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Rheumatoid arthritis is a systemic, inflammatory, autoimmune disorder. Enhanced understanding of molecular
pathogenesis has enabled development of innovative biological agents that target specific parts of the immune system.
These treatments have changed the course and face of rheumatoid arthritis and outcomes for patients and society.
New knowledge has emerged of how environmental factors interact with susceptibility genes and the immune system
in the pathogenesis of a major subset of rheumatoid arthritis. Research undertaken on the longitudinal disease
process and molecular pathology of joint inflammation has led to new therapeutic strategies that promote early use of
disease-modifying drugs with tight disease control and distinct and quantifiable treatment goals. Today, such
approaches can halt most cases of joint destruction but not all instances of joint inflammation and comorbidity.
Understanding the cause and pathogenesis of different rheumatoid arthritis subsets will lead not only to individualised
treatments during early phases of the illness but also, possibly, to disease prevention.

Introduction

Rheumatoid arthritis is a disorder in rapid transition. It
has evolved from a syndrome of unknown cause to one
for which distinct subsets of disease are emerging, and
growing knowledge of risk factors calls for preventive
strategies. Instead of being regarded as a disease of
uncertain pathogenesis, rheumatoid arthritis has become
a prototype for application of knowledge of molecular
pathogenesis for development of new treatments.
Previously, resources were used mainly for care and
rehabilitation of accrued handicaps; now the disorder has
become a modern-day medical dilemma, whereby early
treatment can prevent disability in many patients but the
most effective new drugs can be too expensive to
administer to all people who might benefit. In this
Seminar, we describe some of these developments and
their results, which, we believe, extend beyond care and
cure for the patient with rheumatoid arthritis.

Clinical expression and sub-classification

From Garrod’s initial definition of rheumatoid arthritis as
a disease in 1859, current classification criteria were
developed by American rheumatologists in the mid 1980s
(panel).! These criteria, which have served so well in
selecting patients for clinical trials, are now becoming
less relevant, partly because of the success of these same
trials. At least two of the seven criteria (nodules and
erosions) are generally not present at the best time for
early diagnosis and initiation of treatment (table 1). Thus,
we need new definitions for rheumatoid arthritis and its
subsets, based on enhanced understanding of disease
pathogenesis, which can be used for early diagnosis and
treatment decisions. The European League Against
Rheumatism (EULAR) and American College of
Rheumatology (ACR) are currently collaborating to
produce such classification criteria.

Understanding rheumatoid arthritis also means
appreciation of its longitudinal course and its different
phases (figure 1). In genetically susceptible individuals,
specific environmental factors can activate potentially
pathogenic immune reactions, including antibody
formation. Years later, additional events such as trauma
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or infection may contribute to disease development by
focusing immune reactions to the joint, resulting in joint
inflammation. If inflammation becomes chronic, the
phenotype might fulfil criteria for rheumatoid arthritis,
with inflammation leading to joint destruction and
systemic complications, with increased comorbidity.
Thus, despite increasing use of early and aggressive
treatments, rheumatoid arthritis is still a chronic disorder
with clinically important potential comorbidities;* to a
large extent, comorbid conditions are the results of
unopposed cumulative inflammatory activity. A major
focus of this Seminar will be to show how new insights
into cause and pathogenesis of different variants of
rheumatoid arthritis might alter diagnostic and
therapeutic strategies in all phases of disease.

Active treatment can lead to a striking change in the
long-term course of rheumatoid arthritis, a finding
proven by alterations that have already taken place. Thus,
the so-called clinical face of the disorder is changing, in
that previously feared extra-articular manifestations—
such as amyloidosis, serositis, scleritis and episcleritis,
and subcutaneous nodules—are diminishing in
frequency,* making other long-term effects such as

Search strategy and selection criteria

We searched Medline with the terms “rheumatoid arthritis”
and “diagnosis”, “pathology”, “pathogenesis”, and
“treatment”, and other specific terms when needed, and
included all reports published between March, 1968, and
March, 2008. We reviewed abstracts and selected relevant
papers. All types of articles were included (original work,
review, case report, letter, etc). We tried to select the most
recent publications and to refer to the original description
(that means first publication on a certain finding), but other
seminal and comprehensive studies and reviews were also
included. For clinical studies, we reviewed all controlled
studies in the Cochrane library (Cochrane reviews and clinical
trials sections), searching for “rheumatoid arthritis” and the
keywords “glucocorticoids”, “methotrexate”,

“etanercept”, “adalimumab”, “rituximab”, and “abatacept”.

infliximab”,
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Panel: ACR criteria for rheumatoid arthritis®

A patient is said to have rheumatoid arthritis if he or she

meets at least four criteria.

1 Morning stiffness lasting at least 1 h, present for at least
6 weeks

2 At least three joint areas simultaneously with soft-tissue
swelling or fluid, for at least 6 weeks

3 Atleast one area swollen in a wrist,
metacarpaophalangeal, or proximal interphalangeal joint,
for at least 6 weeks

4 Simultaneous involvement of the same joint areas on

both sides of the body, for at least 6 weeks

Subcutaneous nodules seen by a doctor

Positive rheumatoid factor

7 Radiographic changes on hand and wrist radiographs
(erosions or unequivocal bony decalcification)

o

Patients with two clinical diagnoses are not excluded. Designation as classic, definite,
or probable rheumatoid arthritis is not to be made.

Limitations Consequences

Polyarthritis (>3 joint areas)
with hand involvement,
symmetric distribution, and
morning stiffness

Rheumatoid nodules

Positive rheumatoid factor

Radiographic changes on
plain radiographs

Clinical variables that are not
specific and sensitive enough for
diagnosis in the absence of other
markers

Better and earlier disease control
reduces the likelihood of seeing
rheumatoid nodules

Other serum markers with equal
or better diagnostic power have
been described

Diagnostic value diminishes
because diagnosis and treatment
should ideally be started before
erosions arise

Criterion will still be valid but will most
probably include fewer affected joints
and a less typical distribution because
development of new diagnostic
methods will enable earlier diagnosis

Criterion will still be valid but will be
relevant for only a few patients

Other serum markers will be added to
the criterion. ACPA presence has similar
sensitivity to and better specificity than
rheumatoid factor for diagnosis;
rheumatoid factor and ACPA have
similar value as prognostic factors

Development of more sensitive joint-
imaging methods will probably lead to
earlier recognition and new definitions
for joint destruction

Table 1: Limitations of ACR criteria
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Figure 1: Longitudinal course of rheumatoid arthritis
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cardiovascular disease and lymphomas and short-term
outcomes such as pain and fatigue more important to
understand and treat.

Increasingly, the value of dividing rheumatoid arthritis
into subsets has been recognised so that potential
strategies for prevention and treatment can be
implemented efficiently. As will be described in detail
below, growing evidence shows that the disease consists
of at least two subsets, with different causes and severity.
This subdivision has been built classically on presence or
absence of rheumatoid factor,’ but increasingly the
separation is made on the basis of presence or absence of
antibodies to citrullinated protein antigen (ACPA)f
sometimes referred to as anti-CCP (cyclic citrullinated
peptide).” The ACPA method is more specific for
rheumatoid arthritis than is rheumatoid factor and is,
thus, more informative as a diagnostic test for early
disease. For prognosis in cases of already established
rheumatoid arthritis, ACPA and rheumatoid factor define
largely overlapping populations of patients. Notably, joint
destruction, comorbidities such as cardiovascular disease,
and other extra-articular manifestations are all most
prominent in the subset of patients positive for
rheumatoid factor and ACPA.°*

Cause and pathogenesis

Rheumatoid arthritis is called a complex genetic disease,
meaning that several genes, environmental factors, and
stochastic (chance) factors act in concert to cause
pathological events. Findings of twin studies have
estimated the relative contribution of genetic factors to be
about 50% for the entire syndrome of rheumatoid arthritis,
leaving the remaining part to environment and chance.’
In an elegant twin study published more than 10 years
ago, the power of a causal approach was shown, whereby
the genetic factor was kept under control while one
environmental factor—smoking—was studied. In a series
of 13 monozygotic twin pairs discordant for rheumatoid
arthritis and smoking, the smoker was the one with the
disease in 12 of 13 pairs.” This finding indicates why both
genetics and environment need to be investigated in the
same context. For a criterion-based disease such as
rheumatoid arthritis, such studies must also account for
different causes for different disease subsets.

