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ABSTRACT
Background Infl iximab (IFX) is a monoclonal antibody 

against tumour necrosis factor α that is effective for 

treating spondyloarthritis (SpA). However, after initial 

success of the drug some patients lose responsiveness or 

develop infusion reactions, which may be related to the 

development of antibodies against the drug.

Objective To investigate the clinical relevance of 

antibodies to infl iximab (ATI) formation in patients with 

SpA undergoing IFX treatment over a prolonged period.

Methods 94 patients with SpA treated with IFX from 

1999 to 2010 were studied. Their clinical characteristics, 

serum trough IFX levels and ATI status were evaluated for 

a mean of 6.99 (95% CI:6.28 to 7.7) years. Clinical activity 

and improvement were measured using the Ankylosing 

Spondylitis Disease Activity Score (ASDAS): inactive 

<1.3, moderate ≥1.3 and <2.1, high ≥2.1–≤3.5, and 

very high >3.5 at three time points (6 months, 12 

months and >4 years).

Results ATI were detected in 24 (25.5%) patients. 

The patients with ATI had higher ASDAS scores than 

those without ATI (2.55±0.89 vs 1.79±1.04, p=0.038 

at 6 months; 1.95±0.67 vs 1.67±0.71, p=0.042 at 

1 year; 2.52±0.99 vs 1.53±0.81, p=0.024 at >4 

years). Eleven patients (12%) developed infusion-related 

reactions, and of these, ATI were present in eight patients 

(73%). The patients with infusion-related reactions had 

higher ATI titres (median 12 931 AU/ml, IQR 853–82 437) 

vs median 2454 AU/ml, IQR 449–7718, p=0.028) and 

shorter survival (4.25 years vs 8.19 years, p<0.001). ATI 

development occurred more frequently in the patients not 

receiving methotrexate (20/58 (34.5%) vs 4/36 (11.1%), 

p=0.011).

Conclusion In patients with SpA treated with IFX, ATI 

formation is associated with a poor clinical response, the 

appearance of infusion reactions and the discontinuation 

of treatment.

INTRODUCTION
Spondyloarthritis (SpA) is a heterogeneous group 
of diseases consisting of ankylosing spondylitis 
(AS), psoriatic arthritis (PsA), arthritis related to 
infl ammatory bowel disease (IBD), reactive arthri-
tis, a subgroup of juvenile idiopathic arthritis and 
undifferentiated spondyloarthritis.1 Until recently, 
the main treatment for SpA was based on non-
steroidal anti-infl ammatory drugs, disease-modi-
fying antirheumatic drugs (DMARDs) and physical 
therapy. Although DMARDs such as methotrexate 
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(MTX) and sulfasalazine can be useful for treating 
the peripheral joint manifestations of SpA, they 
have no demonstrated effi cacy for treating the 
axial manifestations2–5; however, several studies 
have demonstrated the effi cacy of biological drugs 
such as antitumour necrosis factor α (anti-TNFα) 
for treating patients with SpA.6–13

All biological drugs can induce an immune 
response, with the structure of the anti-TNF agent 
being a decisive factor in its immunogenicity. 
Infl iximab (IFX) is a chimeric monoclonal IgG1 
antibody against TNF that has been approved for 
treating moderate to severe SpA. The drug elicits a 
response that is inferior to that obtained with con-
ventional treatment. Although the effi cacy of IFX 
against SpA has been shown in large, randomised 
clinical trials,14–17 it is known that >30% of patients 
with AS fail to respond or lose their responsive-
ness.18 Part of this treatment failure can be explained 
by the development of antidrug antibodies.18–20

Until now, few studies have been published on 
treating SpA with IFX. Two of these studies have 
been conducted in patients with AS and have 
investigated the clinical response in relation to anti-
bodies to IFX (ATI) formation after ≥1 year.18 20 In 
this study, we analysed the clinical consequences 
of ATI formation in a group of patients with SpA 
(some of whom had conditions other than AS) who 
were treated with IFX over long periods. At the 
same time, there is increasing interest in examining 
the infl uence of MTX on patients with SpA treated 
with IFX.21 22 In our group of patients with SpA, 
we assessed whether concomitant immunosup-
pressive treatment with MTX plays a role in ATI 
production.

