
Predominant cell types involved in synovial
inflammation include activated lymphocytes,
macrophages, monocytes and neutrophils.
Concurrent with the increased cellularity is
an increased expression of proinflammatory
mediators (i.e., cytokines and chemokynes)
and of adhesion molecules.

Whether such autoantigens initiate the T-
cell activation cascade and the consequent in-
flammatory changes, or step in at a later
point in time to bolster and/or perpetuate the
process, is unknown.

The T cells infiltrating the synovial mem-
brane are primarily CD4+ memory cells,
which produce IL-2 and IFN-α to a similar
extent as antigen-triggered T cells and so
clearly have a Th1 bias5.

These T cells, by cell-cell contact through
CD11 - and CD69-mediation - and activation
by different cytokines, such as IFN-γ TNF-α
and IL-17, activate monocytes, macrophages
and synovial fibroblast. These latter cells
then over-producede pro-inflammatory cy-
tokines-mainly TNF-α IL-1 and IL-6 wich
seem to constitute the pivotal event leading
to chronic inflammation6.

The role of B cells and autoantibodies,
and/or immune complexes, could lie in the
propagation and enhancement of the inflam-
matory process: it has long been known that
complement is activated in RA synovial flu-
ids and complement components are even lo-
cally produced7.

Within the past 3-4 years biological re-
sponse modifiers (BRMs) that target specifi-
cally the proinflammatory cytokines inter-
leukin-1 (IL-1) or tumor necrosis factor alpha
(TNF-α) have been introduced into clinical
practice. These cytokines play a crucial role
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Abstract. – While initial researches docu-
mented that Rheumatoid Arthritis (RA) patients
who took biologic agents had decreased symp-
toms with those receiving traditional treatment,
safety of the drugs remains a concern.

The Authors in this paper review the safety of
the RA new therapeutic approach utilizing bio-
logical agents and compare it with the safety of
conventional disease-modifying anti-rheumatic
drugs (DMARDs).
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Introduction

Rheumatoid arthritis (RA) is a chronic sys-
temic inflammatory disorder characterized by
symmetric and erosive polyarthritis, with pro-
gressive destruction of the joints, leading to
the deformity and disability. RA polyarthritis
affects 0.5-1% of the population in the indus-
trialized world, with a peak incidence be-
tween the fourth and sixth decade of life. RA
is associated, if not treated appropriately,
with a reduction in life expectancy1,2.

RA is a disease in which the immune and
inflammatory systems are intimately linked
to the distruction of cartilage and bone. It has
long been speculated that RA could be trig-
gered by infectious agents, but proof of this is
still lacking3.

There is a strong association between RA
and several types of autoantibodies; the most
important is rheumatoid factor (RF), which is
directed against the Fc fragment of IgG4.
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in mediating the complex pathogenesis of
RA. In several clinical trials, BRMs have
been demonstrated to be effective in control-
ling the symptoms and signs of RA and in re-
tarding joint destruction.

Safety of Nonsteroidal
Anti-Inflammatory Drugs (NSAIDs)

Aspirin
The usual dose of aspirin for rheumatoid

arthritis is about 3.6 grams per day. The sal-
icylate level should range between 15 and
30 mg/dl. Because aspirin may be irritating
to the stomach and duodenum, buffering
agents have been added or modifications
have been made to the aspirin molecule.
Significant gastrointestinal bleeding with as-
pirin therapy is quite unusual, but endo-
scopic erosions are common. The drug pro-
duces a mild bleeding tendency by interfer-
ing with platelet thromboxane A2. Aspirin
is an effective and valuable drug. However,
the newer NSAIDs are used more common-
ly than aspirin today because of fewer gas-
trointestinal side effects and lack of otoxici-
ty, including tinnitus.

Other Nonsteroidal 
Anti-Inflammatory Drugs

All these drugs antagonize the enzyme cy-
clooxygenase and interfere with production
of prostaglandins. These drugs are rarely suf-
ficient by themselves to control rheumatoid
arthritis. Usually they should be combined
with a disease-modifying drug. NSAIDs need
to be taken on a regular basis to mantain
good blood levels. If this is difficult because
of adverse events, such as gastrointestinal dis-
tress, the drugs may need to be changed or
dosage reduced.

