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ABSTRACT. Objectives. Ankylosing spondylitis (AS) is a chronic disease leading to progressive spinal ankylosis
and deformity. The aims of this study were to (1) determine whether infliximab is an effective treatment for AS patients who have failed conventional treatment; (2) identify any baseline clinical variables that can be associated with responsiveness to treatment; and (3) resolve whether the clinical
response correlated with changes from baseline inflammatory changes on magnetic resonance
imaging (MRI).
Methods. Twenty-one patients who met the modified New York criteria for AS (M:F 18:3) were
enrolled in this open labeled study. The mean age was 37.9 ± 7.9 years and mean disease duration
was 8.69 ± 6.58 years. Patients received infliximab at a dose of 5 mg/kg by intravenous infusion over
2 hours at 0, 2, 6, weeks. Nine functional variables were measured [i.e., Bath AS Disease Activity
Index (BASDAI), Bath AS Functional Index (BASFI) etc.], 6 clinimetrics (chest expansion, finger
to floor, etc.), and inflammatory markers in the peripheral blood at baseline and each subsequent
visit. Primary response to treatment was defined as a > 20% response in 5/9 functional variables. A
subset of 9 consecutive patients was selected for MRI scans before and after infusions.
Results. Eighteen patients were available for assessment at week 14 having received 3 infusions
(wks 0, 2, 6). There was > 60% improvement in functional variables, i.e., BASDAI, BASFI, Health
Assessment Questionnaire, fatigue, and spinal and total body pain. Clinimetric scores selectively
improved, e.g., chest expansion (p < 0.021) by 14 weeks. ESR, CRP and haptoglobin all showed
significant improvement at 6 weeks and were maintained to the 14 week assessment point. Imaging
studies showed improvement in all patients studied including those with advanced disease. Three
patients developed headache during the infusions. Infliximab was effective in all, but degree of
response varied. Very good responders were distinguished from good responders by shorter duration
of disease and better baseline clinimetric scores.
Conclusions. Infliximab was an effective treatment for AS in a short term trial. Longterm control of
symptoms and potential alteration in clinical course of disease will require longterm assessment.
(J Rheumatol 2001;28:1605–14)
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Ankylosing spondylitis (AS) is the prototypical axial
arthropathy of the spondyloarthropathy (SpA) group of the
rheumatic diseases. It is a chronic progressive disease with
a poorly defined etiology and complex pathogenesis1, and is
characterized by progressive spinal ankylosis and deformity.
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INFLIXIMAB
MAGNETIC RESONANCE IMAGING

