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Pierre Auguste Renoir (1841-1919) suffered from rheumatoid arthritis. Although
severely hampered by arthritis and wheelchair-bound Renoir continued painting until the
end of his life.



In science, as in life, learning and knowledge are distinct, and the
study of things, and not of books, is the source of the latter.

T. H.  Huxley, 1861
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Abstract

The treatment of arthritis has undergone a drama-
tic change since biological agents targeting
specific mediators of the disease process have
been introduced. Tumour necrosis factor (TNF)
antagonists have been shown to reduce signs
and symptoms of disease and to retard the
development of tissue damage in the majority of
patients.

This thesis focuses on clinical, immunological
and biochemical aspects of treatment with TNF
antagonists in patients with arthritis.

In particular, the studies examine: (i) the feasi-
bility of a structured protocol with central data
handling for the prospective monitoring  treat-
ment efficacy and tolerability of new treatments
in clinical practice, (ii) whether serum levels of
cartilage oligomeric matrix protein (COMP)
change during treatment with TNF antagonists in
a way that corroborates a tissue protective
effects of these agents in rheumatoid arthritis
(RA), (iii) how different anti-rheumatic treatments
modulate the immune response induced by
polysaccharide or polypeptide vaccines in
patients with RA and (iv) potential predictors of
infusion reactions during treatment with
infliximab.

All the patients who participated in the studies
were monitored according to a standardised
clinical protocol of the South Swedish Arthritis
Treatment Group (SSATG) developed at the
Department of Rheumatology in Lund. We found
that such a protocol could be used for monitoring
newly introduced anti-rheumatic treatments both
at a university department and at other rheuma-
tology units. The performance of TNF anta-
gonists regarding efficacy and safety complied
with results of previously published clinical
trials.

Serum levels of COMP were measured in RA
patients treated with infliximab and etanercept
during the initial 6 months of treatment. Serum
COMP levels decreased in patients with and

without a clinical response, suggesting a damage
retarding effect of TNF antagonist treatment.

Altogether, 149 patients with RA participated
in studies of the immune response to
pneumococcal or influenza vaccination. Patients
treated with TNF antagonists and controls
showed similar responses to pneumococcal
vaccine, whereas methotrexate treated patients
showed reduced response to this vaccine
regardless of concomitant treatment with TNF
antagonists. In contrast, RA patients treated with
methotrexate without TNF antagonists had
significantly better immune response to influenza
vaccination than those receiving TNF  anta-
gonists alone or in combination with metho-
trexate and/or other disease modifying anti-
rheumatic drugs.

Possible predictors of infliximab related
infusion reactions were studied in a cohort of 213
patients with RA and 76 patients with
spondylarthropaties. Infliximab without metho-
trexate and positive baseline ANA (antinuclear
antibodies) were independent risk factors for
developing infusion reactions in RA but not in
spondylarthropaties.

In conclusion, a structured protocol with
central data handling is feasible in clinical
practice for documenting the efficacy of and
adverse events associated with drugs used for
the treatment of arthritis. Serum COMP has the
potential to be a useful marker for evaluating
tissue effects of novel treatment modalities in
RA. Methotrexate treatment in RA reduces
antibody response to pneumococcal vaccine,
suggesting that RA patients should be
vaccinated before the initiation of this treatment.
The immune response to influenza vaccination is
sufficiently good to warrant vaccination of all RA
patients, regardless of treatment. Positive ANA
at initiation of infliximab treatment and the use of
infliximab as monotherapy is associated with
increased risk of infusion reactions in RA.
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Publications

This thesis is based on the following five papers,
which will be referred to in the text by their Roman
numerals:

I Etanercept, infliximab and leflunomide in
established rheumatoid arthritis: clinical expe-
rience using a structured follow up programme in
southern Sweden.
Pierre Geborek, Meliha Crnkic, Ingemar F
Petersson, Tore Saxne
Ann Reum Dis 2002; 61:793-798

II Serum cartilage oligomeric matrix protein
(COMP) decreases in rheumatoid arthritis
patients treated with infliximab or etanercept.
Meliha Crnkic, Bengt Månsson, Lotta Larsson,
Pierre Geborek, Dick Heinegård, Tore Saxne
Arthritis Res Ther 2003; 5:R181-185

III Influence of methotrexate, TNF-blockers and
prednisolone on antibody responses to pneumo-
coccal polysaccharide vaccine in patients with
rheumatoid arthritis .
Meliha Crnkic Kapetanovic, Tore Saxne, Anders
Sjöholm, Lennart Truedsson, Göran Jönsson,
Pierre Geborek
Rheumatology 2006; 45:106-111

IV Influenza vaccination as model for testing
immune modulation induced by anti-TNF and
methotrexate therapy in rheumatoid arthritis
patients.
Meliha Crnkic Kapetanovic, Tore Saxne, Jan-Åke
Nilsson, Pierre Geborek
Rheumatology 2006, in press

V Predictors of infusion reactions during
infliximab treatment in patients with arthritis.
Meliha Crnkic Kapetanovic, Lotta Larsson,
Lennart Truedsson, Gunnar Sturfelt, Tore Saxne,
Pierre Geborek
Arthritis Res Ther 2006 July 26; 8(4):R131.

Published articles are reported with the per-
mission of the publishers.

The studies presented in this thesis were
supported by grants from the Swedish
Rheumatism Association, the Swedish Medical
Research Council, the Medical Faculty of Lund
University, Alfred Österlund’s Foundation, The
Crafoord Foundation, Greta and Johan Kock’s
Foundation, The King Gustaf V Foundation and
Lund University Hospital.
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Abbreviations

ACR American College of
Rheumatology

AKA antikeratin antibodies
ANA antinuclear antibodies
Anti-CCP anti-cyclic citrullinated peptide
APC antigen presenting cell
APF antiperinuclear factor
AS ankylosing spondylitis
ASAS Assessments in Ankylosing

Spondylitis working group
BASDAI Bath Ankylosing Spondylitis

Disease Activity Index
BASFI Bath Ankylosing Spondylitis

Functional Index
BASMI Bath Ankylosing Spondylitis

Metrology Index
COMP cartilage oligomeric matrix protein
CRP C-reactive protein
DAS disease activity score
DMARDs disease modifying anti-rheumatic

drugs
ELISA enzyme-linked immunosorbent

assay
ESR erythrocyte sedimentation rate
EULAR European League Against

Rheumatism
GM-CSF granulocyte-macrophage colony-

stimulating factor

HAQ health assessment questionnaire
HI haemagglutination inhibition
HLA human leukocyte antigen
IIF indirect immunofluorescence
IFN interferon
IL interleukin
IL-1Ra interleukin 1 receptor antagonist
MHC major histocompatibility complex
NSAID non-steroidal anti-inflammatory

drug
PADI peptidylarginine deiminase
PsA psoriatic arthritis
PsACR psoriatic arthritis response criteria
RA rheumatoid arthritis
RANKL receptor activator of NF-kappa B

ligand
RCT randomised clinical trial
RF rheumatoid factor
SDAI simplified disease activity index
SpA Spondylarthropathies
SSATG South Swedish Arthritis

Treatment Group
TCR T-cell receptor
TGF transforming growth factor
TNF tumour necrosis factor
VAS visual analogue scale
WHO World Health Organization
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Introduction

Chronic inflammatory arthritis is a clinically
heterogeneous group of inflammatory disorders
including rheumatoid arthritis (RA) and
spondylarthropathies (SpA). Arthritis in RA is
often symmetric and typically affects the small
joints of the hands and the feet. SpA often
involves the spine and sacroiliac joints, but
enthesophaties and dactylitis are also common
symptoms. The clinical symptoms vary between
these different types of arthritides but those
related to inflammation, i.e. fatigue and inflamma-
tory joint pain, are often present. Since 1999 anti-
inflammatory treatment targeting tumour necro-
sis factor (TNF) has been available in Sweden.
Initially, TNF antagonists were approved for the
treatment of RA. However, the growing evidence
of treatment efficacy in other inflammatory di-
seases has led to the approval of TNF anta-
gonists for the treatment of other inflammatory
conditions, including SpA.

This thesis comprises 5 studies of patients
with established RA. The fifth study also in-
cludes patients with SpA. The overall purpose of
the investigation was to study clinical, immuno-
logical and biochemical aspects of treatment with
TNF antagonists in patients with established
arthritis in clinical practice.

Rheumatoid arthritis

RA is a chronic inflammatory disease mostly
affecting the joints. RA is the most common
inflammatory joint disease. It is found worldwide,
affecting all ethnic groups with somewhat
differing prevalence. A prevalence rate of 0.5-1%
was reported in Sweden (Simonsson et al. 1999)
corresponding to the prevalence rate in other
parts of the Western world. A higher prevalence
of about 5% has been found among some North
American Indians (Jacobsson et al. 1994a and
1994b, Hirch et al.1998) and the lowest preva-
lence was reported among rural populations of
China, Indonesia and Africa (Silman et al. 1993a,
Symmons et al. 2002a and 2002b).

Aetiology and pathogenesis

The aetiology of RA remains unknown but both
genetic and environmental factors contribute to
the susceptibility to and the severity of the
disease. The genetic background of RA is only
partly understood, and several genes seem to be
involved. Based on data from 2 nationwide
studies on twins, the contribution of genetic
factors to susceptibility to RA has been
estimated to be about 60% (MacGregor et al.
2000). A study on monozygotic twins reported a
concordance rate of about 15% (Silman et al.
1993b). Much of the genetic contribution to RA
lies within the major histocompatibility complex
(MHC) on chromosome 6, and human leukocyte
antigen (HLA) class II alleles have been
recognised as important genetic risk factors. The
association between HLA-DRB1*0401 (DRw1)
and RA was initially discovered by Stastny
(1978) and association with HLA-DRB1*0404
was reported later (Nepom et al. 1986).
Subsequent studies in different ethnic groups
found the association between RA and other
HLA-class II antigens leading to the shared
epitope (SE) hypothesis (MacGregor et al. 1995).
The SE is an amino acid sequence on the third
hypervariable region of the DR-β chain, near the
peptide binding site of the DRB1 molecule.
According to the shared epitope hypothesis the
SE allows the presentation of arthritogenic
peptides to T-cells and is thus involved in the
pathogenesis of RA (Gregerson et al. 1987).
Certain HLA-DRB1 alleles are found to
predispose to more severe disease, but there may
also be protective HLA-DRB1 alleles. HLA genes
are estimated to contribute 30% to the overall
genetic risk of RA, which means that additional
gene-environmental interactions and environ-
mental factors must explain the rest.

Significant progress has been made during
recent years through studies on genetic
influences on disease susceptibility by
investigating different candidate genes outside
the HLA system. There is now evidence
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suggesting that the PTPN22 gene (protein
tyrosine phosphatase N22) regulating the
activity of both T- and B-cells is associated with
RF (rheumatoid factor) positive RA and anti-CCP
(antibodies to citrullinated peptides) positive RA
(Begowich et al. 2004, Plenge et al. 2005).   Also,
the PADI4 gene, which encodes citrullinating
enzyme peptidylarginine deimidase 4 has been
shown to be expressed in synovial tissue in RA
and to be associated with anti-CCP positive RA
(Yamada et al. 2003, Plenge et al. 2005). The
CTLA4 gene encodes cytotoxic T-lymphocytes
antigen 4 which is a costimulatory molecule
expressed on T-cells acting as a negative
regulator of   T-cell co-stimulation. Polymorphism
within this gene has been shown to influence the
risk of developing subsets of RA (Plenge et al.
2005).

The estimated female to male prevalence of RA
is 2.5:1 (Lawrence et al. 1998) suggesting that
hormonal factors play a role. RA tends to be
ameliorated during pregnancy and the relapses
often occur during the postpartum period (Silman
2002a and 2002b). Furthermore, RA often starts
during the postmenopausal period of life.
Women taking oral contraceptives are at
decreased risk of developing RA (Silman et al.
2001 and Silman 2002b). Hormone replacement
therapy given to postmenopausal women has
also been shown to ameliorate inflammation and
inflammation-triggered joint destruction (d’Elia
et al. 2003a and 2003b, Carlsten 2005).

Smoking is the environmental factor that has
been most convincingly shown to be a risk factor
for RA (Vessey et al. 1987, Silman et al. 1993c and
Silman 1996). Furthermore, studies on gene-
environment interactions have shown that the
presence of the shared epitope of HLA-DR genes
in combination with smoking leads to an even
higher risk of developing seropositive RA
(Padyukov et al. 2004). Recently, a new model for
the aetiology of RA has been proposed,
suggesting that smoking triggers HLA-DR
restricted immune reactions to citrullinated
proteins (Klareskog et al. 2006).

It has been proposed a number of infectious
agents including Epstein-Barr virus,  Mycobac-
terium tuberculosis, Escherichia coli, Proteus
mirabilis, retroviruses and parvovirus B19 that

are involved in the aetiology of RA. Increased
levels of antibodies to some microorganisms led
to the hypothesis of molecular mimicry between
infectious or other exogenous antigens and
autoantigens. However, studies on the role of
infections in the direct pathogenic mechanisms
that lead to RA have so far been inconclusive.
Associations between previous infections,
blood transfusion prior to disease onset and
obesity have also been discussed as risk factors
(Symmons et al. 1997).

As mentioned above, the initiating event(s) of
RA is still unknown, but our understanding of the
pathogenetic mechanisms is increasing. There is
substantial evidence in support of CD4+ T-
lymphocytes playing a major role in the initiation
and maintenance of synovial inflammation
(Harris Jr 1990, Panayi 1995, Hasler 2006). In order
to initiate the inflammation, naïve T-lymphocytes
must be activated. The activation of T-cells
requires 2 signals. First, APC (antigen presenting
cells) such as macrophages, dendritic cells or
fibroblast-like synoviocytes bearing MHC class
II, process the locally resident, still unidentified
antigen and present it as a polypeptide to a TCR
(T-cell receptor). The second signal includes
binding of co-stimulation ligand-receptor comp-
lexes such as the CD80/CD86 ligand on the APC
with the CD28 receptor on the T-cell. In
genetically susceptible individuals, this activa-
tion leads to cellular immune responses with
infiltration of the synovial tissue by T-lympho-
cytes, B-lymphocytes and macrophages. T-
lymphocytes interact with other inflammatory
cells and activate them to produce different
cytokines and other signal molecules such as
growth factors and proteases (Figure 1).

Inflammation in the joint first involves the
synovial membrane. In a normal joint, the
synovium covers the inside of the joint apart
from the cartilage. It consists of 1-3 superficial
cell layers (lining) and a sublining containing an
extracellular matrix rich in collagen fibrils and
proteoglycans, blood vessels, fat tissue and
fibroblasts. During inflammation, cells in the
lining layers proliferate and different inflamma-
tory cells infiltrate the synovial tissue. A thic-
kened, congested and oedematous tissue rich in
inflammatory cells forms a pannus. The pannus
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has the ability to attach to cartilage, particularly
at the cartilage-bone junction, and invade the
extracellular matrix. The release of proteolytic
enzymes leads to the destruction of periarticular
cartilage and bone (Mor et al. 2005).

The role of B-lymphocytes in the pathogenesis
of RA has been modified several times during the
past 50 years. Activated B-cells can act as APC
and present antigen peptides to T-cells (Kotzin
2005), produce proinflammatory cytokines (TNF-
alpha, IL-6) and immunoregularoty cytokines (IL-

10), or can differentiate to plasma cells and
produce antibodies such as RF and anti-CCP
(Vossenaar et al. 2003). Antibodies against cyclic
citrullinated peptides including fillagrin, fibrin,
fibronectin and collagen type I might be involved
in B-cell mediated tissue damage. The efficacy of
the recently introduced B-cell depleting treat-
ment in RA has re-established the important role
of B-cells in the pathogenesis of the disease
(Edwards et al. 2004a and 2004b).

Figure 1: Simplified scheme of the pathogenesis of RA

Clinical symptoms, diagnosis and
classification

There is no pathognomonic symptom or test that
confirms the diagnosis of RA, and the diagnosis
is based on the presence of typical signs and
symptoms. During the early course of the di-
sease, many patients present symptoms of un-
differentiated polyarthritis (Dixon and  Symmons
2005) that may develop into RA or some other
arthropathy, resolve spontaneously or remain
undifferentiated. Early identification of patients
with a possible diagnosis of RA and rapid referral
to a rheumatologist for definite diagnosis is
essential in order to achieve optimal treatment
efficacy. Emery at al. (2002) developed  recom-

mendations intended to serve as clinical
guidelines for primary care physicians for early
identification of patients likely to have RA.
Referral to a specialist is recommended if any of
the following symptoms is present: three or more
swollen joints, involvement of metacarpo-
phalangeal or metatarsophalangeal joints or
morning stiffness lasting longer than 30 minutes.

Recently, an EULAR (European League
Against Rheumatism) expert committee presen-
ted a set of 12 key recommendations for the
management of early arthritis (Combe et al. 2006).
These recommendations are based on recent
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research evidence and expert consensus. The
first four recommendations focus on early diag-
nosis of RA and include: early referral (patients
with arthritis in more than one joint should be
referred to a rheumatologist, ideally within 6
weeks), diagnosis of early synovitis (detected
mostly by clinical examination), a minimum set of
diagnostic procedures in order to exclude other
diseases mimicring RA (disease history, clinical
examination, laboratory tests) and assessment of
predictors of persistent and erosive arthritis
(tender and swollen joint count, CRP/ESR, RF,
anti-CCP and joint erosions evidenced by
radiography).

The American College of Rheumatology (ACR)
has developed a set of classification criteria for
the diagnosis of RA (last revision by Arnett et al.
1988). These criteria are aimed at the selection of
RA patients for participation in clinical studies
and not for managing individual patients.
According to the ACR revised criteria for
classification of RA, 4 out of 7 of the criteria must
be present during a period of at least 6 weeks for
a patient to be classified as having RA, Table 1.

peptic ulcer disease and chronic lung diseases
were the most common co-occurring diseases in
this study. Recently, several studies have
reported increased cardiovascular morbidity in
patients with RA (del Rincon et al. 2001,
Turesson et al. 2004). The issue of  increased risk
of malignancies in RA patients, in particular risk
of lymphoma, has been addressed in several
studies (Prior et al. 1984, Hakulinen et al.1985,
Gridley et al. 1993, Baecklund et al. 1998, Thomas
et al 2003, Ekström et al. 2003). Baeklund et al
(1998) found that the risk of lymphomas was
associated with disease activity. RA patients
with the highest inflammatory disease activity
had a substantially increased risk of lymphoma,
whereas treatment with common DMARDs itself
was not associated with a higher risk.
Furthermore, treatment with DMARDs in RA
does not increase the risk of developing
lymphoma in patients with high disease activity
(Baecklund et al.  2006).

Askling et al. (2005a) conducted a study on the
risk of developing solid cancers using the
Inpatients Register Cohort of patients with RA in
Sweden, and found a marginally increased  over-
all risk for smoking related cancers and non-
melanoma skin cancers but a decreased risk for
breast and colorectal cancers. The risk of cancer
in RA patients treated with TNF antagonists was
rather similar to those of RA patients not
receiving TNF antagonists. Hyrich et al. (2006)
studied baseline co-morbidity in RA patients
starting treatment with biological agents, and
found that 58% of the patients had at least one
co-morbid condition and 25% more than one.
Most common were hypertension, depression,
peptic ulcer disease and respiratory disease. On
the other hand, treatment with TNF antagonists
was reported to be associated with a lower
incidence of a first cardiovascular event in RA
(Jakobsson et al. 2005).

Infections also cause significant morbidity and
mortality in RA. Patients with RA exhibit in-
creased incidence of infection, including those
affecting the respiratory tract, compared with
age-matched subjects without RA (Doran et al.
2002a). The highest incidence rate was found for
pneumonia in that study. Possible explanations
of the increased infection risk in RA include

Table 1: The American College of Rheumatology
revised criteria for RA (1987)

Morning stiffness in and around joints lasting at least 1 hour
before maximal improvement
Soft tissue swelling (arthritis) of 3 or more joint areas
observed by a physician
Swelling (arthritis) of the proximal interphalangeal,
metacarpophalangeal, or wrist joints
Symmetric swelling (arthritis)
Rheumatoid nodules
Presence of rheumatoid factor
Radiographic erosions and/or periarticular osteopaenia in hand
or wrist joints

Co-morbidity

Co-morbid conditions are common in patients
with RA. In a group of 288 randomly selected
patients with RA, 54% of the patients reported at
least one additional chronic disease (Berkanovic
et al. 1990). In a cohort of 450 RA patients, Gabriel
et al (1999) found that almost 60% of the patients
had other medical conditions, compared with
49% in age- and gender-matched controls with-
out RA. Cardiovascular disease, malignancy,
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immune dysfunction associated with the disease
itself, co-morbidity and/or concomitant medi-
cation such as immunosuppressive drugs
(Mitchell et al. 1986, Doran et al. 2002a and 2002b,
Cunnane et al. 2003). The use of DMARDs, in-
cluding concomitant treatment with glucocor-
ticoids has been found to be associated with
increased risk of infection in patients with
rheumatic diseases (Segal 1997). However, in the
study by Doran et al.  (2002b), including patients
on traditional anti-rheumatic treatment before the
TNF inhibitor era, the use of long-term systemic
glucocorticoids, but not DMARDs, predicted
infections in RA. The introduction of TNF
antagonists has contributed to a somewhat
changed pattern of infection in RA (Keane et al.
2001, Lee et al. 2002, Mohan et al. 2003). Upper
respiratory tract infections have been described
as common adverse events and reasons for
withdrawal of TNF antagonist therapy in clinical
trials as well as in observational studies
(Cunnane et al. 2003). The rate of serious  bac-
terial infections has also been found to be in-
creased (Kroesen et al. 2003, Askling et al. 2005c,
Askling et al. abstract 182, EULAR congress,
2006). Furthermore, cases of severe oppor-
tunistic infections have been reported during
treatment with TNF antagonists (Lee et al. 2002,
Cunnane et al. 2003, Mohan et al. 2003). A  recent-
ly published meta-analysis of 9  randomised
clinical trials suggests an increased risk of
serious infection during treatment with infliximab
and adalimumab (Bongartz et al. 2006), which is in
contrast to findings based on the Swedish
National Biologics Register, where the risk of
infection was only modestly increased (Askling
et al.  abstract 182, EULAR congress, 2006). TNF
plays an essential role in the immune-mediated
response to infection, especially against intra-
cellular pathogens and also in granuloma
formation (Crum et al. 2005). A two-fold increase
in the risk of tuberculosis has been reported in
RA patients compared with the general
population (Carmona et al. 2003, Askling et al.
2005c). This risk is increased four times in
Swedish RA patients treated with TNF
antagonists. However, the patients who
developed tuberculosis were few, indicating that
the risk is still very low (Askling et al. 2005c).