Corticosteroids
Prednisone and other corticosteroids are

extremely effective anti-inflammatory drugs.
However, they have not been shown to pre-
vent bone erosion or joint damage, and they
are associated with a considerable number
of side effects when used over a long period
of time. Corticosteroids cause iatrogenic
Cushing’s disease (osteoporosis, cataracts,
weight gain, moon-shaped facies) insomnia,
myopathy, secondary diabetes, hyperten-

sion, glaucoma, muscle weakness, increased
blood lipids and other alterations.

These molecules should be limited to those
patients whose disease is uncontrolled de-
spite thorough trials of other drugs and who
must have relief of uncontrolled arthritis.

Intra-articular steroid injections are a valu-
able, often essential part of the treatment in
patients with rheumatoid arthritis. Lon-acting
intra-articular preparations include triamci-
nolone, dexamethasone acetate, betametha-
sone, and prednisolone tebutate.

Safety of Conventional DMIRDs

Organic Gold Compounds
These drugs have been used for the RA

treatment with the benefits of therapy being
well documented8 in their study compared
weekly administration of parenteral gold (50
mg) with weekly administration of i.m.
methotrexate (15 mg): a higher number of
patients obtained a clinical remission of the
disease following gold therapy. Adverse
events, such as cytopenias, mucocutaneous
reactions and proteinuria, have limited the
use of these compounds9. It has been estimat-
ed that after 5 years of parenteral gold treat-
ment only 15-20% of RA patients remain on
therapy. About 60% of the patients discon-
tinued drug administration on account of tox-
icity10.

Sulphasalazine
This drug has a wide range of toxic effects. It

has been documented that about 30% of RA
patients discontinued the treatment because of
adverse events10. Some Authors reported, in an
analysis of six controlled trials, that adverse
events withdrawals were about 3-fold greater
with sulphasalazine compared with placebo11.
Adverse events include nausea, vomiting, aplas-
tic anemia, neutropenia, reversible infertility in
men, hemolysis, headache, rash, and malaise10,12.

Methotrexate
Methotrexate (MTX) is better tolerated

and more efficacious than older DMARDs
such as gold salts, parenteral gold, penicil-
lamine, azathioprine and hydroxychloro-
quine. Furthermore, a far longer percentage
of patients remain on MTX for longer peri-
ods of time when compared to these older
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DMARDs13. Side effects of MTX include
stomatitis, gastrointestinal intolerance and
bone marrow suppression as well as idiosyn-
cratic drug hypersensitivity reaction resulting
in lung injury and liver damage14,15.

Hydrossychloroquine
Hydrossychloroquine interferes with anti-

gen processing, leading to reduced stimula-
tion of CD4+T cells resulting in down regula-
tion of autoimmune response16. This drug has
been used in early, mild disease primarily  be-
cause it is relatively safe17.

Leflunomide
Leflunomide is a new class of DMARDs

and is converted on first-pass metabolism
through the liver into its active metabolite
(A77 1726), which has immunomodulatory
and antiinflammatory effects.

In a five-year follow-up multinational
study, Kalden et al18 reported the efficacy and
safety of leflunomide in a cohort of RA pa-
tients treated with 10 or 20 mg/day of the
drug. Regarding clinical efficacy, of the 214
patients entering the open-label study, 163
(76.2%) received treatment until the study
end point. The duration of morning stiffness
was reduced at year 1 (mean 24.7 minutes)
compared with baseline (mean 145.2 minutes)
and this improvement was maintained until
year 4 or the end point (mean 46.4 minutes).
Improvements in the mean CRP level, ESR,
and rheumatoid factor level compared with
baseline (3.9 mg/dl, 50.3 mm/hour, and 295.1
units/ml, respectively) were documented at
year 1 (1.3 mg/dl, 34.3 mm/hour, and 153.4
units/ml, respectively) and were maintained
until year 4 or the end point (1.2 mg/dl, 33.4
mm/hour, and 176.1 units/ml, respectively).

