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The treatment of ankylosing spondylitis (AS) has undergone
little change since the advent of nonsteroidal antiinflamma-
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ABSTRACT. Objective. Infliximab, a neutralizing antibody to tumor necrosis factor-α, appears to be effective
therapy in ankylosing spondylitis (AS), although treatment is costly and serious infections are an
increasing concern. We investigated the efficacy and tolerability of infliximab in a prospective
observational inception cohort of patients with nonsteroidal antiinflammatory drug-refractory AS
seen in both university and community based practice. We also used a lower dose, 3 mg/kg, than has
been evaluated to date in AS.
Methods. We included all consecutive patients with AS starting infliximab therapy 3 mg/kg IV at 0,
2, and 6 weeks and q 2 months between April 2000 and October 2001. Data were systematically
collected at baseline, 14 weeks, and 1 year, or at withdrawal, and included demographic character-
istics, Bath AS indexes (BASDAI, BASFI, BASGI, BASMI), adverse events, and reasons for with-
drawal. Laboratory measures included erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), serum matrix metalloproteinases (MMP) 1 and 3, and serum human cartilage glycoprotein-
39 (YLK-40). The first 6 consecutive patients were also studied by several magnetic resonance
sequences, including dynamic MRI with gadolinium augmentation of affected joints. Maximal rate
of augmentation was determined at baseline and 84 days. Analysis was by intention-to-treat.
Results. Twenty-one patients (m:f = 17:4), mean age 42.5 years (range 24–66), mean disease dura-
tion 13.8 years (range 3–26), were studied: 13 had active peripheral synovitis at baseline. Mean
followup was 47.5 weeks (range 10–77). Four patients withdrew, 2 for serious adverse events (septic
osteomyelitis and severe hypersensitivity after 3 and 2 infusions, respectively), one for lack of effi-
cacy, and one lost to followup. Three patients required an increased dose to 5 mg/kg after 14 weeks.
Efficacy data were available on 17 patients at 14 weeks; mean BASDAI improved significantly from
baseline (6.2) to 14 weeks (2.8) (p < 0.001), with 10 patients (58.8%) showing at least 50% improve-
ment (range 0–99.6%). Significant reduction in mean BASFI (43.4%; p < 0.001), BASGI (44%; 
p = 0.001), ESR (55%; p < 0.001), and CRP (63.5%; p = 0.01) was evident. Complete remission of
peripheral joint disease was seen in 5 of 11 (45.4%) patients evaluated at 14 weeks and maximal rate
of MRI defined gadolinium augmentation was significantly decreased (p = 0.04). Reductions in
serum YKL-40 and MMP-1 and 3 were nonsignificant, but significant correlations were observed
between changes in BASDAI, ESR, CRP, and changes in serum levels of MMP-3 and YKL-40 (p <
0.005 to p < 0.05). Followup data on 8 patients completing 1 year of therapy revealed continued effi-
cacy at a dose of 3 mg/kg every 8 weeks.
Conclusion. Infliximab appears to be effective and well tolerated for both axial and peripheral joint
disease in AS even at lower doses than those examined to date. Suppression of markers of cartilage
degradation/turnover commensurate with reductions in clinical and laboratory measures of disease
activity suggests that these markers should be further validated as surrogates for structural damage
in AS. Controlled trials are warranted to further assess the potential of this agent in ameliorating
structural damage. (J Rheumatol 2002;29:959–65)
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tory drugs (NSAID) several decades ago. Despite the recent
introduction of cyclooxygenase 2 (COX-2) selective
inhibitors1, this therapeutic approach is still primarily symp-
tomatic and there is little evidence that these agents influ-
ence progression of structural damage or longterm
functional outcomes. There have also been several uncon-
trolled and controlled studies of second-line agents tradi-
tionally used in the management of rheumatoid arthritis
(RA)2-4. Some studies have reported limited efficacy with
salazopyrin, particularly in patients with concomitant
peripheral joint inflammation5,6. There is no convincing
evidence, however, that these therapies might be useful for
the axial component of AS. There have thus been few ther-
apeutic options for patients with AS refractory to NSAID,
estimated to represent 25% of the total AS population7.