Reports of tuberculosis and other severe
infections with intracellular agents in those being
treated with TNF antagonists have raised
concerns about the effect of such treatments on
cellular immunity.

Spondylarthropathies

Spondylarthropathies (SpA) were originally
described as a group of “seronegative  arthro-
pathies” with similar clinical, radiological and
genetic features distinguishable from RA (Moll
and Wright 1973, Moll et al. 1974). SpA include
ankylosing spondylitis (AS), reactive arthritis,
arthritis associated with psoriasis or inflam-
matory bowel diseases and undifferentiated
spondylarthropathy (Khan 2002). In addition,
juvenile spondylarthophaties, isolated acute
anterior uveitis and spondylitic heart disease
associated with the genotype HLA-B27 may be
classified within the group but are not discussed
in this work. SpA share many common clinical
symptoms. Enthesitis, defined as an inflam-
mation of the attachments of tendons, ligaments,
joint capsule or fascia to bone, is the hallmark
that distinguishes SpA from other arthritides.
Other characteristic features of SpA are
involvement of the spine, peripheral arthritis and
extra-articular manifestations such as eye
inflammation, skin involvement, dactylitis
(“sausage digits”) and/or cardiac involvement.

There is growing evidence that the prevalence
of SpA, as a group, is higher than previously
thought, and it is believed to be approximately as
high as that of RA (Khan 2002).

Aetiology and pathogenesis

The aetiology of SpA is not known. These
disorders show familial aggregation and genetic
factors play an important role in susceptibility.
Concordance rates in AS were found to be 63% in
identical twins and 23% in non-identical twins
(Brown et al.1996, Brown et al.1997, Brown et al.
2000).

There is a strong association between spon-
dylarthropathies and HLA genes of the MHC, in
particular HLA-B27 (Calin et al. 1998). This
association is widely recognised, although
varying in different ethnic groups and for various
spondylarthropathies (Khan 1995, Brown et al.
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Clinical symptoms, diagnosis and
classification

The diagnosis of SpA is based on clinical
grounds. The European Spondylarthropathy
Study Group (ESSG) has proposed a set of
criteria for the classification of SpA (Dougados et
al. 1991). These criteria were developed for use in
clinical trials and in order to facilitate compa-
risons of results from different studies, Table 3.
When used diagnostically they show varying
sensitivity.

Table 2: The association of spondylarthropaties with
HLA-B27 in Western European populations

Prevalence of HLA-B27 (%)

Ankylosing spondylitis >90 (Schlosstein et al. 1973,
Brown et  al. 2002)

Reactive arthritis 40-80 (Ekman et al. 2000)
Psoriatic arthritis 40-50 (Brown et al. 2002)
Arthritis associated with
inflammatory bowel disease 35-75 (Reveille and Arnett 2005),

Brown et al. 2002)
Undifferentiated
spondylarthropathy 70       (Khan 2002)

1996,  Alharbi et al. 1996, al-Arfaj 2001), Table 2.
Based on results from family studies, the

contribution of HLA-B27 to the overall genetic
risk of SpA has been estimated to be only about
37% (Brown et al. 1997 and Brown et al. 2000,
Allen et al. 1999). The exact molecular mecha-
nisms underlying the link between HLA-B27 and
susceptibility to SpA have not been elucidated
(Granfors et al. 2002). HLA-B27 plays a role in
presenting putative arthritogenic peptides to
APC. Furthermore, the HLA-B27 molecule has a
tendency to misfold and accumulate within the
endoplasmatic reticulum. This might lead to an
endoplasmatic reticulum stress response and
subsequently the secretion of proinflammatory
cytokines such as TNF (Colbert 2000). It has also
been suggested that impaired intracellular killing
of bacteria may be involved in the pathogenesis
of  SpA (Reveille and Arnett 2005, Granfors et al.
2002).

Certain infections, such as urogenital or
intestinal ones, can act as triggers of reactive
arthritis. Microorganisms found to be associated
with reactive arthritis share some common fea-
tures. They can all invade mucosal surfaces, are
able to live intracellularly and have lipo-
polysaccharides in their outer membrane.
Furthermore, it is generally accepted that the
interaction between HLA-B27 positive hosts and
triggering bacteria is abnormal (Granfors et al.
2002). The high frequency of asymptomatic
microscopic intestinal inflammation reported in
SpA (Mielants et al. 1991, Leirisalo-Repo et
al.1994) has led to the hypothesis that damage of
the gut-blood barrier could be an initiating or
perpetuating event in SpA (Reveille and Arnett
2005).

Table 3: The criteria proposed by European
Spondylarthropathy Study Group for the classification
of spondylarthropathies

Inflammatory spinal pain OR Synovitis
Asymmetric
Predominantly in the
lower limbs

AND
One or more of the following:
Positive family history
Psoriasis
Inflammatory bowel disease
Urethritis, cervicitis, or acute diarrhoea within 1 month before
arthritis
Buttock pain altering between right and left gluteal area
Enthesopathy
Sacroiliitis (bilateral grade 2-4 or unilateral grade 3-4,
according to the following radiographic grading system:
0=normal, 1=possible, 2=minimal, 3=moderate, and
4=ankylosis)

Ankylosing spondylitis is the most common
form of the SpA, with a prevalence of 0.2-2%
(Feltelius 2005, Braun et al. 1998). It is 2-3 times
more common in men than in women. The
diagnosis of AS is based on a combination of
symptoms including chronic, inflammatory low
back pain, the presence of enthesitis, and
radiographic evidence of sacroiliitis. The classi-
fication criteria for AS were developed for use in
clinical studies (modified New York criteria) and
are not diagnostic criteria, although they can
serve as diagnostic aids in daily clinical practice
(van der Linden et al. 1984), Table 4.

Psoriatic arthritis (PsA) is by definition an
arthritic condition associated with psoriasis. The
widely used criteria for different subtypes of
psoriatic arthritis are still those proposed in 1973
(Moll and Wright), Table 5.
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Table 4: The Modified New York Criteria (1984) for ankylosing spondylitis

A. Diagnosis
1. Clinical criteria
a) Low back pain and stiffness for more than 3 months which improves with exercise but is not  relieved by rest.
b) Limitation of motion of the lumbal spine in both the sagittal and frontal planes
c) Limitation of chest expansion relative to normal values corrected for age and sex
2. Radiological criterion: sacroiliitis grade ≥ 2 bilaterally or grade 3-4 unilaterally

B. Grading
1. Definite ankylosing spondylitis if the radiological criterion is associated with at least 1 clinical  criterion.
2. Probable ankylosing spondylitis if:
a) three clinical criteria are present
b) the radiological criterion is present without any signs or symptoms satisfying the clinical  criteria (other causes of sacroiliitis
should be considered.)

Table 5: Subtypes of psoriatic arthritis according to
Moll and Wright

Arthritis of distal interphalangeal joints with nail changes
Spondylitis with or without peripheral arthritis
Asymmetric monoarthritis or oligoarthritis
Symmetric polyarthritis
Arthritis mutilans

Since there are no diagnostic criteria for PsA
the exact prevalence of PsA is not known.
Recently, in a study including Scandinavian
patients with psoriasis, 30% of patients had
arthritis, corresponding to a 1% overall pre-
valence of PsA (Zachariae 2003). Men and
women are equally affected. In about 75% of
patients the skin disease is present before the
onset of joint symptoms. In approximately 10%
psoriasis appears simultaneously with arthritis
and in about 15% of patients arthritis precedes
the skin or nail symptoms (Svensson 1997, Sieper
et al. 2006). Symmetric polyarthritis has been
found to be associated with more severe disease
(Svensson et al. 2002).

Inflammation and joint damage

There are two coexisting processes during the
course of RA and other destructive arthritides:
synovial inflammation, and cartilage and bone
damage. Traditionally, clinical symptoms and
joint destruction have been thought to be closely
connected in patients with RA. Recently, the
coupling between inflammation and joint has
been questioned. A prospective study including
patients with RA observed over 6 years showed
continuing joint destruction in spite of impro-

vement in measures of disease activity (Mulherin
et al. 1996a and 1996b). Observations in that
study suggested that the pathogenesis of joint
destruction may differ from that underlying
synovial inflammation. A discrepancy between
the progression of erosion seen on magnetic
resonance scans of the wrist and improvement in
swollen joint count (SJC), tender joint count
(TJC), health assessment questionnaire (HAQ),
C-reactive protein (CRP) and erythrocyte sedi-
mentation rate (ESR) was also reported in
patients with early RA (McQueen et al. 1999).

In clinical studies including  RA patients  trea-
ted with TNF antagonists an improvement of
signs and symptoms was seen, but also inhi-
bition of joint damage progression (Maini et
al.1999, Lipsky et al. 2000, Bathon et al. 2000,
Weinblatt et al. 2003, Klareskog et al. 2004).
Importantly, a reduction of joint damage
progression was observed  radiographically
regardless of response (Lipsky et al. 2000).
Further analysis of the results presented in that
study including patients without any evidence of
clinical improvement according to the ACR20
response criteria and disease activity score using
28 SJC and 28 TJC (DAS28) confirmed that
treatment with infliximab in combination with
MTX inhibited the progression of joint damage
regardless of the effects on inflammatory signs
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and symptoms (Smolen et al. 2005).
Furthermore, Molenaar et al. (2004) demon-

strated that clinically relevant progression of
joint damage occurred in RA patients in remis-
sion after 2 years of follow-up. In RA patients
participating in the TEMPO trial of etanercept,
CRP >15 was associated with most pronounced
joint damage progression in patients treated with
methotrexate (MTX). However, the addition of
etanercept to MTX inhibited joint damage
progression regardless of CRP levels. This
uncoupling between the joint damage
progression and inflammation was also observed
in patients treated with etanercept as
monotherapy (Landewé et al. abstract 867, ACR
congress 2005a). Also, adalimumab used for
treatment of RA is reported to retard the
progression of the joint damage despite a high
level of disease activity measured by CRP and/or
DAS28 (Landewé et al. abstract 266, ACR
congress 2005b). Patients with early RA treated
with MTX showed more severe joint damage
progression than patients who exhibited the
same level of clinical response but were treated
with adalimumab combined with MTX. These
differences were detected after 6 months and
increased during 2 years of treatment (Genovese
et al. abstract 1178, ACR congress 2005a).
Interestingly, results from the AIM trial of
abatacept, a CTLA4 inhibitor, show that abata-
cept in combination with MTX inhibits structural
damage progression regardless of the responses
according to the ACR20 response criteria
(Genant et al. abstract 1991, ACR congress 2005).

Taken together, these studies support the
hypothesis that inflammation and joint destruc-
tion are not closely related in patients with RA.

Molecular markers of joint damage

Cartilage and bone are dynamic tissues. A
characteristic of these tissues is continuous
remodelling. Breakdown and rebuilding of com-
ponents of cartilage and bone occur contin-
uously and these processes are in balance under
physiological circumstances. In RA, as dis-
cussed above, the balance is disturbed and in
established disease degradation predominates.
During remodelling (both physiologically and in
disease) fragments of joint tissues are released

from the cartilage and bone matrix into the
synovial fluid and may reach the circulation
mainly via lymph vessels. Measurement of such
markers of cartilage and bone turnover in body
fluids provides information about processes
affecting these tissues (Saxne et al. 2006, Kraus
2005). Several macromolecules originating from
joint tissues can be detected in body fluids e.g.
various aggrecan epitopes, different epitopes of
type II collagen, matrilin-1, and COMP
(Heinegård et al. 2005, Saxne et al. 2006).

Potentially, biomarkers for cartilage or bone
involvement in RA could be used as diagnostic
tests, tools for monitoring tissue damage, pre-
dictors of tissue damage and also for evaluation
of response to treatment (Heinegård et al. 2005,
Saxne et al. 2006). In the present work, COMP,
one such marker was studied in relation to
treatment with TNF antagonists.

COMP is a 434 kDa, non-collagenous  glyco-
protein composed of five subunits, and was first
identified in cartilage (Hedbom et al. 1992, Saxne
and Heinegård 1992), but it is also present in the
synovium, tendons and the meniscus in small
amounts. COMP acts as a catalyst governing the
formation of type II collagen fibre (Heinegård et
al. 2005). The concentration ratio cartilage/
synovial fluid/synovium is approximately 100/10/
<1 (Skiöldebrant et al. 2001, Saxne and Månsson,
unpublished). Thus, the bulk of circulating
COMP in normal individuals and in patients with
arthritis most likely originates from cartilage.

In studies of experimental arthritis, serum
levels of COMP have been shown to increase
during the development of arthritis and to
correlate to cartilage damage as visualised
histologically (Vingsbo-Lundberg et al. 1998,
Joosten et al. 1999a and 1999b, Larsson et al.
2002). In RA, increased serum levels of COMP
were found in patients who exhibited rapid hip
joint destruction (Månsson et al. 1995).
Increased serum COMP levels were also found to
be prognostic for future small joint damage
(Lindqvist et al. 2005). Furthermore, treatment
with IL-1 antagonists, known to reduce cartilage
pathology, but not treatment with TNF
antagonosts was shown to reduce levels of
serum COMP in a murine type II collagen induced
arthritis model, although both treatments
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ameliorated the signs and symptoms of
inflammation (Joosten al. 1999b). Results from
that study support the uncoupling of
inflammation and joint damage. Glucocorticoid
treatment of experimental arthritis in rats
normalised initially increased levels of COMP,
correlating tissue response to therapy (Larsson
et. al 2004). Also, Weitoft et al. (2005) showed that
a single intra-articular glucocorticoid injection
used to treat knee arthritis in patients with RA,
induced a significant reduction in serum COMP
levels within 24 hours, suggesting that this treat-
ment has a protective effect on cartilage. In a
recently published study including patients with
active RA treated intravenously with high-dose
prednisolone, serum levels of COMP decreased
significantly, while CRP levels remained  un-
changed (Skoumal et al. 2006). The findings of
the above studies suggest that under these con-
ditions circulating COMP reflects the cartilage
process and is not influenced by inflammation.

Autoantibodies

A variety of autoantibodies are associated with
RA. The discovery of RF as an immunoglobulin
against the Fc portion of IgG was the first
evidence of the autoimmune nature of RA. RF
was first described by Waaler in 1939. Rose
discovered that the serum of patients with RA
agglutinated IgG-coated erythrocytes (1948).
Several immunoglobulin isotypes (IgG, IgA, IgM,
IgD and IgE) have RF activity. RF is present in 1-
2% of healthy people, and the prevalence
increases with age (Cathcart and O’Sullivan
1970).   Approximately 70-80% of patients with
RA are RF positive. RF can be found transiently
in some infectious diseases, some neoplastic
disorders, viral hepatitis and cryoglobulinaemia,
etc. Among rheumatic diseases, RF can be
detected in e.g. Sjögren’s  syndrome, systemic
lupus erythematosus (SLE), systemic sclerosis
and sarcoidosis. RF may appear months to years
before the onset of clinical symptoms in RA (Aho
et al. 1985, del Puente et al. 1988). RF positivity in
healthy people is associated with increased risk
of developing RA, and the risk is highest in those
with high RF titres (del Puente et al. 1988). RF

positivity at disease onset is associated with
more severe disease in terms of the development
of joint damage (von Zeben et al. 1993, Eberhardt
et al. 1988, Eberhardt et al. 1990, Lindqvist et al.
2003) and extra-articular manifestations (Mongan
et al. 1969).

After the discovery of RF, several other
autoantibodies were detected in sera from
patients with RA. In 1964, Nienhuis and
Mandema described antibodies against  kerato-
hyaline granules around the perinuclear region of
human buccal epithelial cells called antiperi-
nuclear factor (APF). Several years later, anti-
bodies against keratin-like structures in rat
oesophageal epithelial cells were detected and
termed antikeratin antibodies (AKA) (Young et
al. 1979). Subsequent studies demonstrated that
the target antigen of AKA was filaggrin (Simon et
al. 1993) and its precursor molecule, profilaggrin,
was the target protein of APF antibodies.
Consequently, APF and AKA are similar
autoantibodies (Sebbag et al. 1995).

Peptidylarginine deiminase (PADI) is an
enzyme that converts an arginine residue of
filaggrin molecules to citrulline, and these cit-
rulline residues are recognised by autoanti-
bodies in RA patients (Schellekens et al. 1998).
Anti-CCP are autoantibodies to citrullinated
filaggrin and other artificial cyclic citrullinated
peptides. A specific ELISA  (enzyme-linked
immonosorbent assay) initially using natural
filaggrin and recently highly reactive peptides as
antigen, has been developed for the detection of
these antibodies. Anti-CCP antibodies are
reported to be highly specific to RA, in the range
between 89 and 98.5%, but lower sensitivity 33-
87% has been reported in different studies
(Simon et al.1993, Schellekens et al. 1998,
Schellekens et al. 2000, Goldbach-Mansky et al.
2000, Vincent et al. 2002, Rantapää-Dalqvist et al.
2003). Anti-CCP antibodies were detected in
stored samples from blood donors many years
before clinical disease onset (Rantapää-
Dahlqvist et al. 2003, Nielen et al. 2004) indicating
that the immune pathology probably begins
several years before the onset of clinical
symptoms. The occurrence of these auto-
antibodies has been shown to predict the
progression of undifferentiated arthritis to RA
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(van Gaalen et al. 2004). Several studies have also
shown that anti-CCP antibodies predict a more
erosive course of RA (Schellekens et al. 1998,
Rantapää-Dahlqvist et al. 2003, Forslind et al.
2004, Lindqvist et al. 2005). As mentioned above,
a new model for the aetiology of RA has been
proposed where smoking in certain genetically
predisposed individuals can trigger the immune
reactions to citrullinated proteins (Klareskog et
al. 2006).

Antinuclear antibodies (ANA) are auto-
antibodies directed against a variety of nuclear
antigens. ANA can be detected in healthy
individuals, often in low titre and more often in
women. Also, the prevalence of ANA is age de-
pendent. ANA positivity has been reported in
approximately 3% of healthy individuals at 1:320
serum dilution and 32% at 1:40 serum dilution
(Tan et al. 1997). The presence of ANA is
associated with a variety of autoimmune
diseases e.g. SLE, Sjögren’s syndrome and
systemic sclerosis, as well as RA and
spondylarthropathies. ANA are usually detected
using indirect immunofluorescence (IIF) method
on HEp-2 (human epithelioma-2) cells and this is
used as a screening test although it has low
specificity. Furthermore, ANA occur in different
patterns as assessed by immunofluorescence. In
RA, ANA positivity has been reported to be
between 10 and 70% in various studies (Tan et al.
1997, Aitcheson et al. 1980, Linn et al. 1978). The
association between positive ANA and develop-
pment of join damage was addressed in few
studies with conflicting results (De Carvalho et
al. 1980, Meyer et al. 1997). Conflicting results
have also been reported regarding ANA
positivity and extra-articular manifestations of
RA (Quismorio et al. 1983, Turesson et al. 2000,

Caspi et al. 2001). Furthermore, a correlation
between ANA positivity and the adverse effects
of drugs i.e. some DMARDs has also been
reported (Smidt et al. 1978, Ferraccioli et al. 1986,
Caspi et al. 2001).

Cytokines

Cells of the immune system communicate with
each other by cytokines. Cytokines are small
soluble proteins, or glycoproteins, produced by
white blood cells and a variety of other cells
(Arend and Dayer 1995). Cytokines function as a
self-regulatory network involved in many bio-
logical processes, such as growth and diffe-
rentiation of cells and regulation of the immune
system. They may act on the cells that secrete
them (autocrine function), on nearby cells
(paracrine function), or in some instances on
distant cells (endocrine action). The cytokine
network plays an important role in the process of
inflammation in RA (Arend and Dayer 1995). Both
pro- and anti-inflammatory cytokines are present
in inflamed synovial tissue but pro-inflammatory
ones, such as interleukin 1 (IL-1), tumour necro-
sis factor alpha (TNFα) and granulocytemaco-
phage colony-stimulating factor (GM-CSF),
predominate. There is substantial evidence that
IL-1 and TNFα are key cytokines in the
pathogenesis of RA (Choy and Panayi, 2001).
Both are mainly produced by macrophages and
monocytes and can be detected in serum and
synovial fluid of patients with active RA
(Chikanza et al. 1995; Saxne et al.  1988). The
cytokine network in rheumatoid arthritis synovial
fluid is shown in Table 6.

Table 6: Cytokine network in RA

Pro-inflammatory cytokines TNF, IL-1, IL-8, IL-12, IL-15, IL-17, IL-18, GM-CSF

Cytokines with both pro- and
anti-inflammatory properties IL-6, IL-16, IFN-γ, TGF-γ

Anti-inflammatory cytokines IL-4, IL-10, IL-11, IL-13

Cytokine antagonists IL-1Ra, sIL-1R, sTNF-R, IL-18BP
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TNFα is a powerful cytokine with a
variety of functions. It causes necrosis of some
types of tumour cells. Prolonged production of
TNFα during chronic inflammation leads to cell
proliferation, cell differentiation and cell death,
acute phase protein release, and cachexia. In
bone, TNFα inhibits extracellular matrix de-
position, stimulates matrix metalloprotease syn-
thesis, and enhances the production of
osteoclastogenic cytokines, such as GM-CSF
and RANKL (receptor activator of NF-kappa B
ligand). Importantly, TNFα promotes bone
resorption both in vitro and in vivo by enhan-
cing the proliferation and differentiation of
osteoclast precursors (Tracey and Zhang 1998).
TNFα-dependent bone erosion has been shown
to be osteoclast mediated, and the absence of
osteoclasts alters TNFα-mediated arthritis from a
destructive to a non-destructive condition
(Redlich et al. 2002). Initially in vitro studies
showed, and subsequently in vivo studies
confirmed, that neutralising of TNFα also
inhibits IL-1 and reduces IL-6, IL-8 and GM-CSF
pro- duction (Feldmann and Maini 2002). These
results suggested that TNFα was a potential
therapeutic target in RA. Blocking of TNFα with
monoclonal antibodies or with soluble TNF-
receptor fusion protein in mice with type II
collagen induced arthritis led to an improvement
in the joint status (Williams et al. 1992).
Subsequent clinical trials in patients with RA
confirmed the rapid and sustained improvement
using both therapeutic modalities (Elliot et al.
1994, Maini et al. 1998 and Maini et al. 1999,
Moreland et al. 1997, Weinblatt et al. 2003).
During recent years TNF-blocking agents have
been successfully introduced for treatment of
other rheumatic diseases such as  spondyl-
arthropathies (van den Bosch et al. 2000, Braun et
al. 2002a,b, Brandt et al. 2003, Davis et al. 2004,
Brandt and Braun 2006).