Another pertinent issue is timing of exposure to the
potential environmental factors. Workers on a few studies
have suggested that accumulation of risk factors can
begin even before birth, including the possibility that
birthweight and the mother's MHC gene composition
might affect future risk for rheumatoid arthritis in
offspring."™*

Below, we have described our current knowledge of
genetic and environmental factors that are associated
with risk for rheumatoid arthritis. Further, we discuss
how these factors together can affect evolution of immune
and inflammatory reactions that might cause different
forms of the disease. Table 2 summarises the section.
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Since the 1970s, knowledge about genetic susceptibility
factors for rheumatoid arthritis has had a major effect on
ideas about the disease’s molecular pathogenesis. The
reported association between presence of certain HLA
D/DR alleles and risk for rheumatoid arthritis,** together
with recognition of MHC class II-expressing antigen-
presenting cells® and T cells* in inflamed joints, led to
the idea that MHC class II-dependent T-cell and B-cell
activation were major drivers of the disease.” This notion
received strong support from the discovery that most
HLA DR alleles that conferred susceptibility to
rheumatoid arthritis had a common aminoacid motif—
named the shared epitope—in the 3 chain of the HLA-
DR molecule,” and presence or absence of genetic
variants within the DRBI locus is an important genetic
determinant of risk for the disease. PTPN22, the second
confirmed susceptibility gene identified in 2005,” codes
for a tyrosine phosphatase that has a role in T-cell and
B-cell signalling, thus further strengthening the genetic
argument for a T-cell and B-cell contribution to
rheumatoid arthritis.”

Accumulating data from the past few years have
indicated that the HLA DRBIshared epitope and PTPN22
risk alleles are associated only with a subset of rheumatoid
arthritis that is defined by presence of ACPA or
rheumatoid factor, or both.”**##* One implication of
these findings is that the genetic hypothesis for
involvement of adaptive, B-cell, and T-cell-mediated
immunity in pathogenesis is valid only for the ACPA-
positive or rheumatoid factor-positive disease subset.
Another implication is that all further causal studies that
include genetics need to judge these subsets of
rheumatoid arthritis as separate entities.

Genetics research of complex diseases has had a major
boost from new technologies that allow genome-wide
association studies of risk alleles.” Findings of studies
incorporating these technologies for rheumatoid arthritis
confirmed that the MHC region harbours the most
important genetic risk factors for ACPA-positive disease,
with PTPN22 as the second most important gene.""
Several additional risk alleles for the disease have been
identified in gene regions containing TRAF1 (C5 locus),
STAT4, and OLIG3-AIP3 genes.""”” These new findings,
and data from complementary candidate gene studies,"*
indicate how a series of variations together make up the
genetic risk for rheumatoid arthritis, and they show how
different patterns of genetic risk factors have emerged
for subsets of disease positive and negative for ACPA or
rheumatoid factor.® However, small odds ratios for most
of these individual risk factors make these findings quite
unimportant for use in prediction of disease risk.
Instead, the main value of the new knowledge comes
from the potential to identify distinct molecular pathways
in which several genes work in concert during
development of different forms of rheumatoid arthritis.

The best established environmental risk factor for
rheumatoid arthritis is cigarette smoking.®“* Other
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potential factors include silica dust,” mineral oils,* and
other airway exposures,” and in a historic report,
researchers described a severe form of rheumatoid
arthritis (Caplan’s syndrome) in charcoal workers.”
Factors such as postmenopausal hormone replacement
have in many, but not all, studies been associated with
protection.”” Some data also indicate that moderate
alcohol consumption can reduce risk for rheumatoid
arthritis,”* and it diminishes risk and severity of
experimental arthritis in rodents.*

Investigation of environmental factors in rheumatoid
arthritis initially focused on descriptive epidemiology.
However, implementation of studies that accounted not
only for genes and environment but also for immunity
began to provide distinct clues to the molecular
pathogenesis of the disease. Smoking was shown in
several studies to be a risk factor for the rheumatoid
factor-positive or ACPA-positive subset of rheumatoid
arthritis and to have no or a very minor effect on the
autoantibody-negative subset (figure 2).* A major
environment interaction was noted between HLA-DR

ACPA-positive  ACPA-negative Comments and references
disease disease

Genetic risk factors

HLA-DRB1 alleles Yes No Strong evidence; associated also with
rheumatoid factor-positive disease™*

PTPN22 Yes No Strong evidence; associated also with
rheumatoid factor-positive disease”

TRAF1-C5 locus Yes No Strong evidence®**®

0OLIG3-AIP3 locus Yes Strong evidence®

STAT4 Yes Strong evidence®

Non-DRB1 MHC genes Yes No Needs confirmation™*

IRF5 No Yes Needs confirmation®

CLEC4A No Yes Needs confirmation®

HLA DRB1*03 No Yes Needs confirmation®

PADI4 - - Strong evidence for Asian population,
but not for European population®¥

Genetic protective factors

HLA-DRB1 molecules - - Needs confirmation?

containing aminoacid

sequence DERAA

Non-inherited maternal - - Needs confirmation®

HLA-DR

Host factors

Female sex - - Strong evidence

Perinatal factors - - Debated"*

Obesity - - Needs confirmation®

Environmental risk factors

Cigarette smoking Yes No Strong evidence; associated also with
rheumatoid factor®*

Mineral oils Yes No Needs confirmation*

Environmental protective factors

Alcohol Yes Yes Needs confirmation®3*

—=no division made between subsets.
Table 2: Genetic and environmental factors associated with rheumatoid arthritis
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Figure 2: Gene-environment and gene-gene interactions determining risk for rheumatoid arthritis
Histograms show relative risks for development of rheumatoid arthritis (positive or negative for ACPA) with two

different genetic variations and one environmental risk factor. Genetic variations are absence or presence of one or

two copies of HLA DRB1 alleles containing the shared epitope (SE), and absence or presence of the R620W allele of

PTPN22.The environmental variation is smoking status, either no smoke (for individuals who never smoked) or smoke
(for those who ever smoked cigarettes). (A) and (D) represent gene—environment interactions, (B) and (E) gene-gene

interactions, and (C) and (F) gene-gene-environment interactions. Data are from the Swedish Eira study.***

risk alleles and smoking in patients who were positive for
rheumatoid factor or ACPA, in three European
investigations,” and to a smaller extent in one North
American study.”

These findings suggest three main ideas: (1) that
patients with rheumatoid arthritis who are positive for
ACPA are fundamentally different from those who are
ACPA-negative with respect to genetic and environmental
risk factors; (2) that an environmental exposure (here,
smoking) could change greatly the magnitude of a genetic
association in a complex disease; and (3) that these
striking data from genetic epidemiological studies need
biological explanations for the combined effects of
genetic and environmental risk factors and for why they
act differently in subsets of rheumatoid arthritis divided
by anti-citrulline immunity.

We now need to transform statistical data from genetic
epidemiological studies into causal models of the disease
that are testable in both the laboratory and the clinic. One
such model has been created for smoking and HLA-DR
shared epitope genes and has several components,
described below (figure 3).

When the lung encounters smoke (and possibly many
other irritants and adjuvants, such as dust from silica and
charcoal, and infections) macrophages are activated and
some cells go into apoptosis, necrosis, or both.* This
process could lead to increased synthesis and activity of
enzymes called peptidylarginine deiminases, which cause
citrullination (change of the aminoacid arginine to
citrulline) in certain proteins in the lungs.***** Some of
these post-translationally modified proteins bind
specifically to HLA-DR molecules on antigen-presenting
cells—such as dendritic cells or macrophages—that
contain the shared epitope peptide-binding motif. This
process determines the strength of the immune response
to citrullinated peptides.”** Smoking might further con-
tribute to T-cell and B-cell activation by triggering antigen-
presenting cells in the lung, thus enhancing cell-cell
interactions (eg, T cell receptor-HLA-DR, CD40Ligand-
CD40, and several other events), which finally result in
high titres of ACPA. In many cases, antibodies to citrulline
emerge years before onset of disease,” and could contribute
ultimately to arthritis, possibly after citrullination has
taken place in joints as part of non-specific synovial
inflammation.®* This event could lead to immune complex
formation between ACPA and citrullinated proteins, which
further bind to Fc receptors on the surface of synovial
macrophages and contribute to the perpetuation of
inflammation. Other antibodies, such as rheumatoid
factor, directed against the Fc portion of immunoglobulin
could also contribute to immune complex formation and
disease pathogenesis. ACPA could enhance arthritis
development in mice that already have mild synovitis,”
indicating that these antibodies might—under certain
circumstances—also be pathogenic in human beings.

