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ABSTRACT 
Infliximab and etanercept, both approved by the FDA in 
1998, are examples of a new class of disease-modifying 
antirheumatic drugs that interfere wi th the action of tumor 
necrosis factor alpha, one of the key cytokines that promote 
inflammation. Infliximab is approved for Crohn disease and 
etanercept for rheumatoid arthritis. Both show promise in 
treating rheumatoid arthritis, although the long-term risks 
and benefits of these drugs are not yet known. 

KEY POINTS 
Etanercept is a soluble TNF receptor that competes wi th 
membrane binding sites for TNF; infl iximab is a chimeric 
monoclonal anti-TNF antibody. 

Etanercept is indicated for rheumatoid arthritis that is 
unresponsive to tradit ional disease-modifying antirheumatic 
drugs. It can be used in combination wi th methotrexate in 
patients who do not respond adequately to methotrexate 
alone. 

Etanercept should not be given to patients w i th sepsis, and 
should be discontinued if a patient develops a serious 
infection. 

HE T R E A T M E N T O F autoimmune diseases 
took a big step forward in 1998 when 

the Food and Drug Administration (FDA) 
approved two drugs that, for the first time, 
specifically target one of the key molecular 
players in the inflammatory process—tumor 
necrosis factor (TNF) . 

A t present, only one of these drugs, etan-
ercept, is indicated for rheumatoid arthritis; 
the other, infliximab, is indicated for Crohn 
disease but also shows promise in rheumatoid 
arthritis and is expected to be reviewed by the 
FDA in the near future. 

In the following pages I review the role of 
T N F in rheumatoid arthritis, how etanercept 
and infliximab block TNF, and how etaner-
cept should be used in rheumatoid arthritis. 

• SHORTCOMINGS OF CURRENT DRUGS 

To try to block the autoimmune process 
involved in rheumatoid arthritis, rheumatolo-
gists are increasingly turning to "disease-mod-
ifying antirheumatic drugs" such as 
methotrexate, hydroxychloroquine, and sul-
fasalazine.1 Unfortunately, these drugs fail to 
achieve or maintain an adequate response for 
many patients. Moreover, they are fairly toxic, 
especially in the long term, as they are rela-
tively nonspecific in their mechanisms of 
action. Both these factors limit the long-term 
therapeutic utility of these drugs.1 

Investigators realized that to treat 
rheumatoid arthritis successfully, we needed to 
understand better the molecular processes tak-
ing place in the disease, and to design drugs 
that block specific molecules in the process. 
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TUMOR N E C R O S I S FACTOR I N H I B I T O R S M O R E L A N D 

Cytokines and their effects 
in rheumatoid arthritis 
Cytokines that promote inflammation 

Tumor necrosis factor (TNF) alpha 
TNF beta 
Interferon gamma 
Interleukin 1 (IL-1) 
IL-2 
IL-6 
IL-8 
Inducible nitric oxide synthase (¡NOS) 

Cytokines and associated molecules that inhibit inflammation 
Soluble TNF receptor 
Soluble IL-1 receptor 
IL-1 receptor antagonist 
Transforming growth factor beta 
IL-4 
IL-10 
IL-11 

Significant progress has been achieved: the 
role of T N F has been elucidated and T N F 
antagonists have been developed and tested, 
bringing us closer to the goal of more effective 
treatment. 

• ROLE OF TUMOR NECROSIS FACTOR 
IN RHEUMATOID ARTHRITIS 

T h e various cells of the immune system com-
municate at a distance by exchanging a variety 
of proteins called cytokines. Cytokines work by 
binding to receptors on the surface of immune 
cells and other cells, triggering specific actions 
inside the cell such as production of other 
cytokines or enzymes (eg, collagenase). The 
cytokines constitute a sort of regulatory system, 
with some cytokines promoting inflammation 
and some suppressing it (TABLE 1). 

In rheumatoid arthritis, proinflammatory 
cytokines predominate in affected joints and 
have the net effect of prompting large num-
bers of immune and inflammatory cells to 
enter the joint. They also trigger the secretion 
of still other cytokines and substances that 
inflame the joint and damage its bone, carti-
lage, and other connective tissues. 