The IL-1 familyconsists of IL-1α, IL-1β and IL-
1 receptor antagonist (IL-1Ra) (Dinarello 1996).
IL-1α and IL-1β have agonistic effects, but bind
to two different cell-surface receptors of which
only receptor I participates in intracellular sig-
nalling. IL-1Ra is a natural antagonist which
binds to IL-1 receptors competitively and acts as
an inhibitor of IL-1 action without inducing any

biological response. IL-1 plays an important role
in the activation of T-cells in response to
antigens. Furthermore, IL-1 stimulates the adhe-
sion molecules on endothelial cells to enable
transmigration of leukocytes to a site of infec-
tion. It acts on the hypothalamus thermo-
regulatory centre causing fever, and is often
called an endogenous pyrogen. The competition
between the agonistic effects of IL-1α and IL-1β
and antagonistic effects of IL-1Ra may determine
the effect on target cells (Arend and Dayer 1995,
Dinarello 1996). Experimental studies using
animal model of arthritis (van den Berg 1997) and
subsequently randomised clinical trials showed
that IL-1 blockage was associated with moderate
anti-inflammatory effects and a reduction in carti-
lage and bone damage (Bresnihan 1999).

Assessment of disease activity and
function

Rheumatoid arthritis

There is no single “golden standard” for the
assessment of disease activity or the prognosis
of any rheumatic disease. Instead, a core set of
variables that reflect disease activity is  re-
commended for use in both clinical trials and
observational studies. Such variables may also
be used in daily clinical practice (van Riel and van
Gestel 2000, van Riel and Schumacher 2001).

A visual analogue scale (VAS) is represented
by a single line (usually 10 cm) anchored at one
end, and with descriptors such as “no pain” and
“the worst possible pain” at each end. The
patients indicate by mark on the line how they
estimate their condition. Pain, patient global and
physician global VAS scales are the most com-
monly used scales, both in trials and clinical care
(Wolfe et al. 2005).

The disease activity score (DAS) is an index
that includes tender joint count, total number of
swollen joints, ESR and the patient’s general
health assessment scored on a VAS. The original
DAS was developed using graded tender joint
count and a 44 swollen joint count (van der
Heijde et al. 1990).   A modified DAS using 28 joint
count for tenderness and 28 joint count for
swelling (DAS28), was found to be as valid as the
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original DAS (Prevoo et al. 1995). CRP and ESR
have been shown to function equally well when
used for the calculation of DAS and a DAS28
formula including CRP instead of ESR has been
developed (van Riel et al. 2000, http://www.das-
score.nl). The DAS28 score indicates the current
disease activity on a scale between 0 and 10.
Originally, high disease activity corresponded to
a DAS28 score above 5.1; moderate 3.2-5.1, low
<3.2 and remission was defined as DAS28 <2.6.
Recently, a simplified disease activity index
(SDAI) was developed. The SDAI is a numerical
sum of 5 outcome variables: tender and swollen
joint count (28-joint assessment), patient and
physicians’s global assessment of disease
activity (0-10 cm VAS scale) and CRP (mg/dl)
(Smolen et al. 2003).

The Stanford Health Assessment Question-
naire (HAQ) a self-reported questionnaire de-
signed by Fries (1980). It reflects the patient’s
assessment of their function. The HAQ has been
proven to be reliable and valid for the assessment
of functional disability in RA patients (Ramey et
al. 1992, Bruce and Fries 2003a and 2003b). HAQ-
Disability Index assesses patient’s usual ac-
tivities during the past week. There are 20
questions in eight categories of functions which
the patient answers on a scale from 0 to 3 where 3
represents the highest degree of disability. The
minimal clinical important difference in HAQ
score is suggested to be 0.22 (Wells et al. 1993).
This questionnaire has been translated into

several languages and adapted for use in many
countries (Bruce and Fries 2003a,b) including
Sweden. The Swedish version was developed
and validated in Lund (Ekdahl et al. 1988).

Two different sets of improvement criteria are
used in clinical trials: the preliminary ACR  im-
provement criteria (Felson et al. 1995) consisting
of seven core set variables and the EULAR
response criteria based on the DAS using only 3
or 4 core set variables (van Gestel et al. 1996).
According to the ACR20 improvement criteria,
treatment response is defined as a 20%
improvement in tender and swollen joint count
and 20% improvement in 3 out of 5 of the  follo-
wing measures: patient and physician’s global
assessment, pain, disability and an acute-phase
reactant compared with base-line levels. ACR50,
ACR70 and ACR90 correspond to 50%, 70% and
90% improvement. The EULAR response criteria
include not only changes in disease activity, but
also current disease activity. These criteria give
information on changes in DAS for individual
patients. According to the EULAR response
criteria a good response is defined as an
improvement in DAS  >1.2 and final DAS ≤2.4. A
moderate response corresponds to an
improvement in DAS >0.6 but ≤1.2 and final DAS
≤3.7 and no response to an improvement in DAS
≤0.6 and final DAS >3.7, Table 7.

Components of the response criteria sets and
the disease activity indices are displayed in Table
8.

The performance of the ACR, EULAR (based

Table 7: EULAR response criteria based on DAS28

     Improvement >1.2  Improvement ≤1.2 and >0.6 Improvement ≤ 0.6

DAS ≤ 2.4    Good response

2.4< DAS ≤ 3.7

DAS > 3.7

Moderate response

No response

van Gestel et al. Arthritis rheum 1996; 39:34-40
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Table 8: Components of the response criteria and disease activity indices (Adapted from Gülfe et al. 2005)

Criteria set Tender joint Swollen joint Patient global Patient pain Evaluator’s HAQ ESR CRP
count count VAS VAS global

ACR + + +/- +/- +/- +/- +/- +/-
EULAR (DAS) + + + - - - + -
SDAI + + + - + - - +

“+”= Required; “–”=Not required;
in the ACR response criteria, any three of the variables marked “+/–” are required.
ACR=American College of Rheumatology; CRP=C-reactive protein; DAS=disease activity score; ESR=erythrocyte sedimentation
rate; HAQ= health assessment questionnaire; EULAR=European League Against Rheumatism; HAQ= health assessment
questionnaire; SDAI=simple disease activity index; VAS=visual analogue scale.

on DAS28) and SDAI response criteria, and also
improvement in HAQ score at the individual level
were recently studied in an observational study
of patients with RA treated with TNF antagonists
(Gülfe et al. 2005). The agreement in responses
according to the ACR20 and EULAR overall
(EULAR moderate + EULAR good) and SDAI
overall (defined as SDAI minor + SDAI major)
was good, whereas the agreement  between ACR
50, EULAR good, SDAI major and HAQ was
found to be poor.

Spondylarthropathies

The Assessments in Ankylosing Spondylitis
(ASAS) working group has formed a core set of
domains that are deemed to be important in the
assessment of AS symptomatic outcome (van der
Heijde et al. 1997). These domains are physical
function, pain, spinal mobility, patient’s global
assessment, stiffness, peripheral joints and ent-
heses, acute phase reactants, fatigue and ima-
ging. Specific instruments for measurement are
selected for each domain. Criteria for
improvement based on these domains have
subsequently been developed (Anderson et al.
2001).

The Bath Ankylosing Spondylitis Disease

Activity Index (BASDAI) is a self-administered
instrument consisting of six, 10-cm horizontal
visual analogue scales that measure fatigue,
spinal pain (neck, back or hip), peripheral joint
pain, overall discomfort from any areas tender to
touch or pressure, level of morning stiffness and
duration and intensity of morning stiff-
ness (Garrett et al. 1994).

The Bath Ankylosing Spondylitis Functional
Index (BASFI) is a self-assessment instrument
consisting of 10 questions to be answered on a
10-cm horizontal visual analogue scale. Eight
questions reflect function and 2 questions reflect
the ability to deal with everyday life (Calin et al.
1994).

The Bath Ankylosing Spondylitis Metrology
Index (BASMI) is an instrument including 5 cli-
nical measurements reflecting axial status:
cervical rotation, tragus to wall distance,
lateral flexion, modified Schober’s flexion test
and intermalleolar distance (Jenkinson et al.
1994).

Based on the ASAS core set of variables the
Swedish Society for Rheumatology has  deve-
loped guidelines for the assessment of SpA. The
domains included in the assessment of axial and
peripheral disease are displayed in the Table 9.

Assessment of axial disease Assessment of peripheral disease

Pain (VAS) Physician’s  global assessment (VAS)
Patient’s global assessment (VAS) Patient’s global assessment (VAS)
Disease activity (BASDAI) Pain (VAS)
Physical function (BASFI) Function (HAQ)
ESR/CRP ESR/CRP
Spinal mobility (BASMI)* SJC (66-swollen joint count)

TJC (68-tender joint count)

Table 9: The Swedish Society for Rheumatology guidelines for
assessment of SpA. The recommended instrument is shown in brackets.

*Not mandatory
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A response is defined as 50% improvement in
BASDAI compared with baseline value, or 2
steps on the scale (0-10) and expert’s assess-
ment. Assessment of peripheral disease includes
improvement according to the ACR20 and/or
psoriatic arthritis response criteria (PsARC) in
the case of psoriatic arthritis. PsARC is a
composite measure developed for use rando-
mised clinical trials (RCT) that is based on
changes in 68-tender  and 66-swollen joint
counts, physician’s and patient’s global assess-
ment. A response is defined as improvement in at
least two measures (one joint index measure and
one global assessment measure) without
deteriorate in any of the 4 measures  (Mease et al.
2000).

Pharmacological treatment of arthritis

Traditional treatment

The main goals of treatment in arthritis are to
reduce the symptoms of joint pain and swelling,
i.e. to reduce inflammation, and to prevent joint
destruction (Breedveld and Kalden 2004).
Historically, medical treatment of arthritis has
been focused on controlling inflammation. The
first anti-inflammatory agent used for the treat-
ment of RA was acetylsalicylic acid, isolated in
1829 and introduced as Aspirin 1899 (Rodnan
and Benedek 1970). Subsequently, other sub-
stances were developed with similar mode of
action and were grouped in a category called
non-steroidal anti-inflammatory drugs
(NSAIDs). These substances reduce inflam-
mation by inhibition of cyclooxygenases (COX-1
and COX-2) which are enzymes involved in
prostaglandin synthesis. An alternative name,
i.e. coxibs has therefore been suggested for this
group of compounds. Although these remedies
are effective in reducing the symptoms of
inflammation, they do not alter the course of the
disease or prevent the destruction of cartilage or
bone. Several randomised trials have also
demonstrated the efficacy of NSAIDs in the
control of pain in AS (Zochling et al. 2006).

Glucocorticoids are effective antiinflamma-
tory and immunosuppressive drugs widely used
for the treatment of arthritis. Glucocorticoids act

on the inflammatory process by interfering with
the cytokine network, inflammatory enzymes,
adhesion molecules, permeability factors, cellular
function and survival (Bijlsma et al. 2002; Bijlsma
et al. 2003). Treatment with glucocorticoids has
also been reported to reduce the progression of
joint damage in RA (Boers et al. 1997, Svensson
et al. 2005, Landewe et al. 2002, Wassenberg et al.
2005). There are no studies showing the benefit
of glucocorticoids in SpA for axial disease
(Zochling et al. 2006) but intra- or periarticular
glucocorticoid injections may be useful in SpA
(Maugars et al. 1992). Prolonged treatment with
glucocorticoids is, however, associated with
serious side effects such as hypertension, peptic
ulcer disease, osteoporosis, diabetes mellitus,
accelerated atherosclerosis, cataracts, psycho-
logical disturbances, myopathy, osteonecrosis,
skin atrophy and weight gain. In clinical practice
glucocorticoids have traditionally been
recommended for short-term treatments, in
particular in the period before DMARDs have
ameliorated the disease symptoms.

DMARDs have been used for the treatment of
arthritis since the 1920s, when intramuscular gold
was introduced. Historically, DMARDs were
withheld until the patient exhibited evidence of
joint destruction on radiographs. This treatment
strategy resulted in unsatisfactory outcomes and
few patients achieved remission. Several studies
have demonstrated that early and aggressive
treatment with DMARDs improves long-term
outcome in RA (Emery et al. 2002).  According to
the Swedish Society for Rheumatology’s current
guidelines, treatment with DMARDs should be
initiated early, i.e. preferably as soon as a diagno-
sis of persistent arthritis has been made. The
mechanisms of action of many DMARDs are not
fully known. Many DMARDs were initially
developed for the treatment of other diseases
and have found their way into the treatment of
arthritis more or less, by accident. Table 10 shows
the most commonly used DMARDs for the
treatment of arthritis.

As mentioned above, several traditional
DMARDs are effective in controlling  inflamma-
tion, improving functional status and also in
retarding joint damage. There is also substantial
evidence that combination treatment is more
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Table 10: DMARDs, dosage and indications relevant to this thesis

DMARD Dosage Treatment indication
RA AS Psoriatic arthritis

Auranofin 3-9 mg daily (orally) + - -
Azathioprine 2.5 mg/kg daily (orally) + + -
Chloroqine/ 3 mg/kg daily (orally)/ + - -
Hydroxychloroquine 6.5 mg/kg daily (orally)
Cyclophosphamide 1-2 mg/kg daily (orally) extra-articular - -

500-1500 mg/m²
(intermittently, intravenously)

Cyclosporine A 2.5-5 mg/kg daily  (orally) + - +
Chlorambucil 0.03-0.3 mg/kg daily (orally) extra-articular - -
Leflunomide 10-20 mg daily following a + - +

loading dosage (orally)
Methotrexate 7.5-25 mg weekly in a single dose + + peripheral + peripheral

(orally or parenterally) arthritis arthritis
Mycophenolate  mophetil 0.5-2 g daily (orally) + - -
Na-aureothiomalate 10 mg as a single dose during

the first week, thereafter 25-50 mg + - -
weekly (intramuscularly)

Penicillamine max 1500 mg daily in 3 doses + - -
(orally)

Sulfasalazine 2-3 g daily (orally) + + peripheral +
arthritis

effective than monotherapy and not necessarily
more toxic (Boers et al. 1997). Combination treat-
ment can be used in different ways. The step-up
approach means that treatment is initiated with
one DMARD and, in the case of inadequate
response, another DMARD is added. The
continuous approach includes concomitant
treatment with ≥2 DMARDs initiated simul-
taneously. In the step-down approach treatment
with several DMARDs is initiated simul-
taneously and successively discontinued when
remission is achieved. In a randomised study
(COBRA), Boers et al. (1997) demonstrated the
efficacy of the step-down approach in the
suppression of inflammation and progression of
joint damage seen at radiography. Long-term
follow-up of patients given combination
treatment during the first six months showed that
suppression of joint damage was sustained for
up to 4 years regardless of subsequent treatment
(Landewe et al. 2002). It should be noted that the
patients in the combination group received fairly
high doses of glucocorticoids, which makes
interpretation somewhat difficult.

Biological agents

During the recent decades knowledge of the
underlying pathogenetic mechanisms of inflam-
matory joint diseases has increased dramatically.
This has opened up opportunities to develop
new pharmaceuticals that target specific cell-
surface markers or proinflammatory cytokines
involved in the pathogenesis of these diseases.

TNF is a proinflammatory cytokine that plays a
pivotal role in the development and progression
of RA. There are currently 3 TNF antagonists
available: infliximab (a chimeric IgG1 monoclonal
antibody that binds soluble and membrane-
bound TNFα), etanercept (a completely human,
soluble receptor binding both TNFα and TNFβ)
and adalimumab (a recombinant human IgG1
monoclonal antibody to TNFα). All 3 TNF anta-
gonists have been shown to be more efficacious
in reducing signs and symptoms and in particular
in reducing the development of joint damage in
RA in combination with methotrexate than as
monotherapy (Maini et al. 1999, Weinblatt et al.
1999, Bathon et al. 2000, Lipsky et al. 2000,
Weinblatt et al. 2003, Keystone 2002, Klareskog
et al. 2004).
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in the treatment of RA patients (Cohen et al.
2004), but the efficacy seems to be lower than
that of TNF-blockers.

Rituximab is a chimeric monoclonal antibody
against a B-cell specific antigen, CD20. There are
3 putative mechanisms of action of rituximab:
antibody-dependent cell-mediated cytotoxicity,
complement-dependent cytotoxicity, and  pro-
motion of CD20+ B-cell apoptosis, but the exact
mode of action is not clear (Reff et al. 1994,
Edwards et al. 2004a,b, Edwards et al. 2005).
Rituximab in combination with methotrexate has
been reported to be effective in reducing the
signs of inflammation in RA patients who had
previously failed to respond to one or more
DMARDs and TNF antagonists (Edwards et al.
2004a,b, Emery et al. 2006). Currently available
biological agents and indications for their use are
given in Table 11.

Treatment with TNF antagonists also reduces
the symptoms of AS and PsA  (Mease et al. 2000,
Marzo-Ortega et al. 2001, Davis et al. 2004, Braun
et al. 2006, Kavanaugh et al. 2006a), but a damage
protecting effect on these conditions has to be
firmly established. Infliximab has recently been
shown to retard the progression of damage in
hands and feet in PsA (Kavanaugh et al. 2006b).
All three remedies were initially used for the
treatment of RA but have now also been
approved for treatment of AS and PsA.

Another principle tested for the treatment of
RA is blocking of the effects of IL-1 using a
recombinant receptor antagonist (anakinra).
Treatment with anakinra was reported to be
effective in ameliorating inflammation and a
beneficial effect on the rate of progression of
joint erosion has also been demonstrated
(Bresnihan et al. 1999). Anakinra in combination
with methotrexate has been shown to be effective

Table 11: Biological agents currently in clinical use for the treatment of arthritis

Biological agent                Dosage Treatment indication
RA AS Psoriatic arthritis

Etanercept 50 mg weekly (subcutaneously) + + +
Infliximab 3-10 mg/kg every 8 weeks following + + +

initial loading dosage (intravenously)
Adalimumab 40 mg every 14 days (subcutaneously) + + +
Anakinra 100 mg daily (subcutaneously) + - -
Rituximab 1000 mg iv; in 2 days (day 1 and day 15) + - -

Abatacept (CTLA4Ig; cytotoxic T-lympho-
cyte–associated antigen 4 fused to the constant
region of human IgG1) belongs to a group of new
anti-inflammatory agents that selectively blocks
co-stimulatory molecules. Binding between
CD80 and CD86 molecules on antigen-presenting
cells to CD28 molecule on T-cells is the second
signal required for activation of T-cells
(Lenschow et al. 1996). The mode of action of
abatacept in RA is blocking of CD28:CD80/86
resulting in downregulation of T cell activation.
Treatment with CTLA4Ig in combination with
methotrexate leads to significant improvement in
the clinical signs and symptoms of RA (Moreland
et al. 2002, Kremer et al. 2006). It is noteworthy
that this has also been shown in patients
refractory to TNF antagonists (Genovese et al.

2005b). Abatacept will soon be available for
clinical use.

Treatment guidelines

A EULAR expert committee recommends the
following strategy for the treatment of early RA:

- early treatment start in patients at risk of
developing persistent or erosive disease,
- remission should be a goal of the treatment,
- use of NSAIDs in order to relieve pain and
stiffness,
- use of systemic glucocorticoids and intra-
articular glucocorticoids but systemic gluco-
corticoids only temporarily,
- use of methotrexate as anchor drug,
- non-pharmaceutical interventions should be
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employed early, and
- regular monitoring every 3 months until
remission is achieved (Combe et al. 2006).

A consensus statement on biological agents
for the treatment of rheumatic diseases  deve-
loped by an international expert group includes
the following:
- TNF antagonists are recommended for the
treatment of RA, AS and psoriatic arthritis after
using another DMARD.
- TNF antagonists can be added to pre-existing
therapy or may replace previous DMARDs or
other biological agents.
- TNF antagonists are effective in MTX naïve
patients and may be considered as the first
DMARDs when other DMARDs are
contraindicated.
- The use of TNF antagonists as the first
DMARD in RA should be limited due to concerns
regarding long-term safety, but individual patient
need should be considered.

Figure 2:  RA treatment, according to the Swedish Society for Rheumatology, 2004

- There is no evidence that any TNF antagonist
is more effective than any another, although
individual differences may exist (Furst et al.
2005).

The Swedish Society for Rheumatology has
also developed guidelines for the treatment of
RA (www.srfonline.org), as shown in Figure 2.

Recommendations for the management of
ankylosing spondylitis have been developed in
collaboration between ASAS international
working group and EULAR. ASAS group
consists of international experts within the field
of AS and a patient with AS. The objective has
been to construct evidence-based recom-
mendations for management of patients with AS
(Zochling et al. 2006). ASAS/EULAR current
recommendations for the treatment of ankylosing
spondylitis are shown in Figure 3.

The Swedish Society for Rheumatology has
developed guidelines for the management of AS
and PsA, as shown in Table 12
(www.srfonline.org).

Low activity

Favorable prognosis

Medium/high activity

Intermediate/unfavourable prognosis

MTX up to 
25 mg/week

Hydroxychloroquine
or

MTX
or 

Sulfasalazine

TNF antagonists 
+ MTX

Satisfactory treatment response-regular monitoring

Hydroxychloroquine

or

MTX

or 

Sulfasalazine

or

no DMARD

Table 12: The Swedish Society for Rheumatology’s recommendations for the treatment and assessment of
ankylosing spondylitis and psoriatic arthritis. Translated from Swedish.

