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Abstract: Ankylosing spondylitis is a chronic inflammatory condition which preferentially
affects the axial skeleton, often beginning in the sacroiliac joints. The etiology of the pathologic
lesions of this condition including enthesitis, erosive articular changes, osteitis, and fibrous
ankylosis, as well as changes which occur in the eye, gastrointestinal tract, cardiovascular system,
and lungs is unknown; however, there is a strong association with HLA-B27, which indicates
altered immunity. One of the major mediators of the immune response is TNF-c., which func-
tions as a pleiotrophic soluble messenger primarily from macrophages. TNF-o. is principally
involved with activation of both normal and transformed cells, including endothelium, synovio-
cytes, osteoclasts, chondrocytes, and fibroblasts. The cornerstone of medical management of
ankylosing spondylitis includes intensive physical therapy and nonsteroidal anti-inflammatories
for symptomatic relief. However, it is becoming increasingly recognized that TNF-o blockade
has an important role in the reduction of spine and joint inflammation. This review discusses
the data that supports use of etanercept in the treatment of ankylosing spondylitis.
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Introduction

Ankylosing spondylitis is a disease included within the entity of spondyloarthopathies.
This group also includes reactive arthritis, inflammatory-bowel-disease-associated
arthropathy, psoriatic arthritis, and undifferentiated spondyloarthopathy. Ankylosing
spondylitis is regarded as the most common subtype. Incidence rates of 0.5-8.2/100,000
population and prevalence rates of 0.2%—1.2% have been described for ankylosing spon-
dylitis, compared with approximately double these figures for the entire group of spon-
dyloarthopathy (Sieper et al 2006). The salient similar features within this group include:
inflammatory spinal pain; radiological sacroilitis with or without clinical spondylitis;
peripheral inflammatory arthritis, usually of the large joints of the lower extremities in an
asymmetric, pauci-articular fashion; familial tendency; and negative tests for rheumatoid
factor as well as the absence of subcutaneous rheumatoid nodules.

The European Spondyloarthropathy Study Group (ESSG) criteria (Table 1) pro-
posed in 1991 has been used to identify patients with spondyloarthopathy; however,
in clinical practice these criteria are believed to be inadequate (Amor et al 1994).
There are no uniformly accepted classification criteria for distinguishing ankylosing
spondylitis from the other spondyloarthopathies. The most widely accepted diagnostic
criteria for ankylosing spondylitis are the Modified New York Criteria developed in
1984. These require a patient to have low back pain of at least 3 months’ duration
improved by exercise and not relieved by rest, limitation of lumbar spine motion in
sagittal and frontal planes, and/or chest expansion decreased relative to normal values
for age and sex in addition to unilateral sacroiliitis grade 3—4 or bilateral sacroiliitis
grade 2—4 in order to be diagnosed with ankylosing spondylitis (Table 2) (Van der Lin
etal 1984). These criteria are often used to identify patients to enroll in investigational
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Table | The European Spondyloarthropathy Study Group
(ESSG) criteria

Inflammatory or synovitis spinal pain and one or more of the following:

* Asymmetric
* Predominantly
lower limb
« Alternate buttock pain
* Sacroiliitis
* Enthesopathy
* Positive family history
* Psoriasis

.

Inflammatory bowel disease
 Urethritis or

cervicitis or acute diarrhea
occurring within | month
before arthritis

trials in ankylosing spondylitis. In clinical practice, ESSG
criteria are inadequate for the diagnosis in individual patients
as they were designed as classification criteria, with conse-
quent high specificity and lower sensitivity.

The modified New York Criteria reflect that radiologically,
ankylosing spondylitis manifests earliest in the sacroiliac
joint. Initially, this may appear as pseudowidening of the joint
with sclerosis in the lower third joint margins. With more
advanced disease, erosions occur, followed by bony fusion.
Although magnetic resonance imaging (MRI) and com-
puted tomography are more sensitive to changes occurring
within the sacroiliac joints than conventional radiography,
the modified New York criteria do not currently encompass
this principle (Braun et al 1994). Thus, intervention outcomes
do not address the earliest stages of diseases in most clinical
studies, since study participants are generally included based
on conventional radiographic data.

