-
alyzed, including the number of swollen joints, the
number of tender joints, the patient’s assessment of
pain, patient’s and physician’s global assessments (data
not shown), and serum C-reactive protein concentra-
tions: all dosages of infliximab plus methotrexate were
superior to methotrexate and placebo (P<0.001, ex-
cept in the case of pain in the group given 3 mg per
kilogram every eight weeks, for which P=0.016). All
dosages of infliximab plus methotrexate also signifi-
cantly (P<0.001) reduced serum rheumatoid factor

values (by approximately 40 percent) at 54 weeks,
whereas methotrexate alone had no significant effect.
The combination of infliximab and methotrexate also
had a significantly greater effect on arthritis-specific
function, as assessed by the Health Assessment Ques-
tionnaire, than did treatment with methotrexate alone
(Fig. 2). Moreover, in general, the combination also
had a significantly greater effect on the scores for the
physical component of the SF-36 than methotrexate
alone (Fig. 2). Although neither methotrexate alone
nor infliximab plus methotrexate had a significant ef-
fect on the scores for the mental component of the
SF-36, all dosages of infliximab plus methotrexate re-
sulted in a significant improvement in the scores for
the vitality subscale and the social-functioning sub-
scale of the SF-36, whereas treatment with methotrex-
ate alone did not (data not shown).

 

Adverse Effects

 

Adverse events were common in all treatment
groups: 94 percent of the patients who received meth-

 

*Plus–minus values are means ±SD. NSAID denotes nonsteroidal antiinflammatory drug.

†Sixty-six joints were assessed for swelling.

‡Sixty-eight joints were assessed for tenderness.

§Scores can range from 0 (no difficulty) to 3 (unable to perform the activity).

¶Scores for the Medical Outcomes Study Short-Form General Health Survey (SF-36) were compared with normalized scores for the general
U.S. population, for which the mean score was 50±10. Higher scores indicate a better quality of life.

¿Scores can range from 0 to 440, with higher scores indicating more articular damage on radiographic evaluation.
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HARACTERISTIC

 

M

 

ETHOTREXATE

 

 

 

PLUS

 

 P

 

LACEBO

 

 
(N=88)

3 mg 

 

OF

 

 I

 

NFLIXIMAB

 

/kg
E

 

VERY

 

 8 

 

WK

 

 

 

PLUS

 

M

 

ETHOTREXATE

 

(N=86)

3 mg 

 

OF

 

 I

 

NFLIXIMAB

 

/kg
E

 

VERY

 

 4 

 

WK

 

 

 

PLUS

 

M

 

ETHOTREXATE

 

(N=86)

10 mg 

 

OF

 

 I

 

NFLIXIMAB

 

/kg
E

 

VERY

 

 8 

 

WK

 

 

 

PLUS

 

M

 

ETHOTREXATE

 

(N=87)

10 mg 

 

OF

 

 I

 

NFLIXIMAB

 

/kg
E

 

VERY

 

 4 

 

WK

 

 

 

PLUS

 

M

 

ETHOTREXATE

 

(N=81)

 

Age (yr) 51±12 54±11 52±13 54±12 52±11

Female sex (%) 80 81 77 77 73

Duration of disease (yr) 11±8 10±8 9±8 11±9 12±9

Positive serum test for
rheumatoid factor (%)

77 84 80 82 82

Dose of methotrexate
(mg/wk)

16±4 16±4 16±4 16±3 17±4

Glucocorticoid therapy (%) 64 63 54 58 65

NSAID therapy (%) 72 79 76 77 68

No. of swollen joints† 21±12 22±12 21±11 23±13 24±12

No. of tender joints‡ 31±18 32±18 31±15 32±16 34±16

Duration of morning stiff-
ness (min)

199±279 164±248 186±263 226±317 181±281

Health Assessment Ques-
tionnaire score§

1.7±0.6 1.8±0.6 1.7±0.6 1.7±0.6 1.7±0.6

SF-36 score¶
Physical component
Mental component

27±8
47±12

27±7
46±11

25±8
48±12

26±7
48±11

27±8
47±11

Erythrocyte sedimentation
rate (mm/hr)

