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Preface

Rheumatic diseases, in general, are of unknown pathogenic origin. Until
recently the mainstay in their treatment has been the use of general measures
without specificity. Such drugs as prednisone were used in the treatment of
most of the diseases to suppress the inflammatory process and a usually over-
active immune system. The effect was nonspecific and the side effects were
often life-threatening. In the field of such degenerative rheumatic diseases as
osteoarthritis, nonspecific anti-inflammatory drugs have been used with mini-
mal benefit and numerous side effects.

During the last two decades, enormous progress has been made in the
understanding of the molecular and cellular processes that lead to disease
pathology. Several biochemical steps have been identified in most of the sys-
temic diseases and the involved cells have been characterized. The complexi-
ties of the immune system have been better understood and the aberrations
that lead to autoimmunity have been clarified significantly.

During the last decade rheumatologists have capitalized on the knowl-
edge gained and have begun to develop new treatment modalities designed to
interrupt particular pathologic processes in the hope that, by reversing the
aberration, clinical improvement will ensue. This approach has enjoyed fre-
quent success. As a consequence, a number of novel biologics and drugs have
recently been introduced in the treatment of rheumatic diseases and many more
are in clinical trials. These new therapeutic modalities have already changed
the way we think about rheumatic diseases and have markedly increased our
ability to help suffering patients. The pace of development of these novel drugs
is also increasing and a continuous surge of new biologics and drugs that will
claim better clinical efficacy, more specificity, and less toxicity seems likely.

Modern Therapeutics in Rheumatic Diseases aims to synthesize this
developing knowledge and present it concisely to all those treating rheumatic
patients. Without ignoring what is currently standard treatment, it will present,
in practical detail, novel treatments and will discuss those that are in clinical
trials and about to be introduced in the rheumatology practice. Modern
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Therapeutics in Rheumatic Diseases provides a single volume, compiled by
experts, where this important information can be accessed.

The editors wish to thank Elyse O'Grady for making this book possible
and Jessica Jannicelli for her wonderful editing skills.

Steffen Gay

Gary M. Kammer
Johanne Martel-Pelletier
Larry W. Moreland
Jean-Pierre Pelletier
George C. Tsokos
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1 New Treatment Opportunities
for Rheumatoid Arthritis

Larry W. Moreland

In this introductory chapter, it is the intent to point out the tremendous new advances
that have been made within the past two years for treating rheumatoid arthritis (RA).
The past decade has been marked by a remarkable increase in our knowledge in the
pathogenesis of RA. This basic scientific knowledge has translated now into opportunities
to target specifically the mediators that are now known to be players in this disease.
These new therapies include potentially safer (although not more effective with pain
control) cyclooxygenase-2 specific nonsteroidal anti-inflammatory drugs (NSAIDs);
leflunomide; and two tumor necrosis factor (TNF) inhibitors, etanercept and infliximab.
A device, the Prosorba column has also received approval by the US Food and Drug
Administration (FOA) for use with RA patients. Moreover, it is anticipated in the near
future that interleukin 1 (IL-1) inhibitors will soon be available. Although these new
therapeutic options have shown significant clinical responses in RA patients, these
advances will require further analysis with long-term follow-up to determine their true
potential to modify the disease and to be safer than currently available therapies.

The ultimate goal of RA management is to restore the patient to normal non-RA
status with normal physical, social, and emotional function and capacity to work, and
with structurally and anatomically normal joints. Although this goal may be unrealistic
in many patients, we can now at least have these goals in our sights. Never before have
so many drugs been available to use as treatments for RA, and these new therapies have
resulted in the paradigms for treating RA.

Profound clinical improvements have been demonstrated with these new disease-
modifying, anti-rheumatic drugs (DM ARDs) (leflunomide, etanercept, and infliximab)
in placebo-controlled trials. Thus, the challenges we will face as clinicians include how to
administer these new therapies either alone or in combination with our currently available
DMARDs such as methotoxate, sulfasalazine, hydroxychloroquine, cycyclosporine,
gold salts, corticosteroids, and so forth.

There is a growing consensus that we should treat RA patients earlier with our
“best” DMARDs. This is based on evidence that up to three-fourths of RA patients
have developed evidence of permanent damage (erosion of bone and cartilage)
within three years of disease duration. This consensus has been further solidified
with the recent evidence that several of our DMARDs (methotrexate, etanercept,
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4 Part I / Rheumatoid Arthritis

leflunomide, sulfasalazine, infliximab) can slow the disease progression, as measured
radiographically.

These new advances in our treatment options are met with several new challenges
including when these therapeutic agents should be used in the current treatment
paradigms by physicians who see these patients. Decisions that will be important in
this regard will need to take into account the comparable efficacy and safety profile as
well as the cost-effectiveness of these new therapies. What is becoming increasing clear
in the most recent years is that combinations of currently available disease-modifying
drugs with each other, or in combination with these new therapies, provides in most
cases a better therapeutic result than when each of the agents is used alone. These new
therapies will require additional studies in patients to determine which options will
provide the most beneficial long-term outcomes.

In Chapter 10, use of combination of our current disease modifying drugs is reviewed
(I1-6). Methotrexate remains the DMARD used most often and remains the cornerstone
for the combination of DMARDs. This chapter reviews in detail each of the treatment
approaches with combination therapy published to date. In particular, discussion of
therapeutic options for early disease or initial therapy for RA, which may differ from
treatment given to patients with more established disease, who have been treated with
methotrexate and have failed to have an optimal response (i.e., complete remission).
These pivotal studies have provided the basis with which to compare future studies
with regards to study design, outcome measures, and so on. Numerous questions are
unanswered at this time concerning the appropriateness of combination therapy for
specific patients with mild vs more aggressive disease, as well as which specific
combination would be the most effective. Further studies might include large clinical
trials where patients with certain specific types of mild vs aggressive disease are
randomized to specific protocols. Alternatively, we may also see large databases with
long-term follow-ups in which therapies given to patients are carefully documented,
along with the outcomes of such therapies.

In Chapter 6, there is a review of the current data regarding TNF inhibitors as new
therapeutic options for the treatment of RA (7—19). TNF inhibitors have been truly a
“bench to bedside” approach in which the lessons learned from both animal models
of disease, and an understanding of molecular events gained by several investigators,
have represented the first target based treatment for RA. There are currently two TNF
inhibitors commercially available for the treatment of RA: etanercept and infliximab.
The efficacy of TNF inhibitors in patients with refractory disease has been remarkable;
in fact, the percentage of patients that respond to such therapies is in the range of
50-70%. It will be important to predict or understand why some patients have such
good clinical responses as we move forward with other targeted therapies, such as IL-1
inhibitors (20-23). Therefore, much research is needed to understand why some patients
do not respond to TNF inhibitors; better understanding of the disease in these patients
can lead to new therapeutic options. Likewise understanding the mechanisms through
which patients have dramatic responses to these TNF inhibitors is important, because
as this will ultimately shed light on identifying patients who might be more likely
to respond to such targeted therapies. Potential areas of investigation in this regard
would involve the analysis of genetic factors that might be predictive of efficacy and/or
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adverse events. Chapter 2 gives an up-to-date review of the current understanding
of the genetics of RA.

One area of investigation has now led to the approval of drugs that will not only
improve the signs and symptoms of RA, but also potentially slow the disease, as measured
radiographically. Therapies that have been shown to slow the disease radiographically
represent a new challenge as we move forward in developing new paradigms in the
treatment of RA. Although the short-term (1-yr studies) clearly suggests that drugs such
as leflunomide (reviewed in Chapter 8) and the TNF inhibitors (reviewed in Chapter 6),
as well as methotrexate and sulfasalazine, can slow the disease, several question remain
to be answered, such as whether a radiographic measurement of 1 yr of change will
translate into long-term benefits such as improved function and survival. In addition, it
is now important to understand if indeed these radiographic changes are truly important
and whether these therapies (alone or in combination) should be used in early disease to
preventirreversible damage. This information will require significant further investigation
especially regarding what types of combinations of these agents should be used and in
what types of patients (i.e., more aggressive vs less aggressive disease).

Another molecular target for potential therapy is IL-1, which has many of the same
proinflammatory activities of TNF. The current state of research in IL-1 inhibitors is
reviewed in Chapter 7. Specifically, IL-1 receptor antagonists (IL-1ra) have been shown
in controlled trials to produce statistically significant improvements in controlling
the signs and symptoms of RA, as well as slowing the disease process, as measured
radiographically (20-23). The efficacy of IL-1ra might be enhanced potentially with
preparations that would increase the half-life or ability to block all IL-1 receptors. In
fact, in animal models of arthritis, it has been shown that there is a clear dose response
of the amount of IL-1ra given with regards to the efficacy. Therefore, perhaps improved
formulations or delivery systems of IL-1ra and/or other mechanisms such as inhibitors
of IL-1 converting enzyme (24) potentially might be future ways of inhibiting IL-1.
In addition, agents that inhibit P38 mitogen activating protein (MAP) kinase (25-27),
which would theoretically inhibit the production of both TNF and IL-1, represent another
target that is worthy of RA therapy exploration (reviewed in Chapter 11).

Although often thought to be an adjunctive therapy for RA, corticosteroids have been
shown to demonstrate remarkable anti-inflammatory effects in a variety of diseases.
However, the significant adverse events associated with long-term, high-dose cortisone
use (reviewed in Chapter 5) clearly have limited the usefulness of this particular agent
as a long-term drug for the treatment of RA. As illustrated in Chapter 5, systemic steroid
use in RA remains a highly debated area. The most intriguing aspect that remains to be
clearly defined is whether corticosteroids can modify the disease by slowing damage as
measured radiographically (28). The mechanisms by which corticosteroids are effective,
such as inhibiting proinflammatory cytokines (such as TNF, IL-6, IL-1) would support
the role that they might be able to alter disease manifestations. This is of particular
importance now that both TNF and IL-1 inhibitors have been able to demonstrate true
disease modification in this same manner. However, the long-term side effects, such as
steroid-induced osteoporosis, as well as other untoward effects, would argue that the
benefit-risk ratio would be unfavorable in using these as long-term disease-modifying
drugs.
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The increased mortality reported in studies of patients with RA is multifactoral.
However, a probable cause of the long-term outcome of many RA patients might relate
to many of the medications used to treat the signs and symptoms of this disease. This has
been of particular interest with regards to NSAIDs, which have significant toxicities such
as peptic ulcer disease with perforations and bleeds. Recent advances in the discovery
of the COX-2 isoenzyme and specific inhibitors of COX-2 have led to a new class of
drugs, the COX-2-selective NSAID (29-31). These new anti-inflammatory drugs are
reviewed in Chapter 3. Although these new agents do not have increased efficacy when
compared to the traditional COX-1/COX-2 NSAIDs, the benefit of COX-2 agents relates
to their safety profile. Indeed, studies completed to date of patients with RA using
upper-endoscopy and the presence of ulcerations as a surrogate marker for severity
of toxicity would strongly support the improved safety profile with COX-2-specific
NSAIDs. However, longer term trials appropriately powered to determine the true
clinical significance, i.e., perforations and bleeds, will more clearly define the safety
efficacy profile of these therapies. NSAIDs, either nonselective or selective COX-2
inhibitors, are not disease modifying anti-rheumatic drugs. They do not slow the disease
as measured radiographically. Their clinical benefit relates in inhibiting prostaglandin
production and thus serving as analgesic and anti-inflammatory agents that improve the
signs and symptoms of the disease, allowing patients to be more functional. These new
selective COX-2 inhibitors should then offer increased safety as a means of improving
pain in patients with this debilitating and crippling form of arthritis.

Another interesting line of investigation in providing new therapeutic targets and
potentially significant disease modification involves the use of agents that inhibit the
destructive enzymes that destroy cartilage and bone. In this regard, there has been
a significant interest in the past several years with the evaluation of drugs such as
tetracyclines, in particular minocycline, as agents that could modify the disease (32—36).
The recent advances in this field are reviewed in Chapter 9. Although not approved by
the FDA for use in RA, tetracyclines are an option that many physicians might consider
in patients in combination therapy with other disease modifying drugs.

This line of investigation in inhibitors of matrix metalloproteinases (MMPs) remains
an active area of interest. However, a major hurdle is to identify the specific MMPs
that are involved in the destructive process in RA, but that are not essential for normal
processes in the other areas of the body. MMPs have numerous activities and inhibition
of them might result in significant untoward events such as increased fibrosis, or
alterations in the immune surveillance with regards to malignancies.

Leflunomide, a pyrimidine-synthesis inhibitor, has also shown significant improve-
ment in signs and symptoms of disease, as well as slowing radiographic progression
(37-43) in RA patients. Emery, et al. in Chapter 8, have reviewed the clinical data
regarding the development of this agent. An area of interest at this time is whether
the combination of leflunomide with other drugs such as methotrexate, etanercept,
infliximab, and so on will enhance the efficacy of each of these drugs when used
in combination.

Although recent advances in new therapies that have been outlined have markedly
enhanced our ability potentially to slow the devastating manifestation of RA, the fact is
that very few, if any, patients have developed true remissions. In Chapter 11, Genovese
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outlines other areas of investigation regarding molecular targets that might contribute to
improving our therapeutic options over the next few years. In particular in this regard,
the ability to inhibit the T cells either with T-cell receptor peptide vaccine (44), or
with agents that inhibit the costimulatory pathways (45—47), might potentially lead to
combinations of therapies that inhibit not only macrophage molecules (such as IL-1 and
TNF) but also T-cell function. In addition, an area of investigation that requires further
exploration are agents that inhibit B cells. Rheumatoid factor production is one of the
hallmarks of RA, and yet the exact role rheumatoid factors play in the destructive process
remain elusive even after several decades of investigation in this area.

In summary, remarkable advances have occurred in the treatment options of RA.
Several areas of investigation remain that will be crucial to our understanding of the
long-term benefits of these new therapeutic options. Specifically, all of these agents
have been studied in relatively short-term clinical trials and our understanding of
the long-term benefits and/or toxicity of these new therapies remain elusive. In this
regard, it is crucial that the long-term benefits and toxicities of these agents, when
used either alone or in combination, are clearly defined as we embark on additional
therapies for RA. It is clear that the agents in use now to inhibit targeted areas in human
disease also have the potential of interfering with targets that are involved with normal
physiological processes. We clearly do not understand the long-term benefits of these
new therapies at this time.

The bar for achievable clinical improvement has been substantially raised with these
new treatment developments. With further definition of the genetic and nongenetic
factors that contribute to the disease, we as rheumatologists can now realistically strive
for remission as a goal for our patients with RA. With the human genome project
completed, clinical and basic researchers have the opportunity to define which molecular
mechanisms are likely operative in the initiation, perpetuation, and ultimate destructive
phases of RA. Moreover, with new targets currently being investigated such as inhibitors
of IL-1—agents that block costimulatory molecules that block the signaling between
T and B cells—the potential of inducing tolerance in RA is now closer to reality. With
continued advances in our understanding of cytokine biology, new ways of blocking
TNF and IL-1 are likely to evolve.

There is general agreement that the inflammation of RA should be controlled as soon
as possible, as completely as possible, and for as long as possible, consistent with patient
safety. The risk of RA management has decreased as rheumatologists have gained more
experience using combinations of DMARDs, and as increasingly specific and less
toxic agents to modify inflammation (e.g., TNF and COX-2 inhibitors) have become
available. Potential benefit has increased with the documentation of prevention of
structural damage. This improved therapeutic risk/benefit and progressive, irreversible
nature of RA joint damage justifies immediate initiation of DMARD treatment of newly
diagnosed RA, and this is rapidly becoming the expected standard of care.

In summary, this work on RA therapies succinctly reviews the recent advances in
our treatment options for RA and provides a glimpse to the future of other therapies
that are currently under investigation for RA. As clinical researchers, the opportunity
to take the basic research findings from the bench and to clinical practice provides
a remarkable opportunity to improve the quality of life for our patients. Not since
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the development of cortisone as a therapy for RA has such progress been made in
the treatment of RA.
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1. INTRODUCTION

The lack of clinical and laboratory markers that reliably predict response, side effects,
or toxicity to therapeutic intervention poses a significant challenge in therapeutic
decision-making. Consequently, rheumatologists and other physicians treating patients
with rtheumatoid arthritis (RA) must choose treatment regimens based on their own
experience and assessment of the literature which usually consists of clinical trials
of heterogeneous patient populations. With the US Food and Drug Administration’s
(FDA) approval of tumor necrosis factor (TNF) inhibitors such as etanercept (/) and
infliximab (2), the era of targeted biological agents for the treatment of RA has begun.
Biologic agents differ from traditional medications used for RA in their capacity to target
specific pathophysiological pathways not previously accessible to focused therapeutic
intervention. However, the expense of these medications (>$10,000/yr), their lack of
universally positive clinical responses, and the risk of immunosuppression with regard
to infections make the identification of markers for clinically significant responses both
clinically and practically important.

Although the mechanism of action of biologic agents may be through molecular events
“downstream” from those being directly inhibited, there is rationale for searching for
genetic markers of disease within the targeted molecules or their ligands. By identifying
genetic markers of treatment response (either positive or negative), rheumatologists
hope to be able to stratify patients according to genetic determinants of likelihood of

From: Modern Therapeutics in Rheumatic Diseases
Edited by: G. C. Tsokos, et al. © Humana Press, Inc., Totowa, NJ

11



12 Part I / Rheumatoid Arthritis

response or toxicity. Genetic markers that can stratify patients based on their likelihood
of response or toxicity may have an impact on clinical trials. For example, incorporation
of pharmacogenetic analyses into clinical trials may reduce the number of patients
required in phase III trials, but may increase the number of patients to be studied in
postmarketing studies. Thus, an understanding of the genetics of clinical responsiveness
has the potential to improve safety, cost-effectiveness, and clinical response rates
by allowing treatment regimens to be individualized (3,4). It should be noted that
although genetic tests may provide guidelines for pharmacologic management, they
should not be used by medical insurers to disallow reimbursement for treatments with
a particular drug.

GENETIC INFLUENCES ON TREATMENT RESPONSE
AND TOXICITY IN HUMAN DISEASES

In the treatment of any disease, there are many factors that can influence response
to drugs, including the severity and chronicity of the illness, liver and kidney function,
patient age, concomitant treatment with other drugs, coexistent illnesses, and nutritional
status (5). Genetic influences on response to drugs have been documented since the
1950s. For example, it was noted that inherited levels of erythrocyte glucose 6-phosphate
dehydrogenase (G6PD) activity affected the likelihood of hemolysis after taking
antimalarial medications (6). The explosive increase in human genetic information has
influenced the field of pharmacology, fostering the burgeoning of pharmacogenetics
and pharmacogenomics. For the purposes of this chapter, pharmacogenetics will be
used in reference to the study of genetic variation underlying differential response to
drugs; pharmacogenomics refers to the systematic application of genomics to discovery
of drug-response markers (7).

Genetic markers useful in predicting treatment response or toxicity may lie in genes
whose proteins are the target of the drug, are directly involved in the pathogenesis of the
disease itself, or are enzymes that influence the metabolic or pharmacokinetic pathways
of the drug (7). An example of a genetic marker in the drug target is the presence of
coding and promoter polymorphisms in the serotonin receptor 5-HT,, gene, which
influence response rates to the antipsychotic drug clozapine (8). For example, there is
a polymorphism at position 452 of the 5-HT,, receptor in which either His or Tyr is
encoded, based on the allele. In a sample of 153 schizophrenic patients, an association was
found between the presence of the Tyr452 allele and poor clinical response to clozapine.
A further analysis of multiple polymorphisms in the genes encoding adrenergic receptors,
dopamine receptors, serotonin receptors, serotonin transporters, and histamine was
performed. Genotypes at six polymorphisms (four in genes for serotonin receptors, one
in a gene for serotonin transporter, and one in a histamine gene) yielded a sensitivity
of 95% for predicting positive clinical response of schizophrenia to clozapine (9). In
Alzheimer’s disease, the apolipoprotein E (apoFE) gene is associated with neurofibrillary
tangles and [3-amyloid protein in the senile plaques. The presence of particular alleles of
the apoE gene are associated with response of Alzheimer’s to treatment with tacrine (10).
There are polymorphic variations in virtually all genes that encode enzymes involved in
drug metabolism through modification of functional groups or through conjugation with
endogenous substrates (reviewed in ref. 5).
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There are many associations between drug response and genetic variations in
the metabolic or pharmacokinetic pathways of the drug. The best studied of these
associations is that of the cytochrome P450 system. Six cytochrome P450 enzymes
(CYP1A2,CYP2C9,CYP2C19,CYP2D6,CYP2E1, and CYP3A4) mediate the oxidative
metabolism of most drugs in common use (reviewed in ref. /7), including some of
those used in the treatment of RA, such as nonsteroidal anti-inflammatory drugs
(12,13) and cyclosporin (I/4). Some of these enzyme systems (e.g., CYP2C19, CYP2D6)
are polymorphic, with specific alleles that are associated with altered (i.e., reduced, defi-
cient, orincreased) enzyme activity, which may influence the likelihood of drug toxicity or
therapeutic failure (/7). A comprehensive discussion of the influence of cytochrome P450
genetic variations is beyond the review of this text, but is reviewed in ref. /5. In addition,
alist of drugs metabolized through this system is available at the Cytochrome P450 Drug
Interaction Table on the website of the Georgetown University Medical Center Pharmacol-
ogy Department <http://dml.georgetown.edu/depts/pharmacology/davetab.html>.

Another example of genetic variations in enzymatic pathways affecting toxicity
of drugs is the case of alleles in the thiopurine S-methyltransferase (TPMT) gene.
This enzyme metabolizes the immunosuppressive drug azathioprine (as well as
mercaptopurine and thioguanine), and genetic variants in its gene predict hematologic
toxicity with use of the drug (16,17). Mutations TPMT*3A or TPMT*2 are found in
80-95% of Caucasians with intermediate or low enzyme activity. In a study from two
rheumatology units, 6 of 67 patients (9%) treated with azathioprine for rheumatic
diseases were found to be heterozygous for mutant thiopurine methyltransferase alleles.
Of note, 5 of the 6 heterozygous patients discontinued therapy within 1 mo of starting
treatment because of low leukocyte counts; the sixth patient did not adhere to treatment.
In contrast, patients with wild-type TPMT alleles received therapy for a median duration
of therapy of 39 wk (range 6—180 wk). None of 61 patients with homozygous for the
wild-type TPMT allele discontinued therapy (/7). Genotyping of the TPMT gene is now
routinely performed on all patients with acute lymphoblastic leukemia (ALL) at the
Mayo Clinic; patients with genotypes associated with low TPMT are treated successfully
with lower doses of thiopurines (/8—20). Perhaps rheumatologists should be using a
similar strategy to identify patients with RA and systemic lupus erythematosus (SLE)
who require lower doses of azathioprine to avoid toxicity.

Several requirements must be fulfilled for a pharmacogenetic assay to be useful
for practicing clinicians (21). First, the test must discriminate between significantly
different clinical responses. In RA, a pharmacogenetic assay for efficacy should be
able to stratify patients according to improvement in the number of swollen and tender
joints, e.g., those meeting American College of Rheumatology (ACR) 50% response
criteria vs those failing to meet ACR 20% response criteria. Second, the test must be
adequately sensitive. In an assay for toxicity, for example, a sensitivity approaching
100% is desirable whereas in a test of efficacy, identification of 60—80% of responders
is clinically useful. The number of false positives (specificity of the test) is also a
parameter that influences clinical utility. Finally, the test must be relatively inexpensive,
rapid, and yield clear results that are interpretable by practicing physicians. An ideal
pharmacogenetic test would require a small blood sample, provide fast and reliable
genotype analysis, and accurately predict the treatment response or toxicity to one or
more treatment alternatives (22).
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GENETIC INFLUENCES ON SUSCEPTIBILITY TO RA
AND ITS SEVERITY

Genes important in susceptibility or severity of RA may also influence treatment
response. There is a genetic component to susceptibility to RA, as there is with virtually
every form of arthritis, including familial osteoarthritis (23), ankylosing spondylitis
(24), SLE (25), and gout (26). Because of the complexity and redundancy of the
human immune system and the large number of cell types and molecules involved in
its pathogenesis, there are a multitude of genes that may influence RA susceptibility. In
addition to contributing to susceptibility, genetic factors may have an effect on disease
phenotype as defined by particular clinical manifestations (e.g., erosions or extra-
articular manifestations), or may influence response to particular treatments. Potentially
relevant genes include those that encode proteins involved in antigen recognition,
cell-cell interactions, intracellular signaling, inflammation, apoptosis, cell trafficking,
hormonal interactions, and others (reviewed in ref. 27) A genome-wide screen of
257 multiplex RA families by the North American Rheumatoid Arthritis Consortium
(NARAC), revealed evidence for linkage to a number of non-HLA loci on chromosomes
1, 4,12, 16, and 17 (27a).

Class II MHC Alleles

RA susceptibility is known to be associated with genes in the class II major
histocompatibility complex (MHC) (28,29). An association between HLA DR alleles
and RA was first reported in 1978 (30) and has been confirmed in multiple studies
(reviewed in ref. 37). It is now generally accepted that particular class II MHC alleles
(DR4 subtypes Dw4 [DRB*0401], Dwl4 [DRB*0404], and Dw15 [DRB*0405], and
some DRI alleles) are associated with susceptibility to RA in Caucasians. Nucleotide
sequence analysis led to the hypothesis that these alleles confer susceptibility to RA
based on shared homology at amino acid residues 70-74 of the third hypervariable
region of the DRBI chain, the so-called shared epitope (32). The predisposition to and
severity of RA in African-Americans appears to be independent of the presence and
dose of the shared epitope in class Il MHC alleles (33) (see below).

In addition to having a role in susceptibility to RA, MHC class II DR4 alleles
have been reported to have an affect on disease severity (such as more erosions on
radiographs) (34,35). Rheumatoid factor (RF)-positive Caucasians with RA who bear
two susceptibility alleles have been shown to be more likely to have severe disease
and extra-articular manifestations than heterozygous individuals, suggesting a gene
dosing affect (36).

TNF Polymorphisms

In RA, there may be enrichment for genetic polymorphisms that lead to higher
levels of cytokines with predominantly proinflammatory effects or lower levels of
predominantly anti-inflammatory cytokines. Tumor necrosis factor (TNF), for example,
plays a substantial role in the pathogenesis of RA (37,38). There are conflicting reports
of the roles of TNF genetic variations in RA, possibly as a result of population admixture
and multiple-hypothesis testing (39). Some studies have shown no association between
RA susceptibility and the TNF locus (40-43). One study reported an association
between the genotypes at the promoter polymorphisms at —238 and —308 and the mean
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age at disease onset and the presence of theumatoid nodules, respectively (43). The TNF
—238 G/A heterozygous genotype has been reported to be associated, independent of the
presence of HLA DR4 alleles, with a paucity of erosions early in the course of the disease
(44) and with a lower rate of joint damage on hand radiographs as the disease progresses
(45). However, functional assays revealed no significant differences in the level of
inducible reporter-gene expression between the TNF -238 A and G alleles.

Microsatellite markers in the TNF locus (TNFa, b, ¢, d, and e) have also been studied
with regard to RA susceptibility and severity. Studies have shown an association of TNF
microsatellite alleles with RA independent of the MHC locus (46,47), and an association
with RA with possible synergy with the MHC locus (48). Criswell and colleagues studied
the effect of TNF microsatellite polymorphisms on likelihood of severe RA (defined by
rheumatologists’ assessments of disease course, joint replacement, hospitalization for
R other than for joint replacement, and severity of erosions on hand/wrist radiographs).
Allele 11 of the TNF microsatellite polymorphism TNFa (TNFall) appeared to be
associated with RA severity through an interaction with the MHC shared epitope (48).
Most of the severe outcomes were observed among individuals who had inherited both
TNFall and the shared epitope, whereas individuals who had inherited TNFall in
the absence of the shared epitope had the best outcomes. Although the mechanism for
this interaction remains unclear, both the MHC shared epitope and the TNF-LTa locus
appear to be important determinants in RA severity.

DNA MICROARRAYS IN MOLECULAR GENOTYPING
AND PHENOTYPING

One of the most exciting biotechnologies to impact on genetics is the development
of DNA microarrays, which allow analysis of thousands of genes simultaneously (49).
DNA chip technology has facilitated discovery of single nucleotide polymorphisms
(SNPs) as well as genotyping of a large number of SNPs in a rapid, accurate fashion
(50,51). In addition to SNP discovery and genotyping, DNA microarrays can be used
to characterize which of thousands of genes are preferentially expressed in particular
tissues (expression profiling) (52). This is a powerful technique that allows molecular
comparison of diseased cells or tissues to their normal counterparts and to detect changes
in gene expression in response to cytokines, growth factors, and drugs. Thus, DNA
microarrays are likely to have a substantial impact on identification of new molecular
targets and drug discovery (53). Among the most important potential applications of
gene chips is to identify molecular classification of diseases, which may ultimately allow
optimization of treatment strategies. For example, Golub et al. used DNA microarrays to
profile expression of 6817 genes in bone marrow aspirates of patients with acute myeloid
leukemia (AML) and ALL (54). Using 50 informative genes, classification into AML vs
ALL, as well as identification of subclasses, was possible. One of the informative genes
was topoisomerase 11, the target for the anti-leukemia drug etoposide, which illustrates
the potential usefulness of molecular classification in pharmacogenetics.

Because RA is a heterogenous disease, molecular phenotyping may someday be
useful for determining optimal treatment. Synovial tissue may be obtained through
arthroscopic or percutaneous biopsy and expression profiling performed. For results
to be interpretable and clinically meaningful, artifacts owing to varying proportions
of different cell types must be avoided. There are many ways to exclude this problem,



16 Part I / Rheumatoid Arthritis

including histologic examination of synovial samples to ensure comparability, or
purification of cells of a particular lineage (e.g., T cells, B cells, monocytes, or fibroblasts)
by flow sorting or laser-capture microdissection (54).

PHARMACOGENETIC STUDIES IN RA

In approaching pharmacogenetic studies in RA, there are some genetic associations
for which the mechanism of side effects or toxicity is unknown. For others, the genetic
association may influence drug metabolism or pharmacokinetics. For still others,
responsiveness may associate with variations in specific pathophysiologic pathways or
with the underlying severity of disease.

Gold salts have been used in the treatment of RA for many years, and can cause
side effects such as bone marrow suppression, proteinuria, and mucocutaneous lesions.
HLA DR3 may be associated with gold toxicity in RA (55). Further studies indicate that
HLA-DQA region genes (56) or HLA-B8 and DR3 antigens (57) may play an important
role in susceptibility to gold-induced nephropathy and that HLA-DR1 (58) or HLA-DRS5
(57) may be involved in susceptibility to mucocutaneous side effects. Although the
mechanisms and genes involved remain unknown, such studies helped to set the stage
for pharmacogenetics in understanding drug effects in RA. Affecting drug-metabolism
genetic variability in the G6PD and TPMT genes may influence toxicity of antimalarials
or azathioprine, respectively, in the treatment of RA. Susceptibility to sulfasalazine-
induced agranulocytosis may be influenced by polymorphisms of NAT2 (59).