Considerable therapeutic optimism has been generated
by the recent introduction of 2 therapies that specifically
target the proinflammatory cytokine, tumor necrosis factor-
α (TNF-α), a chimeric human/mouse monoclonal antibody
(infliximab) and a divalent soluble TNF receptor p75 IgG Fc
fusion protein (etanercept). This followed recognition that
TNF-α was a pivotal cytokine in perpetuating synovial
inflammation in RA. Computer tomography (CT) guided
biopsies of the sacroiliac joint in patients with spondy-
loarthropathy (SpA) have also revealed the presence of
TNF-α mRNA and protein in inflamed synovium8. Further,
overexpression of TNF-α in mice carrying a related murine
transgene containing a deletion in the 3′ regulatory region
that controls translation of TNF protein results in a form of
spondylitis resembling human disease9. There have now
been several uncontrolled studies describing significant effi-
cacy following administration of infliximab in patients with
SpA10,11. A preliminary report also describes substantial effi-
cacy in a double blinded placebo controlled study12. All
these studies used a dose of infliximab (5 mg/kg per infu-
sion) that is higher than currently recommended for the
treatment of RA (3 mg/kg per infusion).

This therapeutic approach carries significant longterm
cost implications, and there is also emerging evidence that
the incidence of serious infections, specifically tuberculosis,
is a dose dependent phenomenon. We examined the efficacy
and tolerability of infliximab in a prospective observational
inception cohort of patients with NSAID refractory AS seen
in both university and community based practice. A further
objective was to evaluate the efficacy of a substantially
lower dose of infliximab (3 mg/kg per infusion) than hith-
erto examined in patients with SpA. Finally, there is as yet
no evidence that this therapeutic approach might actually
modify the progression of structural joint damage, and we
therefore also examined surrogate markers of articular carti-
lage turnover/breakdown, specifically serum matrix metal-
loproteinases (MMP) 1 and 3 and serum human cartilage
glycoprotein–39 (YKL-40). YKL-40 mRNA is absent from
normal articular cartilage but is abundant in cartilage from

patients with RA13. It appears to play a role in cartilage
remodeling and has been implicated as a possible
autoantigen in RA14.

MATERIALS AND METHODS
Patients and study protocol. We included all consecutive patients with AS
seen by the Alberta Capital Health Region rheumatologists (5 university
based, 7 community based) between April 2000 and October 2001.
Infliximab was administered according to the described RA regime15, i.e.,
a dose of 3 mg/kg intravenously (IV) at baseline, 2 weeks, and 6 weeks and
then every 8 weeks, over a period of 2 h in a specialized IV administration
outpatient clinic at the University of Alberta Hospital. Patients fulfilled the
modified New York criteria for AS and were judged by the referring
rheumatologist to have active disease despite maximum and/or tolerated
doses of NSAID. Concomitant second-line therapy as well as prednisone
was allowed. There were no stipulations for concomitant therapy prior to
initiation with infliximab. Data were systematically collected at baseline,
14 weeks, and 1 year, or at withdrawal, and included demographic charac-
teristics, the Bath AS Disease Activity Index (BASDAI)16, the Bath AS
Functional Index (BASFI)17, the Bath AS Global Index (BASGI)18, and the
Bath AS Metrology Index (BASMI)19. A 66 swollen joint count was
performed, together with routine blood tests, C-reactive protein (CRP), and
erythrocyte sedimentation rate (ESR). All patients had a chest radiograph
and tuberculin test at baseline. The first 6 consecutive patients had
magnetic resonance imaging (MRI) studies, which included fat suppression
sequences and dynamic imaging with gadolinium augmentation at baseline
and 14 weeks. Patients were excluded from receiving infliximab if they had
a history of chronic or recurrent serious infection or malignancy, or if clin-
ical and laboratory examination showed abnormalities of clinical relevance.