49±25 49±23 52±24 50±24 49±23

Serum C-reactive protein
(mg/dl)

4.0±4.2 3.9±3.4 3.5±4.2 3.3±3.4 4.2±4.3

Total radiographic score¿ 82±77 79±73 71±73 67±61 76±72
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otrexate alone and 95 percent of those who received
infliximab plus methotrexate had at least one adverse
event, but most were minor. Serious adverse events
were less common, but again the overall frequencies in
the group that received methotrexate alone (21 per-
cent) and the groups that received infliximab plus
methotrexate (17 percent) were similar (Table 3). The
numbers of patients with infections that required an-

timicrobial-drug therapy were also similar in the group
that received methotrexate alone (35 percent) and
the groups that received infliximab plus methotrexate
(44 percent). Moreover, the frequency of serious in-
fections was similar (8 percent and 6 percent, respec-
tively).

Although the difference was not significant, certain
adverse events tended to occur more frequently in the

 

*Plus–minus values are means ±SD. P values are for the comparison with the group given methotrexate and placebo. ACR denotes Amer-
ican College of Rheumatology.

 

T

 

ABLE

 

 2.

 

 CLINICAL AND LABORATORY RESPONSES AT 54 WEEKS.*

RESPONSE

METHOTREXATE 
PLUS PLACEBO 

(N=88)

3 mg OF INFLIXIMAB/kg
EVERY 8 WK PLUS

METHOTREXATE

(N=86)

3 mg OF INFLIXIMAB/kg
EVERY 4 WK PLUS

METHOTREXATE

(N=86)

10 mg OF INFLIXIMAB/kg
EVERY 8 WK PLUS

METHOTREXATE

(N=87)

10 mg OF INFLIXIMAB/kg
EVERY 4 WK PLUS

METHOTREXATE

(N=81)

ACR criteria
20% improvement (%)

P value
50% improvement (%)

P value
70% improvement (%)

P value

17

8

2

42
<0.001
21

0.027
10

0.04

48
<0.001
34

<0.001
17

0.001

59
<0.001
39

<0.001
25

<0.001

59
<0.001
38

<0.001
19

<0.001
Decrease in no. of swollen

joints (%)
P value

13±61 37±62

<0.001

50±54

<0.001

60±38

<0.001

63±34

<0.001
Decrease in no. of tender 

joints (%)
P value

23±63 49±52

<0.001

55±48

<0.001

56±52

<0.001

65±33

<0.001
Serum C-reactive protein 

(mg/dl)
P value

2.8±3.1 1.6±1.9

0.006

1.5±2.5

<0.001

1.2±1.7

<0.001

1.1±1.4

<0.001

Figure 1. Randomization, Reasons for Discontinuing Treatment, and the Numbers of Patients Who Completed the Trial.
Other reasons for discontinuing treatment included withdrawal of consent and withdrawal because of noncompliance.

