




p = 0.2). When patients were grouped according to disease
duration, there was a tendency for more active inflammatory
lesions being present in the spine in patients with shorter
disease duration: the mean (SD) (median) MRI score was 7.4
(6.9) (5.0) in patients with a disease duration of ,10 years
(n = 18), 4.9 (6.6) (2.5) if disease duration was 10 19 years
(n = 12), and 2.9 (3.7) (1.5) if disease duration was >20 years
(Kruskal Wallis test p = 0.14; Jonckheere Terpstra trend test
p = 0.04).

With regard to SI joints, however, patients with shorter
disease duration had more active inflammation on MRI
(Spearman rho coefficient 20.385; p = 0.012). The mean (SD)
(median) of SI joint scores was 3.8 (3.3) (2.5), 1.0 (1.3) (0) and
1.6 (1.9) (0) in patients with disease duration ,10 years
(n = 16), 10 19 years (n = 12) and >20 years (n = 14), respec
tively (Kruskal Wallis test p = 0.027; Jonckheere Terpstra trend
test p = 0.045). Thus, it seems that more active inflammation is
present in the SI joints during the first 10 years of disease as
compared to later disease stages, whereas in the spine this
relation is less strong.

MRI and response to anti-TNF therapy

Spine
A BASDAI 50 response after 12 weeks of therapy with anti TNF
was found in 54.3% (25/46) of patients with MRIs of the spine.
A positive MRI of the spine defined by a score of >1 did not
differentiate between responders (84%) and non responders
(62%; p = 0.1). Four of 12 patients (33.3%) with a negative MRI

were BASDAI 50 responders. Therefore, a positive MRI (score
>1) of the spine alone was not predictive of a BASDAI 50
response, and a negative MRI alone did not exclude such a
response.

However, when the extent of inflammatory lesions in the
spine was considered and related to the BASDAI 50% response
rate, the mean (SD) Berlin MRI spine score was higher in
BASDAI 50 responders (7.2 (7.2)) compared to non responders
(2.9 (3.4); p = 0.04). The distribution of the Berlin MRI spine
score data among responders and non responders in relation to
CRP values is shown in fig 2A. As can be seen from fig 2A, all
but one of the patients with high MRI spine scores at baseline
were BASDAI 50 responders. Looking at the three spinal
segments separately in responders vs non responders, the mean
(SD) scores were 0.9 (1.8) vs 0.1 (0.2) (p = 0.026) for the cervical
spine, 5.2 (5.2) vs 2.1 (2.8) (p = 0.038) for the thoracic spine and
1.0 (1.4) vs 0.7 (1.2) (p = 0.2) for the lumbar spine, respectively.
Thus, responders had more active inflammation in all three
spinal segments than non responders.

Univariate logistic regression analyses revealed the Berlin MRI
spine score to be a significant predictor of response (odds ratio
(OR) = 1.16, 95% CI 1.02 to 1.33; p = 0.029). Univariate logistic
regression analysis of other parameters revealed only disease
duration (OR 0.9, 95% CI 0.83 to 0.97; p = 0.008) as a
significant predictor but not CRP, BASFI, or BASDAI.

CRP, BASFI, BASDAI and disease duration were then
incorporated as potential confounders using multivariate
logistic regression analysis. Adjustment for CRP (OR 1.160,

Table 1 Baseline clinical, demographic and MRI characteristics of patients with MRI of the spine, sacroiliac
(SI) joints or of both sites

MRI spine (n = 46)
MRI sacroiliac joints
(n = 42)

MRI spine and sacroiliac
joints (n = 26)

Demographic and clinical parameters:

Age (years)* 38.1 (9.0) 37.9 (9.0) 38.1 (9.6)

Disease duration (years) 14.6 (8.8) 14.5 (8.9) 13.9 (9.2)

Male sex (%) 65.2 59.5 57.7

HLA-B27 positive (%) 89.1 87.8 84.6

BASDAI at baseline 6.5 (1.2) 6.5 (1.3) 6.6 (1.4)

BASFI at baseline 5.5 (2.1) 5.1 (2.1) 5.4 (2.2)

BASMI at baseline 3.7 (2.1) 3.6 (2.0) 3.8 (2.0)

CRP at baseline 24.4 (23.7) 23.1 (18.6) 22.5 (17.5)

Patients (%) with:

CRP .6 mg/litre{ 73.9 71.4 73.1

CRP .25 mg/litre 37.0 38.1 38.5

MRI:

Berlin MRI spine score:

Total spine (range) 5.2 (6.1) (0–23) – 4.7 (6.3) (0–23)

Cervical spine (range) 0.5 (1.4) (0–6) – 0.4 (1.3) (0–6)

Thoracic spine (range) 3.8 (4.5) (0–16) – 3.5 (4.7) (0–14)

Lumbar spine (range) 0.9 (1.3) (0–4) – 0.8 (1.2) (0–4)

MRI SI joints score (range) – 2.3 (2.6) (0–10) 2.2 (2.4) (0–8)

Patients (%) with MRI spine score >1 73.9 – 65.4

Patients (%) with MRI SI joint score >1 – 61.9 65.4

Clinical response

ASAS 20 response (%) 73.9 73.8 73.1

ASAS 40 response (%) 56.5 61.9 57.7

ASAS 5/6 response (%) 58.7 66.7 61.5

BASDAI 50 response (%) 54.3 61.9 57.7

In total, MRIs were available from 62 patients. Of these, 46 patients had MRIs of the spine and 42 patients had MRIs of the SI
joints; in 26 of the 62 patients MRIs of spine and SI joints were available.
*Mean (SD) values are given if not indicated otherwise. {Normal range for CRP is (6 mg/litre.
ASAS, Assessments of Spondyloarthritis; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing
Spondylitis Functional Index; BASMI, Bath Ankylosing Spondylitis Metrology Index; CRP, C-reactive protein; HLA, human
leukocyte antigen.

