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ABSTRACT
Objective: To evaluate the effect of infliximab dose
escalation in incomplete responders in a randomised
controlled trial.
Methods: 141 rheumatoid arthritis (RA) patients treated
with infliximab for 12 months (3 mg/kg; intervals 0, 2, 6
and then 8 weeks) who responded to the drug (disease
activity score in 28 joints (DAS28) decrease .1.2) but
who were not in remission (DAS28 .2.6) were enrolled
into the study. Patients were randomly assigned into arm
A, 3 mg/kg, and arm B, 5 mg/kg infliximab every
8 weeks. Outcome measures included the DAS28, its
components and C-reactive protein (CRP).
Results: There were no significant differences in changes
in the DAS28, its components, or CRP in patients in arms
A and B during the 12 months of treatment. All patients
showed a DAS28 decrease greater than 0.6 after
28 weeks. Eleven patients interrupted therapy in arm A
and 14 in arm B. Infusion reactions and non-serious
adverse events were observed in 4.2% and 28.2% of arm
A patients and in 7.2% and 47.8% of arm B patients. The
frequency of serious adverse events was comparable
between arms A and B (16.9% and 15.9%, respectively),
and the frequency of serious infections was not
significantly greater in the higher dose group (5.8%) than
in the lower dose group (5.6%).
Conclusions: In this setting, increasing the infliximab
dose from 3 mg/kg to 5 mg/kg in RA patients with
residual disease activity did not improve efficacy but
moderately increased toxicity. These data indicate that a
switch to another biological treatment would be a more
appropriate strategy in incomplete responders.

Infliximab is a chimeric monoclonal antibody
against tumour necrosis factor (TNF) alpha. In
1999, it was approved for use in combination with
methotrexate for treating rheumatoid arthritis
(RA). Clinical studies demonstrated clinical efficacy, an effect on radiological progression and the
relative safety of long-term infliximab administration in RA patients.1–3 The Anti-TNF Trial in
Rheumatoid Arthritis with Concomitant Therapy
(ATTRACT) study demonstrated the efficacy of a
3 mg/kg dose administered at 0, 2 and 6 weeks,
followed by administration every 8 weeks.4
Consequently, the US Food and Drug
Administration and the European Medicines
Agency approved this dose of infliximab for use
in RA patients.
Clinical practice has shown that not all patients
respond to the 3 mg/kg dose of infliximab, leading
some doctors to use higher doses. In a retrospective
analysis of two cohort studies, Stern and Wolfe5
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demonstrated that infliximab doses were consistently increased in 61% and 56% of patients,
respectively, with a median time of 7 months
before the dose was increased. The most common
reasons for the dose increase were insufficient
response, too short an effect when administered
every 8 weeks, or a decreased response to the drug
following the initial response. Ariza-Ariza et al6
reported similar findings in an analysis of 16
studies involving 8510 patients. In those studies,
the doses were increased in 53.7% of patients. The
question of whether an increased dose of infliximab is effective in partial responders has been
analysed: several observational studies7–9 found a
predominantly positive effect, as did the START
study, which was a prospective double blind
study.10 Based on these studies, in March 2007
the European Medicines Agency amended the text
of the infliximab information brochure, which
now indicates that infliximab may be used for
RA treatment in combination with methotrexate.
The brochure specifies administering infliximab
every 8 weeks at an initial dose of 3 mg/kg; the
dose is then titrated up to 7.5 mg/kg and administered every 8 weeks. Alternatively, a dose of 3 mg/
kg may be administered at shorter 4-week intervals.
There is little evidence of the effectiveness of the
dose increase in terms of a prospective randomised
study. Therefore, our aim was to perform a
controlled, randomised double blind study to
determine whether an increase in infliximab dose
from 3 mg/kg to 5 mg/kg results in a clinically
positive effect.