Withdrawal and adverse events. Prior to withdrawal for lack of efficacy,
patients were permitted an increase in dose of infliximab to 5 mg/kg per
infusion if, in the opinion of the attending rheumatologist, clinical response
was not apparent by 14 weeks or if a clinical response had been initially
observed at the lower dose and was subsequently considered inadequate.
All adverse events were recorded as they occurred according to severity
and relationship to infliximab therapy.

Laboratory assessment. Antinuclear antibodies (ANA) were measured at
baseline, 14 weeks, and 1 year. A positive test was defined as a titer ≥ 1:40.
Anti-DNA antibodies were measured in ANA positive individuals using
both the Crithidia luciliae (KallestadTM, BioRad) and Millipore Filter
assays at baseline, 14 weeks, and 1 year. Total serum MMP-1 and 3 were
measured by ELISA (Biotrak, Amersham Pharmacia, Piscataway, NJ,
USA). Human cartilage glycoprotein–39 (YKL-40) was also measured by
ELISA (Metra Biosystems, Mountain View, CA, USA). These assessments
were performed at baseline and at 14 weeks.

MRI scans were performed on 6 patients using a 1.5 Tesla magnet
(Siemens Symphony) as described20. Sequences included T1, T2 with fat
saturation, and dynamic MRI with gadolinium augmentation (dMRI).
Unilateral scans were performed on 4 knees and one ankle. Bilateral
sacroiliac joints were scanned in one patient. Maximal rate (speed) of
gadolinium augmentation was calculated for 3 regions of synovium per
joint as described20. Identical areas of synovium were analyzed on each
baseline and followup scan.

The average maximal rate of augmentation per joint was then calcu-
lated. STIR sequences were visually assessed for presence and severity of
joint effusion, synovial thickening, enthesopathy, bone erosion, bone
marrow edema, hyaline cartilage changes, and periarticular inflammation.
Patients returned for followup MRI at Day 84.

Statistical analysis. Wilcoxon’s rank-sum test was used to determine the
significance of the differences in mean values of outcome measures.
Analysis was by intention-to-treat and Pearson correlations were computed
between changes in disease activity and changes in serum levels of markers
of articular cartilage degradation/turnover. All tests were 2 sided and p <
0.05 was considered statistically significant.
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RESULTS
Twenty-one patients with AS in the Alberta Capital Health
Region received at least one infusion with infliximab during
the period of the special access program in Canada. Of
these, 17 were men and 4 were women, mean age was 42.5
years (range 24–66) and mean disease duration was 13.8
years (range 3–26). Twenty were B27 positive (95.2%).
Thirteen had active peripheral synovitis at enrolment [mean
swollen joint count 2.2 (range 2–7)] and 5 were undergoing
concomitant therapy with second-line agents [5
methotrexate (MTX), one salazopyrin] that had been stable
for at least one year prior to therapy. Three had concomitant
Crohn’s disease, one had Reiter’s, and 2 had psoriasis. At
baseline most patients had active disease, as defined by a
BASDAI score ≥ 4, with a mean BASDAI of 6.3 (range
3.7–8.0) and mean CRP of 68.1 mg/l (range 0.5–175).
Patients had significant impairment of function (mean
BASFI 6.1, range 1.7–8.9).

