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ABSTRACT
For treatment of the spondylarthropa -
thies (SpA), of which ankylosing spon -
dylitis (AS) is the prototype, there is no
e ffe c t ive disease modifying tre at m e n t
ava i l abl e. In contrast to rheumat o i d
arthritis (RA), few studies have been
performed on the treatment of patients
with AS with disease modifying anti-
rheumatic drugs, none of which have
proved clearly effective in axial dis -
ease. Many patients with AS carry a
heavy burden of disease and AS itself is
re s p o n s i ble for direct and indire c t
socioeconomic costs. To find an effec -
t ive tre atment for seve re anky l o s i n g
spondylitis is therefore thought to be
an unmet medical need. 
In the last four years several pilot stud -
ies and recently a few randomised con -
t rolled trials have raised good ev i -
dence that TNF blockade is very ef -
fective in AS and other SpA. Disease
a c t iv i t y, function and quality of life
improved upon treatment with TNF
blockers. Thus, biologicals seem to re -
present a major breakthrough in the
treatment of AS and other SpA. Side
effects similar to those observed in RA
treatment occur. But there is further -
more a need for safety data for long-
t e rm tre atment with biologicals ove r
several years. In the light of the high
costs and the unknown long-term side
effects, a definition for patients who
might be candidates for such a treat -
ment is needed. 
This article gives detailed information
about current experience with the new
treatment options in active and severe
AS with anti-TNF therapy.

Introduction
At pre s e n t , t re atment options fo r
patients with severe and active anky-
losing spondylitis (AS) are therefore
few. Many of them carry a heavy bur-
den of disease, which does not seem to
differ much from rheumatoid arthritis
( R A ) , although it lasted longer (1).

Quality of life is reduced in many of
these patients (2). The disease itself is
responsible for substantial direct and
indirect socioeconomic costs (3). Trea-
ment of severe and active ankylosing
spondylitis is therefore thought to be
an unmet medical need.
Anti-tumor necrosis factor α (TNFα)
therapy with the monoclonal antibody
i n fl i x i m ab was shown to be highly
effective in patients with RA (4). How-
eve r, this disease is pat h oge n e t i c a l ly
distinct from AS. Crohn’s disease (5)
and the arthritic symptoms (6) known
to be associated with infl a m m at o ry
bowel diseases (IBD) can also be ef-
fectively treated with anti-TNFα treat-
ment. Since patients with Crohn’s dis-
ease can develop AS and many patients
with idiopathic AS have lesions in the
intestine that resemble those seen in
Crohn’s disease, spondylarthropathies
(SpA) has been associated with chron-
ic IBD. In addition, anti-TNFα agents
seem to work also in patients with pso-
riatic arthritis (7-9). However, not all
ch ronic infl a m m at o ry diseases im-
prove on infliximab therapy: multiple
sclerosis, for example does not (10).
Furthermore, only half of the patients
with RA who were treated in large tri-
als showed significant benefit on anti-
TNF treatment (4). 
Taking advantage of a CT-guided sa-
c roiliac biopsy technique we have
shown that TNFα is expressed in in-
flamed sacroiliac joints of pat i e n t s
with AS (11). Ta ken toge t h e r, t h e re
was reason to assume that infliximab
might be an effe c t ive agent for the
treatment of active and severe AS.

