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Foreword

Rheumatoid arthritis is a progressive, systemic, inflam-
matory disorder of unknown etiology that affects

approximately 1% of the adult population worldwide.
Since complete remissions are rare, early control of dis-
ease activity and progression have become the focus of
initial management. Toward that end, disease-modifying
anti-rheumatic drugs (DMARDs) are increasingly being
used early in the treatment of rheumatoid athritis to
potentially reduce or prevent joint damage, and to pre-
serve joint integrity and function. Ultimately, the goal of
all therapy is to maintain the quality of life and preserve
the economic productivity of the patient.

Management Options in the Treatment of Rheumatoid
Arthritis provides the essential information and materi-
als necessary for presenting a comprehensive, educa-
tional lecture on the prevalence, pathophysiology,
diagnosis, and treatment of rheumatoid arthritis. It is
our hope that this information will help educate physi-
cians about the use of traditional DMARDs and offer
compelling evidence for the use of newer options avail-
able for the management of this disease.
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Rheumatoid arthritis affects approximately 1% of the
adult population, and its prevalence is roughly 2.5

times higher in women than in men.1,2 Although gen-
der is considered a useful factor in predicting outcome,
men appear to be at greater risk of developing nodules,
vasculitis, and other extra-articular manifestations than
are women.3

The disease course fluctuates in severity; most
patients present with inflammation and an insidious
onset of symmetric joint swelling between the fourth
and sixth decades. Nevertheless, age is an unreliable
predictor of outcome as many diseases unrelated to RA
can impact overall morbidity, particularly in the elderly.
Early mortality is common, especially among women.
Roughly 40% to 60% of patients with advanced stage
RA (ie, functional class IV) survive 5 years or less follow-
ing diagnosis and die an average of 10 to 15 years earli-
er than expected.2,4
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Epidemiology of Rheumatoid Arthritis

• Approximately 1% of the total adult population is
affected by RA

• 40% to 60% with advanced (functional class IV) RA
will:
– Survive 5 years or less following diagnosis

– Die 10-15 years earlier than expected

1. American College of Rheumatology Ad Hoc Committee on Clinical
Guidelines. Guidelines for the management of rheumatoid arthritis.
Arthritis Rheum. 1996;39:713-722.
2. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation; 1993:86-99.
3. McKenna F. Clinical and laboratory assessment of outcome in rheuma-
toid arthritis. Br J Rheumatol. 1988;27(suppl I):12-20.
4. Grossman JM, Brahn E. Rheumatoid arthritis: current clinical and
research directions. J Women’s Health. 1997;6:627-638.

Rheumatoid arthritis (RA) is a progressive, systemic,
inflammatory disorder of unknown etiology charac-

terized by symmetric synovitis and joint erosions. Extra-
articular manifestations, including pulmonary, ocular,
and vascular changes, may also be seen.1,2 The most
commonly affected areas for synovitis and erosions are
the metacarpophalangeal (MCP) joints, wrists, proximal
interphalangeal (PIP) and metatarsophalangeal (MTP)
joints, knees, ankles, shoulders, and cervical spine.
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Rheumatoid Arthritis: Definition

• Progressive, systemic, inflammatory disorder

• Unknown etiology

• Characterized by
– Symmetric synovitis

– Joint erosions

– Multisystem extra-articular manifestations

1. American College of Rheumatology Ad Hoc Committee on Clinical
Guidelines. Guidelines for the management of rheumatoid arthritis.
Arthritis Rheum. 1996;39:713-722.
2. Grossman JM, Brahn E. Rheumatoid arthritis: current clinical and
research directions. J Women’s Health. 1997;6:627-638.



Although the etiology of RA is unknown, its pursuit
has yielded important information about the role

that genetic, molecular, and cellular factors play in the
inflammatory and joint destruction processes.1

Cell-mediated immunity has been suggested as the
major pathogenic mechanism in RA. T cells play a major
role in the release of various activation mechanisms, eg,
in the stimulation of macrophages and fibroblast-like
synoviocytes to release interleukin-1 (IL-1) and tumor
necrosis factor (TNF), inducing matrix-degrading activi-
ties and leading to joint destruction.2,3

Studies examining various human leukocyte anti-
gens (HLA) show that several of the major histocompati-
bility complex (MHC) class II molecules, specifically
HLA-DR4, are associated with the development of RA.2

In particular, the locus of the HLA-DR allele DRB1
encodes the HLA-DR chain and appears to determine
disease progression and severity.1,2 Two disease-associ-
ated HLA-DRB1*04 alleles have been linked to more
severe articular disease and to extra-articular manifesta-
tions.1 These studies present the strongest evidence 
for T cell involvement, as the only known function of
the HLA molecules is to present antigens to the T cell
receptor of the CD4+ cells as the first step in T cell 
activation.3
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The financial implications of a disease must also be
considered. A national community-based sample

taken in 1994 reported that the total cost of RA in the
US was approximately $8.74 billion annually.1 By con-
trast, based on national survey data, the total direct
medical care costs over one year for US adults with
coronary artery disease (CAD) totaled $16.2 billion.2

Direct costs including physician visits, medications, hos-
pitalizations, and laboratory fees generally comprise the
bulk of the costs, especially in diseases with expensive
treatments such as in CAD. Nevertheless, indirect costs,
ie, lost wages, increased disability, mortality, and quality
of life measures, add significantly to the total costs. On
a per patient basis, the annual total costs of treating an
RA patient is upwards of $6000; the annual cost of
treating a CAD patient is nearly $9000.1,2
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         Costs per patient

   RA  CAD

Direct costs* $3790 $7929

Indirect costs† $2735 $1051

Total costs $6525 $8980

*Estimated in 1.74 million patients with RA in 1994 dollars and 616,900
patients with CAD in 1995 dollars
† Estimated in 1.05 million patients with RA, ages 18-64, in 1994 dollars
and 616,900 patients with CAD in 1995 dollars

Costs of Rheumatoid Arthritis versus
Coronary Artery Disease

1. Callahan LF. The burden of rheumatoid arthritis: facts and figures. J
Rheumatol. 1998;25(suppl 53):8-12.
2. Russell MW, Huse DM, Drowns S, Hamel EC, Hartz SC. Direct medical
costs of coronary artery disease in the United States. Am J Cardiol.
1998;81:1110-1115.

1. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation; 1993:86-99.
2. Grossman JM, Brahn E. Rheumatoid arthritis: current clinical and
research directions. J Women’s Health. 1997;6:627-638.
3. Breedveld FC. New insights into the pathogenesis of RA. J Rheumatol.
1998;25(suppl 53):3-7.

Pathogenesis of Rheumatoid Arthritis

Used with permission from Breedveld FC. J Rheumatol. 1998;25(suppl 53):3-7.



1. Schiller AL. Rheumatoid Arthritis. In: Rubin E, Farber JL, eds.
Pathology. Philadelphia: J.B. Lippincott;1988:1327-1334.
2. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation; 1993:86-99.
3. Grossman JM, Brahn E. Rheumatoid arthritis: current clinical and
research directions. J Women’s Health. 1997;6:627-638.
4. Breedveld FC. New insights into the pathogenesis of RA. J Rheumatol.
1998;25(suppl 53):3-7.
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Pathogenesis of Rheumatoid Arthritis:
Alternative Theories

• Humoral immunity
– 70% to 80% of patients are positive for rheumatoid factor

• Genetics
– 30% to 50% concordance rate for monozygotic twins

The synovial membrane, which lines the inner surface
of the joint capsule, consists of two components: the

synovial lining, which binds the joint space, and a sup-
portive layer composed of fibrous and adipose tissues
that form the backing layer. The synovial lining consists
of synoviocytes and other connective tissue cells (eg, fat
cells and fibroblasts) that reside in closely-packed rows,
one-to-three cells deep, facing the synovial cavity. In
addition to lining the joints, synovium can be found in
the bursae, thereby permitting a limited range of move-
ment for adjacent structures. It can also be found lining
the sheaths that form around tendons, passing under
ligamentous bands or through osseofibrous tunnels.1

Approximately 80% of patients diagnosed with RA
are positive for rheumatoid factor (RF).1 Rheumatoid

factor is an autoantibody that recognizes an array of epi-
topes on the immunoglobulin G (IgG) Fc fragment. Data
show that polyclonal B cell activation may be involved in
triggering RF production in early disease, and the prolif-
eration of RF-positive B cells may occur preferentially in
synovial tissue, the site of RF production.2 Although RF is
not always found in patients with RA, the presence of
high RF titers has been associated with severe disease,
and extra-articular manifestations have been observed
primarily in patients who are RF-positive.2

Genetics may also play a strong role in the patho-
genesis of RA — data show a 30% to 50% concor-
dance rate for RA in monozygotic twins.3 Moreover, the
risk for RA in siblings is 4 to 8 times greater than in the
general population.4 Genome scanning has identified
approximately 40 loci that may be predisposed to
autoimmunity; data suggest that multiple genes may
contribute to the overall genetic risk for RA.4
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The Synovial Membrane

Used with permission from the American College of Rheumatology.

1. Schiller AL. Rheumatoid Arthritis. In: Rubin E, Farber JL, eds.
Pathology. Philadelphia: J.B. Lippincott;1988:1327-1334.