Diagnosis High activity + Assessment
unfavourable prognosis

Ankylosing spondylitis Treatment failure to NSAIDs and Axial disease→TNF antagonists ( ±MTX) ASAS
to 2  and more corticosteroid Peripheral disease→sulfasalazine (4 months)
injections (peripheral arthritis) →TNF antagonists (± MTX)

Psoriatic arthritis Treatment failure to NSAIDs and Axial disease→TNF antagonists (± MTX) PsaARC
to 2 or more  corticosteroid injections Peripheral disease→MTX/cyclosporine/ ACR20
(peripheral arthritis) /sulfasalazine/leflunomide→TNF antagonists
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Vaccination

In patients with rheumatic diseases, infections
cause significant morbidity and mortality. Vacci-
nations are the most effective measures for
preventing these outcames. The Swedish Natio-
nal Board of Health and Welfare recommends
pneumococcal and influenza vaccination of all
individuals 65 years of age or over, and those
suffering from chronic illness with increased risk
of severe pneumococcal/influenza  infections or
their complications (SOSFS 1994, SOSFS 1997).
In the majority of patients with rheumatic
diseases, should therefore vaccination against
pneumococcal infections and influenza be
considered. However, vaccination of patients
with rheumatic diseases has been somewhat
controversial. Case reports on various auto-
immune diseases have led to concern regarding
the risk of inducing autoimmune diseases by
vaccination (Wraith et al. 2003). Sporadic cases
of flare of underlying rheumatic disease have
been reported following vaccination, although
controlled trials could not confirm such findings
(Avery et al. 1999). The onset of systemic rheu-
matic disease, such as vasculitis (Mader et al.
1993), or polymyalgia rheumatica  following
influenza vaccination (Marti and Anton 2004),

and also connective tissue disease and
spondylarthropathy following hepatitis A
vaccination (Ferrazzi et al. 1997) has been
reported. More recently, several studies
addressing safety and immunogeneicity of
influenza and pneumococcal vaccination in
patients with rheumatic diseases have been
conducted demonstrating the safety of these
vaccines (Chalmers et al. 1994, Francioni et al.
1996, Elkayam et al. 2002a, Fomin et al. 2006, del
Porto et al. 2006). Chalmers et al. demonstrated
that influenza vaccination was safe in patients
with RA and elicited similar immune response to
those in healthy controls (1994). However,
reduced immunogeneicity following influenza
and pneumococcal vaccination mainly due to
consequences of concomitant immunosupp-
ressive treatment has been reported in other
studies (O’Dell et al. 1992, Mease et al. 2004,
Elkayam et al. 2004, Wright et al. 2004, Fomin et al.
2006). Based on the information currently
available, the risk of developing autoimmunity
after influenza and pneumococcal vaccinations is
so far deemed to be substantially lower than the
risk of severe infections or complications related
to these infections (Wraith et al. 2003).

Figure 3: ASAS/EULAR recommendationd for the treatment of ankylosing spondylitis
(Adapted from Zochling et al. 2006)
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Aims of the present
investigation

The objective of this work was to study clinical,
immunological and biochemical aspects of
treatment with tumour necrosis factor anta-
gonists in patients with arthritis. In particular, the
aims were:

- to study the feasibility of a structured
clinical protocol for  prospectively monitoring
treatment efficacy and tolerability of new
treatment modalities, including TNF antagonists,
in patients with arthritis in clinical practice

- to investigate whether serum levels of
COMP change during treatment with TNF
antagonists in a way that confirms the tissue
protective effects of these agents in RA
- to study how different anti-rheumatic
treatments modulate immunisation induced by
polysaccharide or polypeptide vaccine in
patients with RA
- to study predictors of infliximab related
infusion reactions in patients with arthritis
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Protocol, study population
and methods

Protocol

All patients who participated in the studies
described this thesis were monitored according
to a standardised clinical protocol adopted by
the South Swedish Arthritis Treatment Group
(SSATG). The protocol was developed at the
Department of Rheumatology, at Lund
University Hospital (Geborek and Saxne 2000).
The SSATG protocol has subsequently been
approved and used by seven other (and recently
two additional) rheumatology units in southern
Sweden. The SSATG register covered a popula-
tion of about 1.3 million inhabitants when the
studies were performed. The aim of this protocol
was to include and monitor all patients treated
with biological agents, regardless of their
rheumatological diagnosis. When compared with
pharmaceutical sales data the protocol was
found to cover over 90% of patients treated with

TNF antagonists in the area. Initially, the majority
of the patients in the register had RA, but the
proportion of patients with diagnoses other than
RA has gradually increased (Geborek et al. 2005).
The diagnosis, decision to start treatment and
treatment goals are determined by the treating
physician.

At the initiation of treatment, information
regarding diagnosis, disease onset, previous and
concomitant DMARD treatment, and systemic
prednisolone dosage is recorded (Figure 4). A
clinical assessment of structural damage before
starting treatment i.e. assessment in expected
improvement in HAQ score is made by the
treating physician. All patients are evaluated at
initiation of treatment and after 3, 6 and 12
months (optionally 0.5, 1.5, and 9 months), and
thereafter every 3-6 months.

Figure 4: The South Swedish Arthritis Treatment Group (SSATG) protocol

DECISION 
patient and treating physician

INITIATION 
diagnosis, 
disease onset
previous DMARDs,
ongoing DMARDs,
ongoing prednisolone,
clinical assessment
of structural damage
and expected improvement
in HAQ score

Composite indices
DAS28, DAS28CRP,

SDAI, CDAI, BASDAI, 
Response measures
ACR20/50/70; EULAR(DAS28),
SDAI, CDAI
Miscellaneous
prednisolone dosage, 
HAQ score improvement,
adverse event report, 
stop reason report

MONITORING
clinical assessment,
TJC,SJC, VAS-pain, 
VAS-global,
Eval-global, 
ongoing DMARDs,
ongoing prednisolone,
CRP/ESR, HAQ score,
adverse events

SSATG
database
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Clinical monitoring includes 28-tender joint
count  and 28-swollen joint count, a 10 cm, non-
anchored horizontal visual analogue scale for
pain (VAS-pain) and one for general health (VAS-
global), the doctor’s global assessment of disea-
se activity on five grade scale (Eval-global) and
the validated Swedish version of the HAQ. ESR
and CRP are determined at each follow-up. All
unexpected events are recorded, and withdrawal
from treatment is classified as withdrawal caused
by adverse drug reaction, lack of response, or
other reason. The computer application cal-
culates the disease activity score for the 28 joint
indices (DAS28), improvement defined by the
EULAR criteria based on DAS28 and the
response according to the ACR20, 50, and 70
response criteria. Furthermore, a reduction in
HAQ score and the reduction in oral

prednisolone dose by 20 and 50% is recorded.
All adverse events, including infusion reac-

tions, are registered and seriousness graded by
one investigator. An infusion reaction is defined
as an adverse event occurring during infusion or
within 24 hours after the initiation of infusion.
The seriousness grades are mild, moderate,
serious, and life threatening, where mild is
defined as self-limiting and resolved after tempo-
rary stop/slowing of infusion, moderate needed
closer attention and also extended observation
period and often stop of infusion, while serious
involved infusion stop, respiratory symptoms/
symptomatic blood pressure fall, and need of
close monitoring often during a whole day and
also occasionally in ward referral. Life
threatening involved intensive care treatment.

Figure 5: The study population in the different papers
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Study population

The study population included in the different
papers presented in this thesis, and the rheuma-
tology clinics currently participating in the
SSATG  register are displayed in figure 5.

Paper I: All RA patients treated with either TNF
antagonists (etanercept or infliximab) or
leflunomide between March 1999 and November
2000 at the centres participating in the SSATG at
that time (Spenshult, Växjö, Helsingborg,
Kristianstad, Lund, Trelleborg, Ystad and
Simrishamn) were consecutively included in this
study. Altogether, 404 treatments (369 patients)
with any of the above drugs started treatment
during the observation period. Some patients
tried 2 different treatment modalities (n=33) and 1
patient switched between all 3 drugs during the
study period. The number of patients receiving
etanercept, infliximab and leflunomide were 166,
135 and 103, respectively.

Paper II: Patients with RA treated either with
infliximab or etanercept at the Department of
rheumatology in Lund were included. All patients
were monitored in accordance with the struc-
tured clinical protocol. Forty-nine patients, of
whom 32 received infliximab and 17 etanercept,
participated. Only patients without concomitant
glucocorticoid treatment or those who were on
stable dose of prednisolone (<10 mg daily) were
eligible for participation. Patients who had
received intra-articular glucocorticoid injections
within 3 months prior to the start of treatment
were not included.

Papers III and IV: Altogether 149 patients with
established RA at the Department of
Rheumatology in Lund participated in these
studies. One hundred and twelve patients
received TNF antagonists, of whom 48 were
treated with etanercept and 64 with infliximab. A
group of 50 patients received TNF antagonists in
combination with methotrexate and 62 patients
received TNF antagonists alone or in
combination with other DMARDs. A group of 37
RA patients were taking methotrexate without
TNF antagonists. The number of healthy
individuals included in the control group differed
between the two studies. Altogether 47
individuals among staff members at the
Departments of Rheumatology and Infectious
Diseases in Lund received pneumococcal
vaccine and participated in the pneumococcal
vaccination study as a control group. The
corresponding number of healthy controls
recruited in a similar fashion for influenza
vaccination was 18.

Paper V: The study population comprised
patients with arthritis who were treated with
infliximab at the Department of Rheumatology in
Lund between March 1999 and December 2005.
Altogether 213 patients with RA and 76 patients
with SpA participated in this study.

Table 13:  Some demographic characteristics of the patient populations

Number of patients Female   (%) Mean age (years) Mean disease duration
(years)

Paper I
(etanercept/infliximab/leflunomide) 166/135/103 78/79/82 54/55.4/61.3 14.9/14.1/14.9
Paper II
(etanercept/infliximab) 17/32 59/78 55.3/56.7 13.7/12.9
Papers III and IV
(etanercept/infliximab/methotrexate) 48/64/37 79/69/70 52.8/53/61 18.4/14.1/11.6
Paper V
(infliximab) RA patients 213 73 55.9 12.6

SpA patients 76 53 45.0 13.1
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Methods

Serum COMP assay

In the study described in Paper II quantification
of serum COMP was performed before the
initiation of treatment and after 3 and 6 months.
Serum COMP was measured by a sandwich
ELISA method using two monoclonal antibodies
directed against separate antigenic determinants
on the human COMP molecule (AnaMar
Medical, Lund, Sweden). The detection limit is
<0.1 units/l and the intra-assay and inter-assay
coefficients of variation are <5%. The assay is
not influenced by rheumatoid factors. This assay
was developed based on experience gained from
use of the original assay (Saxne and Heinegård
1992).

Vaccination

Pneumococcal and influenza vaccinations were
used as models to investigate immune modu-
lation induced by various anti-inflammatory
treatments of RA including TNF antagonists
(Papers III and IV). All patients were vaccinated
with 23-valent polysaccharide pneumococcal
vaccine and 3-valent polypeptide influenza
vaccine on the same occasion. Blood samples
were collected prior to and 4-6 weeks after
vaccination. Levels of IgG antibodies to 23F and
6B pneumococcal polysaccharide antigens
(Paper III) were measured using the WHO
standard ELISA method as previously described
(WHO 2005). The lower limit of detection was
0.01 mg/l. All sera were examined on the same
occasion in a blinded fashion. The analyses were
performed at the Department of Clinical
Microbiology and Immunology, Lund University
Hospital.

Influenza-virus-specific serum antibody titres
were measured using haemagglutination
inhibition (HI) assays (Paper IV). HI assays were
performed according to WHO standard proce-
dures using haemagglutinin antigens repre-
senting the strains of virus included in the
vaccine (WHO 1981). The results are given as
titres, i.e. the greatest dilution of the serum that
achieves complete inhibition of haemagglu-
tination. All sera were titrated on the same
occasion in duplicate, blinded with regard to
clinical data. HI assays were performed at
ViroClinics, Rotterdam, the Netherlands.

Antinuclear antibodies

ANA were determined prior to initiation of
infliximab treatment. In case of missing data,
ANA status within a month before treatment start
was used. Measurements of ANA were
performed using an indirect immunofluorescence
assay with HEp2 cells as substrate and anti-IgG
conjugates as described previously (Kavanaugh
et al. 2000). The analysis was performed using an
accredited method at the Department of Clinical
Microbiology and Immunology in Lund
(accredited according to SS-EN ISO/IEC 17025).
Values ≥14 units/ml corresponding to a titre of
400, were considered positive. The reference
interval was based on the results of
measurements in healthy blood donor controls
and the upper limit was determined such that
between 1-5% of the controls were positive for
ANA.
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Statistical calculations

Non-parametric tests were generally used.
Differences between groups were analysed
using the chi-squared (χ2) test for ordinal
variables, the Mann-Whitney U test for compari-
son between groups and Wilcoxon’s matched
pair test for paired variables. Correlations were
calculated using Spearman’s rank correlation
coefficient. The geometric means of HI titres
(GMT) were calculated from log-transformed
values, and differences were compared using a

paired sample T-test (Papers III and IV). Due to
differences at baseline, a binary logistic regres-
sion model adjusting for age, gender, disease
duration and prednisolone dosage was used
(Papers III, IV and V). The data published in
Paper III were also re-analysed by applying
binary logistic regression model, and these
results are presented in this thesis. P-values<0.05
were considered significant.



Meliha C Kapetanovic 29

Results and discussions

Etanercept, infliximab, and leflunomide
in established rheumatoid arthritis:
Clinical experience using a structured
follow-up programme in southern
Sweden (Paper I)

The first aim of this work was to investigate
whether a structured protocol is feasible for
monitoring new treatments in clinical practice at a
university rheumatology department and seven
non-university rheumatological units. We speci-
fically examined the efficacy and tolerability of
treatment with etanercept, infliximab and
leflunomide.

One of the main findings of this longitudinal,
observational study was that a structured pro-
tocol could be used to monitor newly introduced
drugs in clinical practice. The protocol was well
accepted by the participating centres and 2 addi-
tional rheumatological units have joined the
SSATG register since 2001. Patients at the
university department in Lund were more
comprehensively evaluated but by comparing
data from Lund with data from other units it could
be shown that such a clinical protocol can also be
used at other rheumatology units.

The majority of patients that rheumatologists
meet in daily practice are not eligible for clinical
trials. A structured clinical protocol, shared by
several units, gives the opportunity to rapid
collection of information regarding effects and
adverse reactions during treatment “in real-life”.
In contrast, randomised clinical trials provide
important information and are necessary to
establish treatment efficacy and for the detection
of common side effects. However, they are not
sufficient to establish long-term efficacy, to
reveal possible new therapeutical effects, or
long-term and/or rare adverse reactions (Sokka et
al. 2003a,b, Pincus and Sokka 2004).

An important advantage of a clinical protocol
is the possibility of identifying adverse reactions
not previously seen in clinical trials. However,
the side effects identified in this study did not
differ from those previously reported (Maini et al.
1998, Smolen et al. 1999, Strand et al. 1999,
Weinblatt et al. 1999). Continued long-term

monitoring of the included patients and the
recruitment of new patients into the protocol is
necessary to enable evaluation of the full range
of side effects.

A further advantage of clinical protocols over
most clinical trials is that different drugs can be
monitored using the same protocol. The drugs
can also be compared in similar types of patients.
Therefore, longitudinal, observational studies
that include all patients receiving the treatment
are important for post-marketing surveillance of
newly introduced drugs.

As mentioned above this study had an open
character and all patients who started treatment
were included in the clinical protocol. This
approach may induce a placebo effect and thus a
bias favouring a positive response. However, the
results we report are no better than the results of
clinical trials. Furthermore, the possibility of bias
is probably similar for all three remedies, so
comparisons are highly relevant.

The treatment efficacy was measured using the
ACR20, 50, and 70 response criteria and the
EULAR criteria using DAS28. The responses
were fairly similar for the two TNF antagonists
studied. Both TNF antagonists induced a better
clinical response than leflunomide. Furthermore,
the continuation of the respective treatment was
studied using “survival on drug” analysis.
Significantly more patients treated with TNF
antagonists than those on leflunomide were still
receiving the drug after 20 months (see Figure 6).

All adverse reactions registered during the
observation period were graded according to
severity by treating physicians. The results are
given in Table 14.

Although the treating physicians were
encouraged to report all adverse reactions some
adverse events may have not been reported. In
spite of this potential bias the incidence rates of
serious infections and all malignancies in this
study are of the same magnitude as those in
other, recently published studies (Table 15)
(Geborek et al. 2005, Askling et al. 2005a,b,
Askling et al. 2006 abstract 0182 EULAR
congress, Bongartz et al. 2006).
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Figure 6: Drug survival of etanercept, infliximab or leflunomide

Table 14: All fatal, life-threatening and serious adverse reactions registered during the observation period for
etanercept, infliximab and leflunomide

Severity Etanercept Infliximab Leflunomide

Fatal 1 gastroenteritis (day 180)
1 immunocytoma of the
breast (day 220)
1 myocardial infarction (day 413)

Life- 1 anaphylactic reaction
threatening (day 320)

1 mesothelioma (day 42)
1 pharyngitis with extremely
severe infection of  the throat,
neck, and upper abdomen
(day 480)

Serious 4 myocardial infarctions (days 41, 4 allergic reactions (days 41, 1 leucopoenia (day 108)
63, 130, 501) 201, 230, 573) 1 deep vein thrombosis with
3 bacterial infections (2 pneumonia 2 bacterial infections (one hypertension and vision impairment
and 1 septic arthritis; days 130, otitis media, one cystitis; (day 226)
150, 270) days 108, 210) 1 throat pain with swelling of the
2 uterine cervical carcinoma (one in 1 Hodgkin’s lymphoma tongue (day 60)
situ; days 160, 413) (day 129) 1 clinical polyneuropathy with
1 acute myeloic leukaemia (day 440) 1 non-Hodgkin’s lymphoma paraesthesia in feet and shoulders
1 general malaise (day 350) (day 180) (day 110)
1 leucopenia (day 91) 1 thrombocytopenia (day 250)
1 Bell’s paralysis (day 130) 1 lupus like reaction (day 230)
1 cutaneous vasculitis (day 368) 1 discoid lupus (day 20)
1 discoid lupus (recurred on
provocation; day 69)
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Serum cartilage oligomeric matrix
protein (COMP) decreases in
rheumatoid arthritis patients treated
with infliximab or etanercept (Paper II)

The second aim of this work was to investigate
whether serum levels of COMP, a marker for
cartilage turnover, changed during treatment
with TNF antagonists and whether the changes
confirmed the tissue protective effects of these
drugs in RA.

The main finding of this work was that serum
COMP levels decreased during the first 6 months
of treatment with etanercept and infliximab,
regardless of the clinical response to treatment
and without correlation to changes in CRP.

Serum levels of COMP were measured in 32
infliximab- and 17 etanercept-treated patients
with RA during the initial 6 months of therapy.
Serum COMP had decreased in both patient
groups at the 3-month follow-up (p<0.001 and
p<0.005, for infliximab and etanercept,
respectively) and levels remained low after 6
months of treatment compared with baseline
values. The decrease in COMP levels was most
pronounced in patients with the highest baseline
values. Serum levels of COMP decreased
regardless of the response according to ACR20
response criteria (p<0.05 or better), see Figure 7.

Table 15: Incidence rates of adverse events/100 treatment years (95%CI) for different treatment modalities

Etanercept Infliximab Leflunomide
Treatment duration
(treatment years) 232.8 111.1 70.9
Number of patients 166 135 103

Adverse events Incidence (95% CI) Incidence (95% CI) Incidence (95% CI)

Fatal 1.3 (0.3-3.8) - -
Life-threatening - 2.7 (0.6-7.9) -
Serious 6.4 (3.6-10.6) 9.9 (4.9-17.7) 5.6 (1.5-14.4)
Moderate 15.5 (10.8-21.4) 30.6 (21.2-42.8) 28.2 (17.2-43.6)
Mild 26.2 (20.0-33.7) 53.1 (40.4-68.5) 31.0 (19.4-47.0)
Not graded 2.1 (0.7-5.0) - 12.7 (5.8-24.1)
Infections (lethal+life-
threatening+serious) 1.7 (0.5-4.4) 2.7 (0.6-7.9) -
Malignancy (all) 1.7 (0.5-4.4) 2.7 (0.6-7.9) -
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Figure 7: S-COMP at baseline and after 3 months in rheumatoid
arthritis patients treated with etanercept (a) or infliximab (b),
grouped in responders or nonresponders according to the ACR20
response criteria
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The effects of different anti-rheumatic
treatments on the progression of joint
destruction are often studied by assessing
radiographs of the hands and feet. Since the rate
of progression is often slow, these studies must
be conducted over a long period of time
(minimum 1 year). An alternative or comple-
mentary approach is to measure levels of
molecular markers that reflect the effects of
different treatments on tissue, and which may
change fairly rapidly after the initiation of the
treatment.

Several clinical studies have shown that
treatment with TNF blockers, including
infliximab, etanercept and, more recently,
adalimumab in RA not only reduces signs and
symptoms of inflammation, but also prevents the
progression of erosive joint changes (Maini et al.
1999, Lipsky et al. 2000, Bathon et al. 2000,
Weinblatt et al. 2003, Klareskog et al. 2004). A
reduction in progression of joint damage was
observed in infliximab treated patients regardless
of clinical response (Lipsky at al. 2000). Recently
published sub-analysis of these results
confirmed that infliximab in combination with
MTX inhibited the progression of joint damage
in patients without any evidence of clinical
improvement according to the ACR20 response
criteria and DAS28 (Smolen et al. 2005).

Results from the present study show that TNF
antagonists modify the release of COMP from
tissue, supporting the interpretation that these
treatment modalities retard joint destruction.
Levels of COMP decreased in both responders
and nonresponders, which is in accordance with
the hypothesis that inflammation and tissue
destruction are not closely linked. Only patients
not undergoing glucocoticoid treatment or those
on stable, low-dose prednisolone treatment were
included in this study. This approach
considerably reduced the number of patients
eligible for inclusion. It has been shown that
glucocorticoids tend to lower serum COMP
levels but the mechanisms governing this effect
are not completely known. The lowering of serum
COMP by glucocorticoids is not associated with

a decrease in CRP or ESR (Saxne et al. 2006,
Skoumal et al. 2006), suggesting that the anti-
inflammatory effect of glucocorticoids is not the
reason. Hypothetically, the effect might be due to
the joint protective effect of glucocorticoids
(Kirwan 1995, van Everdingen et al. 2002).
Recently, moderate doses of glucocorticoids in
experimental arthritis have been shown to retard
cartilage and bone destruction. This joint
protective effect was directly mirrored by
decreased serum levels of COMP in that study
(Larsson et al. 2004).