With the use of immunoglobulin-based biologics, naturally occurring polymorphisms
in receptors for immunoglobulins may influence pharmacokinetics and side effects. The
efficacy of some of these immunoglobulin-based therapeutics in model systems is Fcy
receptor dependent (60,61). Similarly, the cytokine-release syndrome induced by at least
some humanized monoclonal antibodies (MAbs) is also Fcy receptor-dependent (62)
(Fig. 1). Tax and colleagues (63,64) have shown that in organ transplant recipients,
the cell depletion induced by the anti-CD3 MAb, WT31, varies predictably with Fcy
receptor genotype (Fig. 2). Although the effect of naturally occurring polymorphisms
in Fcy receptors on the efficacy of current therapeutic agents in RA has not been
explored in depth, an influence on minor infections as an adverse events in both treated
and control subjects has been demonstrated (65). Such observations suggest that the
genetics of the study population may influence adverse events and impact on formulation
strategies as well as affect responsiveness of pathophysiological pathways. Because of the
role of TNF in RA and the availability of anti-TNF therapy, TNF and TNF-receptor loci
may yield useful pharmacogenetic markers as an example of the latter (27).

The MHC class II shared epitope, which can influence disease severity, may also
affect the clinical response of RA to treatment (66). In a study by O’Dell and investigators
in the Rheumatoid Arthritis Investigational Network (RAIN), patients were randomized
to receive three disease modifying anti-rheumatic drugs (DMARDs) (methotrexate
[MTX], hydroxychloroquine, and sulfasalazine), MTX alone, or hydroxychloroquine
plus sulfasalazine (67). The three drug regimen was found to be superior to the other
two. In a follow-up analysis, all patients were genotyped for the presence of DRB1 #0401,
*0404/*%0408, *0405, *0101, *1001, and *1402 alleles to determine if there was an
influence of the shared epitope on treatment response. Patients with the shared epitope
were more likely to achieve ACR 50% response criteria to triple DMARD therapy than
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Fig. 1. Role of FcyR in cytokine release syndrome. (A) Ex vivo whole-blood cultures demonstrate
the central role of Fcy receptors in TNF-a release by the anti-CD52 MAb, CAMPATH 1-H. Adapted
with permission from Wing et al. (62). (B) Fcy receptor-binding affinity for MAb varies with
receptor genotype and influences TNF-a production in patients receiving MAb WT31. Adapted

from Tax et al. (64).

to MTX alone (94% responders vs 32%, p < 0.0001) (66). In contrast, patients without
the shared epitope did equally well regardless of treatment (88% responders to triple
DMARD therapy vs 83% for MTX alone). Although the number of patients was small,
this study suggests that knowing whether or not the patient has alleles containing the
shared epitope may be useful in selecting among treatment options.
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Fig. 2. Percentage of circulating CD3* lymphocytes during anti-CD3 treatment with MAb WT31. The
donor with the FcyRITA genotype which binds WT31 with high affinity showed a more pronounced
decrease in circulating CD3* lymphocytes. Adapted from Tax et al. (64).

There are likely to be important racial differences in allele frequencies of genes
important in the pathogenesis of RA. As mentioned earlier, MHC class II shared epitope
appears to have less of an influence on susceptibility to RA in African-Americans
than it does in Caucasians (33). In addition, there are marked differences between
African-Americans and Caucasians with regard to the prevalence of an SNP in the
IL-6 gene that appears to play a role in susceptibility to juvenile RA (68-70). Among
Spaniards (71) and Israeli Jews (72), DR10 alleles appear to be the most important
MHC susceptibility genes. Although there are no known racial differences in the overall
frequency of mutant TPMT alleles compared to wild-type alleles, it has recently been
reported that Caucasians mutant alleles are usually TPMT*3A, whereas Kenyans have
the TPMT*3C allele (73). Thus, race should be considered an important variable in
genetic analyses of susceptibility, severity, and treatment response in RA.

When pharmacogenetics will be translated to the bedside in the treatment of RA
remains to be established, but the future of molecular medicine, and its potential
to enhance the management of our patients, appears bright. New agents, including
those directed against IL-1 (74,75), and other biologic targets such as costimulatory
molecules (e.g., CD40/CD40L, and CTLA4), are being developed, and identification
of genetic markers of clinical response or toxicity may provide more efficient and
cost-effective therapies.

CONCLUSIONS

There has been an explosion of knowledge of genetic variations among different
populations and the influences of genetics on complex autoimmune and inflammatory
diseases such as RA. Although class II MHC alleles are important contributors, there
are likely to be multiple other genes that modulate the disease phenotype. In addition,
genetic markers may allow determination of treatment response, especially in light of
the growing number of biologic agents undergoing clinical trials.
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INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs) continue to be a mainstay of
rheumatoid arthritis (RA) management despite exciting recent advances in the therapy
of RA (Table 1). Before the era of modern medicine, willow bark, which contains
salicylates, was used to treat fever and pain (7). In 1860, salicylic acid was introduced
for the treatment of rheumatic diseases, followed by the introduction of acetylsalicylic
acid (aspirin) in 1899 (1). Salicylates remained the principle pharmacologic therapy
of RA until the introduction of glucocorticoids in the 1940s. In the current era of
early, aggressive management of RA with disease modifying anti-rheumatic drugs, the
NSAIDs have assumed an adjunctive role in reducing the symptoms of RA.
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Table 1
Nonsteroidal Anti-Inflammatory Drugs
in Rheumatoid Arthritis: Important Milestones

Date Milestone

Pre-modern Salicylates from botanical sources

1860 Salicylic acid introduced

1949 First nonsalicylate NSAID, phenylbutazone
1971 Mechanism of action of aspirin elucidated
1991 COX-2 discovered

1999 First selective COX-2 inhibitors approved

In 1971, Sir John Vane discovered that aspirin, sodium salicylate, and indomethacin
inhibited prostaglandin synthesis (2). Cyclooxygenase was identified in 1976 as the
critical enzymatic step in prostaglandin synthesis (3). By the late 1970s, clinicians
began to appreciate the significant spectrum of NSAID toxicity. These drugs were
shown to cause significant morbidity and mortality primarily owing to gastroduodenal
ulcer formation and renal toxicity. The focus of clinical research shifted toward reducing
NSAID-induced toxicity. Methods were developed to modify the gastrointestinal
(GI) toxicity of NSAIDs through coadministration of gastroprotective drugs. The
identification of a second isoform of cyclooxygenase (COX-2) led to the discovery of
selective COX-2 inhibitors that exhibit markedly improved GI safety; albeit at greater
economic cost. These developments have ushered in the latest era in the evolving history
of NSAID therapy of RA.

This chapter reviews the pathogenic mechanisms that support the rationale for
NSAID therapy in RA. Evidence for the efficacy of NSAIDs in RA will be presented
with particular emphasis on the selective COX-2 inhibitors. NSAID toxicity remains
an important issue. Accordingly, this chapter will review the risk factors for NSAID
toxicity, methods for minimizing toxicity and the relative safety of selective COX-2
inhibitors vs nonselective COX inhibitors. This review concludes with a discussion of
the role of NSAIDs in the modern management of RA.

PATHOGENIC MECHANISMS THAT RATIONALIZE USE OF NSAIDS

The primary molecular target of all NSAIDs is cyclooxygenase (COX), which
converts arachidonic acid to prostaglandin G2 (PGG2) and prostaglandin H2 (PGH2)
(4). PGH2 is enzymatically converted by prostaglandin synthases to the active forms of
PGE2, PGD2, PGI2, and thromboxane A2. Two isoforms of COX have been identified;
designated COX-1 and COX-2 (4). COX-1 is constitutively expressed in most tissues and
produces prostaglandins important for normal tissue homeostasis. COX-2 is an inducible
enzyme that is rapidly upregulated at sites of inflammation and tissue injury. With the
exception of sites within the kidney and brain, there is very little constitutive expression
of COX-2. Accordingly, COX-2 is the primary source of prostaglandin synthesis in
inflamed tissue. Inducers of COX-2 expression in inflamed or injured tissue include:
proinflammatory cytokines, immune complexes, lipopolysaccharide, immunoglobulin
Fc receptor crosslinking, bradykinin, thrombin, and phospholipase A2 (4—6).
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Prostaglandin synthesis is upregulated in virtually all forms of inflammation
including RA. Prostaglandins are produced on demand and are not stored in cells.
The key regulatory step in the production of prostaglandins is the conversion of
membrane phospholipids to arachidonic acid by the phospholipase A2 (PLA2) family
of enzymes. A variety of stimuli upregulate PLA2, including proinflammatory cyto-
kines, lipopolysaccharide, oxidized low-density lipoproteins, and small peptide growth
factors (7-12).

The biologic effects of prostaglandins are numerous. Their role in regulating inflam-
matory responses includes the induction of fever, pain, swelling, and the regulation of
leukocyte function. Fever is induced, in part, by local production of PGE2 in the brain.
PGE2 raises the body temperature set point through interaction with neurons in the
hypothalamus (13,14). Prostaglandins do not directly stimulate pain responses. Instead,
they contribute to pain responses by inducing a state of hyperalgesia. PGE2 and PGI2
cause sensitization of peripheral nerve terminals and modulate pain processing at a
central level in the spinal cord (75). Finally, the role of prostaglandins in swelling
is somewhat indirect. Prostaglandins increase blood flow through arteriolar dilation.
Edema results from prostaglandin-induced increases in blood flow in conjunction with
stimuli that promote endothelial permeability (leukotrienes, bradykinins, platelet-
activating factor) (4).

Prostaglandins have a seemingly paradoxical anti-inflammatory effect on leukocytes.
Neutrophil chemotaxis and superoxide production are inhibited in vitro by prostaglandins
(16). PGE2 inhibits expression of the neutrophil activation marker CD66 (/7). PGE2
was also shown to inhibit TNF-a production by monocytes. In fact, administration of
NSAIDs to humans and mice enhances lipopolysaccharide-induced TNF-a production,
and renders mice more susceptible to the lethal effects of endotoxin (/8,19). Enhanced
TNF-a production in response to NSAIDs in mice causes alterations in cartilage
metabolism that have led to concerns about the role of NSAIDs in accelerating cartilage
degradation (20,21). PGE2 has also been shown to downregulate T-lymphocyte
proliferation, migration, and cytokine production (22-25). The clinical relevance of
these findings is unclear because RA patients who responded to NSAIDs exhibited
increased density of T-cell surface markers coincident with reductions in erythrocyte
sedimentation rate, c-reactive protein, IgM rheumatoid factor, and clinical parameters
of RA activity (26,27). These findings illustrate the importance of differentiating
the isolated effects of prostaglandins in vitro from those observed in intact tissue or
whole organisms.

Numerous studies provide evidence for the role of prostaglandins in the pathogenesis
of RA (28). Prostaglandin E2 can be detected in the synovial fluid of RA patients at
a level significantly higher than that seen in synovial fluid from osteoarthritis (OA)
patients (29). Accordingly, RA patients express higher levels of COX in synovial tissue
than do healthy subjects or patients with OA (30). Clinical responses to NSAIDs in RA
patients correlated with reduced PGE2 levels in synovial fluid (31).

The cellular source of prostaglandins in the inflamed joint has not been definitively
identified. However, in vitro studies demonstrated upregulated prostaglandin synthesis
in macrophages, neutrophils, mast cells, and type I and type II synovial lining cells
(32-36). Finally, cytokines important in the pathogenesis of RA, such as Interleukin-1
(IL-1) and TNF-a, are known to upregulate PLA2 and/or COX-2 expression in cultured
synovial-tissue fibroblasts (37-40).
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NSAIDs may have pharmacologic properties unrelated to inhibition of COX. For
instance, anti-inflammatory doses of nonacetylated salicylates (which are weak COX
inhibitors) were comparable to other NSAIDs in decreasing pain, joint tenderness, and
swelling in RA (41). These data indicate that pharmacologic properties of NSAIDs
that are distinct from COX inhibition may have clinical relevance in RA. Numerous
molecular pathways related to inflammation but distinct from COX inhibition are
modified by NSAIDs. Salicylates were shown to inhibit IL-1 induced COX gene
expression in cultured human endothelial cells (42). Aspirin inhibits translocation of the
transcription factor NFxB to the nucleus, which can inhibit a variety of inflammatory
and immune responses (43). Other mechanisms of action include the accumulation of
adenosine, which possesses anti-inflammatory activity (43). The preferential COX-2
inhibitor, nimesulide, induced glucocorticoid-receptor phosphorylation and transcription
in cultured human synovial fibroblasts; an action which increases the anti-inflammatory
activity of endogenous or exogenous corticosteroids (44). Tenidap, ibuprofen, and
naproxen inhibited in vitro T-cell proliferative responses to IL-2 when added to cultures
at therapeutic concentrations, whereas indomethacin, piroxicam, and sulindac did not
(45). All of these findings suggest that NSAIDs may have anti-inflammatory activities
separate from their ability to inhibit COX. The relevance of these findings to the efficacy
of NSAIDs in RA has not been determined. It is likely that in the near future, NSAIDs
will be developed that have primary activities unrelated to COX inhibition.

NSAIDS IN ANIMAL MODELS OF RA

Two animal model systems are relevant to the role of NSAIDs in RA. The first
involves rodent models of RA such as adjuvant-induced arthritis. Remarkably few studies
of the activity of NSAIDs have been reported in these systems. A second model system
utilizes carrageenan injection and is widely used to assess the anti-inflammatory activity
of NSAIDs. Carrageenan, a seaweed extract, induces pain and intense inflammatory
responses when administered parenterally in laboratory animals (46). The adjuvant
arthritis model and the carrageenan model have been used recently to investigate
the effectiveness of selective COX-2 inhibitors. Representative data from this line of
research are presented in this section.

Selective COX-2 Inhibition in Carrageenan-Induced Inflammation

The carrageenan model is the classic animal model used to assess the activity of anti-
inflammatory agents. Carrageenan injection induces marked increases in prostaglandin
synthesis. Most NSAIDs in clinical use were developed for clinical studies based on their
ability to reduce the proinflammatory effects of carrageenan in rodents.

The carrageenan model has provided an important tool for dissecting the mechanism
by which various inflammatory mediators induce the cardinal manifestations of
inflammation. Of particular interest, the carrageenan model helped to support the
hypothesis that COX-2 was the critical mediator of inflammation and pain; and provided
the in vivo system for initial studies of selective COX-2 inhibitors.

Smith and coworkers undertook a study of the pharmacologic effects of specific
COX-1 and COX-2 inhibitors on the production of PGE2, swelling and pain in rats
administered carrageenan parenterally (Table 2) (47). Carrageenan injected into the
footpad of rats induced inflammatory pain and swelling in association with a four to
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Table 2

Analgesic and Anti-Inflammatory Actions of Selective Cyclooxygense Inhibitors

Response parameter ~ Nonselective COX Selective COX-1 Selective COX-2

inhibitor* inhibitor inhibitor

Prevention of + - +
footpad edema

Prevention of + - +
footpad pain

Prevention of footpad + + +
PG production

Therapy of footpad + - -
edema

Therapy of footpad + - +
pain

Therapeutic reduction + + +
in footpad PG levels

Prevention of CSF - +
PGE2 production

Therapy of CSF - +
PGE2 production

*PG, prostaglandin; CSF, cerebrospinal fluid; COX, cyclooxygenase. Adapted from ref. 48.

five-fold increase in local PG production. This inflammatory response was ameliorated
by nonselective COX inhibitors (48). In the study by Smith et al., the selective COX-2
inhibitor, celecoxib, but not the selective COX-1 inhibitor, SC-560, prevented increased
pain and swelling associated with carrageenan injection (47). Interestingly, the selective
COX-1 and COX-2 inhibitors each prevented or treated upregulated PG production in
the footpad in response to carrageenan injection. This paradoxical finding indicates
that inhibition of local pain and edema at sites of inflammation may be mediated by
prostaglandin production at distant sites, such as the central nervous system (CNS). To
investigate this possibility, cerebrospinal fluid (CSF) levels of PGE2 were measured
after footpad injection of carrageenan. Peripheral inflammation induced by carrageenan
footpad injection resulted in markedly upregulated PGE2 production in CSF. Celecoxib,
but not the COX-1 selective, SC560 prevented and treated upregulated CSF PGE2 levels
in response to footpad injection of carrageenan. These data support the hypothesis that
COX-2 is critical for production of PG important in inflammation. Furthermore, these
data suggest that the analgesic effect of COX-2 inhibition in response to peripheral
inflammation may be mediated in the CNS.

Selective COX-2 Inhibition in Adjuvant Arthritis Models

Adjuvant arthritis is a polyarthritis syndrome induced in rats after immunization
with crude mycobacterial-cell wall preparations (49). Selective COX-2 inhibition with
celecoxib or rofecoxib reduced the swelling associated with adjuvant arthritis (50,51).
Administration of celecoxib to rats with adjuvant arthritis resulted in reduction in
serum and paw IL-6 levels and reduced the expression of COX-2 mRNA and protein
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in affected paws. These effects were comparable to those achieved by the nonselective
COX inhibitor, indomethacin. Rofecoxib has also been shown to reduce bone and
cartilage damage in the adjuvant arthritis model (50).

CLINICAL TRIALS OF NSAIDS IN RA

Hundreds of clinical trials have been performed using NSAIDs in RA. One of the
first such trials in 1965 demonstrated that aspirin was effective in the treatment of
RA (52). Numerous trials over the last 40 years have confirmed the effectiveness of
NSAIDs in the treatment of RA. However, the interpretation of these clinical trial data
is complicated by several factors, which include the introduction of disease-modifying
therapy, and changes in accepted measures of clinical outcome. Gotzsche performed
a comparative analysis of 196 double-blind trials of NSAIDs in RA and identified
three findings: important differences in the variables used to assess efficacy, important
errors in statistical methods, and evidence of publication bias (53). Nevertheless, several
conclusions may be drawn from these clinical trial data: (1) often patients must try two
or more NSAIDs before identifying one that is effective and well-tolerated (54,55); (2)
NSAIDs are not disease-modifying drugs in RA (56); (3) although safety and tolerability
profiles vary between NSAIDs (57,58), their efficacy is comparable (58—62).

It is difficult to explain the paradox between the comparable efficacy of NSAIDs and
the marked variation in individual responses to various NSAIDs. In hundreds of clinical
trials assessing over 100 NSAIDs, no one drug or class of NSAID has demonstrated
superior efficacy. Yet, it is common for physicians and patients to note marked variation
in clinical response. R A patients receiving fixed, blinded doses of ibuprofen, fenoprofen,
ketoprofen, and naproxen demonstrated no significant clinical differences as a group.
However, there were striking differences in individual responses and clear patient
preferences for particular medications (63). This observation led to efforts to identify
patients who are responders and nonresponders in clinical trials. In a small trial comparing
clinical responses of RA and OA patients to ketoprofen or piroxicam, it was possible to
identify “responders” to one or more medications (64). Despite these observations, clini-
cal response or nonresponse has not been correlated with pharmacokinetic parameters;
leading some authors to question the concept of nonresponders (65). At present it is not
possible to explain the mechanism of differences in clinical responsiveness of individual
patients to the various NSAIDs.

Despite reports of hundreds of clinical trials of NSAIDs in RA, study design varies
significantly in these trials, making it difficult to summarize clinical findings. Modern
RA response criteria have recently been used to compare the efficacy of the new highly
selective COX-2 inhibitors with nonselective COX inhibitors (66). These studies have
provided the most thorough assessment of the responses of RA patients to therapy with
selective COX-2 inhibitors and nonselective COX inhibitors.

In the first such study, celecoxib, was compared with naproxen and placebo in a
12-wk, multi-center, double-blind, randomized controlled trial of 1149 RA patients
(67). Participants discontinued NSAIDs or analgesics and were allowed to have a
RA flare. Upon experiencing increased RA symptoms, patients were randomized to
receive celecoxib at 100, 200, or 400 mg twice daily; naproxen 500 mg twice daily;
or placebo. Response rates American College of Rheumatology ([ACR] 20) were 36%
in the naproxen group and 39-44% in the celecoxib groups; compared to 29% in the
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Table 3
Efficacy and Safety of Celecoxib vs Naproxen vs Placebo in Rheumatoid Arthritis

Celecoxib (all doses) Naproxen  Placebo

ACR20 (% responder) 39-44 36 29
Withdrawal owing to treatment failure (%) 21-28 29 45
Patient’s global assessment (% improved) 22-30 19 16
Physician’s global assessment (% improved) 21-30 20 15
Reduction in number of tender joints 11.6-12.4 9.5 7.6
Reduction in number of swollen joints 7.0-9.1 6.9 5.5
Reduction in arthritis pain VAS (mm) 16.9-20.7 16.9 9.3
Change in AM stiffness (duration-min) Decr. 98-153 Decr. 90 Incr. 9
Withdrawal due to adverse events (%) 5-7 5 5
Incidence of gastroduodenal ulcer (%) 4-6 26 4
Combined GI adverse events 25-28 31 19
GI adverse events causing withdrawal (%) 1-3 5 1

Adapted from ref. 67,

placebo group (Table 3). Response rates were comparable in the naproxen and celecoxib
groups and both drugs were significantly superior to placebo. Responses to approved
doses of active treatments across individual components of the ACR responder index
were all superior to placebo except for reduction in C-reactive protein. On average,
patients in active treatment groups had 10-12 fewer tender joints, 7-9 fewer swollen
joints, and morning stiffness was reduced by 90—-120 min. Maximal clinical responses
were achieved by 2 wk and were sustained for the duration of the study.

Several important conclusions may be drawn from this study. First, the efficacy of
celecoxib in RA arthritis was better than placebo and was comparable to naproxen, a
nonselective COX inhibitor that is widely used in RA. Clinical responses to naproxen in
this study were comparable to those reported in prior clinical trialsinRA (68,69). Second,
the active therapies were well-tolerated. The incidence of endoscopically detected
ulcers in patients receiving celecoxib was comparable to placebo and significantly
lower than patients in patients taking naproxen (see Side Effects) (67). Third, despite
efficacy of celecoxib and naproxen in most patients, over 25% withdrew from the study
because of treatment failure (67). Most withdrawals occurred within 6 wk of initiating
treatment. Lack of response in a significant number of patients receiving celecoxib
or naproxen may reflect the significant individual to individual variability in clinical
responses to NSAIDs.

A second randomized controlled trial performed in Europe compared celecoxib
200 mg twice daily with diclofenac SR 75 mg twice daily in 655 RA patients (70).
At 24 wk the efficacy of celecoxib was comparable to that of diclofenac. ACR 20
response rates of 25 and 22% were achieved with celecoxib and diclofenac, respectively.
Withdrawal owing to treatment failure occurred in 8% of patients receiving celecoxib
and 7% of patients receiving diclofenac.

Finally, a short-term, placebo-controlled trial of rofecoxib, a highly selective COX-2
inhibitor, was performed in 658 RA patients. ACR20 response rates of 44-50% were
seen in the rofecoxib group vs 32% in the placebo group (71). Results of large-scale
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clinical trials in RA using the preferential COX-2 inhibitors nimesulide and meloxicam
are not yet available.

SIDE EFFECTS AND PRECAUTIONS

Without question, NSAIDs are effective in treating the signs and symptoms of RA.
However, medication-related adverse events ultimately drive clinical decision-making
with regard to NSAID use. Up to one-third of patients using conventional NSAIDs
develop persistent adverse events, and 10% ultimately discontinue treatment because
of adverse events (72). Despite widespread prescribing of over 70 million prescriptions
each year, NSAIDs increase the risk of hospitalization and death (73-75). Therefore,
considerable attention should be given to identifying patient risk factors for NSAID-
related adverse events. In fact, observations of patient-physician encounters indicate
that inadequate attention is given to identifying risk factors for NSAID toxicity prior
to prescribing (76). Common adverse events associated with NSAID use are detailed
below. Differences in rates of adverse events between selective COX-2 inhibitors and
nonselective COX inhibitors are highlighted in this section.

Gastrointestinal

The most important adverse event associated with NSAIDs is gastroduodenal
ulceration, which is a significant cause of morbidity and mortality worldwide. Clinically
relevant gastroduodenal ulceration occurs in up to 6% of patients on long-term NSAID
therapy (77). Given the widespread use of NSAIDs this translates into over 100,000
hospitalizations annually; resulting in an estimated 16,000 deaths (77). The direct
medical costs in treating these complications exceeded $1.3 billion annually (77).
Approximately 40% of the morbidity and mortality is seen in patients with RA (77).

PATHOGENESIS OF NSAID-INDUCED GASTROINTESTINAL ToOXICITY

The pathogenesis of NSAID-induced gastrointestinal toxicity results from a combina-
tion of local injury to the gastroduodenal mucosa in association with systemic inhibition
of normal prostaglandin synthesis, which is important for mucosal homeostasis. Normal
gastroduodenal prostaglandin synthesis is mediated almost entirely by COX-1 (reviewed
in ref. 78). Mucosal effects of decreased prostaglandin synthesis include impaired
bicarbonate formation, decreased mucus production, reduced mucosal blood flow, and
loss of normal epithelial cell proliferation (78,79). Most NSAIDs are weak acids that
also mediate local injury to the gastroduodenal mucosa (72). Weak acids are nonionized
in the acidic environment of the stomach and can penetrate the protective mucosal layer.
In the neutral environment beneath the mucus layer, weak acids release hydrogen ions,
which become locally concentrated. The combination of local acid-mediated injury,
coupled with systemic loss of prostaglandin-mediated mucosal protection results in the
gastroduodenal injury associated with COX-1 inhibitor activity.

Risk FacTors FOR NSAID-INDUCED GASTROINTESTINAL TOXICITY

Several well-designed epidemiologic studies have characterized risk factors gastro-
duodenal ulceration (Table 4). A thorough assessment of each patient’s risk factors
is necessary to facilitate rational decision-making regarding selection of appropriate
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Table 4
Risk Factors for NSAID-Induced Gastroduodenal Ulcers

Established risk factors
Advanced age
History of gastroduodenal ulcer
Concomitant use of corticosteroids
High dose NSAIDs/combination of NSAIDs
Concomitant anticoagulants
Serious systemic disorder

Possible risk factors
Concomitant infection with H. pylori
Cigarette smoking
Alcohol consumption

Adapted from ref. /45 with permission.

NSAIDs and concomitant use of gastroprotective medications (see below). It is
important to appreciate that the risk of NSAID-associated ulcers is greatest in the first
month of therapy (75). In fact, most instances of GI bleeding occur in patients taking
nonprescription NSAIDs for short periods of time (80). Increasing age is associated
with risk of ulceration in a linear fashion. The relative risk of ulceration rises from
1.6 in the sixth decade to 5.6 in the eighth decade of life (87). Other risk factors for
gastroduodenal ulceration are shown in Table 4; each of which confers at least a fivefold
increased risk of ulceration. The importance of Helicobacter pylori in the pathogenesis
of NSAID-induced gastropathy is uncertain. H. pylori is an independent risk factor
for endoscopic and clinically significant ulcers (82) Eradication of H. pylori prior to
instituting NSAID therapy may prevent ulcer recurrence or onset of symptomatic ulcer in
chronic NSAID users (83,84). Paradoxically, the presence of H. pylori protected against
recurrent gastroduodenal ulcerations in arthritis patients using NSAIDs (85,86). Further
study is needed to define the role of H. pylori in the pathogenesis of NSAID-related
gastroduodenal injury.

PREVENTING NSAID-INDUCED GASTROINTESTINAL
Toxicity UsiNG SELECTIVE COX-2 INHIBITORS

Several trials have been performed that demonstrate reduction in the incidence of
endoscopic ulcers in patients receiving highly-selective COX-2 inhibitors in comparison
to a control population receiving standard NSAIDs. In a 6-mo European trial of celecoxib
vs diclofenac in 655 patients with RA, ulcers were detected in 4% of the patients
receiving celecoxib and 15% of the patients receiving diclofenac (70). A similar US
trial compared celecoxib and naproxen in 1149 RA patients. At 12 wk the cumulative
incidence of endoscopic ulcer was 26% in the naproxen group and 4% in the celecoxib
groups (67). In a 24-week trial of rofecoxib vs ibuprofen in patients with OA, the
cumulative ulcer risk was 10% in patients receiving 25 mg of rofecoxib daily vs 46% in
patients receiving ibuprofen 800 mg t.i.d. (87). Finally, the incidence of symptomatic
adverse gastrointestinal events was compiled from eight clinical trials of rofecoxib in
comparison to ibuprofen, diclofenac, or nabumetone for the treatment of OA (88). In
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over 5000 patients receiving therapy for 6-52 wk, the incidence of GI-tract perforation,
symptomatic gastroduodenal ulcers or upper GI bleeding was 1.3% in the rofecoxib-
treated patients vs 1.8% in patients receiving standard NSAIDs. This translated into a
relative risk of a clinically significant GI event of 0.51 in patients receiving rofecoxib.

MEDICATIONS USED TO PREVENT NSAID-INDUCED GASTROINTESTINAL TOXICITY

Another important strategy for reducing gastrointestinal complications with NSAIDs
is the concomitant use of gastroprotective medications. Clinical trials aimed at reducing
NSAID-induced ulcers have been undertaken using sucralfate, type 2 histamine receptor
antagonists, proton pump inhibitors and the prostaglandin analog, misoprostol. Sucralfate
is not effective (89). The H2-receptor antagonist, ranitidine, given at 150 mg twice
daily for 8 wk, reduced duodenal but not gastric ulcers in the setting of nonselective
COX-inhibitor use (90,91). However, high-dose famotidine (40 mg b.i.d.) reduced both
gastric and duodenal ulcers in a 24-wk study of arthritis patients taking nonselective
COX inhibitors (92).

The prostaglandin analog, misoprostol, reduced the incidence of endoscopic ulcers
and ulcer complications. Patients taking NSAIDs for OA had a 15-fold reduction
in gastric-ulcer risk with concomitant use of misoprostol 200 mcg. q.i.d. (93). A
subsequent trial confirmed these findings and extended them to include duodenal ulcers
as well (94). More importantly, the reduction in complicated ulcers was studied in
the MUCOSA trial, which enrolled 8843 RA patients using NSAIDs (95). Patients
were randomized to receive misoprostol 200 mcg. q.i.d. vs placebo for 6 mo. The
misoprostol group experienced a 40% reduction in serious upper-GI complications.
Consequently, misoprostol is the only drug approved for prophylaxis against NSAID-
related gastroduodenal ulcers. Barriers to widespread use of misoprostol prophylaxis
include dyspepsia and diarrhea. Lower doses of misoprostol are better tolerated but do
not provide the same protection as dosing the drug four times daily (96).

