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Infliximab is a chimeric (mouse-human) IgGκ monoclonal
antibody to tumor necrosis factor-α (TNF-α) approved for
the treatment of rheumatoid arthritis (RA) since November
1999. It is indicated in combination with methotrexate
(MTX) for reducing signs and symptoms of RA, inhibiting
the progression of structural damage, and improving phys-
ical function in patients with moderately to severely active
RA who have had an inadequate response to other disease
modifying antirheumatic drugs (DMARD).

Several clinical trials have established the safety and
efficacy of infliximab in the treatment of RA1-6. A 54-week
study demonstrated sustained efficacy of the 3 mg/kg dose
at 8-week intervals, and this dose has been established as
the baseline dose for RA treatment7. Based on this study

and other clinical trial data, the US Food and Drug
Administration (FDA) approved the use of infliximab at
the starting dose of 3 mg/kg. Infliximab is administered
using a loading dosage at 3 mg/kg given at weeks 0, 2, and
6, followed by administration every 8 weeks thereafter.
The recommendation as to dose was modified after inflix-
imab had been released for use in the clinic to allow subse-
quent increases up to 10 mg/kg, as well as to allow
reduction of the dosing interval to every 4 weeks, at the
discretion of the treating physician based on the patient’s
response.

Not all patients respond adequately to the 3 mg/kg
dose8. To date there are no data in the US showing the
average dose and dosing interval used to treat RA in the
usual clinical setting, although data from Sweden indicate
that doses > 3 mg/kg are common9. We evaluated inflix-
imab dosage and clinical status among US patients, where
dose and use is less restrictive, using 2 different settings.
In Study 1, we evaluated infliximab in 2 large multi-
rheumatologist clinics where infusion centers were in use.
In Study 2, we evaluated patients receiving infliximab who
were participants in the National Data Bank for Rheumatic
Diseases (NDB) longitudinal study of RA outcomes. We
present data from these 2 studies to define the current use
patterns of infliximab for the treatment of RA in the United
States.

Infliximab Dose and Clinical Status: Results of 2
Studies in 1642 Patients with Rheumatoid Arthritis
RICHARD STERN and FREDERICK WOLFE

ABSTRACT. Objective. Infliximab is an effective anti-tumor necrosis factor (TNF) agent widely used in the treat-
ment of rheumatoid arthritis (RA). Initially recommended at a dose of 3 mg/kg, subsequent label
revisions allowed doses up to 10 mg/kg or at 4-week intervals rather than the originally suggested
8-week intervals, if clinically indicated. The doses used have implications for efficacy and costs, but
no data exist for actual dose used in the US. This study evaluates the dosage and rates of increase in
infliximab-treated patients with RA.
Methods. Study 1: Review of patient charts and infusion records for 394 RA patients from 2 large
rheumatology practices comprising 15 rheumatologists in Dallas, Texas. Study 2: Survey of 1324
RA patients using infliximab participating in a longitudinal study of RA outcomes. Patients
completed a detailed questionnaire about clinical status and infliximab use.
Results. The results of the 2 studies were similar: the average infliximab dose was 5 mg/kg,
increasing most rapidly until the end of the first years, after which the increase was slowed. Increases
> 3 mg/kg occurred in 61% of patients in Study 1 and 56% in Study 2. The 8-week treatment interval
was almost universally used, and more than 95% of infusions occurred in this interval. The most
common reason for increase in dose was insufficient response. Among patients who completed 4
infusions, 75% remained on therapy at 2 years after infliximab start. The average improvement in
Health Assessment Questionnaire disability score was 0.28.
Conclusion. Infliximab dose increases are common, particularly during the first year of treatment.
The average dose is 5 mg/kg. Seventy-five percent of patients continue using infliximab 2 years after
treatment onset. (J Rheumatol 2004;31:1538–45)

Key Indexing Terms:
INFLIXIMAB                                       DOSE                                 RHEUMATOID ARTHRITIS
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MATERIALS AND METHODS
Study 1
Patient population. Two large rheumatology practices comprising 15
rheumatologists in Dallas, Texas, agreed to participate in the first part of
this study. Each practice has its own infliximab infusion center. A list of all
patients receiving infliximab since the opening of the infusion center was
provided by each practice and used to identify all patients receiving inflix-
imab. All patients ≥ 18 years of age who met the 1987 American College
of Rheumatology criteria for RA10 and who currently or had previously
received at least 4 infusions of infliximab met inclusion criteria for this
study. Four infusions were chosen because increase in dose ordinarily does
not occur before the completion of the loading dose. Patients who received
infliximab for any reason other than RA were not studied. There were no
restrictions on concomitant nonbiologic DMARD or previous treatment
with etanercept or anakinra. Patients who had participated in an infliximab
trial where the dose was fixed were excluded. All data were obtained from
the office chart by the first author (RS).