One disadvantage of the present study is the
lack of radiographs for comparison with the
changes in serum COMP levels. As described
earlier in this thesis, all patients receiving TNF
antagonists are included in the follow-up
programme according to the SSATG protocol,
and no suitable group was available for
comparison. However, efficacy data including
these patients (see Paper I) agree with the results
of trials that included radiographs (Lipsky et al.
2000, Bathon et al. 2000, Genovese et al. 2002).
Thus, results from this study corroborate the
proposed joint protective effect of TNF
antagonists. Furthermore, the findings support
the use of COMP as a noninflammation-related
marker of disease processes in RA.

Influence of methotrexate, TNF-blockers
and prednisolone on antibody
responses to pneumococcal
polysaccharide vaccine in patients with
rheumatoid arthritis (Paper III)

Influenza vaccination as a model for
testing immune modulation induced by
anti-TNF and methotrexate therapy in
rheumatoid arthritis patients (Paper IV)

The third aim of this work was to investigate
whether anti-rheumatic treatment of patients with
RA modulate the immune response to pneumo-
coccal and influenza vaccine.

The major findings of the above two studies
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Figure 8: Positive immune response following pneumococcal and influenza vaccination in patients with RA
a) Pneumococcal vaccination. Odds ratio (OR) and 95% confidence interval (95% CI) for patients with positive immune response for
23F and 6B and combination of the serotypes.

b) Influenza vaccination. Odds ratio (OR) and 95% confidence interval (95% CI) for patients with prevaccination titre levels <40 and
positive immune response (≥ 4 fold titre increase) to different strains and combination of the strains.

Results are adjusted for age, gender, disease duration and prednisolone dosage.

a)

b)
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are that treatment with TNF antagonists and
prednisolone in low dosage do not impair the
antibody response to pneumococcal vaccination
whereas methotrexate reduces the responses. In
contrast, RA patients treated with methotrexate
without TNF antagonists showed significantly
better immune response to influenza vaccination
compared to those receiving TNF antagonists
alone or in combination with methotrexate and/or
other DMARDs.

Pneumococcal vaccination study in RA

Positive immune response was defined as ≥2-fold
increase in antibody levels to each serotype.
Methotrexate-treated patients showed reduced
immune response to separate serotypes and the
combination of two serotypes when compared
with patients treated with TNF antagonists.
Controls tended to respond better than patients
in the methotrexate group but without reaching
significance.

Due to differences in the baseline
characteristics between the groups, the results
were re-analysed using a binary logistic
regression model adjusted for age, gender,
disease duration and prednisolone dosage. This
confirmed that the immune responses in
methotrexate treated group were significantly
reduced compared with the TNF antagonist
groups, see Figure 8a.

Influenza vaccination study in RA

Positive immunisation response to each strain
was defined as ≥4 fold increase in prevacci-
nation titres in patients with prevaccination titre
levels <40. Prevaccination titres ≥40 were
considered protective. The responses to
separate strains were generally good in the
patient groups but not in controls. High
proportion of controls had prevaccination titres
above the protective levels (27.8% for H1N1 and
H3N2, and 61.1% for B1) making them unsuitable
for inclusion in the statistical analyses. A binary
logistic regression model including adjustments
for baseline differences in age, gender, disease
duration and prednisolone dosage was used to
compare the immune responses between the
groups. As it can be seen in Figure 8b, the
positive immune response to combinations of all

strains (H1N1+H3N2 +B1) was significantly
better in the methotrexate group, even after
adjustments to the regression model. The groups
treated with TNF antagonists alone or in
combination with methotrexate and/or other
DMARDs showed a lower number of
responders.

In these two studies pneumococcal and  influ-
enza vaccination was used to study immune
modulation induced by different treatments in
established RA. Treatment with TNF antagonists
and prednisolone at low doses was not found to
impair the antibody response following
pneumococcal vaccination, while methotrexate
did reduce the response. Reduced serological
response following pneumococcal vaccination
of RA patients taking methotrexate is in
accordance with previous findings (O’Dell et al.
1992, O’Dell et al. 1996, Elkayam et al. 2002a).

In contrast, RA patients treated with  metho-
trexate without TNF antagonists responded
better to influenza vaccination than patients
receiving TNF antagonists. The underlying
mechanisms of these differences are not known.
The mode of action of methotrexate in RA is not
completely understood, but suppression of
immunoglobulin production is one of several
proposed mechanisms (Cutolo et al. 2001).
Furthermore, there are substantial differences
between pneumococcal and influenza vaccine.
Pneumococcal vaccine containing 23 types of
pneumococcal capsular polysaccharides was
used in this study. Influenza vaccine contains
haemagglutinin antigens representing 3 strains
(two A strains and one B strain) of influenza
virus. Polysaccharide antigens are recognised to
induce lower immune responses than protein
antigens (Fedson et al.1994a,b, Scheifele 2004).
Reduced immunoglobulin production, resulting
from methotrexate treatment, in combination with
decreased immunogeneicity of polysaccharide
antigens, might thus be one explanation of the
impaired antibody response to pneumococcal
vaccination in RA patients treated with  metho-
trexate without TNF antagonists. Since the
immune response following influenza  vacci-
nation was most satisfactory in the methotrexate
group some other mechanisms must be involved.

Antibody response to influenza vaccination in
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RA patients treated with methotrexate has
previously been reported to be similar to that of
age- and gender- matched healthy controls
(Chalmers et al. 1994). The immune response to
other virus vaccines e.g. hepatitis B vaccine
containing purified virus antigen, in patients with
RA has been shown to be somehow lower than in
healthy individuals but was not affected by
methotrexate treatment (Elkayam et al. 2002b).
Our results are in accordance with results from
these studies, suggesting that the immune
response to polypeptide antigens is sufficient in
spite of possible impact of methotrexate on the
immunoglobulin production. Furthermore, it is
generally accepted that antibody production
following influenza vaccination is T-cell mediated
while responses to polysaccharide antigens are
considered to be T-cell independent. Our
findings suggest that polysaccharide and
polypeptide antigens are processed by different
pathways in the immune system.

Regarding treatments with TNF antagonists,
antibody responses to polysaccharide antigens
were found to be normal or increased in groups
receiving these agents. These results are in line
with those reported from a study including
patients with psoriatic arthritis treated with
etanercept (Mease et al. 2004). In that study, both
etanercept- and placebo- treated patients
showed similar responses to the vaccine,
although a subgroup of patients receiving
concomitant methotrexate showed lower
antibody levels. In contrast, Elkayam et al. (2004)
reported lower proportion of responders among
RA patients treated with TNF antagonists than
age-matched RA patients not receiving this
treatment.

Patients treated with TNF antagonists showed

clearly lower responses to polypeptide antigens
than those on methotrexate. The mechanisms
leading to differences in antibody response
between these two kinds of treatment are
unknown. TNF plays an essential role in the
immune-mediated response to infection,
especially with intracellular pathogens, but also
in granuloma formation (Crum et al. 2005). It is
generally believed that the production of
influenza-specific IgG is dependent on CD4+ T-
cells. TNF antagonists strongly inhibit cell-
mediated immunity, which might be relevant in
the response to virus antigens such as those
presented in influenza vaccine.

The immune responses to vaccination are
surrogate markers for protection against the
disease. However, provided that good immune
response reflects the effectiveness of the
vaccine, the current findings suggest that
pneumococcal vaccination should be performed
prior to methotrexate initiation, whereas TNF-
antagonists and a low prednisolone dose do not
preclude vaccination during ongoing therapy.
Immune response following influenza
vaccination was sufficiently good to warrant
vaccination of all RA patients regardless of
treatment.

Predictors of infusion reactions during
infliximab treatment in patients with
arthritis (Paper V)

The fourth aim of this work was to study possible
predictors of adverse events, in particular
infusion reactions, during treatment with
infliximab in patients with RA and SpA.

The main findings in this study were that ANA

Table 16: Odds ratio, 95% CI and p-value for the development of infusion reactions in patients with RA

Patients (N) Odds ratio 95% CI p-value#
ANA positivity 56 2.1 1.04-4.29 0.040
Infliximab without methotrexate 84 3.1 1.53-6.29 0.002
Infliximab as monotherapy 46 3.6 1.73-7.14 0.001

# Adjusted for age, gender and prednisolone at start of treatment
No predictors of infusion reactions could be identified in patients with SpA.
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positivity, use of infliximab without methotrexate,
or infliximab as monotherapy are predictors for
the development of infusion reactions in patients
with RA. The risk of infusion reactions was most
pronounced in ANA positive patients treated
with infliximab without methotrexate.

ANA were present in 28% of RA and 25% of
SpA patients before initiation of treatment. A
larger proportion of RA patients (21.1%) than
SpA patients (13.2%) developed some kind of
infusion reaction during treatment, although
these differences did not reach significance.
ANA positivity, use of infliximab without
methotrexate, or infliximab as monotherapy were
associated with increased risk of developing
infusion reactions in patients with RA, even after
adjustment to a logistic regression model, see
Table 16. Lower age at disease onset and longer
disease duration were associated with increased
risk of infusion reactions whereas age, gender,
CRP, ESR, HAQ and DAS28 before starting
treatment did not influence this risk in patients
with RA. No predictors of infusions reactions
were identified in SpA patients.

Infliximab is a chimeric monoclonal antibody
comprising 25% murine protein and is thus likely
to induce an immune response in humans.
Treatment with infliximab is associated with the
development of anti-drug antibodies and
infusion reactions (Maini et al. 1998, Baert et al.

2003, Bendtzen et al. 2006, in press). However, the
infusion reactions are not always typical allergic
ones. In this retrospective study the effects of
baseline ANA status and concomitant treatment
with other immunossuppressive agents on the
development of infliximab related infusion
reactions were investigated.

The mechanism explaining the association
between ANA positivity and infusion reactions
is not known. Immunological mechanisms are
thought to be responsible for many of the toxic
reactions to some DMARDs (Panayi et al. 1978,
Smidt et al. 1978, Ferraccioli et al. 1986). Further-
more, Panayi et al. found a positive correlation
between HLA-DR phenotypes and toxic
reactions to some DMARDs. The findings of
increased risk for developing infusion reactions
in ANA positive RA patients in our study
support the plausibility of underlying
immunogenetic mechanisms of drug related side
effects. It has been reported that concomitant
use of methotrexate reduces the production of
the anti-infliximab antibodies (Maini et al. 1998).
Our results also point in that direction,
suggesting that concomitant treatment with
other DMARDs, preferably methotrexate in RA
may decrease the immunogeneicity of infliximab
and probably also that of other monoclonal
antibodies.
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Conclusions

Based on the results obtained from the studies
presented in this thesis the following
conclusions can be drawn:

- A structured protocol with central data
handling is feasible in clinical practice for
documenting the performance and adverse
events of newly introduced drugs for the
treatment of arthritis.
- Serum COMP decreases during treatment
with TNF antagonists suggesting a beneficial
effect of the treatment on cartilage turnover.
- Serum COMP has the potential to be a useful
marker for evaluating tissue effects of novel
treatment modalities in RA.
- Methotrexate treatment in RA reduces
antibody response to pneumococcal vaccination
suggesting that RA patients should be
vaccinated before the initiation of this treatment.

- Ongoing treatment with TNF antagonists
does not reduce antibody response to
pneumococcal vaccination.
- RA patients treated with methotrexate
showed significantly better serological response
to influenza vaccination than patients receiving
TNF antagonists.
- The immune response to influenza
vaccination is sufficiently good to warrant
vaccination of all RA patients, regardless
ongoing treatment.
- Positive ANA at initiation of infliximab
treatment and the use of infliximab as
monotherapy or without methotrexate is
associated with an increased risk of infusion
reactions in RA patients.
- Concomitant treatment with DMARDs,
preferably methotrexate, should be encouraged
before the initiation of infliximab in RA patients in
order to reduce the risk of infusion reaction.
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Perspectives for the future

Therapeutic targeting of TNF is a major step
forward in the treatment of arthritis. TNF is a
cytokine that plays a pivotal role in the patho-
genesis of arthritis, but it is also involved in other
important physiological functions. Treatment
with TNF antagonists has been shown to be
effective in reducing signs and symptoms of
inflammation and also in retarding tissue damage.
Numerous potential cellular targets for immuno-
therapy are under investigation. However, the
long-term consequences of these agents are not
known. Continuous surveillance of such novel
therapeutic modalities in daily clinical practice is
important not only in assessing treatment
efficacy but, perhaps even more important, in
detecting rare or unexpected side effects. The
lesson learned from the introduction of TNF
antagonists underlines the need to employ
structured clinical protocols for the follow-up of
newly introduced anti-rheumatic agents in the
future.

 In this work, some predictors for the
development of treatment-related infusion
reactions have been identified. A similar
approach may identify predictors of treatment
efficacy, treatment failure or adverse events
associated with future new treatment modalities.

Increasing knowledge of the mechanisms
causing tissue destruction in arthritis has led to
development of the molecular marker concept.  A
number of molecular markers that reflect the
process in cartilage and bone have been
identified in synovial fluid and serum. COMP is a
molecular marker for cartilage turnover that has
shown promise as a prognostic indicator in RA,
and in this work it was shown that COMP may
also be a useful marker for evaluating tissue
effects of novel treatments of RA. Further
development will lead to new assays that detect
selected fragments of molecule possibly only
released during pathological processes, thereby
increasing the sensitivity and specificity of the
technique.

Anti-rheumatic treatment has the potential to
modulate the immune response. The impact of
treatment on the immune response may have
major consequences for patients with rheumatic
diseases in terms of compromised immune
defence against common and/or rare and severe
infections. In this work it was found that immune
modulation studied by two kinds of vaccination,
is different for different agents but also depends
on which antigen the immune system is exposed
to.
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Reumatoid artrit (kronisk ledgångsreumatism;
RA) är en inflammatorisk sjukdom där lederna är
det primära målorganet. Spondylartropatier är ett
gemensamt namn för ett flertal kroniska
inflammatoriska sjukdomar med många gemen-
samma tecken som till exempel: inflammatorisk
ryggsmärta, inflammationer i leder, senskidor,
muskelfästen, förekomst av ”korvfingrar/-tår”.
Orsaken/er till dessa sjukdomar är fortfarande
okänd. Däremot har kunskapen om olika  pro-
cesser under sjukdomsutveckling ökat avsevärt
de senaste decennierna. Man har identifierat flera
ämnen som spelar en viktig roll vid dessa sjuk-
domar vilket har lett till utveckling av effektiva
läkemedel. Tumör nekrotisk faktor (TNF) är ett
protein som anses spela en viktig roll vid
kroniska inflammatoriska sjukdomar. Detta är ett
normalt förekommande ämne i kroppen med flera
viktiga funktioner inom immunförsvaret.
Läkemedel som blockerar effekter av TNF, sk TNF
antagonister,  har visat sig minska tecken på
inflammation i kroppen såsom ledsvullnad,
ledömhet, morgonstelhet, trötthet men också
bromsa utveckling av ledskador (destruktion)
hos de flesta patienter med ledgångsreumatism.
Så småningom har man kunnat visa att TNF
antagonister är effektiva vid andra kroniska
ledinflammationer inklusive spondylartropatier.
Dessa läkemedel har funnits på marknaden sedan
1999 och effekter av dessa behandlingar på lång
sikt är inte kända.

I denna avhandling har vi studerat olika
aspekter av behandling med två TNF anta-
gonister (etanercept och infliximab).

I första delarbetet har vi studerat de kliniska
aspekterna av behandling med tre antireumatiska
läkemedel: leflunomide, etanercept och inflixi-
mab. Alla patienter som började behandlas med
något av dessa läkemedel vid Reumatolog-
kliniken i Lund eller någon av 6 andra  reuma-
tologiska enheter i södra Sverige (Spenshult,
Helsingborg, Trelleborg, Simrishamn,
Kristianstad och Växjo) mellan mars 1999 och
april 2001 inkluderades i denna studie.

Patienterna följdes under studietiden enligt ett
strukturerat kliniskt protokoll utvecklat vid
Reumatologkliniken i Lund [South Swedish
Arthritis Treatment Group (SSATG)]. Upp-
följning enligt SSATG-protokollet innebär
regelbundna besök varvid patienten träffar en
läkare, man registrerar antal svullna och ömma
leder, eventuella biverkningar eller andra
händelser som har inträffat och en bedömning av
sjukdomens aktivitet görs både av läkaren och av
patienten. Blodprover för kontroll av inflam-
mation tages vid varje besök. Alla data
registreras och skickas till Lund för central
bearbetning. Syftet med första delarbetet var att
studera om ett sådant strukturerat kliniskt
protokoll med central databearbetning är
användbart för att utvärdera nya behandlingar
vid RA. Vi har kunnat visa att ett strukturerat
klinisk protokoll är användbart både vid ett
universitetssjukhus och vid mindre reuma-
tologiska enheter. TNF antagonister visades ha
ungefär liknande effekter som tidigare
rapporterats från kliniska prövningar men
leflunomide visade sig vara mindre effektivt
jämfört med resultat från kliniska prövningar.
Även biverkningar som har registrerats mot-
svarar de rapporterade i de kliniska pröv-
ningarna.

I andra delarbetet mättes förändringar i nivåer
av ett protein (COMP) i blodet under behandling
med etanercept och infliximab (två TNF anta-
gonister). COMP är ett protein som normalt finns
mest i brosket men även i mindre mängder i flera
andra vävnader i kroppen. COMP frisläpps från
brosket in i ledvätska och når så småningom
blodbanan vid olika sjukdomsprocesser som
drabbar broskvävnad. Syftet med detta arbete
var att studera om COMP-nivåerna i blodet
ändras på ett sätt som går samman med de
ledskyddande effekter som rapporterats vid
behandling med TNF antagonister. Vi kunde visa
att COMP-nivåerna i blodet sjunker, vilket stödjer
hypotesen att behandling med infliximab och
etanercept bromsar utveckling av ledskador hos

Popularized summary in Swedish- sammanfattning på
svenska
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patienter med RA. COMP är en potentiell markör
för evaluering av vävnadseffekter av ny-
introducerade behandlingar vid RA i framtiden.

I de tredje och fjärde delarbetena har vi
studerat hur olika behandlingar som används vid
RA påverkar de immunologiska svaren efter
pneumokock och influensavaccination. Vi har
funnit att methotrexat, vilket är det mest använda
cellhämmande medlet vid RA, minskar immun-
svar efter pneumokockvaccination. Däremot, var
immunsvaret efter influensa vaccination bättre
hos methotrexat behandlade patienter jämfört
med de patienter som behandlades med TNF
antagonister. Dessa resultat tyder på att
pneumokockvaccination borde genomföras före
start av methotrexat behandling. När det gäller
influensa vaccination, var det immunologiska
svaret tillräckligt bra oavsett vilken behandling
som gavs för ledsjukdom vilket talar för att alla
RA patienter kan vaccineras mot influensa med
samma svar på vaccinationen.

I det femte delarbetet studerades faktorer som
kan förutsäga utveckling av infusionsreaktioner

(överkänslighetsreaktioner i anslutning till
tillförsel av preparat) vid behandling med en av
TNF antagonisterna (infliximab). I denna studie
har både patienter med RA och spondyl-
artropatier deltagit. Det visade sig att vid
förekomst av antikroppar mot olika ämnen i
cellkärnan i blodet (dvs om man är ANA positiv)
löper patienter med RA en högre risk för att
drabbas av en infusionsreaktion under behand-
lingen. Den risken är även ökad om man får
infliximab behandling utan samtidig behandling
med annat cellhämmande läkemedel. Den största
risken att få infusionsreaktion har de patienter
som är både ANA positiva före behandlingsstart
och får infliximab utan methotrexat. Inga faktorer
som kan prediktera infliximab relaterade  infu-
sionsreaktioner har kunnat identifieras hos
patienter med spondylartropatier.

Erfarenheter från introduktion av TNF
antagonister för behandling av artrit sjukdomar
understryker vikten av noggrann uppföljning av
nya läkemedel genom att använda ett strukturerat
kliniskt protololl.



Meliha C Kapetanovic 41

Acknowledgements

This thesis owes its existence to the assistance
and cooperation of many people. First and
foremost, I would like to express my sincere
gratitude to all the patients and the staff at the
Department of Rheumatology and the
Department of Infectious Diseases, Lund
University Hospital, who participated in the
studies presented in this thesis.

In particular, I would like to thank the following
people.

Both my supervisors Pierre Geborek and
Tore Saxne for their encouragement to start this
research, their endless support over time, good
advice and fruitful discussions, and for sharing
their deep knowledge in this field. I am also
grateful for their criticisms, which stimulated me
to learn more. I would like to ensure you both that
I have enjoyed a lot, have learned a great deal,
and intend to continue in the same vein.

All my co-authors: Bengt Månsson, Ingemar
Petersson, Dick Heinegård, Gunnar Sturfelt,
Lotta Larsson, Anders Sjöholm (in memoriam),
Lennart Truedsson and Göran Jönsson, for
sharing their scientific ideas and for their hard
work on the studies included in this thesis.

Lotta Larsson for her kind assistance in
collecting and checking the data, and for not
being irritated when I asked her to check the
results one more time. Thanks for dealing with all
practical matters on my behalf.

Dr Jan de Jong at Erasmus MC, Department of
Virology, National Influenza Centre, Rotterdam,
the Netherlands and dr Frank Pistoor at
ViroClinics B.V., Erasmus MC, Rotterdam, the
Netherlands, for their collaboration and fruitful
discussions during the influenza study, and for
performing the haemagglutination inhibition
assays.

Jan-Åke Nilsson for introducing me to the
difficult world of statistical analyses. Our
collaboration actually resulted in a wakening my
interest in statistics, which I had initially thought
was an impossible task.

Eva-Karin Kristofersson and Elna Haglund,
for their help in performing the vaccinations,

Ingrid Johansson for collecting the blood
samples and Eva Holmström for performing
antibody assays.

Mette Lindell for for her assisstance in
introducing me to the world of ELISA, her
patience with my beginner’s failures and also for
her skilful technical help in performing COMP
analyses.

Ingrid Mattsson Geborek for all her hard work
on tables, figures and the lay-outs and for
dealing with many other practical matters such as
submitting and resubmitting the manuscripts;
and Ingrid Jönsson for help in dealing with all
the extra-research and practical matters.