87 Assigned to 10 mgH
of infliximab/kgH

every 8 wkH
plus methotrexate

81 Assigned to 10 mgH
of infliximab/kgH

every 4 wkH
plus methotrexate

86 Assigned to 3 mgH
of infliximab/kgH

every 4 wkH
plus methotrexate

86 Assigned to 3 mgH
of infliximab/kgH

every 8 wkH
plus methotrexate

88 AssignedH
to placeboH

plus methotrexate

75 (86%)H
Completed 54 wk

65 (80%)H
Completed 54 wk

66 (77%)H
Completed 54 wk

63 (73%)H
Completed 54 wk

44 (50%)H
Completed 54 wk

16 DiscontinuedH
treatment

Adverse eventsH
in 8H

Lack of efficacyH
in 7H

Other reasonsH
in 1

12 DiscontinuedH
treatment

Adverse eventsH
in 4H

Lack of efficacyH
in 6H

Other reasonsH
in 2

20 DiscontinuedH
treatment

Adverse eventsH
in 9H

Lack of efficacyH
in 10H

Other reasonsH
in 1

23 DiscontinuedH
treatment

Adverse eventsH
in 5H

Lack of efficacyH
in 17H

Other reasonsH
in 1

44 DiscontinuedH
treatment

Adverse eventsH
in 7H

Lack of efficacyH
in 32H

Other reasonsH
in 5

428 PatientsH
underwentH

randomization
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groups that received infliximab plus methotrexate than
in the group that received methotrexate alone, includ-
ing upper respiratory tract infections (34 percent vs.
22 percent), sinusitis (17 percent vs. 6 percent), phar-
yngitis (11 percent vs. 6 percent), and headache (26
percent vs. 16 percent). Cancer developed in five in-
fliximab-treated patients during the trial (two were
recurrences and three were new cases); three of these
cases were reported previously, because the cancers
were diagnosed during the first 30 weeks of the trial.7

One patient had two basal-cell carcinomas, one at two
months and one at five months after treatment with
10 mg of infliximab per kilogram every eight weeks
was begun, and one patient who was receiving 10 mg
of infliximab per kilogram every eight weeks had a
moderately differentiated rectal carcinoma.

There were eight deaths in the trial, three (3 per-
cent) in the group given methotrexate alone and five
(1 percent) in the groups given infliximab plus meth-
otrexate. During this trial, the percentages in whom
antinuclear antibodies and antibodies against double-
stranded DNA developed were significantly higher in
the groups given infliximab plus methotrexate than
in the group given methotrexate alone (Table 3).
However, symptoms (cutaneous rash) developed in
only one patient who received infliximab (at a dosage
of 10 mg per kilogram every eight weeks), as described
previously.7 Because of the presence of infliximab in
many of the serum samples, the development of an-
tibodies against infliximab could not be assessed in
most patients. However, among 60 patients who had
discontinued treatment before 30 weeks or after 54
weeks, 5 (8 percent) had serum antibodies against in-
fliximab, all at a low titer.

Radiographic Evaluation of Joint Damage

There was significantly more progression of joint
damage from base line in the group given methotrex-
ate alone as compared with the groups given infliximab
plus methotrexate (P<0.001, by Wilcoxon’s signed-
rank test) (Table 4). In this group, there was a 9 to 10
percent increase in the total radiographic score, a find-
ing similar to those previously reported for patients

Figure 2. Mean Percent Improvement from Base Line in the
Scores for the Health Assessment Questionnaire (HAQ) (Panel
A) and the Mental Component (Panel B) and the Physical Com-
ponent (Panel C) of the Medical Outcomes Study Short-Form
General Health Survey (SF-36).
Statistical tests comparing each infliximab group with the
group given methotrexate (MTX) and placebo were performed
at weeks 30 and 54, and the results were as follows: in Panel
A, the differences were significant at week 30 (P<0.001) and
week 54 (P«0.001) for all infliximab groups but the one receiv-
ing 3 mg per kilogram every eight weeks; in Panel B, there were
no significant differences at either time; and in Panel C, the dif-
ferences were significant for all infliximab groups at week 30
(P<0.05) and for all infliximab groups but the one receiving
3 mg per kilogram every eight weeks at week 54 (P«0.015).
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with rheumatoid arthritis who were treated with dis-
ease-modifying drugs.25-27 In contrast, there was no
significant change in the mean radiographic score
when base-line scores were compared with those at 54
weeks in the groups given infliximab plus methotrex-
ate and there were no significant differences among
these four groups (P=0.43).