Recent attention has focused on earlier diagnosis
of ankylosing spondylitis among patients with chronic

Table 2 Diagnostic criteria for ankylosing spondylitis

Stage | Grade Il or higher bilateral radiographic sacroiliitis

Stage Il Minor radiographic evidence of spinal involvement in
<I spinal segment (<3 vertebrae which equals <I5% of
the spine)

Stage llI Moderate radiographic evidence of spinal involvement
in <2 spinal segments (4—12 vertebrae which equals
15—<50% of the spine)

Stage IV Radiographic evidence of spinal involvement in >2 spinal
segments (13—19 vertebrae which equals 50%—<80% of
the spine)

Stage V Widespread (=80%) fusion of the spine (=20 vertebrae)

Adapted from Braun et al (2002).

low back pain. This is important as effective biological
therapies for early treatment have become available.
Rudwaleit and colleagues have recently shown that it is
possible to make a diagnosis of inflammatory back pain
associated with ankylosing spondylitis when at least two
of the following features are present: 1) morning stiff-
ness >30 minutes, 2) improvement with exercise, but
not with rest, 3) awakening during the second half of the
night because of back pain and alternating buttocks pain
(Rudwaleit et al 2006). If three of the four parameters are
seen, then a disease probability of more than 90% can be
achieved. The addition of unilateral or bilateral Grade 3
sacroiliitis is diagnostic for ankylosing spondylitis.

Both the modified New York Criteria and Rudwaleit’s cri-
teria highlight the typical clinical presentation of ankylosing
spondylitis. The insidious alternating buttocks pain and
stiffness of the spine can lead to deformity and restriction
of motion secondary to syndesmophytes and alterations at
the zygo-apophysial joints. The involvement of the thoracic
spine commonly causes chest expansion restriction due to
costovertebral joint fusion. The onset of these symptoms
typically occurs between ages 15-35 years, and severe
deformity and disability can result within the first 10 years
(Gran and Skomsvoll 1997). It tends to affect more men
than women. In most clinical studies, the activity of disease
is generally defined by the Bath Ankylosing Spondylitis
Disease Activity Index (BASDALI), and functional status by
the Bath Ankylosing Spondylitis Disease Functional Index
(BASFI), with increased levels indicating more severe
disease.

The goal of treatment in ankylosing spondylitis is to
ameliorate this pain and stiffness and preserve function.
Nonselective nonsteroidal anti-inflammatories (NSAIDs),
cyclooxygenase-2 (COX2) selective inhibitors, and nonphar-
malogic interventions, such as physiotherapy and exercise,
education, and lifestyle modification are well recognized as
the most important initial step in management. Second-line
therapies, such as sulfasalazine for peripheral arthritis, anti-
TNF therapy for axial disease, and extra-articular disease are
additional management considerations.

Pathogenesis of ankylosing
spondylitis

The exact pathogenesis of ankylosing spondylitis is unknown;
however, both genetics and environment are thought to play
a role. A genetic predisposition associated with the human
leukocyte antigen HLA-B27 class molecule is character-
istic in ankylosing spondylitis, with 90%—-95% of patients
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of European descent carrying this marker (Reveille 2001).
Multiple different theories have been proposed in attempt
to explain the association of the HLA-B27 with ankylosing
spondylitis.

The T-cell receptor theory is based on knowledge that
this receptor recognizes only peptides that are in associa-
tion with class I or class Il MHC (Major Histocompatibility
Complex) molecules. The T-cell response is thus restricted
by HLA molecules. Despite an extensive search there is a
lack of evidence for a special pathogenic peptide that binds
HLA-B27, and most HLA-B27 carriers are free from disease;
thus the receptor theory has a serious weakness (Ebringer
and Wilson 2000).

The molecular mimicry theory suggests that disease results
from antigenic components of micro-organisms which partial-
ly cross-react with or resemble HLA molecules (Ebringer and
Wilson 2000). Not only has amino-acid sequence homology
between Kleibsiella pneumoniae and HLA-B27 been demon-
strated, but mean IgA antibody levels against this organism
is higher in active ankylosing spondylitis patients (Ebringer
and Wilson 2000). Similarly, it has been demonstrated that
anti-Sacchromyces cerevisiae IgA antibodies are elevated in
ankylosing spondylitis (Hoffman et al 2003).

Itis possible HLA-B27 could result in impaired bacterial
elimination. It has been suggested that misfolding during
intracellular assembly process induces the activation of the
inflammatory response following induction of endoplasmic
reticulum stress, thus independently of antigen presentation
(Colbert 2000). The misfolded HLA-B27 has the capacity
to form covalent heavy-chain homodimers amenable to
recognition by leukocyte receptors, thus immunomodulating
both innate and adaptive responses to arthritogenic pathogens
(Lopez de Castro 2007).

