
EXTENDED REPORT

Low-dose glucocorticoid therapy decreases risk for treatment-
limiting infusion reaction to infliximab in patients with
rheumatoid arthritis
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Background and objective: Treatment-limiting infusion reactions to infliximab have not been fully explained
in rheumatoid arthritis patients. Our main objective is to investigate the role of daily oral glucocorticoids use
on such reactions.
Method: Forty-three patients with immediate-type infusion reactions were identified in a large registry-based
cohort. These patients were then compared with the entire cohort (n = 639) and, in a separate analysis, to a
nested matched control group (n = 43). The following base-line variables were compared: use of oral
glucocorticoids, health-assessment questionnaire, 28-joint count-based disease activity score, duration of
disease and number of failed disease-modifying antirheumatic drugs.
Results: The proportion of infusions associated with infusion reactions decreased significantly during the study
period (p = 0.0024). Fifty per cent of the patients in the cohort were treated with daily low-dose
glucocorticoids at baseline. 15/326 (4.6%) patients had an infusion reaction as compared with 28/324
(8.6%) of patients without glucocorticoid treatment (p = 0.057). In the matched comparison, 15/43 (35%) of
the cases were on low-dose glucocorticoids as compared with 27/43 (64%) of the controls (p = 0.017). The
use of low-dose glucocorticoids was associated with a significantly lower risk for a treatment-limiting infusion
reactions in a Kaplan–Meier analysis (p = 0.04). The number needed to treat to prevent a treatment-limiting
infusion reaction was 25 (95% CI: 13 to 527) in the cohort.
Conclusion: The use of daily low-dose glucocorticoids is associated with a lower risk for treatment-limiting
infusion reactions to infliximab. Overall, treatment-limiting infusion reactions have become significantly less
common during the past 5 years.

I
nfliximab, together with the other tumour necrosis factor
antagonists, etanercept and adalimumab, has become one of
the most important drugs in the treatment of rheumatoid

arthritis (RA). Clinical efficacy for infliximab has been shown
in several clinical trials1–3 as well as in registry studies.4 5

Registry studies have also been useful in detecting adverse
events for all three of the tumour necrosis factor (TNF)
antagonists. Cohort studies provide useful information about
the true incidence of adverse events in clinical practice. The fact
that patients in clinical practice may differ considerably from
those in clinical trials in comorbidity and concurrent drug
treatment, for example, further emphasises the importance of
these registries.6–11

The occurrence of infusion reactions is an area of special
consideration for infliximab.

In RA, approximately 20% of infliximab-treated patients in
all clinical trials experienced an infusion reaction, with 3%
annually discontinuing the treatment with infliximab caused
by such a reaction.1 Two objectives led us to investigate this
issue further: (1) that the real-life frequency of treatment-
limiting infusion reactions might well be higher than that
reported from clinical trials; and (2) that even a low annual
frequency of such reactions might, over several years, come to
represent a significant limitation of treatment with infliximab.

Infusion reactions and risk factors predicting such reactions
have been studied more thoroughly in Crohn’s disease than in
RA. Crandall and Mackner found female gender and the use of
immunosuppressive medications for less than 4 months to be
risk factors for a reaction to a second infliximab infusion.12 A
distant second infusion (>20 weeks from first infusion) was
observed as a risk factor by Kugathasan et al.13 In contrast to the

situation in CD, neither distance between infusions nor short
use of immunosuppressive treatment is applicable in RA, since
the vast majority of patients are treated with methotrexate
(MTX) concurrently during treatment with infliximab. Thus,
risk factors predicting treatment-limiting infusion reactions in
RA still remain unclassified. We have previously identified
anticardiolipin antibodies as a risk factor for such infusion
reactions.6 The aim of this study was to investigate the role of
glucocorticoid use and other predictors of infusion reactions.