Infliximab was also found to have a significant ben-
efit when erosions and joint-space narrowing were ex-
amined independently and when the hands and feet
were examined separately (Table 4). The rate of pro-
gression of joint damage was reduced in the patients
who had a clinical response to infliximab plus metho-
trexate at 54 weeks as well as in those who did not
have a clinical response (Table 4). In contrast, in the
group given methotrexate alone, the small number
of patients who had a clinical response had a rate of
progressive joint damage that was similar to that in
patients who did not have a clinical response. The
results were similar whether a clinical response was
defined as a decrease of more than 20 percent in the
number of swollen joints, the number of tender joints,
or the serum C-reactive protein concentration. The
effect of infliximab plus methotrexate on joint dam-
age was similar in a subgroup of patients who had had

rheumatoid arthritis for no more than three years, as
well as in subgroups of patients with a small degree of
joint damage at base line as assessed by the modified
Sharp scoring system (a score of less than 30), those
with a moderate degree of damage (30 to 90), and
those with a high degree of joint damage (>90) (data
not shown).

The percentage of patients with unequivocal radi-
ographic evidence of major progression was analyzed
as previously described24 to assess the effect of ther-
apy in individual patients. As shown in Table 4, 31
percent of the patients in the group given methotrex-
ate alone had radiographic evidence of major progres-
sion, as compared with 0 to 13 percent of the patients
in the groups given infliximab plus methotrexate (P<
0.001). Finally, a significantly higher percentage of the
patients in the groups given infliximab plus metho-
trexate than in the group given methotrexate alone
had an improvement in radiographic scores after 54
weeks of treatment (39 to 55 percent vs. 14 percent).

Progressive joint damage occurred in a minority of
patients despite treatment with infliximab and meth-
otrexate. However, this damage was not correlated
with base-line characteristics, including the duration
of disease, the duration of methotrexate therapy, the

*Two patients who were supposed to receive placebo inadvertently received a partial dose of infliximab and thus were included in an in-
fliximab group (3 mg per kilogram every eight weeks) for the analysis of adverse events.

†Serious adverse events were classified according to the World Health Organization adverse-reaction terminology.

‡Serious infections included bacterial infection, bronchitis, cellulitis, fungal infection, herpes zoster infection, peritonitis, pneumonia,
pyelonephritis and urinary tract infection, sepsis, and tuberculosis.

§The values are the numbers of patients who were initially negative for antinuclear antibodies and who had a positive test (a serum titer
of at least 1:320) at any time during the trial.

¶P values are for the comparison with the group given methotrexate plus placebo. 

¿The values are the numbers of patients who were initially negative for serum antibodies against double-stranded DNA and who had both
a positive crithidia immunofluorescence assay and a positive Farr assay (a level of more than 25 IU per milliliter) at any time during the trial.

TABLE 3. INCIDENCE OF ADVERSE EVENTS.

ADVERSE EVENT

METHOTREXATE

PLUS PLACEBO

(N=86)*

3 mg OF INFLIXIMAB/kg
EVERY 8 WK PLUS

METHOTREXATE

(N=88)*

3 mg OF INFLIXIMAB/kg
EVERY 4 WK PLUS

METHOTREXATE

(N=86)

10 mg OF INFLIXIMAB/kg
EVERY 8 WK PLUS

METHOTREXATE

(N=87)

10 mg OF INFLIXIMAB/kg
EVERY 4 WK PLUS

METHOTREXATE

(N=81)

Serious adverse events — 
no. (%)†

18 (21) 10 (11) 14 (16) 17 (20) 16 (20)

Serious infections — 
no. (%)‡

7 (8) 2 (2) 6 (7) 7 (8) 6 (7)

Serious infusion reactions
— no. 

0 0 0 0 0

Antinuclear antibodies —
no./total no. (%)§

P value¶

18/69 (26) 50/74 (68)

<0.001

40/64 (62)

<0.001

44/71 (62)

<0.001

34/64 (53)

0.002

Antibodies against double-
stranded DNA — 
no./total no. (%)¿

P value¶

0/84 9/88 (10)

0.003

9/85 (11)

0.003

9/87 (10)

0.003

6/81 (7)

0.013
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number of clinically involved joints, or the serum
C-reactive protein concentration.