To date, there is no treatment shown to alter the disease
course or halt the ankylosis although few treatments have
been subjected to formal study. Nonsteroidal antiinflammatory drugs (NSAID) are the mainstay of treatment at present.
Clegg, et al have shown that sulfasalazine can influence the
peripheral manifestations of disease but has no impact on
axial disease2. Recent studies have suggested therapy
targeted at tumor necrosis factor-α (TNF-α) may be a
promising treatment for this disease3,4.
The role of modulatory cytokines in patients with SpA
has not been resolved to date. Some studies have implicated
genetic polymorphisms associated with a relative impairment of TNF-α production in AS. In an experimental animal
model we have shown that TNF-α deficiency confers
greater arthritogenic potential on gram-negative pathogens5.
Höhler, et al have also described an association of different
TNF promoter allele frequencies in patients with AS and in
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HLA-B27 positive individuals6. Allele TNF-308.2, which is
associated with higher constitutive and inducible levels of
TNF-α, appears to be less prevalent in patients with AS.
Recently, McGarry, et al showed that TNF 308.1 polymorphism was significantly increased in Scottish patients with
AS compared with HLA-B27 controls7. This genetic association remains controversial, and the role of TNF in the
chronic inflammation of AS is still undefined. However,
TNF-α mRNA and protein have been identified in the
sacroiliac (SI) joint biopsies of patients with active disease8
suggesting a role for this cytokine in the target organ inflammation.
There is no single laboratory marker shown to accurately
reflect disease activity in response to treatment in AS9-11.
Spoorenberg, et al reported there was only a moderate to
poor correlation between C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR) and disease activity.
Sensitivity for both ESR and CRP was between 44–78% for
patient assessment of disease and the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI)12, while
specificity was between 44%–84% for all disease activity
measures.
Magnetic resonance imaging (MRI) affords documentation of early reactive alterations in the subchondral bone,
and some authors have claimed that MR may fill the gap
between the onset of symptoms and the standard imaging
visualization of sacroiliitis13. Studies on MRI of SI joints in
AS indicate that MRI enables early diagnosis of sacroiliitis14. Dynamic MRI has been shown to be useful in the
detection of both early SI joint and spinal inflammation in
AS15,16. As well, studies have shown that MRI offers a
strong positive predictive value in the early diagnosis of
active sacroiliitis17. The addition of the contrast agent
gadolinium-DTPA allows detection of sacroiliitis in the
early stages with a high degree of sensitivity18. Bollow, et al
performed MRI scans on 18 patients with AS19. The degree
of enhancement after intravenous administration of
gadolinium–DTPA in the SI joint was quantitatively
assessed. A correlation was demonstrated in this small series
between cellularity on SI joint biopsy specimens and
gadolinium enhancement. However, as yet there is no
consensus on whether degree of enhancement correlates
with disease activity and severity.
Our objective was to (1) determine whether infliximab is
an effective treatment for patients who have failed conventional treatment for AS; (2) identify any baseline clinical
variables that can be associated with responsiveness to treatment; and (3) resolve whether the clinical response correlated with changes in gadolinium-enhanced MRI imaging.
MATERIALS AND METHODS
Twenty-one patients with AS according to the modified New York criteria20
were enrolled in this open labeled trial. Patients were recruited from the
Toronto Western Hospital Spondylitis Clinic, which is a major tertiary
referral center. Entry criteria were: BASDAI > 4, total body or spinal pain