Of the 214 patients, 85.5% of these (183) ex-
perienced 1 or more treatment-emergent pri-
mary adverse events; the most common were
upper respiratory tract infection (23.4%), diar-
rhea (8.4%), back pain (6.5%), and pain in a
extremity (6.5%). Safety data regarding
changes in laboratory values were available for
only 182 patients in this study because baseline
laboratory values were not available for 32 pa-
tients. Abnormal findings on liver function
tests were reported as a mild or moderate ad-
verse event in 7 patients. Four patients with-
drew because of these events. Of the 3 patients
continuing therapy, 1 recovered, and in the

other 2, the abnormal findings on liver function
tests did not resolve. Most patients had normal
leukocyte counts at baseline and at the end
point. High leukocyte counts at baseline were
observed in 39 cases (21.4%), but these failed
to normalize by the end point in only 11 pa-
tients. The majority of patients had normal pla-
tel conts at both baseline and the end point.
Seventy-three patients (40.1%) had a high
platelet count at baseline, which normalized by
the end point in 56 cases (30.8%).

The safety profile of leflunomide in this
open-label, noncontrolled, multinational
study is consistent with that reported in the
previous studies: no new or different types of
adverse events emerged during continued
long-term leflunomide treatment.

Safety of Bological Response
Modifiers (BRMs)

Because of the toxicity and limited efficacy
of non-steroidal antiinflammatory drugs
(NSAIDs), corticosteroids, and disease-modi-
fying antirheumatic drugs (DMARDs) such
as methotrexate, sulfasalazine and hydroxy-
chloroquine, there was a need for the devel-
opment of new, effective and well tolerated
agents for the long-term management of RA.
These include molecules that block either
TNF-α (e.g., infliximab, etanercept) or IL-1
(e.g., anakinra).

TNF-α plays a crucial role in inflamma-
tion19. It inititates production and secretion of
a cascade of mediators such as cytokines and
adhesion molecules20. Inhibition of TNF-α re-
sults in a decrease in adhesion molecules and
pro-inflammatory cytokines, as well as regu-
lation of chemokines21-23.

Actually, two compounds are available to
neutralise the biological action of TNF-α: a
monoclonal antibody (infliximab) and a solu-
ble TNF receptor (etanercept).

Although the role of TNF-α in the human
immune response to mycobacteria is incom-
pletely understood, in animal models TNF-α
plays a crucial role in the formation of granu-
lomata and containment of disease24. There
are now a large number of reports of tuber-
colosis in close temporal association with the
initiation of TNF-α inhibitors, as compared
with available data on background rates25,26.
Although passive surveillance data do not
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prove a causal relationship between inflix-
imab and tubercolosis, the association is not
thought to be coincidental. In most istances,
tubercolosis appears to be secondary to reac-
tivation of latent infection25.

Concerning IL-1, this cytokine is produced
by monocytes, macrophages, endothelial cells,
B cells and activated T cells. To determine the
effects of interleukin-1 receptor antagonist
(IL-1ra) on inflammed synovial tissue in a
group of RA patients has been demonstrated
by synovial biopsy a notable reduction in inti-
mal layer macrophages and subintimal layer
macrophages and lymphocytes after treat-
ment with this molecule27. Down-regulation of
the cell adhesion molecules E selectin, vascu-
lar cell adhesion molecule-1, and intercellular
adhesion molecule-1 also are associated with
IL-1ra. Expression of these molecules is regu-
lated by IL-128. In addition, the apparent ar-
rest of progressive joint damage is significant-
ly associated with the cessation or reversal of
intimal layer macrophage accumulation.
These observations represent the inhibition
by IL-1ra of biologically relevant IL-1 mediat-
ed pathogenetic effects and may help explain
some of the critical mechanism involved.

Infliximab
Infliximab is a chimeric immunoglobulin

IG1 monoclonal antibody that neutralizes the
biological activity of TNF-α by binding with
high affinity to soluble and transmembrane
forms of TNF-α and inhibiting binding of
TNF-α to its receptors29,30.

More recent studies have demonstrated
that TNF blockade using infliximab not only
ameliorates acute findings of inflammation
but also inhibits joint desctruction over a pe-
riod of at least three years31. 