Two large trials demonstrated that proton-pump inhibitors reduce the incidence
of NSAID-related gastroduodenal ulcers. The first trial compared omeprazole with
ranitidine in the prevention of recurrent ulcers in arthritis patients requiring NSAID
therapy (86). About 40-50% of the subjects had RA. Patients with endoscopically
diagnosed gastroduodenal ulcers or >10 erosions were treated with omeprazole or
ranitidine. Patients who healed completely were randomized to receive concurrent
therapy with omeprazole 20 mg daily or ranitidine 150 mg twice daily as prophylaxis
against recurrent ulcer or erosions. After 6 mo, 72% of patients receiving omeprazole
remained in remission, and 59% of patients receiving ranitidine remained in remission.
The difference in relapse rates between omeprazole and ranitidine were statistically
significant. The second trial compared omeprazole 20 mg daily with misoprostol
200 mcg. twice daily in the prevention of recurrent gastroduodenal ulcers (85). A
placebo arm was also included in this study. Remission was sustained in 61% of patients
taking omeprazole, 48% of patients taking misoprostol, and 27% of patients taking
placebo. Omeprazole was significantly more effective than misoprostol at the doses used.
Both drugs were significantly more effective than placebo. Fewer patients discontinued
therapy because of adverse events or lack of efficacy. It is possible that the effectiveness
of misoprostol would have been greater if higher doses had been used in this study (96).
However, any gain may have been offset by increased adverse events (96).
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OTHER GASTROINTESTINAL COMPLICATIONS OF NSAIDs

Although most attention is appropriately given to gastroduodenal ulceration, several
other gastrointestinal toxicities occur with NSAID use. Dyspepsiais acommon symptom
in RA patients using NSAIDs (97). The presence of dyspepsia does not necessarily
correlate with endoscopic evidence of mucosal injury. Less than half of patients
with dyspepsia have abnormal gastroduodenal mucosa, and up to 40% of patients
with gastritis are asymptomatic (97). In studies of ulcer healing or prevention, both
histamine-receptor antagonists and proton-pump inhibitors were shown to relieve
dyspepsia symptoms (85,86). Other gastrointestinal complications associated with
NSAID use include strictures of the esophagus, small bowel, and colon (reviewed in ref.
98). Frank ulceration of the small bowel and colon has also been associated with NSAID
and may be present in up to 4% of chronic NSAID users (98,99). The pathogenesis of
small and large bowel ulcerations is thought to involve the same mechanisms known to
occur in the stomach and duodenum.

Nephrotoxicity

There are several manifestations of NSAID-induced nephrotoxicity: hyperkalemia,
acute reduction in renal function, nephrotic syndrome with interstitial nephritis, and
papillary necrosis (reviewed in ref. /00). Reduced renal production of prostaglandins
contributes to the pathogenesis of each of these syndromes.

HYPERKALEMIA

NSAIDs contribute to hyperkalemia by indirectly inhibiting aldosterone-induced
potassium excretion, and by interfering with normal sodium-potassium exchange
in the distal nephron (/00). Risk factors for NSAID-induced hyperkalemia include
renal insufficiency, diabetes, heart failure, and multiple myeloma (/00). Concurrent
use of potassium supplements, angiotensin-converting enzyme (ACE) inhibitors,
and potassium-sparing diuretics also contributes to the risk of hyperkalemia (100).
Hyperkalemia is reversed by discontinuing NSAIDs.

Acute RepucTiON IN RENAL FUNCTION

Prostaglandins maintain normal renal blood flow in hypovolemic or low-perfusion
states. Inhibition of prostaglandin production in these situations can cause ischemia with
acute loss of renal function. Comorbidities that predispose to reduced renal function
include congestive heart failure, nephrotic syndrome, dehydration, cirrhosis, chronic
renal disease, and advanced age (100,101). Early diagnosis with discontinuation of
NSAIDs will usually lead to resolution over several days; whereas continued use may
lead to irreversible loss of renal function and even need for dialysis. Indomethacin has
been most commonly associated with this adverse effect; whereas naproxen, diclofenac,
ibuprofen, and piroxicam have intermediate effects (/00). Long-acting NSAIDs may
pose greater risk than short-acting NSAIDs (101). COX-2 is constitutively expressed in
the kidney and contributes to autoregulation of renal blood flow. Therefore, the same
caution must be extended to use of COX-2 inhibitors in high-risk settings.

NEPHROTIC SYNDROME AND INTERSTITIAL NEPHRITIS

A rare complication of NSAIDs is interstitial nephritis with nephrotic syndrome
(100). This adverse event is characterized by edema and occasionally reduced urine
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output. Urinalysis reveals nephrotic range proteinuria with epithelial cell casts and
microscopic hematuria. Renal biopsy demonstrates interstitial nephritis in association
with minimal change glomerulonephritis. This constellation of pathologic findings and
the absence of eosinophilia and urine eosinophils distinguishes this condition from
typical drug-induced interstitial nephritis. Proteinuria usually remits within a month
of discontinuing NSAIDs. A trial of corticosteroids is recommended for patients who
show no reduction in proteinuria within 2 wk (102).

RENAL PAPILLARY NECROSIS

Acute renal papillary necrosis is associated with excessive NSAID doses combined
with a volume depleted state (100). Necrosis results from infarction of the distal segment
of the renal pyramid. The underlying conditions resulting in papillary necrosis resolve
with discontinuation of NSAIDs. However, patients may have permanent defects in
maximally concentrating urine. Chronic renal papillary necrosis results from long-
standing, excessive ingestion of analgesic combinations containing phenacetin.

Cardiovascular

HYPERTENSION

Elevated blood pressure is perhaps the most common cardiovascular side effect of
NSAID use. In a study of over 19,000 Medicare patients, the prescribing of NSAIDs
doubled the risk of requiring anti-hypertensive therapy within the first year of treatment
(103). Two large meta-analyses of clinical trial data revealed in increase in mean
arterial pressure of 3—6 mm Hg depending on the particular NSAID studied (104,105).
Although this effect seems modest, it is known that increased diastolic blood pressure
of 5 mm Hg sustained over several years is associated with a 15% increased risk of
coronary artery disease and a 67% increased risk of stroke (106). No single NSAID
has been associated with consistently significant increases in blood pressure. However,
aspirin and sulindac were shown in both meta-analyses to have negligible impact on
blood pressure. Patients with hypertension at the time of initiating NSAID therapy
demonstrated the greatest rise in blood pressure (104,105). NSAIDs diminish the
effectiveness of anti-hypertensives; an effect that is most pronounced for f-blockers
(100). Because the renal effects of selective COX-2 inhibitors are similar to those of
nonselective COX inhibitors, careful monitoring of blood pressure is also required.
Given the lengthy duration of NSAID therapy for many RA patients, the clinician should
regard modest elevations in blood pressure as a significant risk factor for cardiovascular
disease and treat patients accordingly.

CoONGESTIVE HEART FAILURE

NSAIDs induce clinically insignificant sodium and fluid retention in many patients.
Symptomatic edema occurs in 3-5% of patients and is usually not associated with
clinical impairment in cardiac or renal function (/02). However, concurrent use of
NSAIDs and diuretics in a patient population aged 55 or greater was associated with
a doubling in the risk for hospitalization for congestive heart failure (CHF) (107).
NSAIDs may lead to sodium and fluid retention with subsequent exacerbation of CHF
through a variety of mechanisms (reviewed in ref. /08). The most important effect is
through inhibition of prostaglandin synthesis. Compensated CHF is dependent on the
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vasodilatory effect of prostaglandins on renal afferent arterioles. Prostaglandins also
counteract the actions of angiotensin II on the systemic vasculature. NSAIDs can also
attenuate the pharmacologic effects of diuretics and ACE inhibitors (109,110). NSAIDs
do not directly impair myocardial function. Exacerbation of CHF has been reported
with both selective COX-2 inhibitors and nonselective COX inhibitors. Exacerbations
of CHF in patients treated with NSAIDs are commonly associated with impairment in
renal function, which may magnify the harmful effects of NSAIDs used in this setting.
NSAIDs should be initiated with extreme caution in patients with compensated CHF,
and only in situations in which the benefits outweigh potential risks.

Hepatotoxicity

Liver injury as a result of NSAID therapy is rare, occurring in less than 0.1% of
patients (1/11). Toxic reactions are generally idiosyncratic or immune-mediated and are
unpredictable (/7/1,112). One exception is aspirin, which is an intrinsic hepatotoxin and
will cause liver injury in all persons exposed to sufficient concentrations of the drug
(113). Risk factors for NSAID induced liver injury are thought to be the same as those for
drug-induced liver injury in general and include: age > 40, female gender, polypharmacy,
chronic ethanol ingestion, over- or under-nutrition, and genetic polymorphisms in the
cytochrome P-450 system (111).

Hepatoxicity is viewed as a class effect of NSAIDs (///). Spontaneous reports
of adverse events to the US Food and Drug Administration (FDA) indicate that
hepatotoxicity may be more common for diclofenac than other commonly used NSAIDs
such as nabumetone, naproxen, and piroxicam (//4). However, these findings have not
been borne out in epidemiologic studies, which have detected no significant differences
inrates of hepatotoxicity for commonly prescribed NSAIDs (/75). In studies of approved
COX-2 inhibitors in the United States, elevations in liver aminotransferases occurred
at rates similar to those of comparator drugs. No reports of severe hepatic injury have
been reported for rofecoxib or celecoxib at this time.

Patterns of liver toxicity include both hepatocellular and cholestatic injury. Patients
may present with new onset of constitutional symptoms, elevated aminotransferase levels,
and/or cholestatic jaundice. Rarely patients may present with fulminant hepatic failure
(116—118). The most common manifestation of liver injury is elevated aminotransferase
levels. This presents a diagnostic challenge because patients with RA often have transient
elevations in aminotransferases unrelated to NSAID use (1/9). NSAID-induced liver
injury is usually reversible but may progress to irreversible injury with continued use
of offending drugs (111,120). Therefore, the clinician must maintain a high index of
suspicion for NSAID-induced liver injury in RA patients. Periodic monitoring of liver
function studies should be undertaken in all patients using NSAIDs regularly (121).
A trial withdrawal of an NSAID is appropriate in patients with persistently abnormal
laboratory studies.

NSAID Hypersensitivity Syndromes

A small subset of patients demonstrate heightened sensitivity to aspirin and all
nonselective COX inhibitors. The rheumatologist should be aware of the manifestations
and management of these syndromes because severe and sometimes fatal attacks of
asthma may be precipitated by ingestion of NSAIDs. Two syndromes are generally
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recognized. The first is the “aspirin triad,” which comprises aspirin-sensitivity, asthma,
and nasal polyposis (122). Approximately 10% of asthmatics experience NSAID-induced
exacerbation of symptoms (/23). The syndrome is slightly more common in women
(123). A second syndrome of NSAID-induced urticaria and/or angiodema occurs in
a subset of patients who virtually always have underlying chronic urticaria (124).
About 20-30% of patients with chronic urticaria exhibit exacerbations of urticaria and
angioedema upon exposure to NSAIDs (124).

Although these syndromes are typically associated with aspirin, it is important
to note that all drugs that demonstrate COX-1 inhibition have been associated with
NSAID-hypersensitivity syndromes. Patients who experience respiratory symptoms
with ingestion of NSAIDs should be carefully educated as to the generic and trade names
of NSAIDs and instructed to avoid them. Particular attention should be given to over-
the-counter medications that may contain aspirin or other NSAIDs. In addition, patients
should ask about the contents of medications prescribed by other practitioners who
may not be aware of the extensive crossreactivity of most NSAIDs in hypersensitivity
syndromes.

Some NSAIDs are safe to use in the setting of NSAID sensitivity. Patients can
usually safely take sodium salicylate, salicylamide, and choline magnesium trisalicylate
(125). Nimesulide and meloxicam, which have preferential COX-2 selectivity, may be
administered in lower doses to patients with NSAID sensitivity (126—128). In theory,
the highly selective COX-2 inhibitors, rofecoxib and celecoxib, should be safe to use
in NSAID-sensitive patients (125). As of yet, no studies have been reported to confirm
this hypothesis. Current medication labeling cautions against using these drugs in
NSAID-sensitive patients.

Aspirin desensitization may be undertaken to reduce the respiratory symptoms of
NSAID sensitivity. Typically nasal congestion responds to desensitization better than
asthma symptoms (/25). Desensitization is not effective for urticaria or angioedema.
Desensitization can reduce symptoms of nasal congestion, slow further formation of
polyps, and allow the patient with RA to safely take NSAIDs.

Acute urticaria or anaphylaxis may occur as an immunologic hypersensitivity reaction
to the parent drug or a metabolite. In this setting, hypersensitivity is confined to the
parent drug and does not require avoidance of all NSAIDs. Patients are usually able to
tolerate an alternate NSAID, especially if it is of a chemically distinct class.

Hematologic

The most important hematologic toxicity of NSAIDs is also one of the most important
therapeutic effects (reviewed in ref. 129). NSAIDs impair platelet function through
inhibition of TBX A2 synthesis by COX-1. Aspirin irreversibly inhibits COX-1 through
acetylation, whereas nonaspirin COX inhibitors reversibly inhibit COX-1. The highly
selective COX-2 inhibitors have no effect on platelets at therapeutic doses. Aspirinreduces
mortality in the primary and secondary prevention of coronary artery disease. Inhibition
of platelet function can lead to complications such as ulcer bleeding or intracranial
hemorrhage. Fortunately, the latter is quite rare. Excessive use of alcohol may impair
platelet function further, thus contributing to the risk for bleeding complications. The
duration of impaired platelet function in the setting of aspirin use is 4—7 d. The nonaspirin
NSAIDs inhibit platelet function for a variable period based upon half-life.
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Miscellaneous Side Effects

PULMONARY

Pulmonary infiltrates and eosinophilia are rarely reported as a complication of
NSAID therapy (130). Patients have typically presented with fever, shortness of breath,
cough, and infiltrates on chest X-ray. Leukocyte differential demonstrates an absolute
eosinophilia. Biopsy of affected lung tissue demonstrates granulomas with eosinophilic
infiltrates. This syndrome has been associated with naproxen, ibuprofen, fenoprofen,
and sulindac. This complication is usually self-limited and resolves with discontinuation
of the NSAID.

CENTRAL NERVOUS SYSTEM

Aseptic meningitis is a rare complication of NSAID therapy (131). This complication
has typically been associated with naproxen but may occur with any NSAID. There
have been no reports of aseptic meningitis with use of the selective COX-2 inhibitors,
rofecoxib and celecoxib. Patients present with meningeal signs and headache. Fever was
present in over 90% of reported cases of NSAID-related aseptic meningitis. Analysis of
cerebrospinal fluid (CSF) demonstrates a pleocytosis with a median of 280 cells that are
predominantly neutrophils. Aseptic meningitis probably represents a hypersensitivity
reaction. Some reports indicate that patients tolerated challenge with the same NSAID
after resolution of aseptic meningitis. However, given the number of available NSAIDs
it is reasonable to avoid exposing patients to the same drug if NSAIDs are required.
Finally, transient cognitive dysfunction has been reported in elderly patients taking
NSAIDs (132).

SKIN

The most common adverse event involving the skin is an urticarial drug eruption.
Pseudoporphyria has been reported rarely (133,134).

SALICYLATE TOXICITY

Salicylates cause dose-related adverse events involving the ears, (CNS), and liver
(135). In therapeutic doses, patients may experience tinnitus and/or hearing loss that
is reversible with discontinuation of the drug. Excessive doses may lead to coma and
liver injury. Salicylate levels should be monitored periodically in patients using high
therapeutic doses.

PREGNANCY

NSAIDs may be continued if necessary during the first half of pregnancy. A single
case-control study described aspirin and NSAID use in early pregnancy as a risk factor
for persistent pulmonary hypertension of the newborn pregnancy (1/36). Low doses of
aspirin are frequently used during the second half of pregnancy to treat preeclampsia
(137). High doses of NSAIDs in the second half of pregnancy may cause constriction
of the ductus arteriosis and oligohydramnios (/38). NSAIDs should only be continued
in late pregnancy if absolutely necessary and in close association with an experienced
high-risk obstetrician. Usually it is possible to substitute alternative analgesic and
anti-inflammatory medications in this setting.
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CURRENT RECOMMENDATIONS ON NSAID USE IN RA

Over the last 20 years, the role of NSAIDs in RA therapy has shifted to one of symptom
modification when used in association with disease-modifying drugs. Preventing
NSAID toxicity has become a critical aspect of the appropriate use of these medications.
The following recommendations on the use of NSAIDs in RA are derived from the
data reviewed previously:

Use of NSAIDs in RA

It is appropriate to offer NSAID therapy to any patient with RA who does not have an
underlying condition that would prohibit safe use. NSAIDs have been proven to relieve
the signs and symptoms of RA using current response criteria (67,70). Furthermore,
patients prefer NSAIDs over other analgesic medications, and are willing to accept
additional risks of adverse events in order to achieve better symptom control (139,140).
Given that NSAIDs are not believed to be disease-modifying, it is appropriate for
patients to use NSAIDs on an as needed basis if desired. However, patients should
be aware that the analgesic effects of NSAIDs have rapid onset, whereas it may take
1-2 wk to achieve maximal anti-inflammatory benefit (141).

Assessment of Risk Factors for NSAID Toxicity

Risk factors for NSAID toxicity should be assessed for every patient initiating therapy.
Particular emphasis should be placed on assessing risks for GI and renal toxicity. Elderly
patients and those with a history of peptic ulcer disease, renal disease, CHF, and asthma
represent a high-risk population. System review should focus on eliciting symptoms
that may indicate one or more of these diseases are present. Risk-factor assessment
should not be delayed as toxicity occurs early in the course of NSAID therapy (75,121).
The American College of Rheumatology recommends a baseline laboratory evaluation
that includes a complete blood count, creatinine, and liver aminotransferases (121).
Concurrent medication use must be considered as important drug-drug interactions
influence toxicity (see below). Patients should be educated about potential toxicity
and should be informed of warning signs of toxicity (e.g., edema, dark/tarry stools,
persistent abdominal discomfort, rash, etc.).

Monitoring for NSAID toxicity

Symptoms of potential NSAID toxicity should be elicited periodically—at least
yearly. The American College of Rheumatology recommends that a complete blood
count, serum creatinine, and serum aminotransferases be monitored yearly (1217).
Decreasing hemoglobin, and increased creatinine or aminotransferases should all be
considered signs of NSAID toxicity. Weekly monitoring of serum creatinine for the first
3 wk of therapy is recommended for NSAID users taking diuretics or ACE inhibitors
(121). Patients using diclofenac should have liver-function studies repeated within the
first 8 wk of therapy (package insert).

Selection of NSAIDs

Efficacy of the various NSAIDs in RA is comparable among groups of patients
(141). Therefore, selection of an NSAID should focus on patient factors such as risk of
complications, cost, and convenience. Individual patients may show marked variability
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Table 5
Important Interactions of NSAIDs with Commonly Prescribed Drugs
Drug Interaction Action necessary Reference
Lithium Reduced clearance Monitor lithium levels (147)
Methotrexate Reduced clearance Careful methotrexate (121)
toxicity monitoring
Warfarin Bleeding ulcer; Avoid COX-1 inhibitors (148)
hemorrhage
Diuretics Hyperkalemia Monitor potassium (121)
ACE Inhibitors  Hyperkalemia Monitor potassium (109)

in clinical responses. In this setting, changing to an alternate NSAID is appropriate in
order to identify an effective and well-tolerated therapy. Maximal clinical responses
are usually achieved within 2-3 wk. There is no data supporting improved efficacy
with combination NSAID therapy (/42). Patients who are anti-coagulated should not
receive NSAIDs that inhibit COX-1. In this setting highly selective COX-2 inhibitors
(celecoxib, rofecoxib) appear to be safe as long as the prothrombin time is carefully
followed.

Prevention of NSAID-Related Gastroduodenal Ulceration

Decision-making on selection of NSAIDs or the concomitant use of gastroprotective
medications should be driven by analysis of individual patient risk factors (Table 4).
Inevitably, an individual patient’s financial means and risk tolerance will influence
prescribing as well. Patients with RA and no risk factors for NSAID-induced ulcer have
a 0.4% risk of a serious GI event over 6 mo (95), whereas 10% of patients with four
or more risk factors will experience a serious GI event within 6 mo (95). Some studies
suggest that nabumetone and etodolac may have lower rates of GI toxicity; suggesting
that these drugs may be preferable to other nonselective COX inhibitors (143,144).
Patients with one or more risk factors for NSAID-related gastroduodenal ulceration
should be treated with a selective COX-2 inhibitor, or concomitant use of a proton-
pump inhibitor (20 mg omeprazole, 20 mg lansoprazole, 20 mg rabeprazole, or 40 mg
pantoprazole daily) or misoprostol (200 mcg b.i.d.-q.i.d.) (141,145).

Patients with symptoms of dyspepsia may be treated with H,-receptor antagonists or
proton-pump inhibitors for symptom relief. Despite the poor correlation of dyspepsia
with gastroduodenal ulceration, persistent symptoms of dyspepsia warrant additional
investigation to rule out gastroduodenal ulcer.

The role of H. pylori infection in NSAID-related ulcers is unclear. Therefore,
current recommendations are to identify and treat H. pylori in patients diagnosed with
gastroduodenal ulcer (/45). Routine screening for H. pylori in asymptomatic patients
taking NSAIDs is not recommended (745).

Important Drug-Drug Interactions

Many drug interactions have been described with NSAIDs (146). A selected listing
of important interactions of NSAIDs with commonly prescribed drugs is shown
(Table 5).
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CONCLUSIONS

The NSAIDs continue to be important in the management of RA. The primary
objective of NSAID use is to reduce symptoms of RA rather than to modify the
disease course. Given the comparable efficacy of NSAIDs, decisions regarding NSAID
selection are driven predominantly by the need to minimize the risks of therapy. In
this regard, the selective COX-2 inhibitors represent an important step forward in
reducing the incidence of GI toxicity. Progress anticipated in the future includes the
introduction of more selective COX-2 inhibitors, the development of irreversible COX-2
inhibitors, and NSAIDs that inhibit alternate pathways of inflammatory mediator
production in RA.
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INTRODUCTION

Physicians have the capacity to attenuate most types of pain, but the effectiveness of
the presently available medications is typically limited by their toxic effects. One such
class of analgesic medications is the nonsteroidal anti-inflammatory drugs (NSAIDs),
which have been shown to be anti-inflammatory, analgesic, and antipyretic. NSAIDs
represent one of the most commonly used classes of drugs in the world, with more than
17,000,000 Americans using various NSAIDs on a daily basis.

The following chapter describes how NSAIDs exert their effect on pain and inflam-
mation, details the associated toxicities including serious gastrointestinal (GI) events,
and reviews the newest available drugs, the cyclooxygenase-2 (COX-2) inhibitors. These
new medications have been proven to be as efficacious as traditional NSAIDs while
inducing substantially less risk of GI toxicity.
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With the aging of the US population, the Centers for Disease Control predicts
a significant increase in the prevalence of painful degenerative and inflammatory
rheumatic conditions, leading to a probable parallel increase in the use of NSAIDs (1-2).
They are widely used to reduce pain, decrease gel phenomenon and improve function
in patients with osteoarthritis (OA), rheumatoid arthritis (RA), and treatment of pain
including headache, dysmenorrhea, and postoperative pain.

Approximately 60 million NSAID prescriptions are written each year in the United
States, with the number for elderly patients exceeding those for younger patients by
approx 3.6-fold(2-3). Some of these NSAIDs are also available over the counter
such as aspirin (ASA), ibuprofen, naproxen, and ketoprofen. At equipotent doses,
the clinical efficacy and tolerability of the various NSAIDs are similar; however,
individual responses are highly variable (4—6). Anecdotally, although it is believed
that if a patient fails to respond to one NSAID of one class that it is reasonable to try
another NSAID from a different class, however, no one has studied this in a prospective
controlled manner.

The origin of NSAIDs dates back to 1763, at which time sodium salicylic acid
was discovered. Various impure forms of salicylates had been used as analgesics
and antipyretics throughout the previous century. Once purified and synthesized the
acetyl derivative of salicylate, acetylsalicylic acid (ASA), was found to provide more
anti-inflammatory activity than salicylate alone. However, GI toxicity (particularly
dyspepsia) associated with the use of ASA led to the introduction of phenylbutazone, an
indoleacetic acid derivative, in the early 1950s. This was the first nonsalicylate NSAID
developed for use in patients with painful and inflammatory conditions. Phenylbutazone
is a weak prostaglandin synthase inhibitor that also induces uricosuria, and was rapidly
shown to be useful in patients diagnosed with ankylosing spondylitis and gout. However,
adverse events such as bone marrow toxicity, particularly in women over the age of 60,
have essentially eliminated the use of this drug.

Indomethacin, another indoleacetic acid derivative, was subsequently developed in
the 1960s as a substitute for phenylbutazone. Although this medication was safer, it
had significant toxicity as well and the search for safer and at least equally effective
NSAIDs ensued. Other clinical issues have driven the development of newer agents,
such as once a day (QD) or twice a day (BID) dosing to help improve compliance.
Today, there are at least 20 different NSAIDs currently available in the United States. In
addition, COX-2 specific inhibitors have been introduced (e.g., celecoxib and rofecoxib)
with similar efficacy to traditional NSAIDs but significantly decreased effects on the
GI tract and on platelet effects(7—11).

PHARMACOLOGY

Bioavailability
In experimental situations, all NSAIDs are completely absorbed after oral administra-
tion. However absorption rates may vary in patients with altered GI blood flow or motility
and, with certain NSAIDs when taken with food. For example, taking naproxen with
food may decrease absorption by 16% although this is likely not clinically important.
Enteric coating may reduce direct effects of NSAIDs on the gastric mucosa but may
also reduce the rate of absorption of active drug.
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Table 1
Diseases That Can Affect
Glomerular Filtration Rate

Congestive heart failure
Established renal disease
Diabetes

Hypertension

Dehydration

Significant hypoalbuminemia

Most NSAIDs are weak organic acids; once absorbed they are >95% bound to
serum albumin. This is a saturable process. Clinically significant decreases in serum
albumin levels or institution of other highly protein-bound medications may lead to an
increase in the free component of NSAID in serum. This may be important in patients
who are elderly or are chronically ill especially with associated hypoalbuminemic
states. Importantly, owing to increased vascular permeability in localized sites of
inflammation, this high degree of protein binding may result in delivery of higher
levels of NSAIDs.

In general, the pharmacology of NSAIDs is characterized by a negligible first-pass
hepatic metabolism, high protein binding with small volumes of distribution, and poor
dialysis potential. NSAIDs may also be detrimental to renal function. Anti-inflammatory
agents are inhibitors of prostaglandin synthesis and in a variety of diseases (i.e.,
congestive heart failure, liver disease, chronic renal failure, systemic lupus erythematosis
(SLE) with renal involvement, or clinically important dehydration) prostaglandins
appear to be important in maintaining renal blood flow (Table 1) (12). Therefore,
treating such patients with NSAIDs can have an incremental worsening of their renal
function. The kinetics of NSAIDs can also differ in various clinical conditions. In the
elderly population or those with hepatic cirrhosis, naproxen clearance, for example, is
reduced by 50%. On the other hand, renal disease does not have an important effect,
because urinary excretion of unchanged drug is negligible for most NSAIDs, except
for indomethacin, aclofenac, azapropazone, and tiaprofenic acid (10-60% of which
is excreted in the urine) (12).

Mechanism of Action

There is a clear individual variation in response to NSAID therapy; some patients
seem to respond better to one drug than to others (6,13-15). Adverse events also seem
to be variable among individual drugs and patients. Some of the variability in clinical
effects may be explained as certain NSAIDs appear to be more potent inhibitors of
prostaglandin synthesis, whereas others may more prominently affect nonprostaglandin
mediated biologic events. Differential effects have also been attributed to variations in
the enantiomeric state of the agent, as well as its pharmacokinetics, pharmacodynamics,
and metabolism (6,14,16). The theoretical and real differences between NSAIDs
have been reviewed by Brooks and Day and Furst (6,77). Although variability can be
explained in part by absorption, distribution, and metabolism, potential differences
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in mechanism of action must be considered as an important explanation for their
variable effects.

The primary effect of NSAIDs is to inhibit COX enzyme (prostaglandin synthetase),
thereby blocking the transformation of arachidonic acid to prostaglandins, prostacyclin,
and thromboxanes. These drugs are primarily anti-inflammatory and analgesic by
decreasing production of these prostaglandins, specifically of the E series. Prostanoic
acids are proinflammatory, increasing both vascular permeability, as well as sensitivity
to the release of bradykinins. By inhibiting prostaglandin synthesis, NSAIDs have also
been shown to inhibit the formation of prostacyclin and thromboxane; thus, resulting
in complex effects on vascular permeability and platelet aggregation undoubtedly
contributing to the overall clinical effects of these compounds.

Polyunsaturated fatty acids include arachidonic acid, constituents of all cell mem-
branes, exist in ester linkage in the glycerols of phospholipids and are subsequently
converted first through the action of phospholipase A, or phospholipase C ultimately to
prostaglandins or leukotrienes. Free arachidonic acid, released by the phospholipase acts
as a substrate for the PGH synthase complex or COX, which includes both an oxygenase
and peroxidase step. These enzymes catalyze the conversion of arachidonic acid to
the unstable cyclic-endoperoxide intermediates, PGG, and PGH,. These arachidonic
acid metabolites are then converted to the more stable PGE, and PGF, compounds by
specific tissue prostaglandin synthases. NSAIDs inhibit COX activity by blocking the
capacity of arachidonate from binding into the active site and thereby reducing the
conversion of arachidonic acid to PGG,.

THE COX ENZYME

At least two isoforms of the COX enzymes have been identified: COX-1 and COX-2.
Although they share 60% homology in the amino acid sequences considered important for
catalysis of arachidonic acid, they are products of two different genes. They differ most
importantly in their regulation and expression of the enzymes in various tissues (/8—19).

COX-1 or prostaglandin synthase H; (PGHS-1) is a “housekeeping enzyme” that
regulates normal cellular processes and is stimulated by hormones or growth factors.
It is constitutively expressed in most tissues, and is inhibited by all NSAIDs to varying
degrees depending on the applied experimental model system used to measure their drug
effects (20). COX-1 is important in maintaining the integrity of the gastric and duodenal
mucosa and many of the toxic effects of the NSAIDs on the GI tract are attributed to its
inhibition. It is also important in the activity leading to platelet aggregation.

The other isoform, COX-2 or prostaglandin synthase H, (PGHS-2) is an inducible
enzyme and is usually undetectable, or is at very low levels in most tissues. Its expression
is increased during states of inflammation or experimentally in response to mitogenic
stimuli. For example, in the monocyte/macrophage systems, endotoxin stimulates COX-2
expression; in fibroblasts various growth factors, phorbol esters, and interleukin-1 (IL-1)
also upregulate the enzyme. This isoform is also constitutively expressed in the brain,
specifically cortex and hippocampus; in the female reproductive tract, such as the ovum
and associated with implantation of the fertilized ovum, in the male vas deferens, in
bone, and at least in some models in human kidney specifically, in the macula densa
and associated with the thick ascending limb of henle. The expression of COX-2 is
inhibited by glucocorticoids. COX-2 is also inhibited by all of the presently available
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NSAIDs to a greater or lesser degree. Thus, differences in the effectiveness with which
a particular NSAID inhibits an isoform of cyclooxygenase may affect both its activity
and its potential toxicity. It has been proposed that the ideal NSAID would inhibit the
inducible COX-2 isoform (thereby decreasing inflammation) without having any effect
on the constitutive COX-1 isoform (thereby minimizing toxicity) at any efficacious
therapeutic dose.