METHODS
A total of 672 patients were treated with infliximab at Karolinska
University Hospital at some occasion between 1999 and 2004.
Data were obtained from the STURE (Stockholm TNF-a follow-
up) registry and by searching patient records when data were
missing. The STURE database collects efficacy and safety data for
all patients starting biological treatments at all major hospitals in
Stockholm, as part of the nationwide registry of AntiRheumatic
Therapies In Sweden (ARTIS). The assessments are done at 0, 3, 6
and 12 months and annually thereafter, and include the ACR core
outcomes, that is the 28 swollen and tender joint count, visual
analogue scales for global health and for pain, the health
assessment questionnaire (HAQ), erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP), and physician’s global
assessment of disease activity, and the 28-joint count-based
disease activity score (DAS28).14 15

Abbreviations: DAS, disease activity score; DMARD, disease-modifying
antirheumatic drug; ESR, erythrocyte sedimentation rate; HAQ, health-
assessment questionnaire; NNT, number needed to treat; RA, rheumatoid
arthritis; TNF, tumour necrosis factor
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Forty-three patients with immediate-type infusion reactions,
defined as an anaphylactic/anaphylactoid reaction and/or
urticaria and itching that resulted in discontinuation of
infliximab treatment, were compared with the entire cohort
(n = 673) and, in a separate analysis, to a nested control group
(n = 43) matched for gender, diagnosis and age.

Comparisons of the following baseline variables were made:
HAQ, DAS28, visual analogue scale global and pain, number of
swollen joints, number of tender joints, duration of disease at
start of treatment, number of failed DMARDs before start of
treatment and oral glucocorticoid dose.

The regional ethics committee approved the study (DNR: 03-
440).

Statistical analysis
Comparisons were by the Fisher’s test for nominal variables,
and by Mann–Whitney test and Wilcoxon test for all other
variables. Survival on drug without infusion reaction was
plotted according to Kaplan–Meier and compared by log rank
test (Mantel–Cox). Logistic regression was used to determine
odds ratios for continuous variables in the case-control study.
Statistical analysis was performed using Statview 5.0.1 soft-
ware (SAS Corp, Cary, NC). The number needed to treat
(NNT)16 was calculated over the study period.

RESULTS
Baseline characteristics were collected for 673 patients treated
with infliximab from 1999 to 2004. We identified 43 patients
with treatment-limiting infusion reactions to infliximab in this
cohort. Demographic data for all patients are shown in table 1.
These treatment-limiting infusion reactions were recorded at
various time points during therapy, slightly more frequent after
five or more infusions. Infusion reactions represent the cause of
approximately 15% of the discontinuations of this treatment,
other causes being lack of efficacy, infections, etc. The
proportion of infusions associated with infusion reactions
decreased significantly from the year 2000 to the year 2003
(fig. 1). Nine out of 152 patients on infliximab (5.92%) had a
treatment-limiting infusion reaction in the year 2000 as
compared with five out of 438 patients (1.14%) in 2003
(p = 0.0024). Figure 2 shows the yearly distribution of the
start of treatment for cases, matched controls and cohort.

Most patients identified in our survey experienced several
less severe infusion reactions before the discontinuation of
treatment. The symptoms occurring during the last infusion are

presented in table 2. The most common symptoms were
shortness of breath followed by flushing and urticaria.
Symptoms of immediate infusion reactions were most com-
monly treated by stopping the infusion and administering
intravenous glucocorticoids and/or antihistamines (clemastine)
(table 2). All patients who had experienced an infusion reaction
were given prophylactic treatment before their next infusion.
The most common pretreatment was intravenous steroids
(hydrocortisone) and/or antihistamines (most commonly clem-
astine) 1 h before treatment (table 2). The decision to
discontinue treatment with infliximab was taken by the
responsible physician when the patient had a severe infusion
reaction with or without pretreatment and/or had several
infusion reactions in spite of pretreatment.

In the cohort, 323 out of 643 patients (50%; data missing for
30 patients) were on daily oral low-dose glucocorticoids at
baseline (median dose 5 mg/day). Fifteen of the 326 patients
(4.6%) had an infusion reaction as compared with 28 out of 324
patients without glucocorticoid treatment (8.6%), p = 0.057.
There was a 46.4% risk reduction (95% CI: 3.1 to 74.4%) by
treatment with oral prednisolone, and dosage was not a
significant predictor (not shown). Figure 3 shows a Kaplan–
Meier plot illustrating the drug discontinuation rate due to
treatment-limiting infusion reactions caused by infliximab.
Low-dose glucocorticoids were associated with a significantly
greater drug-survival (p = 0.04) in a comparison by logrank
test. Calculation indicated an NNT value of 25 (95% CI: 13 to
527) for oral prednisolone to prevent a treatment-limiting
infusion reaction during the study period. In the matched
comparison, there was a significant difference in glucocorticoid
use, as 15/43 (35%) of the cases were on low-dose glucocorti-
coids compared with 28/43 (64%) of the controls (p = 0.017).