Of 613 patients receiving infliximab infusions, 516 had a diagnosis of
RA and were treated with infliximab between June 7, 2000, and March 10,
2003. Three patient charts could not be reviewed for the study period
because they were at a satellite clinic and could not be obtained for review.
These patients were excluded from analysis. Among others excluded, 80
had not yet completed 4 infusions, 10 were participants in a drug study, 25
had incomplete records, and 2 had concomitant illnesses.

A total of 394 patients completed at least 4 infusions, forming the basis
of this report. All available demographic data were obtained from the chart,
including age, sex, ethnicity, years of disease, and rheumatoid factor (RF)
status. At each infusion visit, the status of infliximab therapy was noted,
including the current dose, patient weight, date, infusion interval, change in
dose, reason for dose change, days since first infusion, days since previous
infusion, infusion reactions, date of discontinuation and reason, and
erythrocyte sedimentation rate (ESR). The dose of prednisone, MTX,
leflunomide, and other DMARD was recorded at each clinic visit.
Quantitative clinical status measurements were not usually available.

Dose escalation. The normal starting dose of infliximab for RA was
defined as 3 mg/kg every 8 weeks after a loading dose at Weeks 0, 2, and
6. A dose escalation was defined as an increase in dose of infliximab or a
decrease in dosing interval ordered by the treating physician. The time to
first dose escalation was recorded together with the reason, if documented
in the chart. Categories for dose escalation included: incomplete clinical
response, clinical response lasting < 8 weeks, previous clinical response but
now incomplete clinical response, not specified, and other. The intended
dose interval, per physician’s orders, was recorded for each infusion.
Discontinuations along with reasons for discontinuation were also
recorded.

Study 2
Patients in this study were participants in the NDB longitudinal study of
RA. The NDB is a rheumatic disease research data bank in which patients
complete detailed self-report questionnaires at 6-month intervals. The char-
acteristics of the NDB have been reported11-13. At each questionnaire
assessment, demographic variables were recorded including sex, age,
ethnic origin, education level, and current marital status. Study variables
included the Stanford Health Assessment Questionnaire functional
disability index (HAQ disability)14,15, a visual analog scale (VAS) for pain,
a VAS global disease severity, VAS sleep and fatigue scales16, the Arthritis
Impact Measurement Scales (AIMS)17,18, anxiety and depression scales19,20,
and the Medical Outcome Study Short Form-36 mental and physical
component scales (MCS and PCS)21. A lifetime comorbidity index was
calculated from a list of 13 comorbid conditions by counting the number
present for each patient.

Immediately following the semiannual questionnaire of July 2002, a
supplemental questionnaire was mailed to patients known to be receiving
infliximab. The questionnaire asked participants to obtain their height,
weight, infliximab dose, and number of vials of infliximab from the

medical staff at the time of their next infusion. The mean date of question-
naire completion was September 9, 2002. Of 1886 reports, usable replies
were obtained from 1324 patients. Patients with usable reports were
slightly older: 63.1 versus 61.4 years (p = 0.013); had lower HAQ scores:
1.1 vs 1.3 (p < 0.001); and were less likely to use prednisone: 42% vs 52%
(p < 0.001). The patients were treated by and represented referrals to the
NDB from 302 US rheumatologists.

Ongoing clinical status data were obtained from the semiannual survey
of July 2002. In addition, baseline clinical data were available for 769
patients at the time they started infliximab in their rheumatologist’s office.
These patients were enrolled in the NDB as part of an infliximab safety
registry.