The in vitro systems used to define the actions on the COX enzymes of the available
NSAIDs are based on using either cell-free systems, pure enzyme, or whole cells (20).
Each drug studied to date has demonstrated different measurable effects within each
system. As an example: it appears that nonacetylated salicylates inhibit the activity
of COX-1 and COX-2 in whole cell systems but are not active against either COX-1
or COX-2 in recombinant enzyme or cell-membrane systems. This evidence suggests
that salicylates act early in the arachidonic acid cascade, perhaps by inhibiting enzyme
expression rather than direct inhibition of COX.

Recently evidence has accumulated that several NSAIDs are selective for COX-2
enzyme effects over COX-1. For example, in vitro effects of etodolac demonstrate an
approx a 10-fold inhibition of COX-2 compared to COX-1, at low doses. However, at
higher anti-inflammatory doses this specificity appears to be mitigated, as both enzymes
are affected. However, two highly selective or specific COX-2 inhibitors, celecoxib
(Celebrex) and rofecoxib (Vioxx) have been approved from the US Food and Drug
Administration (FDA). Both of these specific COX-2 inhibitors are at least 300 times
more effective at inhibiting COX-2 activity than COX-1, and have no measurable effect
on COX-1 mediated events at any therapeutic doses. Both COX-2 specific inhibitors (or
CSTI’s) have been shown as effective at inhibiting osteoarthritis pain, dental pain, and
the pain and inflammation associated with RA as naproxen at 500 mg BID, ibuprofen
800 mg TID (3x/d), diclofenac 50 mg TID or 75 mg BID, without endoscopic evidence
of gastroduodenal damage and without affecting platelet aggregation (8—10,21-24).
Unfortunately, owing to the design of the randomized controlled clinical trials used for
many investigations, the important questions regarding the renal effects of the specific
COX-2 inhibitors remain unanswered.

Arachidonic acid can also serve as a substrate for 5- or 12-lipoxygenase. The
5-lipoxygenase enzyme catalyzes the conversion of arachidonic acid to biologically
active leukotriene and hydroxyeicosatetraenoic acids (HETEs) products. None of the
presently available NSAIDs used to treat arthritis inhibit 5-lipoxygenase directly,
although several compounds presently under development may have inhibitory effects
on both cyclooxygenase and lipoxygenase. It remains to be seen whether these will
be clinically useful.

Biologic and Other Effects of the NSAIDs

NSAIDs are lipophilic and become incorporated in the lipid bilayer of cell membranes
and thereby may interrupt protein-protein interactions important for signal transduction.
For example, stimulus response coupling, which is critical for recruitment of phagocytic
cells to sites of inflammation has been demonstrated in vitro to be inhibited by
some NSAIDs (24-27). There are data suggesting that NSAIDs inhibit activation
and chemotaxis of neutrophils as well as reducing toxic oxygen radical production in
stimulated neutrophils. There is also evidence that several NSAIDs scavenge superoxide
radicals (24).
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Salicylates have been demonstrated to inhibit phospholipase C activity in macrophages.
Some NSAIDs have been shown to affect T-lymphocyte function experimentally by
inhibiting rheumatoid factor production in vitro (25). Another newly described action
not directly related to prostaglandin synthesis inhibition, is a decrease in the expression
of L-selectin thus affecting a critical step in the migration of granulocytes to sites of
inflammation (26). NSAIDs have been demonstrated in vitro to inhibit NF-xB (nitric
oxide [NO] transcription factor)-dependent transcription thereby inhibiting inducible
nitric-oxide synthetase [NOS] which has been associated with increasing inflammation
(27). Anti-inflammatory levels of ASA have been shown to inhibit expression of
inducible NOS and subsequent production of nitrite in vitro. At pharmacologic doses,
sodium salicylate, indomethacin, and acetaminophen have been studied and had no
effect; however, at suprapharmacologic dosages, sodium salicylate inhibited nitrite
production.

Recently it has been described that prostaglandins inhibit apoptosis (programmed cell
death) and that NSAIDs, via inhibition of prostaglandin synthesis may reestablish more
normal cell cycle responses (20). There is also evidence suggesting that some NSAIDs
may reduce PGH synthase gene expression thereby supporting the clinical evidence of
differences in activity in NSAIDs in sites of active inflammation.

The importance of these prostaglandin and nonprostaglandin mediated processes in
reducing clinical inflammation is not entirely clear. Although nonacetylated salicylates
have been shown in vitro to inhibit neutrophil function and to have equal efficacy in
patients with rheumatoid arthritis (RA), clinically there is no substantial evidence to
suggest that biologic effects other than prostaglandin-synthase inhibition are more
important for anti-inflammatory and/or analgesic effects (28).

Metabolism

Nonsteroidal anti-inflammatory agents are metabolized predominantly in the liver
by the cytochrome P450 system, the 2C9 isoform, and subsequently excreted in the
urine. This must be taken into consideration when prescribing NSAIDs for patients with
hepatic and/or renal dysfunction. Some NSAIDs such as oxyprozin have two metabolic
pathways, whereby some portion is directly secreted into the bile and another part is
further metabolized and excreted in the urine. Others have a prominent enterohepatic
circulation, resulting in a prolonged half-life and should be used with caution in the elderly
(i.e., Indomethacin, sulindac, and piroxicam). In patients with renal insufficiency, some
inactive metabolites may be resynthesized in vivo to the active compound. Diclofenac,
flurbiprofen, celecoxib, and rofecoxib are metabolized in the liver, and should be used
with care and at lowest possible doses in patients with clinically significant liver disease.
This would mean patients with significant liver dysfunction such as patients with
cirrhosis with or without ascites, prolonged prothrombin times, falling serum albumin
levels, or important elevations in liver transaminases in blood.

Salicylates are the least highly protein bound NSAID: approx 68%. Zero order kinetics
is dominant in salicylate metabolism. Thus, increasing the dose of salicylates is effective
over a narrow range but once the metabolic systems are saturated, then incremental dose
increases may lead to very high serum salicylate levels. Thus, changes in salicylate doses
need to be carefully considered at chronic steady state levels particularly in patients
with altered renal or hepatic function.
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Table 2
The Nonsteroidal Anti-Inflammatory Drugs and Cox-2 Inhibitors
Daily
recommended
adult doses Plasma

NSAID Trade name (mgs/24 h) half-life (h)
Carboxylic acids

Aspirin (acetylsalicylic acid) Multiple 1300-5000 4-15

Buffered aspirin Multiple Same Same

Enteric-coated salicylates Multiple Same Same

Salsalate Disalcid 1500-3000 Same

Choline magnesium trisalicylate Trilisate Same Same

Diflunisal Dolobid 500-1500 7-15
Proprionic acids

Ibuprofen Motrin, Rufen 1600-3200 2

Naproxen Naprolan, Anaprox 500-1000 13

Fenoprofen Nalfon 1200-3200 3

Ketoprofen Orudis 150-300 2

Flurbiprofen Ansaid 200-300 3-9

Oxaprozin Daypro 600-1800 40-50
Acetic acid derivatives

Indomethacin Indocin, Indocin SR 75-200 3-11

Tolmetin Tolectin 800-1600 1

Sulindac Clinoril 300-400 16

Diclofenac Voltaren, Arthrotec 100-200 1-2

Etodolac Lodine 600-1200 2-4

Ketorolac Toradol 20-40 2
Fenamates

Meclofenamate Meclomen 200-400 2-3

Mefenamic acid Ponstel 500-1000 2
Enolic acids

Piroxicam Feldene 10-20 30-86

Phenylbutazone Butazolidin 200-600 40-80

Meloxicam Mobic 75 20
Naphthylkanones

Nabumetone Relafen 500-1000 19-30
COX-2 inhibitors

Celecoxib Celebrex 100-400 11

Rofecoxib Vioxx 12.5-50 17

Plasma Half-Life

Significant differences in plasma half-lives of the NSAIDs may be important in
explaining their diverse clinical effects (Table 2). Those with long half-lives typically
do not attain maximum plasma concentrations quickly and clinical responses, such
as acute analgesia, may be delayed. Plasma concentrations can vary widely owing to
differences in renal clearance and metabolism. Piroxicam has the longest serum half-life
of currently marketed NSAIDs: 57 +22 h. In comparison, diclofenac has one of the
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shortest: 1.1 £ 0.2 h. Although drugs have been developed with very long half-lives to
improve patient compliance, the fact that piroxicam has such a long half-life is less
attractive for the elderly patient at risk for specific NSAID-induced toxic effects. In the
older patient, it is sometimes preferable to use drugs with a shorter half-life so that when
the drug is discontinued the unwanted effects may be more rapidly eliminated.

Sulindac and nabumetone are “prodrugs,” in which the active compound is produced
after first pass metabolism through the liver. Theoretically, prodrugs were developed to
decrease the exposure of the gastrointestinal mucosa to the local effects of the NSAIDs.
Unfortunately, as was noted, with adequate systemic inhibition of COX-1 the patient
is placed at substantial risk of an NSAID-induced upper GI event as long as COX-1
activity remains inhibited. This is true for drugs such as ketorolac given as an injection
or by these prodrugs when given at adequate therapeutic doses (29). Once steady
state has been achieved, synovial-fluid concentrations of NSAIDs, do not vary much.
Although theoretically important for clinical effect, this has not been shown in vivo (30).
Thus, choices to prescribe specific NSAIDs are largely based on issues of safety and
convenience/compliance.

Miscellaneous

Other pharmacologic properties may be important clinically. NSAIDs, which are
highly lipid soluble in serum will penetrate the central nervous system (CNS) more
effectively and occasionally may produce striking changes in mentation, perception,
and mood. Indomethacin has been associated with many of these side effects, even after
a single dose, particularly in the elderly.

ADVERSE EFFECTS

Hepatotoxicity

Elevation in hepatic transaminase levels is not uncommon, although it occurs
more often in patients with juvenile RA or systemic lupus erythematosus (SLE).
Unless elevations exceed 2—3x upper limit of normal (ULN) or serum albumin and/or
prothrombin times are altered, these effects are usually not considered clinically
significant (31).

Nonetheless, overt liver failure has been reported following use of many NSAIDs:
including diclofenac, flurbiprofen, and sulindac (3/). Garcia-Rodriguez et al. preformed
aretrospective study of 625,000 patients who received more than 2 million prescriptions
for NSAIDs and evaluated for newly diagnosed acute liver injury. The incidence
of acute liver injury was 3.7/100,000 NSAID users and none of these had a fatal
outcome (33).

Of all NSAIDs, sulindac has been associated with the highest incidence of cholestasis
in certain countries, whereas there is evidence that diclofenac not uncommonly varies
transaminases serum levels (31). Therefore it is recommended that patients at risk for
liver toxicity be followed very carefully. When initiating NSAID treatment, all patients
should be evaluated again within 8—12 wk and serious consideration given to performing
a blood analysis evaluating for serum transaminase changes. In addition, a drop in
serum albumin (suggestive of a synthetic defect induced by the drug) or a prolonged
prothrombin time should warrant the cessation of NSAID therapy.
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PULMONARY EFFECTS

Many adverse reactions attributed to NSAIDs are owing to inhibition of prostaglandin
synthesis in local tissues. The broadest example are patients with allergic rhinitis,
nasal polyposis, and/or a history of asthma, in whom all NSAIDs effectively inhibit
prostaglandin synthetase and increase their risk for anaphylaxis. In high doses, even
nonacetylated salicylates may sufficiently decrease prostaglandin synthesis to induce
an anaphylactic reaction (33). Although the exact mechanism for this effect remains
unclear, it is known that E prostaglandins serve as bronchodilators. When COX activity
is inhibited in patients at risk, a decrease in synthesis of prostaglandins that contributes
to bronchodilation results (33).

Another explanation implicates the alternate pathway of arachidonate metabolism,
whereby shunting of arachidonate into the leukotriene pathway occurs when COX is
inhibited (34). This explanation implies that large stores of arachidonate released in
certain inflammatory situations lead to excess substrate for leukotriene metabolism
when cyclooxygenase is inhibited. This results in release of products that are highly
reactive and may stimulate anaphylaxis (34).

HEMATOLOGIC EFFECTS

Platelet Effects/Neutropenia

Platelet aggregation and thus the ability to clot is primarily induced through stimulating
thromboxane production with activation of platelet COX-1. There is no COX-2 enzyme
activity in the platelet. NSAIDs and aspirin inhibit the activity of COX-1, but the COX-2
specific inhibitors have no effect on COX-1 at clinically effective therapeutic doses (10).
We also have little information about the use of the COX-2 specific inhibitors and the
risk of thrombosis because there is no effect of these drugs on platelet function. However,
Leese et al has recently published a double-blind randomized placebo-controlled study
to compare the effects on platelet function of supratherpeutic doses of celecoxib (600 mg
BID, which is 2-3x the treating doses) with a standard dose of naproxen (500 mg
BID). The study results indicate that even at supratherapeutic doses, celecoxib will not
interfere with normal mechanisms of platelet aggregation and hemostasis, thus supporting
the premise that celecoxib is COX-1 sparing relative to traditional NSAIDs (10). Only
aspirin has been studied prospectively to determine inhibition of potential for thrombosis
and low-dose aspirin should be given concomitantly with either NSAIDs or specific
COX-2 inhibitors in patients at risk. Given the additive ulcerogenic potential associated
with the use of multiple NSAIDs, it is advisable to use specific COX-2 inhibitors with
aspirin when considering combination cardioprotective/anti-inflammatory therapies.

The effect of the nonsalicylate NSAIDs on platelet function is reversible and related to
the half-life of the drug; whereas the effect of aspirin (ASA), which is acetylsalicylic acid
and acetylates the COX-1 enzyme serving to permanently inactivate it. The individual
platelet cannot synthesize new COX enzyme so for the life span of the platelet exposed
to ASA the platelet does not function appropriately. Therefore, the effect of ASA on
the platelet does not wear off as the drug is metabolized as with the nonsalicylate
NSAIDs. Thus, patients awaiting surgery should be able to stop their NSAIDs at a time
determined by 4-5 times their serum half-life, whereas ASA needs to be discontinued
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1-2 wk before the planned procedure to allow the platelet population to reestablish
itself with platelets unexposed to ASA.

GI TOLERABILITY

The most clinically significant adverse effects following use of NSAIDs occurs in
the GI mucosa and appears to be owing to local effects of the drug, or more importantly,
owing to systemic inhibition of prostaglandin synthesis. NSAIDs cause a wide range
of GI problems including esophagitis, esophageal stricture, gastritis, mucosal erosions,
hemorrhage, peptic ulceration and/or perforation, obstruction, and death (35).

NSAIDs can interfere with multiple components of GI tract homeostasis. It can
disrupt the local milieu by the process of ion trapping. NSAIDs are weak organic
anions that, at the pH of the stomach lumen, remain unchanged and can penetrate the
thick gastric mucous barrier and then the mucosal-cell layers accumulate at high levels
within cells causing direct cellular toxicity. Effects secondary to prostaglandin depletion
include increased acid production, decreased mucin and bicarbonate production, and
decreased epithelial-cell proliferation, and decreased mucosal blood flow. Endothelial
effects include microvascular injury by causing stasis within the small blood vessels
within GI mucosa leading to ischemia and ulceration.

In addition, to the known effects on gastric and duodenal mucosa, there is increasing
evidence that the mucosa of the large bowel as well as the small bowel can be affected.
These agents may also induce stricture formation (36). These strictures may manifest as
diaphragms that precipitate small or large bowel obstruction, and may be very difficult
to detect on contrast radiographic studies. Additionally, there is evidence to suggest that
NSAIDs induce dysfunction in GI mucosal permeability. The magnitude of risk for GI
adverse events is controversial. The FDA reports an overall risk of 2-4% for NSAID-
induced gastroduodenal ulcer and its complications, whereas the point prevalence of
gastroduodenal ulcer determined by endoscopy is 15-31% (35,37,38).

In general, the relative risk as summarized in multiple clinical trials, ranges from
4.0-5.0 for development of gastric ulcer, from 1.1 and 1.6 for development of duodenal
ulcer, and a relative risk of 4.5-5.0 for development of clinically significant gastric
ulcer with hemorrhage, perforation, obstruction, or death. Although there have been
many epidemiological studies attempting to prove causal associations, most have had
inherent design flaws that complicate estimation of true risk. There are data which
suggest that the risk of hospitalization for adverse GI effects may be 7-10-fold greater
in patients with RA treated with NSAIDs compared with those who are not receiving
these agents.

Epidemiologic studies suggest that the safest NSAIDs are nonacetylated salicylates
(salsalate, magnesium choline trisalicylate, and diflunisal). Other drugs such as
nabumetone, lower doses of ibuprofen, and etodolac are usually listed together with
similar effects. Those NSAIDs with prominent enterohepatic circulation and significantly
prolonged half-lives such as sulindac and piroxicam have been linked to increased GI
toxicity owing to increased reexposure of gastric and duodenal mucosa to bile reflux
and thus the active moiety of the drug.

As noted, other sites in the GI tract including the esophagus and small and large
bowel may also be affected. Exposure to NSAIDs is probably a major factor in the
development of esophagitis and subsequent stricture formation. Effects on small and
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Table 3
Risk Factors for NSAID-Induced
Gastoduodenal Toxic Effects

Age over 65

Past history of peptic ulcer disease (including GI bleeding)
Concomitant use of NSAIDs with glucocorticoid therapy
Use of combination or maximum dose of the NSAIDs
History of GI toxicity due to to other NSAIDs

large bowel have increasingly been reported. An autopsy study of 713 patients showed
that small bowel ulceration defined as ulcers >3 mm in diameter were observed in 8.4%
of patients exposed to NSAIDs compared to 0.6% of nonusers of (39). Ulcerations
of stomach and duodenum were observed in 22% of NSAID users compared with
12% of nonusers.

Endoscopic studies have clearly demonstrated that NSAID administration results in
shallow erosions or submucosal hemorrhage which, although occurring at any site in
the GI tract are more commonly observed in the stomach near the prepyloric area and
the antrum. Typically, these lesions are asymptomatic making prevalence data very
difficult to determine. Nor do we know the number of lesions that spontaneously heal
or that progress to ulceration, frank perforation, gastric or duodenal obstruction, serious
GI hemorrhage, and/or subsequent death. Risk factors for the development of important
GI ulcer complications in patients receiving NSAIDs include: age > 60, prior history
of peptic ulcer disease or GI bleeding, prior use of anti-ulcer therapies for any reason,
concomitant use of glucocorticoids particularly in patients with RA, comorbidities such
as significant cardiovascular disease, or patients with severe RA as determined by a
disability index (Table 3) (8,37,38,41). Other risk factors include increasing dose of
specific and individual NSAIDs, or combination NSAIDs at full dose (41).

Endoscopic data from large numbers of patients treated with COX-2 specific inhibitors
demonstrate that ulcers are induced at the same rate as in patients who received placebo;
whereas the active comparators may induce ulcers (as documented by endoscopy) from
15% (diclofenac 75 mg BID, ibuprofen 800 mg TID) to 19% (naproxen 500 mg BID)
following 1 wk of treatment in healthy volunteers. In addition, after 12 wk of treatment,
26% (naproxen 500 mg BID) of patients with OA and RA demonstrate ulcers. A meta-
analysis of the randomized controlled trials (RCTs) regarding rofecoxib demonstrated
the bleeding complication rate to be 50%, whereas a similar study with celecoxib
demonstrated about 77% decrease in bleeding with active comparators in both the RCT
and open-label trials (42). Patients treated with low dose aspirin for cardiovascular
prophylaxis or who are infected with Helicobacter pylori are considered independent
risk factor for ulcer formation. A large outcome trial (intention to treat cohort), which
compared the effects of celecoxib 400 mg bid (2—4 times the treating dose for OA
and RA), compared with ibuprofen 800 mg TID and diclofenac 75 mg BID for 6 mo
demonstrated a 65% reduction of complications including bleeds, perforations and
obstructions in the non-ASA-treated cohort (8). It will be important for long-term
outcomes to address issues of a delay in healing of ulcers induced by ASA or H. pylori
in order to fully elucidate the magnitude of this individual risk, which currently is
based on theoretical data.
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APPROACH TO THE PATIENT AT RISK
FOR NSAID-INDUCED GI ADVERSE EVENTS

The approach to the patient with arthritis who requires chronic NSAID treatment
and has developed or is at risk for an NSAID-induced GI event is straightforward but
is complicated by the issue of cost of therapy. Many patients with dyspepsia or upper
GI distress typically manifest superficial erosions by endoscopy, which often heal
spontaneously without change in therapy. Even more difficult to evaluate is whether
agents documented as cytoprotective actually alter NSAID-induced symptoms which
may or may not predict significant GI events. One clinical study demonstrated that
>80% of patients who developed significant NSAID-induced endoscopic abnormalities
were asymptomatic (43).

However, prospective observational trials have demonstrated that patients are
surprisingly more symptomatic when they develop NSAID-induced toxicities than
previously thought (44). The patient who develops a gastric or duodenal ulcer while
taking NSAIDs should have treatment discontinued and therapy for ulcer disease,
either H,-antagonist or proton pump inhibitors instituted. If NSAIDs must be continued
concomitantly then the patient will be required to receive therapy for longer periods
of time. Typically most patients with uncomplicated gastric or duodenal ulcers will
heal within 8 wk of initiating H,-antagonists. If NSAID treatment is continued then
perhaps 16 wk of therapy may be necessary for adequate healing. Diagnostic tests to
determine if the patient is H. pylori positive should be performed and if the patient
has measurable antibodies, then specific antibiotic therapy to eradicate the infection
should be administered. Prophylaxis to prevent NSAID-induced gastric and/or duodenal
ulcers is more complicated. To date, there has been no evidence that agents other than
misoprostol therapy will prevent NSAID-induced gastric ulceration and its complications
(40,45,46).

Although H,-antagonists or proton pump inhibitors have been demonstrated to prevent
NSAID-induced duodenal ulcers, prevention of gastric ulcerations has not been clearly
shown. Endoscopy has shown that famotidine at twice the approved dose (40 mg BID)
significantly decreased the incidence of both gastric and duodenal ulcers (47). Similarly,
endoscopy demonstrated that treatment with omeprazole decreased gastroduodenal
ulcers (48).

Although both H,-antagonist and proton pump inhibitors (PPIs) decrease dyspeptic
symptoms quite effectively, neither has been studied to determine if they decrease the
incidence of ulcer complications. Misoprostol is a prostaglandin analog, which locally
replaces the prostaglandins normally synthesized in the gastric mucosa but whose
synthesis is inhibited by NSAIDs. A large prospective trial evaluated 8843 patients with
RA to determine whether misoprostol would decrease the incidence of ulcers but also
their complications (41,46). Patients received various NSAIDs and were followed for
6 mo either on misoprostol co-therapy or placebo. The study was powered based on
endoscopic observations of an 80% decrease with concomitant misoprostol therapy in
endoscopically proven ulcers >0.3—0.5 cm in diameter with obvious depth in the gastric
and duodenal mucosa (40,46). Misoprostol successfully inhibited development of ulcer
complications such as bleeding, perforation, and obstruction. There was a 40% reduction
in patients treated with misoprostol as opposed to those receiving placebo. Further
analysis demonstrated that patients with health-assessment questionnaire (HAQ) scores
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> 1.5 (thus worse disease) had an 87% reduction in risk for an NSAID-induced toxic
event if concomitantly treated with misoprostol (45).

These data suggest that high-risk patients may benefit from concomitant misoprostol
therapy if NSAID treatment is indicated. Unfortunately, the major adverse event causing
withdrawal in approx 10% of patients was diarrhea. Therefore medications such as stool
softeners and cathartics should be stopped. There are data suggesting that concomitant
treatment with misoprostol once an ulcer develops will allow healing (48). These data
are preliminary, at best. The use of COX-2 specific inhibitors in high risk patients may
clearly be cost-effective; further studies in the general population are warranted.

RENAL ADVERSE EFFECTS

The effects of NSAIDs on renal function include retention of sodium, changes in
tubular function, interstitial nephritis, and reversible renal failure owing to alterations
in filtration rate and renal plasma flow. Prostaglandins and prostacyclins are important
for maintenance of intrarenal blood flow and tubular transport (49). All NSAIDs
except nonacetylated salicylates have the potential to induce reversible impairment of
glomerular-filtration rate; this effect occurs more frequently in patients with congestive
heart failure; established renal disease with altered intrarenal plasma flow including
diabetes, hypertension, or atherosclerosis; and with induced hypovolemia: dehydration,
salt depletion, or significant hypoalbuminemia (/2). Triamterene-containing diuretics,
whichincrease plasmarenin levels, may predispose patients receiving NSAIDs to develop
precipitously acute renal failure. NSAIDs have been implicated in the development of
acute and chronic renal insufficiency, owing to inhibition of vasodilating prostaglandins,
thereby reducing renal blood flow, as has been observed infrequently in patients with
lupus nephritis.

NSAID-associated intersitial nephritis is typically manifested as nephrotic syndrome,
characterized by edema or anasarca, proteinuria, hematuria, and pyuria. The usual
stigmata of drug-induced allergic nephritis such as eosinophilia, eosinophiluria, and
fever are not typically present. Interstitial infiltrates of mononuclear cells are seen
histologically with relative sparing of the glomeruli. Phenylproprionic acid derivatives
such as fenoprofen, naproxen, and tolmetin along with the indoleacetic acid derivative
indomethacin are most commonly associated with the development of interstitial
nephritis. Inhibition of prostaglandin synthesis intrarenally by NSAIDs decreases renin
release and thus produces a state of hyporeninemic hypoaldosteronism with resulting
hyperkalemia. Physiologically, this effect may be amplified in patients taking potassium
sparing diuretics. Salt retention precipitated by some NSAIDs which may lead to
peripheral edema, is likely owing to both inhibition of intrarenal prostaglandin produc-
tion, which decreases renal medullary blood flow and increases tubular reabsorption
of sodium chloride as well as direct tubular effects. NSAIDs have also been reported
to increase anti-diuretic hormone effect, thereby reducing excretion of free water,
resulting in hyponatremia. Thiazide diuretics may produce an added effect on the
NSAID-induced hyponatremia. All NSAIDs have been demonstrated to interfere with
medical management of hypertension and heart failure and indomethacin appears to be
the prescribed NSAID most commonly associated with this adverse reaction.

All NSAIDs with the exception of the nonacetylated salicylates have been associated
with increases in mean blood pressure. Patients receiving antihypertensive agents
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including beta blockers, ACE inhibitors, thiazide and loop diuretics must be checked
regularly when initiating therapy with a new NSAID to insure that there are no
significant continued and sustained rises in blood pressure. Because these patients
have elevated levels of angiotensin II and norepinephrine, their kidneys increase the
release of vasodilator prostaglandins, which act locally to minimize the degree of
renal ischemia (50). NSAIDs can interfere with this compensatory response and the
increase in renal and systemic vascular resistance can cause an elevation in blood
pressure.

The mechanism of acute renal failure induced in the “at risk” patient treated with
NSAIDs is believed to be prostaglandin mediated. However, the role of COX-2 in
maintenance of renal homeostasis in the human remains unclear. COX-2 activity
is notably present in the macula densa and tubules in animals and humans, and is
upregulated in salt depleted animals. In humans COX-1 is an important enzyme for
control of intrarenal blood flow. There is sufficient evidence to indicate the new COX-2-
specific inhibitors are not safer than traditional NSAIDs in terms of renal function.
Any patient at high risk for renal complications should be monitored very carefully.
No patient with a creatinine clearance of <30 cc/min should be treated with either
a NSAID or a COX-2-specific inhibitor. The COX-2 inhibitors at normal approved
treating doses in OA (celecoxib 100 mg BID and 200 mg QD and rofecoxib 12.5 mg
and 25 mg QD) and RA seem to be a cause of edema and hypertension at the same rate
as the traditional NSAIDs (2-3%).

IDIOSYNCRATIC ADVERSE EFFECTS

Many of the untoward effects of NSAIDs are related to their mechanism of action,
via prostaglandin inhibition; but they also have important idiosyncratic effects. A
typical nonspecific reaction includes skin rash and photosensitivity, associated with
all currently available NSAIDs and particularly the phenylproprionic acid derivatives.
The phenylproprionic acid derivatives may also induce aseptic meningitis especially in
patients with SLE. The underlying mechanism of action remains unknown. This class of
NSAIDs has also been associated with a reversible toxic amblyopia.

The CNS side effects of NSAIDs include aseptic meningitis, psychosis, and cognitive
dysfunction. The latter changes are more commonly seen in elderly patients treated
with indomethacin, whereas the phenylproprionic acid derivatives are more commonly
associated with the development of aseptic meningitis and toxic amblyopia. Patients
at the extremes of age may not manifest this side effect. Unfortunately, there is
conflicting data about the effects of NSAIDs on cognitive function, particularly in
the elderly (51).

Tinnitus is a common problem with higher doses of salicylates as well as the
nonsalicylate NSAIDs. The mechanism is unknown. Interestingly, the young and the
elderly may not complain of tinnitus but only of hearing loss. Decreasing the dose usually
alleviates the effect. In all circumstances tinnitus is reversible with discontinuation
of medication.

Owing to the antiplatelet effects of all NSAIDs except the nonacetylated salicylates
and COX-2 specific inhibitors, concomitant therapy with coumadin puts patients at great
risk for bleeding. Because concomitant NSAID therapy would displace coumadin from
its albumin-binding sites, the prothrombin time may be prolonged; in addition, given the
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increased relative risk for NSAID-induced gastroduodenal ulcers and bleeding, there is
an increased risk for bleeding when the NSAIDs are used concomitantly with warfarin.
In that the COX-2 specific inhibitors rarely induce ulcers of the GI tract and do not alter
platelet function, the patient on warfarin would have less risk for a significant GI bleed
when treated with these drugs than traditional NSAIDs. However, both rofecoxib and
celecoxib have been shown to prolong the international normal ratio (INR) in patients
concomitantly treated with the anti-inflammatory and coumadin. Thus, the INR should
be monitored at a 2 wk interval after initiation of therapy. Effects such as these may
also be seen with Dilantin or other highly protein-bound drugs such as antibiotics.
The NSAIDs inhibit the renal excretion of lithium and should be used with caution in
patients taking this drug. Cholysteramine, an anion-exchange resin reduces the rate of
NSAID absorption and its bioavailability.

There are little data documenting the effects of the NSAIDs on pregnancy or the fetus.
In animal models, the NSAIDs have been shown to increase the incidence of dystocia,
post-implantation loss as well as delay of parturition. The effect of prostaglandin
inhibition may result in premature closure of the ductus arteriosus. Thus, the drug is
usually stopped at least 6—8 wk before delivery. ASA has been associated with smaller
babies and neonatal bruising; however, it has been used for many years in the treatment of
patients who require NSAIDs while pregnant. In animals there is no evidence that ASA
is a teratogen. The NSAIDs are excreted in breast milk. It is believed that salicylates in
normally recommended doses are not considered dangerous to nursing infants. Although
there are a few case reports of reversible infertility associated with the use of NSAIDs,
given the large numbers of patients who regularly use NSAIDs, there does not appear
to be a generalized epidemic of infertility (52).

