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Abstract Our aim was to investigate the eYcacy, toxicity,
and drug discontinuation in patients with ankylosing spon-
dylitis (AS) treated with inXiximab. Thirty-Wve patients
with AS, who were enrolled between June 2001 and
December 2002 were treated with inXiximab. All patients
fulWlled the New York revised criteria for AS and had axial
disease. InXiximab (5 mg/kg weight), was given intrave-
nously at weeks 0, 2, 6, and every 8 weeks thereafter. If this
failed to give an acceptable treatment response, the interval
was shortened to 6 or 4 weeks. The patients were followed-
up at predeWned times according to a standardized protocol.
Data concerning inXiximab eYcacy, tolerability, adverse
events, interval, and drug discontinuation were all recorded.
Clinical improvement according to the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) 50% and the
Ankylosing Spondylitis Assessment Study group (ASAS)
40%, and ASAS 5/6 response criteria were recorded. InXix-
imab treatment resulted in a rapid improvement in the
BASDAI and ASAS scores in the Wrst year of the treat-
ment, which sustained throughout the fourth year. More
speciWcally, after the third year of treatment 17/35 (48.6%)
of patients achieved BASDAI 50% response criteria, 19/35
(54.3%) attained the ASAS 40% and 15/35 (42.9%)
reached the ASAS 5/6. After the fourth year of treatment
BASDAI 50% was reached by 17/35 (48.6%) of patients,
ASAS 40% by 17/35 (48.6%), while ASAS 5/6 was

attained by 15/35 (42.9%). The clinical improvement was
associated with the reduction of acute phase reactants as
measured by C-reactive protein levels. After the Wrst year
of treatment, the “survival rate” of inXiximab was 94.3%,
after the second year was 91.4%, after the third year was
85.7% and even after 4 years of treatment still maintained
high 77.9%. Six (17.1%) patients were withdrawn during
the observational period. Three because of lack of eYcacy,
two because of allergic reactions and one lost from follow-
up. InXiximab was eVective, safe, and well tolerated in
patients with AS. The clinical response was maintained for
a period of 4 years and over, with inXiximab survival of
77.9%.

Keywords Ankylosing spondylitis · InXiximab survival · 
Long-term · EYcacy · Safety

Introduction

Ankylosing spondylitis (AS) is a chronic systemic inXam-
matory disease more common in young men, with a preva-
lence of 0.15–0.8% [1, 2]. It is associated with
characteristic symmetric sacroiliitis and production of syn-
desmophytes, leading to ankylosis, kyphosis and disability,
but also to extraspinal lesions [3].

Therapies for AS have been unsatisfactory until the last
few years. Non-steroidal anti-inXammatory medications
may control symptoms, but they have no eVect on joint
damage progression. Traditional disease modifying anti-
rheumatic drugs (DMARDs) commonly used in RA have
been used in AS. The response rates have been small, and
there is no evidence that any of these drugs actually aVect
axial disease progression [4]. Recently, reports of eYcacy
of biological agents for AS in 2000 opened new horizons
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for patients [5–9]. These compounds allow for a speciWc
intervention in the immune cascade underlying the disease
pathogenesis. Their use is considered to be a “real revolu-
tion”, as they appear to Wll the space of eYcacy of previ-
ously used DMARDs [10, 11]. In fact, trials with inXiximab
and other anti-tumour necrosis factor alpha (TNF-�) agents
have showed remarkable improvement in AS patients
[10, 11].

Anti-TNF-� therapy should be considered for patients
with severe AS and elevated serological markers of inXam-
matory activity and have responded inadequately to con-
ventional therapy [12]. The eYcacy and safety of
inXiximab have been established in a number of rando-
mised and open label, controlled trials in patients with AS
[7, 8, 9, 13]. Although these trials have shown that active
AS responds dramatically to inXiximab, there are no many
long-term studies of their use [14–17]. Thus, questions con-
cerning their eYcacy and safety remain still unanswered in
long-term use.

In compliance to our previous studies [13, 14], we inves-
tigated inXiximab eYcacy, toxicity, and reasons for drug
discontinuation during long-term disease course in an
observational study of patients with AS.

Materials and methods

Thirty-Wve patients with AS, who were enrolled between
June 2001 and December 2002 were treated with inXix-
imab. All patients fulWlled the New York revised criteria
for AS [18]. All patients had axial disease. Patients were
fully informed about the treatment regimen and entered the
study after having read and signed an informed consent
form. InXiximab (5 mg/kg weight), was given intrave-
nously at weeks 0, 2, 6, and every 8 weeks thereafter. If this
regimen failed to give an acceptable treatment response the
interval was shortened to 6 or to 4 weeks. All patients were
followed up at predeWned times according to a standardised
protocol. The protocol has been approved by the Institu-
tional ScientiWc Committee of the University Hospital of
Ioannina. Data concerning inXiximab eYcacy, tolerability,
adverse events, interval, and drug discontinuation were all
recorded. Clinical improvement according to the Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI)
50% and the Ankylosing Spondylitis Assessment Study
Group (ASAS) 20 and 40% and ASAS 5/6 response criteria
were also recorded [19, 20]. All patients had their last
follow up by July 2006.