A placebo-controlled trial confirmed effi-
cacy of infliximab in RA with a 60 to 70% de-
crease in measures of disease activity32. A
similar study repeated treatment cycles of the
drug either as monotherapy or combined
with methotrexate confirmed safety and the
fact that MTX protects against the develop-
ment of human anti-chimeric antibodies
(HACAs)33.

A 102 week placebo controlled trial inves-
tigated the clinical response, x-ray progres-
sion and change in patient function of inflix-
imab in a population of RA patients with an
incomplete response to methotrexate24.

Repeated infusions occasionally were associ-
ated with flushing, headache or rash. No in-
creased risk of serious infections or sepsis
was observed. The development of tubercolo-
sis, as well as other fungal infections, has
been reported postmarketing with the use of
infliximab: anti double stranded DNA, has
been reported in 7% of patients treated with
infliximab, but clinical lupus was rare34.

Despite the convincing clinical benefit of
the TNF-bloking agents in RA, several ques-
tions remain unanswered. Reports of severe
mycobacterial infections point to compromise
intracellular killing of bacteria35.

Etanercept
Etanercept is a recombinant protein con-

sisting of human p75 tumor necrosis factor
receptor (TNFR) fused to the Fc fragment of
human immunoglobulin G1. The molecule
has increased TNF binding affinity, a longer
half-life and more potent TNF inhibitory ac-
tivity both in vitro and in vivo.

Etanercept has been studied in randomised,
double-blind, comparator studies in adult pa-
tients with RA who did not respond to treat-
ment with DMARDs, as sole treatment and
in combination with methotrexate. A 3 month
trial included patients with active RA36 had
experienced a lack of efficacy with between
one and four specified DMARDs (including
methotrexate). Patients were evaluated at
baseline and then every 2 weeks for the next 3
months and were randomly assigned to one of
four treatment groups: placebo or etanercept
0.25, 2 or 16 mg/m2. Study drug was adminis-
tered twice weekly by subcutaneous injection.
The results of study showed a significant dose
response relationship. Most of the patients
treated with the highest dose of etanercept
completed the study. The only adverse effects
reported were wild, transient injection site re-
actions and mild upper respiratory infections
that resolved on continued therapy with etan-
ercept. This trial showed that the molecule
particulary in the 16 mg group was very effica-
cious in patients with refractory RA and had a
relatively benign safety profile.

Anakinra
An association between interleukin-1, joint

inflammation, and joint damage has been ob-
served in studies of rheumatoid arthritis. IL-1
is produced by macrophages that accumulate
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at the cartilage-pannus junction and in the
lining and sublining layers of the synovial
membrane37,38.

Recombinant human IL-1 receptor antago-
nist (IL-1ra) treatment has been evaluated in
experimental models of arthritis, and dramat-
ic therapeutic effects have been observed39.

IL-1ra is generally well tolerated. Injection
site reaction was the most frequent adverse
event, reported in 25% of patients receiving
placebo and 81% of patients receiving the
maximum dose of IL-1ra (150 mg/d) in the
randomized clinical trial40. Premature with-
drawal among patients receiving IL-1ra oc-
curred in 24% of patients receiving the 30 mg
dose, 22% of patients receiving 75 mg, and
28% of patients receiving 150 mg. Injection
site reactions accounted for the greatest num-
ber of withdrawals, particularly among pa-
tients receiving higher doses of IL-1ra. Other
adverse events,including infections, were un-
common. The adverse events observed dur-
ing the combination study with MTX were
similar in frequency and severity to those
seen in the randomized clinical trial41.

Anticytokine therapy offers new hope to
those suffering from RA. The prospect of
specifically targeting and modulating the ef-
fects of key proinflammatory cytokines or de-
structive mediators in a complex phatogenet-
ic network may represent a new therapeutic
era42. These observations strongly suggest a
potential role for IL-1ra as a novel therapeu-
tic modality in the future management of
RA. Further phase III studies are in progress.

The treatment of rheumatoid arthritis is re-
ported in Table I.

In conclusion, the goal of RA therapy is to
induce the complete remission of the illness
using immunosoppressive drugs or the siner-
gism of drugs that could interfere with the in-
flammation process.