SUMMARY AND CONCLUSIONS

NSAIDs are important in treating patients with arthritis and effectively relieving the
pain, inflammation, and stiffness. In the past, potential GI and or renal toxicity was
the major reason for not prescribing NSAIDs as first-line therapy for OA given the age
of the typical patient who suffers such a clinical problem. With the availability of the
COX-2 specific inhibitors, the search for efficacious analgesic and anti-inflammatory
drugs with decreased toxicity, namely reduced deleterious GI side effects and no platelet
effects has questioned the use of the traditional NSAIDs in such a patient population.
Thus it is logical that the COX-2 inhibitors may play a larger role in the repertoire of
treatment for OA. As more individuals are exposed to COX-2 inhibitors, a different
adverse-event profile may emerge. Of greatest concern, there are pending questions
regarding the unwanted effects on renal function with chronic use, the possible increased
risk of thromboembolic events in at risk patients, and/or the repair process following
tissue injury. In addition, COX-2 specific inhibitors may also have important effects
on other diseases affecting the same population of patients who suffer from OA, which
would give them a distinct advantage relative to traditional NSAIDs. Given the safety
profile of the COX-2 inhibitors, these drugs are being studied for use in decreasing
the progression of Alzheimer’s disease, prevention and treatment of colon cancer, and
celecoxib has been recently approved for use in preventing polyps and decreasing polyp
size in Familial Adenomatous Polyposis.
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Unfortunately, NSAIDs have not been shown to decrease erosions in RA, to retard
osteophyte formation in OA, or to protect cartilage from mechanical or inflammatory
injury; thus they have not been shown to alter the natural history of any of these
destructive tissue processes. Interestingly, in contrast, pretreatment with NSAIDs
has repeatedly been demonstrated to decrease heterotopic bone formation after joint
replacement (53). In other experimental models, specific NSAIDs have been shown in
vitro to inhibit chondrocyte proteoglycan synthesis (27). There are a few case reports
that suggest that the chronic use of some NSAIDs accelerated cartilage damage in OA
(i.e., indomethacin), and some investigators believe the data to be compelling enough
to preclude the use of NSAIDs in standard therapy for OA (54). Amin et al have also
presented similar in vitro data regarding the effects of the COX-2-specific inhibitors on
cartilage. Although this effect may have profound implications, the evidence is inferential
that chronic use of NSAIDs in general or the COX-2-specific inhibitors clearly damage
cartilage in humans and/or worsens the clinical course of OA. Until our understanding
of biochemical events affecting the articular cartilage and subchondral bone improve,
there is still a need to aggressively treat both acute and chronic pain in order to maintain
function in patients with OA. Both the NSAIDs and the COX-2 inhibitors have been
demonstrated to be equally efficacious in palliating the pain and inflammation of
OA and to improve function and quality of life of these patients. The combination
of nonpharmacologic interventions with acetaminophen, NSAIDs, and/or COX-2
inhibitors will allow control of pain in patients with OA, and the availability of the
COX-2 specific therapies will allow for a safer side-effect profile for those who need
chronic therapy.
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INTRODUCTION

Discovered over 50 years ago, synthetic cortisone was first shown to be remarkably
effective in relieving the inflammation associated with rheumatoid arthritis (RA) (1,2).
This pioneering work by Hench, Kendall, and colleagues subsequently resulted in a
Nobel Prize in Medicine. Today, synthetic glucocorticoid use in RA remains one of the
most controversial and commonly debated areas of modern arthritis management (3—8).
Attitudes towards glucocorticoid use in RA range from disdain (6,9) to widespread
acceptance (3,5). Despite this contentiousness, it is widely agreed that moderate- or high-
dose glucocorticoid therapy is highly effective in controlling acute RA inflammation,
but may result in significant serious adverse events. In addition to their recognized short-
and medium-term efficacy for disease activity, increasing evidence favors a potential
RA disease modifying effect of these agents. Lastly, controversy continues to surround
the toxicity of low-dose therapy in RA, particularly its effects on bone.
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POTENTIAL MECHANISMS OF GLUCOCORTICOID ACTION

Glucocorticoids act as anti-inflammatory mediators via a number of pathways, which
continue to be further elucidated (10-12). Oral steroids in standard doses (<30 mg
daily) circulate in the plasma and diffuse through the plasma membrane where they bind
to cytosolic glucocorticoid receptors. Two types of effect can then occur. In one, heat-
shock protein chaperons this complex to the nucleus where it exerts potent effects on
transcription via binding to positive and negative glucocorticoid response elements in
the promoter region of target genes. An alternative route is through direct interaction
with pathways within the cytosol that control the production of inflammatory mediators.
The relative effects of these two mechanisms are not yet fully understood, but in
combination they result in the decreased synthesis of proinflammatory cytokines such as
interleukin (IL)-1, IL-6, and tumor necrosis factor (TNF)a (17,12). They also influence
the production of arachidonic acid metabolites including both prostaglandins and
leukotrienes. Specifically, they inhibit phospholipase A2 via upregulation of lipocortin,
and glucocorticoids are selective inhibitors of cyclooxygenase 2 (COX-2) (11,13-17).
Suppression of endothelial factors and nitric oxide (NO) as well as activation of
B-adrenoreceptors, endonucleases, and neutral endopeptidases explains other observed
effects (12,18). Glucocorticoids have a direct effect on lymphocytes by decreasing T-cell
function and circulating number. New evidence suggests (/0) that when glucocorticoids
are given in high dose (e.g., >200 mg intravenously) all glucocorticoid receptors become
saturated and additional therapeutic effects emerge that are mediated by incorporation
of glucocorticoid molecules into cell membranes.

PHYSICIAN PERCEPTIONS AND BEHAVIORS RELATED
TO DAILY GLUCOCORTICOID TREATMENT

Although the majority of physicians prescribing glucocorticoids are generalists
(19), theumatologists comprise one of the largest group of specialists who commonly
prescribe these agents, particularly for the treatment of RA. On a population basis,
RA constitutes the most common indication for chronic glucocorticoid use (20). Most
US rheumatologists report that they use “low-dose” glucocorticoid therapy in their
management of RA (27). Physicians’ interest in using glucocorticoids is supported
by their perceived efficacy for this therapy. Wolfe found that 30% of rheumatologists
considered prednisone to be “good” or “excellent” in efficacy, third only behind
methotrexate (65%) and combination therapy (53%) (22). In contrast, European
rheumatologists are more inclined to use higher doses of glucocorticoids at the onset
of disease, in an effort to induce disease remission (23). The term “low-dose” therapy,
however, is not well defined. Some authorities suggest 10 mg/d as the upper threshold
(24). In a 1994 survey of 301 practicing US rheumatologists, 43% agreed with this
definition but 36% considered a maximum of 7.5 mg/d as low dose (21). Here we adopt
the more conservative definition.

There continues to be widespread variation in glucocorticoid use with prescribing
dependent on both clinician and patient factors. Criswell and colleagues demonstrated
that independent of insurance status and other patient characteristics, physicians were
highly variable in glucocorticoid-prescribing patterns even among similar patients
(25). Although some rheumatologists report use of glucocorticoids in up to 80%
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of their RA patients (26), other practitioners claim that <10% of their patients use
glucocorticoids (6). However, in a 1997 survey of American College of Rheumatology
(ACR) members by Schlessinger and colleagues, only 7% of respondents reported never
using glucocorticoids in RA (27). In the 1994 survey of US rheumatologists, 85%
reported use of low-dose glucocorticoids either routinely (33%) or as “bridge” therapy
when initiating second-line anti-rheumatic agents (52%). Nearly three-fourths of these
rheumatologists estimated that they most often prescribed between 5 and 10 mg/d of
prednisone, a proportion only modestly higher than the 63% use of glucocorticoids just
recently documented in a 1999 survey of a random sample of over 130 ACR members
(Saag and Kirwan, unpublished data). A survey of UK rheumatologists (28) found that
63% “never” or “very infrequently” initiated corticosteroid treatment in uncomplicated
RA, whereas a survey of current outpatients showed that 24% were actually currently
taking glucocorticoids.

The possibility that physicians’ perceptions of glucocorticoid treatment may not
always reflect their documented practices is further evidenced in a group of 819 RA
patients followed for a mean of 14.2 yr by Wolfe and colleagues, 69.1% took prednisone at
some point during their disease course (29). In 857 RA outpatients seen at a Midwestern
US medical center over a 5-yr period, 34% were taking glucocorticoids, a proportion
second only to nonsteroidal anti-inflammatory drugs (NSAIDs) of all RA medications
(30). To our knowledge, and owing in part to difficultly with RA case definition in
community-based cohorts, there have been no population-based surveys addressing
glucocorticoid use by generalists for the treatment of RA. In summary of the available
data on physician beliefs and practices, approx 25-40% of RA patients in many US and
European practices are receiving glucocorticoids at any given time (6,25,26,29,31).

EVIDENCE FOR EFFICACY OF DAILY
GLUCOCORTICOIDS ON SYMPTOM CONTROL

Short- to moderate-term glucocorticoid studies fairly consistently reveal similar or
improved disease activity when compared with control therapy (32). In an effort to
define improvement in disease activity, interventional studies compare glucocorticoid
preparations with placebo, aspirin, other NSAIDs, and less potent second-line anti-
rheumatic drugs. Million and colleagues, in a randomized but unblinded study, reported
improvements in functional capacity (measured on a 1-5 scale) attributable to low-dose
glucocorticoids (33). A Cochrane Library meta-analysis by Gotzche and colleagues
confirmed short-term efficacy (outcomes measured closest to 1 wk) with superior
improvement in joint tenderness and pain in comparison to NSAIDs (34,35).

Moderate term low-dose glucocorticoid effectiveness (outcomes measured closest
to 6 mo) was assessed in a meta-analysis and subsequent Cochrane Review by Saag,
Criswell, and colleagues (36,37). Of 32 studies identified, only nine satisfied a relatively
modest list of inclusion criteria for the meta-analysis. The remainder of the studies
were not randomized, used an excessive dose, were of too short a duration or did not
quantitatively define the endpoints. The meta-analysis of satisfactory studies concluded
that glucocorticoids were significantly as or more effective than placebo in four out
of six outcomes measured (tender joints, swollen joints, pain, and functional status).
Compared with alternative therapies such as chloroquine and aspirin, glucocorticoids
were as or more effective in improving RA disease activity.
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Although the evidence demonstrates that up to several months of reduction in
RA disease activity can be achieved with glucocorticoids, documented long-term
anti-inflammatory benefits of glucocorticoids are not well-supported by the current
literature. In a randomized controlled clinical trial of prednisolone vs placebo in
addition to standard therapy (38), anti-inflammatory benefits of glucocorticoids declined
considerably after the first year, such that by 18 mo patients receiving prednisolone
or placebo had statistically indistinguishable Health Assessment Questionnaire and
articular index scores. A randomized controlled trial by Van Gestel and colleagues also
indicated little differential benefit in disease activity score between gold/prednisolone
vs placebo/gold beyond the 3-mo point (32). In a study of elderly onset RA, Van
Schaardenburg and colleagues compared prednisone vs chloroquine over a 2-yr period.
Disease activity improved in both groups to a similar extent, whereas there was a
heightened need for other DMARD:s in those on chloroquine (39). Similarly, neither
the Dutch COBRA study nor a second Dutch clinical trial demonstrated protracted
anti-inflammatory benefits of glucocorticoids beyond 5 mo (40,41). In contrast to these
consistent report from well-designed trials, a preliminary results from the German
Low Dose Prednisolone Study Group (discussed further below) suggested that 5 mg
of prednisolone resulted in better joint indices and ACR remission criteria than among
patients taking placebo at 2 yr (42). In contrast to the accumulating data on disease
modification potential (discussed below), the majority of these studies raise concerns
about the long-term benefits of glucocorticoids on disease activity. It has been suggested
that there may be separate mechanisms responsible for development of RA erosions
(regulated by synovial hypertrophy) and those responsible for inflammation (influenced
by the degree of synovitis) this might account for this perceived disparity (43).

EVIDENCE FOR CONTROL OF RA RADIOGRAPHIC
PROGRESSION WITH DAILY GLUCOCORTICOIDS

In addition to disease activity (as evidenced by synovial inflammation), it is necessary
to examine the definitive outcome of continuing joint destruction by radiographic
progression. Firm conclusions on the long-term efficacy of glucocorticoid therapy
in this respect have been lacking, because only a few studies have exceeded 1 yr in
follow-up duration. Studies reporting on the effects of glucocorticoids on radiographic
progression are summarized in Table 1.

The early studies of the Empire Rheumatism Council (44) and Joint Committee of
the Medical Research Council (MRC) and Nuffield Foundation (45) failed to observe
significant improvements in radiographic progression of patients treated with cortisone
compared with aspirin preparations over a 1 yr period. However, a subsequent and
less widely quoted MRC study (46) compared prednisolone with either aspirin or
phenylbutazone and demonstrated that glucocorticoid treatment was associated with
significantly less destructive joint changes of hand radiographs (41% progression in
prednisolone group and 72% progression in analgesic group at yr 2; p<0.03). This later
investigation has been criticized for incomplete follow-up of many patients over the
full 2-yr study period. Critics also note that one-third of patients in both groups
showed further radiographic deterioration in the final year (6,47). When the patients
from this second MRC study were followed over a full 4 yr, there was a significantly
better radiographic outcome in those who received prednisolone (1.06 erosions per
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Table 1
Studies of Oral Glucocorticoids and Radiographic Progression in RA

Study type
Study (number of Effect on radiologic
(reference/yr) Experimental group Control group subjects ) progression of disease Comments
MRC (44) 1955 Cortisone (69 mg/d) ASA CT (100) No difference Trend toward protective effect
MRC (46) 1959 Prednisolone (Initial 20 ASA CT (77) Reduction after Control patients offered
mg, 12 mg/d by yr 1, 2 yr, less after prednisolone in yr 3
10 mg/d by yr 2) 3yr
Bernsten (57) Various glucocorticoids, IM Gold, Retrospective Deterioration Many patients had already
1961 dose not reported analgesics (388) in all groups failed other Rx
Harris (50) Prednisone (5 mg/d) Placebo and DB RCT (34) No significant Trend towards reduction
1983 and DMARD DMARD difference
Million (33) Prednisolone No RCT (103) Significant reduction  10-yr study
1984 and DMARD prednisolone
Kirwan (38) Prednisolone (7.5 mg/d) Placeboand DB RCT (106)  Significant reduction
1995 and DMARD DMARD
Boers (40) Prednisolone (60 mg/d  Placebo DB RCT (102)  Significant reduction
1997 with taper) and and SSZ
MTX, SSZ
Hansen (41) Prednisolone (6 mg/d) DMARD RCT (102) No significant Trend towards reduction
1999 and DMARD difference
Wassenberg Prednisolone (5 mg/d) Placebo and DB RCT (196)  Significant reduction ~ Relatively new onset RA
(56)* 1999 and either AU or either AU
MTX or MTX
Van Everdingen Prednisolone (10 mg/d)  Placebo DB RCT (81) Significant reduction ~ Only study since the MRC to not
(57)* 1999 allow background DMARD:s.
SSA allowed after 6 mo
* Abstract.

MRC, Medical Research Council; R, randomized; CT, controlled trial; DB, double blind; IM intramuscular; ASA, high dose aspirin; MTX, methotrexate;
SSZ, sulfasalazine; AU, auranofin; DMARD, disease modifying anti-rheumatic drug.
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patient-year on prednisolone vs 3.25 erosions per patient-year on analgesics) (48).
Additionally, only half as many glucocorticoid-treated patients developed new erosions
(51vs 94%) (49).

Although limited by the small number of patients, a clinical trial by Harris and
colleagues suggested a disease-modifying effect of low-dose glucocorticoid therapy,
as evidenced by the finding of erosions in 4 controls vs 1 prednisone- treated patient,
although this was not statistically significant (50). Million and colleagues also detected
a small but significant reduction in joint erosions in some anatomic areas; however, this
study was marred by an only 64% completion rate and a failure to adjust already large
p-values for multiple comparisons (33). In contrast to these later studies, a retrospective
comparison of 183 glucocorticoid-treated RA patients with 205 patients taking either
gold or analgesics and found similar levels of radiographic deterioration in both groups
(51). These later findings, however, were limited by the use of uncertain glucocorticoid
doses and comparison of the glucocorticoid group with historical controls. In contrast to
oral use, Hansen-treated RA patients with monthly intravenous methylprednisolone and
observed no significant radiographic improvements in comparison to a control group
receiving only saline infusions (52).

Several recent studies using randomized controlled designs have provided further
insight into this controversy. Kirwan and colleagues evaluated measures of disease
activity and examined changes in radiographic severity scores (graded using the
Larsen system), over a 2-yr period in patients treated with glucocorticoids in addition
to standard therapy (38). For those patients receiving 7.5 mg/d of prednisolone, a
statistically significant difference in progression of radiographic erosion was detected
at the 2-yr follow-up (0.72 U in the prednisolone group vs 5.37 U in the placebo group,
p =0.0004). The results of this large and well-designed study were questioned by some
because of the chance occurrence of slightly more severe disease in the placebo group
at baseline, ambiguities in the statistical approach to radiographic assessment, and
the decision to treat each patient’s hand radiograph as an independent outcome (53).
However, subsequent “blinded” follow-up of these patient showed that after prednisone
was discontinued a significant deterioration in the Larsen index occurred (54). In
support of the effects of prednisolone on retardation of radiographic progression, levels
of N propeptide of type III procollagen were reduced by 26% (p < 0.001), whereas
patients were on prednisolone compared to levels when they were withdrawn from
glucocorticoids (55).

Results from the Dutch COBRA study showed that patients randomized to high-dose
prednisolone (initially 60 mg/d tapered in 6 weekly steps to 7.5 mg/d) in combination
with methotrexate and sulphasalazine may have experienced an arrest of radiographic
progression after the first 6 mo of active treatment (40). Further, the clinical differences
between the subjects receiving the triple combination vs those on sulfasalazine alone
were no longer significant once prednisolone was stopped. A second Dutch study
of 102 patients with active RA of variable duration detected a nonsignificant trend
towards reduction in radiographic progression among those randomized to DMARD
plus prednisolone vs prednisolone alone (41).

The preliminary report of a double-blind randomized controlled clinical trial by
Wassenberg and colleagues compared 5 mg of prednisolone with placebo in 196 patients
with RA of only 2 yr duration. All patients also received comedication with auranofin
or methotrexate. Using a modified Sharp method, erosions were significantly fewer
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Fig. 1. Proportion change in the erosion score in five trials of prednisolone in RA.

among patients randomized to prednisolone (erosion score 7.6% of maximum at yr 2)
vs control (12.7% of maximum) (56).

With the exception of the very early MRC studies, all of the investigations just noted
have been accompanied by the concomitant use of disease modifying anti-rheumatic
agents. Thus, it has been difficult to discern the independent effects of glucocorticoids
in these studies. Only one preliminary report has compared prednisolone alone with
placebo in patients with very early RA defined as less than 1 yr and no prior RA treatment
(57). For the first 6 mo of this study patients received only the study medications but could
later receive sulfasalazine. At 2 yr, a significant (p = 0.02) inhibition of radiographic
change was seen and less than 65% of patients later required sulfasalazine. As most of
these studies included patients of similar severity and disease duration, it is reasonable
to directly compare their results. Figure 1 shows such a comparison, based on the
proportionate change from baseline. The cumulative magnitude and consistency of these
findings supports a protective effect of glucocorticoids on joint destruction.

ALTERNATIVE SYSTEMIC DOSING REGIMENS

The majority of glucocorticoid use in RA appears to be by daily oral dosing. However,
alternative dosing regimens have been explored.

Timing of administration of the glucocorticoid dose may influence both efficacy
and toxicity. Daily split-dose therapy should be used only for short duration owing
to its more profound disruption of the normal hypothalamic-pituitary-adrenal (HPA)
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axis function. Administration of short acting glucocorticoid very early in the morning
(0200 h), in contrast to later in the day, may better complement the normal diurnal
variation in endogenous hormones and further block pro-inflammatory cytokine
production such as IL-6 (58). In contrast to other rheumatic disease where alternate day
therapy may be both effective and less toxic, <50% of RA patients tolerate alternate-day
regimens because of increased symptoms on “off” days (59). Some physicians, however,
have reported success with these regimens (60).

Pulse therapy administered either intramuscularly or intravenously has been
investigated in predominately small studies. Intramuscular pulses was beneficial
for disease activity in combination with chrysotherapy (61), but not apparently with
sulfasalazine (62). Intravenous pulse therapy has been recently reviewed (23). Of
note, intermittent 1 g infusions of solumedrol (as a rapid infusion) have shown modest
clinical improvements (63,64) but a heightened risk of electrolyte, metabolic, and
cardiovascular complications (65). At least one study has touted long-term benefits on
disease progression of intermittent pulse therapy (66).

INTRA-ARTICULAR AND OTHER TYPES
OF LOCAL GLUCOCORTICOID THERAPY

Intra-articular glucocorticoids are often used successfully in RA to control local-
ized inflammation for periods of up to 3 mo (67,68). When injected, triamcinolone
hexacetonide, triamcinolone acetonide, and long-acting methylprednisolone are the
preferred preparations with dosing ranging from 10 mg for small joints to 40 mg for
larger joints. Local injections of triamcinolone into crioarytenoid joints may be an
adjunct to systemic therapy for patients developing stridor or airway obstruction owing to
RA involvement in this region (69,70). Although even intra-articular therapy may have
systemic spillover leading to blood-sugar effects and decrements in biochemical markers
of bone formation (71), this mode of administration is safer with respect to long-term
toxicity (72). Local complications have been suspected if injections are administered
very frequently. These have included avascular necrosis (67), Charcot-type arthropathy
(73), and tendon rupture (74). There has been surprisingly little investigation into the
long-term efficacy or disease modification potential of intra-articular therapy.

SPECIAL GLUCOCORTICOID INDICATIONS IN RA

High dose glucocorticoids are the therapeutic mainstay for managing serious
visceral manifestations of RA (75). Potential glucocorticoid responsive RA complica-
tions and extra-articular manifestations include: interstitial lung disease (30,76-78),
bronchiolitis obliterans with organizing pneumonia (BOOP) (79), pericarditis (80),
vision-threatening eye involvement (81,82), and vasculitis (75). The vasculitis indication
is somewhat controversial because older studies have suggested a potential etiologic role
of glucocorticoids in vasculitis pathogenesis (83,84). However, these studies are limited
by selection bias or rapid fluctuation of dose leading to vasculitis flares. For Felty’s
syndrome, glucocorticoids are of questionable benefit. Although glucocorticoids will
increase the white blood cell count, the risk for infection may actually be higher. For most
of these serious disorders enumerated, glucocorticoids are typically administered in the
doserange of 1 mg/kg prednisone equivalent. For life or organ-threatening complications,
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intravenous pulse therapy is often considered (500—-1000 mg of methylprednisolone),
although data supporting this regimen are predominately anecdotal (85).

Glucocorticoids are often used in pregnant R A patients to control peri-partum disease
activity. Although clearly safer than most other anti-rheumatics during pregnancy,
glucocorticoid use has been suggested to cause fetal growth retardation and low birth-
weight offspring. It is difficult, however, to discern fully whether these adverse fetal
outcomes are owing to the glucocorticoids or the underlying chronic inflammatory
disorder (86,87). The American Academy of Pediatrics considers prednisone and its
active metabolite prednisolone to be compatible with breast-feeding (88,89). Even at
doses above 1 mg/kg, the amount of glucocorticoid secreted into the breast milk is less
than 10% of a nursing infant’s endogenous cortisol production (90).

Two other indications for glucocorticoid administration in RA are worthy of comment.
Some physicians offer glucocorticoids as first-line therapy to patients with elderly-onset
RA and predominantly generalized stiffness similar to polymyalgia rheumatica (91).
However, heightened concerned about the effects of glucocorticoids on bone in these
often already osteoporotic patients, has challenged this traditional approach (92).
Finally, some RA patients who are at particular risk for NSAID-induced gastropathy
or renal insufficiency may be more safely managed with low-dose glucocorticoids
than with NSAIDs.

Evidence for Toxicity

Studies of glucocorticoid toxicity in RA tend to be retrospective and observational.
The ability to differentiate bad outcomes attributable to glucocorticoids from those
occurring owing to RA or other comorbidities, therefore, confounds the picture. A
strong physician selection bias for glucocorticoid use exists as physicians are inclined
to treat more severe RA patients with glucocorticoids. The use of glucocorticoids
at variable points in the disease course, limited data defining the “threshold” dose
for particular adverse events, and toxicity reports covering a heterogeneous group of
glucocorticoid-treated diseases (which do not always extrapolate to RA) all further
confound interpretation of toxicity data.

Mortality and hospitalization are important discrete outcomes analyzed in several
studies of glucocorticoid use. Scott and colleagues noted 35% mortality by 20 yr in a
follow-up study of RA patients assigned to a standard regimen that included prednisone
(93). The investigators attributed at least some of these deaths to glucocorticoids. Based
on an analysis of the large Arthritis Rheumatism and Aging Medical Information System
(ARAMIS) database, a 1.5-fold increased risk of mortality for glucocorticoid-treated
patients was seen when compared with controls (hazards ratio ranging from 1.3-1.6)
(94). In another ARAMIS study, prednisone at an average dose of 6.9 mg/d resulted in
a high frequency of attributable hospitalizations, particularly related to fractures and
cataracts (95). Although risk estimates in these studies were adjusted for case mix,
ARAMIS is limited to self-report for much of its data and, it is not possible to account
fully for all comorbidities in such cohorts.

Several large retrospective reviews indicate that long-term, low-dose glucocorticoid
use is a significant independent predictor of numerous, potentially serious adverse events
(21,29,96). In a recent study, even after statistical adjustment for significant disease
severity factors such as the presence of rheumatoid nodules and bony erosions, average
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Fig. 2. Probability of remaining free from adverse events (adverse events) over time while on
low-dose (<5 mg), intermediate dose (5-10 mg) or high-dose (>10—15 mg) prednisone compared
with a control group. Adapted from ref. 27.

prednisone dose was the strongest predictor of a serious adverse event potentially
attributable to glucocorticoid therapy (odds ratio [OR] =4.5 for 5-10 mg, 95% confidence
interval [CI] 2.1-9.6 and OR = 32.3 for 10-15 mg, 95% CI 4.6-220) (21). Lending
further credibility to causality, a glucocorticoid-adverse event association was both
dose- and time-dependent (Fig. 2). This investigation and other studies indicate that
both cumulative and mean glucocorticoid dose are independent important adverse-event
predictors. Our conclusion is that, over and above the reduced life expectancy owing
to RA alone, glucocorticoid toxicity probably does include an element of increased
mortality in the long term. The confounding effect of patient selection, physician bias,
and comorbidity will continue to make it difficult to estimate the risk precisely.

Interestingly, less serious toxicities (e.g., skin thinning, cushingoid appearance) may
be of great concern to patients, whereas more debilitating toxicities, e.g., including
vertebral crush deformity, cataracts, and glucocorticoid-induced hypertension, may be
initially unrecognized or asymptomatic. Compared with other anti-rheumatic agents,
glucocorticoids have a low incidence of short-term symptomatic toxicity and patients
uncommonly discontinue therapy for these reasons (95,97). What follows is an overview
of the most common glucocorticoid toxicities that may occur in RA.

Bone and Muscle

Glucocorticoid-induced osteoporosis (GIOP) is the most potentially devastating
complication of protracted glucocorticoid therapy in RA. Lukert and Raisz estimate
that over 50% of glucocorticoid users will develop bone loss leading to fracture (98).
However, there have been no randomized controlled trials in RA large or long enough
to clarify the full magnitude of the fracture risk of lower dose therapy in patients
followed under optimal clinical trial conditions. The mechanisms of GIOP include:
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(1) direct inhibition of osteoblast activity; (2) decreased calcium absorption through the
gastrointestinal (GI) tract; (3) increased renal calcium loss (both of which may increase
PTH); and (4) diminished sex-hormone production, all of which lead to enhanced
osteoclast-mediated bone resorption. Recent findings suggest that a glucocorticoid-
induce defect in bone formation may be the predominant pathway of importance
(99). Prednisone doses as low as 2.5 mg/d orally or even intra-articular therapy can
suppress osteocalcin, a biochemical marker of bone formation (71,98). Steroid-induced
osteoporosis initially affects trabecular bone. However, with chronic glucocorticoid
use, cortical bone at sites such as the femoral neck is also affected (100). Most studies
of GIOP define bone mass as bone mineral density (BMD), commonly measured using
dual energy X-ray absorptiometry (DXA). Comparison of studies is made more difficult
by the differential timing of glucocorticoid initiation, variable-dosing regimens, use
of different bone-mass measurement techniques, and disparities between the sites
of measurement. Indeed, bone-mass changes may vary considerably between sites
measured (41).

Laan and colleagues reported that changes in spinal BMD, measured by quantitative
computerized tomography (QCT), occurred within the initial 5 mo of low-dose therapy
(mean dose = 7.5 mg prednisone), but that RA patients had significant (although not
complete) reversal of their bone loss once the prednisone was discontinued (101).
Although well-designed, this study has been criticized owing to its use of QCT, a
technique that may overestimate the effects of glucocorticoid on bone. Additional
studies of RA and those with other glucocorticoid-requiring diseases confirm a mean
first-year loss of bone of up to 15% at the dose range <10 mg/d prednisone (102—-105).
Few of these studies, however, have been randomized controlled clinical trials and the
mean glucocorticoid doses used in individual studies somewhat vary. With continued
use beyond a year, bone loss is greater than normal and is estimated at approx 3%!/yr
in subsequent years (98,104). Although a decline in BMD is strongly correlated with
fracture risk and BMD is considered the best overall predictor (106,107), the rate of
bone turnover, bone quality, and other factors also play important roles in fracture risk
(108). Several studies including a recent meta-analysis have failed to demonstrate an
association of low-dose glucocorticoid use with low axial BMD, even in the setting
of an increased fracture rate (102,103,109,110). However, one of the studies included
in the meta-analysis reported improved BMD at the lumbar spine, but paradoxically
showed bone loss at all other locations measured (/71).

Some investigators argue that glucocorticoids may prevent bone loss in RA because of
their inhibitory effects on proinflammatory cytokines that modulate osteoclast activity as
well as their beneficial effects on functional status, which promotes more weight-bearing
activities (/12,113). Sambrook and colleagues could not demonstrate a statistically
significant decline in axial bone mass over a 24-wk period when patients taking a mean
dose of 8 mg/d of prednisone were compared with controls (/02). However, a trend was
present in this small cross-sectional study. A subsequent longitudinal study by the same
investigators also failed to associate glucocorticoids with bone loss in RA (7/14). Gough
and colleagues (115) reported greater bone loss at a prednisone dose between 1 and
5 mg rather than a dose >5 mg, and hypothesized that the outcome might be related to
poorer control of disease activity in the group less aggressively treated. A small set of
data collected in a randomized controlled trial of prednisolone (38) did not point to any
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Table 2
Mean (sd) Changes (%) in Bone Mineral Density in a Subset of Patients*
in the ARC Low Dose Glucocorticoid Study (38)

Prednisolone 7.5 mg daily (n = 11) Placebo (n = 10)
Years
of treatment Spine Hip Spine Hip
1 -1.6 (5.0) 221 -2.3(6.5) —-0.6 (5.6)
2 -3.0 (5.6) -1.2 (3.1) -1.3 (4.6) —4.0 (2.5)b

“Patients were chosen for bone mineral density measurement because they were attending study
centers where measurement facilities were readily available at the time of the study. Only those patients
for whom measurements at the spine and hip were available after yr 1 and yr 2 are included.

bP = 0.04 for difference from the prednisolone group (T-test).

substantial increase in osteoporosis (Table 2). Thus the confounding effects in trying to
identify an association between glucocorticoid treatment and osteoporosis in RA relate
to two principal issues: the heightened risk of osteoporosis caused by the RA disease
process itself (1/6—121) and a higher rate of osteoporosis in postmenopausal women,
the demographic group with the highest prevalence of RA.