T N F occupies a position at or near the top 
of this pyramid of activity. Named for its abil-

TNF is at or 
near the top 
of the 
inflammatory 
cascade 

ity to destroy tumors in animals, T N F is now 
known to play a number of important roles in 
many immune reactions—and the list is grow-
ing. In particular, T N F : 

• Regulates cell proliferation and apop-
tosis (programmed cell death)2 

• Stimulates neutrophils, fibroblasts, and 
chondrocytes to produce proteases such as col-
lagenase 

• Stimulates production of other inflam-
mation-promoting cytokines such as inter-
leukin-1 (IL-1). This important role has been 
demonstrated by studies that show that block-
ing T N F activity inhibits production of IL-1 
and other cytokines. Thus, T N F plays a cen-
tral role in initiating and maintaining the 
rheumatoid arthritis process. 

T N F has three isoforms, designated alpha, 
beta, and gamma. (For purposes of our discus-
sion, " T N F " mainly refers to T N F alpha.) It is 
secreted primarily by macrophages and T lym-
phocytes.3 - 6 T N F production has been found 
to be increased in the synovial fluid of patients 
with active rheumatoid arthritis, but not in 
synovial fluid from patients with inactive 
rheumatoid arthritis. T N F is found at the car-
tilage-pannus junction in affected joints,7 and 
increased levels of T N F are detected in the 
synovial fluid.8'9 

T N F binds to at least two cell-bound 
receptors, designated type 1 (p55 or p60) and 
type 2 (p80 or p75).9>10 These receptors, 
which span the cell membrane, are found on 
several types of cells, including polymor-
phonuclear leukocytes, vascular endothelial 
cells, and fibroblasts.2 

In addition, T N F also binds to soluble 
T N F receptors floating free in the blood and 
other fluids. Soluble T N F receptors are 
cleaved from the extracellular portion of the 
membrane-bound molecules by an enzyme 
called T A C E (tumor necrosis factor alpha-
converting enzyme).1 1-1 2 T h e i r levels are 
increased in the sera and synovial fluid of 
patients with rheumatoid arthritis,13>14 and 
they can be detected at the cartilage-pannus 
junction of patients with rheumatoid arthritis 
and in the vicinity of TNF-containing cells.15 

These soluble T N F receptors seem to 
serve as a natural counterbalance to TNF. 
Although patients with rheumatoid arthritis 
have elevated levels of circulating soluble 
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How etanercept and infliximab 
inhibit tumor necrosis factor 

T U M O R N E C R O S I S F A C T O R (TNF) promotes in f l ammat ion by binding to receptors 
on a var iety of cells, s t imulat ing t h e m t o release other in f l ammatory cytokines. 
The n e w anti-TNF drugs e tanercept and inf l ix imab inhibi t i n f l a m m a t i o n by sopping up 
TNF before it reaches its cel l -bound receptor, as do endogenous soluble TNF receptors. 

TNF receptor 
(p75 extracel lular 
doma in ) 

E T A N E R C E P T contains t w o TNF receptors 
(specifically, t h e extracellular doma in of t h e 
p75 type of receptor) g ra f ted on to t h e Fc por-
t ion of an igG1 molecule by recombinant D N A 
technology. 

H u m a n port ion 
( IgG, ) 

I N F L I X I M A B is a chimeric 
(part -mouse, pa r t -human) 
monoclona l ant ibody to TNF. 

-TNF 

M u r i n e por t ion 
(b inding site 
for TNF) 

ENDOGENOUS SOLUBLE TNF 
R E C E P T O R S , cleaved f r o m t h e 
cell surface, inhibit i n f l a m m a t i o n 
by intercept ing TNF before it can 
bind t o cel l -bound receptors. 
A l t h o u g h soluble TNF receptor 
levels are elevated in r h e u m a t o i d 
arthrit is, they are o v e r w h e l m e d 
by even higher levels of TNF. 

C E L L - B O U N D T N F R E C E P T O R S cannot int iate an 
in f lammatory response unless TNF binds to t h e m . 