Statistical analysis. In Study 1 longitudinal analysis was performed using
Kaplan-Meier life tables and Cox regression as the primary methods of
analysis. In Study 2, comparisons between dose groups used t-tests and chi-
square analyses, as indicated. Linear, fractional polynomial, and locally
weighted regression (lowess) were used to describe relationships between
infliximab dose and predictor variables. Lowess regression is a locally
weighted regression of the dependent variable on an independent variable.
The smoothed result is displayed graphically. Analyses used Stata version
8.022. All tests were 2-tailed and statistical significance was set at 0.05.

RESULTS
Study 1
Characteristics of the patients. Of the 394 patients, 314
(79.7%) were women and 280 (71.1%) were RF positive.
The mean age at the date of first infusion was 56.3 years
(SD 13.7), and the duration of RA at this time was 11.7 years
(SD 10.6). There were 158 patients (40.0%) with missing
data for disease duration because rheumatologists did not
record this information in the charts. Of the 226 patients
with ethnicity data, 73.9% were white, 13.3% were African
American, 11.5% were Hispanic, and 1.3% were Asian or
Pacific Islanders. Other data were complete.

Dosing interval. Almost all patients (95%) were kept on an
8-week dosing regime (Table 1), therefore increased
frequency of treatment did not contribute substantially to
overall dose escalation.

Dose increase. A total of 3327 infusions were recorded from
June 7, 2000, to March 10, 2003. Figure 1 illustrates lowess
regression used to describe the dose at each infusion over the
almost 3 years of this study. Figure 2 models the relationship
of dose to time using fractional polynomial regression. Both
graphs show similar results; however, Figure 2 describes a
prediction model that is not available for Figure 1.

Stern and Wolfe: Infliximab and clinical status 1539

Table 1. Interval between infliximab infusions for 394 patients with RA in
Study 1.

Interval Between Infusions, weeks No. of observations %

3 2 0.1
4 30 0.9
5 12 0.4
6 87 2.6
7 25 0.8
8 3169 95.3
Total 3325 100.0
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The average dose increase per year was 1.36 mg/kg to the
10th infusion (434 days) followed by an approximate
plateau (Figures 1 and 2). At the start of therapy the mean
infliximab dose was 3.6 (SD 0.6, range 2.2–6.2) mg/kg. At

final observations, the mean dose was 4.9 (SD 1.6, range
1.1–11.5) mg/kg. At one year the mean was 4.9 mg/kg and
at 2 years, 5.1 mg/kg.

We also estimated the mean doses at major timepoints

The Journal of Rheumatology 2004; 31:81540

Figure 1. Change in infliximab dose over time. Regression line is determined by locally weighted regression
(lowess).

Figure 2. Change in infliximab dose over time modeled by fractional polynomial regression.
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using area under the curve (AUC) measurements that
allowed the inclusions of shorter intervals between treat-
ments. As almost all of the treatments occurred at 8-week
intervals, there was no significant difference in the mean
doses presented above when the AUC method was used.

Reasons for dose increase. For the 239 patients who had a
dose increase, 52.6% were for an overall insufficient clinical
response, 27.2% were for a sufficient clinical response that
lasted less than 8 weeks, 7.0% were given to previous
responders whose response became incomplete. Miscellan-
eous reasons accounted for 7.8%, and 5.4% were not speci-
fied.

For variables that had no missing data, Cox regression
showed that neither sex (male = 1) [hazard ratio (HR) 0.95,
95% CI 0.69 to 1.31], nor RF positivity (HR 1.19, 95% CI
0.89 to 1.59) nor clinic 1 versus clinic 2 (HR 0.83, 95% CI
0.64 to 1.09) influenced dose escalation.

Time to dose increase. As shown in Figure 3, the median
time to dose escalation was 7 months, and 25% of patients
were estimated to have had their first dose escalation by 102
days, 50% by 213 days, and 75% by 557 days. As indicated
above, the 2 rheumatology clinics did not differ in their rate
of time to first dose escalation (p = 0.18).