Normal synovial membrane, photomicrograph



1. Dimitrijevic M. Bartlett RR. Leflunomide: a novel immunomodulating
drug, inhibits homotypic adhesion of peripheral blood and synovial fluid
mononuclear cells in rheumatoid arthritis. Inflamm Res. 1996;45:550-
556.
2. Schiller AL. Rheumatoid Arthritis. In: Rubin E, Farber JL, eds.
Pathology. Philadelphia: J.B. Lippincott;1988:1327-1334.
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Later in the course of RA, the synovium extends over
the articular cartilage and adjacent structures to form

a pannus; this will proceed to grow and destroy the car-
tilage and eventually, the adjacent bone, through its
interference with chondrocyte nutrition and degradation
of the extracellular matrix. Monocyte- and fibroblast-
derived cytokines (eg, platelet- and fibroblast-derived
growth factor, IL-1, and TNF) have been implicated in
expansion of the proliferating synovium. Additionally,
the response of chondrocytes to the same cytokines
results in a decline in collagen and in proteoglycan syn-
thesis, an increase in the synthesis of collagenase and
stromolysin, and the degradation of type II collagen and
proteoglycans.1 Along with activation of osteoclast cells
and prostaglandin PGE2, this process is one of the major
mechanisms facilitating bone resorption.1

The invading pannus eventually destroys the joint
surface, which then undergoes a fibrous fusion called
ankylosis. The joint capsule and other periarticular 
supportive tissues are also subject to destruction by the
synovium, which can lead to joint instability and/or
complete dislocation. Additionally, invasion of the bone
at the articular margins is a common event, as is consid-
erable inflammation and formation of lymphoid follicles
in the subchondral bone not in contact with the articu-
lar margin. Bone loss is characteristically juxta-articular.

The migration, retention, and persistent activity of
emigrating immune inflammatory cells has been

implicated in the inflammation and joint destruction
that occur in RA.1 Following stimulation from an
unknown entity, an influx of lymphocytes, plasma cells,
and mast cells to the synovium occurs. This migration,
and its associated neovascularization and edema, leads
to hypertrophy and hyperplasia of the synovium and
results in an increase in the depth of the synovial lining
and a papillary pattern at the synovium surface.2

Concomitantly, an increase in vascularity and exudation
of fibrin in the joint space results in lymphoid nodules
that appear to float. As the synovium proliferates, it
extends into the numerous villi and frond-like folds fill-
ing the peripheral recesses of the joint.
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Pathophysiology of Rheumatoid Arthritis

Used with permission from the American College of Rheumatology.

Synovitis, villous, gross (left) and photomicrograph (right)

Pathophysiology of Rheumatoid Arthritis:
Late Destruction

Used with permission from the American College of Rheumatology.

Finger joint, bony ankylosis, photomicrograph

1. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation; 1993:86-99.



Diagnosis of Rheumatoid Arthritis:
Baseline Evaluation

• Patient’s subjective evaluation
– Degree of joint pain

– Duration of morning stiffness

– Presence/absence of fatigue

– Functional limitation(s)

The Importance of Early Diagnosis

• RA is progressive, not benign

• Structural damage/disability occurs within first
2 to 3 years of disease

• Slower progression of disease linked to early
treatment

Rheumatoid arthritis is no longer considered a benign
disease. Evidence from numerous epidemiological

and clinical studies demonstrates that not only does a
significant decline in functional status and work disabili-
ty occur within the first 10 years of disease onset, but
nearly 75% of patients develop significant and irre-
versible structural damage within the first two to three
years of disease.1

Toward that end, the window of opportunity to
modify the course of RA before structural damage
occurs is narrow. This implies that early diagnosis is criti-
cal to maintaining joint function in the patient with RA.

Current guidelines from the American College of
Rheumatology (ACR) link optimal disease management
with early diagnosis and the timely introduction of
agents to reduce the probability of irreversible joint
damage and potentially reduce the disease course.2

Accordingly, clinical practice has shifted toward earlier
and more aggressive treatment of RA. Several recent
studies have shown that the use of disease modifying
anti-rheumatic drugs (DMARDs) slows RA progression
more effectively if used early in the course of disease,
rather than later.3
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1. Weinblatt ME. Rheumatoid arthritis: treat now, not later! Ann Intern
Med. 1996;124:773-774.
2. American College of Rheumatology Ad Hoc Committee on Clinical
Guidelines. Guidelines for the management of rheumatoid arthritis.
Arthritis Rheum. 1996;39:713-722.
3. Machold KP, Eberl G, Leeb BF, et al. Early arthritis therapy: rationale
and current approach. J Rheumatol. 1998;25(suppl 53):13-19.
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Adiagnosis of RA is essentially a process of exclusion,
typically with characteristic features that manifest

after the disease has been present for a period of time.
Baseline evaluations, therefore, facilitate in the evalua-
tion of disease progression later in the course of dis-
ease. Initially, two primary parameters are important:
subjective information and physical examination. 

Morning stiffness is a universal feature of synovial
inflammation.1 Its duration is typically more than two
hours and tends to correlate with the degree of synovial
inflammation.1

Information about other constitutional symptoms,
such as fatigue, weight loss, malaise or fever, vague
musculoskeletal discomfort that localizes to the involved
joints, and signs of multi-system involvement (eg, rash,
alopecia, pleuritic chest pain) should also be elicited.
Questionnaires to assess health status, such as the
Stanford Health Assessment Questionnaire can be use-
ful tools.

S L I D E 1 0

1. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation; 1993:86-99.
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Diagnosis of Rheumatoid Arthritis:
Baseline Evaluation (cont.)

• Physical examination
– Actively inflamed joints

– Mechanical joint problems including:
• Loss of motion

• Crepitus

• Instability

• Malalignment and/or deformity

4. Bullough PG. The inflammatory arthritides. In: Atlas of Orthopedic
Pathology with Clinical and Radiologic Correlations, 2nd ed. New York:
Gower Medical Publishing; 1992:11:2-11:22. 
5. McKenna F. Clinical and laboratory assessment of outcome in rheuma-
toid arthritis. Br J Rheumatol. 1988;27(suppl I):12-20.
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The physical examination is essential to an initial work
up. A primary goal of the physical exam is to detect

warmth over a joint, joint effusion, and pain upon
motion.1 The differences in disease patterns relate to
the type of flares, as well to the number, size, and
severity of joint involvement.2 Actively inflamed and dis-
eased joints will be swollen, warm and tender when
palpated, and painful upon motion.3 Typically, these
observations are restricted to the superficial joints such
as the knee, wrist, and PIP joints.3 Effusion of deeply
buried joints (eg, the hip) and of joint capsules restricted
by numerous tendons and retinacula (eg, the ankle) are
rarely evident upon physical examination.

Joint mobility is directly related to the degree of dis-
ease progression and the development of granulation
tissue and fibrosis. A functional pain assessment using a
visual analog scale or other mechanism (eg, the Likert
scale or Ritchie Articular Index) is often helpful.1

Weakened or severed ligaments due to the erosive
properties of an inflamed synovium or pannus can
destabilize joints. The tenosynovium that lines the ten-
don sheath is typically inflamed in RA, and can lead to
joint deformities; tendon dysfunction can be detected
during assessment by a discrepancy between active and
passive motion.3 Range of motion is also affected by

muscles and tendons that spasm and shorten in
response to inflammation. Moreover, joints whose
range of motion is not critical to basic function, such as
the shoulder and wrist, will tend to develop deformities
early in disease.3

Evidence of cartilage loss and erosion of the periar-
ticular bone, characteristic features of structural damage,
can be initially obtained by demonstrating “bone-on-
bone crepitus” upon palpation or auscultation.3

The physical examination should also be used to
assess any extra-articular manifestations or joint deformi-
ties indicative of disease. Roughly 25% to 50% of
patients will present with subcutaneous nodules over
areas of pressure (eg, the extensor surfaces of the elbow
and forearm).3,4 These nodules are movable, firm, rub-
bery and occasionally tender to the touch. Data show
that patients who develop nodules have a poorer prog-
nosis than those who do not; the early appearance of
nodules has been correlated with both the rate of pro-
gression of erosive disease and with fewer remissions.5

1. American College of Rheumatology Ad Hoc Committee on Clinical
Guidelines. Guidelines for the initial evaluation of the adult patient with
acute musculoskeletal symptoms. Arthritis Rheum. 1996;39:1-8.
2. Machold KP, Eberl G, Leeb BF, et al. Early arthritis therapy: rationale
and current approach. J Rheumatol. 1998;25(suppl 53):13-19.
3. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation; 1993:86-99.



The C-reactive protein marker is a more viable method
for determining the degree of inflammation and

infection in the RA patient. CRP is one of the most
responsive acute phase reactants and its concentration
can increase to a level of >40mg/dL in patients with
severe inflammation and infection.1 CRP is synthesized
promptly after tissue injury, with elevated plasma levels
detected within 4 to 6 hours following injury, and peak
levels within 24 to 72 hours.1 Studies demonstrate that
CRP correlates closer with disease severity and radiologi-
cal progression than the more commonly-used ESR test,
and represents a much more current index of disease
activity.1

However, while ESR is influenced by non-acute
phase response factors (eg, number of erythrocytes,
albumin and globulin levels), CRP levels can be elevated
in many non-RA related diseases, or not elevated when
measured by certain clinical methods (eg, nephelome-
try). Nevertheless, their combined value in terms of
guiding proper management following a definitive diag-
nosis is unquestionable.
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Parameter Timing

Rheumatoid factor Baseline to establish diagnosis

Repeat 6-12 months following 
disease onset if negative

Complete blood count (CBC) Baseline to assess organ dysfunction
due to co-morbidities

Serum chemistries Baseline

Liver function tests Baseline

Urinalysis Baseline

Synovial fluid analysis Baseline to rule out other diseases

During disease flares to rule out
septic arthritis

Diagnosis of Rheumatoid Arthritis:
Laboratory Evaluations

1. Otterness IG. The value of C-reactive protein measurement in
rheumatoid arthritis. Sem Arthritis Rheumatol. 1994;24:91-104.
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1. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation; 1993:86-99.
2. McKenna F. Clinical and laboratory assessment of outcome in rheuma-
toid arthritis. Br J Rheumatol. 1988;27(suppl I):12-20.
3. American College of Rheumatology Ad Hoc Committee on Clinical
Guidelines. Guidelines for the initial evaluation of the adult patient with
acute musculoskeletal symptoms. Arthritis Rheum. 1996;39:1-8.

No single laboratory measurement can unequivocally
confirm the diagnosis of RA. Baseline laboratory

measurements serve to facilitate appropriate treatment
decisions and to monitor the progression of RA over the
course of the disease. 