DeWnitions

Active disease was deWned if patients had BASDAI ¸
40/100 [20] and C-reactive protein (CRP) ¸ 10 mg/l (normal

value < 6 mg/l). Refractory disease was deWned by the fail-
ure of at least two non-steroidal anti-inXammatory drugs
during a single 3-month period, failure of intra-articular ste-
roids if indicated, and failure of sulfasalazine in patients
with peripheral arthritis. A response to treatment according
to ASAS criteria requires improvement of at least 20% and
absolute improvement of at least 10 units on a scale of
0–100 in three of the following four domains: (1) patient’s
global assessment of the disease activity; (2) pain; (3) func-
tion [in this study the Bath Ankylosing Spondylitis Func-
tional Index (BASFI) score] [21]; and (4) inXammation [in
this study the mean duration of morning stiVness related to
the BASDAI, and 100 mm visual analogue scale (VAS)
scores] and the absence of deterioration by 20% and by
10% of units in the four domains [22]. Lack of eYcacy was
deWned as patients not fulWlling the BASDAI 20%, as well
as the ASAS 20% response criteria. Failure of drug treat-
ment was deWned as patients who stopped receiving the
drug for more than 2 months because of lack of eYcacy.
Adverse drug reactions were deWned as patients who had
reactions that required permanent discontinuation of inXix-
imab owing to life threatening conditions, or because of
intolerability. Discontinuation was decided when drug
treatment failed or patients had adverse drug reactions.

Monitoring

A complete blood count with diVerential and platelet count,
as well as serum values of liver enzymes, bilirubin, albu-
min, glucose, creatinine, and urine analysis were obtained
before treatment and at each patient’s visit. Finally, 2 ml of
blood serum of patients (at each visit) was taken and stored
at ¡20°C for the measurement of an antibody proWle.

Statistical analysis

Standard methods of survival analysis (Kaplan–Meier)
were used, in which inXiximab termination due to side
eVects and/or lack of eYcacy, and/or failure of drug treat-
ment was taken as the end points.

Results

During the observation period, 41 patients with AS were
investigated. Of these, one refused treatment and Wve were
excluded from the study. More speciWcally, three patients
had a positive tuberculin skin test, one had congestive heart
failure, and another presented with restrictive lung disease.
Thus, 35 patients were studied who had negative tuberculin
skin test and normal chest radiographs.

All patients had axial disease, 2 patients presented with
peripheral arthritis and 11 had a history of anterior uveitis.
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The demographic, clinical and laboratory data at entry have
been reported previously [14]. There were 34 men and 1
woman with a mean age of 43.6 § 12.1 years and disease
duration 15.7 § 7.8 years. Two (5.7%) patients were on
methotrexate (MTX), two (5.7%) were treated with sulfasal-
azine and two (5.7%) patients were also taking prednisone
5 mg/day. All patients had active disease as evaluated by the
high BASDAI score and high levels of CRP (Table 1).

InXiximab treatment resulted in a rapid improvement in
the BASDAI and ASAS scores in the Wrst year of the treat-
ment, which sustained throughout the fourth year (Fig. 1).
More speciWcally, after three years’ treatment 17/35
(48.6%) of patients achieved BASDAI 50% response crite-
ria, 19/35 (54.3%) attained the ASAS 40% and 15/35
(42.9%) reached the ASAS 5/6. After the fourth year of
treatment BASDAI 50% was reached by 17/35 (48.6%) of
patients, ASAS 40% by 17/35 (48.6%), while ASAS 5/6
was attained by 15/35 (42.9%) (Fig. 2). The clinical
improvement was associated with the reduction of acute
phase reactants as measured by CRP levels (Fig. 3).

After the Wrst year of treatment, the “survival rate” of
inXiximab was 94.3%, after the second year was 91.4%,
after the third year was 85.7% and even after 4 years of
treatment still maintained high 77.9% (Fig. 4).

Six patients (17.1%) were withdrawn during the obser-
vational period. The main reason for drug discontinuation
was lack of eYcacy (3 patients; 8.6%), followed by imme-
diate hypersensitivity reactions (2 patients; 5.7%). One
patient was lost from follow up. Finally, 13 (37.1%)
patients developed antinuclear antibodies and two had low
titer of double stranded DNA. None of the patients devel-
oped symptoms or signs of systemic lupus erythematosus.

The interval between infusions was shortened from 8 to
6 weeks in nine patients (for one patient after the Wrst year,
for four patients after the second year, and for four patients
after the third year). These patients initially responded well
to inXiximab treatment, but 10 days before the next infu-

sion they experienced neck pain and stiVness. After this
treatment regimen the patients responded well and contin-
ued therapy.