> 2 (on a 4 point Likert scale), and early morning stiffness > 30 min.
Patients were required to meet 3 of these 4 criteria on 2 separate occasions
in the month prior to study entry. In addition patients were required to have
failed conventional therapy.
A detailed assessment was performed at baseline to document medical
history. In particular the following were recorded: disease duration, pattern
of disease (axial or peripheral or both), history of anterior uveitis or other
extraarticular manifestations of disease. Written, informed consent was
obtained from all patients. Information on prior drug history and concurrent
disease modifying antirheumatic drugs (DMARD) or steroid therapy was
obtained. Patients were allowed to continue their current DMARD if any,
but had to have been taking a stable dose for at least one month prior to
study entry. Prednisone was allowed at a dose of < 10 mg/day with a stable
dose for at least one month prior to entry. Patients were required to maintain the same dose of NSAID during the treatment period.
Outcome measures in evaluation of response to treatment. Nine functional
indices were measured at baseline and at each followup visit. These
included the BASDAI, Bath Ankylosing Spondylitis Functional Index
(BASFI)21, total body pain and spinal pain (4 point Likert scale), patient
and physician global assessment, Dougados Functional Index22, Krupp
fatigue index23 and the Health Assessment Questionnaire (HAQ)24 .
Patients had a detailed clinical examination performed by the same
clinician (MS) prior to each infusion and at the same time on each visit. The
following clinical variables were documented: chest expansion, finger to
floor distance, occiput to wall distance, Schober’s index, tender joint count
and swollen joint count.
A detailed chemistry and hematology investigation prior to study entry
was performed in all patients. A normal chest radiograph was mandatory
prior to enrollment. Inflammatory markers at baseline and at each visit
included ESR, CRP, and haptoglobin.
The primary definition of response to treatment was > 20% improvement in 5/9 functional indices after 3 infusions3. Secondary outcome
measures were a change in clinimetric scores, MRI images (discussed
below) and inflammatory markers.
Of 21 patients enrolled, 18 could be assessed at week 14, having
received 3 infusions at weeks 0, 2, and 6. One patient chose to withdraw
from the study after his second dose due to his perceived lack of response.
One patient had an intercurrent upper respiratory tract infection and had an
interruption in his dosing schedule as a result. One patient was excluded
from the study due to a break in protocol at week 12 by starting an NSAID.
Study medication. Patients received infliximab, an anti-TNF-α antibody
(cA2, Remicade; Centocor, Malvern, PA, USA; distributed by Schering
Plough, Canada Inc.), a chimeric monoclonal antibody (Mab) of IgG1κ
isotype with specificity and high affinity (Ka 1010/mole) for TNF-α25. The
drug was administered by intravenous infusion over 2 hours at a dose of 5
mg/kg after reconstitution in 100 ml of 0.9% saline. Patients were monitored for 1 h post-infusion. Induction phase was over a 6-week period with
doses administered at 0, 2, 6 weeks. Patients were assessed at week 14.
Imaging Methods
Nine consecutive patients were recruited to undergo pre and post-infusion
MR imaging to evaluate the inflammatory imaging changes. This subgroup
of the total patients was dictated by restrictions on access to MR imaging
time. One of the 9 consecutive patients chosen for the imaging cohort
subgroup had a contraindication to MR imaging and was imaged with ultrasound.
Eight patients had baseline (pre-infusion) MR examinations. One
patient had a baseline ultrasound examination, as explained. MRI scans on
target regions of anatomy most markedly affected 2 days following the
first, second, and third infusions. One patient demonstrated complete fusion
on baseline MRI and was not followed post-treatment. The MR system
used was a 1.5 Telsa Signa MR system (General Electric, Milwaukee, WI,
USA). The ultrasound system used was an ATL 5000 (Bothell, WA, USA)
with L12-5 and CL12-5 transducers. Initial examinations included multiplanar imaging with at least axial and coronal imaging. Sequences included
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spin-echo T1 weighted, fast spin-echo T2 weighted imaging with fat saturation, as well as post-contrast spin-echo T1 weighted imaging with fat
saturation. Gadolinium-DTPA was used as the intravenous contrast agent.
Followup examinations included sequences in the axial plane, imaged with
similar sequences and included both pre and post-contrast imaging.
Attempts were made to keep imaging variables (field of view, slice thickness, etc) constant upon followup studies. Ultrasound imaging included
both grayscale and Doppler color flow imaging.
Two musculoskeletal radiologists reviewed all imaging studies, with
agreement by consensus. The radiologists were blinded to the patient, and
temporal order of examinations. Grading of changes was based on a scale
of abnormalities; normal, mild, moderate, or marked inflammatory
changes. The radiologists evaluated the joint space, presence of erosions,
subchondral bone edema, degree of enhancement, periarticular tissue, areas
of sclerosis, and subchondral irregularity.
Statistical analysis
Due to the small sample sizes, nonparametric statistical methods were used
using SAS software (version 7.0). Differences between baseline and 6 and
14 weeks and the outcome measures were analyzed using the Wilcoxon
paired signed rank test. Group differences were compared using the
Wilcoxon signed rank test. Spearman rank correlation was used to determine if there was an association between the changes in BASDAI and
either ESR, CRP, or haptoglobin. Statistical significance was defined as a p
< 0.05.