The presence of rheumatoid factor is not critical to
the development of RA but it is a major hallmark of RA,
with high titers early in the disease associated with
poorer outcome.1,2 The ACR recommends repeat test-
ing for seronegative patients at 6- and 12-month inter-
vals since a small percentage of RF-negative patients will
become seropositive upon disease progression.1 Note
that other types of diseases, including chronic bacterial
infections, viral disease, and parasitic illnesses, are also
associated with elevated RF titers.

Measurements to rule out organ involvement prior to
initiating treatment include complete blood count (CBC),
creatinine levels, liver functions tests, urinalysis, and stool
guaiac testing. Data show that thrombocytosis in RA is
reflective of the acute phase response and is related to
both disease severity and the development of extra-artic-
ular features.2 Evaluation of renal and hepatic function
are critical since certain antirheumatic agents may be
contraindicated if these organs are impaired.3

Acute Phase Reactants

• C-Reactive protein
– Correlates with disease activity and radiologic progression

– One of the most responsive acute phase reactants

– Can be elevated in many non-RA related diseases

• Erythrocyte sedimentation rate
– Influenced by non-acute phase response factors

– Can be elevated in many non-RA related diseases

S L I D E 1 3



The 1987 ACR revised criteria for diagnosis specify
that four or more of the following seven criteria

must be present: (1) Morning stiffness in and around
the joints lasting at least an hour before maximal
improvement; (2) arthritis, ie, simultaneous soft tissue
swelling or fluid in at least three joints; (3) arthritis of
the hand joints (at least one area swollen in a wrist,
MCP, or PIP); (4) symmetric arthritis of the same 
joint area on both sides of the body (bilateral involve-
ment is acceptable without absolute symmetry); (5) a 
positive serum rheumatoid factor measurement; (6)
rheumatoid nodules, ie, subcutaneous nodules over
bony prominences, extensor surfaces, or in juxta-articu-
lar regions; (7) radiographic changes typical of RA on
posterior hand and wrist radiographs, with bony ero-
sions or unequivocal bony decalcification localized in, or
most markedly adjacent to, involved joints. Note that
for this last criterion, changes associated solely with
osteoarthritis do not qualify.1 The first four criteria must
be present for at least six weeks.1

The parameters associated with the poorest progno-
sis are early age of disease onset, high RF titer, elevated
ESR, and swelling of more than 20 joints.2 Extra-articu-
lar manifestations, such as rheumatoid nodules,
Sjögren’s syndrome, and Felty’s syndrome, also indicate
a worse prognosis.2
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Category % Patients % With ≥ 4 new erosions

High CRP*  31 85
High ESR**

High CRP  37 47
Low ESR†

Low CRP‡  14 33
High ESR
Low CRP  18 0
Low ESR
* >4mg/dL
** >30 mm/h
† <30 mm/h
‡ <4mg/dL

Correlation of ESR and CRP to Disease
Progression Measured by Radiography

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;31:315-324.
2. American College of Rheumatology Ad Hoc Committee on Clinical
Guidelines. Guidelines for the initial evaluation of the adult patient with
acute musculoskeletal symptoms. Arthritis Rheum. 1996;39:1-8.

Plain radiographs typically fail to reveal structural dam-
age (eg, marginal erosions) in initial presentation or

in early-stage RA. Moreover, although some radiograph-
ic changes are significant over a year or longer, modest
differences in joint destruction and disease progression
cannot be detected adequately.1 Biochemical markers
that reflect the current rate of joint destruction, specifi-
cally, the combined use of the ESR and CRP, are recom-
mended for patient evaluation and staging.1,2

Amos et al found that radiological damage, as mea-
sured by erosion counts, was more significantly correlat-
ed with elevated levels of serum CRP and ESR,
irrespective of therapy and the absence or presence of
RF factor.3 Similarly, Dawes et al found that a decline in
CRP and ESR levels accompanying treatment were most
indicative of slower disease progression.4
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1. Otterness IG. The value of C-reactive protein measurement in
rheumatoid arthritis. Sem Arthritis Rheumatol. 1994;24:91-104.
2. American College of Rheumatology Ad Hoc Committee on Clinical
Guidelines. Guidelines for the initial evaluation of the adult patient with
acute musculoskeletal symptoms. Arthritis Rheum. 1996;39:1-8.
3. Amos RS, Constable TJ, Crockson RA, Crockson AP, McConkey B.
Rheumatoid arthritis: relation of serum C-reactive protein and erythrocyte
sedimentation rates to radiographic changes. Br Med J. 1977;1:195-197.
4. Dawes PT, Fowler PD, Clarke S, Fisher J, Lawton A, Shadforth MF.
Rheumatoid arthritis: treatment which controls the C-reactive protein
and erythrocyte sedimentation rate reduces radiological progression. Br J
Rheumatol. 1986;25:44-49.

ACR Criteria for Diagnosis

• Four or more of the following criteria must be present:
– Morning stiffness > 1 hour duration

– Arthritis of ≥ 3 joint areas

– Arthritis of hand joints (MCPs, PIPs, wrists)

– Symmetric swelling (arthritis)

– Serum rheumatoid factor

– Rheumatoid nodules

– Radiographic changes

• First four criteria must be present for 6 weeks or more



In addition to age and sex, certain social and physical
factors can increase a patient’s risk for progression of

disease and increase mortality from disease. In a multi-
center, prospective study of over 3,000 RA patients,
mortality rates were increased at least two-fold, and
were linked to clinical severity as measured by function,
the presence of nodules, joint count, and elevated ESR,
CRP, and RF titers.1 In another study, five-year survival
rates in patients with poor functional status at baseline,
as measured by joint scores, morning stiffness, grip
strength, and activities of daily living scores, was 40%
to 60%. These rates are comparable to expected rates
in patients with three-vessel coronary artery disease or
with stage 4 Hodgkin’s disease.2

Low socioeconomic status and lack of formal educa-
tion has been shown to correlate with poorer function
at outset of disease and at five-years’ follow-up as
defined by the Health Assessment Questionnaire (HAQ)
score.3 Data show that psychosocial factors, such as
helplessness and low scores of activities of daily living
on the modified HAQ, are predictive of five-year mortal-
ity, whereas positive life events correlate with improved
physical ability and a reduction in disability.4
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Classification    Specifications

Class I Complete ability to perform usual daily 
activities (eg, self-care, 
vocational/avocational)

Class II Ability to perform usual self-care and 
vocational activities; limited avocational 
activities

Class III Ability to perform usual self-care 
activities; limited vocational/avocational 
activities

Class IV Limited ability to perform usual self-care/
vocational/avocational activities

ACR Criteria for Assessing Functional
Status in Rheumatoid Arthritis

1. Wolfe F, Mitchell DM, Sibley JT, et al. The mortality of rheumatoid
arthritis. Arthritis Rheum. 1994;37:481-494.
2. Pincus T, Brooks RH, Callahan LF. Prediction of long-term mortality in
patients with rheumatoid arthritis according to simple questionnaire and
joint count measures. Ann Intern Med. 1994;120:26-34.
3. Markenson JA. Worldwide trends in the socioeconomic impact and
long-term prognosis of rheumatoid arthritis. Sem Arthritis Rheum.
1991;21(suppl 1):4-12.
4. Smedstad LM, Kvien TK, Moum T, Vaglum P. Life events, psychosocial
factors, and demographic variables in early rheumatoid arthritis: relations
to one-year changes in functional disability. J Rheumatol. 1995;22:2218-
2225.

Assessment of functional status can help predict
prognosis and assist in the development of an opti-

mal treatment plan for the patient with RA. The four
classifications measure the ability of the patient to per-
form usual self-care activities (eg, dressing, feeding,
bathing, grooming, and toileting), vocational activities
(work, school, homemaking), and avocational activities
(recreation, leisure).1

Data show that the stage of disease and functional
status are also important for interpreting outcome mea-
surements such as ESR and CRP.2 For example, joint
swelling and acute phase reactants appear to be the
most appropriate variables to predict radiological out-
come (ie, disease progression), while joint tenderness
and pain, particularly in early disease, appear to be
strong determinants of physical disability.2
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1. Hochberg MC, Chang RW, Dwosh I, et al. The American College of
Rheumatology 1991 revised criteria for the classification of global func-
tional status in rheumatoid arthritis. Arthritis Rheum. 1992;35:498-502.
2. Van Leeuwen MA, Desiree MFM, Van der Heijde, et al. Interrelationship
of outcome measures and process variables in early rheumatoid arthritis.
A comparison of radiologic damage, physical disability, joint counts, and
acute phase reactants. J Rheumatol. 1994;21:425-429.

Risk Factors for Increased Morbidity
 and Mortality in RA

• Social factors
– Low socioeconomic status

– Lack of formal education

– Psychosocial stress

– Low HAQ scores

• Physical factors
– Extra-articular manifestations

– Elevated CRP and ESR

– High titers of RF

– Erosions on x-ray

– Duration of disease



Lifestyle changes can often improve functionality and
positively affect the psychosocial ramifications associ-

ated with RA. While rest is important to help reduce
joint inflammation and pain and fight fatigue, exercise
is equally critical to maintaining flexibility, strong mus-
cles, and preserving joint mobility.1 Daily flexibility or
stretching routines can improve joint range of motion
and reduce the chance for injuries, while muscle condi-
tioning can improve strength and mass. Cardiovascular
or aerobic conditioning exercises, such as swimming,
biking, or walking, can improve blood flow, flexibility,
and mental health.

Diet and weight control may also be important; it
has been suggested that diet may affect inflammation
and immune functioning. Moreover, proper weight can
decrease pressure on weight-bearing joints, such as the
knees.

Finally, a management program that incorporates a
variety of modalities, such as physical or occupational
therapy, may impact joint protection, optimal joint use,
and range of motion, as well as strengthen muscles and
reduce inflammation.2 In addition, the use of assistive
devices such as braces and crutches can help patients
adapt their activities of daily living to the limitations of
the disease.2
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Non-Pharmacological Management of
Rheumatoid Arthritis

• Rest

• Exercise
– Flexibility/stretching

– Muscle conditioning

– Cardiovascular/aerobic

• Diet/weight control

• Physical/occupational therapy

1. National Institute of Arthritis and Musculoskeletal and Skin Diseases.
Arthritis and Exercise Fact Sheet. Bethesda, Md: National Institutes of
Health; 1997.
2. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation; 1993:86-99.