PATIENTS AND METHODS
Patients and serum samples
A total of 94 patients with SpA (50 AS, 12 undiffer-
entiated spondyloarthritis, 22 PsA and 10 SpA asso-
ciated with IBD) who had not received previous 
biological treatment were included. The patients 
were enrolled at the department of rheumatology 
of La Paz University Hospital. This was an ambi-
spective observational study that was approved 
by the La Paz Hospital ethics committee. The 
patients signed an informed consent form. Serum 
samples (a total of 2116) were collected at the time 
of infusion. The retrospective study period covered 
the years from 1999 to 2008, and the prospective 
study period extended from 2009 to 2010. All of 

annrheumdis-2011-200828.indd   1 9/8/2012   2:12:01 PM

Ann Rheum Dis 2012;71:1955–1960. doi:10.1136/annrheumdis-2011-200828 1955

Published Online First
6 May 2012

 group.bmj.com on November 5, 2012 - Published by ard.bmj.comDownloaded from 

http://ard.bmj.com/
http://group.bmj.com/


Clinical and epidemiological research

the patients with AS fulfi lled the revised New York criteria. 
The patients with PsA fulfi lled the GRAPPA (Group of Research 
and Assessment of Psoriasis and Psoriatic Arthritis) group cri-
teria. All the patients with IBD fulfi lled the ESSG (European 
Spondylarthropathy Study Group) criteria. At the time of 
inclusion, all patients had evidence of active disease, as indi-
cated by their mean Ankylosing Spondylitis Disease Activity 
Score (ASDAS) of 3.08±1.31 (mean ± SD). All the patients were 
given intravenous infusions of 5 mg/kg IFX at 0, 2 and 6 weeks 
and then every 8 weeks thereafter. Every 6 months, disease 
activity was measured using the ASDAS (in the retrospective 
group of patients, the clinical response data were extrapolated 
from the Bath Ankylosing Spondylitis Disease Activity Index 
(BASDAI)).23 Six months, 1 year and >4 years (mean 5.9 years, 
SD 2 years) were chosen as the time points that would be used 
to represent the clinical course. Infusion reactions were defi ned 
as events appearing during infusion that required either ces-
sation of the drug infusion or the administration of parenteral 
medication.

Blood samples were collected at baseline and immediately 
before the 2- and 6-week infusions and every 8 weeks thereaf-
ter. Precise timing was required to compare the results because 
serum IFX may become undetectable over longer time inter-
vals owing to normal drug pharmacokinetics rather than the 
formation of ICs with ATI. Therefore, samples taken more 
than 9 weeks after the previous infusions were not used in the 
study. The serum samples were stored at −80°C until measure-
ment of the IFX and ATI. Serum samples from all patients at 
each of the three studied time points (6 months, 1 year and 
>4 years) could not be obtained. We obtained samples from 
56 patients immediately after they had begun treatment, from 
nine patients in the fi rst year but after starting IFX treatment 
and from 29 patients after the fi rst year of anti-TNF treatment. 
A minimum of fi ve samples and a maximum of 32 samples 
per patient were collected. In all patients from whom base-
line samples were available, the IFX and ATI concentrations 
were <10 ng/ml and 50 arbitrary units per millilitre (AU/ml), 
respectively.

Serum IFX assay
The serum IFX levels were determined by a sandwich ELISA, 
as has been described previously.24 25 The cut-off values were 
established from the serum samples of 150 healthy blood donors 
and 100 patients with rheumatoid arthritis (RA) who had never 
received IFX (70% of whom were rheumatoid factor positive). 
Serum IFX levels >10 ng/ml (the mean + 6 SD of the control 
group) were considered positive.

Antibodies to infl iximab (ATI) assay
ATI were detected using a two-site (bridging) ELISA as has 
been previously described.25 The cut-off point for the presence 
of ATI in patient serum samples was established at 50 AU/ml 
(the mean + 6 SD of the same control group used for the IFX 
measurements).