One of the key inflammatory mediators of the immune
response is TNF-o. This cytokine plays a critical role in
the regulation of inflammation and clearly has a role in the
pathogenesis of ankylosing spondylitis. TNF-ot serum levels
are significantly higher in ankylosing spondylitis patients
than in patients with noninflammatory back pain (Gratacos
et al 1994). Elevated levels of TNF-o. messenger RNA and
protein were found in ankylosing spondylitis sacroiliac joint
biopsy specimens (Braun et al 1995).

TNF-a is a cytokine synthesized and secreted primarily
by macrophages in response to proinflammatory stimuli, such
as bacterial lipopolysacchride (Ellerin et al 2003). It functions
to increase inflammation, cell infiltration by upregulation
of adhesion molecules, angiogenesis, upregulation of acute
phase response, and articular cartilage degradation, and, in

a paracrine manner stimulates other cytokines, such as IL-1,
which results in bone resorption. This inflammatory pathway
is initiated when TNF is cleaved from the cell surface by a
specific metalloproteinase and binds to its two receptors,
TNFR-55 and TNFR-75, found in both soluble forms and on
somatic cell surfaces. Studies have shown that neutralization
of TNF by the chimeric monoclonal IgG1 antibody inflix-
imab, the recombinant 75 kDa TNF receptor IgG1 fusion
protein etanercept, and the fully humanized monoclonal
antibody adalimumab can decrease this cascade of events.
Several associated extra-articular manifestations are
not included in the definition of ankylosing spondylitis, but
are well recognized and have additional management con-
siderations. Eye inflammation, especially acute anterior
uveitis, has a likelihood of 1:4 in ankylosing spondylitis
(Feltkamp and Ringros 1998). The prognosis of uveitis is
usually good with topical treatment, but might benefit from
additional immunosuppressive therapy if chronicity devel-
ops (De Keyser et al 2004). A meta-analysis of four pla-
cebo-controlled and three open-label studies showed that
anterior uveitis occurs less frequently in patients treated
with TNF-o blocking agents (Braun et al 2005). There
is some evidence that infliximab is more effective than
etanercept in the treatment of recalcitrant uveitis (Galor
et al 2006). Subclinical gut inflammation is also described
as having a higher incidence in ankylosing spondylitis
patients with peripheral arthritis (De Keyser et al 1998).
Of interest, remission of joint inflammation is associated
with a disappearance of the gut inflammation (Mielants
et al 1995). Furthermore, the prevalence of ischemic
heart disease, atherosclerosis, peripheral vascular disease,
congestive heart failure, cerebrovascular disease, type 1
diabetes, hyperlipidemia, and hypertension are also higher
in patients with ankylosing spondylitis than age-controls
(Han et al 2006). In addition to traditional management of
these problems, there is some evidence that TNF-o block-
ade in ankylosing spondylitis patients may modulate the
inflammatory process of athersclerosis and induce a mod-
est, but sustained, increase in serum HDL-C levels, which
may have a favorable effect in reducing the cardiovascular
risk in these patients (Spanakis et al 2006). The effect of
TNF-a on aortitis as well as pulmonary disease, such as
apical fibrosis, interstitial lung disease, emphysema, bron-
chietasis and pleural thickening, in ankylosing spondylitis
patients remains to be seen. In one study, no correlation
was observed between high-resolution computed tomog-
raphy of the chest abnormalities, pulmonary function test
variables, and indices of ankylosing spondylitis symptoms
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and disease structural severity, possibly suggesting a
different pathogenesis (Quismorio 2006). Complications
such as IgA nephropathy and amyloidosis have additional
management considerations.

Evidence-based treatment

guidelines

New guidelines for the treatment of ankylosing spondylitis
have been recently published by the ASsessment in Ankylos-
ing Spondylitis (ASAS) working group, in collaboration with
EULAR, based on a systemic review of the literature and
expert opinion (Zochling et al 2006a, b). It was determined
that nonpharmalogic interventions, such as physiotherapy
and exercise, education, and lifestyle modification should
be offered to all ankylosing spondylitis patients early and
throughout the illness course (Dagfinrud et al 2005).

Meta-analyses of randomized, controlled trials suggest
that nonselective nonsteroidal anti-inflammatories (NSAIDs)
and cyclooxygenase-2 (COX2) selective inhibitors are first-
line therapy for all ankylosing spondylitis patients with pain
and stiffness. Continuous treatment with NSAIDs is capable
of slowing down the progression the disease (De Keyser et al
2004). Safety concerns, such as gastrointestinal erosion, must
be considered when prescribing NSAIDs.