Since complete remissions are rare, early control of
disease activity and the progression of RA should be

the focus of initial management. Without effective
treatment, the patient’s quality of life is greatly dimin-
ished; pain, depression, anxiety, social isolation, changes
in appearance due to joint deformity, and the ability to
perform essential daily functions, are significantly
impacted by RA.1 Additionally, although joint damage in
RA is irreversible, data show that early treatment with
DMARDs slow progression of disease and improve mea-
sures of the disease process, including joint scores,
duration of morning stiffness, pain intensity, and labora-
tory values such as RF, ESR, and CRP.2,3
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Goals of Therapy

• Control disease activity

• Alleviate pain

• Maintain function for essential daily activities

• Maximize quality of life

• Slow progression/rate of joint damage

1. Callahan LF. The burden of rheumatoid arthritis: facts and figures. J
Rheumatol. 1998;25(suppl 53):8-12.
2. Van der Heijde AV, Johannes WG, Jacobs MD, et al. The effectiveness
of early treatment with “second-line” antirheumatic drugs. Ann Intern
Med. 1996;124:699-707.
3. Smolen JS, Kalden JR, Rozman B, et al. Efficacy and safety of lefluno-
mide versus placebo and sulfasalzine in rheumatoid arthritis: a double-
blind, randomized, pivotal, phase III trial. Rheumatol Eur. 1998;27(suppl
2):Abstract 155.



The COX-2 inhibitors in development, such as cele-
coxib and rofecoxib, exploit the anti-inflammatory

effects of inhibiting the COX-2 pathway, while leaving
intact the COX-1 pathway. This results in improved GI
tolerability and reduced effects on renal blood flow,
without impairing platelet function. In the treatment of
rheumatoid arthritis, they have demonstrated significant
improvement in the signs and symptoms of RA, includ-
ing patient global assessment, morning stiffness, and
the number of painful and tender joints.1 However,
there is insufficient published data to date demonstrat-
ing the safety of COX-2 inhibitors compared with cur-
rently available NSAIDs such as aspirin and ibuprofen.2
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NSAIDs: COX-2 Inhibitors

• Improved GI tolerability

• Reduced effects on renal blood flow

• No effect on platelet function

1. Lipsky PE, Isakson PC. Outcome of specific COX-2 inhibition in
rheumatoid arthritis. J Rheumatol. 1997;24:9-14.
2. Cohen SB, Fleischmann RM. Clinical Update: Treatment of rheumatoid
arthritis. Dallas Med J. 1998;84:401-403.

Non-steroidal anti-inflammatory drugs (NSAIDs) have
long been the mainstay of traditional RA therapy.

NSAIDs work by preventing the enzyme cyclooxygenase
(COX) from converting arachidonic acid into
prostaglandins.1 COX itself works via two pathways: the
COX-1 (or constituent pathway), that maintains renal
and gastrointestinal homeostasis, and the COX-2 (or
inducible pathway), that produces inflammatory
effects.1 The analgesic effect of NSAIDs is largely the
result of a reduction in inflammation via COX-2 inhibi-
tion; inhibition of COX-1 is responsible for toxicity issues
associated with their use.
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NSAIDs: Mechanism of Action

Cyclooxygenase inhibition

COX-1 COX-2

Constituent pathway Inducible pathway

(renal/GI homeostasis)    (inflammation)

1. Moskowitz RW. The appropriate use of NSAIDs in arthritic conditions.
Am J Orthoped. 1996;25(suppl):4-6.



gastropathy.1,4 While histamine-2 (H2) agonists, sucral-
fate, and antacids may be used to treat dyspepsia, data
do not indicate their effectiveness in preventing NSAID-
related ulcer formation or bleeding. Moreover, long-
term use of H2 agonists may mask the pain associated
with ongoing gastric erosive changes.1,5

Renal complications have been associated with all
NSAID agents. The elderly and patients with certain pre-
existing renal, hepatic, or vascular disease are at highest
risk for events such as reversible renal insufficiency, pap-
illary necrosis, nephrotic syndrome, interstitial nephritis,
and renal failure.1

NSAID use is associated with platelet inhibition (and
hence, is contraindicated in patients taking anticoagu-
lants), CNS toxicity, and increased serum potassium lev-
els. Regular monitoring for toxicity every three to four
months, including complete blood count and biochemi-
cal profiles, is advised.
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NSAIDs are effective agents for reducing the pain and
inflammation associated with RA, and consequently,

improving mobility, flexibility, and quality of life.
However, NSAIDs have no effect on disease progression. 

The most frequently reported adverse event associ-
ated with NSAID use is GI toxicity, specifically, dyspepsia,
gastric or small bowel bleeding, and ulceration.1 Risk
factors for major GI toxicities include: advanced age,
dosage, prior history of GI bleeding or ulceration, con-
comitant corticosteroid use, prior NSAID-related side
effects, level of disability, and co-morbid conditions,
such as cardiovascular disease.1,2 Long-term use in the
elderly is not advisable, as data show an association
with failure of normal gastric adapation.3

For patients at a high risk of developing gastroin-
testinal side effects, including elderly patients, or in
those with a history of peptic ulcer disease or GI bleed-
ing, concomitant use of misoprostol or proton pump
inhibitors (eg, omeprazole) can reduce the frequency of
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Cons

• Does not affect disease progression

• GI toxicity common

• Renal complications (eg, irreversible
renal insufficiency, papillary
necrosis)

• Hepatic dysfunction

• CNS toxicity

Pros

• Effective control of inflammation
and pain

• Effective reduction in swelling

• Improves mobility, flexibility,
range of motion

• Improve quality of life

• Relatively low-cost

Pros and Cons of NSAID Therapy

1. American College of Rheumatology Ad Hoc Committee on Clinical
Guidelines. Guidelines for monitoring drug therapy in rheumatoid
arthritis. Arthritis Rheum. 1996;39:723-731.
2. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation; 1993:86-99.
3. Roth SH. From peptic ulcer disease to NSAID gastropathy. An evolving
nosology. Drugs Aging. 1995;6:358-367.
4. Hawkey CJ, Karrasch JA, Szczepanski L, et al. Omeprazole compared
with misoprostol for ulcers associated with nonsteroidal antiinflammatory
drugs. Omeprazole versus Misoprostol for NSAID-induced Ulcer
Management (OMNIUM) Study Group. N Engl J Med. 1998;338:727-
734.
5. Moskowitz RW. The appropriate use of NSAIDs in arthritic conditions.
Am J Orthoped. 1996;25(suppl):4-6.



For decades, treatment of RA has largely been 
guided by a stepwise strategy called the “pyramid

approach.”1,2 This approach incorporated management
strategies regarded as relatively harmless in terms of
toxicity, eg, NSAIDs or analgesics, in conjunction with
exercise, rest, and patient education.2 Second-line ther-
apy was initiated only after radiographic evidence of
disease progression and joint damage, often following
several years of NSAID treatment. 

However, since RA is not a benign disease, data has
increasingly shown that the pyramid approach does not
affect functional, clinical, or radiographic progression.2

Additionally, more effective and efficient second-line
therapies, specifically DMARDs, are not as toxic as origi-
nally believed and first-line therapies have substantial
toxicities of their own.2 A revised pyramid scheme has
therefore been developed, one that encourages the
early use of DMARDs in patients with severe disease at
onset.

Management Options 
In the Treatment of 
Rheumatoid Arthritis

29

S L I D E 2 4

1. Weinblatt ME. Rheumatoid arthritis: treat now, not later! Ann Intern
Med. 1996;124:773-774.
2. Machold KP, Eberl G, Leeb BF, et al. Early arthritis therapy: rationale
and current approach. J Rheumatol. 1998;25(suppl 53):13-19.

The use of corticosteroids in the treatment of RA is
controversial. The anti-inflammatory and immuno-

suppressive effects of glucocorticoids can help reduce
the pain and swelling associated with the disease, but
they have no effect on disease progression. In addition,
long-term use results in severe adverse effects ranging
from thinning of the skin, ecchymoses, and a
Cushingoid appearance seen with low doses to signifi-
cant osteopenia superimposed on the osteoporosis
associated with RA.1

Yet despite these effects, short courses of oral
steroids or intramuscular injections can be used to con-
trol symptoms before slow-acting DMARDs take effect.2

Additionally, intra-articular injections can suppress joint
pain and inflammation when used sparingly to manage
individual flares.1 Ultimately, however, the adverse
events associated with steroid use limit their effective-
ness in the management of RA.
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Cons

• Does not conclusively affect disease
progression

• Tapering and discontinuation of use
often unsuccessful

• Low doses result in skin thinning,
ecchymoses, and Cushingoid
appearance

• Significant cause of steroid-induced
osteopenia

 Pros

• Anti-inflammatory and
immunosuppressive effects

• Can be used to bridge gap
between initiation of DMARD
therapy and onset of action

• Intra-articluar injections can be
used for individual joint flares

Pros and Cons of Corticosteroid Therapy

1. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation; 1993:86-99.
2. Choy EHS, Scott DL. Drug treatment of rheumatic diseases in the
1990s. Achievements and future developments. Drugs. 1997;53:337-
348.