Statistical analysis
The descriptive statistics consisted of the mean, SD, median 
(Mdn) and IQR. The statistical analyses were performed using 
the Statistical Package for the Social Sciences, version 10.0 (SPSS, 
Chicago, Illinois, USA). The frequency data were compared 
using the Pearson χ2 and Fisher exact tests. The continuous data 
were compared between groups using the Mann–Whitney U 
and Wilcoxon non-parametric tests. The time-course data were 

analysed using the Kaplan–Meier method. Statistical signifi cance 
was calculated using the log-rank test, and p values <0.05 were 
considered signifi cant.

RESULTS
Patient characteristics
A total of 94 patients with SpA were enrolled in the study, of 
whom 53 (56.4%) were men, with a mean (±SD) age of 50±11 
years. Their demographic and clinical characteristics are shown 
in table 1. Of the 94 patients with SpA, 56 were analysed at 6 
months (44 without ATI and 12 with ATI), 51 at 1 year (41 with-
out ATI and 10 with ATI) and 56 at >4 years (44 without ATI 
and 12 with ATI). All of the patients received the standard regi-
men of 5 mg/kg IFX every 8 weeks; however, 18 (19%) of them 
needed more frequent infusions because the response obtained 
was inadequate.

Clinical response and association with serum IFX and 
ATI levels
ATI were detected in the serum samples of 24 (25.5%) patients, 
all of whom had undetectable serum trough IFX levels. In most 
of these patients, the antibodies appeared after the sixth infu-
sion (median 44, IQR 24–55 weeks). In 17/24 (71%), the ATI 
occurred in the fi rst year of IFX treatment, and in three (12.5%) 
patients, the antibodies were detected after 2 years (see online 
supplementary fi gure S1). We could not determine the exact 
moment of ATI development in four of the 24 patients because 
their initial samples were positive.

All patients had active disease at baseline, as indicated by a 
mean ASDAS of 3.08±1.31, with no differences in ASDAS val-
ues between the patients who subsequently did (2.94±0.72) or 
did not (3.14±1.46) develop ATI (p=0.534). The patients with 
ATI had signifi cantly higher clinical activity (as measured by 
the ASDAS) at 6 months (2.55±0.89 vs 1.79±1.04, p=0.038), 
1 year (1.95±0.67 vs 1.67±0.71, p=0.042) and >4 years (2.52±0.99 
vs 1.53±0.81, p=0.024) of follow-up (fi gure 1A). The change in 
ASDAS (ΔASDAS) values was lower in the group of patients 
who developed antibodies at any time (0.48±0.73 vs 1.47±1.66, 
p=0.029 at 6 months; 0.81±1.20 vs 1.56±1.67, p=0.098 at 
1 year; 0.45±0.82 vs 1.43±1.25 p=0.022 at >4 years) (fi gure 1B).
The patients with ATI had less pronounced clinical improve-
ment by ASDAS criteria at 6 months (13% vs 87%, p=0.077), 
1 year (9.1% vs 90.9%, p=0.105) and > 4 years (8.7% vs 91.3%, 
p=0.05). During the study, 51 patients (54.3%) showed clinically 

Table 1 Demographic characteristics of patients
Characteristics Value

Men, n (%) 53 (56.4)
Age (years), mean (SD) 50 (11)
HLA positive, n (%) 17/29 (58.6)
Clinical manifestation, n (%)
 Only axial 63 (67)
 Axial and peripheral 31 (33)
Concomitant treatment, n (%)
 Methotrexate (MTX) 21 (22.3)
 Others DMARDs (OD) 25 (26.6)
 MTX+OD 26 (27.7)
 Monotherapy 22 (23.4)
 Corticosteroid treatment 38/91 (41.8)
Time in years receiving IFX treatment, mean (95% CI)  6.99 (6.28 to 7.7)
Patients with ATI, n (%) 24 (25.5)
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signifi cant improvement, only nine (17.6%) of whom developed 
ATI (p=0.047).