This potential chain of events is one that can now be
further tested empirically in the laboratory, with many
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Figure 3: Hypothetical model for molecular pathogenesis of ACPA-positive rheumatoid arthritis

CP=citrullinated proteins and peptides. RF=rheumatoid factor.

new questions emerging. Which citrullinated antigens
are recognised in the lungs and in the joints? Why and
how can anti-citrulline immunity specifically target the
joints? Which factors, other than cigarette smoke, are
able to trigger anticitrulline immunity? Answers for
these questions might lead us ultimately towards an
understanding of which specific immune reactions
contribute to the ACPA-positive form of rheumatoid
arthritis. They could also give us access to the world of
antigen-specific immunomodulation and curative
treatment that is available in rodent systems, for which
some of the answers to these questions are known.®
Although these specific research questions about adaptive
immunity can be posed for ACPA-positive rheumatoid
arthritis, other causes must be considered for
ACPA-negative disease (table 2, figure 4).

Joint inflammation

The causal factors described above emphasise differences
between two major subsets of rheumatoid arthritis and
suggest a role for adaptive immunity in the initiation of
at least ACPA-positive disease. However, findings of
direct studies of inflammation in the joints have, for a
long time, shown how a series of inflammatory cascades
are active, in many cases probably triggered by adaptive
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immunity. Current data also indicate that similar
inflammatory mechanisms could be at work, both in
patients who are positive or negative for rheumatoid
factor or ACPA, as common final pathways of joint

More cardiovascular
complications
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alleles, PTPN22
- Smoking
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> Higher all-case
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Higher Time
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Figure 4: Differences in risk factors, immune events, and disease course between two major subsets of
rheumatoid arthritis

Despite a similar clinical phenotype at presentation, the two disease subsets (ACPA-positive and ACPA-negative)
are associated with different genetic and environmental risk factors and are likely to have partly different
molecular pathogenesis.
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inflammation. Eventually, such inflammatory activity
could be transformed into a destructive behaviour by
actions that include the innate system and, in particular,
imbalances in regulation of cytokines and other
inflammatory mediators.*® From these studies on
cytokine networks, a crucial role of tumour necrosis
factor (INF) in joint inflammation was originally
postulated.® Similar data suggested important roles also
for interleukin 6 in rheumatoid arthritis pathogenesis®
and, in some cases, interleukin 1. Work done on
arthritic joints has furthermore shown the presence of
activated T lymphocytes*” and B cells® in most inflamed
synovia, indicating that targeting of these cells might
directly affect the local inflammatory process. Destructive
behaviour has also been proved dependent on
involvement of RANKL (receptor activator of NFkB
ligand) in osteoclast activation and subsequent bone
destruction.””

Figure 5 presents a schematic description of our
current understanding of inflammation in joints during
rheumatoid arthritis. Synovial inflammation is charac-
terised by the presence of many different interacting
immune cells. Antigen-presenting cells communicate
with T cells through the T-cell receptor (TCR)-MHC
interaction, and T-cell activation happens only in the

presence of co-stimulatory signals mediated via the
CD28-B7 receptor family (CD80/86). B cells can function
both as antigen-presenting cells and as antibody-
producing cells, which deliver antibodies entailed in
immune complex formation. Macrophages activated by
signals from T cells and by immune complexes produce
many proinflammatory cytokines, such as TNF,
interleukin 1, and interleukin 6, which can increase
expression of cell-adhesion molecules and cytokine
production. Dependent on the cytokine environment,
activated T cells show distinct phenotypes, such as
T-helper 17 (Th17) cells, which are dependent on
interleukin-6 stimulation and produce interleukin 17.
This molecule enhances cytokine release, production of
cartilage-destructive enzymes, and expression of bone
destruction-related molecules, such as RANKL.#¢

Outcomes

Fatigue—defined as low energy and constant tiredness—
was some years ago assumed to be part of a so-called
rheumatoid arthritis personality. We now know that
fatigue is a physiological state caused by direct action of
proinflammatory cytokines—in particular interleukins 6
and 1—on cytokine receptors on brain endothelial cells,
which in turn use prostaglandin signalling pathways to
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Figure 5: Immunological pathways in the arthritic joint
Upper part shows joint inflammation, and lower part joint destruction.
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affect central parts of the brain.” Fatigue is, thus, a state
that can and should be measured as part of a patient’s
outcome, and a positive effect on fatigue is one of the
earliest and most prominent benefits of modern cytokine
antagonists.”

Destruction of bone and cartilage—manifesting as
erosions and joint-space narrowing, respectively, on
radiographs—are major effects of rheumatoid arthritis,
and joint destruction sometimes happens very early in
the disease course.” The mechanisms behind destruction
of bone and cartilage are quite different, although both
are at least partly dependent on inflammation.””
Proinflammatory cytokines, such as TNF, interleukin 1,
and interleukin 17, act synergistically to release matrix
metalloproteinases (MMPs) from cells such as fibroblasts
and macrophages. At least 19 human MMPs are known,
of which MMP1 and MMP3 possibly play an important
part in rheumatoid arthritis, being able to degrade all
important structural proteins in the extracellular matrix
of cartilage (figure 5).

Rheumatoid arthritis causes local erosions and juxta-
articular and general osteopenia of bone. Development
of erosions is dependent on at least three different
mechanisms. First, osteoclasts are activated from
macrophage-like precursors after stimulation by RANKL.
Second, activated T cells act directly on osteoclasts. Third,
fibroblast-like synoviocytes are active in pannus tissue.”
Treatment strategies that target destruction can be
directed against all these pathways and could be most
efficient when all three are targeted. Bisphosphonates
can counteract osteopenia and erosions in rheumatoid
arthritis.”

TNF, interleukin 1, and probably interleukin 6, can
drive RANKL expression and its release from fibroblasts,
T cells, and osteoblasts (figure 5). Both cell surface-bound
and soluble RANKL activate RANK on the surface of
osteoclast precursors (resulting from either myeloid
precursors or macrophages). This process is counteracted
by osteoprotegerin, a soluble protein of the TNF-receptor
superfamily that functions as a decoy receptor for
RANKIL, being able to inhibit production of osteoclasts.
Balance between RANKL and osteoprotegerin expression
results in normal bone metabolism, with good
equilibrium between bone production and destruction.
Imbalance of the system, with relative predominance of
RANKL (either by deficient osteoprotegerin expression
or by increased RANKL expression) results in activation
of osteoclasts with subsequent bone destruction.”

Cartilage destruction, and its attendant joint-space
narrowing, is dependent mostly on the effects of
proteolytic enzymes, the production of which can also be
triggered by major proinflammatory cytokines (figure 5).”
The clinical effect of separation of the two pathways,
cartilage versus bone destruction, has been shown in a
phase II trial of a RANKL inhibitor, which was effective at
preventing erosions but not inflammation or joint-space
narrowing.®
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Excess mortality associated with rheumatoid arthritis is
largely attributable to cardiovascular disease,* particularly
ischaemic heart disease.® Also, patients with rheumatoid
arthritis have more silent unrecognised heart attacks and
sudden cardiac deaths than do people without rheumatoid
arthritis.”® Data from observational cohort and case-
control studies suggest that heightened cardiac risk is
not related mainly to traditional atherosclerosis risk
factors or corticosteroid treatment, but inflammation
associated with rheumatoid arthritis per se is likely to be
of primary importance.** Augmented inflammation in
patients with disease positive for rheumatoid factor or
ACPA, and with extra-articular manifestations, can
indicate an especially high risk for cardiovascular events,
in particular ischaemic heart disease.®**

Although not a frequent outcome of rheumatoid arthritis,
increased lymphoma risk has long been associated with
the disease. Researchers have clarified that raised
lymphoma risk is mainly associated with long-term disease
activity rather than immunosuppressive treatments used
to treat rheumatoid arthritis.” This recognition was
important not only to guide risk management and
treatment of rheumatoid arthritis but also because it brings
recognition to the fact that longstanding, polyclonal B-cell
stimulation might lead to lymphomas. As in the case of
cardiovascular disease, we do not know enough about
which groups of patients with rheumatoid arthritis (eg,
ACPA-positive) are at greatest risk for lymphoma, but this
research area is of considerable importance since B-cell-
directed strategies now exist that are effective against both
rheumatoid arthritis and lymphomas.*

Disease progression and treatment
A major key to advances in both assessment and best use
of disease-modifying anti-rheumatic drugs (DMARDs)
has been development of valid and responsive methods
that measure disease activity, functional status, and joint
damage. Effects of treatment on disease activity can be
measured either as relative improvement or in terms of
the absolute value of disease activity that is reached. ACR
response criteria® measure relative changes, whereas the
disease activity score (DAS) is a compound index that
provides an absolute value of disease activity. EULAR
response criteria® combine the two principles in defining
what is good, moderate, or no response to treatment.
Lately, achievement of a disease-free state, called
remission, has become an achievable goal for many
patients, something that calls for feasible and accurate
remission criteria for use in clinical trials and in clinical
practice. So far, however, no such universally accepted
remission criteria have been defined, meaning that
several different provisional criteria are in use. One of
these is DAS28 remission, which is generally used for its
feasibility but has the limitations that inflammation can
still exist in joints not included in the 28 that are counted
and that subclinical inflammation might still be able to
cause joint damage.
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Figure 6: Modes of action of targeted treatments that can be used in rheumatoid arthritis
Upper part shows drug actions on joint inflammation and lower part, joint destruction.