FIGURE 1 

Polymorphonuclear 
leukocyte (one of 
several types of 
cells t h a t express 
TNF receptors) 
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T U M O R N E C R O S I S F A C T O R I N H I B I T O R S M O R E L A N D 

T A B L E 2 

Efficacy of the TNF inhibitors etanercept and infliximab 
in refractory rheumatoid arthritis 
INVESTIGATORS REGIMEN % OF PATIENTS % OF PATIENTS 

WITH 2 0 % WITH 5 0 % 
IMPROVEMENT' IMPROVEMENT' 

Moreland et al1 7 Placebo 14 7 
Etanercept 16 mg/m 2 subcutaneously tw ice a week 75 57 

Moreland et al18 Placebo 23 5 
Etanercept 25 mg subcutaneously tw ice a week 62 40 

Weinbla t t e t a l ' 9 Placebo 27 3 
Etanercept 25 mg subcutaneously tw ice a week 71 39 

Lipsky et al2 7 Placebo 20 5 
Inf l ix imab 

3 mg/kg intravenously every 8 weeks 50 27 
3 mg/kg intravenously every 4 weeks 50 29 
10 mg/kg intravenously every 8 weeks 52 31 
10 mg/kg intravenously every 4 weeks 58 25 

*By the criteria of the American College of Rheumatology (ACR)22 

Soluble TNF 
receptors are 
a natural 
counterbalance 
to TNF 

T N F receptors, they have even higher levels 
of TNF—greatly so at sites of ongoing inflam-
mation such as the joints. Studies have sug-
gested that in rheumatoid arthritis the overall 
quantity of soluble T N F receptors is inade-
quate to consume all erf the T N F that is pro-
duced. T h e excess T N F combines with cell-
bound T N F receptors, producing the cascade 
of damaging and inflammatory effects in the 
joints. 

• ETANERCEPT: A SOLUBLE T N F RECEPTOR 

T h e findings described above suggested that 
drugs that block T N F would be effective in 
treating rheumatoid arthritis. One approach is 
to flood the body with exogenous soluble T N F 
receptors, which sop up excess T N F molecules 
and keep them from binding to cell-surface 
T N F receptors. O n e such agent is etanercept 
( F I G U R E 1 ) . 

Etanercept was created by linking the 
D N A encoding the soluble portion of the 
human p75 T N F receptor to the D N A encod-
ing the Fc portion of human IgG, and then 
inserting this D N A into a mammalian cell 
line. T h e resultant protein binds two T N F 

molecules and has a longer circulating half-life 
than does the TNF receptor without the Fc 
moiety. 

Cl in ica l t r i a ls of e t a n e r c e p t in a d u l t s 
Early studies16 of etanercept gave positive 
results, which have been replicated in several 
multicenter placebo-controlled trials (TABLE 
2). '7-21 

In a phase 2, double-blind, placebo-con-
trolled trial,17 etanercept produced significant 
improvements in all measures of disease activ-
ity stipulated by the American College of 
Rheumatology ( A C R ) criteria,22 particularly 
at the highest dose given, 16 mg/m2 ( 2 3 - 3 0 
mg). In addition, patients experienced signifi-
cant reductions in pain and morning stiffness. 
Biochemical markers of disease activity such 
as the erythrocyte sedimentation rate and C-
reactive protein levels decreased as well. T h e 
clinical responses to etanercept generally 
appeared within 1 to 2 weeks after starting 
therapy and nearly always occurred by 3 
months. 

A subsequent phase 3 study18 verified the 
safety and sustained clinical efficacy of etaner-
cept. Patients received either placebo or etan-
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T A B L E 1 

Effect of etanercept in rheumatoid arthritis: 
Results from a phase 3 placebo-controlled trial 
MEASURE" MEDIAN VALUES 

PLACEBO (N = 80) ETANERCEPT* (N = 78) 
BASELINE 3 MONTHS BASELINE 3 MONTHS* 

Number of tender joints 34.0 29.5 31.2 10.0 
Number of swollen joints 24.0 22.0 23.5 12.6 
Physician global assessment, scale of 0-10 7.0 6.5 7.0 3.0 
Patient global assessment, scale of 0-10 7.0 7.0 7.0 3.0 
Pain, scale of 0-10 6.9 6.6 6.9 2.4 
Disability index, scale of 0-3 1.7 1.8 1.6 1.0 
Erythrocyte sedimentation rate, mm/hour 31.0 32.0 28.0 15.5 
C-reactive protein level, mg/dL 2.8 3.9 3.5 0.9 

*The measures listed here comprise the criteria from the American College of Rheumatology for measuring the 
response to therapy in clinical trials in rheumatoid arthritis22 
f25 mg subcutaneously twice a week 
•All comparisons with placebo were statistically significant ( P < .01) based on mean percent change from baseline; 
values at 6 months showed similar improvement as at 3 months 

SOURCE: DATA FROM THE STUDY CONDUCTED BY MORELAND ET AL, REFERENCE 18 

ercept 10 mg or 25 mg subcutaneously twice a 
week for 6 months. T h e 25-mg dose was more 
effective than the 10-mg dose. A t 3 and 6 
months, patients receiving 25 mg were doing 
statistically better in all A C R criteria than 
were controls (TABLE 3) , and patients receiving 
either dose reported less disability, greater 
vitality, and higher levels of mental health, 
general heal th , and arthritis-associated 
health. N o adverse events other than injec-
tion-site reactions were noted more common-
ly with either dosage compared with placebo. 
No abnormalities in laboratory values were 
noted in patients treated with etanercept. 