The patients with inactive disease came mainly from the 
group with no detectable ATI (43.5% without ATI vs 0% with 
ATI, p=0.001 at 6 months; 31.4% without ATI vs 12.5% with 
ATI, p=0.091 at 1 year; and 48.7% without ATI vs 9% with ATI, 
p=0.001 at >4 years). Patients with inactive disease had higher 
IFX levels (median, IQR) than those with active disease (inactive: 
4992, 2976–8768 ng/ml vs moderate: 2048, 840–4112 ng/ml vs 
high: 1104, 0–3150 ng/ml, p=0.001 at 6 months; inactive: 4128, 
2768–7824 ng/ml vs moderate: 2336, 852–3568 ng/ml vs high: 
1328, 0–3366 ng/ml, p=0.010 at 1 year; inactive: 4192, 2872–
5344 ng/ml vs moderate: 2432, 636–4288 ng/ml vs high: 308, 
0–3296 ng/ml, p=0.009 at >4 years) (fi gure 2). Consequently, the 
ATI levels (median, IQR) were lower in the patients in remission 
(0, 0–0 AU/ml vs 0, 0–672 AU/ml, p=0.006 at 6 months; 0, 0–0 
AU/ml vs 0, 0–447 AU/ml, p=0.074 at 1 year; 0, 0–0 AU/ml vs 0, 
0–577 AU/ml, p=0.018 at >4 years).

Modulating ATI levels by shortening the intervals between 
infusions
In 18 (19%) of the 94 patients, the time between infusions was 
shortened owing to insuffi cient responses. This change was 
required more frequently in the patients with ATI (8/24 (33.3%) 
vs 10/70 (14.3%); p=0.044, respectively). A clinically signifi cant 
improvement was seen more often in the patients without ATI 
(8/10 (80%) vs 2/8 (25%), p=0.031, respectively). In four patients 
(50%), the ATI levels were reduced to negative levels after short-
ening the infusion intervals. Moreover, the ATI levels of these 
four patients before the more frequent infusions were lower 
than those of the patients in whom ATI remained detectable 
after shortening the interval between infusions (median, IQR) 
(121.5, 68.5-191.0 vs 30000, 1325-41625; p=0.014, respectively).

Survival analysis for the IFX treatment
Twenty-seven (28.7%) of the 94 patients interrupted their IFX 
treatment, mainly owing to an insuffi cient response or the 

Figure 1 (A) Association between clinical activity, as measured by the ASDAS, and ATI development. ASDAS values (mean ± SD) at baseline, 
6 months, 1 year and >4 years in the patients who developed ATI ( ) and in those who did not develop ATI ( ). (B) Association between clinical 
improvement, as measured by ASDAS (mean ± SD), and the absence ( ) or presence ( ) of ATI in the patients with SpA. ASDAS, Ankylosing 
Spondylitis Disease Activity Score; ATI, anti-infl iximab antibody; SpA, spondyloarthritis.

Figure 2 The association between clinical activity as measured by ASDAS (inactive, moderate and high/very high activity) and infl iximab levels at 
6 months, 1 year and >4 years. The data are presented as interquartile ranges (75th centile, upper edge; 25th centile, lower edge; and 50th centile, 
midline of the box). ASDAS, Ankylosing Spondylitis Disease Activity Score.
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development of infusion-related reactions, with a median sur-
vival time of 6.99 years (95% CI 6.28 to 7.7). A larger fraction 
of the patients with ATI discontinued their IFX treatment (18/24 
(75%) vs 9/70 (12.8%); p<0.001). The median IFX survival time 
was 4.25 years (95% CI 3.06 to 5.43) in the patients with ATI 
versus 8.19 years (95% CI 7.54 to 8.85) in the patients without 
ATI (p<0.001) (fi gure 3). The patients with ATI who did not dis-
continue the biological treatment had signifi cantly lower anti-
body levels (0, 0–0 AU/ml vs 577, 0–5887 AU/ml; p=0.005) than 
did the patients who discontinued.