In order to be classified as a DMARD, an agent must be
able to change the course of RA for at least one year

as evidenced by a sustained improvement in function, a
slowing (or optimally, prevention) of further structural
joint damage, and a decrease in inflammatory
synovitis.1 Although few studies have demonstrated an
unequivocal effect on radiographic progression by
DMARDs, a general principle of rheumatology is that
the risk for joint erosions and deformities is lower when
systemic inflammation is controlled, and synovitis is
reduced or absent.1

Data from several studies demonstrate the ability of
DMARDs to positively impact the many variables related
to outcome in RA. For example, in a one-year open study
of 268 patients with RA (<1 year duration), patients ran-
domized to immediate DMARD therapy demonstrated
significant reductions in functional disability, pain, joint
scores, and ESR titers compared with patients random-
ized to NSAID therapy followed by DMARD therapy.2 In
another prospective study, 137 patients with RA of <2
years’ duration received either DMARD treatment or
placebo, and failures at four months were switched to
open DMARD use. Of the 75 evaluable patients at 5-year
follow-up, improvements in clinical, functional, and radi-
ographic outcomes were demonstrated.3
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Advantages of DMARDs

• Slow disease progression

• Improve functional disability

• Decrease pain

• Interfere with inflammatory processes

• Retard development of joint erosions

DMARDs represent the cornerstone of current phar-
macological strategies for RA. They are increasingly

being used early in the treatment of RA to potentially
reduce or prevent joint damage, and to preserve joint
integrity and function, with the ultimate goal of main-
taining quality of life and preserving the economic pro-
ductivity of the RA patient.1 Notably, in a 9-year
observational study of 2888 patients with RA, Fries et al
demonstrated a 30% minimal reduction in long-term
disability with consistent DMARD use.1

The timing of administration is critical.2 The
American College of Rheumatology (ACR) currently
recommends that DMARD therapy be initiated within 
3 months for any patient with an established diagnosis
and ongoing joint pain, significant morning stiffness or
fatigue, active synovitis, or persistently elevated ESR or
CRP levels.2

The best initial DMARD has not yet been deter-
mined. Several new agents under investigation are
expected to expand the available DMARD repertoire
and possibly address some of the issues (eg, toxicity,
duration of use, dosing) that currently limit the flexibility
and utility of these drugs.
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Treatment of Rheumatoid Arthritis: DMARDs

*Physicians’ Desk Reference, 1998. Recommended doses are not necessarily those utilized in clinical practice.

Agent
Azathioprine
Cyclosporin
Gold, oral
Gold, parenteral

Hydroxychloroquine
Leflunomide
Methotrexate
D-Penicillamine

Sulfasalazine

Recommended Dose*
1.0-2.5 mg/kg/d
2.5-4.0 mg/kg/d
6-9 mg/d

25-50 mg every 2-4 weeks following
initial weekly titration doses
200-400 mg/d

100 mg x 3 days loading; 20 mg/q.d.

7.5-20 mg/wk
125-750 mg/d

0.5-3.0 g/d

1. Conaghan PG, Lehmann T, Brooks P. Disease-modifying antirheumatic
drugs. Curr Opin Rheumatol. 1997;9:183-190.
2. American College of Rheumatology Ad Hoc Committee on Clinical
Guidelines. Guidelines for the management of rheumatoid arthritis.
Arthritis Rheum. 1996;39:713-722.

1. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation; 1993:86-99.
2. Van der Heijde AV, Johannes WG, Jacobs MD, et al. The effectiveness
of early treatment with “second-line” antirheumatic drugs. Ann Intern
Med. 1996;124:699-707.
3. Egsmose C, Lund B, Borg G. Patients with rheumatoid arthritis benefit
from early 2nd line therapy: 5 year followup of a prospective double
blind placebo controlled study. J Rheumatol. 1995; 22:2208-2213.



Sulfasalazine is a DMARD recommended for short-
term use in cases of mild-to-moderate RA. It is well-

tolerated but certain toxicities require close monitoring.
Currently, the ACR recommends a CBC every two to
four weeks for three months, followed by regular 12-
week monitoring intervals. Data show that leukopenia is
most likely to occur within the first six months of thera-
py, and may be reversed by early dosage reduction or
therapy cessation.1,2 Other hematological toxicities,
such as thrombocytopenia, hemolysis in glucose-6-
phosphate dehydrogenase (G6PD) deficiency, agranulo-
cytosis, and aplastic anemia are rare but should be
monitored.2 Sulfasalazine is contraindicated in patients
with known sulfa intolerance, and a baseline assess-
ment of aspartate aminotransferase (AST) or alanine
aminotransferase (ALT) is recommended for patients
with known or suspected liver disease.2

Finally, reduced absorption of folic acid and digoxin
have been reported with concomitant administration.3
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Cons
• Effective for mild-to-moderate RA

• Contraindicated in patients with
sulfa intolerance or G6PD
deficiency

• Toxicities: myelosuppression,
gastrointestinal, CNS

• Rate of AEs dose-dependent

• CBC every 2-4 weeks for 3 months,
then every 12 weeks

           Pros 
• Clinical effectiveness

demonstrated in short-term use

• Mild level of toxicity

Selection of an Initial DMARD:
Sulfasalazine

1. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation;1993:86-99.
2. American College of Rheumatology Ad Hoc Committee on Clinical
Guidelines. Guidelines for monitoring drug therapy in rheumatoid arthri-
tis. Arthritis Rheum. 1996;39:723-731.
3. Physicians’ Desk Reference. Azulfidine EN-Tabs® (sulfasalazine delayed
release tablets). Montvale, NJ: Medical Economics Company; 1988:2240.

The ideal DMARD has been described as having a
high disease-modifying capability, low toxicity profile,

and the ability to be used for a prolonged period of
time (ie, 2 to 5 years) in order to prevent irreversible
joint damage and disability.1 Another important charac-
teristic is the time to peak serum concentrations, and
consequently, to clinical effects. Yet, despite the avail-
ability of a broad range of agents, data show that many
patients with RA have an inadequate response to
DMARDs or must discontinue therapy due to intolerable
or dangerous adverse reactions.2 Moreover, many of the
least toxic formulations, such as hydroxychloroquine or
sulfasalazine, can take as long as 2 to 6 months to max-
imum efficacy. Toward that end, a variety of strategies
have been proposed, ranging from “step-up” combina-
tions of DMARDs to lessen untoward toxicities and
improve clinical response, to developing compounds
with alternative mechanisms of action in order to cir-
cumvent some of the more negative effects of current
therapies.3
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Toxicities to monitor
Myelosuppression,
hepatotoxicity,
lymphoproliferative 
Renal, hyperuricemia
Myelosuppression, rash,
proteinuria, gastrointestinal
Myelosuppression, rash
proteinuria
Macular damage
Hepatotoxicity,
gastrointestinal
Hepatotoxicity, pulmonary,
myelosuppression
Myelosuppression,
proteinuria
Myelosuppression,
gastrointestinal

Potential toxicity
Moderate

High
Low

Moderate

Low
Low

Moderate

High

Low

Time to benefit
2-3 months

4-8 weeks
4-6 months

3-6 months

2-4 months
4-8 weeks

1-3 months

3-6 months

1-3 months

Agent
Azathioprine

Cyclosporin
Gold, oral

Gold, parenteral

Hydroxychloroquine
Leflunomide

Methotrexate

D-Penicillamine

Sulfasalazine

Selection of an Initial DMARD

1. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation;1993:86-99.
2. Merkel PA, Letourneau EN, Polisson RP. Investigational agents for
rheumatoid arthritis. Rheum Dis Clin North Am. 1995;21:779-796.
3. Davis JP, Cain GA, Pitts WJ, et al. The immunosuppressive metabolite
of leflunomide is a potent inhibitor of human dihydroororate dehydroge-
nase. Biochemistry. 1996;35:1270-1273.



Methotrexate is the DMARD selected most often for
initial therapy, particularly for patients with severe

RA.1 Long-term clinical experience demonstrating a pre-
dictable benefit coupled with data showing that more
than 50% of patients continue on the agent beyond 
3 years make methotrexate an attractive choice.1

However, toxicity issues remain at the forefront of
published data on methotrexate. The ACR recommends
regular laboratory monitoring, particularly for liver toxic-
ity, although the risk for liver toxicity remains small.2,3

With regard to pulmonary toxicity, a retrospective study
of 130 RA patients found 12 cases of pulmonary toxici-
ty; hypersensitivity pneumonitis was diagnosed in four
cases, and two patients died.2 A prospective Swiss study
of 96 patients receiving intramuscular methotrexate
(mean 13 mg/wk) demonstrated reduced expiratory air-
flow and gas exchange (not clinically significant), but
found no evidence that patients with pre-existing lung
disease were at increased risk for pulmonary toxicity.
Nevertheless, patients with liver or lung disease or a his-
tory of alcohol abuse should not be treated with
methotrexate.1 Commonly reported GI adverse events
can be reduced with concomitant use of folic acid.
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Selection of an Initial DMARD:
Methotrexate

      Pros
• Long-term clinical experience

• Favorable rate of continuation
of therapy

• Proven efficacy in moderate to
severe RA

  Cons
• Laboratory monitoring every

4-8 weeks

• Toxicities: hepatotoxicity,
myelosuppression, pulmonary

1. American College of Rheumatology Ad Hoc Committee on Clinical
Guidelines. Guidelines for the management of rheumatoid arthritis.
Arthritis Rheum. 1996;39:713-722.
2. Conaghan PG, Lehmann T, Brooks P. Disease-modifying antirheumatic
drugs. Curr Opin Rheumatol. 1997;9:183-190.
3. American College of Rheumatology Ad Hoc Committee on Clinical
Guidelines. Guidelines for monitoring drug therapy in rheumatoid arthri-
tis. Arthritis Rheum. 1996;39:723-731.

Azathioprine is most commonly used in refractory
RA, although it may also be used in moderate to

severe cases.1 It is fairly well-tolerated; GI intolerance is
the most commonly reported adverse event, and results
in approximately 10% of discontinuations.2 Since severe
leukopenia and/or thrombocytopenia may occur in
patients on azathioprine therapy, CBC during the first
month and twice monthly for the second and third
months of treatment, followed by monthly testing if
dosage modifications are required, is suggested.3 Note
that leukopenia is not related to therapeutic effect,
hence, a change in dosage should not be made in
attempts to influence white blood cell count. 