In a recent phase 2 and phase 3 study,19 

patients with rheumatoid arthritis refractory 
to moderate doses of methotrexate continued 
to receive methotrexate while also receiving 
etanercept. Seventy-one percent of patients 
receiving the combination achieved a 2 0 % 
A C R response, compared with 2 7 % of 
patients who received methotrexate alone 
( T A B L E 2 ) . This finding indicates that the best 
candidates for the addition of a T N F antago-
nist may be patients who are having a subop-
timal clinical response to a disease-modifying 
antirheumatic drug. 

Patients who participated in placebo-con-
trolled trials of etanercept have participated 
in open-label trials to determine the drug's 
long-term effectiveness and safety. 
Preliminary results indicate that etanercept 
has similar efficacy when given for up to 2 
years at a dose of 25 mg subcutaneously twice 
a week as it did in short-term studies.21 Mild 
injection-site reactions again were the most 
common side effect. 

Clinical trials of etanercept in children 
In the first part of a two-part trial,20 69 chil-
dren ages 4 to 17 with polyarticular juvenile 
rheumatoid arthritis received etanercept 
open-label for up to 3 months. All the chil-
dren either could not tolerate methotrexate or 
had no response to it. T h e dosage of etaner-
cept was 0.4 mg/kg (not to exceed 25 mg, the 
equivalent of 0.4 mg/kg for a 70-kg person) 
subcutaneously twice a week. A t the end of 3 
months, 51 ( 7 4 % ) of the patients had at least 
3 0 % improvement in at least three of six pre-
determined variables and 3 0 % or greater 
worsening in no more than one of the vari-
ables. (These are the standard response crite-
ria for juvenile rheumatoid arthritis.) 

Patients can 
receive 
etanercept and 
methotrexate 
concurrently 
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TUMOR N E C R O S I S FACTOR I N H I B I T O R S M O R E L A N D 

Verify that the 
patient can 
self-administer 
etanercept 
injections 

T h e 51 children who had a clinical 
response advanced to the second part of the 
trial,20 in which 25 of them were randomly 
assigned to continue receiving etanercept at 
the same dosage and 26 received placebo, in a 
double-blind fashion. Treatment continued 
for 4 months or until a disease flare occurred, 
defined as at least 3 0 % worsening in at least 
three of the six core variables, in at least two 
active joints. Significantly fewer patients 
treated with etanercept experienced a disease 
flare (7 patients treated with etanercept vs 21 
patients who received placebo), and the medi-
an time to disease flare in those patients was 
significantly shorter (116 days for etanercept 
vs 28 days for placebo). 

Side effects of etanercept 
A variety of adverse events that potentially 
could be drug-related were reported in clinical 
trials of etanercept. 

Injection-site reactions occurred in 3 7 % 
of patients receiving etanercept and 1 0 % of 
patients receiving placebo. 1 6 - 2 0 T h e reactions 
consisted of mild to moderate erythema, itch-
ing, pain, or swelling, and generally occurred 
during the first month of therapy and less fre-
quently thereafter. They lasted an average of 3 
to 5 days and, in most cases, did not necessi-
tate drug discontinuation. 

Other reactions included development of 
antinuclear and anti-double-stranded D N A 
antibodies, infections, and malignancies. It is 
not yet possible to determine whether these 
events are directly related to inhibition of 
T N F or represent complications of the under-
lying disease and its conventional treatment. 
Long-term follow-up will be necessary to 
determine the causal mechanisms and the true 
frequency of apparent side effects. 

Clinical use of etanercept 
Indications. According to the current 

FDA label, etanercept is indicated for moder-
ately to severely active rheumatoid arthritis in 
patients who have had an inadequate response 
to one or more disease-modifying antirheumat-
ic drugs. It can be used in combination with 
methotrexate in patients who do not respond 
adequately to methotrexate alone. 