Relationship between ATI and infusion-related reactions
Infusion-related reactions were seen in 11 of 94 patients, most 
of whom had detectable ATI (8 (72.7%) vs 3 (27.3%), p=0.001). 
The ATI levels (median, IQR) at the times of the infusion reac-
tions were signifi cantly higher in the patients who developed 
infusion reactions (12 931, 853–82 437 AU/ml vs 2454, 449–7718 
AU/ml; p=0.028) (fi gure 4).

Infl uence of combined treatment with MTX on ATI presence
A total of 47 out of 94 (50%) patients received concomitant MTX 
treatment (mean ± SD) (15±4.96 mg/weekly) sometime dur-
ing the study, but only 36/94 (38%) patients were taking MTX 
before starting anti-TNF treatment. ATI were detected before 
starting MTX in nine of the remaining 11 patients; therefore, 
they were included in the group not taking MTX for the pur-
poses of the statistical analysis. ATI developed more frequently 
in the patients not taking MTX (20/58 (34.5%) of those not tak-
ing MTX vs 4/36 (11.1%) of those taking MTX, p=0.011). In the 
four patients taking MTX who developed ATI, the appearance of 
antidrug antibodies occurred later (70.83±62.2 weeks in patients 
receiving IFX+MTX vs 36.50±16.58 weeks in patients receiving 
IFX alone, p=0.148). Moreover, the maximum IFX levels (mean 
± SD) tended to be higher in the patients with concomitant 
MTX treatment (4548.26±3832.30 vs 3484.97±3018.47, respec-
tively, p=0.147).

DISCUSSION
This study shows that ATI formation in patients with SpA occurs 
most often after 6 months of anti-TNF treatment, although it can 

occur as long as 2 years after beginning IFX. The appearance of 
ATI is associated with a diminished clinical response, the devel-
opment of infusion-related reactions, and a higher likelihood of 
needing more frequent infusions and discontinuing treatment. 
Concomitant MTX treatment also protects against the forma-
tion of ATI.

All biological drugs can induce an immune response, with 
the structure of anti-TNF agents being a decisive factor in their 
immunogenicity. The percentage of patients who develop ATI 
varies among different chronic infl ammatory diseases. ATI have 
been seen in 12–44% of patients with RA,26–32 in 6–55% of 
patients with Crohn´s disease33–37 and in up to 29% of patients 
with AS.18 Studies have demonstrated that chimeric drugs, 
which have murine components, have a greater likelihood of 
inducing antidrug antibody development than do fully human 
antibodies.38 The question that remains is why all patients 
treated with anti-TNF agents do not develop antidrug antibod-
ies. Immunogenicity seems to be the result of several factors 
associated with the treatment, the patient and external factors,35 

39 40 such as dose, treatment formulation, assay technology, con-
taminants in the host cells, genetic background and concomitant 
treatment with immunosuppressive drugs.35 40–43

In our group’s previous study of patients with RA treated 
with IFX,24 we found that ATI development occurs most fre-
quently within the fi rst 4 months (median 16 weeks; IQR 14–79) 
of treatment; whereas in patients with SpA, it usually occurs 
after 6 months. Patients with SpA are treated with higher IFX 
doses (5 mg/kg) from the onset of treatment; therefore, greater 
antibody production would be needed to neutralise the higher 
IFX concentration,24 44 and immunotolerance is more likely to 
develop.41 This observation suggests that the frequency of ATI 
formation may have been underestimated in previous studies 
of immunogenicity in SpA with short observation times.18 20–22 
Another factor that may underestimate the immunogenicity of 
IFX is the type of assay used to detect ATI (radioimmunoassay 
or ELISA) and the timing of sample extraction.

Figure 3 The infl iximab survival curve in the patients with 
spondyloarthritis with/without ATI. Mean drug survival was shorter in 
the patients with ATI than in those without 
ATI (4.25 years, 95% CI 3.06 to 5.43 vs 8.19 years, 95% CI 7.54 to 
8.85; p=0.001).