Functional status is most traditionally measured with
the health assessment questionnaire (HAQ) for arthritis,”
whereby an index between 1 and 3 indicates both disease
activity (a reversible component) and accrued damage.
With growing ambitions for early and active treatment
and achievement of a disease-free state, measurements of
absolute disease activity become as important as the more
traditional relative scores in assessment of treatment
effects. The shift in thinking is well illustrated by the
statement “It's good to feel better but it’s better to feel
good”.”

With respect to assessment of treatment effects on joint
destruction, traditional plain radiographs complemented
by quantitative measurement of destruction are still the
gold standard.” A major issue is, however, that up to 70%
of patients who present with early inflammatory arthritis
have typical radiographic results at the initial visit,
whereas ultrasonography and MRI can detect erosions in
much higher numbers and up to 2 years earlier than with
plain radiographs.”*® Thus, we need to define new
generally accepted and feasible standards for early signs
of joint destruction.

Treatment strategies
Strategies for treatment of rheumatoid arthritis have
changed greatly over the past decade. Three ideas have

driven the alteration. First, early and consistent reduction
of inflammation is key—ie, if no inflammation, there is
little joint damage. Second, specific molecular
mechanisms implicated in pathogenesis of the disorder
should be targeted. Third, rheumatoid arthritis is a
diverse and dynamic disease, for which different
treatments work for individual patients and at various
timepoints. The strategy of early dynamic and tightly
controlled treatment could have contributed as much as
targeted approaches have to the much improved health
and function that we have witnessed in patients.
Findings of several studies during the past decade have
provided definite proof that early and aggressive
treatment with conventional DMARDs, such as
methotrexate,  sulfasalazine,  hydroxychloroquine,
leflunomide, and glucocorticoids, can be highly beneficial
for control of inflammatory activity and development of
erosions in many patients.”” Typical of different
protocols for monotherapies or combination regimens is
the importance of good surveillance and rapid adjustment
to achieve tight disease control. Findings of one study
also indicated the potential value of starting treatment
for unspecified arthritis even before formal rheumatoid
arthritis criteria were met." Here, methotrexate delayed
onset of ACR-defined disease in an ACPA-positive group
of patients with unspecific arthritis, whereas no such
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effects were seen in a parallel ACPA-negative group.
These data show not only how the effectiveness of one
drug (here, methotrexate) can be different in ACPA-
positive and ACPA-negative arthritis but also how very
early treatment, even in patients not fulfilling ACR
criteria for rheumatoid arthritis, can be beneficial if used
selectively.

Development of strategies that target specific molecules
and pathways in the pathogenesis of rheumatoid arthritis
is an important step forward. Targeted treatments have
changed the face of the disease, the fate of patients, and
the practice and science of rheumatology. The basis for
this progress is enhanced understanding of pathogenic
pathways. Notably, most treatments that have so far
reached clinical practice target the innate part of the
immune response, whereas drugs targeting the adaptive
immune response and early processes in pathology have
only recently been introduced in the clinic. We are only at
the beginning of a process whereby new knowledge
about the division of rheumatoid arthritis into subsets
and the specificity of immune reactions could have
therapeutic results. Figure 6 shows the modes of action
of some currently used targeted treatments.

The first breakthrough in development of treatments
that target distinct parts of the innate immune system
was made from findings of basic studies of cloning and
biological characterisation of TNF and from research into
cytokine biology in arthritic joints.”™ The key clinical
contribution came when scientists at the Kennedy
Institute in London defined an important role for TNF in
rheumatoid arthritis with a small clinical study of TNF
blockade in patients with this disease,”™ and confirmed
their finding with randomised clinical trials. >
TNF-blocking agents currently approved for clinical use
are infliximab (chimeric anti-TNF), etanercept (soluble
TNF receptor), and adalimumab (humanised anti-TNF);
these drugs act by partly neutralising circulating and
synovial TNF.

From subsequent studies done over several years, we
now know that TNF blockade, undertaken by several
different monoclonal antibodies or receptor constructs,
is most effective when combined with methotrexate,™”
and this strategy not only reduces inflammation but also
almost completely eradicates joint destruction, even in
the presence of residual inflammatory activity.*** The
complementarity of methotrexate and TNF antagonism
might reside in the specific effects of methotrexate; this
drug acts by inhibition of adenosine metabolism"" and
T-cell activation," and by affecting folate synthesis," and
it might also contribute to a reduction of the immune
response to actual TNF-blocking drugs or to a change in
their pharmacodynamics.™

The success of TNF blockade rapidly led to development
and testing of a series of biological drugs targeting several
different molecules in inflammatory pathways. First was
anakinra, arecombinant version of the human interleukin
1-receptor antagonist that competitively inhibits binding
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of interleukin 1 to its receptor. This agent had some effect
on erosions in patients with rheumatoid arthritis™ but
was never close to the effectiveness of TNF blockade in
clinical practice.” Tocilizumab is a monoclonal antibody
directed against the interleukin 6-receptor.™ This drug is
now approved for clinical use in Japan but not yet in
other parts of the world. It seems to be efficient at
reducing both inflammation and erosions.”™ In recent
years, agents that specifically target T and B lymphocytes
have been widely approved.™"" Abatacept is a
recombinant fusion protein consisting of the extracellular
domain of CTLA4 and a fragment of the Fc portion of
IgG that inhibits co-stimulatory signals essential for T-
cell activation; rituximab is a monoclonal antibody that
binds to CD20 on the surface of pre-B and mature B cells
and depletes these cells from circulation. A series of
additional compounds with other targets are in advanced
stages of trials or approval.

So far, treatment results with DMARDs and biological
agents have shown variable responses in individual
patients with rheumatoid arthritis. Biological explanations
for these variations are not yet known, but tentative
answers have been offered: large variability in cytokine
expression has been noted between patients,”™ and
findings of preliminary studies have suggested that
people with high expression of TNF in their joints could
be most responsive to TNF blockade™ and individuals
with high amounts of ACPA or rheumatoid factor and
many synovial B cells might be more responsive than
others to B cell-directed treatments."

A major challenge now is to implement these growing
therapeutic options for rheumatoid arthritis in clinical
practice, with the ideas of early, tight, and targeted

Early active treatment with DMARDs and
biological agents

Immune response develops

Pathological inflammatory response

_— 0
Secondary prevention
Stop smoking

>

Complications
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Figure 7: Schematic outline of strategies for prevention and treatment of rheumatoid arthritis and its

comorbidities
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Figure 8: Treatment algorithm for one patient with rheumatoid arthritis
The patient in this example has severe fatigue, 15 tender and swollen joints, an erythrocyte sedimentation rate of
55 mm/h, a C-reactive protein amount of 4-2 mg/L, a concentration of haemoglobin of 110 g/L, a DAS28 response

of 5-6, and an HAQ score of 2.
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treatment (figure7). At present, the most well documented
and widely used pharmacological strategy is to begin
treatment of early arthritis with methotrexate,” and in
some cases low-dose steroids;” if tolerated,
complementary drugs can be added if treatment goals
are not met within 2-3 months (figure 8). Addition of
TNEF-blocking agents is highly efficient at reducing
disease activity and at stopping joint progression in
patients with an insufficient response to initial treatment
with non-biological drugs.”” For those who do not meet
treatment goals on their first round of TNF blockade,
options are to change from that strategy to either
abatacept (CTLA4Ig) or rituximab (anti-CD20). Findings
of observational studies indicate that switching to another
TNF-blocking agent can also be effective.”