Myelosuppression is common at dosages used to
treat RA.2 Specific risk factors for myelosupression
include concomitant allopurinol or ACE inhibitors and
the presence of renal insufficiency.2 The ACR recom-
mends lowering the dose by one-fourth for concomi-
tant allopurinol administration and for patients with
renal insufficiency; concomitant ACE inhibitor-azathio-
prine administration should be avoided altogether.2
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       Cons
• High risk for severe leukopenia and/or

thrombocytopenia

• Other toxicities: hepatotoxicity, may
increase cancer risk, high risk for
opportunistic infections, macrocytic anemia,
severe bone marrow depression

• Requires monitoring every 1-2 weeks with
dosage change, every 1-3 months thereafter

Selection of an Initial DMARD:
Azathioprine

      Pros
• Effective in refractory RA

1. Williams HJ. Rheumatoid arthritis. In: Schumacher HR Jr, Klippel JH,
Koopman WJ, eds. Primer on the Rheumatic Diseases, 10th ed. Atlanta,
Ga: Arthritis Foundation;1993:86-99.
2. American College of Rheumatology Ad Hoc Committee on Clinical
Guidelines. Guidelines for monitoring drug therapy in rheumatoid arthri-
tis. Arthritis Rheum. 1996;39:723-731.
3. Physicians’ Desk Reference. Azathioprine. Montvale, NJ: Medical
Economics Company; 1988:2537.



Despite the introduction of powerful DMARDs, com-
plete remission of RA remains an elusive goal.

Toward this end, a majority of practitioners have
explored potential DMARD combinations, with a two-
fold goal of reducing untoward effects and improving
outcome.

The data are conflicting. Some data show that com-
bination strategies offer only minimal benefit at the
expense of additional toxicity.1,2 However, other studies
have shown significant improvement in outcome vari-
ables (eg, disease activity, physical function) with the
addition of corticosteroids in a “step-down regimen”
pattern (ie, control disease rapidly at an early stage and
then gradually taper and stop the more toxic agents), or
in a regular regimen.3,4
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Combination DMARD Therapy

• Combination DMARD regimen
– Does not increase toxicity levels

– Long-term outcome more favorable

– Superior efficacy to single-DMARD regimen

• Possible combinations
– Methotrexate/sulfasalazine/hydroxychloroquine

– Cyclosporine/methotrexate

– Leflunomide/methotrexate

1. Willkens RF, Sharp JT, Stablein D, et al. Comparison of azathioprine,
methotrexate, and the combination of the two in the treatment of
rheumatoid arthritis. Arthritis Rheum. 1995;38:1799-1806.
2. Haagsma CJ, Van Riel PLCM, De Jong AJL, Van De Putte LBA.
Combination of sulphasalazine and methotrexate versus the single com-
ponents in early rheumatoid arthritis: a randomized, controlled, double-
blind, 52 week clinical trial. Br J Rheumatol. 1997;36:1082-1088.
3. Boers M, Verhoeven ACR, Markusse HM, et al. Randomized compari-
son of step-down prednisolone, methotrexate and sulfasalazine with sul-
fasalazine alone in early rheumatoid arthritis. Lancet. 1997;350:318.
4. Tugwell P, Pincus R, Yocum D, et al. Combination therapy with
cyclosporine and methotrexate in severe rheumatoid arthritis. N Engl J
Med. 1995;333:137-141.
5. 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 J Med. 1996;334:1297-
1291.
6. Weinblatt ME, Kremer JM, Coblyn JS, et al. Leflunomide plus
methotrexate in refractory rheumatoid arthritis: a pilot study. Arthritis
Rheum. 1997;40(suppl):Abstract 974.
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In one trial demonstrating the efficacy of combina-
tion therapy without a corticosteroid, 102 RA patients
who had previously failed on a DMARD were random-
ized to methotrexate alone (7.5 to 17.5 mg/wk), 
sulfasalazine (500 mg b.i.d.) plus hydroxychloroquine
(200 mg b.i.d.) or a combination of all three.5 The 
50 patients who met the improvement criteria at the
end of the study included 77% of those receiving 
all three agents (24/31), 40% of those receiving 
sulfasalazine and hydroxychloroquine (14/35), and
33% of those receiving methotrexate alone.5

An open-label pilot study evaluated the efficacy of a
combination of leflunomide and methotrexate in 30
patients with active RA despite methotrexate therapy
for ≥6 months at doses ≥15 mg/wk (or ≥10 if toxicity
prevented higher doses). After 6 months, 54% (14/26)
met ACR criteria for improvement; tender and swollen
joint counts decreased 63% and 34%, respectively, in
all 30 patients.6

Based on this data, combination therapy may prove
to be an effective treatment strategy for patients with
active RA unresponsive to a single-DMARD regimen.



Data show the effectiveness of DMARD therapy in
short-term control of RA. However, long-term effec-

tiveness is often less than optimal as the toxicity profile
of many of the currently available agents increases the
likelihood of early discontinuations.1 Although its safety
profile is far from optimal, methotrexate is often consid-
ered the agent of choice because it has the best rate of
continuation among all DMARDs.2

However, like other agents in this class, methotrex-
ate is effective for only a number of patients with RA, as
disease progression eventually continues despite an
improvement in pain and functional indices of activity.3

And, despite continuous treatment with any of the
available agents, current estimates show that 75% of
patients with RA will eventually become disabled.4

In addition to the toxicities seen with DMARDs, the
issue of disease flares during remission has yet to be
resolved. Flares have been noted in roughly 75% of
patients within 6 to 8 weeks following discontinuation
of methotrexate. In fact, despite their potential side
effects, low-dose corticosteroids are often required to
help lower the risk of disease flares once DMARD thera-
py is stopped. 
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Unmet Needs in RA Therapy

• Existing agents are lacking in the following three areas:
– Maintaining an acceptable safety profile

– Controlling disease activity in a large proportion of patients

– Limiting disease flares despite discontinuation

1. 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 J Med. 1996;334:1297-
1291.
2. Conaghan PG, Lehmann T, Brooks P. Disease-modifying antirheumatic
drugs. Curr Opin Rheumatol. 1997;9:183-190.
3. Rozman B. Clinical experience with leflunomide in RA. J Rheumatol.
1998;25(suppl 53):27-32.
4. Kalden JR, Williams BD, Kvien TK, et al. Rapid onset of action of
leflunomide, a novel immunomodulatory agent for rheumatoid arthritis.
Rheumatol Eur. 1998;27(suppl 2):Abstract 157.
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Leflunomide [N-(4-trifluoromethylphenyl)-5-methylisox-
azole-4-carboxamide] represents a new generation of

low molecular weight immunoregulatory agents and
has demonstrated high efficacy and tolerability in
patients with active RA. Following administration to ani-
mals or humans, leflunomide is rapidly converted to its
active metabolite A77 1726. 

A77 1726 possesses the same molecular formula
and weight of the parent compound and represents
more than 90% of the leflunomide metabolites.1 It has
been shown to mediate the immunosuppressive and
anti-inflammatory disease-modifying effects of the par-
ent compound in vivo, and is a selective lymphoctye
cytostatic agent in vitro.2
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1. Silva HT, Morris RE. Leflunomide and malononitriloamides. Exp Opin
Invest Drugs. 1997;6:51-64.
2. Hermann M, Frangou CG, Kirschbaum B. Cell cycle control of the de
novo pyrimidine synthesis inhibitor leflunomide through the p53 and
p21WAF-1 pathways. Arthritis Rheum. 1997;40(suppl):Abstract 875.



Leflunomide’s mechanism of action has not been fully
elucidated. It binds to and inhibits dihydroorotate

dehydrogenase (DHODH), the fourth enzyme in the de
novo pathway of pyrimidine synthesis.1 DHODH is
responsible for conversion of dihydroorotate to orotate,
a critical step for uridine monophosphate (rUMP) pro-
duction.2 The inhibitory action of A77 1726 leads to
intracellular pyrimidine depletion and subsequently acti-
vates the p53 and p21 cell regulatory molecule path-
ways responsible for modulating the expression of
S-phase cell synthesis.1 Consequently, T cells (ie, lym-
phocytes, nonlymphoid and lymphoid cell lines,
cytokine-dependent lines), which depend on both the
de novo and salvage pathways to fulfill their metabolic
nucleotide requirements for RNA and DNA synthesis,
are arrested at the G1/S cell cycle phase border, and syn-
thesis and proliferation are inhibited. This decreases the
autoimmune response in patients with RA.2-4 In animal
models, the addition of exogenous uridine (1g/kg)
results in a subsequent reversal of immunosuppression
of lymphoproliferation and the conversion of rUMP by
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Leflunomide/A77 1726
Primary Mechanism of Action
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1. Hermann M, Frangou CG, Kirschbaum B. Cell cycle control of the de
novo pyrimidine synthesis inhibitor leflunomide through the p53 and
p21WAF-1 pathways. Arthritis Rheum. 1997;40(suppl):Abstract 875.
2. Fox RI. Mechanisms of action of leflunomide. J Rheumatol.
1998;25(suppl 53):20-26.
3. Choy EHS, Scott DL. Drug treatment of rheumatic diseases in the
1990s. Achievements and future developments. Drugs. 1997;53:337-
348.
4. Silva HT, Morris RE. Leflunomide and malononitriloamides. Exp Opin
Invest Drugs. 1997;6:51-64.
5. Xu X, Williams JW. Two activities of the immunosuppressive metabo-
lite of leflunomide, A77 1726.  Biochem Pharmacol. 1996;52:527-534.
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pyrimidine salvage pathways, thus confirming lefluno-
mide’s effect on rUMP nucleotide levels.2

A77 1726 has also been shown to inhibit tyrosine
kinase activation in T cells following stimulation of the
interlukin-2 receptor, which may partially explain the
immunomodulatory action of A77 1726 in lymphopro-
liferative disease.2 The concentrations required to inhibit
tyrosine kinase may be considerably higher than those
required to inhibit DHODH, implying that leflunomide’s
immunomodulation works via two different mecha-
nisms.2,5



Leflunomide has an extensive first-pass metabolism in
the gut and liver, and rapidly converts to A77 1726

following oral administration.1 A77 1726 is extensively
(>99%) bound to plasma proteins (primarily albumin).
Free plasma concentrations of A77 1726 are linear
across dosing ranges of 5 to 25 mg daily; mean plasma
concentrations for patients receiving leflunomide are 
9 µg/ml, 19 µg/ml, and 52 µg/ml for 5 mg, 10 mg, and
25 mg daily doses respectively.2 Because of its long plas-
ma half-life (15-18 days), loading doses of leflunomide
(ie, 100 mg q.d. x 3 followed by 20 mg q.d.) are
required to achieve steady-state concentrations.3

Concomitant cholestyramine administration appears
to significantly affect leflunomide’s pharmacokinetics by
increasing its clearance rate, implying that, potentially, 
8 g cholestyramine t.i.d. may be used to rapidly clear
A77 1726 from the body.2,4 Data also show that 50 mg
q.i.d. activated charcoal can provide a 50% reduction in
A77 1726 plasma levels within 24 hours.2 Following 28-
day administration, 43% of leflunomide is recovered in
urine and 48% in feces.