Mean followup by October 2001 was 47.5 weeks (range
10–77) and 4 patients withdrew during the followup period,
one for lack of efficacy, one lost to followup, and 2 for
severe adverse events. One patient developed septic
osteomyelitis of the talus with Staphylococcus aureus
following the 3rd infusion of infliximab, and the second
developed a severe hypersensitivity reaction after the 2nd
dose of infliximab. This latter consisted of acute severe joint
pains associated with intense itching. This patient had not
been taking concomitant MTX therapy. Three patients
required a dose increase to 5 mg/kg after 14 weeks, 2 after
initially responding to the 3 mg/kg dose and one for lack of
efficacy from the outset (no change in BASDAI and
increase in swollen joint count at 14 weeks), even though
improvement was evident on dMRI of this patient’s knee
(data not shown). This patient has had a further increase in
dose to 6 mg/kg q 4 weeks for lack of efficacy after initially
responding to 5 mg/kg (followup of 68 weeks). MTX
therapy was also instituted in 2 patients after 14 weeks of
infliximab therapy after inadequate responses at 3 mg/kg.
Three patients reported discontinuing NSAID.

Efficacy data were available on 17 patients at 14 weeks.
Mean BASDAI improved significantly from baseline, the
mean value at 14 weeks being 2.8 (p < 0.001) (Table 1). Ten
(58.8%) patients showed at least 50% improvement (range
0–99.6%). Two patients showed no improvement (< 5%
decrease in BASDAI). Significant reductions in the means
for the BASFI, BASGI, ESR, and CRP were also evident
(Table 1). Axial pain (item 2 of the BASDAI) decreased
from a mean of 7.8 to 3.0 by 14 weeks (p < 0.001).
Reductions in swollen joint count did not achieve statistical
significance, although 5 of 11 patients (45.4%) evaluated at
14 weeks had complete clinical resolution of peripheral
synovitis. The patient who experienced an exacerbation
subsequently responded to a higher dose of infliximab and
the institution of MTX therapy.

Efficacy data were available on 8 patients after 1 year.
Therapeutic responses observed at 14 weeks were main-
tained at 1 year (mean BASDAI 2.9, mean BASFI 3.3, mean
BASGI 2.9). Six patients continue to receive 3 mg/kg q 8
weeks after a mean followup of 71.2 weeks (range 60–77).
One patient continues taking 5 mg/kg (followup of 64
weeks) and one continues at 6 mg/kg q 4 weeks (followup
68 weeks). There were no withdrawals after 14 weeks and
we did not record any further significant adverse events.

Five (23.8%) patients were ANA positive at baseline. No
additional patients became ANA positive at 14 weeks or 1
year and no patient has developed anti-DNA antibodies.

The changes seen in ELISA for serum YKL-40, MMP-1,
and MMP-3 were not significant (Table 1), although
substantial reductions in serum levels were noted in several
patients. Further analysis revealed significant correlations
between reductions in the BASDAI, BASFI, ESR, and CRP
and reductions in serum levels of MMP-3 and YKL-40
(Figure 1, Table 2).

The MRI protocol was successfully completed in 6
patients. A 29-year-old woman with late stage disease of the
sacroiliac joints had focal areas of bony ankylosis. Although
the scan revealed subtle evidence of active disease, none of
the observed abnormalities altered after therapy. The 5
patients scanned with peripheral joint disease had marked
improvement or resolution of effusion after therapy (Figure
2). Synovial thickening in the knees that was severe in 3
patients underwent marked improvement after treatment, as
did periarticular inflammation in all 4 cases. Bone marrow
edema was observed on baseline MRI in only 3 patients, but
this had resolved in all 3 joints at followup. Damage to
patellar hyaline cartilage was observed in 2 knees and this
was the only measure that did not undergo any improve-
ment.

Maximal rate of synovial augmentation was determined
by analyzing 3 regions of interest on each MRI scan at base-
line and at 14 weeks after the start of infliximab therapy. A
total of 5 joints were examined, including 4 knees and one
ankle. A significantly decreased maximal rate of synovial
augmentation was noted following infliximab therapy
(Table 1). Marked consistency was noted in the maximal
rate of augmentation within the 3 regions of interest exam-
ined per joint with respect to degree, shape of slope, and
response to treatment (data not shown). Assessment of other
MRI outcome variables (e.g., magnitude of augmentation,
time to plateau) was not considered reliable due to technical
difficulty in defining the point of maximal augmentation
and considerable variation between regions of interest
within the same joint.