For those refractory or intolerant to NSAIDs, the disease-
modifying antirheumatic drugs (DMARDs) have been used
as a second-line approach. Sulfasalazine has demonstrated
some benefit in relieving peripheral joint manifestations,
reducing erythrocyte sedimentation rate (ESR) and easing
morning stiffness, but has no evidence of benefit in physical
function, spinal mobility, pain, enthesitis, and patient-rated
and physician-rated global assessment (Dougados et al 1995;
Clegg etal 1999; Chen and Liu 2005). High-quality random-
ized, controlled trials of long duration and with large sample
size are needed to clarify the effects of methotrexate (Chen
et al 2006). Currently there is not enough evidence to support
any benefit of methotrexate, cyclosporine, or azathioprine in
the treatment of ankylosing spondylitis.

The ASAS working group, in collaboration with European
League Against Rheumatism (EULAR), also determined
that robust evidence is available for the cost-effectiveness of
TNF-o inhibitors. The consensus of the expert panel was that
anti-TNF-a treatment should be offered to all patients with
high disease activity. Three anti-TNF-o. agents (etanercept,
infliximab, and adalimumab) have been studied for treatment
of ankylosing spondylitis and are FDA approved.

Although there is some evidence to support the use of
anakinra, thalidomide, and pamidronate in the treatment

of ankylosing spondylitis, use of these agents was not
endorsed by the expert panel (Maksymowych et al 1998;
Huang et al 2002; Tan et al 2004). Of interest, thalidomide
inhibits TNF-o by amplifying the degradation of messenger
RNA and decreases the expression of certain cytokines.

Although there is no single accepted clinical parameter
available for assessing spinal deformity and facilitating
decision-making about surgical treatment of spinal defor-
mity, spinal stenosis, and hip disease, surgery may become
necessary for ankylosing spondylitis patients with refractory
pain and disability. Surgical intervention is indicated when
fracture and dislocation result in neurological involvement
(Fox et al 1993). Even in the absence of neurological signs,
if atlanto-axial and atlanto-occipital subluxation progresses
substantially and the patient has severe pain and instability,
surgical fusion may be necessary (Ramos-Remus et al 1997).
Total hip arthroplasty is likely beneficial in patients with
refractory pain or disability.

Etanercept

Etanercept is a fusion protein consisting of the extracellular
portion of a human TNFR-75 fused to the Fc region of human
IgG subclass I molecule. It is administered by subcutaneous
self-injection, usually in a 50 mg once-a-week, or 25 mg
twice-a-week dosing regimen. It binds to TNF-o. preventing
it from associating with the cell surface TNF-o receptor, and
mimics the normal physiologic pathway of down-regulating
TNF-o.

Clinical trial data show that TNF-o inhibitors are well
tolerated by ankylosing spondylitis patients in the short-
term. Injection site reactions of mild to moderate severity
occur, and are managed with antihistamines, injection of
hydrocortisone or, less commonly, cessation of therapy
(Nash and Florin 2005). TNF inhibitors should be avoided in
patients with advanced heart failure, since large phase 1T and
II1 trials with TNF-o antagonists have shown trends towards
a worse prognosis in this population. TNF-a inhibitors are
also associated with the formation of auto-antibodies, though
these auto-antibodies are rarely associated with any specific
clinical syndrome. Rare cases of aplastic anemia, pancytope-
nia, vasculitis, and demyelination have also been described
with anti-TNF therapy (Desai and Furst 2006).

No head-to-head trials have been done between the
TNF-a inhibitors; thus although all have been proven to
have favorable treatment results, none have proven to be
superior to each other. Because most available data are on
the first FDA-approved TNF-inhibitor etanercept for treat-
ment in ankylosing spondylitis, this paper will focus on this
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medication. It is recognized that this focus has the limitation
of collectively including only approximately 400 patients
with limited study duration and methodology.

Clinical studies have proven the efficacy of etanercept
for ankylosing spondylitis. Marzo-Ortega and colleagues
preformed the first descriptive longitudinal clinical study on
the use of subcutaneous etanercept in 10 spondyloarthropathy
patients with active inflammatory spinal and peripheral joint
involvement in 2001. Statistically significant improvement
was seen in all clinical and functional variables. MRI data
revealed regression or resolution of enthesal lesions, and
absence of new lesions in 9 of the patients analyzed (Marzo-
Ortega et al 2001). This study was limited by both the small
number of patients as well as by the short 24-week duration
of follow-up. This makes it difficult to make conclusions
on long-term efficacy and safety.

