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Abstract
There is accumulating evidence that tumor necrosis factor

plays a major role in the pathogenesis of rheumatoid arthritis.

Recent biotechnological advances have allowed for the

development of agents that directly target TNF, a pro-

inflammatory cytokine. In the last 2 years, the U.S. Food and

Drug Administration and the European Union's Commission of

the European Communities have approved two biological

agents for the treatment of refractory RA, etanercept and

infliximab. Etanercept is a fusion protein, composed of the Fc

portion of immunoglobulin G1 and the extracellular domain of a

TNF receptor (p75). Infliximab is a chimeric monoclonal

antibody composed of murine variable and human constant

regions. In placebo-controlled trials, both agents have proven

to be effective and well tolerated in RA patients.
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Rheumatoid arthritis effects approximately 1% of the U.S.

population, and along with osteoarthritis represents one of the

leading causes of disability in the western world [1]. RA is

characterized by a symmetrical inflammatory synovitis, often

leading to progressive joint destruction and a step-wise

functional decline. In addition to disease-associated morbidity,

RA leads to premature mortality [2]. The financial burden of the
disease is enormous, with lifetime costs comparable to those of

coronary artery disease.

An important advance in treatment is the availability of

several new agents, including the first biological agents

available for use in RA. Etanercept, a TNFa inhibitor, was the

first biological agent approved for the treatment of RA [3±9].
Infliximab, an anti-TNF monoclonal antibody, has also demon-

strated efficacy and good tolerability in clinical trials [10±14]

and represents another potentially important disease-modifying

anti-rheumatic drug. Infliximab was approved by the FDA for use

in the treatment of RA in November 1999.

The TNF precursor, a 26 kDa transmembrane protein, is
found in a variety of cells throughout the body. Macrophanges

appear to be the primary site of TNF production in RA with the

active form of TNF, a 17 kDa soluble protein fragment formed via

TNFa-converting enzyme-mediated cleavage of the precursor

molecule. After being shed from the cell surface, these soluble

TNF molecules aggregate into trimolecular complexes that

subsequently bind receptors found on a variety of cells,

including fibroblasts, leukocytes and endothelial cells. Two
TNF receptors have been described, the p55 (also called p60)

receptor and the p75 (also called p80) receptor.

TACE acts not only on the TNF precursor molecule, but also

cleaves the extracellular domain of its complementary ligand,

forming soluble TNF receptors. These circulating sTNFRs are

then free to bind the trimolecular TNF complexes, rendering

them biologically inactive; thus, the sTNFRs function as natural

inhibitors of TNF-mediated inflammation. Not surprisingly,

sTNFR levels are increased in both the serum and synovial
fluid of patients with RA [15]. These soluble receptors have an

extremely short half-life ± only seconds to several minutes.

A variety of physiologic functions have been ascribed to TNF-

TNF receptor interactions. Also called cachexin, TNF blocks the

action of lipoprotein lipase, causing severe cachexia in

experimental models of chronic infection. Additionally, TNF

induces programmed cell death (apoptosis) and stimulates the

release of several pro-inflammatory cytokines, including inter-

leukins 6, 8 and 1. TNF also induces the release of matrix
metalloproteinases from fibroblasts, chondrocytes and neutro-

phils, and up-regulates the expression of endothelial adhesion

molecules, leading to the migration of leukocytes into extra-

vascular tissues.

Because of its array of pro-inflammatory effects, TNF has

been implicated as playing a major role in several chronic

inflammatory disorders, including RA, multiple sclerosis,

Crohn's disease, systemic vasculitis, allograft rejection and
graft-versus-host disease. There is accumulating evidence that

TNF is indeed a key element in RA pathogenesis. Transgenic

mice that overexpress TNF develop a chronic inflammatory

arthritis [16]. Treatment of the arthritic mice with an anti-TNF

monoclonal antibody ameliorates the arthritis. Anti-TNF thera-
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686 L.W. Moreland IMAJ . Vol 3 . September 2001



pies have also been shown to be effective in delaying the onset

of collagen-induced arthritis [17]. In RA patients, synovial fluid

levels of TNF are 4 to 5 times higher than peripheral blood

levels, a discrepancy not seen in normal controls [18]. Advances
in recombinant DNA technology have allowed investigators to

specifically target TNF, not only in arthritic animal models, but

also in patients with active RA. The success of these agents in

humans has provided unequivocal support for the role of TNF-

mediated inflammation in RA.

Etanercept

Etanercept (Enbrel) (Immunex, USA) is a dimeric fusion protein

consisting of the extracellular domain of the p75 TNF receptor

linked to the Fc portion of human IgG1 [Figure 1]. Fusion to the

Fc component results in a much longer serum half-life.