METHODS
Setting and participants
In the Czech Republic, all patients receiving
biological treatments are entered into the ATTRA
Registry.11 Biological treatment is indicated based
on the recommendations of the Czech Society of
Rheumatology.12 Indication criteria include the
following: failure of at least two disease-modifying
antirheumatic drugs; disease activity, expressed as
a disease activity score in 28 joints (DAS28) greater
than 5.1; and no contraindications for anti-TNFa
use, including negative results when screened for
latent tuberculosis. Criteria for inclusion into this
clinical trial included listing in the ATTRA registry
for 12 months, ie, 12 months of treatment with a
combination of methotrexate and 3 mg/kg infliximab administered at weeks 0, 2, 6, 8 and every
8 weeks thereafter. Such patients must have had a
positive response to infliximab treatment within
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Concomitant treatment
All patients were treated with methotrexate, which was
administered at a stable dose throughout the study. The doses
of oral glucocorticoids were also stable. Intra-articular administration of glucocorticoids and on-demand non-steroidal antiinflammatory drugs were allowed as required but were not
encouraged.

repeated measures. Analysis of covariance (ANCOVA) was used
to examine statistical differences between groups adjusted for
the baseline values. The t test was used to determine the
statistical significance of individual parameters in the model.
The F test was used to compare two different ANCOVA
models. A two-sided p value less than 0.05 was considered
statistically significant.
A sample size calculation was performed with an alpha of
0.05, an expected standard deviation of 0.8–1.0 and a power of
90%. We considered a difference of 0.6 in the DAS28 to be
clinically relevant. Using the Mann–Whitney test to compare
the DAS28 difference 28 weeks after randomisation between
arms, we found that a total of 70 patients were needed for each
arm. This allowed for a decrease of approximately 10% in the
number of patients. Intent-to-treat analyses with the last
observation carried forward (LOCF) were used to compare the
two treatment arms.
The data were analysed using the Statistica data analysis
software system, version 8.0 and R (R Development Core Team,
2006).

RESULTS
A total of 141 patients was randomly assigned into the study:
71 patients into arm A (3 mg/kg infliximab) and 70 patients
into arm B (5 mg/kg infliximab). In arm B, one patient was
randomly assigned twice, so that 71 patients in arm A and 69 in
arm B were evaluated (fig 1). In arm A, 60 patients completed
the study (12 months). Of the 11 premature withdrawals, four
were due to adverse events, two were due to insufficient
efficacy and two were the patient’s decision; other reasons were
planned gravidity and proteinuria. In arm B, a total of 14
patients failed to finish the study: five withdrawals were due to
adverse events, two to insufficient efficacy and three were the
patient’s decision; other reasons were planned gravidity and
withdrawal of consent.
There were no differences between arms A and B with regard
to any demographic or activity indicators at the beginning of
the study (table 1). Baseline activity was consistent with that of
other patients who are partial responders to infliximab.

Study endpoints
During the first year of treatment, ie, during the first 12 months
of entry into the ATTRA Registry, the DAS28 decreased in
patients who were later enrolled into arm A from 6.7 (95% CI

Study endpoints
The primary study endpoint was a change in the DAS2813 after
28 weeks compared with the trial entry value. Secondary
endpoints were a change in the number of swollen and tender
joints and changes in the DAS28, C-reactive protein (CRP) and
erythrocyte sedimentation rate. These values were evaluated at
weeks 8, 16, 24, 28, 32, 40, 48 and 52.

Statistical analysis
Standard descriptive statistics were used to express differences
among subgroups of cases (relative frequencies for categorical
variables and arithmetic means and standard deviations).
Differences between arms were determined by Fisher’s exact
test for binary outcomes. The ML chi-square test was used to
test for ordinal categorical variables, and the two-sample t test
with equal variances or the Mann–Whitney test was used for
continuous variables. Analysis of variance was used for
evaluating time-related changes in the study endpoints and
1286