Discontinuation of therapy. Kaplan-Meier survival analysis
indicated that 85.7% of patients continued therapy at 1 year
and 75% of patients in Study 1 remained on therapy at 2
years (Figure 4). Fifty-seven (57) patients discontinued
infliximab. Patients who discontinued infliximab had a

higher probability of increasing infliximab dose (HR of
1.56, 95% CI 1.1–2.2)) compared to those remaining on
infliximab. After comorbid medical conditions (such as
infection, surgery, etc. — 29.8%), the most common reason
for discontinuation was cost (22.8%), followed by lack of
efficacy (21%) and adverse effects (17.5%) (Table 2).

Study 2
Study 2 addressed issues of infliximab dose increase in 1324
patients completing mailed surveys. As shown in Table 3,
participants had evidence of active RA. The mean age at the
time of infusion was 63.1 (SD 11.7) years and 78.7% were
female. The mean duration of RA was 14.0 (10.9) years.

At a mean of 1.5 years after starting infliximab, the mean
(SD) and median doses were 5.0 (2.0) and 4.6 mg/kg,
respectively (Figure 5). On average, the dose increased by
0.4 mg/kg/year (95% CI 0.2–0.5), as shown in Figure 6. If it
is assumed that the remainder of the 100 mg infliximab vial
is used or charged for, the mean (SD) and median doses are
5.5 (SD 2.1) and 5.0 mg/kg, respectively. Assuming that the
remainder of the 100 mg infliximab vial is always used,
43.9% of patients used 3 mg/kg and 56.1% used higher
doses. The average doses in the 3 mg/kg and > 3 mg/kg
group were 3.5 (0.5) and 6.3 (1.8) mg/kg, respectively.

Correlates of infliximab dose. Demographics were not asso-
ciated with dose, but clinical variables (HAQ pain, global
PCS, RA Disease Activity Index, etc.) and comorbidity were
significantly more abnormal in patients using > 3 mg/kg

Stern and Wolfe: Infliximab and clinical status 1541

Figure 3. Time until dose increase (Study 1). The median time to dose escalation was 7 months, and
25% of patients are estimated to have their first dose escalation by 102 days, 50% by 213 days, and
75% by 557 days.
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compared with those using 3 mg/kg (Table 4). The 17% of
RA patients meeting survey criteria for fibromyalgia23 were
2.1 times (95% CI 1.5–3.1) more likely to be receiving more
than 3 mg/kg infliximab. The actual dose increase for this
group compared with those without fibromyalgia was 0.9
(95% CI 0.6–1.3) mg/kg, and the actual dose was 5.8 (SD
2.4) mg/kg.

Among 556 patients whose data were available at the
time they started infliximab in their rheumatologists’
offices, HAQ (0–3), pain (0–10), and patient-global
improved by 0.28, 1.46, and 0.98, respectively. Initial scores
for HAQ, pain, and global did not predict (p > 0.5) subse-
quent infliximab dose, but improvement scores for pain (p =
0.007) and HAQ (p = 0.006) were associated with lower
dosage.

DISCUSSION
The analyses of these 2 studies show similar results: the
average infliximab dose is about 5 mg/kg, increasing most

rapidly until the end of the first year, after which the
increase is slowed. Increases occurred in 61% of patients in
Study 1 and 56% in Study 2. The 8-week interval was
almost universally used, and more than 95% of infusions
occurred in this interval. The most common reason for
increase in dose was insufficient response.

In terms of increase in dose, the results of our studies are
in agreement with those of van Vollenhoven, et al, who
reported in a 2002 abstract that 45% of 184 Swedish patients
had a dose increase > 3 mg/kg9. van Vollenhoven, et al also

The Journal of Rheumatology 2004; 31:81542

Table 2. Reasons for infliximab discontinuation (Study 1).

Reason for Discontinuation N %

Insurance 13 22.8
Lack of efficacy 12 21.0
Adverse reaction 10 17.1
Lost to followup 2 3.5
Other medical reasons 17 29.8
Not specified 3 5.3
Total 57 100.0

Table 3. Demographic characteristics of 1324 NDB patients with RA in
infliximab dose survey (Study 2).

Variable Mean or %

Age, yrs 63.1
Sex, % male 21.3
Married, % 69.3
High school graduate, % 87.3
Non-Hispanic white, % 96.0
Disease duration, yrs 14.0
Pain, 0–10 3.8 
HAQ, 0–3 1.2
Global severity, 0–10 3.5
Fatigue, 0–10 4.4
Sleep disturbance, 0–10 3.7
Anxiety, 0–10 3.4
Depression, 0–10 2.5
Physical component score, SF-36 32.2
Mental component score, SF-36 44.7
RADAI score, 0–10 3.4

RADAI: Rheumatoid Arthritis Disease Activity Index.