Administered subcutaneously, the standard adult dose is 25
mg twice weekly (0.4 mg/kg to a maximum dose of 25 mg in

children). Serum levels of etanercept may increase by a factor of

2 to 5 with repeated dosing. The median half-life of the drug is

4.8 days (range 4.1±12.5 days).

In phase I and II trials etanercept has proven to be both well

tolerated and effective in the treatment of RA. In the initial

phase I dose-finding study, 16 patients with long-standing RA

were given twice weekly subcutaneous injections for 4 weeks
following a single intravenous loading dose at trial onset [3].

Etanercept administration was associated with a 45% mean

improvement in pain and joint scores compared to 22% in

patients receiving placebo. In a subsequent phase II placebo-

controlled trial, 180 patients with long-standing active disease

were randomized to receive either twice weekly subcutaneous

etanercept (at doses of 0.25, 2, or 16 mg/m2) or placebo [5].

High dose etanercept was clinically superior to lower doses,

with 75% of patients receiving 16 mg/m2 and attaining 20%
improvement (American College of Rheumatology criteria) [19]

by the trial's conclusion compared to only 14% in the placebo

group (P < 0.001) [Table 1]. Clinical responses were frequently

rapid, with a majority of patients showing significant response

as early as one month into the trial.

In the pivotal phase III trial, fixed doses of etanercept (10 and

25 mg s.c. twice weekly) versus placebo were evaluated in RA

patients over a 6 month period [6]. The trial again involved

patients with long-standing, DMARD-refractory RA. Clinical
response was again rapid with responders meeting criteria for

improvement often within the first month of therapy. At 6

months, 59% of patients given high dose etanercept experi-

enced at least 20% improvement, with 40% meeting criteria for

50% improvement [Table 1] Functional activity, as defined by the

IgG1 = immunoglobulin G1

DMARD = disease-modifying anti-rheumatic drug

Table 1. Summary of placebo-controlled trials for infliximab and etanercept for the treatment of rheumatoid arthritis

Phase Study

duration

(wk)

Active treatment Control

treatment

Clinical

response**

Infliximab (Remicade)

Elliott et al. [22] II 4 10 mg/kg iv., single infusion Placebo 79 vs. 8%

Maini et al. [24] II 26 3 and 10 mg/kg i.v.

at weeks 0,2,6,10

and 14

Placebo* 60 vs. 15%

Kavanaugh et al. [25] Ib 12 5,10,20 mg/kg i.v. single infusion Placebo* 81 vs. 14%

Maini et al. [26] Phase III ATTRACT trial 30 3 mg/kg i.v. every 8 weeks Placebo* 50 vs. 20%

Etanercept

Moreland et al. [31] II 12 16 mg/m2 s.c. twice weekly Placebo 75 vs. 14%

Moreland et al. [32] III 12 25 mg s.c. twice weekly Placebo 62 vs. 23%

Finck et al. [35] Phase III ERA trial 48 25 mg s.c. twice weekly MTX 72 vs. 65%

Weinblatt et al. [34] III 24 25 mg s.c. twice weekly Placebo* 71 vs. 27%

* All patients (placebo and active treatment groups) were receiving concomitant weekly MTX.

** ACR criteria for 20% improvement. Active treatment vs. control treatment.

Figure 1. Etanercept is composed of the Fc portion of human

IgG1 linked to the extracellular domain of a TNF receptor (p75).
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health assessment questionnaire, showed significant improve-

ment at 3 and 6 months compared to placebo, with improve-

ment observed as early as 2 weeks after the initiation of

etanercept.

In addition to use as a single agent, etanercept has been

studied in combination with methotrexate. In a 24 week double-

blind trial, patients with MTX-refractory disease were rando-

mized to receive additional therapy with either etanercept or

placebo [8]. At 24 weeks, 71% of patients receiving the
etanercept-MTX regimen had experienced 20% improvement

compared to only 27% of patients receiving placebo plus MTX

(P<0.001) [Table 1]. Additionally, 39% met criteria for 50%

improvement compared to only 3% of those randomized to

placebo plus MTX. Patients receiving the combination of

etanercept and MTX had better outcomes in all measures of

disease activity, including pain and joint scores, physician and

patient global assessment, HAQ scores, erythrocyte sedimenta-
tion rate, and C-reactive protein.