Figure 1 Overview of the randomised trial of the increased infliximab
dose. LOCF, last observation carried forward.
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the first 3 months, defined as a DAS28 decrease of greater than
1.2 compared with the baseline level. To be included, patients
also had to be partial responders or experience reduced
effectiveness over the course of treatment; in other words, at
the time of enrolment in our study, and after 12 months of
treatment as noted above, the patients had to have a DAS28
greater than 2.6.
Screening for latent tuberculosis was performed before
infliximab was introduced to patients, ie, when the patients
entered the ATTRA Registry. The criteria required a negative
tuberculosis history, negative chest x ray and a tuberculin test
result of less than 10 mm. Patients not fulfilling these criteria
were excluded from treatment, and no isoniazid was used
before infliximab. The screening was not repeated before
enrolment in the dose escalation study. The study protocol
was approved by a multicentre ethics committee, and all
patients provided informed written consent for inclusion in the
dose escalation study.
Subjects were randomly assigned to trial arms A and B using a
simple block randomisation procedure with three stratification
criteria: duration of RA disease ((2 years, .2 years); baseline
DAS28 (,4.5, 4.5–5.5, .5.5) and swollen joint count (,6, >6).
Patients were enrolled in medical centres that administered
biological therapy. Randomisation took place at the Institute of
Biostatistics and Analyses. The first patient was randomly
assigned on 14 August 2003, and the last patient was randomly
assigned on 22 April 2005. Eleven patients were randomly
assigned who had had RA for 2 years or less. In the group who
had had the disease for more than 2 years, there were 65
patients with a baseline DAS28 less than 4.5, 48 with a baseline
DAS28 4.5–5.5 and 17 patients with a DAS28 greater than 5.5.
Infliximab was administered intravenously at a dose of 3 mg/
kg every 8 weeks in arm A and 5 mg/kg every 8 weeks in arm B
by a study nurse, who was aware of the dosing. Both the
investigator and patient were blinded to the study treatment
(dose).
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Age, mean years (SD)
Gender, female/male, %
Disease duration, mean years (SD)
Glucocorticoids
Baseline DAS28, at study randomisation; mean
DAS28 (SD)
Swollen joints, mean count (SD)
Methotrexate dose, mean dose (SD)
Infliximab dose in the study, mg/kg; mean dose (SD)

Arm A
(3 mg/kg)
(n = 71)

Arm B
(5 mg/kg)
(n = 69)

45.6 (13.2)
67/33
13.0 (8.1)
52%
4.5 (1.1)

48.1 (13.3)
69/31
12.9 (8.4)
51%
4.5 (1.2)

4.8 (3.6)
14.2 (4.9)
3.4 (0.5)

4.5 (3.6)
14.1 (4.7)
5.1 (0.5)

DAS28, disease activity score in 28 joints; RA, rheumatoid arthritis; SD, standard
deviation.

6.6 to 6.9) to 4.3 (95% CI 4.1 to 4.6) and in patients enrolled into
arm B from 6.5 (95% CI 6.3 to 6.7) to 4.1 (95% CI 3.9 to 4.3).
Patients were then randomly assigned into arm A (3 mg/kg
infliximab) and arm B (5 mg/kg infliximab). In arm A, the
DAS28 was 4.5 (95% CI 4.2 to 4.8) at the beginning of the study
and 4.0 (95% CI 3.7 to 4.3) at the end of the treatment at week
52; in arm B, the initial DAS28 values were 4.5 (95% CI 4.2 to
4.8) and the final DAS28 values after week 52 were 3.9 (95% CI
3.6 to 4.3; p = 0.748). The change in DAS28 after 28 weeks
compared with the trial entry value was thus 0.67 (95% CI 0.42
to 0.92) in arm A and 0.65 in arm B (95% CI 0.40 to 0.89;
p = 0.913).
No significant differences between the two groups were
found at any other time point in the study (fig 2). In addition,
statistical analysis of arms A and B did not reveal any
differences in secondary endpoints (swollen joints, tender joints,
erythrocyte sedimentation rate, CRP; fig 3).
The DAS28 and CRP were examined using ANCOVA. First,
using the baseline DAS28 at the beginning of the study as the
covariate and the trial arm as a factor, interactions between the
baseline DAS28 and the arm were evaluated. In this model, the
interactions did not show a significant effect (p = 0.811) and the