Open pilot studies with infliximab
in the treatment of active AS
In 1999 we conduct the first small pilot
study to investigate the assumption that
the administration of multiple infu-
sions of infl i x i m ab (Fi g. 1) (Remi-
cade®) at 5 mg/kg per dose have a
benefical effect on the course of active
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and severe AS (12). Eleven consecutive
patients with a median disease duration
of 5 years (range 0.5-13 years) who
fulfilled the modified New York crite-
ria for AS (13) were included in the tri-
al. These eligible patients had active
disease as defined by a Bath Ankylos-
ing Spondylitis Disease Activity Index
(BASDAI, 14) score > 4 (0 no activity,
10 strong activity) and a pain score > 4
on a 0 to 10 numeric rank scale (NRS)
on to occasions before baseline. Their
mean age was 36 years (range 27-56
ye a rs ) , the median disease durat i o n
was 5 years (range 0.5-13 years) and
ten patients had elevated C-re a c t ive
protein (CRP) values (>6 mg/l), in 3
patients documented several times over
at least 1 year. Five patients had AS-
relevant radiologic changes of the ver-
tebrae. All patients received infusions
with infliximab, an antibody to TNFα
(cA2, Remicade, Essex Pharma, Mu-
nich, Germany), a neutralising chimer-
ic monoclonal antibody of IgG1κ iso-
type (Centocor, Malvern, PA, USA) at
week 0, 2 and 6. At that time a dosage
of 5mg/kg was chosen for treatment of
patients with AS because in patients
with RA 3mg/kg were, on the long run,
somewhat less effective than 10mg/kg
(4) and we had thought that higher dos-
es are necessary to treat spinal inflam-
mation.
Improvement of ≥50% in disease acti-
vity (BA S DA I ) , p hysical function
(BASFI; 15), and pain scores was doc-
umented in 9 of 10 patients; the medi-
an improvement in the BASDAI after 4
weeks was 70% (range 41 – 94%; see
Fig.2). The median CRP level decreas-
ed from 15.5 mg/liter (range< 6 – 9 0 . 8 )
to normal. Th e re was an improvement in
quality of life in all 9 SF-36 concepts
(16); the improvement was significant
for 6 concepts. One patient withdrew
from the study due to the occurrence of
urticarial exanthema after the first infu-
sion. Our findings in this pilot study
s t ro n g ly indicated that infl i x i m ab is
ve ry efficacious in the tre atment of
active AS. 
To get an idea of how long infliximab
suppresses disease activity, our open
pilot study was extended by 3 addition-
al infusions of 5 mg/kg which were
only given if the patients had a disease

relapse (17). The relapse was defined
as a BASDAI score ≥ 80% of the value
obtained on day 0 before administra-
tion of the first infusion and ≥ 60 % to
get a 5th and 6th infusion. 
Ten patients were enrolled in this one-
year extension of the study. Four pa-
tients dropped out prior to the end of
the one-year extension. Two of the four
had allergic reactions occurring after
the 6th infusion; one of the latter devel-
oped high-titer antinuclear antibodies
( A NAs) and self-limited symmetri c
a rt h ra l gias. In 1 pat i e n t , the AS re m a i n-
ed in remission after the 3 loading-dose
infusions for now 2 ye a rs. The fo u rt h

patient was lost to follow up after the
fifth infusion. During the observation
period no other serious adverse event
or serious infection occurred. 
The results showed that the improve-
ment induced by a loading regimen of
t h ree infusions of infl i x i m ab lasted
about 7 weeks before the first symp-
toms reappeared (Fig. 3). The improve-
ment after the loading regimen lasted
longer (median 12 weeks) than after
the 3 additional single infusions (medi-
an 6 – 8 weeks), despite the lower cut-
off used to define relapse. These find-
ings have been taken into account in
terms of the dosage used in our still-

Fig. 2. Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) before during and after treat-
ment of patients with active ankylosing spondylitis with 5 mg/kg infliximab. Each thin line represents
the course of BASDAI values of an individual patient; the bold line represents the median of all
patients. Arrows indicate the time of infusion.

Fig. 1. Schematic diagram of the structure of
infliximab.
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o n going placebo controlled tri a l , i n
which 6-week intervals for infusion of
infliximab are being used to maintain
suppression of disease activity.
In the meantime, there are several open
label studies on infliximab in AS (18 -
23). In a Belgian study, 21 spondyl-
a rt h ro p at hy (SpA) patients incl u d i n g
11 with AS were treated with inflix-
imab with a similar dose regimen but
the patients had a longer disease dura-
tion (15 years) and the time intervals
between the infusions were longer (14
weeks). The spinal and peripheral joint
symptoms of all SpA patients improv-
ed signifi c a n t ly (18, 19). In Canada
there were 24 AS (20), in France 50 AS
(21) and in Spain 42 SpA patients (22)
who were successfully treated with in-
fl i x i m ab, all with a similarly go o d
response in about 80% of the patients.
Of interest, in the French study, the
bone mineral density of 26 pat i e n t s
with SpA (21 men, 5 women, mean
age 40 years, mean disease duration 18
years) increased by 3.3 ± 5.5% (-6.1,
23.7) at the lumbar spine (p < 0.002),
and 1.9 ±3.1% (-4.9, 10.3) at the fem-
oral neck (p < 0.008) after 6 months of
infliximab therapy (23).