DISCUSSION
The results of this study indicate that infliximab is effective
and well tolerated for both axial and peripheral joint disease
in patients with AS referred from both university and
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community based practice. Hypersensitivity was not a
concern despite a minority of patients who were taking
concomitant MTX. Further, substantial efficacy was
observed in doses currently recommended for the treatment
of RA and substantially less than has been evaluated in SpA

to date. Suppression of markers of articular cartilage
turnover/degradation, although not statistically significant
for the entire cohort, correlated significantly with reduction
in clinical and laboratory measures of disease activity,
suggesting that they should be further validated as surro-

The Journal of Rheumatology 2002; 29:5962

Table 1. Mean change in clinical and laboratory outcome measures in all patients with AS receiving infliximab
at 14 weeks’ followup. Data are mean ISD. 

Outcome Measure Baseline 14 Weeks Change p

BASDAI 6.2 ± 1.4 2.8 ± 2.2 –3.4± 2.3 < 0.001
BASFI 6.1 ± 2.0 3.4 ± 2.2 –2.6 ± 2.1 < 0.001
BASGI 7.1 ± 1.7 4.0 ± 2.4 –3.1 ± 2.6 0.001
BASMI 3.6 ± 2.5 2.9 ± 2.8 –0.6 ± 1.1 0.09
Swollen joint count* 2.7 ± 2.4 1.2 ± 3.0 –1.6 ± 2.6 0.08
ESR 34.9 ± 16.0 15.7 ± 14.2 –19.3 ± 16.9 < 0.001
CRP 75.5 ± 61.8 27.6 ± 52.6 –47.9 ± 63.5 0.01
Hemoglobin 123.1 ± 23.1 138.9 ± 20.1 +15.8 ± 16.3 0.002
Serum MMP-1* 10.53 ± 7.6 6.74 ± 3.6 –3.79 ± 5.4 0.06
Serum MMP-3* 274.4 ± 201.5 168.1 ± 232.8 –106.4 ± 220.8 0.16
Serum YKL-40* 207.3 ± 158 213 ± 243.8 +6 ± 140.2 0.9
Maximal rate of gadolinium

augmentation** (% increase per second
over baseline value) 4.5 ± 2.6 1.3 ± 0.8 –3.2 ± 2.2 0.04

* Data from 11 patients. ** Data from 5 patients.

Figure 1. Regression line plotting correlation between the reduction in serum level of YKL-40 versus reduction
in BASDAI score (A) and serum CRP (B); and reduction in serum level of MMP-3 versus reduction in BASDAI
score (C) and serum CRP (D) in patients with AS after 14 weeks of therapy with infliximab.
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gates for structural damage in AS. Nevertheless, the occur-
rence of severe adverse events highlights the importance of
systematic, prospective, continued surveillance of this and
similar therapies and, in particular, heightened vigilance for
the possibility of serious infections.

The population studied was fairly typical of patients seen
in routine clinical practice, with the exception that consider-
ably more patients had active peripheral synovitis and were
undergoing concomitant therapy with MTX. This could
reflect a selection bias in that disease activity is more diffi-
cult to discern in patients with purely axial compared to
those with concomitant peripheral synovitis. Consequently,

one might expect that such patients would be more readily
referred for costly therapy of limited availability. In addi-
tion, although the mean baseline value for the BASDAI was
very similar to that noted in previous reports evaluating
infliximab in SpA, it has not been shown that the BASDAI
reliably discriminates between inflammatory and nonin-
flammatory causes of back pain, and it is therefore still of
questionable value as an inclusion criterion for selecting
patients with active disease for clinical trials. This contrasts
with the more reliable requirement for a specified number of
swollen joints for inclusion in clinical trials of RA. Selecting
patients with purely axial forms of disease for therapy with
infliximab may be facilitated by dMRI with gadolinium
augmentation showing enhancement indicative of active
disease. This approach requires further study and validation.