Figure 3 Mean change in C-reactive protein (CRP) over time in trial
arms A and B over the course of the study. Patients in arm A received
3 mg/kg infliximab and patients in arm B received 5 mg/kg infliximab.
Last observation carried forward was used.
model without interactions was not significantly different from
the model with interactions (p = 0.811), so a model without
interactions was used. Using this model, the baseline DAS28
significantly correlated with the DAS28 at the end of the study
(p,0.001). This means that patients with a higher baseline
DAS28 also had a higher DAS28 at week 52. There were no
differences between arms A and B (p = 0.831; fig 4). First, using
baseline CRP at the beginning of the study as the covariate and
the trial arm as a factor, interactions between baseline CRP and
the arm were evaluated. In this model, the interactions did not
show a significant effect (p = 0.858) and the model without
interactions was not significantly different from the model with
interactions (p = 0.858), so a model without interactions was
used. Using this model, the baseline CRP significantly correlated
with the CRP at the end of the study (p,0.001). This means
that patients with higher baseline CRP values also had higher
CRP values at week 52. There were no differences between arms
A and B (p = 0.821; fig 5).

Side effects

Figure 2 Mean change in the disease activity score in 28 joints
(DAS28) in trial arms A and B over the course of the study. Patients in
arm A received 3 mg/kg infliximab and patients in arm B received 5 mg/
kg infliximab. Last observation carried forward was used.
Ann Rheum Dis 2009;68:1285–1289. doi:10.1136/ard.2008.090860

Infliximab was generally well tolerated throughout the study.
Four patients in arm A (receiving 3 mg/kg infliximab) and five
patients in arm B (receiving 5 mg/kg infliximab) discontinued
the treatment due to adverse events. Non-serious adverse events
were observed in 28.2% of arm A patients and in 47.8% of arm B
patients (p = 0.023). In arm A, there were 15 serious adverse
events in 12 patients (16.9%); in arm B, there were 13 serious
adverse events in 11 patients (15.9%). Six infusion reactions
were observed in three patients (4.2%) in arm A and six were
observed in five patients (7.2%) in arm B (p = 0.490). Serious
infections were reported in four patients in arm A (5.6%) and in
four patients (5.8%) in arm B (there were two serious infections
in one of the patients). There was no statistically significant
difference in the incidence of serious infections between arms A
and B (p = 1.000). One case of tuberculosis was detected in each
group. In both cases, the diagnosis was disseminated tuberculosis; both patients died. Both patients were screened for latent
tuberculosis before receiving their first dose of infliximab
through the ATTRA Registry and had negative results.
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Table 1 Baseline demographic and clinical characteristics of RA
patients treated with infliximab
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Figure 5 C-reactive protein (CRP) at week 0 and week 52 in trial arms
A and B. Patients in arm A received 3 mg/kg infliximab and patients in
arm B received 5 mg/kg infliximab.

DISCUSSION

patients, resulting in a significant DAS44 decrease. However,
the EULAR response improved in only 26% of patients.
Rahman et al11 studied the effect of an infliximab dose
increase on clinical response, infliximab serum levels and the
presence of anti-infliximab antibodies. Only 30% of the studied
patients fulfilled the criteria for infliximab dose increase; the
majority of patients responded to the initial dosage. On average,
patients who required a dose increase had lower serum
infliximab levels before the increase compared with patients in
whom no dose adjustment was necessary. The dose increase
resulted in an increase of serum infliximab levels, and 80% of
the patients experienced a 20% improvement in the number of
swollen and tender joints. Anti-infliximab antibodies did not
seem to be the main reason for the decreased effectiveness of
infliximab, and the majority of patients with anti-infliximab
antibodies had a positive response to the dose increase.
It should be noted that there are other alternatives to
infliximab when treatment is ineffective. For example, patients
may be switched to another anti-TNFa agent,16 17 to rituximab18
or to abatacept.19
We observed one case of tuberculosis in each study group
(arms A and B). Patients treated for the first time with TNF
blocking agents from 2001 to 2004 who were included in the
Registry were screened according to guidelines of the Czech
Rheumatological Society, which was used during this time
period. This screening consisted of a medical history, chest x ray
and tuberculin skin test less than 10 mm. Currently, the Czech
Rheumatological Society is suggesting new guidelines for
screening for latent tuberculosis, which would include the
QuantiFERON-TB test. After the dose escalation, the incidence
of serious infections and infusion reactions was unchanged;
however, the rate of non-serious adverse events was significantly increased. These data are in agreement with the metaanalysis by Bongartz et al.20
The present study has some limitations. First, the design of
the study and particularly the dosage regimen was rigid as a
result of the fact that it was not a company-commissioned
study; rather, it was a study performed on ATTRA Registry