Randomized controlled trials 
with infliximab in the treatment 
of active AS
The results of the pilot studies were the
basis for our placebo-controlled Ger-
man multicentre trial over 3 months in
70 AS patients (24) with an open ex-
tension phase for another 9 months.
Patients received infusions of 5 mg/kg
infliximab or placebo at week 0, 2, 6
and were observed until week 12. To
be included, patients had to fulfil the
modified NewYork criteria for AS (13)
and had to have severe and active dis-
ease defined by the BASDAI ≥ 4 and
spinal pain ≥ 4 on a 10 cm visual ana-
logue scale. 
In this study we could confirm the very
good efficacy shown in the open stud-
ies: 53% of patients on infliximab had
a regression of disease activity assess-
ed with the BASDAI index at week 12
of at least 50% compared to 9% of
patients on placebo (p < 0.0001; Fig.
4). Function (BASFI) and quality of
life (short form 36) also improved sig-

nificantly on infliximab but not on pla-
cebo (p < 0.0001 for function and p <
0.0001 for the physical component
score of the SF36, respectively). All
individual items of the BASDAI such
as fatigue, spinal pain, peripheral joint
pain, entheses pain, and morning stiff-
ness improved significantly in the in-
fliximab group compared to the con-
trols (data not shown). Infliximab re-
duced also the mean number of swol-
len joints (0.9 at baseline to 0.2 at
week 12) and enthesitic regions (1.7 at
baseline to 0.7 at week 12) in these
patients. Non-steroidal anti-inflamma-

tory drugs (NSAIDs) could be reduced
to more than 50% of the baseline value
in 56% of the patients on infliximab
and were completely stopped by 41%
of these patients. So infliximab lead to
a relevant reduction of NSAID intake
and reduced the risk of their gastric
and renal side-effects in patients who
n o rm a l ly need continuous tre at m e n t
with these drugs. Furthermore we used
new criteria proposed by the “assess-
ment in AS working group” (ASAS)
for response on a 20% and 50% level
and for partial remission (25). The dif-
fe rences between the two tre at m e n t

Fig. 4. Percentage of patients with active ankylosing spondylitis responding to therapy with 5 mg/kg
infliximab or placebo measured by the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)
on the 50% improvement level. p values were calculated by Fisher's exact test.

Fig. 3. Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) scores of patients with active
ankylosing spondylitis during 36 weeks of treatment with infliximab administered in 5 mg/kg infu-
sions. Arrows indicate the times of infusion.



S-109

Infliximab in the treatment of active and severe AS / J. Brandt et al.

groups became even cl e a rer wh e n
ASAS criteria were used compared to
a similar reduction of disease activity
of at least 20%, 50%, and 70% of the
BA S DAI index (data not shown). A
clear response was seen similar to the
RA trials also in the acute phase reac-
tants. For example, the mean CRP lev-
el in the infl i x i m ab group dro p p e d
done from 24 mg/L to normal at week
12 whereas no change occurred in the
p l a c ebo group (p < 0.0001). In sub-
group analysis although the numbers
of subgroups we re small, those pa-
tients with high concentrations of CRP
( > 10mg/L) benefited more cl e a rly
from treatment, suggesting that these
patients should be preferentially con-
s i d e red for infl i x i m ab tre at m e n t , a
finding which has to be confirmed in
future studies. Preliminary results from
imaging follow ups with spinal mag-
netic resonance imaging (MRI) assess-
ing both acute and chronic spinal chan-
ges, suggest a significant effect of in-
fliximab on disease progression on this
basis. Ta ken toge t h e r, these data stro n g-
ly suggest a major breakthrough in the
short term therapy of severe AS.
Concerning side effects one serious ad-
verse event in the infliximab group was
generalised tuberculosis in the lymph
nodes in one patient after the third
infusion. TNFα is a key cytokine for
fighting microbes, especially intracel-
lular bacteria. Thus, as in RA, infec-
tions such as tuberculosis are rare, but
a possible risk (26). Infections of the
upper respiratory tract in general did
not differ between the groups. The oth-
er two serious adverse events that oc-
curred in patients treated with inflix-
imab were a transient allergic granulo-
matosis of the lung and an uncompli-
c ated leucopenia (minimal leucocy t e
count 2.6 x 109 per L after the third in-
fusion). 
In order to investigate whether inflix-
imab therapy has long-term efficacy in
patients with active and severe AS an
open extension has fo l l owed after
week 12 with an extra saturating dose
at week 14 for the previous placebo
group. Thereafter infusions were given
regularly every 6 weeks for all patients
until week 54. Recently, first results
are available (27). Six weeks after the