Figure 4. Kaplan-Meier survival analysis indicated that 75% of patients in Study 1 remained on therapy at
2 years. Fifty-seven patients discontinued infliximab.

Personal, non-commercial use only.  The Journal of Rheumatology.  Copyright © 2004. All rights reserved.

 www.jrheum.orgDownloaded on April 10, 2024 from 

http://www.jrheum.org/


Per
so

na
l n

on
-c

om
m

er
ci

al
 u

se
 o

nl
y.

 T
he

 J
ou

rn
al

 o
f R

he
um

at
ol

og
y.

 C
op

yr
ig

ht
 ©

 2
00

4.
 A

ll 
rig

ht
s 

re
se

rv
ed

reported improvement following dose increase, something
that we think would have been true among the patients in
our studies. However, we had no data to address this issue.
We did find that higher doses were associated with worse
clinical status. This is to be expected, as patients doing well
would have no need for increased dose.

Dose increase may also have occurred in response to

evidence that patients using higher dose of infliximab have
fewer infliximab antibodies and have a better overall clin-
ical response. The latter may be the result of low trough
levels at the 3 mg/kg dose8. Lower trough levels may be
associated with increased antibody formation and reduced
clinical efficacy24.

The results of this study have implications regarding the

Stern and Wolfe: Infliximab and clinical status 1543

Figure 5. Infliximab dose distribution in 1324 patients with RA (Study 2) at a mean of 1.5 years after
starting infliximab; the mean (SD) and median doses were 5.0 (2.0) and 4.6 mg/kg, respectively.

Figure 6. Pattern of infliximab dose increase modeled by fractional polynomial regression in Study 2. Most of the dose
increase occurs in the first year. Data are sparse after the second year as shown by the wide confidence intervals.
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most appropriate dose of infliximab and also the increased
cost associated with higher doses. It is important to recog-
nize, however, that the dose of infliximab was always
greater than 3 mg/kg because infliximab comes in 100 mg
vials. Thus the actual dose used when the dose prescribed is
3 mg/kg is 3.5 mg/kg. In addition, while it is the case that
higher doses are often used, titration with clinical activity
scores such as the Disease Activity Score (DAS)25,26 might
allow lower doses and more effective utilization of inflix-
imab27.

Of interest, we were able to confirm in the 2 study popu-
lations that the level of HAQ improvement was similar to
that seen in the infliximab clinical trials1, and in this
instance was a HAQ improvement of 0.28 units.

Our data represent the results of observational studies. In
contrast to randomized clinical trials (RCT), where dose
ranging does not usually occur, observational studies repre-
sent real-life conditions where patients and physicians
change doses and discontinue therapy in response to clinical
conditions. In that respect, observational studies offer
insights into efficacy that may not be available in RCT. That
75% of patients remain on therapy after 2 years of treatment
suggests longterm effectiveness. Increases in dose suggest
that 3 mg/kg may not be an adequate dose for most patients.
Although we have no data on this point, it is possible that
higher doses used earlier in the course of treatment might
result in better efficacy and longer duration of use.

Among the limitations of Study 1 is that it represents the
work of only 2 groups of rheumatologists. It is possible that
other groups might treat patients differently. However, the
agreement between the smaller first study and much larger
second study is quite good, offering reassurance on this
point.

In Study 2 we did not report intervals between infusions,
as we did not feel that we could adequately represent this
timing with a cross-sectional study. However, 77% of

patients reported a dose interval of 8 weeks or more.
Therefore, it is possible that the average dose in Study 2 is
slightly higher than what we have noted in the study results.
In addition, ideas about infliximab dose and dose interval
are changing, and the data presented here should be consid-
ered usual practice only at the time the study was conducted.

In summary, in agreement with non-US data, infliximab
dose increases are common, particularly during the first year
of treatment. The average dose is 5 mg/kg. Seventy-five
percent of patients continue using infliximab 2 years after
treatment onset.
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