Given the inconsistencies in BMD studies and the knowledge that fractures in
glucocorticoid-treated patients may occur at a higher BMD and may be dependent on
other factors (108,122), it is necessary to examine long-term studies that evaluate actual
fracture incidence. Michel and colleagues (123) reported that 34% of more than 300
women on a mean dose of prednisone of 8.6 mg/d had a self-reported fracture within
5 yr of follow-up. Two case-control studies of hip fractures in patients both with and
without RA showed a two-fold increased risk even after adjusting for the presence of
RA (121,124). At least two retrospective studies identify fractures as one of the most
commonly documented complication of supraphysiologic glucocorticoid use (27,96).
As previously noted, observational studies of these types may be prone to confounding
by indication, whereby RA patients with more severe and active disease are also more
likely to develop a comorbidity independent of glucocorticoid use.

Alternate-day therapy may have some benefits for bone preservation (125), but
the cumulative glucocorticoid dose appears most important (100,116,126,127). The
presence of biochemical changes with very low oral (98), intra-articular (71), or
even inhaled steroids (128,129) argues against a “safe” glucocorticoid dose from the
standpoint of bone (114).

Osteonecrosis of bone is a significant problem in patients receiving high glucocorticoid
doses, particularly for treatment of systemic lupus erythematosus (SLE). However,
osteonecrosis can rarely occur in RA patients receiving low-dose therapy. In one
retrospective RA cohort, no cases of known osteonecrosis were found, and in another
study, osteonecrosis occurred in <3 % of patients given physiologic glucocorticoids for
adrenal insufficiency (21,130). Osteonecrosis is seldom noted when the prednisone
dose is maintained <20 mg/d (131).

Similar to osteonecrosis, the occurrence of myopathy in patients receiving low-dose
glucocorticoids is rare. Based on small studies, fluorinated glucocorticoid preparations,
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such as triamcinolone, appear to be more closely associated with myopathy than
prednisone (132). Of note, myopathy has been reported to occur at a dose as low as 8
mg/d of triamcinolone after only 3 mo of treatment. In general, myopathy attributable to
prednisone requires a higher dose and longer duration of treatment.

Cardiovascular

Steroids promote fluid retention (/33 ), a problem of particular concern in patients with
underlying heart or kidney disease. Patients with essential hypertension require closer
surveillance of blood pressure and may need modification of their anti-hypertensive
regimens while on low-dose glucocorticoid therapy. Often, in patients receiving
<10 mg/d, age and elevated pre-treatment blood pressure may better explain significant
hypertension than the use of glucocorticoids (134).

Another troublesome but difficult-to-study potential toxicity of low-dose glucocor-
ticoids is the development of premature atherosclerotic vascular disease. Increasing
attention to the importance of accelerated atherosclerotic disease in RA and other
inflammatory conditions has raised interesting questions about the role of chronic
inflammation on the vascular endothelium (735). Although atherosclerotic vascular
disease is known to be accelerated in patients with Cushing’s disease, there are insufficient
data to implicate a similar heightened risk in RA patients owing to glucocorticoids.
Kalbak (136) reported a threefold increase of atherosclerosis in RA patients treated with
glucocorticoids compared with nonsteroid-treated patients, although the dose consumed
and other confounding factors were not reported. In another report, moderate- to low-
dose glucocorticoids (20 mg tapered to 5 mg over 3 mo) had no significant adverse effect
on lipoprotein levels if other risk factors were controlled (137).

Dermatologic

Even at the low doses typically used in RA, skin thinning and ecchymoses represent
one of the most common glucocorticoid adverse events. It is estimated from ARAMIS
data that 32 cases of purpura developed for every 1000 patient-years of follow-up (95).
A cushingoid appearance is very troubling to patients, but is uncommon at doses below
physiologic range. However, in one study, moon facies did develop in 13% of patients
receiving 4—12 mg of triamcinolone for <60 d (138). Alternate-day therapy decreases
the incidence of cushingoid appearance. Steroid acne and, to a lesser extent, hirsutism
and striadverse event are other undesirable dermatologic side effects that occur even
at doses used for RA.

Gastrointestinal

Although most investigators agree that glucocorticoids are considerably less toxic
to the upper GI tract than NSAIDs, glucocorticoids may slightly increase the risk
of adverse GI events such as gastritis, ulceration, and GI bleeding. Among 477 RA
patients treated with varying glucocorticoid doses Bollet and colleagues found a 7.5%
prevalence of ulcers (139). If glucocorticoids independently increase GI events, the
effect is slight, with estimated relative risks varying from 1.1 (not significant) to 1.5
(marginally significant) (140,141). In addition to reports of upper GI morbidity, there
are anecdotal reports of intestinal rupture, diverticular perforation, and pancreatitis
believed to be caused by low-dose glucocorticoids (/42—144). Glucocorticoids are
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frequently used concurrently with NSAIDs in RA, and meta-analyses confirm that the
combination of glucocorticoids and NSAIDs synergistically result in a higher risk of GI
adverse events (141,145). One meta-analysis (/45) reported that glucocorticoids caused
anearly two-fold increased risk of GI adverse events (OR = 1.8, 95% CI 1.2-2.8) among
NSAID users; whereas in another study, combined use of NSAIDs and glucocorticoids
resulted in more than a four-fold increased risk of GI adverse events over nonusers (OR =
4.4,95% CI2.0-9.7) (141). These meta-analyses were conducted before the availability
of COX-2 selective NSAIDs, therefore, the combined GI effects of glucocorticoids with
selective COX-2 NSAIDs is unknown.

Infectious Diseases and Immunologic Dysfunction

Moderate- to high-dose glucocorticoid therapy can lead to an increased risk of serious
infections requiring hospitalizations, surgery, or both. However, to our knowledge,
no studies have explored the risk of infection specifically to RA patients treated with
lower dose glucocorticoids. The risk of infection appears to be lessened by initiating
alternate-day therapy (/46). A meta-analysis by Stuck and colleagues (/47) showed
that the rate of infection was not significantly increased in patients given a mean dose
of <10 mg/d of prednisone or a cumulative dose of <700 mg. One investigation of 250
RA patients demonstrated that asymptomatic bacteriuria was almost three-fold more
frequent (p < 0.05) in those taking less than 7.5 mg/d of prednisolone for more than 6 mo
(the minimal or average glucocorticoid dose was not reported) (748).

Herpes zoster has a higher incidence among RA patients treated with immunosup-
pressive agents. In one analysis, eight glucocorticoid-treated RA patients developed
zoster compared with only one control (p <0.04) (21). However, it is difficult to
separate the independent effects of glucocorticoid use from those of other commonly
used anti-rtheumatic agents such as methotrexate. It is anticipated that association
of glucocorticoids with infectious sequeladverse event may become an even greater
concern if glucocorticoids are used in combination with biological anti-rheumatic
agents (i.e., TNF-a inhibitors) that may predisopose to infections. At this time, the
independent role of glucocorticoids in this infectious disease outcome of RA patients
is uncertain.

Metabolic and Endocrine

RA patients with diabetes mellitus will commonly have higher blood-glucose levels
while taking glucocorticoids (/49). Moreover, in patients with early diabetes or glucose
intolerance new-onset hyperglycemia or, rarely, a nonketotic hyperosmolar state, may
develop without warning for the first time. Ketosis in glucocorticoid-associated diabetes
is very rare, as the gluconeogenic and glycogenic effects of glucocorticoids offer
protection against this complication (/50). It is uncommon for frank diabetes to develop
de novo as a result of glucocorticoid therapy (151).

An additional concern of chronic glucocorticoid use is hypothalamic-pituitary-adrenal
(HPA) insufficiency. HPA insufficiency appears to be both dose- and duration-specific.
High-dose therapy can result in protracted suppression of adrenocorticotropic hormone
release and adrenal hypo-responsiveness in as little as 5 d (152). Spontaneous recovery of
the HPA axis is usual in patients on <5 mg of prednisone (153); however, subphysiologic
doses (<7.5 mg/d) given for long-term periods may lead to HPA blunting (154). HPA
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suppression is worsened if glucocorticoids are given twice daily. Steroid withdrawal
syndrome is not clearly associated with HPA insufficiency but presents as extreme
weakness and arthralgias (/55); therefore, too rapid a glucocorticoid withdrawal can
be confused with an exacerbation of RA disease activity. Van Gestel and colleagues
demonstrated that tapering from 20 mg/d by increments of 2.5 mg/d every 2 wk resulted
in rebound deterioration in 58% of responders (32). Indeed, difficulty withdrawing
patients from glucocorticoids is sometimes cited as a compelling reason for not initiating
them (156). Despite these widely held sentiments, with the exception of Kirwan’s study
where patients were successfully withdrawn form 7.5 mg of prednisolone over 4 wk
without a prominent flare, there have been no randomized controlled trials of lower
dose withdrawal to specifically address this issue.

Neuropsychiatric

Many RA patients receiving low-dose therapy report a slight increase in their overall
sense of well-being, which appears to be independent of improvement in disease activity.
Symptoms of akathisia, insomnia, and depression are also occasionally observed in
patients taking low-dose therapy. Memory impairment, particularly in older patients,
can occur even at low doses (157). Daily split-dose therapy, in particular, tends to be
troublesome because the evening dose disrupts normal diurnal variation in endogenous
glucocorticoid levels and promotes sleep disturbances. True glucocorticoid psychosis is
distinctly uncommon at doses <20 mg/d of prednisone (158).

Ophthalmologic

Posterior subcapsular cataracts are a well-described complication of prolonged
corticosteroid use. Although some clinicians believe there is no minimal safe dose with
respect to this complication and reports exist of cataract formation even with inhaled
glucocorticoid preparations (159). Others note that cataracts rarely occur in patients
taking <10 mg/d for <1 yr (160,161). Cataracts were detected in 29% of 112 RA patients
taking a mean dose of 8 mg/d for an average of 6.9 yr compared with an 18% incidence in
matched controls (p < 0.05) (96). In their preliminary analysis of 819 RA patients (29),
Wolfe and colleagues reported an almost threefold increased risk of cataracts for >15
mg-yr (i.e., 5 mg/d for 3 yr) of prednisone (OR = 2.7, 95% CI 1.7-4.4).

In addition to cataracts, glucocorticoid-treated patients may develop increased intra-
ocular pressure, which can lead to minor visual disturbances (/62). The development of
frank glaucoma, particularly with low-dose therapy, is rare and tends to appear in patients
who are otherwise predisposed to the condition (/63,164). Highlighting a potential
risk of even low-dose therapy, glaucoma may occur with inhaled glucocorticoids as
well (165).

Evidence-Based Treatment Guidelines

Owing to difficulties balancing effectiveness data with toxicity concerns, as well
as the advent of numerous other RA specific therapies, there is little consensus about
the current place of glucocorticoid in the majority of RA clinical scenarios. Potential
indications for glucocorticoid use in RA patients are outlined in Table 3; however,
several of these recommendations are debatable. A fixed, low dose of prednisolone for
patients with early active disease as an erosion-suppressing treatment may be justified
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Table 3

Indications for Possible Use of Glucocorticoids in RA

“Bridge” therapy for patients who have experienced a severe functional decline

with limitations interfering with necessary daily living or vocational activities

 Patients with NSAID contraindications who have acute inflammation unlikely to
respond rapidly enough to second-line agents

» Extra-articular manifestations or other serious life-threatening or organ-damaging
R A manifestation (i.e., pericarditis, scleromalacia perforans)

* Men or women not at reduced risk of bone loss, for whom chronic glucocorticoids may
be reasonable in combination therapy regimens with a single daily dose <10 mg/d

* Pregnant or lactating women

» Suppression of joint destruction in patients with early, active disease

NSAID, nonsteroidal anti-inflammatory drugs; RA, rheumatoid arthritis.

Table 4

Recommendations for Safe and Effective Glucocorticoid Use

 Use the smallest dose possible to accomplish clinical objectives

» Taper dose more rapidly to near a physiologic range (<7.5 mg/d), then taper more slowly

to avoid steroid withdrawal flare-ups that may require dosage increases

Exercise special caution in individuals on concomitant NSAIDs, because of a heightened

risk of gastropathy, fluid retention, and other synergistic toxicities

Monitor blood sugar, blood pressure, and consider periodic ophthalmologic examinations

to avoid preventable glucocorticoid toxicity

Protect the bones

o Encourage osteoporosis risk factor modification

o Obtain baseline bonemass determination to assess the need for anti-osteoporotic
therapy

o Supplement all at-risk patients to achieve 1500 mg/d of elemental calcium and add
vitamin D

o Replace gonadal hormone deficiencies if not contra-indicated

o Strongly consider bisphosphonate therapy

NSAID, nonsteroidal anti-inflammatory drugs.

for the first 2 yr or so, but long-term therapy or “background” treatment for symptom
control is not clearly supported based on the evidence available.

Once the decision is made to initiate glucocorticoids, every effort should be made to
use these agents as safely and effectively as possible (Table 4). Increasing data argues
that more aggressive use of higher dose glucocorticoids earlier rather than later in
the course of disease might be best supported by the available evidence. However,
practitioners skeptical of the disease-modifying benefits of glucocorticoid therapy and
choosing to use these agents long-term should strive to achieve the lowest effective
dose. Many rheumatologists report significant difficulties in tapering glucocorticoids
for most RA patients and abrupt withdrawal may result in dramatic flares in disease
activity (32,50). Thus, more gradual withdrawal regimens are generally necessary to
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avoid re-exacerbations. However further research on appropriate tapering regimens
is greatly needed.

All RA patients with or at risk of glucocorticicoid-induced osteoporosis (GIOP)
should receive conservative therapy with calcium and vitamin D (166,167) with strong
consideration given to the addition of a bisphosphonate (168—171). Hormone-replacement
therapy and calcitonin should also be considered in selected individuals, although the
data is less conclusive than that seem with the newer bisphosphonates (1/72). Despite this
accumulating data, only a minority of patients on glucocorticoids receive preventative
therapy or diagnostic testing for bone loss (19,20,173-176).
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INTRODUCTION

The development of inhibitors of tumor necrosis factor (TNF) evolved from a targeted
bench-to-bedside approach in which lessons learned from basic pathophysiological
research were tested in patients with debilitating chronic inflammatory diseases,
particularly rheumatoid arthritis (RA) and inflammatory bowel disease. Insofar as all
prior treatments for (RA) evolved primarily from serendipitous observations, the TNF
inhibitors represent the first “rationally based” treatment, as well as the first Food
and Drug Administration (FDA)-approved recombinant proteins (“biologics”) for the
treatment of RA. This chapter will focus on RA as a paradigm for examining the role of
TNF in the pathogenesis and propagation of chronic inflammation, and for evaluating
anti-TNF therapy as a strategy for the treatment of chronic inflammatory disease.

RAisachronic disease with genetic and autoimmune components that is characterized
by intense inflammation, resulting in destruction and dysfunction of the joints and,
potentially, other organs as well. The characteristic histopathologic findings in the
joint are hyperplasia of the synovial lining (or intima), which consists primarily of
macrophages and fibroblasts, and an inflammatory influx of lymphocytes, plasma cells,
and other cell types in the subintimal area (/). In addition, the joint cavity is invaded by
large numbers of activated neutrophils. The destruction of articular cartilage and bone
is presumed to occur not only from the direct invasion of contiguous hypertrophied
synovium, but also by the synovial fluid neutrophils bathing the cartilage, and by resident
chondrocytes, which become activated to degrade their surrounding matrix (7).
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Work by Stastny (2) and Nepom (3,4) more than 15 years ago demonstrated the
association of HLA-DR4, a Class II major histocompatibility antigen, with RA. The
specificity for this association resides in a conserved five amino acid sequence in the
DR-f chain of the associated DR4 alleles (and in several other DR molecules), and
is referred to as the “shared epitope” (5). Recent work has suggested that the shared
epitope not only conveys disease susceptibility, but is also a marker of disease severity
and of extra-articular manifestations, at least in Caucasian patients (6,7). Furthermore,
results from epidemiologic and family studies are consistent with the involvement of
multiple genes, rather than a single gene, in conveying susceptibility to rheumatoid
arthritis. Candidate genes currently under investigation include T-cell receptor, TNF-a.,
hsp 70, large multifunctional protease (LMP) , and transporter associated with antigen
processing (TAP) (8).

RAjisalsocharacterized by the presence of several autoantibodies. The most prominent
of these is the so-called “rheumatoid factor,” an antibody (usually IgM) directed against
self-IgG, which occurs in approx 80% of patients with RA. Other autoantibodies
described in RA include those directed against keratin, glycoprotein-39, collagen type
I, p205, and the G1 domain of aggrecan (9—12). None of these autoantibodies, including
rheumatoid factor, is specific to RA, and it is more likely that they play a role in
propagating inflammation rather than serving as causative agents.

While the identification of susceptibility genes, and the role of autoantibodies, remain
to be clarified in RA it is clear that the sustained inflammatory process, leading to the
secretion of matrix-degrading proteases, is ultimately responsible for joint damage and
dysfunction in RA. Attention has focused recently, therefore, on strategies that will
interrupt this inflammatory cycle. A major advance in this regard is the elucidation of
the role of TNF-a in this destructive process.

PATHOGENIC MECHANISMS

The Rheumatoid Synovium

The rheumatoid synovium is hyperplastic with increased numbers of macrophages,
fibroblasts, and lymphocytes. Activated T cells and T-cell-derived cytokines have been
difficult to identify in the rheumatoid synovium (/3), and clinical trials in RA of agents
designed to deplete, or inhibit function of, T cells have demonstrated only modest,
transient clinical improvement (reviewed in ref. /4). In contrast, there is an abundance
of macrophage and fibroblast-derived cytokines, proteases, and prostanoids in the
rheumatoid synovium and synovial fluid (73,15). These observations have led to the
suggestion that, although a T-cell mediated, antigen-specific process is undoubtedly
critical to the initiation of disease, sustained inflammation is at least equally dependent
on cytokine production by synovial macrophages and fibroblasts, which may act on
each other in an autocrine or paracrine manner (1/6). Thus, TNF-a and IL-1, which
are primarily products of macrophages, induce the synthesis and secretion from
synovial fibroblasts of matrix-degrading proteases, prostanoids, interleukin-6 (IL-6),
interleukin-8 (IL-8), and granulocyte-macrophage colony stimulating factor (GM-CSF)
(17,18) (Fig. 1). Local synthesis of IL-6 promotes the synthesis of immunoglobulins,
including rheumatoid factor, by synovial plasma cells; IL-8 induces selective recruitment
of neutrophils to the joint cavity; prostaglandin E, causes bone resorption; and the
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Fig. 1. Simplified scheme of interaction of synovial macrophages and fibroblasts.

matrix metalloproteases degrade the extracellular matrices of bone and cartilage.
TNF-o and IL-1 also induce a variety of adhesion molecules, which enables the influx of
inflammatory cells to the rheumatoid joint (19,20). GM-CSF produced by the fibroblast
may contribute in a positive feedback loop to sustaining macrophage activation, although
some have suggested that the fibroblast may become independent of macrophage
influence by transformation to an autonomous phenotype (21).

These in vitro observations, suggesting a central of TNF-o and IL-1 in the pathogenesis
of RA, prompted a series of studies in animal models and in patients to provide “proof
of concept.” Two IL-1 inhibitors have been evaluated in patients with longstanding RA:
a soluble human type I IL-1 receptor (sHulL-1R), and a human IL-1 receptor antagonist
(IL-1ra). Clinical results were discouraging for both constructs (reviewed in ref. 74).
However, the selection of the sHulL-1R was premature as subsequent data confirmed
a higher affinity of sHulL-1R for IL-1ra over IL-1 (22); and, in the case of IL-l1ra, its
only modest performance may be owing to a short half-life. Although IL-1 and TNF-a
act alone and synergistically to elicit a nearly identical spectrum of biological responses
(23), it has been suggested that a hierarchy exists in which IL-1 acts downstream of
TNF-a—for example, blocking TNF-a abolishes IL-1 production and bioactivity in
synovial-cell cultures (24). The relative contribution of each cytokine to rheumatoid joint
damage remains controversial. Nonetheless, therapeutic attention has predominantly
focused on inhibition of TNF-a.
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Table 1
Selected Members of the TNF Ligand/Receptor Superfamily”
Ligands Receptors

Lymphotoxin-a TNF-R1 and -RII
TNF-a TNF-RI and -RII
Lymphotoxin-f3 LT-BR

OX40L 0X40

CD40L CD40

FasL Fas

CD27L CD27

CD30L CD30

4-1BBL 4-1BB

“This is not a complete list. For complete list of TNF ligands and recep-
tors, and updated nomenclature, see ref. 81.

TNF and TNF Receptors

TNF-o was originally named for its ability to trigger necrosis of transplanted tumor
cells in mice (25). The purification and cloning of cachectin, a mediator of wasting
in chronic diseases, was subsequently found to be identical to TNF-a (26). TNF is
produced primarily by macrophages and, to a lesser extent, by lymphocytes (26). It
is one of 17 known members of a family of polypeptides that bind to a corresponding
family of receptors. The polypeptide ligands are characterized by a common core
sequence predicted to contain 10 B-sheet forming sequences, and include TNF-a.,
lymphotoxin-a and-f3, Fas ligand, CD40 ligand, and others (27) (Table 1). TNF-a is
initially synthesized and expressed as a transmembrane molecule, the extracellular
portion of which is subsequently cleaved by TNF-a converting enzyme (TACE) to
release the soluble 17 kDa molecule. Soluble TNF-a circulates as a homotrimer and
engages its cognate receptors on cell surfaces (28).

In contrast to the relatively restricted synthesis of TNF-a by macrophages and T
cells, TNF receptors (TNF-R) are expressed by nearly every mammalian cell. This
ubiquitous expression, in conjunction with cell-specific effector molecules that are
triggered by the TNF-R, may explain the variety of effects of TNF, which include
apoptosis, the synthesis of protein and lipid inflammatory molecules, and transcription
factors (27,28). Unlike other ligands of the TNF-R family that bind to a single receptor,
TNF and lymphotoxin-a are capable of binding to each of the two TNF-R designated
as TNF-RI (or p55) and TNF-RII (or p75) (28). Interaction of TNF with its receptor
triggers a conformational change and dimerization or clustering of receptors that, in
turns, triggers the cellular response (29). TNF-R, like their ligand, can be cleaved from
the cell surface by TACE (30) but soluble TNF-R are believed to be present in small
amounts relative to membrane-bound TNF-R (28).

The effects of TNF are mediated by its ability to directly or indirectly trigger a
variety of signal-transduction pathways including proteases of the caspase family,
transcription factors, phospholipases, and protein kinases. TNF-induced activation of
the cysteine protease family of caspases leads to apoptotic cell death (37). In contrast,
the induction by TNF of cytokine production is mediated, at least in part, by its ability to
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Table 2
TNF Inhibitors Currently Approved or in Development

Name Description Status

Infliximab Mouse-human chimeric anti-huTNF MAb FDA-approved

D2E7 Fully human anti-huTNF MAb In development
Etanercept p75STNF-RII-Fc (dimeric) FDA-approved
NA PEG-p55sTNF-RI (monomeric) In development
Lenercept pS5sTNF-RI-IgG1 (dimeric) Development terminated

NA, not available.

enhance gene expression and/or increase stability of messenger RNA. Gene expression
is upregulated by TNF either via activation of transcription factors such as NF-xB, or
increased synthesis of transcription factors such as IRFI. TNF signaling mechanisms
have been reviewed in detail recently (27). An unanswered question is whether the
TNF-R have any intrinsic mechanism for downregulating their responses to TNF-a,
such as desensitization or internalization, or whether the receptor continues to signal
as long as TNF-a is available.

Development of TNF Inhibitors

The two strategies for inhibiting TNF that have been most extensively studied to
date consist of monoclonal anti-TNF antibodies and soluble TNF receptors (STNF-R)
(Table 2). Both constructs will theoretically bind to circulating TNF-a., thus limiting
its ability to engage cell membrane-bound TNF receptors and activate inflammatory
pathways. Soluble TNF-R, but not anti-TNF antibodies, would also be expected to
bind lymphotoxin.

With regard to anti-TNF monoclonal antibodies (MAbs), the best studied to date
is infliximab (Remicade™), originally referred to as cA2. Infliximab is a chimeric
human/mouse anti-TNF-a MAb composed of the constant regions of human (Hu)
IgGlx, coupled to the Fv region of a high-affinity neutralizing murine anti-HUTNFa
antibody (32). The antibody exhibits high affinity (K? 10'%/mol) for recombinant and
natural huTNF-a, and neutralizes TNF-mediated cytotoxicity and other functions in
vitro (32). It has been extensively studied in animal models of arthritis, as well as in
patients with RA and inflammatory bowel disease, and is now approved for use in both
diseases (see below). Because of the potential for an immune reaction to the mouse
protein components of a chimeric antibody, an alternate strategy has been to develop
a fully human anti-TNF MAD. One such antibody, known as D2E7, was generated
by phage- display technology. A high-affinity murine anti-TNF MAb was used as a
template for guided selection, which involves complete replacement of the murine
heavy and light chains with human counterparts and subsequent optimization of the
antigen-binding affinity (33). Although not FDA-approved, early clinical trials with
D2E7 are also promising and are discussed briefly below.

In the second approach to TNF inhibition, soluble TNF-R have been engineered as
fusion proteins in which the extracellular ligand-binding portion of the huTNF-RI or
huTNF-RII is coupled to a human immunoglobulin-like molecule. Although TNF-RI
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is thought to mediate most of the biological effects of TNF in vivo (28), engineered
STNF-RI and sTNF-RII constructs both appear to be effective in vivo inhibitors of TNF.
Although these constructs consist entirely of human protein, the linkage region between
the receptor and the immunoglobulin molecule represents an unnatural sequence and,
therefore, has the potential for eliciting an anti-drug antibody response. This was
the case with lenercept, a fusion protein of two sTNF-RI (p55) with human IgGl-Fc.
Pharmacokinetic data indicated enhanced clearance of lenercept with repeated dosing
due to the development of anti-lenercept antibodies, and there was an inverse correlation
of drug concentration with antibody levels (34). Although the antibodies were non-
neutralizing and patients treated with lenercept demonstrated clinical improvement,
further development of the drug was terminated in view of concerns about durability
of the response and long-term safety.

Etanercept (STNF-RII:Fc; Enbrel™) is the best studied of the STNF-R and is approved
for the treatment of RA in adults and in children. Like lenercept, it is a dimeric construct
in which two STNF-RII (p75) are linked to the Fc portion of human IgGl (35). The
dimeric receptor has a significantly higher affinity for TNF-o than the monomeric
receptor (50—-1000-fold higher), and the linkage to the Fc structure significantly prolongs
the half-life of the construct in vivo (35). Although it also has an unnatural linkage site,
anti-etanercept antibodies have been infrequent. Another mechanism for prolonging
the half-life of monomeric receptors is via conjugation with polyethylene glycol. One
such construct, PEG-sTNF-RI (p55), has shown efficacy in several animal models of
arthritis and is now in early clinical trials (see below).

ANIMAL STUDIES

Several lines of evidence exist in animal models that support the importance of TNF-a
in the pathogenesis of human RA. Although no animal model of inflammatory arthritis
is thought to completely mimic human RA, studies in animals have provided important
information on inflammatory mediators and their potential as therapeutic targets in
human disease. Most compelling are the findings of elevated levels of TNF-a in the
joints of mice with collagen-induced arthritis (CIA), amelioration, or prevention of CIA
with anti-TNF blocking antibodies and the spontaneous development of inflammatory
arthritis in transgenic mice overexpressing TNF-a.

Collagen-induced arthritis (CIA) in the mouse is induced by immunization of
susceptible mice strains with native type II collagen. Macroscopically evident arthritis
occurs between d 28-35 after immunization and persists for several months until the
joints ankylose (36). CIA shares several histopathologic features with RA including
mononuclear-cell infiltration and synovial-cell hyperplasia, resulting in pannus formation
with bone and cartilage destruction. In both RA and CIA, disease susceptibility is
restricted by MHC class II alleles (37) and autoreactive T cells are prominent in the
joint with restriction in V3 T-cell receptor usage (38). Because of these similarities,
CIA is a widely used experimental model for RA.

Similar to RA, several studies with CIA mice have demonstrated elevated TNF levels
in the arthritic joints (39—41). Recently, to assess the level of cytokine expression during
the course of CIA, CIA mice were sacrificed on a weekly basis starting at d 21, before
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the onset of clinical arthritis. Cytokine mRNA levels in joint tissue were measured by
highly quantitative RNA protection assays (42). Levels of TNF-a together with TNF-f,
interleukin 11 (IL-11), interleukin 1 receptor antagonist (IL-1Ra), macrophage inhibitory
factor 1 o (MIP-1a), and RANTES were elevated early in the CIA disease course and
persisted at high levels through the later stages. By contrast, IL-1f, IL-2, MIP-2, and
IL-6 rose early in the disease course but rapidly returned to normal levels. Transforming
growth factor pl (TGF-pl1), TGF-p2, and TGF-p3 increased slowly, peaking in late
disease. Elevated TNF-a mRNA levels were also found in macroscopically and
microscopically uninvolved joints. The pattern of persistent elevation TNF-ao mRNA
throughout the disease course and prior to the onset of arthritis supports the role of
TNF-a both in the initiation and maintenance of chronic joint inflammation.

The availability of potent inhibitors of TNF-a have added valuable tools to further
elucidate the importance of TNF-a in chronic inflammatory arthritis. CIA mice treated
weekly with a neutralizing hamster MAb to TNF-a starting prior to the onset of arthritis,
ameliorated the severity of the disease both histologically and clinically although the
incidence of arthritis did not change. Antibody treatment starting soon after the onset
of arthritis (d 30) had a similar but less pronounced effect on decreasing the severity
of the arthritis (43). Anti-TNF had diminishing benefit when used later in the disease
course. Treatment of CIA mice with a neutralizing rat anti-TNF-a monoclonal was
effective in improving joint scores when given before the onset or 2 d the onset of the
arthritis, but was ineffective if given 7 d after onset of arthritis (44). Of interest, use
of a polyclonal antibody (PAb) against IL-1a and IL-1f3 was effective in CIA in both
early and late disease. The effectiveness of anti-TNF therapy limited to early disease
in murine CIA is in marked contrast to the efficacy of TNF inhibitors in humans with
both early and longstanding RA (see Clinical Trials below).