Extended report

1278 Ann Rheum Dis 2008;67:1276–1281. doi:10.1136/ard.2007.073098

Ex. 2092-003





and a post test probability of achieving BASDAI 50 of only
3.7%. Thus, such a patient is prone to be a non responder. By
contrast, a patient with a disease duration of ,10 years (LR
4.2), a CRP of >40 mg/litre (LR 3.37) and an MRI spine score of
>11 (LR 6.67) has an LR product of 113.17
(4.263.3766.67 = 113.17), a probability to achieve a BASDAI
50 response of 99.1% and, therefore, is prone to be a BASDAI 50
responder (for calculation of the post test probability from LR
product see Sackett et al18 or Rudwaleit et al19 (appendix)).

The presence of one or more of the three predictive
parameters (disease duration ,10 years, CRP >40 mg/litre,
Berlin MRI spine score >11) was significantly associated with
BASDAI 50 improvement (x2 = 12.4; p = 0.004). As can be seen
from fig 3, all patients with two or three predictive para
meters representing 26% of the total population achieved
BASDAI improvements of at least 45%. Among the patients
who were positive for just one of the three predictive
parameters, all but one patients improved by at least 25%. A
probability model taking into account disease duration, CRP
(using a cut off value of 10 mg/litre) and Berlin MRI spine score
based on our data is shown in fig 4. Figure 4 illustrates that each
variable might be of additional value in the prediction of a good
clinical response.

DISCUSSION
TNF blocking agents have become a major class of drugs in the
treatment of active AS. High treatment costs, however, warrant
careful selection of patients who are likely to benefit most. We
have shown previously that shorter disease duration, better
functional status and elevated CRP levels correlate with a
BASDAI 50 response.9 Here, we show that active inflammation

in the spine by MRI appears to have an additional predictive
value. While the presence of only few and small active
inflammatory lesions on MRI did not have any discriminative
capacity, more extended active inflammation in the spine was
significantly associated with a good clinical response. Because
the sample size of this study (n = 46) was relatively small, we
are aware that larger sample size studies may give slightly
different figures.

The predictive capacity of the Berlin MRI spine score, disease
duration and CRP was moderate at most when considered
solely. However, when we combined the three parameters
(Berlin MRI spine score, CRP and disease duration) the
prediction model clearly improved. Patients with short disease
duration, high CRP and high MRI scores were prone to be
responders (probability of 99%). All patients with at least two
of these three predictive parameters representing 26% of the
total population achieved a BASDAI improvement of at least
45%. All but one of the patients with at least one of these three
predictive parameters improved by at least 25%. By contrast,
patients with long disease duration, normal CRP and no active
inflammatory lesion in the spine on MRI were highly unlikely
to achieve BASDAI 50 response (probability to be a non
responder of 96.3%).

In patients with AS with a BASDAI >4 it can be sometimes
difficult for the clinician to decide whether the patient’s pain
and symptoms are attributable to active inflammation or rather
related to mechanical conditions, such as degenerative changes
including eg, herniated discs. The BASDAI score by itself does
not differentiate between various causes of back pain. The
lesson to be learnt from this study is that anti TNF agents work
best if there is strong and cumulative evidence of substantial
active inflammation. Such evidence can be obtained from CRP
measurement and MRI studies, and can be inferred from disease
duration in that the shorter the disease duration, the more likely
the presence of an underlying active inflammation is the cause
for a high BASDAI.

The patients studied herein had rather longstanding AS
(mean disease duration 14 years). At least one active inflam
matory lesion in the spine was present in 73.9% of patients, a
figure very similar to the 77.4% reported from the Ankylosing
Spondylitis Study for the Evaluation of Recombinant Infliximab
Therapy (ASSERT) trial.20 Since spinal inflammation may
predominate in active longstanding AS, it may come as no
surprise to find that the predictive value of MRI of the spine
was better than that of the SI joints. However, this finding
should not generally preclude a predictive role of MRI of SI
joints in patients with earlier disease; a population that
warrants further study. Of note, almost a quarter (23%) of
the patients in our study for whom MRI of spine and SI joints
were available had active inflammation in the SI joints, but not
in the spine. Accordingly, MRI studies of the spine without SI
joints may not suffice to comprehensively assess active axial
inflammation in AS.

It is known that CRP and ESR correlate poorly with clinical
disease activity in AS.21 In our study, MRI scores of the spine did
not correlate at all with other disease activity markers including
BASDAI, patient global, morning stiffness, CRP and ESR. To
our knowledge, no other study has tempted to correlate MRI
inflammation of the spine with disease activity markers. In the
original description of the ASspiMRI,12 as in another report22

(both on 20 patients), only data on correlation of MRI change
scores with clinical change scores upon anti TNF therapy were
presented, not data on status scores for MRI and clinical disease

Figure 3 Relative improvement (%) of the initial Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) in individual patients after
12 weeks of anti-tumour necrosis factor (TNF) therapy in relation to the
presence of none, one, two or three of three predictive parameters. The
three parameters were (1) disease duration ,10 years; (2) C-reactive
protein (CRP) >40 mg/litre; and (3) Berlin MRI spine score >11. As can
be seen, all patients with two or more parameters had a BASDAI
improvement of at least 45%, and all but one patient with one parameter
had a BASDAI improvement of at least 25%.
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