Cautions. Etanercept should not be given 
to patients with sepsis or with known hyper-

sensitivity to etanercept or any of its compo-
nents. It should be discontinued if a patient 
develops a serious infection. Allergic reactions 
to etanercept have been reported in less than 
0 . 5 % of patients in clinical trials. Anaphylaxis 
has not been observed. 

No data are available on the effects of vac-
cination in patients receiving etanercept. In 
the absence of data, to prevent any potential 
transmission of infection, patients receiving 
etanercept should not receive live vaccines. 

Etanercept is classified in F D A pregnancy 
category B. N o adequate and well-controlled 
studies have been done in pregnant women. 
However, no evidence of harm to the fetus was 
observed in animal reproduction studies using 
dosages 60 to 100 times larger than that corre-
sponding to the recommended dosage in 
humans. 

No data are available regarding the use of 
etanercept in patients with a history of cancer. 

Dosage. T h e recommended dosage of 
e tanercept for adults with rheumatoid 
arthritis is 25 mg by subcutaneous in jec t ion 
twice weekly. Higher doses have not been 
studied. 

T h e first injection should be performed 
under the supervision of a qualified health 
care professional. Patients can give themselves 
subsequent injections at home once they are 
taught the proper procedure and demonstrate 
that they can perform injections safely. Sites 
for self-injection include the thigh, abdomen, 
and upper arm. Injection sites should be rotat-
ed. Injections should be given at least 1 inch 
from previous sites and never into areas where 
the skin is tender, bruised, red, or hard. 

• INFLIXIMAB: AN ANTI-TNF ANTIBODY 

Another approach to blocking T N F is to give 
an ant i -TNF antibody. Such an agent is inflix-
imab (Remicade), a chimeric (part-human, 
part-mouse) monoclonal antibody that binds 
t o T N F ( F I G U R E 1 ) . 

Clinical trials of infliximab in adults 
In open-label and placebo-controlled trials in 
patients with refractory rheumatoid arthritis, 
infliximab treatment resulted in significant 
decreases in the number of swollen joints, 
serum levels of C-reactive protein, and other 
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measures of disease activity.2 3 - 2 7 

In the first placebo-controlled trial, 7 9 % 
of patients treated with a single dose of inflix-
imab 10 mg/kg intravenously achieved at least 
a 2 0 % improvement in disease activity as 
measured by the Paulus criteria 4 weeks 
later.24 

In a U S phase 3 trial,27 5 8 % of patients 
receiving infliximab 10 mg/kg intravenously 
every 4 weeks achieved at least a 2 0 % 
improvement in disease activity as measured 
by the A C R criteria,22 compared with 2 0 % of 
patients receiving placebo. 

Side effects of infliximab 
Approximately 5 0 % of patients develop anti-
bodies to the murine portion of the infliximab 
molecule.2 4 '2 5 The immunogenicity of inflix-
imab might be a limiting factor to treatment 
duration. However, recent data suggest that 
giving methotrexate along with infliximab 
may attenuate this problem.26 In addition, the 
combination seems to work synergistically 
and seem to produce a greater therapeutic 
response than infliximab alone. 

FDA approval of infl iximab is pending 
for rheumatoid arthritis 
Infliximab has also demonstrated efficacy in 
treating refractory Crohn disease and has 
been approved by the F D A for this indica-
tion. A t present, it is not approved for treat-
ing rheumatoid arthritis but is expected to be 
reviewed by the FDA in the near future. 

• QUESTIONS REMAINING 

T h e encouraging clinical results in short-term 
trials of etanercept clearly warrant further 
studies. Ongoing studies are addressing sever-
al questions: 

• Whethe i T N F inhibitors can modify 
the destructive component of the disease in 
the long terra 

• Whether they can be given safely for 
long periods 

• Whether starting T N F inhibitors earli-
er in the course of the disease may be of addi-
tional therapeutic benefit 

• Whether T N F inhibitors may be more 
effective than current disease-modifying drugs 
(a phase 3 study comparing etanercept with 

methotrexate in early rheumatoid arthritis 
will be completed in the near future.) 

• W h e t h e r T N F inhibitors are cost-
effective. Certainly, they are more expensive 
than traditional antirheumatic medications, 
costing several thousand dollars per year. 
However, they may yet prove to be more cost-
effective after all factors are considered, such 
as the costs of toxicity, laboratory monitoring, 
and administration of the drug, lost earnings, 
improved quality of life, and, hopefully, 
increased life span. H 
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