Safety data from clinical studies are the
only means to evaluate adverse events due
to long-term treatment. The available re-
sults, evaluating numerous RA patients,
suggest that BMRs treatment is fairly toler-
ated.

The improved tolerability profile of BMRs
is in contrast to those of older DMARDs. In
fact, these last agents are associated with sig-
nificant adverse events, including bone mar-
row suppression and hepatic and renal dys-
function.

Adverse events emerged during molecules
treatment in RA are reported in Table II.

Unfortunely, we cannot compare the clini-
cal trials conducted with  infliximab, etaner-
cept and anakinra, and with DMARDs. The
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1. Use a full dose of one NSAID (avoid using two
NSAIDs, simultaneously)

2. In most cases add a disease-modifying drug.
Generally, patients need two medications (e.g.,
NSAID plus methotrexate)

3. Intra-articular steroid injections, when needed
4. Oral corticosteroids (with vitamin D plus calcium

or other anti-osteoporotic drugs)
5. Physical therapy and rest
6. Biologic agents
7. Surgery

Table I. Treatment of rheumatoid arthritis.

Table II. Side effects of DMARDs and biologic agents in RA.

Molecules Side effects

Organic gold compounds Cytopenias, mucocutaneous reaction, proteinuria
Sulphasalazine Nausea, vomiting, aplastic anemia, neutropenia, reversible

infertility in men, hemolysis, headache, rash, malaise
Methotrexate Gastrointestinal intolerance, stomatitis, rash, bone- marrow

suppression, alopecia, pulmonary fibrosis
Hydroxychloroquine Rash, gastrointestinal intolerance, retinophaty
Leflunomide Respiratory tract infection, diarrhea, gastrointestinal intolerance
Infliximab Flushing, headache, rash, serious infections, sepsis
Etanercept Rash, respiratory tract infection, diarrhea, cephalea, malignancies
Anakinra Injection site reactions, urinary tract infection, rash, paresthesia, 

anxiety, gastrointestinal infection, bursitis, osteomyelitis, pelvic 
inflammation, herpes zooster
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reasons for this is that the trials were all con-
ducted in different patient populations who
had different disease characteristics. In addi-
tion, there were significant differences in
study design. Direct comparison of the safety
and efficacy of the new biologics and older
DMARDs are difficult to make. Further in-
vestigations are required to accurately assess
the efficacy and safety of the new biologic
agents in relation to one another.

However, the relative lack of systemic ad-
verse events associated with these agents is
promising. The safety profile, combined with
the demonstrated efficacy, suggests that these
drugs have the potential to play a crucial role
in the treatment of patients with rheumatoid
arthritis.

References

1) GABRIEL SE. The epidemiology of rheumatoid
arthritis. Rheum Dis Clin North Am 2001; 27: 269-
282.

2) PUGNER KM, SCOTT DI, HOLMES JW, HIEKE K. The
costs of rheumatoid arthritis: an international
long-term view. Semin Arthritis Rheum 2000; 29:
305-320.

3) TOIVANEN P. From reactive arthritis to rheumatoid
arthritis. J Autoimmun 2001; 16: 369-371.

4) STEINER G, SMOLEN JS. Autoantibodies in rheuma-
toid arthritis and their clinical significance.
Arthritis Res 2002; 4: S1-S5.

5) FRITSCH R, ESELBOCK D, SKRINER K, et al.
Characterization of autoreactive T cells to the au-
toantigens heterogeneous nuclear ribonucleopro-
tein A2 (RA33) and filaggrin in patients with
rheumatoid arthritis. J Immunol 2002; 169: 1068-
1076.

6) MCINNES IB, LEUNG B P, STURROCK RD, FIELD M, LIEW

FY. Interleukin-15 mediates T cell-dependent reg-
ulation of tumor necrosis factor-alpha production
in rheumatoid arthritis. Nature Med 1997; 3: 189-
195.

7) NEUMANN E, BARNUM SR, TARNER IH, et al. Local pro-
duction of complement proteins in rheumatoid arthri-
tis synovium. Arthritis Rheum 2002; 46: 934-945.