This entire therapeutic approach is currently challenged
by data that suggest patients should begin with the most
effective treatment available, which can then be
downgraded gradually depending on results. This
approach has been proposed after early reports of high
initial doses of glucocorticoids™ and combination of
DMARDs* and from findings showing that initial
treatment with TNF blockade and methotrexate enabled
later tapering of TNF blockade in individuals who had
reached a disease-free state.”

To ascertain which strategy is best suited for different
patients in various phases of disease, the clinical

community needs to engage in continuous practice-
based studies. Establishment of structured surveillance
systems (sometimes called registries) will enable such
research, and use of registries can help with comparisons
of effectiveness, safety, and cost. Importantly, such
registries might also be able to show whether subsets of
patients could benefit from certain drugs that might not
be regarded as cost efficient in an unselected population,'”
and they could provide a new basis for health-economic
assessments, as indicated by a decline in need for total
hip replacements for rheumatoid arthritis from 1992 to
2006 in the Swedish Hip Arthroplasty Registry.

Rising use of drugs that greatly affect different parts of
the immune system has driven development of strategies
to monitor adverse events. Registry-based studies are
increasingly being used to identify effects of long-term
treatment and rare adverse events.” By combining
analyses from controlled trials and registers, researchers
have shown that TNF-blocking agents increase risk for
specific infections,” in particular tuberculosis.” These
infection-related side-effects have, so far, been handled
reasonably well, provided that treating doctors are aware
of the risks and screening and treatment are instituted
for tuberculosis. Cancers, and in particular lymphomas,
are another concern; data obtained up to now indicate
that most of the raised risk for lymphoma in patients
with rheumatoid arthritis who are treated by TNF
blockade is attributable to disease activity rather than the
drugs used.”™ For solid cancers, findings of randomised
controlled trials and registry-based studies are somewhat
contradictory: no indications of high cancer risk from
TNF blockade have been obtained from registry-based
studies, but an increased short-term risk has been noted
in meta-analyses of randomised trials."*"! Other recently
introduced biological agents are subject to longitudinal
assessments, so far without major safety concerns.” "
Continued surveillance is needed before definite
conclusions about long-term effects can be made.

Longitudinal ~ structured surveillance, therefore,
provides a way to assess the therapeutic success of drugs
that are too expensive or too risky to be used in all patients
who might benefit. Several guidelines for available
treatment options are currently in use, produced by both
professional organisations' and national authorities.
Figure 8 provides an example of how such guidelines
could be implemented in an individual patient.

The algorithm shown in figure 8 is based on the
following treatment strategy. (1) Early intervention
assures the best outcomes: administer DMARDs in the
earliest possible phase of the disease to intervene within
the window of opportunity. (2) Treat to target: whether
the doctor uses DAS28, HAQ, or another disease activity
or functional score, the target—at every clinical
assessment point along the way—is remission, no
evidence of disease, or normal functional status.
(3) Define the extent of joint damage: plain hand
radiographs are taken at baseline and every year to
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identify presence of new erosions, joint-space narrowing,
or both. Ultrasound or MRI can be used at therapeutic
branch points when clinical status is worsening and plain
radiographs are normal or unchanged. The finding of
interval damage is, along with clinical variables, a clear
sign of poor disease control. (4) Optimise the treatment
regimen: changes in treatment—ie, addition of or switch
to a new DMARD regimen—should accompany recorded
continued disease activity and progressive damage.

Concluding remarks

Despite making major progress in rheumatoid arthritis
research, important work still lies ahead of us. Already,
new insights into the various molecular pathways have
been used to develop new and very efficient treatment
approaches for patients. However, we still need to find out
how to best target these drugs to the right individuals at
the right time. Some environmental risk factors for
rheumatoid arthritis have been identified—mainly
smoking—but we have not used this knowledge enough
in clinical practice. Moreover, we have not worked
sufficiently to identify and modify additional environ-
mental and lifestyle factors that could affect onset and
progression of the disease. Furthermore, we have not
been able to change permanently the destructive
behaviour of the immune system, despite the fact that
this system can be regulated and disease cured, as seen
by experimental animal models of arthritis. We, thus,
have every reason to believe that we are only at the
beginning of a process whereby the disorder we call
rheumatoid arthritis will be subject to further change,
treatment, cure, and prevention.

Contributors
All authors contributed ideas to and wrote the Seminar.

Conflict of interest statement

LK has no shares or board memberships in any relevant companies.
During the past 5 years, he has received research funding, honoraria, or
speakers’ fees from: Wyeth, Schering-Plough, Abbott, Roche, Bristol
Mayer Squibb, AstraZeneca, Amgen, Centocor, and BioCon. AIC has no
shares or board memberships in any relevant companies. During the
past 5 years, she has received research funding, honoraria, or speakers’
fees from: Centocor, Abbott, and Roche. SP has no shares or board
memberships in any relevant companies. During the past 5 years, he has
received research funding, honoraria, or speakers’ fees from: Pfizer,
Abbott, Amgen, Genentech, Centocor, Medarex, and Rigen.

Acknowledgments

For work that led to this Seminar, we acknowledge funding from the
EU FP6 programme Autocure (to LK) and from Rheuminations and the
James and Linda Gosden Robinson Foundation (to SP). We thank our
colleagues for discussions and advice that led to the ideas described in
this Seminar.

References

1 Arnett FC, Edworthy SM, Bloch DA, et al. The American
Rheumatism Association 1987 revised criteria for the classification
of rheumatoid arthritis. Arthritis Rheum 1988; 31: 315-24.

2 Michaud K, Wolfe F. Comorbidities in theumatoid arthritis.
Best Pract Res Clin Rheumatol 2007; 21: 885-906.

3 Watts RA, Mooney J, Lane SE, Scott DG. Rheumatoid vasculitis:
becoming extinct? Rheumatology (Oxford) 2004; 43: 920-23.

4 Laiho K, Tiitinen S, Kaarela K, Helin H, Isomaki H. Secondary
amyloidosis has decreased in patients with inflammatory joint
disease in Finland. Clin Rheumatol 1999; 18: 122-23.

www.thelancet.com Vol 373 February 21, 2009

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Bukhari M, Lunt M, Harrison BJ, Scott DG, Symmons DP,

Silman AJ. Rheumatoid factor is the major predictor of increasing
severity of radiographic erosions in rheumatoid arthritis: results
from the Norfolk Arthritis Register Study, a large inception cohort.
Arthritis Rheum 2002; 46: 906-12.

De Rycke L, Peene I, Hoffman IE, et al. Rheumatoid factor and
anticitrullinated protein antibodies in rheumatoid arthritis:
diagnostic value, associations with radiological progression rate,
and extra-articular manifestations. Ann Rheum Dis 2004;

63: 1587-93.

Zendman AJ, van Venrooij W], Pruijn GJ. Use and significance of
anti-CCP autoantibodies in rheumatoid arthritis. Rheumatology
(Oxford) 2006; 45: 20-25.

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: 273-81.

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

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: 732-35.
Jacobsson LT, Jacobsson ME, Askling ], Knowler WC. Perinatal
characteristics and risk of rheumatoid arthritis. BMJ 2003;

326: 1068-69.

Karlson EW, Mandl LA, Hankinson SE, Grodstein F. Do breast-
feeding and other reproductive factors influence future risk of
rheumatoid arthritis? Results from the Nurses’ Health Study.
Arthritis Rheum 2004; 50: 3458-67.

Feitsma AL, Worthington J, van der Helm-van Mil AH, et al.
Protective effect of noninherited maternal HLA-DR antigens on
rheumatoid arthritis development. Proc Natl Acad Sci USA 2007;
104: 19966-70.

Stastny P. Mixed lymphocyte cultures in rheumatoid arthritis.

J Clin Invest 1976; 57: 1148-57.

Genome-wide association study of 14,000 cases of seven common
diseases and 3,000 shared controls. Nature 2007; 447: 661-78.
Plenge RM, Seielstad M, Padyukov L, et al. TRAF1-C5 as a risk locus
for rheumatoid arthritis: a genomewide study. N Engl ] Med 2007;
357:1199-209.

Lee AT, Li W, Liew A, et al. The PTPN22 R620W polymorphism
associates with RF positive rheumatoid arthritis in a dose-
dependent manner but not with HLA-SE status. Genes Immun 2005;
6:129-33.