RESULTS
Twenty-one patients were recruited with a male to female
ratio of 18:3 (Table 1). The mean age was 37.9 years ± 7.9
years, (range 20–51) and mean disease duration was 8.69 ±
6.58 years (range 2–22). All patients were HLA-B27 positive. The majority of patients (n = 15) had a combination of
peripheral and axial disease, 3 patients had predominantly
peripheral disease, 3 predominantly axial disease. Of the
patients who had predominantly peripheral disease, one
patient had small joint involvement of both hands and the
other 2 patients had large joint involvement of the lower
extremities (knees and ankles). In all, 5 patients had hip
involvement. Five patients had a prior history of anterior
Table 1. Patient demographic details.
Study Group
Demographics
Age, yrs; median (range)
Male:female
Disease status
Duration, yrs; median (range)
HLA-B27 positive (%)
Predominantly axial
Predominantly peripheral
Both
Chronic uveitis at study entry
Medications
NSAID
Corticosteroids
Methotrexate
Sulfasalazine

uveitis. Three patients had active anterior uveitis at study
entry (Table 1). All patients had had a prior trial of NSAID
and at study entry 11 continued their NSAID therapy at a
stable dose. Ten patients had had a previous trial of either
methotrexate (n = 9) or sulfasalazine (n = 2) and at study
entry, 3 were taking methotrexate and 2 sulfasalazine
(Table 1).
In the final analysis we report on the 18 patients who had
3 infusions and a 14 week followup period. All these
patients responded to treatment. Fifteen patients met the
response criteria by 2 weeks and the remainder by 6 weeks
(Figure 1).
At 6 weeks (after 2 infusions), there was an improvement
of > 60% in all of the following measures: BASDAI,
BASFI, patient global assessment, physician global assessment, spinal pain and total body pain, and HAQ scores. At
14 weeks (after 3 infusions) there was > 75% improvement
in these same measures (Table 2). In particular, there was a
62% reduction in median BASDAI score at 6 weeks and
93% at 14 weeks. Figure 2A illustrates the response of the
group globally in terms of change in disease activity
following treatment with 3 infusions and the difference in
scores between those patients who flared at 6–14 weeks and
those who did not. Among the 18 there was a universal and
dramatic improvement in total body pain for the group with
a 100% improvement at 6 weeks, and this was maintained to
the 14 week time point (Figure 2B). For spinal pain, there
was a reduction from 2.5 ± 1.23 at baseline to 0 ± 1.02 at 14
weeks, (p < 0.0015). Statistical analysis indicates that the
critical time interval for significant change in all functional
variables was 0–6 weeks, with no further significant
improvement in the 6–14 week interval. There was a significant improvement in chest expansion (p < 0.021) and a
trend towards significance for improvement in Schober’s
index (p = 0.053) at 14 weeks. There was no significant
change noted for occiput to wall distance (p = 0.36), or
finger to floor distance (p = 0.61) (Table 3). The mean (and
median) baseline scores for inflammatory markers in the
peripheral blood were 21 (21) mm/h for ESR, (reference

37.9 ± 7.79 (20–51)
18:3
8.69 ± 6.58 (2–22)
21 (100)
3
3
15
3
Prior

At Entry

21
7
10
2

10
3
3
2

Figure 1. Percentage of patients responding to treatment at different time
points.
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Table 3. Secondary outcome measures.

Table 2. Primary outcome measures.
Primary Outcome

0–6 Weeks

6–14 Weeks

0–14 Weeks
0–6

BASDAI
Mean difference
4.691
Median difference
5.275
P*
< 0.0001
BASFI
Mean difference
3.33
Median difference
3.000
P value
0.0001
Total body pain
Mean difference
1.6111
Median difference
2.000
P value
0.0001
Spinal pain
Mean difference
1.3888
Median difference
1.5000
P value
0.0001
Patient global assessment (PTGA)
Mean difference
1.777
Median difference
2.000
P value
< 0.00001
Physician global assessment (PHYGA)
Mean difference
2.111
Median difference
2.000
P value
< 0.0001
KFSS
Mean difference
9.500
Median difference
9.500
P value
0.0001
HAQ
Mean difference
0.529
Median difference
0.500
P value
0.0013