Ola Nived, the previous Head of  the
Department of Rheumatology in Lund and  the
current Head of the Department, Elisabeth
Lindquist, for giving me the opportunity to
combine the clinical practice and research; in the
way I enjoy the most.

Frank Wollheim, from whom I borrowed a
great deal of inspiration, for his endless
enthusiasm in research, and Kerstin Eberdhart,
for her collaboration and help in understanding
the pitfalls of statistical analyses.

All friends, colleagues and co-workers at the
Department of Rheumatology in Lund  for their
support and encouragement, and for pleasant
atmosphere at work.

Above all, I would like to thank my family:
My husband Asmir, who has over the years

provided abundant love, support and belief in
me, but who was also of great practical help in
computer tasks and keeping me company during
late working hours;

Our daughters: Ada, who at the age of 16, has
already attended 3 ACR congresses and is
probably more familiar with the treatment of
arthritis than any other teenager, and Ena, who in
spite of her  total lack of interest in rheumatology
matters has made several critical remarks on my
work. I am grateful to you both for reminding me
about what really matters in life.



42 Treatment of arthritis with tumour necrosis factor antagonists

References

Aho K, Palosuo T, Raunio V, Puska P, Aromaa A, Salonen
JT. When does rheumatoid disease start? Arthritis
Rheum 1985; 28:485-489.

Aitcheson CT, Peebles C, Joslin F, Tan EM.
Characteristics of antinuclear antibodies in
rheumatoid arthritis. Reactivity of rheumatoid factor
with a histone-dependent nuclear antigen. Arthritis
Rheum 1980; 23:528-538.

al Arfaj A. Profile of Reiter’s disease in Saudi Arabia. Clin
Exp Rheumatol 2001; 19:184-186.

Allen RL, P. Bowness P, McMichael A. The role of HLA-
B27 in spondyloarthritis. Immunogenetics 1999;50
:220-227.

Alharbi SA, Mahmoud FF, Al Awadi A, Al Jumma RA,
Khodakhast F, Alsulaiman SM. Association of MHC
class I with spondyloarthropathies in Kuwait. Eur J
Immunogenet 1996; 23:67-70.

Anderson JJ, Baron G, van der HD, Felson DT, Dougados
M. Ankylosing spondylitis assessment group
preliminary definition of short-term improvement in
ankylosing spondylitis. Arthritis Rheum 2001;
44:1876-1886.

Arend WP, Dayer JM. Inhibition of the production and
effects of interleukin-1 and tumor necrosis factor
alpha in rheumatoid arthritis. Arthritis Rheum 1995;
38:151-160.

Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries
JF, Cooper NS et al. The American Rheumatism
Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum 1988;
31:315-324.

Askling J, Fored CM, Brandt L, Baecklund E, Bertilsson
L, Feltelius N et al. Risks of solid cancers in patients
with rheumatoid arthritis and after treatment with
tumour necrosis factor antagonists. Ann Rheum Dis
2005a; 64:1421-1426.

Askling J, Fored CM, Baecklund E, Brandt L, Backlin C,
Ekbom A et al. Haematopoietic malignancies in
rheumatoid arthritis: lymphoma risk and
characteristics after exposure to tumour necrosis
factor antagonists. Ann Rheum Dis 2005b; 64:1414-
1420.

Askling J, Fored CM, Brandt L, Baecklund E, Bertilsson
L, Cöster L et al. Risk and case characteristics of
tuberculosis in rheumatoid arthritis associated with
tumor necrosis factor antagonists in Sweden. Arthritis
Rheum 2005c; 52:1986-1992.

Askling J, Fored CM, Brandt L, Baecklund E, Bertilsson
L, Cöster L et al. TNF-antagonists treatment and risk
of hospitallisation for infections. Results from the
national Swedish monitoring-programme for biologics
in RA (ARTIS). Ann Rheum Dis 2006;65(Supl II):182.

Avery RK. Vaccination of the immunosuppressed adult
patient with rheumatologic disease. Rheum Dis Clin
North Am 1999; 25:567-84, viii.

Baecklund E, Ekbom A, Sparen P, Feltelius N, Klareskog
L. Disease activity and risk of lymphoma in patients
with rheumatoid arthritis: nested case-control study.
BMJ 1998; 317:180-181.

Baecklund E, Iliadou A, Askling J, Ekbom A, Backlin C,
Granath F et al. Association of chronic inflammation,
not its treatment, with increased lymphoma risk in
rheumatoid arthritis.  Arthritis Rheum 2006; 54:692-
701.

Baert F, Norman M, Vermeire S, Assche GV, Haens GD,
Carbonez A, Rutgeerts P. Influence of
immunogenicity on the lon-term efficacy of
infliximab in Crohn’s disease. N Engl J Med 2003;
248:601-608.

Bathon JM, Martin RW, Fleischmann RM, Tesser JR,
Schiff MH, Keystone EC et al. A comparison of
etanercept and methotrexate in patients with early
rheumatoid arthritis. N Engl J Med 2000; 343:1586-
1593.

Begovich AB, Carlton VE, Honigberg LA, Schrodi SJ,
Chokkalingam AP, Alexander HC et al. A missense
single-nucleotide polymorphism in a gene encoding a
protein tyrosine phosphatase (PTPN22) is associated
with rheumatoid arthritis. Am J Hum Genet 2004;
75:330-337.

Bendtzen K, Geborek P, Svensson M, Larsson L,
Kapetanovic MC, Saxne T. Individualized monitoring
of bioavailability and imminogenecity in rheumatoid
arthritis patients treated with tumour necrosis factor α
inhibitor infliximab. Arthritis Rheum 2006; in press.

Berkanovic E, Hurwicz ML. Rheumatoid arthritis and
comorbidity. J Rheumatol 1990; 17:888-892.

Bijlsma JW, Van Everdingen AA, Huisman M, De Nijs
RN, Jacobs JW. Glucocorticoids in rheumatoid
arthritis: effects on erosions and bone. Ann N Y Acad
Sci 2002; 966:82-90.

Bijlsma JW, Boers M, Saag KG, Furst DE. Glucocorticoids
in the treatment of early and late RA. Ann Rheum Dis
2003; 62:1033-1037.

Boers M, Verhoeven AC, van der LS. [Combination
therapy in early rheumatoid arthritis: the COBRA
study]. Ned Tijdschr Geneeskd 1997; 141:2428-2432.

Bongartz T, Sutton AJ, Sweeting MJ, Buchan I, Matteson
EL, Montori V. Anti-TNF antibody therapy in
rheumatoid arthritis and the risk of serious infections
and malignancies: systematic review and meta-
analysis of rare harmful effects in randomized
controlled trial. JAMA 2006; 295:2275-2285.

Brandt J, Khariouzov A, Listing J, Haibel H, Sorensen H,
Grassnickel L et al. Six-month results of a double-
blind, placebo-controlled trial of etanercept
treatment in patients with active ankylosing
spondylitis. Arthritis Rheum 2003; 48:1667-1675.

Brandt J, Braun J. Anti-TNF-alpha agents in the
treatment of psoriatic arthritis. Expert Opin Biol
Ther 2006; 6:99-107.



Meliha C Kapetanovic 43

Braun J, Bollow M, Remlinger G, Eggens U, Rudwaleit M,
Distler A et al. Prevalence of spondylarthropathies in
HLA-B27 positive and negative blood donors.
Arthritis Rheum 1998; 41:58-67.

Braun J, Brandt J, Listing J, Zink A, Alten R, Golder W et
al. Treatment of active ankylosing spondylitis with
infliximab: a randomised controlled multicentre trial.
Lancet 2002a; 359:1187-1193.

Braun J, Sieper J. Therapy of ankylosing spondylitis and
other spondyloarthritides: established medical
treatment, anti-TNF-alpha therapy and other novel
approaches. Arthritis Res 2002b; 4:307-321.

Braun J, Davis J, Dougados M, Sieper J, van der LS, van
der HD. First update of the international ASAS
consensus statement for the use of anti-TNF agents in
patients with ankylosing spondylitis. Ann Rheum Dis
2006; 65:316-320.

Breedveld FC, Kalden JR. Appropriate and effective
management of rheumatoid arthritis. Ann Rheum Dis
2004; 63:627-633.

Bresnihan B. Treatment of rheumatoid arthritis with
interleukin 1 receptor antagonist. Ann Rheum Dis
1999; 58 (Suppl 1):I96-I98.

Brewerton DA, Hart FD, Nicholls A, Caffrey M, James
DC, Sturrock RD. Ankylosing spondylitis and HL-A
27. Lancet 1973; 1:904-907.

Brown MA, Pile KD, Kennedy LG, Calin A, Darke C, Bell
J et al. HLA class I associations of ankylosing
spondylitis in the white population in the United
Kingdom.  Ann Rheum Dis 1996; 55:268-270.

Brown MA, Kennedy LG, MacGregor AJ, Darke C,
Duncan E, Shatford JL et al. Susceptibility to
ankylosing spondylitis in twins: the role of genes,
HLA, and the environment.  Arthritis Rheum 1997;
40:1823-1828.

Brown MA, Laval SH, Brophy S, Calin A. Recurrence risk
modelling of the genetic susceptibility to ankylosing
spondylitis. Ann Rheum Dis 2000; 59:883-886.

Brown MA, Wordsworth BP, Reveille JD. Genetics of
ankylosing spondylitis. Clin Exp Rheumatol 2002; 20
(Suppl 28):S43-S49.

Bruce B, Fries JF. The Stanford Health Assessment
Questionnaire: Dimensions and Practical
Applications. Health Qual Life Outcomes 2003a;
1:20.

Bruce B, Fries JF. The Stanford Health Assessment
Questionnaire: a review of its history, issues, progress,
and documentation. J Rheumatol 2003b; 30:167-178.

Calin A, Garrett S, Whitelock H, Kennedy LG, O’Hea J,
Mallorie P et al. A new approach to defining
functional ability in ankylosing spondylitis: the
development of the Bath Ankylosing Spondylitis
Functional Index. J Rheumatol 1994; 21:2281-2285.

Calin A, Taurog JD. In Spondylarthrophaties. (Calin A
and Taurog JD eds). 1998. Oxford University Press
Oxford, New York.

Carmona L, Hernandez-Garcia C, Vadillo C, Pato E,
Balsa A, Gonzalez-Alvaro I et al. Increased risk of
tuberculosis in patients with rheumatoid arthritis J
Rheumatol 2003; 30:1436-1439.

Carlsten H. Immune responses and bone loss: the
estrogen connection. Immunol Rev 2005; 208:194-
206.

Caspi D, Elkayam O, Eisinger M, Vardinon N, Yaron M,
Burke M. Clinical significance of low titer anti-nuclear
antibodies in early rheumatoid arthritis: implications
on the presentation and long-term course of the
disease. Rheumatol Int 2001; 20:43-47.

Cathcart ES, O’Sullivan JB. A new hemagglutination test
for rheumatoid factors. Am J Clin Pathol 1970;
54:209-213.

Chalmers A, Scheifele D, Patterson C, Williams D,
Weber J, Shuckett R et al. Immunization of patients
with rheumatoid arthritis against influenza: a study of
vaccine safety and immunogenicity. J Rheumatol
1994; 21:1203-1206.

Chikanza IC, Kingsley G, Panayi GS. Peripheral blood
and synovial fluid monocyte expression of interleukin
1 alpha and 1 beta during active rheumatoid arthritis. J
Rheumatol 1995; 22:600-606.

Choy EH, Panayi GS. Cytokine pathways and joint
inflammation in rheumatoid arthritis. N Engl J Med
2001; 344:907-916.

Cohen SB, Moreland LW, Cush JJ, Greenwald MW, Block
S, Shergy WJ et al. A multicentre, double blind,
randomised, placebo controlled trial of anakinra
(Kineret), a recombinant interleukin 1 receptor
antagonist, in patients with rheumatoid arthritis
treated with background methotrexate. Ann Rheum
Dis 2004; 63:1062-1068.

Colbert RA. HLA-B27 misfolding: a solution to the
spondyloarthropathy conundrum? Mol Med Today
2000; 6:224-230.

Combe B, Landewe R, Lukas C, Bolosiu HD, Breedveld
FC, Dougados M et al. Eular recommendations for the
management of early arthritis: Report of a task force
of the European Standing Committee for
International Clinical Studies Including Therapeutics
(ESCISIT). Ann Rheum Dis 2006 Jan 5; [Epub ahead
of print

Crum NF, Lederman ER, Wallace MR. Infections
associated with tumor necrosis factor-alpha
antagonists. Medicine (Baltimore) 2005; 84:291-302.

Cunnane G, Madigan A, Murphy E, Fitzgerald O,
Bresnihan B. The effects of treatment with
interleukin-1 receptor antagonist on the inflamed
synovial membrane in rheumatoid arthritis.
Rheumatology (Oxford) 2001; 40:62-69.

Cunnane G, Doran M, Bresnihan B. Infections and
biological therapy in rheumatoid arthritis. Best Pract
Res Clin Rheumatol 2003; 17:345-363.

Cutolo M, Sulli A, Pizzorni C, Seriolo B, Straub RH. Anti-
inflammatory mechanisms of methotrexate in
rheumatoid arthritis. Ann Rheum Dis 2001; 60:729-
735.

D’Elia HF, Mattsson LA, Ohlsson C, Nordborg E,
Carlsten H. Hormone replacement therapy in
rheumatoid arthritis is associated with lower serum
levels of soluble IL-6 receptor and higher insulin-like
growth factor 1. Arthritis Res Ther 2003a; 5:R202-
R209.



44 Treatment of arthritis with tumour necrosis factor antagonists

D’Elia HF, Larsen A, Mattsson LA, Waltbrand E, Kvist
G, Mellstrom D et al. Influence of hormone
replacement therapy on disease progression and bone
mineral density in rheumatoid arthritis. J Rheumatol
2003b; 30:1456-1463.

Davis J, Jr., Webb A, Lund S, Sack K. Results from an
open-label extension study of etanercept in
ankylosing spondylitis. Arthritis Rheum 2004;
51:302-304.

de Carvalho A, Graudal H. Radiographic progression of
rheumatoid arthritis related to some clinical and
laboratory parameters. Acta Radiol Diagn (Stockh)
1980; 21:551-555.

del Porto F, Lagana B, Biselli R, Donatelli I, Campitelli
L, Nisini R et al. Influenza vaccine administration in
patients with systemic lupus erythematosus and
rheumatoid arthritis. Safety and immunogenicity.
Vaccine 2006; 24:3217-3223.

del Puente A, Knowler WC, Pettitt DJ, Bennett PH. The
incidence of rheumatoid arthritis is predicted by
rheumatoid factor titer in a longitudinal population
study. Arthritis Rheum 1988; 31:1239-1244.

del Rincon ID, Williams K, Stern MP, Freeman GL,
Escalante A. High incidence of cardiovascular events
in a rheumatoid arthritis cohort not explained by
traditional cardiac risk factors. Arthritis Rheum 2001;
44:2737-2745.

Dinarello CA. Biologic basis for interleukin-1 in disease.
Blood 1996; 87:2095-2147.

Dinarello CA, Moldawer LL. Balance of
proinflammatory and anti-inflammatory cytokines
found in the synovial fluid in Proinflammatory and
anti-inflammatory cytokines in rheumatoid arthritis
(Dinarello CA and  Moldawer LL, monograph). 2002,
pp 91-93. Amgen Inc.Thousand Oaks, CA.

Dixon WG, Symmons DP. Does early rheumatoid
arthritis exist? Best Pract Res Clin Rheumatol 2005;
19:37-53.

Doran MF, Crowson CS, Pond GR, O’Fallon WM, Gabriel
SE. Frequency of infection in patients with
rheumatoid arthritis compared with controls: a
population-based study. Arthritis Rheum 2002a;
46:2287-2293.

Doran MF, Crowson CS, Pond GR, O’Fallon WM, Gabriel
SE. Predictors of infection in rheumatoid arthritis.
Arthritis Rheum 2002b; 46:2294-2300.

Dougados M, van der LS, Juhlin R, Huitfeldt B, Amor B,
Calin A et al. The European Spondylarthropathy
Study Group preliminary criteria for the classification
of spondylarthropathy. Arthritis Rheum 1991;
34:1218-1227.

Eberhardt KB, Svensson B, Truedsson L, Wollheim FA.
The occurrence of rheumatoid factor isotypes in early
definite rheumatoid arthritis—no relationship with
erosions or disease activity. J Rheumatol 1988;
15:1070-1074.

Eberhardt KB, Truedsson L, Pettersson H, Svensson B,
Stigsson L, Eberhardt JL et al. Disease activity and
joint damage progression in early rheumatoid
arthritis: relation to IgG, IgA, and IgM rheumatoid
factor. Ann Rheum Dis 1990; 49:906-909.

Edwards JC, Szczepanski L, Szechinski J, Filipowicz-
Sosnowska A, Emery P, Close DR et al. Efficacy of B-
cell-targeted therapy with rituximab in patients with
rheumatoid arthritis. N Engl J Med 2004a; 350:2572-
2581.

Edwards JC, Leandro MJ, Cambridge G. B lymphocyte
depletion therapy with rituximab in rheumatoid
arthritis. Rheum Dis Clin North Am 2004b; 30:393-
403, viii.

Edwards JC, Cambridge G. Prospects for B-cell-targeted
therapy in autoimmune disease. Rheumatology
(Oxford) 2005; 44:151-156.

Ekdahl C, Eberhardt K, Andersson SI, Svensson B.
Assessing disability in patients with rheumatoid
arthritis. Use of a Swedish version of the Stanford
Health Assessment Questionnaire. Scand J Rheumatol
1988; 17:263-271.

Ekman P, Kirveskari J, Granfors K. Modification of
disease outcome in Salmonella-infected patients by
HLA-B27. Arthritis Rheum 2000; 43:1527-1534.

Ekstrom K, Hjalgrim H, Brandt L, Baecklund E,
Klareskog L, Ekbom A et al. Risk of malignant
lymphomas in patients with rheumatoid arthritis and
in their first-degree relatives. Arthritis Rheum 2003;
48:963-970.

Elkayam O, Paran D, Caspi D, Litinsky I, Yaron M,
Charboneau D et al. Immunogenicity and safety of
pneumococcal vaccination in patients with
rheumatoid arthritis or systemic lupus erythematosus.
Clin Infect Dis 2002a; 34:147-153.

Elkayam O, Yaron M, Caspi D. Safety and efficacy of
vaccination against hepartit B in patients with
rheumatoid arthritis. Ann Rheum Dis 2002b; 61:623-
625.

Elkayam O, Caspi D, Reitblatt T, Charboneau D, Rubins
JB. The effect of tumor necrosis factor blockade on
the response to pneumococcal vaccination in patients
with rheumatoid arthritis and ankylosing spondylitis.
Semin Arthritis Rheum 2004; 33:283-288.

Elliott MJ, Maini RN, Feldmann M, Kalden JR, Antoni C,
Smolen JS et al. Randomised double-blind comparison
of chimeric monoclonal antibody to tumour necrosis
factor alpha (cA2) versus placebo in rheumatoid
arthritis. Lancet 1994; 344:1105-1110.

Emery P, Breedveld FC, Dougados M, Kalden JR, Schiff
MH, Smolen JS. Early referral recommendation for
newly diagnosed rheumatoid arthritis, evidence based
development of a clinical guide. Ann Rheum Dis
2002; 61:290-7.

Emery P. Evidence supporting the benefit of early
intervention in rheumatoid arthritis. J Rheumatol
2002; 66 (Suppl):3-8.

Emery P, Fleischmann R, Filipowicz-Sosnowska A,
Schechtman J, Szczepanski L, Kavanaugh A et al. The
efficacy and safety of rituximab in patients with
active rheumatoid arthritis despite methotrexate
treatment: results of a phase IIB randomized, double-
blind, placebo-controlled, dose-ranging trial. Arthritis
Rheum 2006; 54:1390-1400.

Fedson DS. Adult immunization. Summary of the
National Vaccine Advisory Committee Report. JAMA
1994a; 272:1133-1137.



Meliha C Kapetanovic 45

Fedson DS. Influenza and pneumococcal vaccination of
the elderly: newer vaccines and prospects for clinical
benefits at the margin. Prev Med 1994b; 23:751-755.

Feldmann M, Maini RN. Discovery of TNF-alpha as a
therapeutic target in rheumatoid arthritis: preclinical
and clinical studies. Joint Bone Spine 2002; 69:12-18.

Felson DT, Anderson JJ, Boers M, Bombardier C, Furst D,
Goldsmith C et al. American College of
Rheumatology. Preliminary definition of
improvement in rheumatoid arthritis. Arthritis
Rheum 1995; 38:727-735.

Feltelius N. Ankyloserande spondylit. In Reumatologi
(Klareskog L, Saxne T, Edman Y eds). 2005, pp.75-
84. Sydentlitteratur, Lund

Ferraccioli GF, Nervetti A, Mercadanti M, Cavalieri F.
Serum IgA levels and ANA behaviour in rheumatoid
patients with and without toxicity to remission-
inducing drugs. Clin Exp Rheumatol 1986; 4:217-220.

Ferrazzi V, Jorgensen C, Sany J. Inflammatory joint
disease after immunizations. A report of two cases.
Rev Rhum Engl Ed 1997; 64:227-232.

Fomin I, Caspi D, Levy V, Varsano N, Shalev Y, Paran D
et al. Vaccination against influenza in rheumatoid
arthritis: the effect of disease modifying drugs,
including TNF alpha blockers. Ann Rheum Dis 2006;
65:191-194.

Forslind K, Ahlmen M, Eberhardt K, Hafstrom I,
Svensson B. Prediction of radiological outcome in
early rheumatoid arthritis in clinical practice: role of
antibodies to citrullinated peptides (anti-CCP). Ann
Rheum Dis 2004; 63:1090-1095.

Francioni C, Rosi P, Fioravanti A, Megale F, Pipitone N,
Marcolongo R. [Vaccination against influenza in
patients with rheumatoid arthritis: clinical and
antibody response]. Recenti Prog Med 1996; 87:145-
149.

Fries JF, Spitz P, Kraines RG, Holman HR. Measurement
of patient outcome in arthritis. Arthritis Rheum 1980;
23:137-145.