In the setting of this randomised double blind controlled study,
we failed to confirm that an increase in infliximab from 3 to
5 mg/kg had a long-term benefit for patients with RA. Patients
who showed only partial response to standard infliximab
treatment during the first year were randomly assigned into
two arms for a second year of treatment; arm A continued at
the same dose (3 mg/kg every 8 weeks), whereas in arm B, the
dose was increased to 5 mg/kg every 8 weeks. The DAS28
showed only mild improvement, with no statistically significant
difference between the two arms. Similarly, individual components of the DAS28 or CRP were not different between the two
arms.
Van Vollenhoven et al8 demonstrated that an increase in the
infliximab dose in partial responders was effective and led to a
decrease in the DAS28. However, when they compared the best
DAS28 during treatment with lower and higher doses, no
difference was detected. Van der Cruyssen et al14 provided
evidence that a positive effect could be achieved using a
temporary dose increase that could subsequently be lowered
to the initial dosage. A subgroup of patients, who had a
decreased response to 3 mg/kg per 8 weeks of infliximab during
the first 22 weeks of treatment, could increase their response to
initial levels by adding 100 mg infliximab to subsequent doses.7
Four-year survival rates for patients on infliximab were identical
for patients who received and those who did not receive a dose
increase.14 As most patients were back on the 3 mg/kg every
8 weeks dose regimen at that time point, this indicated that
temporary infliximab dose escalation could correct a suboptimal
response of patients to the 3 mg/kg dosage. A study by
Sidiropoulos et al15 provided interesting data about the effectiveness of infliximab dose escalation in regular clinical practice.
Decisions made with respect to the dose increase in the study
were made based strictly on an evaluation of RA activity using
the disease activity score in 44 joints (DAS44). In patients with
residual activity, as demonstrated by a DAS44 greater than 2.4,
the methotrexate and/or infliximab dose was adjusted. The
methotrexate/infliximab dose was increased in almost 80% of
1288
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Figure 4 Disease activity score in 28 joints (DAS28) at week 0 and
week 52 in trial arms A and B. Patients in arm A received 3 mg/kg
infliximab and patients in arm B received 5 mg/kg infliximab.
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patients. Health insurance companies require that a strict
dosage regimen be used, and this did not allow us to use more
flexible dosing during the first year of the treatment. A second
limitation of the study was that the maximum dose was 5 mg/
kg every 8 weeks. In fact, some clinicians use a dose of 7.5 mg/
kg. However, at this point, it is also necessary to consider the
economic impact of the treatment and the possible increased
risk of infections.
The dosages at week 0 were in the range of 2.7–5.5 mg/kg in
arm A patients and 3.3–6.3 mg/kg in arm B patients. In arm A,
18 patients did not comply with the prescribed dosage; in arm B,
four patients did not comply; this was approximately a 25%
difference in non-compliance. For this reason, an analysis of
patients who did comply with the prescribed dosage was
performed that allowed for the 25% difference. The results were
not different from those obtained from the analysis of the
complete intent-to-treat population. No differences between
arms were found. There were also no statistical differences
between arms when we analysed the study completers.
In conclusion, our randomised controlled study did not
confirm the effectiveness of an increased dose of infliximab
from 3 to 5 mg/kg administered every 8 weeks in patients
undergoing long-term treatment with infliximab. A decrease in
the DAS28 greater than 0.6 was achieved in both arms of the
trial, but there were no statistical differences between arms.
This conclusion is valid for the current setting, but may not be
valid in other settings or subpopulations of RA patients.