–0.897
–0.100
0.0814

3.79
4.100
< 0.0001

–2.269
–0.1800
0.24004

3.07
2.90
< 0.0001

–0.3333
0.000
0.240

1.22
1.500
0.0027

–0.222
0.000
0.2813

1.166
1.000
0.0015

–0.1111
0.0000
0.7656

1.666
2.000
0.0001

–0.250
0.0000
0.265

1.861
1.500
< 0.0001

2.166
3.500
0.3986

10.750
14.500
0.0299

–0.0602
0.0000
0.4561

0.6066
0.5000
0.0007

PTGA: patient global assessment: Likert scale: none, mild, moderate,
severe; PHYGA: PYG physician global assessment: Likert scale: none,
mild, moderate, severe.
* Non parametric statistical analysis. Wilcoxon paired signed rank test.

Chest expansion, n > 5
Mean difference
0.05
Median difference
–0.30
P*
0.981
Occiput to wall, n = 0
Mean difference
0.738
Median difference
0.00
P
0.51
Finger to floor, n = 0
Mean difference
4.05
Median difference
0.25
P
0.0098
Schober’s index (n > 5)
Mean difference
–0.3833
Median difference
–0.400
P
0.0264
Tender joint count, 0–44
Mean difference
7.11
Median difference
4.500
P
0.0002
Swollen joint count, 0–44
Mean difference
3.000
Median difference
2.00
P
0.001
ESR, n < 10 men, < 12 women
Mean difference
22.111
Median difference
17.111
P
0.0002
CRP, n < 12 ng/dl
Mean difference
18.222
Median difference
6.000
P
0.0013
Haptoglobin, n < 0.84 g/dl
Mean difference
1.07
Median difference
1.07
P
< 0.0001

Weeks
6–14

0–14

–0.93
–0.7
0.0005

–0.889
–1.000
0.490

0.55
0.00
0.44

1.290
0.000
0.375

1.694
0.00
0.332

0.55
0.00
0.4453

0.044
–0.200
0.881

–0.3389
–0.250
0.0551

–0.889
–0.000
0.500

6.22
4.000
0.0072

0.111
0.0000
0.8125

3.111
2.00
0.0001

–1.888
1.000
0.2498

20.222
14.000
< 0.0001

–11.067
0.0
0.6250

10.20
7.00
0.0173

–0.091
0.015
0.951

0.947
0.965
0.0006

†
Parametric analysis using the paired Wilcoxon signed rank test. Both
median and mean differences from baseline are reported. P value corresponds to the differences. * Non-parametric statistical analysis, paired
Wilcoxon signed rank sum analysis.

Figure 2. A. Response of BASDAI to treatment for patients who flared at 6–14 interval and those who did not flare. (■:Flaring, N=5, ◆: Non-Flaring, N=13.)
B. Pain scores (total body and spinal pain) at baseline and after treatment.
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range 0–10), 21.67 (6) g/dl for CRP (reference range < 12
g/dl) and 2.01 (2.10) g/dl for haptoglobin, (reference range
< 0.38–1.9 g/dl), respectively (Table 3). Again, statistical
analysis indicated that the critical time interval for significant change in these variables was 0–6 weeks, with no
further significant improvement in the 6–14 week interval.
There was no correlation noted between the degree of
change in disease activity (BASDAI) and the degree of
change in CRP, ESR, or haptoglobin between 0–6 weeks, or
between 6–14 weeks.
The degree of response allowed the patients to be clinically divisible into 2 groups. Group A (n = 15) responded
dramatically and promptly to treatment as defined by > 20%
response in 9/9 primary outcome measures. Group B (n = 3)
also responded but, less dramatically, showing an improvement of > 20% response in only 5/9 primary outcome variables measured.
There was no difference in terms of age between the 2
groups but group B did have a statistically significant longer
disease duration (14.7 yrs ± 6.39 compared to 7.75 yrs ±
6.12) (Table 4). All patients in group B had extensive spinal
ankylosis on plain films. None of the patients in group A had
this feature. There was a statistically significant difference
between baseline clinical variables between the 2 groups,
with poorer clinimetric scores indicating more advanced
disease at baseline in group B. Group B differed from group
A in more reduced chest expansion (p < 0.013), occiput to
wall distance (p < 0.046), finger to floor distance (p <
0.018), and Schober’s index (p < 0.0087). In addition Group
B patients had higher baseline physician global assessments
(p < 0.026).
Subset analysis was performed on patients with predominantly axial (3) versus predominantly peripheral (3)
disease. There was a more significant improvement noted in
total body pain at 0–6 and 0–14 weeks for patients with
primarily axial disease (p < 0.039). However total body pain
scores were significantly higher for this group of patients at
baseline (p < 0.043), and this may have accounted for the