8) GORDON DA, KLINKHOFF AV. Gold and penicil-
lamine. In: Ruddy S, ed. Kelley’s Textbook of
Rheumatology, 6th edn. St Louis: W.B. Saunders,
2001; 869-878.

9) GABRIEL SE, COYLE D, MORELAND LW. A clinical and
economic review of disease-modifying anti-
rheumatic drugs. Pharmacoeconomics 2001; 19:
715-728.

10) RICHTER JA, RUNGE LA, PINALS RS, et al. Analysis of
treatment terminations with gold and antimalarial
compounds in rheumatoid arthritis. J Rheumatol
1980; 7: 153-159.

11) SUAREZ-ALMAZOR ME, BELSECH E, SHEA B, et al.
Sulphasalazine for rheumatoid arthritis (Cochrane
Review). In: The Cochrane Library, Issue 3.
Oxford: update Software, 2002.

12) TAFFET SL, DAS KM. Sulphasalazine. Adverse ef-
fects and desensitization. Dig Dis Sci 1983; 28:
833-842.

13) WOLFE F. The epidemiology of drug treatment fail-
ure in rheumatoid arthritis. Baillieres Clin
Rheumatol 1995; 9: 619-632.

14) SCHIFF MH, WHELTON A. Renal toxicity associated
with disease-modifying antirheumatic drugs used
for the treatment of rheumatoid arthritis. Semin
Arthritis Rheum 2000; 30: 196-208. 

15) SANDOVAL DM, ALARCON GS, MORGAN SL. Adverse
events in methotrexate-treated rheumatoid arthri-
tis patients. Br J Rheumatol 1995; 34: 49-56.

16) FOX RI, KANG H. Mechanism of action of antimalar-
ial drugs: inhibition of antigen processing and
presentation. Lupus 1993; 1: S9.

17) BROOKS P. Disease-modifiyng antirheumatic drugs.
Primer on the rheumatic diseases. 11th ed. Atlanta,
Georgia: Arthritis Foundation 1997; 432-436.

18) KALDEN JR, SCHATTENKIRCHNER M, SORESEN H, EMERY P,
DEIGHTON C, ROZMAN B, BREDVELD F. The efficacy
and safety on leflunomide in patients with active
rheumatoid arthritis. Arthritis Rheum 2003; 48:
1513-1520.

19) FELDMAN M. Development of anti-TNF therapy for
rheumatoid arthritis. Nat Rev Immunol 2002; 2:
364-371.

20) VILLIGER PM. Zytokine und rheumatische
Erkrankungen. 1998 Verlag Hans Huber, Bern.

21) TAK PP, TAYLOR PC, BREEDVELD FC, et al. Decrease
in cellularity and expression of adhesion mole-
cules by anti-tumor necrosis factor alpha mono-
clonal antibody treatment in patients with
rheumatoid arthritis. Arthritis Rheum 1996; 39:
1077-1081. 

22) CHARLES P, ELLIOTT MJ, POTTER A, et al. Regulation of
cytokines, cytokine inhibitors, and acute phase pro-
teins following anti-TNF-alpha therapy in rheuma-
toid arthritis. J Immunol 1999; 163: 1521-1528.

23) TAYLOR PC, PETERS AM, PALEOLOG E, et al. Reduction
of chemokine levels and leukocyte traffic to joints
by tumor necrosis factor alpha blockade in pa-
tients with rheumatoid arthritis: Arthritis Rheum
2000; 43: 38-47.

24) MOHAN VP, SCANGA CA, YU K, et al. Effects of tu-
mor necrosis factor alpha on host immune re-
sponse in chronic persistent tubercolosis: possi-
ble role for limiting pathology. Infect Immun 2001;
69: 1847-1855.

A. Amoroso, A. Gigante, C. Gianni, D. Amoroso, D. Zennaro, S. Galluzzo, D. Caccavo



25) KAENE J, GERSHON S, WISE RP, et al. Tubercolosis
associated with infliximab, a tumor necrosis factor
alpha neutralizing agent. N Engl J Med 2001;
345: 1098-1103.