i n i t i a l ly placeb o - t re ated patients had
sw i t ched to infl i x i m ab they re a ch e d
similar rates of 50% BA S DAI improve-
m e n t : 49% for the fo rmer placeb o
group compared to 56% for the inflix-
imab group (n.s.). This magnitude of
i m p rovement of disease activity wa s
sustained until week 54 with a persis-
tent regression in every outcome mea-
s u re assessed. Significant adve rs e
events leading to discontinuation in the
open extension occurred in another 9
patients:3 cases of transient symmetric
polyarthritis with development of anti-
nuclear antibodies, 1 case of skin lu-
pus, elevation of liver enzymes, herpes
zoster and 2 infusion related reactions.
In conclusion the results of the open
extension showed that treatment with
i n fl i x i m ab is ve ry efficacious in pa-
tients with active AS over one year.
Ve ry re c e n t ly, a second ra n d o m i ze d
double-blind study from Belgium (28)
with 40 patients with diffe rent sub-
types of active SpA, including 19 with
AS, 18 with psoriatic arthritis and 3
with undiffe re n t i ated spondy l a rt h ro-
p at hy (uSpA) we re tre ated with the
same regimen for three months as in
our study (24). The primary outcome
measure were the median patient and
p hysician global wh i ch showed an
impressive improvement of 73% and
76% (67 and 67.5 to 18 and 16.4, res-
pectively). Other assessments for both
peripheral and axial disease also show-
ed significant improvements in the
infliximab group, but not in the place-
bo group. As in our trial one patient
d eveloped disseminated tuberc u l o s i s
after the third infusion. Together with
the results of the previous open trials
(12, 17 – 23, 29), they indicate that in-
fliximab is highly effective in reducing
signs and symptoms in this disease
group as a whole.
Regarding the optimal dosage of in-
fliximab in SpA only limited data are
ava i l abl e. In a small open study we
found the dose of 5 mg/kg superior to 3
mg/kg in 6 patients with uSpA (30).
The optimal dosage has to be investi-
gated in future studies.
Studies on etanercept in the treatment
of AS have also been conducted  (30-
35) and are discussed in other chapters
of this supplement. Our own experi-

ence with this treatment suggests that
etanercept is indeed also very effective
in the treatment of AS patients.

Summary and conclusions
Especially for spinal symptoms of the
S p A , of wh i ch AS is the pro t o t y p e,
there is no effective disease modifying
treatment available. The new TNFα-
blockers have been proven highly ef-
fective in improving the spinal symp-
toms but also the extra-spinal manifes-
tations of the SpA. Although a direct
comparison between RA and AS has
not been performed, there is good clin-
ical evidence that TNFα-blockade is
more effective in AS and other SpA
compared to RA. This has also to be
seen on the backround that 60 – 80%
of patients with active RA can be suffi-
ciently treated with currently available
disease modifying anti-rheumatic dru g s
(DMARDs) while this is not the case
for AS. Side effects, mainly infections
and allergic reactions, occur similar to
those observed in RA treatment. But
there is further a clear need for safety-
d ata in case of long-term tre at m e n t
with biologicals over seve ral ye a rs. Cur-
rently, there is no reason to combine
TNFα-blockers with another DMARD
for the tre atment of A S, m o s t ly
because these DMARDs are not effec-
tive. Thus, TNFα-blockers seems to be
a major breakthrough in the treatment
of AS and other SpA. Especially in the
light of the high costs and the unknown
long-term side effects, the patients who
are primary candidates for such a treat-
ment have still to be defined. Further-
m o re, f u t u re studies have to show
whether these biologicals not only sup-
p ress infl a m m ation but also preve n t
long-term bony damage.
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