A

Table 4. Discriminating features between response groups.
Variable
N
Sex, male:female
Age, yrs
Disease duration, yrs
Chest expansion*
Occiput to wall distance*
Finger to floor distance*
Schober’s index*
Physician assessment scores*

Group A

Group B

p

15
12:3
37 ± 7.9
6.3 ± 5.36
11.0 ± 8.41
8.1 ± 7.42
8.0 ± 8.05
10.9 ± 8.41
8.3 ± 7.97

3
3:0
40 ± 2.8
14.7 ± 6.39
2.0 ± 8.41
16.3 ± 7.42
17.0 ± 8.05
2.3 ± 8.41
15.5 ± 7.97

0.1424
0.047
0.013
0.046
0.018
0.087
0.026

* Baseline Wilcoxon rank sum scores.

difference in improvement noted in patients with axial
disease at 0–6 and 0–14 weeks. In addition, there was a
greater improvement in functional activity as assessed by
Dougados Functional Index for the axial group (p < 0.049).
There was no difference between baseline DFI scores
between the 2 groups. The small numbers in this subset
analysis however caution against generalizing broadly.
Three patients had a long history of chronic unilateral
anterior uveitis at study entry. A noticeable improvement in
ocular symptoms was achieved after 2 infusions in 2
patients. In the third patient a flare followed an initial
improvement in anterior uveitis after the third infusion.
Five patients flared by week 14 despite an excellent
initial clinical response (Figure 2A). Flare was defined as >
60% increase of BASDAI from baseline BASDAI score,
range (61%–81%). In this group there were 3 men and 2
women. One patient noted a recurrence in his initial
complaints of sacroiliitis and spinal pain within 24 hours of
an elective surgical procedure for repair of an umbilical
hernia. This was 10 days after his third infusion. Three
patients have AS in association with Crohn’s disease. All of
these patients reported a recurrence in symptoms at the end
of week 12, two weeks before 14 week assessment point.