The efficacy data noted in this cohort were rather similar
to those reported in both uncontrolled and controlled
trials10–12 with improvement in disease activity of at least
50% in a majority of patients by 14 weeks, although some
patients required an increase in dose from 3 to 5 mg/kg after
14 weeks, which resembles our findings in an inception
cohort of RA patients receiving infliximab in the Alberta
Capital Health Region (unpublished observations).
However, this degree of efficacy was noted with a lower
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Table 2. Correlations between changes in measures of AS disease
activity/function and changes in serum levels of YKL-40, MMP-1, and
MMP-3 after 14 weeks of infliximab therapy.

YKL-40 MMP-1 MMP-3

BASDAI 0.77* 0.23 0.80**
BASFI 0.70* 0.02 0.71*
BASGI 0.40 –0.11 0.72*
ESR 0.76* –0.13 0.64*
CRP 0.88*** 0.05 0.83***

*p < 0.05,  **p < 0.01,  ***p < 0.005.

Figure 2. MRI of a 60-year-old woman with a 26 year history of AS and bilateral knee synovitis unresponsive to intraarticular steroids. A. Coronal T2 TSE
with fat saturation (TR 4000, TE 96 ms) at the level of the trochlear groove — pretreatment baseline. This anterior image shows extensive synovial thick-
ening along the medial, lateral, and anterior borders of the femoral condyles. A very large joint effusion fills the medial and lateral reflections and supra-
patellar bursa. B. Coronal T2 TSE with fat saturation, identical location — posttreatment. Synovial thickening has dramatically improved and effusion has
almost resolved.

A B
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dose of infliximab than used in other published trials of SpA
and clearly supports the practice of initiating therapy in AS
with the same dosing regime as currently recommended for
RA. The occurrence of 2 serious adverse events, one being
septic osteomyelitis and the other a severe hypersensitivity
reaction, reinforces the prudence of this approach.
Additional reports in SpA and RA have also raised concerns
regarding serious chronic infections, specifically tubercu-
losis, that appear to be dose related21. Two cases of tubercu-
losis were noted shortly after initiation of infliximab therapy
in a recent controlled evaluation in AS12.

One report documented a high incidence of ANA in
patients receiving infliximab for SpA22. Prospective
histopathological and immunohistochemical evaluation of
synovial biopsies in these patients also revealed progressive
B cell infiltration that was not observed in patients with RA.
In contrast, none of our patients developed ANA during
therapy and none had anti-DNA antibodies. This may reflect
the use of lower doses of infliximab, although this requires
further followup.

Dynamic MRI with gadolinium augmentation is
currently being evaluated as an outcome tool for assessing
the degree of synovial inflammation in patients with RA23.
It has also been shown to be useful in detecting early
sacroiliitis and revealed responsiveness to change in patients
receiving CT guided cortisone injections for treatment of
active sacroiliitis24. We have described the value of this
technique in detecting significant amelioration of peripheral
synovitis in SpA patients treated with pamidronate20. This
report confirms the sensitivity of this method for confirming
significant improvement of disease activity in patients
receiving infliximab. Of several MRI outcome measures
examined in this study, the maximal rate of gadolinium
augmentation was associated with the highest degree of
consistency between different regions of interest within the
same joint and led to the least problems in interpretation25.
This measure should be further validated as an outcome tool
for clinical trials in both AS and RA.

Infliximab appears to be as efficacious for AS in routine
clinical practice as observed in clinical trials. It seems
appropriate, however, to initiate therapy with the dose
currently recommended for the treatment of RA, 3 mg/kg. In
view of the costs, there should be further work evaluating
more stringent selection criteria for treatment, incorporating
not only clinical measures but also perhaps MR and serum
markers of articular cartilage degradation/turnover. Further
controlled trials are warranted to assess the potential of this
agent to ameliorate structural damage.
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