Discussion

InXiximab is a monoclonal antibody that binds to TNF-�
and blocks its biological activity. It is approved for use in
patients with rheumatoid arthritis (RA), Crohn’s disease, AS
and psoriatic arthritis [23]. Its administration has been
shown to be highly eYcacious in patients with active AS.
Several placebo-controlled and open trials have shown that
active AS responds dramatically to inXiximab [7, 8, 9]. As
in RA, treatment of AS must be continued because disease
activity returns a few weeks after inXiximab is stopped [24].

In this we report the results of an observational study
from a single University center monitoring the biological
agent inXiximab in clinical practice. First, we wanted to
evaluate whether inXiximab is eVective and for how long,

Table 1 Demographic clinical and laboratory data of 35 ankylosing
spondylitis patients treated with inXiximab

Men N (%) 34 (97)

Age (years) (mean § SD) 43.6 (12.1)

Disease duration (years) (mean § SD) 15.7 (7.8)

Peripheral joint disease N (%) 2 (6)

History of uveitis N (%) 11 (31)

MTX intake N (%) 3 (9)

Sulfasalazine intake N (%) 2 (6)

Prednisone intake (5 mg/day) N (%) 2 (6)

Non-steroidal anti-inXammatory drugs intake N (%) 35 (100)

HLA-B27 N (%) 31 (89)

BASDAI (mean § SD) 57.2 (18.5)

CRP (mg/l) (mean § SD) 25.6 (17.0)

Fig. 1 Trial proWle and response to treatment in an intention to treat
analysis. InXiximab treatment resulted in a rapid improvement of Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI) and Anky-
losing Spondylitis Assessment Study group (ASAS) scores in the Wrst
year, which sustained throughout the fourth year of treatment. The
number of patients in the middle arrow represents the patients in tran-
sition between the third and fourth year

35 patients studied

1 year 
33 patients 

2 years 
32 patients 

3 years
30 patients

4 years 
19 patients 

1 allergic reaction 1  lack of efficacy

BASDAI 50% 24/35 (68.6%)
ASAS 20% 29/35 (82.8%)
ASAS 40% 26/35 (74.3%)
ASAS 5/6 22/35 (62.9%)

10 patients

BASDAI 50% 20/35 (57.1%)
ASAS 20% 25/35 (71.4%)
ASAS 40% 23/35 (65.7%)
ASAS 5/6 18/35 (51.4%)

BASDAI 50% 17/35 (48.6%)
ASAS 20% 19/35 (54.3%)
ASAS 40% 17/35 (48.6%)
ASAS 5/6 15/35 (42.9%)

BASDAI 50% 17/35 (48.6%)
ASAS 20% 22/35 ( 62.0%)
ASAS 40% 19/35 (54.3%)
ASAS 5/6.15/35 (429%)

1 allergic reaction

1 lack of efficacy
1 lost of follow-up

1  lack of efficacy
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and second, which are the most frequently and serious
adverse events. One main Wnding of the present study is
that the improvement of signs and symptoms observed in
the majority of the patients during the Wrst year was sus-
tained throughout the fourth year of the study, as measured
by the BASDAI 50%, the ASAS 20 and 40%, and ASAS
5/6 response criteria. Median CRP levels remained low.
Our results are in line with those previously published by
other investigators [15, 16]. However, in those studies
inXiximab “survival rate” was not reported. A previous
report by our group found that inXiximab survival was 89%
after 2 years of treatment [14].

The eYcacy and safety of inXiximab and its survival in
the present study of patients with AS is greater than

expected. Loss of inXiximab survival may be explained by
the generation of human antichimeric antibodies
(HACA). These antibodies appeared to be associated with
lower serum inXiximab concentrations, and may be
related to a shorter duration of response after repeated
inXiximab doses, as reported for patients with RA. Con-
comitant administration of MTX appears to reduce the
formation of HACA. However, in our study only three
patients were taking MTX. The absence of serious
adverse events is probably attributed to the strict inclusion
criteria used. Another issue to take into consideration is
related to lower infusion reactions observed in our study.
This is probably related to high doses used (5 mg/kg
weight) since infusion reactions are shown in those
patients receiving lower doses [25]. A limitation on our
study is that our results are based on a limited number of
patients and that this is an open label study. On the other
hand, the present study is one of the longest with a 4-year
follow-up in AS patients.

As regard the dosage of inXiximab used in AS patients,
we used 5 mg/kg weight according to the recommendation
of the Canadian Rheumatology Association [26]. However,
other studies suggest that a lower dose of 3 mg/kg weight
may be eYcacious in patients with AS [25].

The results of this 4-year observational study suggest
that inXiximab treatment is eVective, safe, and well toler-
ated in patients with AS. A signiWcant number of patients
continued to have beneWcial eVects after the fourth year of
treatment, with an inXiximab survival of 77.9%.

Fig. 2 Improvement of BASDAI 50% after inXiximab treatment.
Aproximately 50% of AS patients maintained BASDAI 50% improve-
ment after the fourth year of therapy (a). Similar results, as regard the
improvement of ASAS response criteria, were noticed (b)
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