B

Figure 3. A. Baseline (pre-infusion) axial post-contrast spin-echo T1 weighted MR image with fat saturation of sacroiliac joints. Arrow identifies areas of
subchondral enhancement at the right sacroiliac joint. B. Forty-eight hour post-infusion axial post-contrast spin-echo T1 weighted MR image with fat saturation of sacroiliac joints. The marked resolution of enhancement is noted at the right sacroiliac joint.
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Imaging Results
Eight patients had pre and post-infusion imaging.
Imaging studies were reviewed at 48 hours post-infusion
and compared to the baseline imaging. At 48 hour followup,
there was no significant change in 4 patients, minimal
improvement in 3 patients, and marked improvement in one
patient (Figure 3A and B). This patient demonstrates right
sided sacroiliitis with enhancement of the subchondral bone.
There was dramatic improvement post-infusion in this
patient with marked resolution of enhancement, also with no
subchondral edema on fat suppressed fast spin-echo T2
weighted MR imaging (not shown). At 2 week followup
(after 2 infusions), there was mild improvement in 4
patients, moderate improvement in 3, and one patient stable.
In all, MR imaging demonstrated improvement in all of the
7 patients examined during the imaging cohort.
Some patients with advanced radiographic changes were
also represented in this study. One such patient with cervical
disease showed significant fusion on plain film examinations. It is sometimes difficult to appreciate areas of ligamentous calcification or ossification on MR imaging.
Significant enhancement involving the posterior soft tissues
and interspinous ligament was demonstrated on pre-infusion
contrast enhanced MR examination. This significantly
improved post-infusion, concordant with the clinical
improvement in this patient (Figure 4A,B,C). On the postcontrast fat suppressed spin-echo T1 weighted MR image,
areas of enhancement were demonstrated at 48 hours
following the first infusion and significantly decreased at
two and four weeks. Interspinous ligament enhancement
was demonstrated as well as an area of enhancement of a
lower cervical spinous process.
Another patient had been included in the MR imaging
cohort; however, ultrasound imaging was offered because a
cerebral aneurysm clip precluded the MRI. This patient had
evidence of chronic Achilles’ tendinitis and moderate retrocalcaneal bursitis. These ultrasound findings improved on
followup examinations, and correlated with the clinical
improvement in this patient (Figure 5A and B). The baseline
examination demonstrated heterogeneity and thickening of
the distal Achilles tendon. The retrocalcaneal bursa was
mildly distended and evidence of increased Doppler flow
was identified. These changes are much less apparent on
followup study, with less bursal fluid, Doppler flow, and a
more homogenous tendon echo texture.
Adverse events. Three patients developed headache. One
had a history of migraine, and the headache responded to
acetaminophen. One patient developed severe headache
during the third infusion and did not respond to acetaminophen. Because of the persistence a neurological consultation was sought but this did not reveal any cause for the
headache. Due to the temporal relationship between onset of
headache with administration of the drug this was reported
as possibly related to the infusion. The patient was subse-

quently rechallenged at a lower dose of 3 mg/kg with no
recurrence of the headache.
One patient developed antinuclear antibodies at 14
weeks, at a titer of 1:80, homogenous pattern. No clinical
events occurred to suggest a lupus-like illness in any patient.
No patient developed anti-DNA antibodies.
DISCUSSION
In this study we have shown infliximab to be an effective
treatment for active AS resistant to conventional treatment
in a short term assessment period. Patients responded well in
terms of clinical improvement, disease activity indices, and
inflammatory markers in the serum. In addition, we have
shown that infliximab can reverse inflammatory changes
identified on MRI as early as 2-4 weeks infusion.
In this open labeled study, all patients had active disease

A
Figure 4. A. Baseline sagittal post-contrast spin-echo T1 weighted MR
image with fat saturation of the cervical spine. Enhancement is seen in
the C6 spinous process (short arrow) and the interspinous ligament
(long arrows). Two weeks later (4 B) the enhancement has decreased
(arrow). Four weeks later (4 C) minimal or no significant enhancement
remains.
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4B

4C

with high baseline BASDAI scores prior to study entry. A
significant change in outcome measures was noted as
quickly as 2 weeks post-treatment in 15 patients and by 6
weeks in the remaining 3 patients.
There were minimal side effects noted in our study population. Three patients complained of headache after the
second infusion. TNF-α is expressed in brain endothelial
cells. It has been shown to induce endothelium–independent
vasodilatation via phospholipase A2-dependent activation of
neutral sphingomyelinase26. Some rheumatoid arthritis
patients treated with infliximab have demonstrated a rapid
and highly significant increase in median serum circulation
TNF-α, peaking at day 1027. The same may hold true for AS
patients. We hypothesize that these patients may have developed headache due to a rebound increase in TNF-α after
treatment with infliximab. However, formal cytokine
analysis will be necessary to confirm this hypothesis.
One patient developed ANF antibodies after 14 weeks on
treatment. There was no correlation between the develop-