Additional support for the use of etanercept in ankylosing
spondylitis was provided by Gorman and colleagues. Forty
patients with active ankylosing spondylitis were enrolled into
a randomized, double-blind, placebo-controlled trial with
an option of 6-month of open-label extension. The primary
outcome measure was composite treatment response of 20%
or greater improvement in at least three of the following:
morning stiffness, nocturnal pain, BASFI, patient global
assessment of disease activity, and score for joint swelling.
At the end of a 4-month period 75% of the etanercept-treated
patients had improved clinically, compared with 25% of the
patients in the placebo group. Improvement was sustained
over time (Gorman et al 2002). These marked changes that
resulted from etanercept therapy were mostly subjective. The
failure of improvement in the modified Schober’s Index,
the occiput-to-wall measurement, the Fatigue Severity Scale,
and the counts and scores for tenderness in peripheral joints
with etanercept therapy are important findings in this study.

The rapid onset of therapeutic relief was demonstrated by
Calin and co-workers (Calin et al 2004). The efficacy of etan-
ercept compared with placebo in 84 patients at 14 European
centers over 12 weeks. The primary efficacy endpoint was
an improvement of at least 20% in patient-reported symp-
toms, based on the multicomponent ASAS response criteria
(ASAS 20). ASAS is a composite measure of improvement
in ankylosing spondylitis symptoms that include total back
pain, patient assessment of disease activity, inflammation,
and physical function. Significantly more etanercept patients
than placebo patients responded at the ASAS 20 level as early
as week 2, and sustained differences were evident up to week
12. Etanercept was well tolerated. Most adverse events were
mild to moderate; the only between-group difference was

injection site reactions, which occurred significantly more
often in etanercept. However, this study was of short duration
and thus long-term safety data cannot be inferred.

Etanercept has also been evaluated in a larger 24-week
randomized, multicenter, double-blind, placebo-controlled
study with open-label extension (Davis et al 2003). In
the initial study 277 ankylosing spondylitis patients were
randomized to receive etanercept or placebo. The primary
endpoints were the proportions of patients achieving ASAS
20 criteria at 12 and 24 weeks. By week 12, 60% of the
patients in the etanercept group were ASAS 20 responders
compared with 27% of placebo-treated patients. Similar
ASAS 20 responder rates were observed at the end of the
24-week assessment, 58% of etanercept patient compared
with 23% of the placebo group. The etanercept group also
had a significantly greater improvement in spinal mobility
measures. No unexpected adverse effects or infections were
observed.

Davis and colleagues performed a follow-up study
to monitor extended efficacy and safety in patients with
ankylosing spondylitis, and to determine efficacy in patients
previously receiving placebo (Davis et al 2005). This study
confirmed that ASAS responses to etanercept treatment
were sustained for almost 2 years, with 74% of patients
achieving an ASAS 20 response after 96 weeks of etanercept
treatment.

Similar long-term efficacy results were demonstrated by
Brandt and co-workers in a double-blind, placebo-controlled
trial. In this 54-week open observational study, 26 ankylosing
spondylitis patients received etanercept after several months of
discontinuation following a 6-month randomized control trial
with the same agent. All patients who developed high disease
activity after cessation of etanercept, defined as a BASDAI
and pain greater than or equal to four on a numerical rating
scale, entered the study. Standard assessment tools, such as
BASFI, were used. An intention-to-treat (ITT) and a completer
analysis were performed. The results were compared with
the baseline values of the open study. Out of the initial 30
patients, 26 (87%) were eligible for the open extension study
after amean of about 27 weeks. At week 54, 88% were still on
treatment with etanercept. The ITT analysis showed that 58%
(95% confidence interval 39%—74%) of the patients achieved
a50% improvement of BASDAI at week 54. According to the
ASAS working group criteria, 31% were in partial remission
at week 54. Function, metrology, and quality of life improved
significantly. Only one patient had a serious adverse event (new
onset of biopsy proven Crohn’s) that resulted in discontinua-
tion (Brandt et al 2005).