Kurreeman FA, Padyukov L, Marques RB, et al. A candidate gene
approach identifies the TRAF1/C5 region as a risk factor for
rheumatoid arthritis. PLoS Med 2007; 4: e278.

Plenge RM, Cotsapas C, Davies L, et al. Two independent alleles at
6q23 associated with risk of rheumatoid arthritis. Nat Genet 2007;
39: 1477-82.

Remmers EF, Plenge RM, Lee AT, et al. STAT4 and the risk of
rheumatoid arthritis and systemic lupus erythematosus.

N Engl ] Med 2007; 357: 977-86.

Lee HS, Lee AT, Criswell LA, et al. Several regions in the major
histocompatibility complex confer risk for anti-CCP-antibody
positive rheumatoid arthritis, independent of the DRB1 locus.

Mol Med 2008; 14: 293-300.

Ding B, Padyukov L, Lundstrém E, et al. Different patterns of
associations with ACPA-positive and ACPA-negative rheumatoid
arthritis in the extended MHC region. Arthritis Rheum (in press).
Sigurdsson S, Padyukov L, Kurreeman FA, et al. Association of a
haplotype in the promoter region of the interferon regulatory factor 5
gene with rheumatoid arthritis. Arthritis Rheum 2007; 56: 2202-10.
Lorentzen JC, Flornes L, Eklow C, et al. Association of arthritis
with a gene complex encoding C-type lectin-like receptors.
Arthritis Rheum 2007; 56: 2620-32.

Verpoort KN, van Gaalen FA, van der Helm-van Mil AH, et al.
Association of HLA-DR3 with anti-cyclic citrullinated peptide
antibody-negative rheumatoid arthritis. Arthritis Rheum 2005;

52: 3058-62.

Suzuki A, Yamada R, Chang X, et al. Functional haplotypes of PADI4,
encoding citrullinating enzyme peptidylarginine deiminase 4, are
associated with rheumatoid arthritis. Nat Genet 2003; 34: 395-402.

669



Seminar

670

27

28

29

30

31

32

33

34

35

36

37

38

39

41

42

43

45

Plenge RM, Padyukov L, Remmers EF, 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 | Hum Genet
2005; 77: 1044-60.

van der Helm-van Mil AH, Huizinga TW, Schreuder GM,
Breedveld FC, de Vries RR, Toes RE. An independent role of
protective HLA class II alleles in rheumatoid arthritis severity and
susceptibility. Arthritis Rheum 2005; 52: 2637-44.

Symmons DP, Bankhead CR, Harrison BJ, 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: 1955-61.

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: 3085-92.

Klareskog L, Stolt P, Lundberg K, 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.

Linn-Rasker SP, van der Helm-van Mil AH, van Gaalen FA, et al.
Smoking is a risk factor for anti-CCP antibodies only in theumatoid
arthritis patients who carry HLA-DRB1 shared epitope alleles.

Ann Rheum Dis 2006; 65: 366-71.

Pedersen M, Jacobsen S, Garred P, et al. Strong combined
gene-environment effects in anti-cyclic citrullinated peptide-positive
rheumatoid arthritis: a nationwide case-control study in Denmark.
Arthritis Rheum 2007; 56: 1446-53.

Sverdrup B, Kallberg H, Bengtsson C, et al. Association between
occupational exposure to mineral oil and rheumatoid arthritis:
results from the Swedish EIRA case-control study. Arthritis Res Ther
2005; 7: R1296-303.

Aho K, Heliovaara M. Alcohol, androgens and arthritis.

Ann Rheum Dis 1993; 52: 897,

Jonsson IM, Verdrengh M, Brisslert M, et al. Ethanol prevents
development of destructive arthritis. Proc Natl Acad Sci USA 2007;
104: 258-63.

Pedersen M, Jacobsen S, Klarlund M, et al. Environmental risk
factors differ between rheumatoid arthritis with and without auto-
antibodies against cyclic citrullinated peptides. Arthritis Res Ther
2006; 8: R133.

Kallberg H, Jacobsen S, Bengtsson C, et al. Alcohol

consumption is associated with decreased risk of theumatoid
arthritis: results from two Scandinavian case-control studies.
Ann Rheum Dis 2008; published online June 5. DOI:10.1136/
ard.2007.086314.

Gregersen PK, Silver ], Winchester RJ. The shared epitope
hypothesis: an approach to understanding the molecular genetics of
susceptibility to rheumatoid arthritis. Arthritis Rheum 1987,

30: 1205-13.

Klareskog L, Forsum U, Scheynius A, Kabelitz D, Wigzell H.
Evidence in support of a self-perpetuating HLA-DR-dependent
delayed-type cell reaction in rheumatoid arthritis.

Proc Natl Acad Sci USA 1982; 79: 3632-36.

Van Boxel JA, Paget SA. Predominantly T-cell infiltrate in
rheumatoid synovial membranes. N Engl ] Med 1975; 293: 517-20.
Begovich AB, Carlton VE, Honigberg LA, et al. A missense single-
nucleotide polymorphism in a gene encoding a protein tyrosine
phosphatase (PTPN22) is associated with rheumatoid arthritis.
Am ] Hum Genet 2004; 75: 330-37.

Rieck M, Arechiga A, Onengut-Gumuscu S, Greenbaum C,
Concannon P, Buckner JH. Genetic variation in PTPN22
corresponds to altered function of T and B lymphocytes. J Immunol
2007; 179: 4704-10.

Huizinga TW, Amos CI, van der Helm-van Mil AH, et al. Refining
the complex rheumatoid arthritis phenotype based on specificity of
the HLA-DRBI1 shared epitope for antibodies to citrullinated
proteins. Arthritis Rheum 2005; 52: 3433-38.

Kallberg H, Padyukov L, Plenge RM, et al. Gene-gene and gene-
environment interactions involving HLA-DRB1, PTPN22, and
smoking in two subsets of rheumatoid arthritis. Am J] Hum Genet
2007; 80: 867-75.

47

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

van der Helm-van Mil AH, Huizinga TW. Advances in the genetics
of rheumatoid arthritis point to subclassification into distinct
disease subsets. Arthritis Res Ther 2008; 10: 205.

Vessey MP, Villard-Mackintosh L, Yeates D. Oral contraceptives,
cigarette smoking and other factors in relation to arthritis.
Contraception 1987; 35: 457-64.

Karlson EW, Lee IM, Cook NR, Manson JE, Buring JE,
Hennekens CH. A retrospective cohort study of cigarette smoking
and risk of rheumatoid arthritis in female health professionals.
Arthritis Rheum 1999; 42: 910-17.

Klockars M, Koskela RS, Jarvinen E, Kolari PJ, Rossi A. Silica
exposure and rheumatoid arthritis: a follow up study of granite
workers 1940-81. BM] 1987; 294: 997-1000.

Olsson AR, Skogh T, Axelson O, Wingren G. Occupations and
exposures in the work environment as determinants for rheumatoid
arthritis. Occup Environ Med 2004; 61: 233-38.

Caplan A. Rheumatoid disease and pneumoconiosis (Caplan’s
syndrome). Proc R Soc Med 1959; 52: 1111-13.

Oliver JE, Silman AJ. Risk factors for the development of
rheumatoid arthritis. Scand | Rheumatol 2006; 35: 169-74.

Lee HS, Irigoyen P, Kern M, et al. Interaction between smoking,
the shared epitope, and anti-cyclic citrullinated peptide: a mixed
picture in three large North American rheumatoid arthritis cohorts.
Arthritis Rheum 2007; 56: 1745-53.

Lofdahl JM, Wahlstrom ], Skold CM. Different inflammatory cell
pattern and macrophage phenotype in chronic obstructive
pulmonary disease patients, smokers and non-smokers.

Clin Exp Immunol 2006; 145: 428-37.

Bongartz T, Cantaert T, Atkins SR, et al. Citrullination in
extra-articular manifestations of rheumatoid arthritis.
Rheumatology (Oxford) 2007; 46: 70-75.

Makrygiannakis D, Hermansson M, Ulfgren AK, et al. Smoking
increases peptidylarginine deiminase 2 enzyme expression in
human lungs and increases citrullination in BAL cells.

Ann Rheum Dis 2008; published online April 15. DOI:10.1136/
ard.2007.075192.

Hill JA, Southwood S, Sette A, Jevnikar AM, Bell DA, Cairns E.
Cutting edge: the conversion of arginine to citrulline allows for

a high-affinity peptide interaction with the rheumatoid
arthritis-associated HLA-DRB1*0401 MHC class II molecule.

J Immunol 2003; 171: 538—41.