Until recently, experience with TNF inhibition has been

largely limited to RA patients with long-standing refractory

arthritis. In the recently reported ERA trial (The Use of

Etanercept in Early RA), etanercept was compared to MTX over
a 12 month period in patients with early disease (disease

duration of less than 3 years) [9]. Clinical responses, as

measured by ACR criteria, were similar at the trial's conclusion

with significant differences at early time points (0±6 months),

favoring etanercept. At 12 months, 72% of patients receiving

etanercept (25 mg dose) attained 20% improvement and 25%

met the criteria for a 70% improvement [Table 1]. However,

when assessed by measuring an area under the curve,
calculated from a mean numeric ACR response, the overall

clinical outcome was superior for patients receiving etanercept.

Additionally, patients receiving etanercept were less likely to

show radiographic disease progression in terms of bony

erosions when compared to those receiving MTX. These

promising results suggest that etanercept may prove to be a

valuable treatment option early in the course of disease.

In clinical trials the most common adverse outcome

associated with etanercept use has been minor injection site

reactions. Recently available safety data come from long-term,

open-label follow-up of patients involved in the placebo-
controlled clinical trials [7]. A large cohort of patients (n=713)

receiving etanercept has now been followed longitudinally for a

total of 1,152 patient-years. Not only has the agent displayed

maintained efficacy, but there has also been no evidence of

cumulative toxicity with extended use.

Infliximab

Infliximab (Remicade) (Centocor, USA) is a chimeric anti-TNF

mAb composed of a constant region from human immunoglo-

bulin and a variable region from murine (mouse) immunoglo-

bulin. Previously approved for the treatment of Crohn's disease,

infliximab received FDA approval for the treatment of RA in

November 1999. Clinical trials summarized below have con-

firmed both the efficacy and tolerability of the agent when used

in patients with DMARD-refractory RA, both alone and in
combination with MTX [11±14].

In the initial phase I open-label trial, Elliott [11] studied the

use of infliximab in 20 patients with active long-standing RA.

Patients had a median disease duration of 10.5 years and had

failed a median of four previous DMARDs. Patients received a

total of 20 mg/kg of intravenous infliximab given in divided

doses over the course of 12±14 days. Clinical response to the

treatment was substantial. Morning stiffness decreased from a

median of 180 minutes at study entry to a median of 5 minutes
at week 6. Pain scores decreased from 7.1 to 1.9 (range 0±10)

over the same time period, representing an improvement of

73%. Swollen joint count dropped from 18 to 5, while serum C-

reactive protein levels fell from a median of 39.5 mg/dl at study

entry to 8 mg/dl at week 6. Functional capacity, as measured by

HAQ score, improved significantly from a median of 2.0 at study

entry to 1.1 by 6 weeks. Patients showed sustained benefit

following the last dose of infliximab, with response duration
ranging from 8 to 25 weeks (median 14).

The phase II trial [11] included 73 patients who, similar to
those in the phase I trial, had long-standing DMARD-refractory

RA. Results in this trial were similar. Patients in the active

treatment groups received only a single intravenous infusion of

infliximab, either 1 mg/kg or 10 mg/kg. At the 4 week assessment

79% of patients receiving 10 mg/kg reported at least 20%

improvement in symptoms, and half had at least 50%

improvement (measured by the Paulus criteria) [20].

In both the phase I and phase II trials, infliximab was well

tolerated without reports of any clinically significant adverse
events. No patients had evidence of human anti-chimeric

antibodies subsequent to infliximab administration when

assessed at the 4 week examination [15]. In a continuation of

this phase II trial [12], 8 of the original 20 patients from the

phase I open-label trial returned after a 4 week interval and were

MTX = methotrexate

HAQ = health assessment questionnaire

ACR = American College of Rheumatology

Figure 2. Infliximab is a chimeric monoclonal antibody composed

of human constant and murine variable regions.

688 L.W. Moreland IMAJ . Vol 3 . September 2001

Reviews



retreated with up to three additional doses of infliximab. The

timing of the additional doses was determined by disease

relapse. Repeat administration resulted in significant clinical

improvement with minimal adverse effects. The interval
between doses, however, became progressively shorter during

the course of the study. Additionally, four of the eight patients

developed human anti-chimeric antibodies. Antibody develop-

ment may well account for the decreasing response duration

observed during the course of the study.