DISCUSSION

This multicenter, placebo-controlled trial demon-
strated that therapy with infliximab plus methotrex-
ate for one year provided sustained clinical benefit in
patients with active rheumatoid arthritis despite pre-
vious therapy with methotrexate. This combined ther-
apy not only controlled the symptoms and signs of
rheumatoid arthritis effectively, but also improved the
quality of life and caused a significant improvement
in biochemical measurements of inflammation. Ther-
apy with infliximab plus methotrexate prevented the
progressive joint damage characteristic of rheumatoid
inflammation and resulted in improvement in radio-
graphic scores of joint damage in a significant percent-
age of patients. The combination of infliximab and
methotrexate halted the progression of joint damage
not only in patients with limited joint damage, but
also in those with extensive damage. Prevention of pro-
gressive joint damage during the year of treatment was

observed in patients who had a clinical response as
well as in those who did not have a clinical response.
These results imply that TNF-a has a critical role in
the clinical manifestations of rheumatoid arthritis as
well as in the progressive bone and cartilage damage.
Even in patients in whom the clinical manifestations
are not apparently mediated by TNF-a, this cytokine
appears to have a critical role in the progressive bone
and cartilage damage.

Therapy with infliximab plus methotrexate result-
ed in a sustained reduction in symptoms and signs
of rheumatoid arthritis and increased the function of
patients, as measured by the Health Assessment Ques-
tionnaire or by the SF-36. Even though it is generally
accepted that two years of treatment is required to
demonstrate prevention of disability,28 our results sug-
gest that infliximab plus methotrexate reduced dis-
ability. The reduction of disability coupled with pre-
vention of damage to articular structures suggests a
potent effect of the combination of infliximab plus
methotrexate in patients with rheumatoid arthritis.

The combination of infliximab and methotrexate

*Plus–minus values are means ±SD. Joint damage was assessed radiographically with use of the van der Heijde modification of the Sharp scoring system.
Total scores can range from 0 to 440. Scores on the erosion subscale used can range from 0 to 280, and scores on the joint-space–narrowing subscale can
range from 0 to 160. Higher scores indicate more articular damage. P values are for the comparison with the group given methotrexate and placebo.

†A clinical response was defined as an improvement of at least 20 percent according to the criteria of the American College of Rheumatology (ACR 20).

TABLE 4. EFFECT OF 54 WEEKS OF TREATMENT ON JOINT DAMAGE IN PATIENTS WITH RHEUMATOID ARTHRITIS.*

VARIABLE

METHOTREXATE 
PLUS PLACEBO 

(N=64)

3 mg OF INFLIXIMAB/kg
EVERY 8 WK PLUS

METHOTREXATE

(N=71)

3 mg OF INFLIXIMAB/kg
EVERY 4 WK PLUS

METHOTREXATE

(N=71)

10 mg OF INFLIXIMAB/kg
EVERY 8 WK PLUS

METHOTREXATE

(N=77)

10 mg OF INFLIXIMAB/kg
EVERY 4 WK PLUS

METHOTREXATE

(N=66)

Radiographic score
Total score (increase or decrease 

from base line)
P value

7.0±10.3 1.3±6.0

<0.001

1.6±8.5

<0.001

0.2±3.6

<0.001

¡0.7±3.8

<0.001
Erosion score (increase or decrease 

from base line)
P value

Joint-space–narrowing score 
(increase from base line)

P value
Major progression (% of patients)

P value
Improvement (% of patients)