Similar results were also obtained using a STNF-R1- IgGl fusion protein construct.
Administration of the STNF-R1-IgGl1 starting prior to the onset of arthritis decreased
severity of arthritis but differed from the MAD studies in decreasing the incidence
of arthritis as well. Mice deficient in TNF-R1 by gene targeting were resistant to
development of CIA, confirming the importance of TNF-R1 (45), possibly through
mediating TNF-induced adhesion-molecule expression and mononuclear-cell infiltration
into the joint space (46).

Transgenic mice expressing a modified human TNF-a transgene spontaneously
develop a chronic polyarthritis, providing further evidence for the direct involvement of
TNF in the pathogenesis of human RA (47). Mice carrying a human TNF transgene with
amodified 3' region from a human globin gene show deregulated human TNF expression
with constitutive low-level expression of TNF in a variety of tissues. In contrast, mice
carrying a wild-type human TNF transgene show appropriate macrophage-specific
inducible TNF expression in response to lipopolysaccharide. Mice with deregulated
TNF expression develop a chronic symmetric polyarthritis with histologic features
similar to human RA.

Despite the differences with human RA, these animal models support TNF as an
important therapeutic target for RA. In addition, the models raise intriguing questions
regarding other potential cytokine targets and the utility of inhibiting these targets at
different stages of the disease process.
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Table 3

Composite Scores for Assessing Clinical Responses in Rheumatoid Arthritis

ACR 20% Response”
Must include: 20% improvement in tender joint count
20% improvement in swollen joint count
And 20% improvement in 3 of 5 of the following criteria:
Patient pain assessment
Patient global assessment
Physician global assessment
Patient self-assessed disability
Acute phase reactant value (ESR or CRP)
Paulus 20% Response”
Requires improvement in 4 of 6 criteria:
Painful joint score by 20%
Swollen joint score by 20%
Morning stiffness by 20%
ESR by 20%
Physician global assessment
Patient global assessment

aSee ref. 57.
bSee ref. 82.

CLINICAL TRIALS

The clinical efficacy of TNF inhibition has been studied most extensively in RA
and, to a lesser extent, in inflammatory bowel disease. Data from clinical trials with
etanercept and infliximab have been encouraging, and have resulted in the FDA approval
of both agents for the treatment of RA, and of infliximab for inflammatory bowel
disease (see Current Recommendations).

Because the safety of the TNF inhibitors in humans was unknown, early trials in RA
targeted patients with severe, longstanding disease that had failed to respond adequately
to conventional treatments such as methotrexate, gold salts, immunosuppressives, and
others. More recently, as the safety of these agents unfolded, patients with juvenile
RA and adults with early RA have been targeted. An evolution in the selection of
study outcomes has also occurred in that earlier trials focused on clinical parameters
as endpoints, whereas more recent trials have focused on structural (radiographic)
endpoints.

Infliximab in Advanced RA

Favorable results for both safety and efficacy in a small open-label pilot study
of infliximab in advanced RA (32) prompted a larger double-blind trial comparing
infliximab to placebo (48). In the latter study, 73 patients were randomized to a single
infusion of infliximab 1 mg/kg or 10 mg kg or placebo, and their fulfillment at wk 4
of the Paulus 20% response criteria (see Table 3) was evaluated in an intention-to-treat
analysis. The profile of participants in this study is very representative of most of the
studies to follow—that is, predominantly women approx 50 yr of age with disease
duration of 9-10 yr who had failed an average of three disease-modifying anti-rheumatic
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Table 4
Effect of MTX on Frequency of Anti-Chimeric Antibody
Response in Patients Treated with Infliximab“®

+ MTX -MTX + MTX
Infliximab, mg/kg 0 1 3 10 1 3 10
Median duration of
Paulus 20 response (wk) 0 26 172 104 16.5 16.5 >18.1
Antibody response, % N/A 53 21 7 17 7 0

From ref. 50.

drugs (DM ARD:s). Baseline disease activity was considerable as evidenced by a mean of
28 tender joints, 23 swollen joints, 3 h of morning stiffness, erythrocyte sedimentation
rate (ESR) of 63, C-reactive protein (CRP) of 6.2 mg/dL. At wk 4, only 8% of placebo-
treated patients fulfilled Paulus 20 and Paulus 50 criteria, whereas response rates in
the high-dose infliximab group were 79 and 58% respectively, and in the low-dose
group were 44 and 28%, respectively. Comparably dramatic decreases in acute-phase
reactants, especially CRP, were observed in conjunction with clinical improvement,
often within 2 wk of treatment. This important study provided the first proof-of-concept
for a pivotal role for TNF-a in the inflammatory process in the rheumatoid joint. Equally
important, the responses to infliximab were robust and rapid, and the treatment was
well-tolerated (see Side Effects and Precautions).

Interestingly, some decay in the clinical and CRP responses was observed in the
low-dose group by wk 4. Furthermore, several patients who were enrolled in a follow-up,
multiple-dosing trial developed antichimeric antibodies, and a progressive decrease
in the duration of the response to each successive infliximab infusion was noted in
several patients (49). These observations raised the possibility that repeated dosing of
infliximab may not be feasible in patients with anti-chimeric antibody response owing
to a reduction in the half-life of infliximab.

This question was examined in a subsequent study by Maini et al. (50) in which
the investigators reasoned that concomitant methotrexate might suppress the antibody
response to infliximab. In this protocol, 101 patients with active RA despite methotrexate
were randomized to treatment with placebo or one of three doses of infliximab (1, 3,
or 10 mg/kg). Low-dose methotrexate (7.5 mg/wk) was continued throughout the study.
Infliximab (or placebo) treatments were administered at 0, 2, 6, 10, and 14 wk, and
Paulus response criteria were evaluated at 26 wk.

Robust clinical responses to infliximab alone were again observed at all three doses
by wk 2 of treatment, but the low-dose (1 mg/kg) group became unresponsive to repeated
dosing. Co-administration of infliximab 1 mg/kg with methotrexate significantly
prolonged the duration of the 20% Paulus response in >60% of patients from a median
of 2.6 wk to 16.5 wk (p <0.006 vs no methotrexate) (Table 4). Approximately 60%
of patients receiving infliximab at 3 or 10 mg/kg, with or without methotrexate,
achieved the 20% Paulus criteria and these responses were sustained for a median
duration of 10.4 to > 18.1 wk (p < 0.001 vs placebo). The frequency of antichimeric
antibodies was inversely proportional to the dose of infliximab, and significantly
reduced by concomitant treatment with methotrexate (Table 4). These data suggest that
immunologic tolerance to infliximab was induced with higher doses, and potentiated by



98 Part I / Rheumatoid Arthritis

Table 5
Effect of Infliximab Dosing Schedule on ACR 20 Responses

Proportion (%) of patients responding

Dosing

Treatment Schedule 30 wk¢ 54 wkb
Placebo every 4 wk 20 17
Infliximab 3 mg/kg every 4 wk 53 48
Infliximab 3 mg/kg every 8 wk 50 42
Infliximab 10 mg/kg every 4 wk 58 59
Infliximab 10 mg/kg every 8 wk 52 59

4See ref. 51.

bSee ref. 52.

the simultaneous administration of methotrexate. Current FDA guidelines advise the use
of methotrexate along with infliximab (see Current Recommendations below).

In view of the apparent prolongation of the half-life of infliximab when given in
conjunction with methotrexate, a long-term study was undertaken to determine whether
the frequency of dosing of infliximab could be reduced further without sacrificing
efficacy (51). Four hundred twenty-eight patients with RA of 6 mo duration or more who
were active despite methotrexate therapy (median dose 15 mg/wk) were randomized to
one of five treatment groups: placebo; infliximab 3 mg/kg every 4 or 8 wk; infliximab
10 mg/kg every 4 or 8 wk, intravenously (Table 5). At 30 wk, comparable proportions of
patients in all four infliximab treatment groups (50-58%) achieved ACR 20 responses,
compared to only 20% in the placebo (methotrexate only) group. There were no
statistically significant differences in the percent responding at 4 vs 8 wk of treatment
for either dosage, and current FDA guidelines recommend treatment every 8 wk (see
below). However, at 54 wk of treatment, there was a slight decay in the ACR 20
responses in the 3 mg/kg at both dosing intervals, compared to the higher dose of
infliximab (Table 5) (52).

The improvement in the clinical signs of RA observed with TNF inhibitors is likely
to reflect a reduction in inflammation and damage to the joint. The accepted surrogate
marker for joint damage is the radiographic demonstration of joint space narrowing
(cartilage degradation) and joint erosion (bone degradation) in the small joints of the
hands and/or feet. There are a number of validated radiographic scoring systems for
quantifying the accumulation of erosions and joint space narrowing over time. In the
aforementioned study with infliximab (52), the Sharp score with modification by van der
Heijde (53,54) was utilized. Placebo-treated patients exhibited radiographic progression
at a rate of 7.0 Sharp units/yr, whereas the four infliximab groups progressed at rates
ranging from —0.7-1.6 (52). These data confirm a significant disease modifying effect of
the combination of infliximab/methotrexate compared to methotrexate alone.

Etanercept in Advanced RA

Favorable results have been observed with etanercept for the treatment of longstanding
refractory RA also. A preliminary dose-ranging study, in which a small number of
patients with refractory RA were treated for 1 mo with increasing doses of etanercept,
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Table 6
ACR Responses in Patients Treated with Etanercept

Percent of patients responding

Etanercept dose

Criterion 0 10 mg 25 mg
ACR20
3 months 23 45 62
6 months 11 51 59
ACRS50
3 months 8 13 41
6 months 5 24 40
ACR70
3 months 4 8 15
6 months 1 9 15

demonstrated a trend towards clinical improvement (55). Therefore, a larger placebo-
controlled, double-blinded trial was undertaken in which 180 patients with active,
refractory RA were randomly assigned to twice weekly subcutaneous injections of
placebo or one of three doses of etanercept (0.25, 2, or 16 mg/m? of body-surface
area) (56). Clinical response was defined as the achievement at 3 mo of the ACR20
composite score (57) (Table 3).

Robust ACR20 responses were observed in response to etanercept, as follows: 14%
response in the placebo group, 33% in the 0.25 mg/m? group, 46% in the 2 mg/m? group,
and 75% in the 16 mg/m? group (p < 0.001 for all treatment groups compared to placebo).
The calculated ACR50 response was also robust at the highest dose of etanercept (57%
compared to 7% in the placebo group, p < .001). Withdrawal of etanercept led to a
rapid rebound in clinical-disease activity, consistent with the relatively short half-life of
etanercept (23 d). No antibody responses to etanercept were observed. In a subsequent
trial, etanercept doses of 10 or 25 mg (rather than dosing by body surface area) were
utilized and treatment was continued for a total of 6 mo (58). No significant decay in
the clinical response was observed during the longer follow-up, and a dose-dependent
reduction in clinical activity was reconfirmed (Table 6).

The treatment of RA has been evolving, like that of cancer, towards simultaneous
therapy with multiple drugs. Weinblatt et al. (59) evaluated the safety and efficacy of
adding etanercept to methotrexate in patients who had had inadequate responses to
methotrexate alone. Eighty-nine patients with persistently active RA, despite at least
6 mo of methotrexate therapy at a stable dose of 15-25 mg/wk (or as low as 10 mg/wk
if unable to tolerate higher doses), were randomized to receive either etanercept
25 mg or placebo subcutaneously twice weekly for 6 mo in addition to methotrexate.
The addition of etanercept to methotrexate resulted in rapid and sustained improvements
(see Table 7) without potentiating the known toxicities of methotrexate. An unanswered
question is whether the combination of etanercept and methotrexate is more efficacious
than etanercept alone.
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Table 7
ACR Responses at 6 Mo in Patients Receiving Concomitant
Methotrexate and Etanercept (or Placebo)

Percent of patients responding

Placebo and Etanercept and
Clinical response methotrexate methotrexate
ACR20 27 71
ACRS50 3 39
ACR70 0 15

TNF-o. Inhibitors in Early RA

Radiographic studies in RA indicate that, in patients who ultimately develop erosions,
40% exhibit their first erosions in the first year of disease, and 90% within the second
year (54,60—-62). These observations have prompted recommendations for the initiation
of disease-modifying treatment early in disease (63). Toward this end, the ability of
etanercept to prevent or slow radiographic erosions was evaluated in patients with
early disease (64). Six hundred thirty-two patients with an average disease duration of
1 yr were randomized to receive etanercept 25 mg, etanercept 10 mg, or methotrexate
(mean dose, 18.3 mg/p wk). Radiographs were evaluated by the modified Sharp score.
Robust clinical responses were observed in all three groups. Furthermore, all three
treatments dramatically reduced the rate of radiographic progression. Sharp scores at
study entry after a mean of 1 yr of disease were 9, 8, and 9 U in the etanercept 25 mg,
etanercept 10 mg, and methotrexate groups, respectively; after 1 yr of treatment, Sharp
scores had only increased by 0.8, 1.4, and 1.3 U, respectively. These results confirm the
ability of this TNF inhibitor, as a single agent, to slow the progression of RA.

TNF Inhibitors in Juvenile RA

Etanercept is the only TNF inhibitor that has been studied in children. In a study by
Lovell et al. (64), patients (4—17 yr old) were enrolled in an open-label period in which
they received etanercept 0.4 mg/kg of body weight (up to a maximum of 25 mg) twice
weekly for 3 mo. Those who met criteria for 30% improvement were invited to continue
in a 4-mo double-blind arm of the trial in which they were randomized either to placebo
or to continue etanercept. The occurrence of flare of disease, and time to disease flare,
were quantified. Of the 64 patients who completed the open-label phase of the study,
51 (75%) met criteria for response. In the double-blind phase of the trial, 21 of the 26
patients (81%) who were randomized to placebo withdrew from the study owing to
disease flare, compared to only 7 of the 25 patients (28%) who were randomized to
continue etanercept (p = 0.003). The median time to disease flare with placebo was
28 d, compared to more than 116 d in the etanercept group (p < 0.001). In light of
these encouraging results, etanercept has been approved by the FDA for use in patients
with polyarticular juvenile RA.

TNF Inhibitors in Inflammatory Bowel Disease

Several small open-label studies (65-68), and one larger double-blind study (69),
of anti-TNF inhibitors in patients with inflammatory bowel disease have shown
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encouraging results. In the last study (69), 108 patients were randomized to receive a
single infusion of one of the following: 5 mg/kg infliximab, 10 mg/kg infliximab, or
20 mg/kg infliximab, or placebo. Four weeks after treatment, 81, 50, and 64% of the
infliximab groups, respectively, had achieved criteria for clinical response compared to
only 17% of patients in the placebo group (p < 0.001). In a follow-up study (70), four
repeated treatments of these patients with 10 mg/kg infliximab every 8 wk proved safe
and efficacious. Infliximab is the only TNF inhibitor approved for use in inflammatory
bowel disease (see below).

Other TNF Inhibitors in Development

The fully human anti-TNF antibody known as D2E7 was evaluated in a Phase 11
3-mo dose finding study in active RA in which a total of 283 patients were randomized to
receive placebo, 20, 40, or 80 mg of D2E7 by weekly subcutaneous injection (69). ACR
responses in the preliminary report were 10, 49, 57, and 56%, respectively, confirming
the clinical efficacy of D2E7. A disease-modifying effect of D2E7 was also suggested
by analysis of serial radiographs from a small number of patients participating in a
Phase I trial (70).

PEG-p55sTNFR-1, the PEGylated p55-soluble receptor, is earlier in development. It
does not appear to be immunogenic (71), but its overall safety and clinical efficacy are
currently under investigation in clinical trials.

TNF INHIBITORS: SIDE EFFECTS AND PRECAUTIONS

In controlled clinical trials in RA infliximab and etanercept have been safe and well
tolerated with no demonstrable major organ toxicities and no dose-limiting side effects.
No significant differences in the incidence of serious adverse events were seen between
treatment and placebo groups. Infliximab has also been well-tolerated in clinical trials
in Crohn’s disease (70). Despite the demonstrated safety in short-term clinical trials,
in the absence of long-term treatment data, there remain continued concerns about the
potential for increased infections and increased malignancies because of the role TNF
may play in these processes. In addition, as these agents are genetically engineered
proteins that will be given repeatedly over long periods for the treatment of chronic
diseases, issues of immunogenicity and injection reactions require scrutiny. These
issues will be briefly addressed.

Injection Reactions

With both etanercept and infliximab, injection reactions represent the most frequent
and consistent side effect, although rarely limiting administration of the drugs. Injection
site reactions occur in approx 40% of patients treated with etanercept and consist of
raised urticarial lesions limited to the injection sites (58). Reactions occur early after
initiation of treatment, are generally mild and self-limited, decrease and then resolve
completely with repeated dosing. The injection-site reactions are limited to the skin and
are not associated with other features of immediate hypersensitivity. No specific therapy
is generally required, although topical antihistamines or topical corticosteroids may
be tried. Similarly, infusion reactions are the most common side effect of infliximab,
manifested most frequently by headache and nausea in approx 20 and 15% of patients,
respectively. The infusion reactions are transient and controlled by slowing the rate of
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infusion or treatment with acetaminophen or antihistamines. The infusion reactions
do not increase over time (51).

Infection

Multiple studies in humans and animals demonstrate the importance of TNF-a as
a defense against infection with intracellular organisms, raising concerns about the
potential for increased infections with chronic TNF inhibition. TNF is increased in the
systemic circulation after administration of endotoxin or bacteria, and TNF together
with IL-1 are responsible for the physiologic alterations seen in septic shock (28). Mice
deficient in TNF-a by gene targeting lack primary B-cell follicles and demonstrate
impaired humoral immune responses to both T-dependent and T-independent antigens
(74). Mice deficient in TNF-a,, TNFRI (p55), or TNFR2 (p75) are highly susceptible
to infection by Listeria monocytogenes (74—76). In a human clinical trial, treatment
of septic shock with etanercept resulted in increased mortality in patients with gram
positive organisms (77).

Despite these concerns, controlled clinical trials with etanercept alone (58) or in
combination with methotrexate (59) did not show an increase in either frequency,
type, or severity of infections. This was confirmed in long-term open label experience
(78,79). In the infliximab study by Maini et al. (5/), patients receiving 10 mg/kg
infliximab every 8 wk or every 4 wk had a 64 or 73% incidence of any infection, which
was signficantly higher than the 40% seen in the placebo group. However, in patients
receiving 3 mg/kg every 8 wk, the incidence of any infection was 53%, which was
not statistically different compared with placebo. The incidence of serious infections
(those requiring hospitalization and/or intravenous antibiotics) did not differ among
the treatment and placebo groups. However investigators reported one patient who
died of complications of tuberculosis and one patient who died of coccidiomycosis
in the infliximab groups (51). These infliximab results were also confirmed with
long-term data (52,80).

Although these studies are reassuring, clinicians should continue to be vigilant for
infections. Anti-TNF therapy may suppress the cardinal signs of infection such as fever
or malaise, resulting in a delay of appropriate anti-microbial therapy. Both infliximab
and etanercept should be used with caution in patients who are prone to frequent
infections or who are immunocompromised. The lack of heptotoxicity with these agents
make their use appealing in chronic viral hepatitis, but there is no information regarding
therapy in these patients. Both agents should be held if an acute infection is present or
suspected, keeping in mind the long half-life of the drugs.

Malignancy

The immune system has an important role in surveillance for malignancy, and the
role of TNF, in particular, in triggering apoptosis of some tumor-cell types has already
been noted. Thus, an increased risk of malignancy is of theoretical concern with chronic
long-term TNF inhibition. Unfortunately, short-term clinical trials cannot adequately
answer these questions. In the 30 wk infliximab trial (5/), representing 445 patient-years
of follow-up (359 in the infliximab groups, 86 in the placebo group), 3 patients were
reported to have malignancy:1 recurrence of breast cancer, 1 squamous-cell carcinoma
and melanoma, and 1 B-cell lymphoma. All three patients were treated with 10 mg/kg
infliximab every 4 wk (51). However the incidence of malignancy in the trial was not
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different than the 2.8 cases expected based on an age and sex matched control population
from the Surveillance Epidemiology and End Results (SEER) database of the National
Institutes of Health . Similarly in the long-term etanercept data, 9 patients were reported
with cancer, not higher than the 9.2 cases expected from the SEER database (78).
Definitive answers to the risk of malignancy await long term treatment data in a wider
population. Registries have been established to collect these data.

Immunogenicity

As noted earlier, infliximab is a chimeric monoclonal antibody containing 25%
mouse sequence at the binding site for TNF. Of concern is the potential of the mouse
sequence to elicit an anti-infliximab or human anti-chimeric antibody response that
would limit the therapeutic efficacy. In the study of Maini et al. discussed earlier
(51), the incidence of anti-chimeric antibodies was significant and inversely correlated
with dose of infliximab (Table 4). Concomitant methotrexate reduced the incidence
of anti-chimeric antibodies, but improved the rate and duration of clinical response
only in the 1 mg/kg infliximab group. In the Crohn’s study, patients treated with
10 mg/kg infliximab every 8 wk had an incidence of anti-chimeric antibodies of 15%
without an apparent effect on long-term efficacy (70). The effect of these antibodies
on limiting therapeutic efficacy remains unclear and they do not increase the risk of
infusion reactions.

Although etanercept is composed entirely of human sequence, neoepitopes might be
generated at the joining regions of the TNF receptor and the immunoglobulin Fc region,
which could elicit an anti-etanercept antibody response. This does not appear to be
relevant. In the two published trials, non-blocking anti-etanercept antibodies were found
in only two patients and did not have a notable effect on efficacy (58,59).

Of unclear etiology and clinical signficance is the development of low titers of
anti-double stranded DNA (anti-ds-DNA) antibodies in patients treated with infliximab
and etanercept. Anti-ds-DNA antibodies are specific for systemic lupus erythematosus
(SLE), and generally are not found in drug-induced lupus syndromes. In the study by
Maini et al (51) study, 16% of patients developed anti-ds-DNA antibodies at titers >10
U/mL by the Farr assay, and 4% of patients had titers >25 U/mL. Samples positive
by the Farr assay were confirmed by the more specific Crithidia assay. However only
one patient developed a drug-induced lupus syndrome characterized by rash and that
patient had no detectable antibodies to ds-DNA (5/). In the earlier dose-finding study,
8% of patients treated with infliximab developed anti-ds-DNA antibodies with one
patient developing a drug-induced clinical syndrome, which resolved after stopping
the drug. In trials with etanecept, 4% of patients developed anti-ds-DNA antibodies
by radioimmunoassay, but none of the samples were confirmed positive by serial
assays with Crithidia. No patient in the etanercept trial developed a lupus syndrome or
other connective-tissue disease. Although issues of immunogenicity and autoantibody
formation remain, continued efficacy and tolerability of both etanercept and infliximab
in long-term trials provides increasingly stronger evidence to alleviate these concerns.

CURRENT RECOMMENDATIONS

Infliximab (Remicade™) is currently FDA-approved, in combination with methotrex-
ate, for the reduction in signs and symptoms and inhibition of the progression of
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structural damage, in patients with moderate to severely active RA who have had an
inadequate response to methotrexate. Remicade is also approved for the reduction in
signs and symptoms of moderately to severely active Crohn’s disease who have had
an inadequate response to conventional therapy, and for the reduction of draining
enterocutaneous fistulae in patients with fistulizing Crohn’s disease. The safety and
efficacy of infliximab beyond a single dose for active Crohn’s disease, and beyond
three doses for enterocutaneous fistulae owing to Crohn’s disease, have not been
adequately established.

Etanercept (Enbrel™ ) is currently FDA-approved for reduction in signs and symptoms
and inhibition of progress of structural damage in patients with moderately to severely
active RA. Etanercept can be used alone or in combination with methotrexate in patients
who do not respond to methotrexate alone. Etanercept is also indicated for reduction in signs
and symptoms of moderately to severely active polyarticular-course juvenile RA in patients
who have had an inadequate response to one or more disease-modifying drugs.

For both infliximab and etanercept, caution is advised in the use of these agents in
patients with a chronic infection or a history of recurrent infection. Neither agent should
be given in a patient with a clinically important, active infection. Patients who develop a
new infection while undergoing treatment with either agent should be monitored closely.
If a patient develops a serious infection or sepsis while on remicade or etanercept, the
TNF inhibitor should be discontinued. TNF inhibitors should not be used in patients
with multiple sclerosis.

CONCLUSIONS

In vitro studies suggested that TNF is a critical and proximal mediator of the
inflammatory pathway in the rheumatoid joint. Proof-of-concept for this hypothesis has
now been provided by animal studies and clinical trials. Not only does TNF inhibition
dramatically reduce markers of inflammation, but it also slows or halts structural
damage, and these effects appear to be as potent in early disease as they are in late
disease. In human terms, these efficacies should translate to less functional disability
and higher quality of life.

The robust responses to treatment with TNF inhibitors in RA and inflammatory
bowel disease are likely to be the tip of the iceberg. Any chronic (noninfectious)
inflammatory disease that is primarily macrophage-driven could be a potential target
for anti-TNF therapy. For example, pilot trials are now underway to evaluate the efficacy
of TNF inhibitors in Wegener’s granulomatosis, psoriatic arthritis, congestive heart
failure (CHF), and other illnesses.

The potential contribution of IL-1, independent of TNF-a., in chronic inflammatory
states remains to be clarified, but it is likely that a combined approach to inhibit both
monokines will be even more potent than either solitary approach. Finally, the rebound
in disease activity that occurs after cessation of anti-TNF therapy is a sobering reminder
that the inflammatory cascade has been interrupted by neutralizing TNF, but that the
underlying cause(s) of the disease itself has not been addressed.
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1. INTRODUCTION

The pathogenesis of rheumatoid arthritis (RA) is complex. It includes the production
of many proinflammatory and destructive mediators by inflamed synovial tissue
(1). A widely accepted paradigm suggests that tumor necrosis factor oo (TNF-a) and
interleukin-1 (IL-1) are critical pathogenetic cytokines (2). The rationale supporting
anti-TNFa therapy and the clinical efficacy and safety of two therapeutic compounds,
used either in monotherapeutic strategies (3,4) or in combination with methotrexate
(MTX) (5,6), have been described. This chapter will highlight the role of IL-1f in
the pathogenesis of both synovial inflammation and cartilage matrix degradation in
RA. In addition, the effects of inhibiting IL-1f3-mediated pathogenetic pathways by
targeted therapeutic intervention in experimental arthritis models and in RA will
be examined.

The IL-1 gene family includes IL-1a, IL-18 and IL-1 receptor antagonist (IL-1Ra)
(7). IL-1o and IL-1P share 26% amino acid homology. Both forms are produced as 31
kDa precursor peptides (pro-IL-1a and pro-IL-1f), which are cleaved to generate either
a 17.5 kDa protein for mature IL-1a or a 17.3 kDa protein for mature IL-1p. IL-1a (both
the pro- and mature forms) and IL-1f (only the mature form) are agonist molecules that
can influence the functions of most cell types. Stimulation of IL-1 gene expression may
result from almost any cell perturbation including cell-cell contact, cell contact with
extra-cellular matrix elements, soluble factors, some immune complexes, complement
fragments, crystals, bacteria, and viruses. TNF-a may also stimulate IL-1 production
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(8,9). Moreover, IL-1 production may increase following IL-1 secretion in an autocrine
or paracrine regulatory system (/0). Activated monocytes and macrophages are the
principal source of IL-1a and IL-1f, although almost all cells can produce IL-1 to some
extent (2,7). IL-1P is secreted after the cleavage of its proform by IL-1f3 converting
enzyme (ICE). IL-1a is not secreted and may have important functions either as an
intracellular cytokine or as a membrane bound protein. The agonist functions of IL-1
result from the interaction between IL-1a or IL-18 and an IL-1 receptor (IL-1R) located
on the target cell surface. There are two distinct receptors designated type I (IL-1RI)
and type II (IL-1RII). IL-1 binding to IL-1RI results in signal transduction and cell
activation. IL-1RII is believed to be a “decoy” receptor that may have a function in
scavenging IL-1a and IL-1B, but does not have a role in cell signaling (/7). Binding of
IL-1B, in particular, to IL-1RI produces many effects that are central to the pathogenesis
of RA (2,7). IL-1§ may bind to IL-1RI on vascular endothelial cells and result in
the upregulation of endothelial adhesion-molecule expression. Similarly, IL-1$ may
upregulate adhesion molecule expression on circulating lymphocytes and monocytes to
initiate or augment infiltration into inflamed tissues. IL-1p also increases chemotaxis
of polymorphonuclear leukocytes, lymphocytes, and monocytes. Other IL-13-mediated
agonistic effects include activation of T cells and the stimulation of proteolytic enzyme
release by fibroblast-like synoviocytes and tissue macrophages in the synovial lining
layer and at the cartilage-pannus junction.

IL-IRa is the third member of the IL-1 gene family that binds the IL-1 receptors
(2,7,12,13). Four different peptides are derived from the same gene. One isoform is
produced as a 177 amino acid protein, including a 25 amino acid hydrophobic leader
sequence that is cleaved, resulting in a 152 amino acid protein. This 17 kDa protein,
sIL-1Ra, is then glycosylated and secreted with a molecular weight of 22-25 kDa. The
three other IL-1Ra isoforms do not possess a leader sequence and therefore remain
intracellular (icIL-1Ra). Like IL-1a and IL-1f, sIL-1Ra is produced primarily by
activated monocytes and tissue macrophages. icIL-1Ra is constitutively expressed by
skin epithelial cells and the gastrointestinal (GI) tract. The agonistic effects of IL-1 are
partially blocked by the interaction between IL-1Ra and IL-1RI. When IL-1Ra binds to
IL-1RI, it blocks the binding of IL-lo and IL-1f and inhibits signal transduction. The
agonistic effects of IL-1 are also partially regulated by IL-1RII (7).

INTERLEUKIN-1 AND ARTHRITIS

Experimental Arthritis

The importance of IL-1 in the pathogenesis of RA is widely accepted (2). Elevated
IL-1 levels were observed in the early phase of experimental arthritis (74,15). Intra-
articular injection of IL-1 in rabbits induced an initial transient infiltration of neutrophils
into the joint space followed by influx of mononuclear cells (1/6). Proteoglycan loss
from articular cartilage was also observed. Repeated intra-articular injection of IL-1
in rats induced synovial-membrane mononuclear cell infiltration but without bone or
cartilage destruction (/7). However, in the rats whose joints were previously injected
with streptococcal cell wall peptidoglycan-polysaccharide complex, intra-articular
IL-1 markedly accentuated the inflammatory appearances with pannus formation and
cartilage destruction.
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Similarly, in a study of antigen-induced arthritis in mice, it was observed that intra-
articular methylated bovine serum albumin (mBSA) resulted in mild and transient
synovitis without cartilage or bone loss (1/8). However, when IL-1 was administered
it resulted in severe arthritis in the antigen injected knee with pannus formation and
extensive cartilage and bone erosion. This predominant role of IL-1 in cartilage and bone
destruction has been repeatedly emphasized (19). Moreover, it has been demonstrated
that both IL-lar and IL-1f3 have the potential to cause bone and cartilage damage in
antigen-induced arthritis (20,21). The dominance of IL-1f over IL-1a in the development
of collagen-induced arthritis has been demonstrated in studies of IL-1f3 knock-out mice
(22). In contrast to the many studies that demonstrated the effects of IL-1 on joint
damage, a study of antigen-induced arthritis in rats demonstrated that IL-1 injected into
knee joints led to amelioration of arthritis with a reduction in inflammation and joint
damage (23). This observation has not been explained but may be owing in part to the
induction of IL-1 inhibitors including IL-1Ra.