26) WAGNER TE, HUSEBY ES, HUSEBY JS. Exacerbation of
mycobacterium tubercolosis enteritis masquerad-
ing as Crohn’s disease after treatment with a tu-
mor necrosis factor alpha inhibitor. Am J Med
2002; 112: 67-69.

27) CUNNANE G, MADIGAN A, MURPHY E, FITZGERALD O,
BRESNYHAN B. The effects of treatment with interleukin
1 receptor antagonist on the inflamed synovial
membrane in rheumatoid arthritis. Rheumatology
2001; 40: 62-69.

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

29) KNIGHT DM, TRINH H, LE J, et al. Construction and
initial characterization of mouse human chimeric
anti TNF alpha antibody. Molecular Immunol
1993; 30: 1443-1453. 

30) SIEGEL SA, SHEALY DJ, NAKADA MT, et al. The
mouse/human chimeric monoclonal antibody
(CA2) neutralizes TNF in vitro and protects trans-
genic mice from cachexia and TNF lethality in vi-
vo. Cytokine 1995; 7: 15-25.

31) LIPSKY PE, VAN DER HEIJDE DM, ST CLAIR EW, et al.
Infliximab and methotrexate in the treatment of
rheumatoid arthritis. Anti-tumor necrosis factor tri-
al in rheumatoid arthritis with concomitant therapy
study group. N Engl J Med 2000; 343: 1594-1602. 

32) ELLIOTT MJ, MAINI RM, FELDMANN M, et al.
Randomized double blind comparison of chimeric
monoclonal antibody to TNF alpha CA2 versus
placebo in RA. Lancet 1994; 334: 1105-1110.

33) MAINI RM, BREEDVELD FC, KALDEN JR, et al.
Therapeutic efficacy of multiple iv infusion of anti
TNF alpha monoclonal antibody combined with
low dose weekly methotrexate in RA. Arthritis
Rheum 1998; 41: 1552-1563. 

34) CHARLES PJ, SMEENK RJ, DE JONG J, et al.
Assessment of antibodies to double stranded
DNA induced in rheumatoid arthritis patients fol-
lowing treatment with infliximab, a monoclonal
antibody to tumor necrosi factor alpha: findings
in open-label and randomized placebo-con-
trolled trials. Arthritis Rheum 2000; 43: 2383-
2390.

35) MEYERS A, CLARK J, FOSTER H. Tubercolosis and
treatment with infliximab. N Engl J Med 2002;
346: 623-626).

36) ARNETT FC, EDWORTHY SM, BLOCH DA, et al. The
American Rheumatism Association 1987 revised
criteria for the classification of rheumatoid arthri-
tis. Arthritis Rheum 1988; 31: 315-324.

37) CHU CQ, FIELD M, ALLARD SA, ABNEY E, FELDMANN M,
MAINI RN. Detection of cytochines as the carti-
lage/pannus junction in patient with rheumatoid
arthtritis: Implications for the role of cytokines in
cartilage destruction and repair. Br J Rheumatol
1992; 31: 653-661. 

38) WOOD NC, DICKENS E, SYMON JA, DUFF GW. In situ
hibridization of interleukin-1 in CD14-positive
cells in rheumatoid arthritis. Clin Immunol
Immunopathol 1992; 62: 295-300.

39) AREND WP, MALYAK M, GUTHRIDGE CJ, GABAY C.
Interleukin-1 receptor antagonist: role in biology.
Ann Rev Immunol 1998; 16: 27-55.

40) BRESNIHAN B, ALVARO-GRACIA JM, COBBY M, et al.
Treatment of rheumatoid arthritis with recombi-
nant human interleukin-1 receptor antagonist.
Arthritis Rheum 1988; 41: 2196-2204.

41) COHEN S, HURD E, CUSH JJ, et al. Treatment of in-
terleukin-1 receptor antagonist in combination
with methotrexate in rheumatoid arthtritis pa-
tients. Arthtritis Rheum 1999; 42: S273.

42) O’DELL JR. Anticytokine therapy: a new era in
treatment of rheumatoid arthtris? N Engl J Med
1999; 340: 310-312.

145

Safety of treatment in Rheumatoid Arthritis