ment of ANF and prior therapy with sulfasalazine. No
patient developed anti-DNA or clinical features of SLE.
TNF-α inhibition has been shown to be successful in the
treatment of other autoimmune diseases such as Crohn’s
disease28 and rheumatoid arthritis29,30. Two recent studies
have provided initial evidence of benefit of infliximab in the
treatment of AS3,4. Brandt, et al administered infliximab to
11 patients. Improvement in function, activity, and pain
scores of > 50% was documented in 9 out of 10 patients, the
median improvement in the BASDAI after 4 weeks was
70%. The benefit lasted for 6 weeks after the third infusion
in 8 out of 10 patients. Van De Bosch, et al4 have also
treated a number of patients successfully with infliximab.
This study utilised ESSG criteria31 rather than modified
New York criteria as we used. In both of these studies
patients were given only 3 doses of infliximab. There was a
12 week follow up period for both of these studies.
The correct interval between dosages for maintenance
therapy in AS has yet to be determined. In this study, 5 of
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Figure 5. A. Baseline (pre-infusion)
longitudinal ultrasound image of the
distal Achilles tendon (short arrows)
above the calcaneous (long arrow) on the
right side of the image. The tendon is
heterogeneous, indicative of tendinitis.
The retrocalcaneal bursa (curved arrows)
is hypoechoic and mildly distended.
Doppler flow is increased. B. Followup 2
week post-infusion ultrasound demonstrates moderate improvement. The
Achilles tendon (short arrows) has a
more normal laminar echotexture. The
bursa (curved arrows) is less distended.
Less Doppler flow is seen.

A

B
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the 18 patients met the criteria definition of flare at 14 weeks
as defined by a > 60% worsening of baseline BASDAI
scores. Three of these patients had Crohn’s disease and AS.
Since there were no other AS patients with Crohn’s disease
in our series, we conclude that AS associated with Crohn’s
disease may require a different dosing schedule than
primary AS, but larger numbers of patients will be needed to
validate this impression.
In our study group, there was no correlation between
responsiveness to treatment and baseline inflammatory
markers for the group as a whole. There were clearly some
patients who responded dramatically to the drug who had a
normal baseline ESR or CRP and several patients with
elevated baseline ESR or CRP levels who were less
dramatic responders to treatment. Cytokine studies may
prove to be more sensitive serological markers for response
to treatment and studies are ongoing in this regard.
MR imaging demonstrated improvement in the 7 patients
examined during the imaging cohort. These MR changes do
likely reflect biologic changes locally in view of the ability
of MRI to detect early cartilage changes and bone marrow
edema, which may not be found by either CT or conventional radiography32.
Further studies with larger numbers are required before
definitive conclusions on the role of MRI in quantitating
response to treatment can be defined. In addition, there is
need for a consensus on a grading system for quantification
of the degree of inflammation as detected on MRI. MRI,
particularly after gadolinium enhancement may prove useful
in patient selection for treatment particularly in patients with
advanced disease and further study will resolve this question.
Ultrasound proved useful in evaluating the Achilles
tendon in a patient with a non-MR compatible cerebral
aneurysm clip. It was able to assess the retrocalcaneal bursa
in addition to the enthesis and it is known that both of these
structures are involved in seronegative arthritis33.
Intuitively one may assume that patients with more
advanced disease would be less responsive to this treatment
modality. In this study we showed that there were two
groups of responders, those that responded dramatically to
the drug and those that responded but less well. We were
impressed by the fact that although their response was less
dramatic, these patients with advanced disease still benefited from treatment in terms of pain relief and improved
quality of life. Thus advanced disease should not necessarily
preclude a trial of infliximab. The key determinants for
patient selection for treatment will be an accurate estimate
of the degree of active disease using a constellation of clinimetric, functional, serological, and imaging variables.
In summary, monoclonal anti-TNF treatment in a cohort
of patients with AS refractory to conventional treatment has
proved to have significant beneficial effect. Longterm efficacy and safety will require further study.
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