Patients with infusion reactions had higher HAQ-scores as
compared with both the matched control and the cohort: the
case group had a median value of 1.75 with an interquartile
range of 1.13–2.25 vs 1.5 (0.63–2.25) for the matched control
and 1.38 (0.88–1.88) for the cohort. There was also a non-
significant trend towards higher ESR in the cases compared
with the cohort: 42.3¡4.5 (mean¡SEM) vs 34.4¡1.1
(mean¡SEM) (p = 0.066) (table 1). One additional risk factor
for severe infusion reactions was identified in the matched
comparison: the cases had failed to respond to treatment with a
greater number of DMARDs than the matched controls (cases
3.65¡0.32 (mean¡SEM) vs controls 2.61¡0.24
(mean¡SEM), p = 0.012) before the start of treatment with
infliximab (table 1).

MTX use was present in the vast majority of our patients.
There was no difference in MTX use between the cases and the
cohort. It was not possible to analyse this statistically further.

By a logistic regression done for continuous variables only,
HAQ, DAS28, number of DMARDs and ESR were independent
predictors of infusion reactions. The overall predictive power of
these parameters, however, remained low.

DISCUSSION
This retrospective study of a large patient cohort provides
important information about the true incidence of treatment-
limiting infusion reactions and individual risk factors at
baseline. We demonstrate a clear protective effect of daily
low-dose oral prednisolone which indicates a reduction in the
risk for an infusion reaction by about half. The NNT for a 5-year
period to prevent a treatment-limiting infusion reaction was
calculated as 25 for low-dose glucocorticoid treatment, which is
on the same level as the summarised NNT of 26 for ramipril in
the HOPE study.17 Patients with concurrent prednisolone had a
significantly lower risk of experiencing a treatment-limiting
infusion reaction (as shown in fig. 3). In the matched

Figure 1 Percentage of patients experiencing a treatment-limiting infusion
by calendar year. The frequency declines sharply, and nine out of 152
patients on infliximab (5.92%, 95% CI: 2.7 to 10.7) had a treatment-
limiting infusion reaction in the year 2000 as compared with five out of 438
patients (1.14%, 95% CI: 0.4 to 2.6) in 2003 (p = 0.0024).
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comparison, there was a clear statistical difference in gluco-
corticoid use between the two groups, which further empha-
sises that glucocorticoids have a protective function. However,
difference in glucocorticoid use did not affect the treatment
duration within the case group itself, indicating that several
risk factors interact. Hence, even though low-dose glucocorti-
coid use has a protective effect against treatment-limiting
infusion reactions to infliximab, it does not affect the timing of
the infusion reaction. Taken together, our results show that
low-dose glucocorticoids have several advantages for patients
treated with infliximab. Many physicians tend to decrease or
stop treatment with glucocorticoids, due to a fear of long-term
side effects, when the patient receives a positive response to
DMARD treatment. However, low-dose prednisolone has been
shown to retard radiographic progression in patients with early
RA, albeit with no significant difference in bone mineral
density between the prednisolone and no-prednisolone group
over the 2-year study period.18 The prophylactic effect of
betamethasone given just prior to the infusion with infliximab
was studied in a prospective manner by Sany et al.19 In that
study, the occurrence of infusion reactions was lower in the
placebo group, suggesting an increased risk with corticosteroid
pretreatment, most likely explained by infusion reactions
caused by the betamethasone itself. The use of oral steroids
did not significantly affect the incidence of infusion reactions
(14.3% with and 10.3% without oral corticosteroids, respec-
tively, p = 0.28). However, this comparison did not correct for
study treatment (betamethasone vs placebo), which did show a
difference in use of oral corticosteroids between the placebo

(84.7%) and betamethasone (77.1%) group. Thus, it appears
that their results could well be consistent with ours. In a study
by Wasserman et al,20 pretreatment with the antihistamine
diphenhydramine did not reduce the frequency of infusion
reactions. In this study, a rather wide definition of infusion
reactions was used, and the conclusions might be biased by the
known side effects of diphenhydramine.