Biologics: Targets & Therapy 2007:1(1)

49



Frech

TNF-a is an essential cytokine in the innate immune
response and defective host defense mechanisms may play a
role in the pathogenesis of ankylosing spondylitis; thus there
has been a concern of severe infectious complications with
TNF-a blockade in spondyloarthropathy. The extent of the
infectious complications with TNF-a inhibition can range
from localized to disseminated. It appears that not only is
the incidence of certain infections increased with anti-TNF-o
therapy, but the ability to contain these infections is also
impaired (Ellerin et al 2003). The extent of the infections
ranges from localized to disseminated. Serious infections
have included septic arthritis, infected prostheses, and a
variety of opportunist infections (Giles and Bathon 2004).
Reactivation of latent tuberculosis early after commence-
ment of anti- TNF-o therapy and dissemination in a miliary
fashion is a particular concern, and patients commencing
anti-TNF-a therapy should have a screening chest X-ray
and Mantoux test (Nash and Florin 2005). Isoniazid therapy
for 9 months is indicated if anti-TNF-o therapy is deemed
necessary and the Mantoux result is significantly positive
(Ormerod 2004). Additionally, preliminary data suggest
that anti-TNF-o therapy may be safe in chronic hepatitis C.
However, TNF-o. antagonists have resulted in re-activation
of chronic hepatitis B if not given concurrently with antiviral
therapy (Desai and Furst 2000).

TNF-a also has a role in immune regulation. Anti-TNF
therapy use in patients with other inflammatory arthritides has
suggested increases in demyelination and serious infection
(Mohan et al 2001; Salliot et al 2007). These inflammatory
conditions are associated with an increased risk of lymphoma.
It is unclear whether this risk exists in ankylosing spondy-
litis (Askling et al 2006). Since variable rates of increased
lymphoma risk have been described with anti-TNF therapy
compared with the general population, long-term controlled
and adequately powered follow-up studies are required to
settle this issue. Solid tumors do not appear to be increased
with anti-TNF therapy (Desai and Furst 2006). However,
the existing clinical trial data are underpowered to assess
long-term, serious adverse outcomes in ankylosing spon-
dylitis patients. Data are also limited for use of anti-TNF
therapy in pregnancy or lactation.

Conclusion

The current management approach to ankylosing spondylitis
requires a combination of nonpharmacologic and pharma-
cologic treatment modalities. Appropriate and timely use of
TNF-o antagonists is an additional option for patients with
active ankylosing spondylitis who are inadequately controlled

with conventional treatment. TNF-ot inhibitor therapies have
demonstrated rapid and consistent effectiveness in reducing
the axial and peripheral symptoms of ankylosing spondylitis,
and improving patient function and quality of life. There are
data showing that TNF-o inhibition may also have a positive
effect on anterior uveitis and cardiovascular disease seen in
ankylosing spondylitis patients. Randomized, controlled tri-
als are needed to further investigate anti-TNF therapy effect
on other extra-articular aspects of ankylosing spondylitis.
Additional studies are also needed to establish long-term
safety, and determine whether these agents can halt disease
progression in patients. Comparison studies between the three
FDA-approved TNF inhibitors in ankylosing spondylitis
patients will be helpful to determine if superiority exists,
or if switching between biologics is of therapeutic value.
Incorporation of pre-radiographic changes and MRI data
will also be an important area of focus in the future for both
defining interventional strategies and defining the entity of
ankylosing spondylitis.

References

Amor B, Santos R, Nahal R, et al. 1994. Predictive factors for the long term
outcome of spondyloarthropathies. J Rheumatol, 21:1883-7.1.

Askling J, Klareskog L, Blomqvist P, et al. 2006. Risk for malignant lym-
phoma in ankylosing spondylitis: a nationwide Swedish case-control
study. Ann Rheum Dis, 65(9):1184-7.

Brandt J, Listing J, Haibel H, et al. 2005. Long-term efficacy and safety
of etanercept after readministration in patients with active ankylosing
spondylitis. Rheumatology (Oxford), 44:342-8.

Braun J, Baraliakos X, Listing J et al. 2005. Decreased incidence of anterior
uveitis in patients with anklosing spondylitis treated with anti-tumor
necrosis factor agents infliximab and etanercept. Arthritis Rheum,
52:2447-51.

Braun J, Bollow M, Neure L, et al. 1995. Use of immunohistologic and
in situ hybridization techniques in the examination of sacroiliac joint
biopsy specimens from patients with ankylosing spondylitis. Arthritis
Rheum, 38:499-505.

Braun J, Bollow M, Eggens U, et al. 1994. Use of dynamic magnetic
resonance imaging with fast imaging in the detection of early and
advanced sacroilitis in spondyloarthopathy patients. Arthritis Rheum,
37:1039-45.