Hill JA, Bell DA, Brintnell W, et al. Arthritis induced by
posttranslationally modified (citrullinated) fibrinogen in DR4-IE
transgenic mice. | Exp Med 2008; 205: 967-79.
Rantapaa-Dahlqvist S, de Jong BA, Berglin E, et al. Antibodies
against cyclic citrullinated peptide and IgA rheumatoid factor
predict the development of theumatoid arthritis. Arthritis Rheum
2003; 48: 2741-9.

Vossenaar ER, Smeets T], Kraan MC, Raats JM, van Venrooij W],
Tak PP. The presence of citrullinated proteins is not specific for
rheumatoid synovial tissue. Arthritis Rheum 2004; 50: 3485-94.
Makrygiannakis D, af Klint E, Lundberg IE, et al. Citrullination
is an inflammation-dependent process. Ann Rheum Dis 2006;

65: 1219-22.

Kuhn KA, Kulik L, Tomooka B, et al. Antibodies against
citrullinated proteins enhance tissue injury in experimental
autoimmune arthritis. J Clin Invest 2006; 116: 961-73.

Zhang HG, Yang P, Xie J, et al. Depletion of collagen II-reactive
T cells and blocking of B cell activation prevents

collagen II-induced arthritis in DBA/1j mice. ] Immunol 2002;
168: 4164-72.

MclInnes IB, Schett G. Cytokines in the pathogenesis of rheumatoid
arthritis. Nat Rev Immunol 2007; 7: 429-42.

Choy EH, Panayi GS. Cytokine pathways and joint inflammation
in theumatoid arthritis. N Engl ] Med 2001; 344: 907-16.

Brennan FM, Chantry D, Jackson A, Maini R, Feldmann M.
Inhibitory effect of TNF alpha antibodies on synovial cell interleukin-
1 production in rheumatoid arthritis. Lancet 1989; 2: 24447,
Nishimoto N, Kishimoto T. Interleukin 6: from bench to bedside.
Nat Clin Pract Rheumatol 2006; 2: 619-26.

Burger D, Dayer JM, Palmer G, Gabay C. Is IL-1 a good therapeutic
target in the treatment of arthritis? Best Pract Res Clin Rheumatol
2006; 20: 879-96.

www.thelancet.com Vol 373 February 21,2009



Seminar

69 Edwards JC, Cambridge G, Abrahams VM. Do self-perpetuating B
lymphocytes drive human autoimmune disease? Immunology 1999;
97: 188-96.

70 Horwood NJ, Kartsogiannis V, Quinn JM, Romas E, Martin TJ,
Gillespie MT. Activated T lymphocytes support osteoclast formation
in vitro. Biochem Biophys Res Commun 1999; 265: 144-50.

71  Gravallese EM, Manning C, Tsay A, et al. Synovial tissue in
rheumatoid arthritis is a source of osteoclast differentiation factor.
Arthritis Rheum 2000; 43: 250-58.

72 Ek M, Engblom D, Saha S, Blomgvist A, Jakobsson PJ,
Ericsson-Dahlstrand A. Inflammatory response: pathway across
the blood-brain barrier. Nature 2001; 410: 430-31.

73 Moreland LW, Genovese MC, Sato R, Singh A. Effect of etanercept
on fatigue in patients with recent or established rheumatoid
arthritis. Arthritis Rheum 2006; 55: 287-93.

74 Plant MJ, Jones PW, Saklatvala J, Ollier WE, Dawes PT. Patterns of
radiological progression in early rheumatoid arthritis: results of an
8 year prospective study. ] Rheumatol 1998; 25: 417-26.

75 Pettit AR, Ji H, von Stechow D, et al. TRANCE/RANKL knockout
mice are protected from bone erosion in a serum transfer model of
arthritis. Am J Pathol 2001; 159: 1689-99.

76  Redlich K, Hayer S, Ricci R, et al. Osteoclasts are essential for
TNF-alpha-mediated joint destruction. J Clin Invest 2002;

110: 1419-27.

77 Schett G. Erosive arthritis. Arthritis Res Ther 2007; 9 (suppl 1): S2.

78 Jarrett SJ, Conaghan PG, Sloan VS, et al. Preliminary evidence for
a structural benefit of the new bisphosphonate zoledronic acid in
early rheumatoid arthritis. Arthritis Rheum 2006; 54: 1410-14.

79 Rengel Y, Ospelt C, Gay S. Proteinases in the joint: clinical
relevance of proteinases in joint destruction. Arthritis Res Ther 2007;
9: 221.

80 Cohen SB, Dore RK, Lane NE, et al. Denosumab treatment effects
on structural damage, bone mineral density, and bone turnover in
rheumatoid arthritis: a twelve-month, multicenter, randomized,
double-blind, placebo-controlled, phase II clinical trial.

Arthritis Rheum 2008; 58: 1299-309.

81 Pincus T, Callahan LF. Taking mortality in theumatoid arthritis
seriously: predictive markers, socioeconomic status and
comorbidity. ] Rheumatol 1986; 13: 841-45.

82 Wallberg-Jonsson S, Johansson H, Ohman ML,
Rantapaa-Dahlqvist S. Extent of inflammation predicts
cardiovascular disease and overall mortality in seropositive
rheumatoid arthritis: a retrospective cohort study from disease
onset. | Rheumatol 1999; 26: 2562-71.

83 Maradit-Kremers H, Crowson CS, Nicola PJ, et al. Increased
unrecognized coronary heart disease and sudden deaths in
rheumatoid arthritis: a population-based cohort study.

Arthritis Rheum 2005; 52: 402-11.

84 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: 2737-45.

85 Roman M], Devereux RB, Schwartz JE, et al. Arterial stiffness in
chronic inflammatory diseases. Hypertension 2005; 46: 194-99.

86 Farragher TM, Goodson NJ, Naseem H, et al. Association of the
HLA-DRBI1 gene with premature death, particularly from
cardiovascular disease, in patients with rheumatoid arthritis and
inflammatory polyarthritis. Arthritis Rheum 2008; 58: 359—69.

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

88 Smolen JS, Keystone EC, Emery P, et al. Consensus statement
on the use of rituximab in patients with rheumatoid arthritis.

Ann Rheum Dis 2007; 66: 143-50.

89 Felson DT, Anderson J], Boers M, et al. American College of
Rheumatology: preliminary definition of improvement in
rheumatoid arthritis. Arthritis Rheum 1995; 38: 727-35.

90 van Gestel AM, Prevoo ML, van'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.

www.thelancet.com Vol 373 February 21, 2009

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

Spitz PW, Fries JF. The present and future of comprehensive
outcome measures for rheumatic diseases. Clin Rheumatol 1987;

6 (suppl 2): 105-11.

Dougados M. It’s good to feel better but it’s better to feel good.

] Rheumatol 2005; 32: 1-2.

Boonen A, van der Heijde D. Conventional x-ray in early arthritis.
Rheum Dis Clin North Am 2005; 31: 681-98.

Freeston JE, Conaghan PG, Dass S, et al. Does extremity-MRI
improve erosion detection in severely damaged joints? A study of
long-standing rheumatoid arthritis using three imaging modalities.
Ann Rheum Dis 2007; 66: 1538—40.

Szkudlarek M, Narvestad E, Klarlund M, Court-Payen M,
Thomsen HS, Ostergaard M. Ultrasonography of the
metatarsophalangeal joints in rheumatoid arthritis: comparison
with magnetic resonance imaging, conventional radiography, and
clinical examination. Arthritis Rheum 2004; 50: 2103-12.

O’Dell JR, Haire CE, Erikson N, et al. Treatment of rheumatoid
arthritis with methotrexate alone, sulfasalazine and
hydroxychloroquine, or a combination of all three medications.

N Engl ] Med 1996; 334: 1287-91.

Boers M, Verhoeven AC, Markusse HM, et al. Randomised
comparison of combined step-down prednisolone, methotrexate
and sulphasalazine with sulphasalazine alone in early rheumatoid
arthritis. Lancet 1997; 350: 309-18.

Méttonen T, Hannonen P, Leirisalo-Repo M, et al. Comparison of
combination therapy with single-drug therapy in early rheumatoid
arthritis: a randomised trial. Lancet 1999; 353: 1568-73.

Svensson B, Boonen A, Albertsson K, van der Heijde D, 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: 3360-70.

van Dongen H, van Aken J, Lard LR, et al. Efficacy of methotrexate
treatment in patients with probable rheumatoid arthritis: a double-
blind, randomized, placebo-controlled trial. Arthritis Rheum 2007;
56: 1424-32.