P value

4.0±7.9

2.9±4.2

31

14

0.2±2.9

<0.001
1.1±4.4

<0.001
8

<0.001
44

<0.001

0.3±4.7

<0.001
0.7±4.3

<0.001
13

<0.001
48

<0.001

0.2±2.9

<0.001
0.0±3.1

<0.001
1

<0.001
39

<0.001

¡0.7±3.0

<0.001
0.0±2.5

<0.001
0

<0.001
55

<0.001
Clinical response†

No. of patients
Total radiographic score (increase 

from base line)
P value

14
6.0±8.7

35
1.5±7.2

0.017

36
0.7±5.5

0.009

48
0.1±3.8

0.006

44
1.4±4.0

<0.001
No clinical response†

No. of patients
Total radiographic score (increase 

from base line)
P value

50
7.2±10.8

36
1.1±4.7

<0.001

35
2.6±10.7

<0.001

29
0.2±3.4

<0.001

22
0.7±3.2

0.002
Duration of disease «3 yr

No. of patients
Total radiographic score (increase 

or decrease from base line)
P value

14
9.1±7.7

15
0.4±4.5

<0.001

16
¡1.1±6.4

<0.001

17
0.6±2.7

<0.001

4
0.3±3.3

0.007

Copyright © 2000 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 22, 2009 . For personal use only. No other uses without permission. 



INFLIXIMAB AND METHOTREXATE IN THE TREATMENT OF RHEUMATOID ARTHRITIS

Volume 343 Number 22 · 1601

was well tolerated and safe. Although the frequency
of serious infections was no greater than with meth-
otrexate alone, the frequency of infectious complica-
tions will have to be carefully monitored when a larg-
er number of patients are treated with infliximab and
methotrexate. Cancers did occur in patients treated
with infliximab and methotrexate, all in those receiv-
ing the dose of infliximab of 10 mg per kilogram.
However, the overall frequency of cancers was similar
to that predicted from the Surveillance, Epidemiology,
and End Results data base.29 Finally, the administra-
tion of TNF-a–neutralizing agents is clearly associ-
ated with the development of autoantibodies. This
finding has been reported with both infliximab and
etanercept and in patients with Crohn’s disease as
well as in those with rheumatoid arthritis.5,7,9,30 The
mechanisms of this phenomenon are uncertain, but
the development of these autoantibodies was only
rarely associated with symptoms suggestive of an au-
toimmune disease.

Current therapies for rheumatoid arthritis have only
a moderate effect on the radiographic progression of
the disease.21,26,31-35 Our finding that the addition of
infliximab to methotrexate therapy arrested the pro-
gression of joint damage is therefore noteworthy. Not
only did the combination of infliximab and metho-
trexate prevent progressive joint damage during the
one year of therapy, but in 40 to 55 percent of the
patients, the radiographic evidence of joint damage
decreased, implying that some damage had been re-
paired. Our results are consistent with the conclusions
that in patients with aggressive rheumatoid arthritis
that is not responsive to methotrexate therapy, the
combination of infliximab plus methotrexate can pre-
vent progressive joint damage over a one-year period.
This observation follows from the known capacity of
TNF-a to stimulate resorption of bone36 and inhibit
the synthesis of proteoglycans by cartilage.37

In summary, the combination of infliximab and
methotrexate improves the symptoms and signs of
inflammation, physical function, and the quality of life
and prevents radiographic evidence of progressive joint
damage in a majority of patients with rheumatoid ar-
thritis who have no response to methotrexate alone.
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APPENDIX

Other members of the study group were as follows: P. Taylor, London;
A. Kavanaugh, Dallas; L. Klareskog, Stockholm, Sweden; E. Keystone, To-
ronto; J. von Feldt, Philadelphia; N. Olsen, Nashville; M. Spiegel, Danbury,
Conn.; G. Burmester, Berlin, Germany; W. Shergy, Huntsville, Ala.; W. Ben-
son, Hamilton, Ont.; O. Gluck, Phoenix, Ariz.; R.I. Jain, Manhasset, N.Y.;

D. Yocum, Tucson, Ariz.; M. Schilling, Iowa City, Iowa; M. Lopatin, Wil-
low Grove, Pa.; M. Burnette, Tampa, Fla.; M. Dougados and A. Kahan,
Paris; A. Russell, Edmonton, Alta.; K. Hobbs, Denver; E. Sheldon, Miami;
R.D. Sturrock, Glasgow, United Kingdom; M.E. Wenger, Lancaster, Pa.;
H. Nüßlein, Dresden, Germany; R. Pope, Chicago; J. Petersen, Copen-
hagen, Denmark; and J. Fiechtner, East Lansing, Mich.
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