Furst DE, Breedveld FC, Kalden JR, Smolen JS,
Burmester GR, Bijlsma JW et al. Updated consensus
statement on biological agents, specifically tumour
necrosis factor α (TNF α) blocking agents and
interleukin-1 receptor antagonist (IL-1ra), for the
treatment of rheumatic diseases. Ann Rheum Dis
2005; 64 (Suppl 4):iv2-14.

Gabriel SE, Crowson CS, O’Fallon WM. Comorbidity in
arthritis. J Rheumatol 1999; 26:2475-2479.

Garrett S, Jenkinson T, Kennedy LG, Whitelock H,
Gaisford P, Calin A. A new approach to defining disease
status in ankylosing spondylitis: the Bath Ankylosing
Spondylitis Disease Activity Index. J Rheumatol
1994; 21:2286-2291.

Geborek P, Saxne T. Clinical protocol for monitoring of
targeted therapies in rheumatoid arthritis.
Rheumatology (Oxford) 2000; 39:1159-1161.

Geborek P, Bladström A, Turesson C, Gülfe A, Petersson
IF, Saxne T et al. Tumour necrosis factor blockers do
not increase overall tumour risk in patients with
rheumatoid arthritis, but may be associated with an
increased risk of lymphomas. Ann Rheum Dis 2005;
64:699-703.

Genant H, Peterfy C, Wu C, Jiang Y, Keiserman M,
Shergy W et al. An ACR 20 Response is not required
for inhibition of structural damage progression by
abatacept: Results from the AIM Trial. Arthritis
Rheum 2005; 52 (Suppl):S738.

Genovese MC, Bathon JM, Martin RW, Fleischmann
RM, Tesser JR, Schiff MH et al. Etanercept versus
methotrexate in patients with early rheumatoid
arthritis: two-year radiographic and clinical outcomes.
Arthritis Rheum 2002; 46:1443-1450.

Genovese MC, Kavanaugh AF, Cohen SB, Emery P, Sasso
EH, Spencer-Green GT. The relationship of
radiographic progression to clinical response in
patients with early RA treated with Adalimumab
(HUMIRA®) plus MTX or MTX alone. Arthritis
Rheum 2005a; 52 (Suppl):S451.

Genovese MC, Becker JC, Schiff M, Luggen M, Sherrer
Y, Kremer J et al. Abatacept for rheumatoid arthritis
refractory to tumor necrosis factor alpha inhibition.
N Engl J Med 2005b; 353:1114-1123.

Goldbach-Mansky R, Lee J, McCoy A, Hoxworth J,
Yarboro C, Smolen JS et al. Rheumatoid arthritis
associated autoantibodies in patients with synovitis of
recent onset. Arthritis Res 2000; 2:236-243.

Granfors K, Marker-Hermann E, de Keyser F, Khan MA,
Veys EM, Yu DT. The cutting edge of
spondylarthropathy research in the millennium.
Arthritis Rheum 2002; 46:606-613.

Gregersen PK, Silver J, Winchester RJ. The shared
epitope hypothesis. An approach to understanding the
molecular genetics of susceptibility to rheumatoid
arthritis. Arthritis Rheum 1987; 30:1205-1213.

Gridley G, McLaughlin JK, Ekbom A, Klareskog L, Adami
HO, Hacker DG et al. Incidence of cancer among
patients with rheumatoid arthritis. J Natl Cancer Inst
1993; 85:307-311.

Gülfe A, Geborek P, Saxne T. Response criteria for
rheumatoid arthritis in clinical practice: how useful are
they? Ann Rheum Dis 2005; 64:1186-1189.

Hakulinen T, Isomaki HA, Knekt P. Multiple tumor
incidence in patients with rheumatoid arthritis or
allied disorders. J Chronic Dis 1985; 38:775-779.

Harris ED, Jr. Rheumatoid arthritis. Pathophysiology
and implications for therapy. N Engl J Med 1990;
322:1277-1289.

Hasler P. Biological therapies directed against cells in
autoimmune disease. Springer Semin Immunopathol
2006; 27:443-56.

Hedbom E, Antonsson P, Hjerpe A, Aeschlimann D,
Paulsson M,  Rosa-Pimentel E et al. Cartilage matrix
proteins. An acidic oligomeric protein (COMP)
detected only in cartilage J Biol Chem 1992; 267:
6132-6136.

Heinegård D, Lorenzo P, Saxne T. Matrix glycoproteins
and proteoglycans in cartilage. In  Kelly´s textbook of
rheumatology (Harris ED Jr, Budd RC, Firestein GS,
Genovese MC, Sergent JS, Ruddy S et al., eds). 2005
pp. 48-52. Elsevier Saunders, Philadelphia.

Hirsch R, Lin JP, Scott WW, Jr., Ma LD, Pillemer SR,
Kastner DL et al. Rheumatoid arthritis in the Pima
Indians: the intersection of epidemiologic,
demographic, and genealogic data. Arthritis Rheum
1998; 41:1464-1469.



46 Treatment of arthritis with tumour necrosis factor antagonists

Hughes LB, Moreland LW. New therapeutic approaches
to the management of rheumatoid arthritis. BioDrugs
2001; 15:379-393.

Hyrich K, Symmons D, Watson K, Silman A. Baseline
comorbidity levels in biologic and standard DMARD
treated patients with rheumatoid arthritis: results
from a national patient register. Ann Rheum Dis 2006;
65:895-898.

Jacobsson LT, Hanson RL, Knowler WC, Pillemer S,
Pettitt DJ, McCance DR et al. Decreasing incidence
and prevalence of rheumatoid arthritis in Pima
Indians over a twenty-five-year period. Arthritis
Rheum 1994a; 37:1158-1165.

Jacobsson LT, Pillemer SR. What can we learn about
rheumatic diseases by studying Pima Indians? J
Rheumatol 1994b; 21:1179-1182.

Jacobsson LT, Turesson C, Gülfe A, Kapetanovic MC,
Petersson IF, Saxne T et al. Treatment with tumor
necrosis factor blockers is associated with a lower
incidence of first cardiovascular events in patients
with rheumatoid arthritis. J Rheumatol 2005;
32:1213-1218.

Jenkinson TR, Mallorie PA, Whitelock HC, Kennedy
LG, Garrett SL, Calin A. Defining spinal mobility in
ankylosing spondylitis (AS). The Bath AS Metrology
Index. J Rheumatol 1994; 21:1694-1698.

Joosten LA, Helsen MM, Saxne T, Heinegård D, van de
Putte LB, van den Berg WB. Synergistic protection
against cartilage destruction by low dose prednisolone
and interleukin-10 in established murine collagen
arthritis. Inflamm Res 1999a; 48:48-55.

Joosten LA, Helsen MM, Saxne T, van De Loo FA,
Heinegård D, van den Berg WB. IL-1 alpha beta
blockade prevents cartilage and bone destruction in
murine type II collagen-induced arthritis, whereas
TNF-alpha blockade only ameliorates joint
inflammation. J Immunol 1999b; 163:5049-5055.

Kavanaugh A, Tomar R, Reveille J, Solomon DH,
Homburger HA. Guidelines for clinical use of the
antinuclear antibody test and tests for specific
autoantibodies to nuclear antigens. American College
of Pathologists. Arch Pathol Lab Med 2000; 124:71-
81.

Kavanaugh AF, Ritchlin CT. Systematic review of
treatments for psoriatic arthritis: an evidence based
approach and basis for treatment guidelines. J
Rheumatol 2006a; 33:1417-1421.

Kavanaugh A, Antoni CE, Gladman D, Wassenberg S,
Zhou B, Beutler A et al. The Infliximab Multinational
Psoriatic Arthritis Controlled Trial (IMPACT):
results of radiographic analyses after 1 year. Ann
Rheum Dis 2006b; 65:1038-1043.

Keane J, Gershon S, Wise RP, Mirabile-Levens E,
Kasznica J, Schwieterman WD et al. Tuberculosis
associated with infliximab, a tumor necrosis factor
alpha-neutralizing agent. N Engl J Med 2001;
345:1098-1104.

Keystone E. Treatments no longer in development for
rheumatoid arthritis. Ann Rheum Dis 2002; 61 (Suppl
2):ii43-ii45.

Khan MA. HLA-B27 and its subtypes in world
populations. Curr Opin Rheumatol 1995; 7:263-269.

Khan MA. Update on spondyloarthropathies. Ann
Intern Med 2002; 136:896-907.

Kirwan JR. The effect of glucocorticoids on joint
destruction in rheumatoid arthritis. The Arthritis and
Rheumatism Council Low-Dose Glucocorticoid Study
Group. N Engl J Med 1995; 333:142-146.

Kirwan JR. Effects of long-term glucocorticoid therapy
in rheumatoid arthritis. Z Rheumatol 2000; 59 (Suppl
2):II/85-II/89.

Klareskog L, van der Heijde DM, de Jages JP, Gough A,
Kalden J, Malaise M et al. Therapeutic effect of the
combination of etanercept and methotrexate
compared with each treatment alone in patients with
rheumatoid arthritis. Lancet 2004; 363:675-681.

Klareskog L, Stolt P, Lundberg K, Kallberg H, Bengtsson
C, Grunewald J et al. A new model for an etiology of
rheumatoid arthritis: smoking may trigger HLA-DR
(shared epitope)-restricted immune reactions to
autoantigens modified by citrullination.  Arthritis
Rheum 2006; 54:38-46.

Kotzin BL. The role of B cells in the pathogenesis of
rheumatoid arthritis. J Rheumatol 2005; (Suppl)
73:14-18.

Kraus VB. Biomarkers in osteoarthritis. Curr Opin
Rheumatol 2005;17:641-646.

Kremer JM, Genant HK, Moreland LW, Russell AS,
Emery P, Abud-Mendoza C et al. Effects of abatacept
in patients with methotrexate-resistant active
rheumatoid arthritis: a randomized trial. Ann Intern
Med 2006; 144:865-876.

Kroesen S, Widmer AF, Tyndall A, Hasler P. Serious
bacterial infections in patients with rheumatoid
arthritis under anti-TNF-alpha therapy.
Rheumatology (Oxford) 2003; 42:617-621.

Kruithof E, Van den Bosch F, Baeten D, Herssens A, de
Keyser F, Mielants H et al. Repeated infusions of
infliximab, a chimeric anti-TNFalpha monoclonal
antibody, in patients with active
spondyloarthropathy: one year follow up. Ann Rheum
Dis 2002; 61:207-212.

Landewé RB, Boers M, Verhoeven AC, Westhovens R,
van de Laar MA, Markusse HM et al. COBRA
combination therapy in patients with early
rheumatoid arthritis: long-term structural benefits of a
brief intervention. Arthritis Rheum 2002; 46:347-
356.

Landewé R, van der Heijde D, van Vollenhoven R,
Fatenejad S, Klareskog L. A disconnect between
inflammation and radiographic progression in
patients treated with etanercept plus methotrexate
and etanercept alone as compared to methotrexate
alone: Results from the Tempo-trial. Arthritis Rheum
2005a; 52 (Suppl):S343.

Landewé R, van der Heijde D, Siegel J, Spencer-Green G.
Adalimumab inihibits radiographic progression in
comparison with placebo despite a high level of
disease activity as measured by CRP and/or DAS28.
Arthritis Rheum 2005b; 52 (Suppl):S131



Meliha C Kapetanovic 47

Larsson E, Erlandsson HH, Lorentzen JC, Larsson A,
Månsson B, Klareskog L et al. Serum concentrations
of cartilage oligomeric matrix protein, fibrinogen and
hyaluronan distinguish inflammation and cartilage
destruction in experimental arthritis in rats.
Rheumatology (Oxford) 2002; 41:996-1000.

Larsson E, Erlandsson HH, Larsson A, Månsson B, Saxne
T, Klareskog L. Corticosteroid treatment of
experimental arthritis retards cartilage destruction as
determined by histology and serum COMP.
Rheumatology (Oxford) 2004; 43:428-434.

Lau E, Symmons D, Bankhead C, MacGregor A, Donnan
S, Silman A. Low prevalence of rheumatoid arthritis in
the urbanized Chinese of Hong Kong. J Rheumatol
1993; 20:1133-1137.

Lawrence RC, Helmick CG, Arnett FC, Deyo RA, Felson
DT, Giannini EH et al. Estimates of the prevalence of
arthritis and selected musculoskeletal disorders in the
United States. Arthritis Rheum 1998; 41:778-799.

Lee JH, Slifman NR, Gershon SK, Edwards ET,
Schwieterman WD, Siegel JN et al. Life-threatening
histoplasmosis complicating immunotherapy with
tumor necrosis factor alpha antagonists infliximab
and etanercept. Arthritis Rheum 2002; 46:2565-
2570.

Leirisalo-Repo M, Turunen U, Stenman S, Helenius P,
Seppala K. High frequency of silent inflammatory
bowel disease in spondylarthropathy. Arthritis Rheum
1994; 37:23-31.

Lenschow DJ, Herold KC, Rhee L, Patel B, Koons A, Qin
HY et al. CD28/B7 regulation of Th1 and Th2 subsets
in the development of autoimmune diabetes.
Immunity 1996; 5:285-293.

Lindqvist E, Saxne T. Cartilage macromolecules in knee
joint synovial fluid. Markers of the disease course in
patients with acute oligoarthritis. Ann Rheum Dis
1997; 56:751-753.

Lindqvist E, Jonsson K, Saxne T, Eberhardt K. Course of
radiographic damage over 10 years in a cohort with
early rheumatoid arthritis. Ann Rheum Dis 2003;
62:611-616.

Lindqvist E, Eberhardt K, Bendtzen K, Heinegård D,
Saxne T. Prognostic laboratory markers of joint
damage in rheumatoid arthritis. Ann Rheum Dis 2005;
64:196-201.

Linn JE, Hardin JG, Halla JT. A controlled study of ANA+
RF-arthritis. Arthritis Rheum 1978; 21:645-651.

Lipsky PE, van der Heijde DM, St Clair EW, Furst DE,
Breedveld FC, Kalden JR et al. Infliximab and
methotrexate in the treatment of rheumatoid
arthritis. Anti-Tumor Necrosis Factor Trial in
Rheumatoid Arthritis with Concomitant Therapy
Study Group.N Engl J Med 2000; 343:1594-1602.

MacGregor AJ, Fox H, Ollier WE, Snaith ML, Silman AJ.
An identical twin pair discordant for rheumatoid
arthritis and ankylosing spondylitis. Clin Exp
Rheumatol 1993; 11:425-428.

MacGregor A, Ollier W, Thomson W, Jawaheer D,
Silman A. HLA-DRB1*0401/0404 genotype and
rheumatoid arthritis: increased association in men,
young age at onset, and disease severity. J Rheumatol
1995; 22:1032-1036.

MacGregor AJ, Snieder H, Rigby AS, Koskenvuo M,
Kaprio J, Aho K et al. Characterizing the quantitative
genetic contribution to rheumatoid arthritis using data
from twins. Arthritis Rheum 2000; 43:30-37.

Mader R, Narendran A, Lewtas J, Bykerk V, Goodman
RC, Dickson JR et al. Systemic vasculitis following
influenza vaccination—report of 3 cases and
literature review. J Rheumatol 1993; 20:1429-1431.

Maini RN, Breedveld FC, Kalden JR, Smolen JS, Davis D,
Macfarlane JD et al. Therapeutic efficacy of multiple
intravenous infusions of anti-tumor necrosis factor
alpha monoclonal antibody combined with low-dose
weekly methotrexate in rheumatoid arthritis.
Arthritis Rheum 1998; 41:1552-1563.

Maini R, St Clair EW, Breedveld F, Furst D, Kalden J,
Weisman M et al. Infliximab (chimeric anti-tumour
necrosis factor alpha monoclonal antibody) versus
placebo in rheumatoid arthritis patients receiving
concomitant methotrexate: a randomised phase III
trial. ATTRACT Study Group. Lancet 1999;
354:1932-1939.

Meyer O, Combe B, Elias A, Benali K, Clot J, Sany J,
Eliaou JF. Autoantibodies predicting the outcome of
rheumatoid arthritis: evaluation in two subsets of
patients according to severity of radiographic damage.
Ann Rheum Dis 1997; 56:682-685.

Mansson B, Carey D, Alini M, Ionescu M, Rosenberg LC,
Poole AR et al. Cartilage and bone metabolism in
rheumatoid arthritis. Differences between rapid and
slow progression of disease identified by serum
markers of cartilage metabolism. J Clin Invest 1995;
95:1071-1077.

Maugars Y, Mathis C, Vilon P, Prost A. Corticosteroid
injection of the sacroiliac joint in patients with
seronegative spondylarthropathy. Arthritis Rheum
1992; 35:564-568.

Marti J, Anton E. Polymyalgia rheumatica complicating
influenza vaccination. J Am Geriatr Soc 2004;
52:1412.

Marzo-Ortega H, McGonagle D, O’Connor P, Emery P.
Efficacy of etanercept in the treatment of the
entheseal pathology in resistant spondylarthropathy:
a clinical and magnetic resonance imaging study.
Arthritis Rheum 2001; 44:2112-2117.

McQueen FM, Stewart N, Crabbe J, Robinson E, Yeoman
S, Tan PL,  McLean L. Magnetic resonance imaging of
the wrist in early rheumatoid arthritis reveals
progression of erosions despite clinical improvement.
Ann Rheum Dis 1999; 58:156-163.

Mease PJ, Goffe BS, Metz J, VanderStoep A, Finck B,
Burge DJ. Etanercept in the treatment of psoriatic
arthritis and psoriasis: a randomised trial. Lancet
2000; 356:385-390.

Mease PJ, Ritchlin CT, Martin RW, Gottlieb AB,
Baumgartner SW, Burge DJ et al. Pneumococcal
vaccine response in psoriatic arthritis patients during
treatment with etanercept. J Rheumatol 2004;
31:1356-1361.



48 Treatment of arthritis with tumour necrosis factor antagonists

Mielants H, Veys EM, Goemaere S, Goethals K, Cuvelier
C, De Vos M. Gut inflammation in the
spondyloarthropathies: clinical, radiologic, biologic
and genetic features in relation to the type of
histology. A prospective study. J Rheumatol 1991;
18:1542-1551.

Mitchell DM, P, Spitz W, Young DY, Bloch DA,
McShane DJ, Fries JF. Survival, prognosis, and causes
of death in rheumatoid arthritis. Arthritis Rheum
1986; 29:706-714.

Mohan AK, Cote TR, Siegel JN, Braun MM. Infectious
complications of biologic treatments of rheumatoid
arthritis. Curr Opin Rheumatol 2003; 15:179-184.

Molenaar ET, Voskuyl AE, Dinant HJ, Bezemer PD,
Boers M, Dijkmans BA. Progression of radiologic
damage in patients with rheumatoid arthritis in
clinical remission. Arthritis Rheum 2004; 50:36-42.

Moll JM, Wright V. Psoriatic arthritis. Semin Arthritis
Rheum 1973; 3:55-78.

Moll JM, Haslock I, Macrae IF, Wright V. Associations
between ankylosing spondylitis, psoriatic arthritis,
Reiter’s disease, the intestinal arthropathies, and
Behcet’s syndrome. Medicine (Baltimore) 1974;
53:343-364.

Moll JM. Psoriatic arthritis. Br J Rheumatol 1984;
23:241-244.

Mongan ES, Cass RM, Jacox RF, Vaughen JH. A study of
the relation of seronegative and seropositive
rheumatoid arthritis to each other and to necrotizing
vasculitis. Am J Med 1969; 47:23-35.

Mor A, Abramson SB, Pillinger MH. The fibroblast-like
synovial cell in rheumatoid arthritis: a key player in
inflammation and joint destruction. Clin Immunol
2005; 115:118-128.

Moreland LW, Baumgartner SW, Schiff MH, Tindall EA,
Fleischmann RM, Weaver AL et al. Treatment of
rheumatoid arthritis with a recombinant human tumor
necrosis factor receptor (p75)-Fc fusion protein. N
Engl J Med 1997; 337:141-147.

Moreland LW, Alten R, Van den BF, Appelboom T, Leon
M, Emery P et al. Costimulatory blockade in patients
with rheumatoid arthritis: a pilot, dose-finding,
double-blind, placebo-controlled clinical trial
evaluating CTLA-4Ig and LEA29Y eighty-five days
after the first infusion. Arthritis Rheum 2002;
46:1470-1479.

Mulherin D, Fitzgerald O, Bresnihan B. Synovial tissue
macrophage populations and articular damage in
rheumatoid arthritis. Arthritis Rheum 1996a; 39:115-
124.

Mulherin D, Fitzgerald O, Bresnihan B. Clinical
improvement and radiological deterioration in
rheumatoid arthritis: evidence that the pathogenesis
of synovial inflammation and articular erosion may
differ. Br J Rheumatol 1996b; 35:1263-1268.

Nepom GT, Seyfried CA, and Nepom BS.
Immunogenetics of disease susceptibility: new
perspectives in HLA. Pathol Immunopathol Res
1986; 5:37-46.

Nielen MM, van Schaardenburg D, Reesink HW, van de
Stadt RJ, van der Horst-Bruinsma IE, de Koning MH et
al. Specific autoantibodies precede the symptoms of
rheumatoid arthritis: a study of serial measurements in
blood donors. Arthritis Rheum 2004; 50:380-386.

Nienhuis RL, Mandema E. A new serum factor in patients
wirh rheumatoid arthritis; the antiperinuclear factor.
Ann Rheum Dis 1964; 23:302-305.

Nishimoto N, Yoshizaki K, Miyasaka N, Yamamoto K,
Kawai S, Takeuchi T et al. Treatment of rheumatoid
arthritis with humanized anti-interleukin-6 receptor
antibody: a multicenter, double-blind, placebo-
controlled trial. Arthritis Rheum 2004; 50:1761-
1769.

O´Dell J, Gilg J, Palmer W, Haire C, Klassen L, Moore G.
Pneumococcal vaccination: recreased antibody
response in rheumatoid arthritis patients on
methotrexate. Arthritis Rheum 1992; 35
(Supl.9):197.

O´Dell J, Gilg J, Palmer W. Pneumococcal vaccination in
rheumatoid arthritis. Decreased response while on
methotrexate. J Clin Rheumatol 1996;2:59-63.

Padyukov L, Silva C, Stolt P, Alfredsson L, Klareskog L.
A gene-environment interaction between smoking
and shared epitope genes in HLA-DR provides a high
risk of seropositive rheumatoid arthritis. Arthritis
Rheum 2004; 50:3085-3092.