Figure 4 The maximum anti-infl iximab antibody (ATI) levels in the 
patients who developed or did not develop infusion-related reactions. 
The data are presented as interquartile ranges (75th centile, upper edge 
of the box; 25th centile, lower edge of the box; 50th centile, midline of 
the box).
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It is well known that the appearance of antibodies against a 
drug has a negative effect on the clinical response to that drug.18 

24 45 46 A clinically signifi cant improvement was not seen in 15 
(62.5%) of the 24 patients with ATI. Moreover, the patients with 
ATI had signifi cantly greater clinical activity at all the observa-
tion time points, and only a minority of the patients with ATI 
achieved remission. In previous publications on patients with 
SpA, the appearance of antidrug antibodies has also been 
associated with a poor clinical response.18 20 45 Conversely, 
more patients with measurable serum trough IFX levels 
reported clinical improvement during the study, and higher IFX 
levels were associated with inactive disease at any time point 
studied. Consistent with our results, de Vries et al observed a 
positive correlation between clinical response and IFX levels in 
38 patients with AS treated with IFX for 54 weeks.18 Similar 
fi ndings have also been described with other biological agents, 
such as adalimumab45 and etanercept.47 As we have shown, IFX 
levels are closely correlated with clinical activity, and the pres-
ence of ATI should be suspected when low or undetectable IFX 
levels are found.

In 19% of the patients, the interval between infusions was 
shortened to 6–7 weeks because of an insuffi cient response. 
Most of the patients without ATI (80%) achieved a signifi cant 
clinical improvement with the more frequent infusions. Four 
out of eight patients with ATI achieved undetectable ATI after 
more frequent infusions and two of these patients showed sig-
nifi cant clinical improvement with the adjusted therapeutic regi-
men. This result is probably due to the higher free serum IFX 
levels attained. Higher serum levels would neutralise ATI after 
increasing the dose or shortening the interval between infusions 
as previously described.44 Other authors have reported a lack of 
clinical improvement in patients with AS treated with IFX when 
the drug infusion interval was modifi ed in patients with ATI2. 
We suggest that any modifi cation in the therapeutic regimen 
(a dose increase or more frequent infusions) that is not fol-
lowed by neutralisation of the antibody levels may not provide 
clinical benefi ts. Therefore, monitoring ATI levels should play 
an important role in avoiding the continuation of ineffective 
treatment.

The appearance of infusion-related reactions is one of the 
most important side effects of IFX treatment in different 
infl ammatory diseases, as has been widely described.22 24 29 

48 In our cohort, most of the patients with infusion-related 
reactions had high ATI levels (72.7%), which is similar to 
the results of our previous study in RA patients treated with 
IFX.24 Ducourau et al also found a strong correlation between 
ATI development and the appearance of an infusion-related 
reaction.22

Several studies have suggested that patients with RA treated 
with combined treatment (IFX and MTX) have less frequent ATI 
development22 29 or that they develop lower ATI levels.24 32 In 
our study, we found a signifi cantly reduced rate of ATI develop-
ment in the patients receiving combined treatment, as has been 
recently reported by others.22 Moreover, we found that the 
appearance of ATI was delayed in the patients receiving MTX. 
These fi ndings may explain why, in some recent studies,21 49

no infl uence of MTX on IFX exposure has been found among 
patients with AS. The authors measured IFX concentrations for 
no longer than 1821 or 2250 weeks, at which point, in our expe-
rience, most patients with SpA will not have developed ATI. 
Contrary to the reports of some previous studies,21 49 we found 
that the maximum IFX levels tended to be higher in the patients 
with concomitant MTX treatment. This fi nding suggests that 
combined MTX treatment has a signifi cant anti-immunogenic 

effect in preventing ATI development,51 which results in higher 
serum IFX levels.

In conclusion, ATI development is associated with a poor clin-
ical response, the discontinuation of treatment and an increased 
incidence of adverse effects. Long-term follow-up demonstrates 
that ATI may form at any time, resulting in secondary ineffi -
cacy. Therapeutic regimen modulation seems to be more useful 
for achieving a clinical improvement in patients without ATI. 
Our results suggest that combined MTX treatment is useful for 
avoiding ATI development.
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