Braun J, van der Heijde D, Dougados M. 2002. Staging of patients with ankylos-
ing spondylitis: a preliminary proposal. Ann Rheum Disease, 61:19-23.

Calin A, Dijkmans B, Emery P, et al. 2004. Outcomes of a multicentre
randomised clinical trial of etanercept to treat ankylosing spondylitis.
Ann Rheum Dis, 63:1594-600.

Chen J, Liu C. 2005. Sulfasalazine for anklosing spondylitis. 7he Cochrane
Database of Systematic Reviews, 18:CD004800

Chen J, Liu C, Lin J. 2006. Methotrexate for ankylosing spondylitis. The
Cochrane Database Systematic Reviews, 4:CD004524.

Clegg DO, Reda DJ, Adbellatif M. 1999. Comparison of sulfasalazine and
placebo for the treatment of axial and peripheral articular manifestations
of the seronegative spondyloarthropathies: a Department of Veterans
Affairs Cooperative Study. Arthritis Rheum, 42:2325-9.

Colbert, RA. 2000. HLA-B27 misfolding: a solution to the spondyloartopa-
thy conundrum? Mol Med Today, 6:224-30.

Dagfinrud H, Kvien T, Hagen K. 2005. The Cochrane review of physiotherapy
interventions for ankylosing spondylitis. J Rheumatol, 32:1899-906.

50

Biologics: Targets & Therapy 2007:1(1)



Etanercept for ankylosing spondylitis

Davis JC Jr, van der Heijde D, Braun J, et al. 2003. Recombinant human
tumor necrosis factor receptor (etanercept) for treating ankylosing
spondylitis a randomized, control trial. Arthritis Rheum, 48:3230-6.

Davis JC Jr, van der Heijde D, Braun J, et al. 2005. Sustained durability
and tolerability of etanercept in ankylosing spondylitis for 96 weeks.
Ann Rheum Dis, 64:1557-62.

De Keyser F, Baeten D, Van den Bosch F. 2004. Structrure-modifying capac-
ity of anti-tumour necrosis factor-atherapy in ankylosing spondylitis.
Drugs, 64:2793-811.

De Keyser F, Elewaut D, De Vos M, et al. 1998. Bowel-inflammation and
the spondyloarthopathies. Rheum Dis Clin North Am, 24:785-813.

Desai SB, Furst DE. 2006. Problems encountered during anti-tumour necro-
sis factor therapy. Best Pract Res Clin Rheumatol, 20:757-90.

Dougados M, vam der Linden S, Leirisalo-Repo M, et al. 1995 Sulfasalazine
in the treatment of spondyloarthopathy. A randomized, multi-center,
double-blind, placebo-controlled study. Arthritis Rheum, 38:618-27.

Ebringer A, Wilson C. 2000. HLA molecules, bacteria and autoimmunity.
J Med Microbiol, 49:305-11.

Ellerin T, Rubin, R, Weinblatt M. 2003. Infections and anti-tumor necrosis
factor o therapy. Arthritis Rheum, 48:3013-22.

Feltkamp T, Ringrose J. 1998. Acute anterior uveitis and spondyloarthopa-
thies. Curr Opin Rheumatol, 10:314-8.

Fox MW, Onofrio BM, Kilgore JE. 1993. Neurological complications of
ankylosing spondylitis. J Neurosurg, 78:871-8.

Galor A, Perez VL, Hammel JP, et al. 2006. Differential effectiveness of
etanercept and infliximab in the treatment of ocular inflammation.
Ophthalmology, 113:2317-23.

Giles J, Bathon J. 2004. Serious infections associated with anticytokine ther-
apies in the rheumatic diseases. J Intensive Care Med, 19:320-34.

Gorman JD, Sack KE, Davis JC Jr. 2002. Treatment of ankylosing spondylitis by
inhibition of tumor necrosis factor alpha. N Engl J Med, 346:1349-56.

Gran J, Skomsvoll J. 1997. The outcome of ankylosing spondylitis: a study
of 100 patients. Br J Rheumatol, 36:766—71.

Gratacos J, Collado A, Filella X et al. 1994. Serum cytokines (I1-6, TNF-
alpha, IL-1 beta and IFN gamma) in ankylosing spondylitis: a close
correlation between serum IL-6 and disease activity and severity.
BrJ Rheumatol, 33:927-31.