Panayi GS, Wooley P, Batchelor JR. Genetic basis of
rheumatoid disease: HLA antigens, disease
manifestations, and toxic reactions to drugs. Br Med J
1978; 2:1326-1328.

Panayi GS. The pathogenesis of rheumatoid arthritis and
the development of therapeutic strategies for the
clinical investigation of biologics. Agents Actions
1995; 47 (Suppl):1-21.

Peters ND, Ejstrup L. Intravenous methylprednisolone
pulse therapy in ankylosing spondylitis. Scand J
Rheumatol 1992; 21:134-138.

Pincus T, Sokka T. Clinical trials in rheumatic diseases:
designs and limitations. Rheum Dis Clin North Am
2004; 30:701-724, v-vi.

Plenge RM, Padyukov L, Remmers EF, Purcell S, Lee AT,
Karlson EW et al. Replication of putative candidate-
gene associations with rheumatoid arthritis in >4,000
samples from North America and Sweden: association
of susceptibility with PTPN22, CTLA4, and PADI4.
Am J Hum Genet 2005; 77:1044-1060.

Prevoo ML, ‘t Hof MA, Kuper HH, van Leeuwen MA,
van de Putte LB, van Riel PL. Modified disease
activity scores that include twenty-eight-joint counts.
Development and validation in a prospective
longitudinal study of patients with rheumatoid
arthritis. Arthritis Rheum 1995; 38:44-48.

Prior P, Symmons DP, Hawkins CF, Scott DL, Brown R.
Cancer morbidity in rheumatoid arthritis. Ann Rheum
Dis 1984; 43:128-131.

Quismorio FP, Beardmore T, Kaufman RL, Mongan ES.
IgG rheumatoid factors and anti-nuclear antibodies in
rheumatoid vasculitis. Clin Exp Immunol 1983;
52:333-340.

Ramey DR, Raynauld JP, Fries JF. The health assessment
questionnaire 1992: status and review. Arthritis Care
Res 1992; 5:119-129.



Meliha C Kapetanovic 49

Rantapää-Dahlqvist S, de Jong BA, Berglin E, Hallmans
G, Wadell G, Stenlund H et al. Antibodies against cyclic
citrullinated peptide and IgA rheumatoid factor
predict the development of rheumatoid arthritis.
Arthritis Rheum 2003; 48:2741-2749.

Recommendations of the Swedish National Board of
Health and Walfare. Pneumococcal Vaccination.
(Socialstyrelsens allmänna råd). Vaccination mot
pneumokocker. SOSFS 1994:26(M).Available at
http://www.sos.se/sosfs/1994_26/1994_26.htm.
Assessed 22 January 2005.

Recommendations of the Swedish National Board of
Health and Walfare. Influenza  Vaccination.
(Socialstyrelsens allmänna råd). Vaccination mot
influenza. SOSFS 1997:21. Available at: http://
www.sos.se/sosfs/1997_21/1997_21.htm. Accessed
22nd of December 2005.

Redlich K, Hayer S, Ricci R, David JP, Tohidast-Akrad
M, Kollias G et al. Osteoclasts are essential for TNF-
alpha-mediated joint destruction. J Clin Invest 2002;
110:1419-1427.

Reff ME, Carner K, Chambers KS, Chinn PC, Leonard
JE, Raab R et al. Depletion of B cells in vivo by a
chimeric mouse human monoclonal antibody to
CD20. Blood 1994; 83:435-445.

Reveille JD, Arnett FC. Spondyloarthritis: update on
pathogenesis and management. Am J Med 2005;
118:592-603.

Rodnan GP, Benedek TG. The early history of
antirheumatic drugs. Arthritis Rheum 1970; 13:145-
165.

Sato K, Tsuchiya M, Saldanha J, Koishihara Y, Ohsugi Y,
Kishimoto T et al. Reshaping a human antibody to
inhibit the interleukin 6-dependent tumor cell growth.
Cancer Res 1993; 53:851-856.

Saxne T, Palladino MA, Jr., Heinegard D, Talal N,
Wollheim FA. Detection of tumor necrosis factor
alpha but not tumor necrosis factor beta in rheumatoid
arthritis synovial fluid and serum. Arthritis Rheum
1988; 31:1041-1045.

Saxne T, Heinegard D. Cartilage oligomeric matrix
protein: a novel marker of cartilage turnover
detectable in synovial fluid and blood. Br J Rheumatol
1992; 31:583-591.

Saxne T, Månsson B, Heinegård D. Biomarkers for
cartilage and bone in rheumatoid arthritis. In
Rheumatoid arthritis (Firestein GS, Panayi GS,
Wollhein FA eds). 2006, pp.301-313. Oxford
University Press. Oxford; New York.

Scheifele DW. Using vaccine responses to plumb the
immunologic consequences of tumor necrosis factor
blockade with etanercept. J Rheumatol 2004;
31:1238-1240.

Schellekens GA, de Jong BA, van den Hoogen FH, van de
Putte LB, Van Venrooij WJ. Citrulline is an essential
constituent of antigenic determinants recognized by
rheumatoid arthritis-specific autoantibodies. J Clin
Invest 1998; 101:273-281.

Schellekens GA, Visser H, de Jong BA, van den Hoogen
FH, Hazes JM, Breedveld FC et al. The diagnostic
properties of rheumatoid arthritis antibodies
recognizing a cyclic citrullinated peptide. Arthritis
Rheum 2000; 43:155-163.

Schlosstein L, Terasaki PI, Bluestone R, Pearson CM.
High association of an HL-A antigen, W27, with
ankylosing spondylitis.  Engl J Med 1973; 288:704-
706.

Sebbag M, Simon M, Vincent C, Masson-Bessiere C,
Girbal E, Durieux JJ et al. The antiperinuclear factor
and the so-called antikeratin antibodies are the same
rheumatoid arthritis-specific autoantibodies. J Clin
Invest 1995; 95:2672-2679.

Segal BH, Sneller MC. Infectious complications of
immunosuppressive therapy in patients with
rheumatic diseases. Rheum Dis Clin North Am 1997;
23:219-37.

Sieper J, Rudwaleit M, Khan MA, Braun J. Concepts and
epidemiology of spondyloarthritis. Best Pract Res
Clin Rheumatol 2006; 20:401-417.

Silman AJ, Ollier W, Holligan S, Birrell F, Adebajo A,
Asuzu MC et al. Absence of rheumatoid arthritis in a
rural Nigerian population. J Rheumatol 1993a;
20:618-622.

Silman AJ, MacGregor AJ, Thomson W, Holligan S,
Carthy D, Farhan A et al. Twin concordance rates for
rheumatoid arthritis: results from a nationwide study.
Br J Rheumatol 1993b; 32:903-907.

Silman AJ. Smoking and the risk of rheumatoid arthritis.
J Rheumatol 1993c; 20:1815-1816.

Silman AJ, Newman J, MacGregor AJ. Cigarette smoking
increases the risk of rheumatoid arthritis. Results from
a nationwide study of disease-discordant twins.
Arthritis Rheum 1996; 39:732-735.

Silman AJ. Work characteristics, demographic factors
and clinical variables could predict work disability in
rheumatoid arthritis. Clin Exp Rheumatol 2001;
19:247-248.

Silman AJ, Pearson JE. Epidemiology and genetics of
rheumatoid arthritis. Arthritis Res 2002a; 4 (Suppl
3):S265-S272.

Silman AJ. Contraceptives, pregnancy, and RA. Ann
Rheum Dis 2002b; 61:383.

Simon M, Girbal E, Sebbag M, Gomes-Daudrix V, Vincent
C, Salama G et al. The cytokeratin filament-
aggregating protein filaggrin is the target of the so-
called “antikeratin antibodies,” autoantibodies
specific for rheumatoid arthritis. J Clin Invest 1993;
92:1387-1393.

Simon M, Sebbag M, Haftek M, Vincent C, Girbal-
Neuhauser E, Rakotoarivony J et al. Monoclonal
antibodies to human epidermal filaggrin, some not
recognizing profilaggrin. J Invest Dermatol 1995;
105:432-437.

Simonsson M, Bergman S, Jacobsson LT, Petersson IF,
Svensson B. The prevalence of rheumatoid arthritis in
Sweden. Scand J Rheumatol 1999; 28:340-343.

Skioldebrand E, Lorenzo P, Zunino L, Rucklidge GJ,
Sandgren B, Carlsten J et al. Concentration of
collagen, aggrecan and cartilage oligomeric matrix
protein (COMP) in synovial fluid from equine middle
carpal joints. Equine Vet J 2001; 33:394-402.



50 Treatment of arthritis with tumour necrosis factor antagonists

Skoumal M, Haberhauer G, Feyertag J, Kittl EM, Bauer
K, Dunky A. Serum levels of cartilage oligomeric
matrix protein (COMP): a rapid decrease in patients
with active rheumatoid arthritis undergoing
intravenous steroid treatment. Rheumatol Int 2006;
26:1001-1004.

Smidt N, Bieder L, Thomas RG. Datura intoxication. N Z
Med J 1978; 87:61-62.

Smolen JS, Kalden JR, Scott DL, Rozman B, Kvien TK,
Larsen A et al. Efficacy and safety of leflunomide
compared with placebo and sulphasalazine in active
rheumatoid arthritis: a double-blind, randomised,
multicentre trial. European Leflunomide Study Group.
Lancet 1999; 353:259-266.

Smolen JS, Breedveld FC, Burmester GR, Combe B,
Emery P, Kalden JR et al. Consensus statement on the
initiation and continuation of tumour necrosis factor
blocking therapies in rheumatoid arthritis. Ann
Rheum Dis 2000; 59:504-505.

Smolen JS, Breedveld FC, Schiff MH, Kalden JR, Emery
P, Eberl G et al. A simplified disease activity index for
rheumatoid arthritis for use in clinical practice.
Rheumatology (Oxford) 2003; 42:244-257.

Smolen JS, Han C, Bala M, Maini RN, Kalden JR, van der
Heijde DM et al. Evidence of radiographic benefit of
treatment with infliximab plus methotrexate in
rheumatoid arthritis patients who had no clinical
improvement: a detailed subanalysis of data from the
anti-tumor necrosis factor trial in rheumatoid arthritis
with concomitant therapy study. Arthritis Rheum
2005; 52:1020-1030.

Smolen JS, van der Heijde DM, St Clair EW, Emery P,
Bathon JM, Keystone E et al. Predictors of joint
damage in patients with early rheumatoid arthritis
treated with high-dose methotrexate with or without
concomitant infliximab: results from the ASPIRE
trial. Arthritis Rheum 2006; 54:702-710.

Sokka T, Pincus T. Eligibility of patients in routine care
for major clinical trials of anti-tumor necrosis factor
alpha agents in rheumatoid arthritis. Arthritis Rheum
2003a; 48:313-318.

Sokka T, Pincus T. Most patients receiving routine care
for rheumatoid arthritis in 2001 did not meet
inclusion criteria for most recent clinical trials or
American College of Rheumatology criteria for
remission. J Rheumatol 2003b; 30:1138-1146.

St Clair EW, Wagner CL, Fasanmade AA, Wang B,
Schaible T, Kavanaugh A et al. The relationship of
serum infliximab concentrations to clinical
improvement in rheumatoid arthritis: results from
ATTRACT, a multicenter, randomized, double-blind,
placebo-controlled trial. Arthritis Rheum 2002;
46:1451-1459.

Stastny P. HLA-D and Ia antigens in rheumatoid arthritis
and systemic lupus erythematosus. Arthritis Rheum
1978; 21(Suppl):S139-S143.

Stastny P. A complex of HLA-D specificities detected by
HTC typing: Dw7, Dw11, and TMo. Transplant Proc
1978; 10:759-761.

Stastny P.  Association of the B-cell alloantigen DRw4
with rheumatoid arthritis. N Engl J Med 1978;
298:869-871.

Steer S, MacGregor AJ. Genetic epidemiology: disease
susceptibility and severity. Curr Opin Rheumatol
2003; 15:116-121.

Strand V, Cohen S, Schiff M, Weaver A, Fleischmann R,
Cannon G, et al. Treatment of active rheumatoid
arthritis with leflunomide compared with placebo and
methotrexate. Leflunomide Rheumatoid Arthritis
Investigators Group. Arch Intern Med 1999; 159:
2542-2550.

Svensson B. Hur debuterar PsoA? In Psoriasisartrit.
1997. Svenska Psoriasisförbundet och Reumatiker-
förbundet.

Svensson B, Holmström G, Lindqvist U. Development
and early experiences of a Swedish psoriatic arthritis
register. Scand J Rheumatol 2002; 31:221-225.

Svensson B, Boonen A, Albertsson K, van der Heijde DM,
Keller C, Hafstrom I. Low-dose prednisolone in
addition to the initial disease-modifying
antirheumatic drug in patients with early active
rheumatoid arthritis reduces joint destruction and
increases the remission rate: a two-year randomized
trial. Arthritis Rheum 2005; 52:3360-3370.

Symmons DP, Bankhead CR, Harrison BJ, Brennan P,
Barrett EM, Scott DG et al. Blood transfusion,
smoking, and obesity as risk factors for the
development of rheumatoid arthritis: results from a
primary care-based incident case-control study in
Norfolk, England. Arthritis Rheum 1997; 40:1955-
1961.

Symmons D, Turner G, Webb R, Asten P, Barrett E, Lunt
M et al. The prevalence of rheumatoid arthritis in the
United Kingdom: new estimates for a new century.
Rheumatology (Oxford) 2002a; 41:793-800.

Symmons DP. Epidemiology of rheumatoid arthritis:
determinants of onset, persistence and outcome. Best
Pract Res Clin Rheumatol 2002b; 16:707-722.

Tan EM, Feltkamp TE, Smolen JS, Butcher B, Dawkins
R, Fritzler MJ et al. Range of antinuclear antibodies in
“healthy” individuals. Arthritis Rheum 1997;
40:1601-1611.

Thomas E, Symmons DP, Brewster DH, Black RJ,
Macfarlane GJ. National study of cause-specific
mortality in rheumatoid arthritis, juvenile chronic
arthritis, and other rheumatic conditions: a 20 year
followup study. J Rheumatol 2003; 30:958-965.

Tracey KJ and Zhang M. TNF. In The cytokine
handbook (Thompson AW, ed).  1998. Academic
Press, San Diego.

Turesson C, Jacobsson L, Bergstrom U, Truedsson L,
Sturfelt G. Predictors of extra-articular manifestations
in rheumatoid arthritis. Scand J Rheumatol 2000;
29:358-364.

Turesson C, Jarenros A, Jacobsson L. Increased incidence
of cardiovascular disease in patients with rheumatoid
arthritis: results from a community based study. Ann
Rheum Dis 2004; 63:952-955.

van den Berg WB. Lessons for joint destruction from
animal models. Curr Opin Rheumatol 1997; 9:221-
228.

van den Berg WB, Bresnihan B. Pathogenesis of joint
damage in rheumatoid arthritis: evidence of a
dominant role for interleukin-I. Baillieres Best Pract
Res Clin Rheumatol 1999; 13:577-597.



Meliha C Kapetanovic 51

van den Bosch F, Kruithof E, De Vos M, de Keyser F,
Mielants H. Crohn’s disease associated with
spondyloarthropathy: effect of TNF-alpha blockade
with infliximab on articular symptoms. Lancet 2000;
356:1821-1822.

van der Heijde DM, ‘t Hof MA, van Riel PL, Theunisse
LA, Lubberts EW, van Leeuwen MA et al. Judging
disease activity in clinical practice in rheumatoid
arthritis: first step in the development of a disease
activity score. Ann Rheum Dis 1990; 49:916-920.

van der Heijde D, Bellamy N, Calin A, Dougados M, Khan
MA, van der LS. Preliminary core sets for endpoints
in ankylosing spondylitis. Assessments in Ankylosing
Spondylitis Working Group. J Rheumatol 1997;
24:2225-2229.

van der Linden S, Valkenburg HA, Cats A. Evaluation of
diagnostic criteria for ankylosing spondylitis. A
proposal for modification of the New York criteria.
Arthritis Rheum 1984; 27:361-368.

van Everdingen AA, Jacobs JW, Siewertsz Van Reesema
DR, Bijlsma JW. Low-dose prednisone therapy for
patients with early active rheumatoid arthritis:
clinical efficacy, disease-modifying properties, and
side effects: a randomized, double-blind, placebo-
controlled clinical trial. Ann Intern Med 2002; 136:1-
12.

van Gaalen FA, Linn-Rasker SP, Van Venrooij WJ, de
Jong BA, Breedveld FC, Verweij CL et al.
Autoantibodies to cyclic citrullinated peptides predict
progression to rheumatoid arthritis in patients with
undifferentiated arthritis: a prospective cohort study.
Arthritis Rheum 2004; 50:709-715.

van Gestel AM, Prevoo ML, ‘t Hof MA, van Rijswijk
MH, van de Putte LB, van Riel PL. Development and
validation of the European League Against
Rheumatism response criteria for rheumatoid
arthritis. Comparison with the preliminary American
College of Rheumatology and the World Health
Organization/International League Against
Rheumatism Criteria. Arthritis Rheum 1996; 39:34-
40.

van Riel PL, van Gestel AM. Clinical outcome measures
in rheumatoid arthritis. Ann Rheum Dis 2000; 59
(Suppl 1):i28-i31.

van Riel PL, Schumacher HR, Jr. How does one assess
early rheumatoid arthritis in daily clinical practice?
Best Pract Res Clin Rheumatol 2001; 15:67-76.

van Zeben D, Hazes JM, Zwinderman AH,
Vandenbroucke JP, Breedveld FC. Factors predicting
outcome of rheumatoid arthritis: results of a followup
study. J Rheumatol 1993; 20:1288-1296.

Vessey MP, Villard-Mackintosh L, Yeates D. Oral
contraceptives, cigarette smoking and other factors in
relation to arthritis. Contraception 1987; 35:457-
464.

Vincent C, Nogueira L, Sebbag M, Chapuy-Regaud S,
Arnaud M, Letourneur O et al. Detection of antibodies
to deiminated recombinant rat filaggrin by enzyme-
linked immunosorbent assay: a highly effective test
for the diagnosis of rheumatoid arthritis. Arthritis
Rheum 2002; 46:2051-2058.

Vingsbo-Lundberg C, Saxne T, Olsson H, Holmdahl R.
Increased serum levels of cartilage oligomeric matrix
protein in chronic erosive arthritis in rats. Arthritis
Rheum 1998; 41:544-550.

Vossenaar ER, Nijenhuis S, Helsen MM, van der Heijden
A, Senshu T, van den Berg WB et al. Citrullination of
synovial proteins in murine models of rheumatoid
arthritis. Arthritis Rheum 2003; 48:2489-2500.

Waaler E. [Rheumatoid factor in the 1930s and today].
Nord Med 1970; 83:1385-1389.

Wassenberg S, Rau R, Steinfeld P, Zeidler H. Very low-
dose prednisolone in early rheumatoid arthritis retards
radiographic progression over two years: a
multicenter, double-blind, placebo-controlled trial.
Arthritis Rheum 2005; 52:3371-3380.

Weinblatt ME, Kremer JM, Bankhurst AD, Bulpitt KJ,
Fleischmann RM, Fox RI et al. A trial of etanercept, a
recombinant tumor necrosis factor receptor:Fc fusion
protein, in patients with rheumatoid arthritis
receiving methotrexate. N Engl J Med 1999;
340:253-259.

Weinblatt ME, Keystone EC, Furst DE, Moreland LW,
Weisman MH, Birbara CA et al. Adalimumab, a fully
human anti-tumor necrosis factor alpha monoclonal
antibody, for the treatment of rheumatoid arthritis in
patients taking concomitant methotrexate: the
ARMADA trial. Arthritis Rheum 2003; 48:35-45.

Wells GA, Tugwell P, Kraag GR, Baker PR, Groh J,
Redelmeier DA. Minimum important difference
between patients with rheumatoid arthritis: the
patient’s perspective. J Rheumatol 1993;  20:557-
560.

Weitoft T, Larsson A, Saxne T, Ronnblom L. Changes of
cartilage and bone markers after intra-articular
glucocorticoid treatment with and without
postinjection rest in patients with rheumatoid
arthritis. Ann Rheum Dis 2005; 64:1750-1753.

Williams RO, Feldmann M, Maini RN. Anti-tumor
necrosis factor ameliorates joint disease in murine
collagen-induced arthritis. Proc Natl Acad Sci U S A
1992; 89:9784-9788.

WHO. Collaborating Centre for Influenza Viruses.
Version 31, revised 1981; pp 1-81.

WHO. Recommendations for Influeza Vaccine
Composition. Available at www.who.int/csr/disease/
influenza/vaccinerecommendations1.Accessed 9th of
January 2006

WHO.Training manual for enzyme linked
immunosorbent assay for quantification of
Streptococcus pneumoniae serotype specific IgG (PN
PS ELISA). Available at: http://www.vaccine.uab.edu/
2005_content/WHO9.pdf. Accessed 22th of January
2005.

Wolfe F, Michaud K, Pincus T. Preliminary evaluation of
a visual analog function scale for use in rheumatoid
arthritis. J Rheumatol 2005; 32:1261-1266.



52 Treatment of arthritis with tumour necrosis factor antagonists

Wraith DC, Goldman M, Lambert PH. Vaccination and
autoimmune disease: what is the evidence? Lancet
2003; 362:1659-1666.

Wright SA, Taggart AJ. Pneumococcal vaccination for
RA patients on TNF-alpha antagonists.
Rheumatology (Oxford) 2004; 43:523.

Yamada R, Suzuki A, Chang X, Yamamoto K.
Peptidylarginine deiminase type 4: identification of a
rheumatoid arthritis-susceptible gene. Trends Mol
Med 2003; 9:503-508.

Young BJ, Mallya RK, Leslie RD, Clark CJ, Hamblin TJ.
Anti-keratin antibodies in rheumatoid arthritis. Br
Med J 1979; 2:97-99.

Zachariae H. Prevalence of joint disease in patients with
psoriasis: implications for therapy. Am J Clin
Dermatol 2003; 4:441-447.

Zochling J, van der HD, Burgos-Vargas R, Collantes E,
Davis JC, Jr., Dijkmans B et al. ASAS/EULAR
recommendations for the management of ankylosing
spondylitis. Ann Rheum Dis 2006; 65:442-452.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