No interactions with food have been observed. With
regard to drug-drug interactions, leflunomide does not
appear to alter methotrexate metabolism or interfere
with contraceptives containing estrogen.2 Moreover,
preliminary data suggest that concomitant NSAID or
steroid use does not result in adverse reactions.2
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Pharmacology of Leflunomide:
Plasma Concentrations of A77 1726
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1. Plosker GL, Wagstaff AJ. Leflunomide. Clin Immunother. 1996;6:300-
306.
2. Rozman B. Clinical experience with leflunomide in RA. J Rheumatol.
1998;25(suppl 53):27-32.
3. Silva HT, Morris RE. Leflunomide and malononitriloamides. Exp Opin
Invest Drugs. 1997;6:51-64.
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Leflunomide appears to have an efficacy profile com-
parable to other DMARDs, with a somewhat faster

onset of action and longer duration of response than
currently used agents; data indicate that beneficial clini-
cal effects are evident as early as four weeks following
initial administration.1,2 There is evidence from Phase II
and III trials that leflunomide is well-tolerated following
prolonged treatment, does not appear to be nephrotox-
ic or myelotoxic, and is free of treatment-limiting events
other than mild GI symptoms and moderate liver func-
tion elevations in some patients.1,3 Its efficacy and safe-
ty in clinical practice is yet to be determined.

Leflunomide’s ability to affect several intracellular
processes involved in lymphoctye stimulation and prolif-
eration, rather than simply targeting T cells, may account
for its immunomodulatory efficacy without accompany-
ing immunodeficiencies relative to conventional thera-
pies such as methotrexate. Clinical observations indicate
that leflunomide provides antirheumatic activity at doses
that are not associated with significant leukopenia,
thrombocytopenia, or mucositis. This implies that the
agent preferentially targets autoimmune lymphocytes.4
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        Cons
• Lack of clinical experience

• Toxicities: hepatotoxicity,
gastrointestinal

Selection of an Initial DMARD: Leflunomide

Pros
• Early onset of action (~ 4 weeks)

• Stabilized benefit for long-term use

• Selectively targets autoimmune
lymphocytes to reduce untoward
AEs

1. Plosker GL, Wagstaff AJ. Leflunomide. Clin Immunother. 1996;6:300-
306.
2. Kalden JR, Williams BD, Kvien TK, et al. Rapid onset of action of
leflunomide, a novel immunomodulatory agent for rheumatoid arthritis.
Rheumatol Eur. 1998;27(suppl 2):Abstract 157.
3. Mlandenovic V, Domljan Z, Rozman B, et al. Safety and efficacy of
leflunomide in the treatment of patients with active rheumatoid arthritis.
Arthritis Rheum. 1995;38:1595-1603.
4. Fox RI. Mechanisms of action of leflunomide. J Rheumatol. 1998;
25(suppl 53):20-26.



In this study, significant improvement in both primary
and secondary outcome measures were observed in

the leflunomide groups.1

Statistical analysis indicated a significant improve-
ment from baseline in all primary parameters (ie,
swollen and tender joint scores, swollen and tender
joint counts, patient global assessment, and physician
global assessment) versus placebo in patients random-
ized to 25 mg leflunomide (P <0.05).1 Similarly, changes
in primary parameters in patients receiving the 10 mg
dose were significantly better than placebo, with the
exception of tender joint count and tender joint score.1

A clear dose-response was noted for all groups (except
placebo). Significantly more patients responded to
leflunomide treatment than to placebo based on Paulus
and ACR criteria; improvements in secondary measures
(ie, health assessment questionnaire, pain assessment,
grip strength, duration of morning stiffness, ESR, and
CRP returning to normal) were significantly greater in
the 10 mg and 25 mg groups compared with placebo.1

Clinical improvement was observed in all groups by
week four, and further improvement was continuous
among patients randomized to 10 mg and 25 mg doses
until week 20, after which time clinical benefit stabilized
and was maintained.1
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Safety and Efficacy of Varying Doses of
Leflunomide vs. Placebo

• Six-month trial of 402 patients with active RA

• Patients randomized to placebo, 5 mg, 10 mg, or 25 mg
leflunomide

• Eligibility based on ACR criteria, demonstrating at least
3 of the following:
– ≥ 8 tender joins

– ≥ 8 swollen joints

– Morning stiffness lasting 45 minutes or longer

– ESR ≥ 40 mm/hr

1. Mlandenovic V, Domljan Z, Rozman B, et al. Safety and efficacy of
leflunomide in the treatment of patients with active rheumatoid arthri-
tis. Arthritis Rheum. 1995;38:1595-1603.
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1. Rozman B. Clinical experience with leflunomide in RA. J Rheumatol.
1998;25(suppl 53):27-32.
2. Mlandenovic V, Domljan Z, Rozman B, et al. Safety and efficacy of
leflunomide in the treatment of patients with active rheumatoid arthritis.
Arthritis Rheum. 1995;38:1595-1603.

Leflunomide has been studied in 1339 patients with
active RA. To date, data demonstrate that lefluno-

mide has comparable or greater activity in RA and 
comparable or better tolerability compared with metho-
trexate and sulfasalazine.1

In a Phase II, placebo-controlled study, 402 patients
with active RA were randomized to receive either place-
bo, or 5 mg, 10 mg, or 25 mg of leflunomide daily for
six months.2 Eligible patients were required to meet the
ACR criteria for diagnosis of RA and to have active dis-
ease, as defined by meeting at least three of the follow-
ing four criteria: >8 tender joints, >8 swollen joints,
morning stiffness lasting 45 minutes or longer, and ESR
>40 mm/hr.2

Parameters

5

Safety and Efficacy of Varying Doses of
Leflunomide vs. Placebo (cont.)
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A12-month, multi-center, randomized, placebo-con-
trolled Phase III trial was conducted to measure the

clinical efficacy of leflunomide compared with placebo
and methotrexate. To compare its efficacy in patients
with early (≤2 years) and late (>2 years) RA, 479
patients (38% with early RA, 62% with late RA)
received a loading dose of leflunomide 100 mg q.d. x 3
followed by 20 mg q.d., placebo, or methotrexate 7.5
mg/week, titrated progressively to 15 mg/week; 60% of
patients in the methotrexate group were receiving 
15 mg/week from weeks 9 through 52. All trial partici-
pants received folate 1 mg q.d. or b.i.d to counteract GI
events. 1

Regardless of the severity and duration of RA,
patients demonstrated comparable response rates 
with leflunomide. At week 52 assessment, significantly
greater improvements in tender and swollen joint
counts, as well as improvements in both physician and
patient global assessment, were reported in patients
randomized to leflunomide than those receiving place-
bo (P ≤0.0001). Efficacy was comparable in leflunomide
and methotrexate. Moreover, both agents were well-tol-
erated, and adverse events were comparable between
early and late RA patients.1
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Placebo     5 mg    10 mg      25 mg
(n=102) Leflunomide Leflunomide Leflunomide

   (n=95)   (n=101)   (n=104)

GI* 3 15 10 12

Rash/allergic reaction 5 6 4 8

Reversible alopecia 1 1 1 7

Weight loss 2 2 4 4

*Includes anorexia, abdominal pain, diarrhea, nausea w/wo vomiting, gastritis, gastroenteritis

Safety of Leflunomide: Adverse Events

1. Moreland LW, Fleischmann RM. Efficacy of leflunomide versus place-
bo versus methotrexate in early and late rheumatoid arthritis. Arthritis
Rheum. 1998;41(suppl):Abstract 733.

Of the 402 patients enrolled in the study, 48%
(n=195) experienced adverse events.1 Most of these

events were attributed to GI disorders, with the greatest
number occurring in the 25 mg dosage group. Pruritus
and rash occurred more frequently in the active treat-
ment groups (5%) than in placebo (2.9%), and one
non-fatal anaphylaxis case was reported.1 Reversible
alopecia was more common in patients receiving 25 mg
leflunomide; no clinical explanation could be offered for
weight loss.1 Hypertension occurred more frequently
with patients in the active treatment groups, but attri-
bution to leflunomide is difficult due to the high inci-
dence of cardiovascular disease in the study population.

Mean values for alkaline phosphatase, ALT, and AST
increased during the study course but remained within
normal ranges. Although elevations in liver function
tests in several patients were reported, they appeared to
be dose-related, with a higher incidence of abnormali-
ties in the 10 mg and 25 mg groups compared with
placebo at 24 weeks.1

The relationship between leflunomide dose and clin-
ical response, and consequently, untoward adverse
events encountered in the 25 mg dose, led to the con-
clusion that the optimal dose should be above 11 mg
(to achieve clinical response) but below 25 mg to main-
tain an acceptable safety profile. Toward that end,
Phase III trials studied daily doses of 20 mg leflunomide.
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1. Mlandenovic V, Domljan Z, Rozman B, et al. Safety and efficacy of
leflunomide in the treatment of patients with active rheumatoid arthri-
tis. Arthritis Rheum. 1995;38:1595-1603.