Han C, Robinson DW Jr, Hackjett MV, et al. 2006. Cardiovascular disease
and risk factors in patients with rheumatoid arthritis, psoriatic arthritis,
and ankylosing spondylitis. J Rheumatol, 33:2167-72.

Hoffman IE, Demetter P, Peeters M, et al. 2003. Anti-saccharomyces
cerevisiae IgA antibodies are raised in ankylosing spondylitis and undif-
ferentiated spondyloarthropathy. Ann Rheum Dis, 62:455-9.

Huang F, Wei JC, Breban M. 2002. Thalidomide in ankylosing spondylitis.
Clin Exp Rheumatol, 20 (Suppl 28):S158-61.

Lopez de Castro JA. 2007. HLA-B27 and the pathogenesis of spondyloar-
thropathies. Immunol Lett, 108:27-33.

Maksymowych WP, Jhangri GS, LeClereq S, et al. 1998. An open study
of pamidronate in the treatment of refractory ankylosing spondylitis.
J Rheumatol, 25:714-7.

Marzo-Ortega H, McGonagle D, OConnor P, et al. 2001. Efficacy of
etanercept in the treatment of the enethesal pathology in resistant
spondyloarthropathy: a clinical and magnetic resonance imaging study.
Arthritis Rheum, 44:2112-7.

Mielants H, Veys EM, De Vos M, et al. 1995. The evolution of the spon-
dyloarthopathies in relation to gut histology. I1I: relation between gut
and joint. J Rheumatol, 22:2266-78.

Mohan N, Edwards ET, Cupps TR, et al. 2001. Demyelination occurring
during anti-tumor necrosis factor alpha therapy for inflammatory
arthritides. Arthritis Rheum, 44:2862-9.

Nash PT, Florin TH. 2005. Tumour necrosis factor inhibitors. Med J Aust,
183:205-8.

Ormerod LP. 2004. Assessing risk and managing Mycobacterium tuber-
culosis infection and disease in patients due to start anti-TNF alpha
treatment. Cytokine, 28:179-81.

Quismorio FP Jr. 2006. Pulmonary involvement in ankylosing spondylitis.
Curr Opin Pulm Med, 12:342-5.

Ramos-Remus C, Gomez-Vargas A, Hernandez-Chavez A, et al. 1997.
Two year follow-up of anterior and vertical atlantoaxial subluxation
in ankylosing spondylitis. J Rheumatol, 24:507-10.

Reveille JD. 2001. HLA B27 and genetiv predisposing factors in spondy-
loarthropathies. Curr Opin Rheumatol, 13:265-72.

Rudwaleit M, Metter A, Listing J, et al. 2006. Inflammatory back pain
in ankylosing spondylitis: a reassessment of the clinical history
for application as classification and diagnostic criteria. Arthritis
Rheum, 54:569-78.

Salliot C, Gossec L, Ruyssen-Witrand, et al. 2007. Infections during tumour
necrosis factor-alpha blocker therapy for rheumatic diseases in daily
practice: a systematic retrospective study of 709 patients. Rheumatol-
ogy (Oxford), 46:327-34.

Sieper J, Rudwaleit M, Khan M, et al. 2006. Concepts and epidemiology of
spondyloarthritis. Best Pract Res Clin Rheumatol, 20:401-17.

Spanakis E, Sidiropouloos P, Papadakis, J, et al. 2006. Modest but sustained
increase of serum high density lipoprotein cholesterol levels in patients
with inflammatory arthritides treated with infliximab. J Rheumatol,
33:2440-6.

Tan AL, Marzo-Ortega H, O’Connor P, et al. 2004. Efficacy of anakinra
in active ankylosing spondylitis: a clinical and magnetic resonance
imaging study. Ann Rheum Dis, 63:1041-45.

Van der Lin S, Valkenburg H, Cats A. 1984. Evaluation of diagnositic
criteria for ankylosing spondylitis: a proposal for modification of the
New York Criteria. Arthritis Rheum, 27:361-8.

Zochling J, van der Heijde D, Burgos-Vargas R, et al. 2006a. ASAS/EULAR
recommendations for the management of ankylosing spondylitis. Ann
Rheum Dis, 65:442-52.

Zochling J, van der Heijde D, Dougados M, et al. 2006b. Current evidence
for the management of ankylosing spondylitis: a systematic literature
review for the ASA/EULAR management recommendations in ankylos-
ing spondylitis. Ann Rheum Dis, 65:423-32.

Biologics: Targets & Therapy 2007:1(1)

51







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