Maini and colleagues [13] recently published data on the

combination of infliximab and low dose weekly MTX in the

treatment of RA. In a double-blind placebo-controlled trial, 101

patients were given intravenous infliximab (1, 3, or 10 mg/kg)

with or without MTX (7.5 mg/week) or MTX plus intravenous

placebo. Sixty percent of patients receiving infliximab, with or
without MTX, experienced at least 20% improvement using the

Paulus criteria. Importantly, co-administration of low dose MTX

significantly prolonged the duration of response seen with low

dose (1 mg/kg) infliximab. Co-administration of MTX with higher

doses of infliximab (3 and 10 mg/kg) also prolonged response

duration, although not in a statistically significant fashion. All

treatment arms were associated with minimal toxicity; head-

ache was the most commonly observed adverse effect in
patients receiving combination therapy. The overall incidence

of human anti-chimeric antibodies was 17% for patients

receiving infliximab (with and without MTX), with the incidence

inversely proportional to the dose of infliximab. Half of the

patients receiving low dose infliximab (1 mg/kg) without MTX

developed human anti-chimeric antibodies, compared with 7%

of those receiving 10 mg/kg. Concurrent administration of low

dose MTX greatly diminished development of human anti-
chimeric antibodies (by approximately threefold), suggesting

that MTX induces an immunologic tolerance to infliximab.

Although there were no reports of drug-induced lupus, 8% of

patients receiving infliximab developed antibodies to double-

stranded DNA.

Maini et al. [14] conducted a 54 week double-blind placebo-

controlled trial of infliximab in combination with MTX, in which

infliximab (3 mg/kg or 10 mg/kg intravenously) or placebo was

given at 4 to 8 week intervals to patients with active RA who

were also receiving MTX. They found that 59% of patients
receiving 10 mg/kg and 42% of those receiving 3 mg/kg at 4 to 8

week intervals experienced 20% improvement by ACR criteria.

There were no statistically significant differences in percentage

of responders among the infliximab groups. When compared to

placebo, there was no increase in the incidence of adverse

effects. The combination resulted in a statistically significant

reduction in radiographic progression (as measured by the

Sharp score) when compared with MTX treatment alone.

Conclusions

Anti-TNF therapies have provided patients and physicians with

a new and exciting means of treating RA and other allied

conditions. With continued advances in our understanding of

cytokine biology, new ways of blocking TNF are likely to evolve.

Selective TACE inhibition, by preventing release of its cell-

surface subunit, may be a potential mechanism of TNF

blockade. Gene-delivery systems may someday provide another
effective way of modulating the action of TNF and TNF

receptors.

With the availability of two TNF inhibitors for the treatment

of RA, the major task facing physicians is finding ways to predict

response to these agents as well as to other standard DMARDs

and DMARD combinations. The unique mode of action of these
biological agents makes them potentially attractive agents for

use in combination regimens with either traditional DMARDs or

potentially with other cytokine inhibitors. Additionally, the

relatively rapid onset of action of these agents may make them

ideal `̀ induction'' therapies. The availability of TNF inhibitors

has dramatically changed the treatment paradigm for patients

with RA.
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Capsule

Protein-based "PCR" for prion diseases

Currently available methods for diagnosing prion diseases
rely either on prion infectivity assays in susceptible hosts or

on the immunodetection of the pathogenic form of the prion

protein (PrP). Infectivity assays are the most definitive and

might be sensitive enough to detect prions at levels as low as

one infectious unit. However, the time between inoculation

and disease is long, particularly at low prion titers ± a factor

that obviously precludes rapid diagnosis. On the other hand,

detection of pathogenic PrP is limited by the amount of
abnormal protein in affected tissues. This means that

detection is usually achieved by analyzing brain tissue at

autopsy or, in some cases, tonsil biopsies in the late stages of

disease, after the prions have wreaked havoc and potentially

transmitted to other hosts.

Previous attempts to replicate PrP conversion in cell-free

systems consisted of prolonged incubation of radiolabeled

PrPC with equimolar amounts of partially denatured PrPSc.
Using an approach called protein-misfolding cyclic amplifica-

tion (PMCA), Saborio et al. now show that much smaller

amounts of hamster PrPSc can rapidly convert PrPC in
uninfected hamster brain preparations into protease-resistant

PrP. During PMCA, disruption of the growing oligomer of

PrPSc is accomplished by sonication in the presence of

detergents ± a method routinely used to solubilize PrP27-30.

This process generates multiple smaller templates for the

continued recruitment of PrPC, which undergoes conforma-

tional conversion and acquires properties associated with

PrPSc. As PrPC is distinguished from PrPSc based on
differential protease sensitivity, it is possible to monitor

amplification of the PrPSc signal following protease treatment

and immunoblotting. After five cycles of incubation-sonica-

tion, the newly converted protein accounted for approxi-

mately 98% of protease-resistant PrP and this ratio could be

further increased by additional cycles. The technique was

sensitive enough to detect approximately 6±12 pg or 0.2±

0.4x10-15 mol of PrPSc after a 10,000-fold dilution of infected
hamster brain homogenate and 10 cycles of PMCA.

Nature 2001;411:810

I once wanted to become an atheist but I gave up ± they have no holidays.

Anonymous
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