Efficacy of Leflunomide Compared with Placebo
and Methotrexate in Early and Late RA*

*Early RA = ≤ 2 years; 
late RA= >2 years
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Using the ACR responder index to determine treat-
ment efficacy, 482 patients with active RA received

either leflunomide (n=182; 100 mg q.d. x 3 followed by
20 mg q.d.), placebo (n=118), or methotrexate (n=182;
7.5-15 mg/week). Treatment groups were similar with
respect to sex, age, disease duration, and prior DMARDs
failed. Stable doses of prednisone (≤10 mg b.i.d.) and/or
NSAIDs were continued in 49% and 69%, respectively.1

Leflunomide and methotrexate were well tolerated.
Treatment-related serious adverse events occurred more
frequently among methotrexate patients than among
leflunomide or placebo (2.7% methotrexate, 1.1% lef-
lunomide, 1.1% placebo). From the leflunomide group,
17% withdrew due to lack of efficacy and 22% due to
adverse events compared with 53% and 9% in the pla-
cebo group, and 24% and 10% in the methotrexate
group.1

Based on the ACR responder index, a significantly
greater number of leflunomide and methotrexate
patients showed improvement in disease progression 
(≥ 20%) and ACR “success” (completed 12 months
treatment and ACR responder at endpoint) compared
with placebo (41% success and 52% responders for
leflunomide; 35% success and 46% responders for
methotrexate; 19% success and 26% responders for
placebo); the two treatment groups were statistically
equivalent in both criteria. Overall, mean changes over
time in all components of the ACR responder index
were significantly better in the two treatment groups
compared with placebo.1
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Onset of Action and Duration of Response of
Leflunomide vs. Methotrexate or Placebo

*P ≤0.0001 vs placebo.
**AUC = area under the curve, weeks of ACR response; †duration measured in weeks
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To determine the onset of action and duration of
response of leflunomide compared with methotrexate

or placebo, 482 patients were treated with leflunomide
(n=182; 100 mg q.d. x 3 followed by 20 mg q.d.), place-
bo (n=118), or methotrexate (n=182; 7.5-15 mg/week).1

At 4-weeks’ follow-up, 39% of patients randomized
to leflunomide met ACR responder criteria (versus 20%
and 24% for placebo and methotrexate, respectively);
at the trial’s end, significantly more patients randomized
to leflunomide or methotrexate met ACR responder cri-
teria than did patients in the placebo group (52%,
46%, and 26% for leflunomide, methotrexate, and
placebo, respectively; P ≤0.0001).1

The time to initial response was 8.5 weeks in the
leflunomide group and 9.5 weeks in the methotrexate
group compared with 10.4 weeks in the placebo group.
Time to sustained response was slightly more favorable
in patients receiving leflunomide than in those receiving
methotrexate or placebo (10.7 weeks versus 14.0 weeks
and 14.7 weeks, respectively). Similarly, the duration of
sustained response was slightly longer in the leflunomide
group (33.4 weeks) than in the methotrexate group
(29.6 weeks) or in the placebo group (26.4 weeks).1

Of note, the time during which a response occurred
(ie, mean AUC) were equivalent in both the leflunomide
and methotrexate groups (23.7 weeks and 22.7 weeks,
respectively) and statistically superior to placebo 
(P ≤0.0001), indicating that leflunomide treatment
results in improvement in the signs and symptoms of RA
over a clinically meaningful time period.1
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1. Furst D, Cannon GW, Fox R. Onset of effect and duration of response
to leflunomide treatment of active rheumatoid arthritis (RA) compared to
placebo or methotrexate. Arthritis Rheum. 1998:41(suppl):Abstract  734. 

*P ≤0.0001 vs placebo.  **ACR “success” is defined as a patient who completed 12 months
treatment and is classified as an ACR responder at endpoint; †ACR responder is defined as a
patient who shows ≥20% improvement in disease progression.
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Improvement of functional activities and health related
quality of life (HRQOL) following treatment was mea-

sured in 482 patients with active RA who received
either leflunomide (n=182; 100 mg x 3 followed by 20
mg q.d.); placebo (n=118), or methotrexate (n=182;
7.5-15 mg/week). Treatment groups were similar with
respect to disease duration and prior DMARDs failed.1

Clinical improvement was measured in 436 patients
using the Modified Health Assessment Questionnaire
(MHAQ), the Health Assessment Questionnaire (HAQ),
the Problem Elicitation Technique (PET), and the Medical
Outcomes Survey Short Form 36 (SF-36). The MHAQ
was administered monthly; the remaining tests were
administered at baseline, at 24 weeks, and at 52 weeks
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To determine x-ray analysis of disease progression fol-
lowing treatment, 482 patients with active RA were

treated with leflunomide (100 mg q.d. x 3 followed by 20
mg q.d.), placebo, or methotrexate (7.5-15 mg/week).
Treatment groups were similar with respect to age, sex,
mean disease duration, number of prior DMARDs failed,
and baseline radiographic scores. Single emulsion x-rays
of the hands and feet were obtained in 352 patients 
(131 leflunomide, 83 placebo, 138 methotrexate) at
baseline and at 12 months or early exit.1

Disease progression was measured by analysis of
erosions and joint space narrowing in 34-36 hand joints
and 12 foot joints. Sharp scores for each patient were
determined by the mean change in the sum of erosions
and joint space narrowing scores. Predicted yearly pro-
gression was estimated as baseline total score divided
by mean disease duration.1

Analysis of Sharp scores demonstrated significantly
less progression of disease in leflunomide patients com-
pared with placebo; progression of disease with
methotrexate was greater compared with leflunomide.
Data show that treatment of active RA patients with
leflunomide over 12 months slows disease progression
as measured by x-ray.1
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Functional Activities and Health Related
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or early exit. Significant improvement in function and
HRQOL (P ≤0.0001) was seen with leflunomide (n=166)
compared with placebo (n=101) based on MHAQ, all
scales of HAQ disability index, weighted top 5 scores of
PET, 5 of 8 subscores of SF-36, and work productivity. In
comparison with methotrexate (n=169), leflunomide
patients demonstrated significant improvements in
MHAQ, 5 of 8 scales of HAQ disability index, weighted
top 5 scores of PET, and 2 of 8 subscores of SF-36.

Overall, disability improved in both treatment
groups compared with placebo; the leflunomide group
demonstrated significantly greater improvement in
health status and functional activities important to the
patient compared with placebo and methotrexate.
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Beyond traditional DMARD therapy, research is contin-
uing into biological agents that target different steps

of the RA disease process. For example, a key step in
the inflammatory cascade in RA is the release of
cytokines by macrophages. Although many cytokines
share biological properties, they have distinct roles in
the pathogenesis of RA.1 For example, tumor necrosis
factor-alpha (TNF-α) is thought to play a key role in 
promoting inflammation while interleukin 1 (IL-1) is
thought to play a pivotal role in the pathogenesis of
joint destruction.2 Hence, much of the research into
potential new biological therapies for RA has focused
on agents that selectively block cytokine release.

TNF-α p75 soluble receptor, which neutralizes TNF-α
and blocks it from its normal cell surface receptors, has
shown significant improvement in ACR-20 criteria in
roughly 75% of patients.1,3 TNF-α monoclonal antibody
has demonstrated over 60% improvement in swollen
joint counts and CRP levels.4 Data show that administra-
tion of TNF inhibitors may be useful in patients to con-
trol disease flares as well as in long-term therapy
regimens.1,4
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Agent Comment

TNF-αp75 soluble receptor 75% improvement in ACR-20 criteria 

TNF-α monoclonal antibody Over 60%improvement in swollen joint
counts and CRP levels 

Therapies in Development: TNF Inhibitors 



Additional agents under development are those that
target interleukin proteins which play a role in

either stimulating or blocking inflammation in arthritis.1

IL-1ra, which targets the type 1 IL-1 receptor and thus
inhibits IL-1 binding, has demonstrated clinical improve-
ment when higher doses are added to daily initiation
therapy at least three times a week.2

IL-10 and IL-11 are anti-inflammatory cytokines that
affect production of IL-1β, TNF-α, and granulocyte-
macrophage colony-stimulating factor (GM-CSF).3 In
one study, blockade of endogenous IL-11 resulted in a
two-fold increase in TNF-α levels; blockade of both 
IL-10 and IL-11 resulted in a 22-fold increase in TNF-α.4

In another study, neutralization of endogenous IL-10 by
anti-IL-10 monoclonal antibodies resulted in increased
production of IL-1β, TNF-α, and GM-CSF by synovial
fluid mononuclear cells; the addition of recombinant 
IL-10 significantly decreased production of these fac-
tors.3 Data show that IL-10, IL-11, and other anti-
inflammatory cytokines may play a role in the treatment
of patients with rheumatoid arthritis.
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           Agent              Comment

IL-1ra Improvement noted when higher doses are
added to daily initiation therapy

IL-10 and IL-11 Anti-inflammatory cytokines

Therapies in Development: Interleukins Conclusions

• DMARDs should be initiated early in active RA

• DMARDs may be limited by their toxicity profiles

• Leflunomide as a DMARD:
– Effect on primary and secondary outcome measures is

superior to placebo

– Efficacy and tolerability is comparable or superior to other
DMARDs

The goals of rheumatoid arthritis therapy is to relieve
pain and slow disease progression, while minimizing

adverse side effects. Toward that end, ACR recommends
initiating DMARD therapy within three months of active
RA signs and symptoms. Many DMARDs, however, are
limited by their toxicity profiles and/or by their slow
onset of action. Newer agents have therefore tried to
maximize both time to benefit and tolerability.

Leflunomide, a newer DMARD, has been shown in
clinical trials to be significantly superior to placebo in
both primary and secondary outcome measurements
and comparable or superior to currently available
DMARDs, including methotrexate and sulfasalazine.
Additionally, leflunomide’s tolerability is comparable or
superior to methotrexate and sulfasalazine, with gas-
trointestinal effects and transient liver elevations most
frequently reported. These two benefits, combined with
leflunomide’s early initial response (4-8 weeks), demon-
strate leflunomide’s contribution in the treatment of
rheumatoid arthritis.
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