The formation of anti-infliximab antibodies, also known as
human antichimeric antibodies, is a possible risk-factor for the
development of infusion reactions.21–24 A retrospective study by
Haraoui et al25 found that RA patients who developed anti-
infliximab antibodies were about 10 years younger and were
taking about half the mean dose of prednisone. In a previous
study,6 it was found that the presence of anticardiolipin (aCL)
antibodies in patients treated with infliximab was a risk factor
for treatment-limiting infusion reactions. Seventeen per cent of
the aCL-positive patients experienced such a reaction, com-
pared with 5% of the patients in the whole registry.

A higher HAQ score and a higher number of previously failed
DMARDs were also predictors of treatment-limiting infusion
reactions in this study. It is possible that the patients who
experience a treatment-limiting infusion reaction have suffered
a higher inflammatory burden and therefore may be more
prone to adverse events by various pharmacological agents, or
that the chronic immunological activity itself may predispose to
immunological adverse events. One possible confounder factor
for this hypothesis is the decreased frequency of infusion
reactions.

One important unexplained finding in this study was the
sharply decreasing number of treatment limiting infusion
reactions in our cohort. Several explanations could be
considered. First, increased experience among physicians
choosing the right pharmacological treatment for each patient.
Second, the staff at the day care ward now has several years of
experience and has learned to recognise the early signs of an
infusion reaction, thus lowering the infusion rate before the
reactions develop into something that might lead to disconti-
nuation of treatment. Third, subtle changes in the manufactur-
ing process of the drug may decrease the risk of immunological
reactions.26 Our first assumption was that there could be an
explanation in the fact that during the first years with TNF-
antagonists, there was a positive selection of patients with high
disease activity, and this patient group could be more prone to
have an adverse reaction. This seems not to be the case in our
cohort, since the median DAS28-scores are on the same level
when making a yearly comparison over the study period (not
shown). Similar results have been shown for etanercept by
Feltelius et al.27

Figure 2 Patient demographics. Yearly distribution of start of treatment
for cases, matched controls and cohort.

Table 1 Patient demographics at baseline

Cases n = 43 Control n = 43 Cohort* n = 630

p value

Case vs control Case vs cohort

RA, n (%) 32 (74) 30 (70) 437 (69)
Other rheumatic diagnoses, n (%) 11 (26) 13 (30)� 129 (20)`
Female, n (%) 33 (77) 33 (77) 437 (69)
Median age at first infusion, years
(range)

57 (21–84) 53 (18–81) 54 (17–87)

Disease duration, years 13.5 (1.9) 10.6 (1.3) 11 (0.5) 0.279 0.359
ESR, mm 42.2 (4.48) 33.4 (3.7) 34.5 (1.12) 0.125 0.066
CRP, mg/l 39.0 (5.5) 37.9 (4.9) 35.2 (1.8) 0.878 0.569
DAS28 5.52 (0.24) 5.75 (0.22) 5.54 (0.06) 0.793 0.550
HAQ, baseline median (IQR1) 1.75 (1.13–2.25) 1.5 (0.63–2.25) 1.38 (0.88–1.88) 0.373 0.054
No. of failed DMARDs 3.7 (0.3) 2.6 (0.2) 3.8 (0.1) 0.012 0.690

Data are given as mean (SEM) unless otherwise stated.
*Including controls; �of whom two controls with JCA were matched with cases with RA; `data missing for patients registered at private ward facilities; 1IQR: interquartile
range.
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CONCLUSION
The use of daily low-dose glucocorticoids is associated with a
lower risk for treatment-limiting infusion reactions to inflix-
imab. Overall, treatment-limiting infusion reactions have
become significantly less common during the past 5 years.
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