Brennan FM, Chantry D, Jackson AM, Maini RN, Feldmann M.
Cytokine production in culture by cells isolated from the synovial
membrane. | Autoimmun 1989; 2 (suppl): 177-86.

Elliott MJ, Maini RN, Feldmann M, et al. Treatment of rheumatoid
arthritis with chimeric monoclonal antibodies to tumor necrosis
factor alpha. Arthritis Rheum 1993; 36: 1681-90.

Elliott MJ, Maini RN, Feldmann M, et al. Randomised double-blind
comparison of chimeric monoclonal antibody to tumour necrosis
factor alpha (cA2) versus placebo in rheumatoid arthritis. Lancet
1994; 344: 1105-10.

Maini RN, Breedveld FC, Kalden JR, et al. Therapeutic efficacy of
multiple intravenous infusions of anti-tumor necrosis factor alpha
monoclonal antibody combined with low-dose weekly methotrexate
in rtheumatoid arthritis. Arthritis Rheum 1998; 41: 1552-63.

Lipsky PE, van der Heijde DM, St Clair EW, et al. Infliximab and
methotrexate in the treatment of rheumatoid arthritis. N Engl ] Med
2000; 343: 1594-602.

Weinblatt ME, Keystone EC, Furst DE, 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.

Klareskog L, van der Heijde D, de Jager JP, et al. Therapeutic effect
of the combination of etanercept and methotrexate compared with
each treatment alone in patients with rheumatoid arthritis: double-
blind randomised controlled trial. Lancet 2004; 363: 675-81.
Landewe R, van der Heijde D, Klareskog L, van Vollenhoven R,
Fatenejad S. Disconnect between inflammation and joint destruction
after treatment with etanercept plus methotrexate: results from the
trial of etanercept and methotrexate with radiographic and patient
outcomes. Arthritis Rheum 2006; 54: 3119-25.

Smolen JS, Han C, Bala M, 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: 1020-30.

671



Seminar

672

110

111

112

113

114

115

116

117

118

119

120

121

122

123

Montesinos MC, Takedachi M, Thompson LF, Wilder TF,
Fernandez P, Cronstein BN. The antiinflammatory mechanism of
methotrexate depends on extracellular conversion of adenine
nucleotides to adenosine by ecto-5"-nucleotidase: findings in a study
of ecto-5"-nucleotidase gene-deficient mice. Arthritis Rheum 2007;
56: 1440-5.

Wessels JA, Huizinga TW, Guchelaar HJ. Recent insights in the
pharmacological actions of methotrexate in the treatment of
rheumatoid arthritis. Rheumatology (Oxford) 2008; 47: 249-55.
Lange F, Bajtner E, Rintisch C, Nandakumar KS, Sack U,

Holmdahl R. Methotrexate ameliorates T cell dependent autoimmune
arthritis and encephalomyelitis but not antibody induced or fibroblast
induced arthritis. Ann Rheum Dis 2005; 64: 599-605.

Bresnihan B, Alvaro-Gracia JM, Cobby M, et al. Treatment of
rheumatoid arthritis with recombinant human interleukin-1
receptor antagonist. Arthritis Rheum 1998; 41: 2196-204.

Smolen JS, Aletaha D, Koeller M, Weisman MH, Emery P. New
therapies for treatment of rheumatoid arthritis. Lancet 2007;

370: 1861-74.

Smolen JS, Beaulieu A, Rubbert-Roth A, et al. Effect of interleukin-6
receptor inhibition with tocilizumab in patients with rheumatoid
arthritis (OPTION study): a double-blind, placebo-controlled,
randomised trial. Lancet 2008; 371: 987-97.

Kremer JM, Westhovens R, Leon M, et al. Treatment of rheumatoid
arthritis by selective inhibition of T-cell activation with fusion
protein CTLA4Ig. N Engl | Med 2003; 349: 1907-15.

Edwards JC, Szczepanski L, Szechinski J, et al. Efficacy of B-cell-
targeted therapy with rituximab in patients with rheumatoid
arthritis. N Engl ] Med 2004; 350: 2572-81.

Ulfgren AK, Grondal L, Lindblad S, et al. Interindividual and
intra-articular variation of proinflammatory cytokines in patients
with rheumatoid arthritis: potential implications for treatment.
Ann Rheum Dis 2000; 59: 439—47.

Wijbrandts CA, Dijkgraaf MG, Kraan MC, et al. The clinical
response to infliximab in rheumatoid arthritis is in part dependent
on pre-treatment TNFa expression in the synovium.

Ann Rheum Dis 2008; 67: 113944

Teng YK, Levarht EW, Hashemi M, et al. Immunohistochemical
analysis as a means to predict responsiveness to rituximab
treatment. Arthritis Rheum 2007; 56: 3909-18.

Combe B. Early rheumatoid arthritis: strategies for prevention and
management. Best Pract Res Clin Rheumatol 2007; 21: 27-42.
Erickson AR, Mikuls TR. Switching anti-TNF-alpha agents: what is
the evidence? Curr Rheumatol Rep 2007; 9: 416-20.

Landewe RB, Boers M, Verhoeven AC, et al. COBRA combination
therapy in patients with early rheumatoid arthritis: long-term
structural benefits of a brief intervention. Arthritis Rheum 2002;
46: 347-56.

124

12

“v

126

127

128

129

130

131

132

133

134

135

Goekoop-Ruiterman YP, de Vries-Bouwstra JK, Allaart CF, et al.
Clinical and radiographic outcomes of four different treatment
strategies in patients with early rheumatoid arthritis (the BeSt
study): a randomized, controlled trial. Arthritis Rheum 2008;

58 (2 suppl): S126-35.

National Institute for Health and Clinical Excellence. Abatacept for
the treatment of rheumatoid arthritis: NICE technology appraisal
guidance 141, April 2008. Available at: http://www.nice.org.uk/
nicemedia/pdf/TAl41quickrefguide.pdf (accessed Aug 13, 2008).
Kremer JM, Gibofsky A, Greenberg JD. The role of drug and
disease registries in rheumatic disease epidemiology.

Curr Opin Rheumatol 2008; 20: 123-30.

Listing J, Strangfeld A, Kary S, et al. Infections in patients with
rheumatoid arthritis treated with biologic agents. Arthritis Rheum
2005; 52: 3403-12.

Gomez-Reino JJ, Carmona L, Valverde VR, Mola EM, Montero MD.
Treatment of rheumatoid arthritis with tumor necrosis factor
inhibitors may predispose to significant increase in tuberculosis
risk: a multicenter active-surveillance report. Arthritis Rheum 2003;
48: 2122-27.

Askling J, Bongartz T. Malignancy and biologic therapy in
rheumatoid arthritis. Curr Opin Rheumatol 2008; 20: 334-39.
Askling J, Fored CM, Brandt L, et al. Risks of solid cancers in
patients with rheumatoid arthritis and after treatment with tumour
necrosis factor antagonists. Ann Rheum Dis 2005; 64: 1421-26.
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
trials. JAMA 2006; 295: 2275-85.

Genovese MC, Schiff M, Luggen M, et al. Efficacy and safety of the
selective co-stimulation modulator abatacept following 2 years of
treatment in patients with rheumatoid arthritis and an inadequate
response to anti-tumour necrosis factor therapy. Ann Rheum Dis
2008; 67: 547-54.

Maini RN, Taylor PC, Szechinski J, et al. Double-blind randomized
controlled clinical trial of the interleukin-6 receptor antagonist,
tocilizumab, in European patients with rheumatoid arthritis who
had an incomplete response to methotrexate. Arthritis Rheum 2006;
54: 2817-29.

Keystone E, Fleischmann R, Emery P, et al. Safety and efficacy of
additional courses of rituximab in patients with active rheumatoid
arthritis: an open-label extension analysis. Arthritis Rheum 2007;
56: 3896-908.

Furst DE, Breedveld FC, Kalden JR, et al. Updated consensus
statement on biological agents for the treatment of rheumatic
diseases, 2007. Ann Rheum Dis 2007; 66 (suppl 3): iii2—22.

www.thelancet.com Vol 373 February 21, 2009



	Rheumatoid arthritis
	Introduction
	Clinical expression and sub-classification
	Cause and pathogenesis
	Joint inflammation
	Outcomes
	Disease progression and treatment
	Treatment strategies
	Concluding remarks
	Acknowledgments
	References