Rheumatoid Arthritis

The association between IL-1, joint inflammation, and joint damage highlighted
in animal studies has also been observed in studies of RA (2). Peripheral blood
monocytes from patients with RA produced more IL-1 in vitro than cells from normal
subjects or patients with osteoarthritis (OA) (24,25). Synovial fluid levels of IL-1p
have been related to some measures of disease activity (26,27). Therapeutic benefit
following methotrexate treatment has been associated with reduced in vitro production
of IL-1 by circulating mononuclear cells (28), and a decrease in synovial fluid IL-1f
concentration (29).

Up to 10% of isolated synovial-tissue cells expressed IL-1 mRNA (30). In immuno-
histologic studies of synovial tissue, IL-1a and IL-18 production has been demonstrated
in macrophages accumulating at the cartilage-pannus junction and in lining-layer and
sublining-layer macrophage populations (31,32). In a study of IL-1p production by
synovial tissue explants, it was observed that the highest levels were produced by
samples demonstrating lymphoid follicle formation compared to samples that did not
demonstrate lymphoid aggregation (33). This suggested that lymphoid-follicle formation,
associated with increased IL-1f production, represented a more immunologically active
phase of synovitis.

IL-1Ra is also produced in abundance by synovial-tissue macrophages (34-36).
In a study udertaken to quantify IL-1Ra and IL-1 gene expression and production by
RA synovial membrane, it was observed that IL-1Ra, IL-1a, and IL-1p3 were present
in fresh and cultured synovial cells obtained from patients with RA and OA (37).
The IL-1Ra:IL-1 ratios were significantly below the 10-100-fold excess of IL-1Ra
required to inhibit IL-1 bioactivity. Moreover, isolated synovial tissue macrophages
were demonstrated to produce IL-1Ra, but in amounts that were much less than
alveolar- or in vitro-derived macrophages. It was concluded that IL-1Ra production by
synovial tissue cells in RA is deficient relative to the total production of IL-1. Similar
observations were reported following a study of IL-1Ra and IL-1f production by cultured
synovial-tissue samples (38). The IL-1Ra:IL-1p imbalance was reversed to favor an
anti-inflammatory effect by the addition of IL-4 and, to a lesser extent, IL-10.
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IL-1 RECEPTOR ANTAGONIST TREATMENT
IN ANIMAL MODELS OF ARTHRITIS

IL-1Ra as Monotherapy

IL-1Ra has been administered therapeutically in several in vitro and in vivo
experimental models of arthritis with dramatic effects (19). In in vitro studies, IL-1Ra
resulted in inhibition of prostaglandin production by chondrocytes and synovial cells,
and collagenase production by IL-1-activated synovial cells. The effects of IL-la and
IL-1P in cartilage organ cultures were suppressed in a dose-dependent manner by IL-1Ra
(39). IL-1Ra suppressed IL-1-activated matrix metalloproteinase and prostaglandin
production by articular chondrocytes. These observations were extended in a further
study that demonstrated that intravenous administration of IL-1Ra to rabbits could
inhibit leukocyte accumulation and cartilage proteoglycan loss caused by intra-articular
injection of IL-1 (40).

In in vivo models, IL-1Ra caused inhibition of joint swelling in rat streptococcal
cell wall-induced arthritis reactivated by challenge with peptidoglycan-polysaccharide
polymers (41). In another study, IL-1Ra administered intraperitoneally profoundly
suppressed the incidence and delayed the onset of immune collagen-induced arthritis
(42). In contrast, in the same study IL-1Ra did not affect the pathogenesis of antigen-
induced arthritis (ATA) provoked by mBSA. Similarly, in a study of rabbit AIA provoked
by ovalbumin, the administration of IL-1Ra had no detectable effect (43). In these
studies, IL-1Ra was administered intravenously at 6-h intervals. However, administration
of IL-1Ra by continuous intraperitoneal infusion totally prevented the suppression
of proteoglycan synthesis (21). Of interest, the effect on proteoglycan synthesis was
independent of any effect on joint inflammation. Similar profound effects of continuous
intraperitoneal IL-1Ra infusion were observed in murine immune complex-induced
arthritis (44). The inhibition of proteoglycan synthesis and cellular influx into the
synovium were fully blocked. Intraperitoneal infusion of IL-1Ra also resulted in marked
suppression of murine collagen-induced arthritis (CIA): histologic analysis demonstrated
markedly reduced cartilage destruction and autoradiography demonstrated full recovery
of chondrocyte proteoglycan synthesis (45). In conclusion, IL-Ra is a potent inhibitor
of cartilage degradation in several experimental models of arthritis. This effect is
maximal following continuous infusion of IL-1Ra and can occur in the absence of a
major effect on synovial inflammation. The uncoupling of anti-inflammatory effects
and effects on tissue degradation in experimental arthritis may have implications for
the treatment of human disease.

Combination Treatment

Combination of IL-1Ra with methotrexate (MTX) in an adjuvant arthritis rat model
demonstrated synergistic or additive effects (46). Treatment with IL-1Ra alone resulted
in a 6% inhibition of paw swelling, compared to 47% inhibition following MTX alone.
The combination of IL-1Ra and MTX resulted in an 84% decrease in swelling. IL-1Ra
alone produced 53% decrease in bone resorbtion, compared to 58% inhibition following
MTX alone. The combination of IL-1Ra and MTX resulted in a 97% decrease in bone
resorbtion. These findings provided experimental support for proceeding to randomized
clinical trial protocols combining IL-1Ra and MTX in RA patients.
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Gene Therapy

Specific cytokine effects in disease have been successfully modulated by advances
in gene therapy, the transfer of genes to patients for therapeutic purposes (47). Using
a retroviral vector, the human /L-/Ra protein gene was transferred to the knee joints
of rabbits with AIA (48). Gene expression was fivefold higher in the inflamed joints
than noninflamed joints. Increased gene expression produced a marked reduction in the
degree of cartilage damage and a less marked effect on joint inflammation. Moreover,
increased IL-1Ra gene expression resulted in reduced concentrations of rabbit IL-1{,
suggesting inhibition of an autocrine regulatory loop. In a similar study, the human
IL-1Ra gene was transferred to the synoviocytes of rats with recurrent streptococcal cell
wall-induced arthritis (49). Gene transfer in this model significantly reduced the severity
of arthritis and partially attenuated erosion of cartilage and bone. In a third experimental
model, the effects of human IL-1Ra gene transfer on collagen induced arthritis in mice
was studied (50). The onset of CIA was almost completely prevented in the knee joints
containing human IL-1Ra-producing cells. Moreover, the onset of CIA in the ipsilateral
paws of the human IL-1Ra-producing knee joints was also prevented. In contrast,
joints containing nontransfected cells demonstrated severe synovial inflammation and
cartilage degradation. These experiments demonstrate the feasibility of gene transfer
as a therapeutic approach to arthritis. They also highlight the potential benefits of
treatment with IL-1Ra on synovial inflammation and, in particular, on progressive
joint degradation.

IL-1 RECEPTOR ANTAGONIST THERAPY IN HUMAN DISEASE
Septic Shock

IL-1f is an important mediator in the pathogenesis of sepsis syndrome and septic
shock (51-53). A total of 893 patients with sepsis syndrome were recruited to the first
randomized, double-blind, placebo-controlled, multicenter clinical trial of recombinant
human IL-Ra in humans (54). The treatment doses used were a 100 mg intravenous
loading dose followed by continuous intravenous infusion of 1.0 or 2.0 mg/kg/h for
72 h. The results failed to demonstrate a statistically significant effect of IL-1Ra
treatment on survival time compared to placebo. Secondary and retrospective analyses
of efficacy did suggest that treatment with IL-1Ra resulted in a dose-related increase
in survival time among patients with sepsis and organ dysfunction and/or a predicted
risk of mortality of 24% or greater.

Modulation of IL-1 Effects in RA

The first therapeutic attempt to modulate IL-18-mediated pathogenetic effects in
RA employed a recombinant human IL-1 receptor. Twenty-three patients with active
RA were enrolled into a randomized, double-blind, placebo-controlled study (55).
Treatment or placebo was administered subcutaneously for 28 consecutive days. The
rationale for the study was that competitive binding of circulating IL-1 to soluble receptor
would inhibit IL-1-mediated inflammatory activity. Soluble IL-1RI had suppressed
inflammation in a number of experimental models including arthritis (56). Patients
received daily doses of 125, 250, 500, or 1000 mg/m?. Only one patient in the entire
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cohort (who had received 1000 mg/m?/d) demonstrated clinically relevant improvement.
Treatment was discontinued prematurely because of dose-limiting rashes in a further
two patients who were receiving 1000 mg/m?/d. No other adverse events prevented
continuation to the end of the study. Treatment did result in a reduction of monocyte
cell surface IL-1a, which indicated that the dosages administered were functional. In
theory, a study employing recombinant human IL-1RII might inhibit IL-13-mediated
clinical effects more efficaciously (/7).

Treatment of RA with IL-1Ra
DoseE-RANGE Stupy

One hundred and seventy-five patients with active RA were enrolled in a randomized,
double-blind study of recombinant human IL-1Ra administered by subcutaneous injection
(57). The rationale for this study was that the administration of IL-1Ra would restore the
normal IL-1/IL-1Ra balance and result in suppression of IL-1-mediated pathogenetic
events in patients with active RA. Preliminary studies had demonstrated that IL-1Ra
was 95% bioavailable with a half-life of 6 h. The dosing schedule in the study was
complicated with nine different treatment groups. During the initial 3-wk treatment
phase, patients received IL-1Ra 20, 70 or 200 mg once, three times or seven times
each week. This was followed by a 4-wk maintenance phase, during which all patients
received the initiation phase dose once weekly. Treatment was well-tolerated. Owing
to the multiple small treatment groups and the lack of a placebo control group, it was
not possible to draw firm conclusions regarding efficacy from this study. However,
the results did suggest that daily dosing was more effective than weekly dosing with
respect to the number of swollen joints, the investigator and patient assessments of
disease activity, pain score, and C-reactive protein (CRP) levels. The findings were
considered encouraging and a randomized, placebo-controlled, Phase II clinical trial
was designed.

RaNDOMIZED CLINICAL TRIAL

In this study 472 patients with active and severe RA were recruited into a 24-wk,
double-blind, randomized, placebo-controlled, multicenter study (58,59). Patients were
randomized into one of four groups: placebo or IL-1ra 30, 75, or 150 mg/d given by a
self-administered subcutaneous injection. Disease duration was >6 mo and <8 yr. Doses
of nonsteroidal anti-inflammatory drugs and corticosteroids (<prednisolone 10 mg/d)
remained stable throughout the study. Any disease-modifying anti-rheumatic drugs
previously administered (maximum 3) had been discontinued at least 6 wk prior to
enrolment. Pretreatment disease severity was similar in the four groups.

The primary therapeutic endpoint was an American College of Rheumatology (ACR)
20% response (60), achieved by 27% of the placebo group compared to 43% of the
IL-1Ra 150 mg/d group. The clinical responses in the 150 mg/d group were superior
to those observed in the other treatment groups and were statistically better than the
placebo group with respect to number of swollen joints, tender joints, Health Assessment
Questionnaire (HAQ), erythrocyte sedimentation rate (ESR), and CRP. The clinical
responses were observed after 2 wk of therapy and the maximal fall in the acute phase
response occurred during the first week of treatment.

Radiologic evaluation of the hands demonstrated a statistically significant slowing
in the rate of progressive joint damage following treatment when compared to placebo.
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Serial measurements of the Larsen scores (6/) demonstrated a 41% reduction in the
rate of radiologic progression and a 46% reduction in the erosive joint count. A further
analysis of radiologic change was performed using a scoring system that distinguishes
two aspects of joint damage, articular erosion and joint space narrowing (62). This
analysis demonstrated a 58% slowing in the rate of progressive joint space narrowing
compared to a 38% slowing in the rate of joint erosion. These findings suggested that
the predominant early manifestation of blocking IL-18-mediated joint damage is a
reduction in the rate of cartilage degradation rather than invasion of cartilage and bone
by synovial cell proliferation. The observation that IL-1Ra can prevent joint damage is
encouraging with positive implications for minimizing the disability that is frequently
associated with RA (7).

A small subgroup of patients participating in this trial underwent a synovial biopsy
before and after treatment to determine the effects of IL-1Ra on inflamed synovial
tissue (63). Twelve paired biopsy specimens were available, three from the placebo
group, six from the IL-1Ra 30 mg/d group, none from the IL-1Ra 75 mg/d group, and
three from the IL-1Ra 150 mg/d group. There was a notable reduction in intimal layer
macrophages and subintimal layer macrophages and lymphocytes following IL-1Ra
150 mg/d. Increased cellular infiltration was observed in all patients receiving placebo
and variable changes were observed following IL-1Ra 30 mg/d. Downregulation of the
cell adhesion molecules E-selectin, vascular cell adhesion molecule-1, and intercellular
adhesion molecule-1 were also associated with the IL-1Ra 150 mg/d dose. Expression of
these molecules is regulated by IL-1f3 (2,7). In addition, the apparent arrest of progressive
joint damage seen in four of nine patients studied was significantly associated with the
cessation or reversal of intimal layer macrophage accumulation. These observations
represent the inhibition by IL-1Ra of biologically relevant IL-1-mediated pathogenetic
effects and may help explain some of the critical mechanisms involved.

EXTENSION STUDY

The patients who completed the 24-wk randomized clinical trial had the option of
continuing into a further 24-wk extension phase (64). Patients who had received placebo
were randomized to one of the three treatment groups and. Three hundred and forty five
patients had completed the randomized clinical trial. Of these, 309 (89.9%) entered the
extension study. Seventy-six had been receiving placebo and were randomized to one
of the three treatment groups. Patients in each of the three treatment groups continued
to receive their previous dosages. Seventy-one (93.4%) of the 76 randomized from
placebo completed the extension phase. On completion of the extension phase, 55% of
the total who had previously received placebo achieved a 20% ACR response. This was
maximal at 71% in the group who had been randomized to the highest treatment dose
(IL-1Ra 150 mg/d). Significant improvements were also observed in this group for each
of individual ACR components. Two hundred and thirty-three patients continued to
receive their previous dose of IL-1Ra throughout the extension phase and 223 (95.7%)
completed the study. Of this total, 49% maintained an ACR 20% response at 48 wk.
Radiologic evaluation of all patients who had completed the extension study was also
undertaken (62). The results demonstrated that the reduced rate of progressive joint-space
narrowing, or cartilage degradation, observed during the first 24 wk was maintained
during the second phase of treatment. However, the rate of joint erosion, reflecting
cartilage and bone invasion by proliferating pannus, demonstrated further significant
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slowing during the extension phase of the study. This suggested that maintaining IL-1Ra
treatment resulted in augmentation of the protective effect on joint damage.

IL-1RA CoMBINED WITH METHOTREXATE IN RA

MTX is the most widely used disease-modifying therapeutic compound in the
treatment of RA. The efficacy of combining IL-1Ra treatment with MTX was evaluated
in a randomized, double-blind, placebo-controlled study over 24 wk (65). Four hundred
and nineteen patients receiving maintenance doses of 12.5-25 mg MTX weekly for at
least 6 mo were recruited. Patients entering the study were required to have manifestations
of active disease despite maintenance MTX. The inclusion criteria included six or
more swollen joints and at least two of the following: nine or more painful or tender
joints, morning stiffness greater than 45 min, and CRP greater than 1.5 mg/d. At entry,
the mean MTX dose was 17 mg/wk and mean disease duration was 7 yr. The mean
number of swollen joint was 18. There were six treatment groups: placebo, IL-1Ra 0.04,
0.1, 0.4, 1.0, and 2.0 mg/kg/d, administered as a daily subcutaneous injection. IL-1Ra
1.0 mg/kg/d was the optimal dose with 42% demonstrating an ACR 20% response (41)
at 24 wk compared to 23% of the placebo/MTX group. An ACR 50% response was
observed in 24% of this treatment group compared to 4% of the control group, and an
ACR 70% response was seen in 10% of the treated patients. These findings indicate
that IL-1Ra provides significant additional clinical improvements to patients who are
only partially responding to MTX alone.

IL-1RA GENE THERAPY IN RA

Phase I clinical trials of experimental /L-/Ra gene therapy in RA have commenced
(47). Human IL-1Ra gene was transferred to synovium using a retroviral vector. The
preliminary results indicated that the treated synovial tissues successfully expressed
IL-1Ra protein (66). The clinical benefits of /IL-/Ra gene therapy have not yet been
evaluated.

Prospects for Future Drug Development

It has been demonstrated in several experimental models that continuous intraperi-
toneal infusion of IL-1Ra provided considerably better therapeutic results than bolus
administration (21,44,45). The maximal efficacy of sustained blood levels of IL-1Ra on
inflammation and bone resorbtion was confirmed in rats developing adjuvant arthritis
or with established collagen-induced arthritis (67). It was suggested that optimal
blood levels of IL-1Ra may not have been achieved by daily subcutaneous injection in
human studies to allow continuous saturation of IL-1 receptors. Thus, improvements
in human drug delivery systems may result in further increased therapeutic efficacy
in patients with RA.

SIDE EFFECTS

IL-1Ra is generally well tolerated. An injection-site reaction was the most frequent
adverse event, reported in 25% of patients receiving placebo and 81% of patients
receiving maximum dose IL-1Ra in the randomized clinical trial (58). These reactions
were usually mild and transient and resulted in premature withdrawal from the study in
only 5%. Other adverse events, including infections, were uncommon and encountered
as frequently in the placebo group as in the treatment groups. No serious adverse events
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were observed during the extension study. The adverse events observed during the
combination study with methotrexate (65) were similar in frequency and severity to
those seen in the randomized clinical trial.

CONCLUSIONS

Anticytokine therapy offers new hope to those suffering from RA. The prospect of
specifically targeting and modulating the effects of key proinflammatory cytokines
or destructive mediators in a complex pathogenetic network may represent a new
therapeutic era (68). Anti-TNF-a therapy is already available to many. The symptomatic
benefits described, both in monotherapeutic regimes and in combination with MTX,
have been impressive (3—6). Anti-TNF-a therapy delayed radiographic progression
over 1 yr when administered in combination with MTX (69,70). However, approx
30% of patients failed to respond symptomatically to TNF-a inhibition (3-6). IL-1p
is also pivotal in the pathogenesis of synovial inflammation and articular destruction.
The inhibition of IL-13-mediated effects by IL-1Ra, administered as monotherapy to
patients with severe RA, resulted in clinical improvements and measureable slowing
of progressive joint damage after only 24 wk (58,59,62). Clinical improvements were
also observed in patients who were responding suboptimally to stable therapeutic
doses of MTX (65). These observations strongly suggest a potential role for IL-1Ra
as a novel therapeutic modality in the future management of RA. Further Phase III
studies are in progress.
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INTRODUCTION

Leflunomide is a new disease-modifying anti-rheumatic drug (DMARD) that is
classified as an isoxazol, and is rapidly converted from its prodrug form to its active
metabolite, A77 1726, by first-pass metabolism in the gut and liver. At therapeutic doses
(20 mg/d) in rheumatoid arthritis (RA) patients, A77 1726 blocks the de novo synthesis
of pyrimidines by inhibiting dihydroorotate dehydrogenase (DHODH), the rate-limiting
enzyme in pyrimidine production (/—4) necessary for the clonal expansion of activated
T and B lymphocytes. The following overview will address the mode of action and the
preclinical and clinical experience with leflunomide in the treatment of RA.

PATHOGENESIS OF RA AND LEFLUNOMIDE MODE OF ACTION

The specific pathogenic events leading to RA remain unknown. It is generally
believed, however, that an undefined antigen causes the activation of T cells in a
genetically susceptible set of the population, leading to the development of RA (5-6).
Proliferation of activated T cells, in turn, stimulate monocytes, dendritic cells, B cells,
and fibroblast-like synoviocytes via cytokine release or direct cell-cell contact (7). The
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monocytes and synoviocytes, in response to this stimulation, produce pro-inflammatory
cytokines, including IL-1 and TNF-a, as well as growth factors that perpetuate the
process of inflammation. In addition, they produce matrix metalloproteinases (MMPs)
and collagenases involved in the process of degradation (8—10), leading to the permanent
structural damage of articular cartilage and bone associated with RA.

In vitro studies indicate that proliferation of mitogen-stimulated CD4+ T cells
require an 8- to 16-fold increase of pyrimidine pools in order to support ribonucleic
acid (RNA) and deoxyribonucleic acid (DNA) synthesis (/7). The blockade of DHODH
activity by A77 1726, and the resultant inhibition of pyrimidine biosynthesis, halt T-cell
proliferation by arresting the activated cell during the G1/S phase of the cell cycle (12).
Other cells that utilize the salvage pathways to collect pyrimidine precursors are less
affected by A77 1726 (13). Thus leflunomide specifically inhibits cells such as activated
T cells that predominantly use the de novo pathway of pyrimidine synthesis and are
thought to mediate the development of RA (74).

THE EFFECTIVENESS OF LEFLUNOMIDE
IN ANIMAL MODELS OF ARTHRITIS

Preclinical animal studies have demonstrated the effectiveness of leflunomide in
both spontaneous and induced arthritis, as well as in other autoimmune disease models
(15-25). In a 12-wk study of proteoglycan-induced arthritis in mice (22), leflunomide
(35 mg/kg/d) showed improvement in the signs of arthritis by 2 wk of treatment.
There was also a reduction in the circulating antibodies to both mouse and human
proteoglycan that correlate with the improvement of arthritic signs following treatment
with leflunomide. Similar effectiveness has been shown in a rat model of adjuvant-
induced arthritis. Oral leflunomide dosed at 5-10 mg/kg/d for 26 d resulted in a
significant reduction in both the arthritis score and joint swelling compared to untreated
controls (26).

The bone-protective properties of leflunomide have been demonstrated with an in vitro
assay modeling osteoclast resorption of bone, where treatment with leflunomide reduced
the number of osteoclast resorption pits formed on the surface of ivory plates. The same
study showed a reduction of bone resorption in vivo in collagen-induced arthritis in mice
(27). Leflunomide treatment was also found to preserve the mechanical properties and
matrix integrity of rat bone in an adjuvant-induced model of arthritis (28).

REVIEW OF CLINICAL TRIALS

The efficacy and safety of leflunomide for the treatment of RA has been assessed
in one phase II dose-ranging study, two placebo-controlled phase III studies, and a
large phase III comparative investigation (Table 1). With study extensions, the phase
III clinical trials evaluated the effectiveness of leflunomide for the treatment of RA
over 2 yr. The cumulative patient database represents one of the largest groups of RA
patients to be studied in a controlled clinical setting. This review will focus on results
from the primary trials, but not the extensions.

Phase II Clinical Trial of Leflunomide

The clinical efficacy of leflunomide for the treatment of RA was initially shown in a
randomized, double-blind, placebo-controlled phase II clinical trial (29). Four hundred
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Table 1
Phase II and III Studies with Leflunomide in Patients with Active RA
US 301
Study YU 203 MN 301 MN 302 US/Canada
Design Randomized, Randomized, Randomized, Randomized,
double-blind double-blind double-blind double-blind
Duration (mo) 6 6 12 12
Treatment groups Leflunomide Leflunomide Leflunomide Leflunomide
Placebo Sulfasalazine Methotrexate Methotrexate
Placebo Placebo
Patients 402 358 999 485
randomized ()
Location Former Europe Europe United States
Yugoslavia Australia South Africa Canada
New Zealand
South Africa
Extension (mo) 24 6,12 12 12

and two patients diagnosed with active RA as defined by the American College of
Rheumatology (ACR) (30), were randomly selected to receive either placebo or 1 of
3 leflunomide dosing regimens (50 mg on d 1, followed by 5 mg/d, or 100 mg on d 1,
followed by either 10 or 25 mg/d) for 24 wk.

The primary measures of clinical effectiveness included tender and swollen joint
counts and scores (based on 66—68 joints) and global assessments of disease activity
by both the patient and physician. Treatment with leflunomide at 25 mg/d significantly
improved all primary and secondary efficacy parameters when compared to placebo.
Patients treated with 10 mg/d also showed significant improvement in the primary
variables, but there was no statistical difference in tender joint counts compared to
placebo.

The data derived from the dose-ranging study were used in a population pharmaco-
kinetics model to determine an optimal clinical dose for phase III trials (31).

Clinical success was directly related to the plasma concentration of A77 1726. Eighty
percent of the maximum response was achieved by steady-state plasma concentrations
of between 10 and 15 mg/L. Based on this analysis the dosing regime for phase III
clinical trials, discussed below, was 100 mg/d for 3 d, followed by a maintenance
dose of 20 mg/d.

Phase III Clinical Trials of Leflunomide

US301 was a double-blind, placebo-controlled clinical trial conducted in 42 centers in
the United States and Canada that randomly assigned 482 patients to either leflunomide,
methotrexate, or placebo groups in aratio of 3:3:2 (32). Methotrexate was initially dosed
at 7.5 mg/wk for wk 1-6, with dose titrations to 15 mg/wk after wk 7, in increments of
2.5 mg/wk. The study protocol mandated that all patients receive folate supplementation
(1 mg qd or bid).

MN301 was a multicenter trial conducted in Europe, Australia, New Zealand, and
South Africa. Thirty-six centers participated in the 6-mo, randomized, double-blind,
placebo-controlled trial comparing leflunomide to sulfasalazine. One hundred and
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thirty patients were assigned to the leflunomide group; an equal number of patients was
assigned to the sulfasalazine treatment group and received an initial dose of 0.5 g/d that
was titrated at weekly intervals to 2 g/d by wk 4 (33).

A third study, a comparative investigation of the efficacy of leflunomide and
methotrexate (MN302), was designed as a multinational, multicenter, double-blind
investigation, in which 999 patients were randomly assigned to receive either leflunomide
or methotrexate for a 1-yr period of treatment. Methotrexate was provided at an initial
dose of 7.5 mg/wk for wk 1-4, increased to 10 mg/wk during wk 5—12, and maintained
at 10 or 15 mg/wk for the duration of the study (34). Folate supplementation was not
mandated in this comparative investigation.

Leflunomide: Clinical Improvement in Signs and Symptoms of RA

The ACR response criteria (35) were used for a summary evaluation of the efficacy
measurements (36) in the clinical trials evaluating the effect of leflunomide in the
treatment of RA. The ACR 20% response rate is defined as a = 20% improvement in
tender and swollen joint counts in addition to comparable improvement in 3 of 5 clinical
parameters, including: patient global assessment of disease activity, physician global
assessment of disease activity, functional ability (Health Assessment Questionnaire
[HAQ)] or the Modified HAQ [MHAQ)]), pain intensity, and erythrocyte sedimentation
rate (ESR) or C-reactive protein (CRP) levels. The 50 and 70% response rates signify
50 and 70% improvement of the same variables (35).

The ACR 20% response rate in US301 establishes that a significantly higher percentage
of patients treated with leflunomide (52%) met the criteria than those receiving placebo
(26%); the rate was comparable to that for the methotrexate group (46%) at the study
endpoint (30). The ACR 20, 50, and 70% response rates are shown in Fig. 1A. Four to
five times more leflunomide patients met the more stringent ACR 50 and 70% criteria
than in the placebo-treated group.

In MN301, 55% of the leflunomide patients achieved ACR 20% response rates
(Fig. 1B). That percentage proved significantly greater than placebo (29%) and was
comparable to sulfasalazine (56%) (33). Twice as many leflunomide and sulfasalazine
as placebo patients fulfilled the criteria for ACR 50% response.

Leflunomide showed significantly early onset of action with respect to the efficacy
parameters evaluated in this study. At 4 wk, in 8 of 10 outcome measures (tender and
swollen joint counts, patient and physician assessments, pain intensity, HAQ, CRP, and
rheumatoid factor [RF]), leflunomide showed significant improvement compared to
placebo and sulfasalazine (33). The early onset of action may be attributed in part to
the initial 100 mg/d loading dose (33).

The large comparative study of leflunomide and methotrexate (MN302) at 1 yr
establishes that 51% of the leflunomide-treated patients met the ACR 20% criteria, and
significantly more methotrexate patients (65%) met the same level of response (34,37)
(Fig. 1C). A comparison of the two methotrexate groups showed a disparate ACR 20%
response rate to methotrexate treatment (46 vs 65%). An important difference between
MN302 and US301 was that concomitant folate administration was not mandated
in MN302. Methotrexate treatment without folate supplementation in MN302 was
associated with higher clinical efficacy but a higher incidence of hepatotoxicity. With
respect to this observation leflunomide is equal in effectiveness to methotrexate when
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Fig. 1. Comparison of ACR response rates in US301 (A), MN301 (B), and MN302 (C).
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administered simultaneously with folate (38). A comparison of the ACR 20% response
for leflunomide across the phase III trials indicates a consistent effectiveness at study
endpoint (52, 55, and 50.5% in US301, MN301, and MN302, respectively).

An area under the curve (AUC) analysis accounts for the cumulative effects of therapy,
by summing the clinical response over the duration of the investigation (39). The AUC
analysis of the ACR 20% response adds a temporal component that may offer a better
evaluation of clinical effect than can be obtained at a single time-point (32). In US301,
the number of weeks leflunomide patients reported ACR 20% response (23.7 wk) was
significantly greater than in the placebo group (12.6 wk) and similar to the number
in the methotrexate group (22.7 wk) (32). AUC analysis of ACR response in MN302
found equal efficacy for leflunomide and methotrexate in the treatment of RA. The
mean duration of clinical effect was 23.0 wk for leflunomide treatment and 25.4 wk for
methotrexate therapy, and both treatments were statistically equivalent (34).

Leflunomide: Clinical Improvement of Patient Function
and Health-Related Quality of Life

Impairment of physical function resulting from RA disease progression significantly
interferes with activities of daily living and adversely affects patient quality of life (40).
The three phase III clinical trials evaluated the impact of leflunomide therapy on patient
function and health-related quality of life via health assessment instruments, including:
HAQ (41), MHAQ (42), the Problem Elicitation Technique (PET) (43), and the Medical
Outcomes Study Short Form 36 (SF-36) (44).

Analysis of the correlation between clinical improvement, defined by the ACR
response criteria, and patient function and health-related quality of life instruments
(HAQ, MHAQ, PET, and SF-36) indicates that the functional assessments were
sensitive to the identification of clinical benefits that are of significant importance
to patients (45).

The HAQ score comprises patient responses to questions in eight categories related
to patient function, including: dressing and grooming, rising, eating, walking, hygiene,
reach, grip, and activities of daily living. The average or mean HAQ score is calculated
by dividing the sum of the individ