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TNF INHIBITORS IN THE TREATMENT OF PSORIATIC
ARTHRITIS: RESULTS FROM CLINICAL TRIALS

ROLE OF THE DERMATOLOGIST
IN TREATING PSA
Most patients with PsA can be diag-
nosed and treated by dermatologists. In-
deed, all dermatologists should be aware
of, and vigilant for, arthritic signs and
symptoms in patients who have been di-
agnosed with or who may have PsA.

On taking a history, the dermatologist
should ask patients about morning stiff-
ness, persistent joint pain or other
arthritic symptoms, fluctuation of joint
pain with exacerbations of psoriasis,
and a family history of PsA. On physi-
cal examination, clinicians should eval-
uate such patients for asymmetric in-
flammatory arthritis, the presence of
dactylitis (the so-called sausage digits),
enthesitis, involvement of both proxi-
mal and distal interphalangeal joints,
and joint swelling and/or tenderness.

The traditional therapies for psoriat-
ic arthritis include, in addition to non-
steroidal antiinflammatory drugs
(NSAIDs), medications with which
many dermatologists are familiar, such
as methotrexate, cyclosporine, and oral
corticosteroids. Many of these medica-
tions are associated with serious toxici-
ty involving major organs.

TNF-INHIBITION OFFERS
NEW ALTERNATIVE
The inhibition of tumor necrosis factor
(TNF) represents an innovative biolog-
ic approach to the treatment of a vari-
ety of immune-mediated inflammatory
diseases, including rheumatoid arthritis
(RA), Crohn�s disease, and psoriatic

arthritis (PsA). Recently, the TNF in-
hibitor etanercept, previously approved
by the U.S. Food and Drug Administra-
tion for the treatment of RA and juve-
nile RA, became the first agent ap-
proved for the treatment of PsA.

Etanercept is approved for use with or
without methotrexate (MTX), and is ad-
ministered subcutaneously twice weekly.

Etanercept is a fusion protein that
consists of a dimer of a TNF receptor
chain, specifically, the human p75 chain,
fused by biotechnologic techniques with
the Fc genome of human immuno-

globulin G:1. Etanercept, like the
chimeric antibody TNF inhibitor inflix-
imab, removes circulating TNF with a
spongelike activity and binds to TNF
on the cells that produce this protein.

DOCUMENTATION OF
EFFICACY IN PSA 
The phase III trial of etanercept was a
24-week randomized, double-blind
placebo-controlled study, in which either
etanercept (25 mg) or placebo was giv-
en subcutaneously twice a week.2 A to-
tal of 205 patients were enrolled, with
101 assigned to the etanercept group
and 104 to the placebo group. The de-
sign and methods were similar to those
in the clinical studies for etanercept in
patients with rheumatoid arthritis.

Enrollment criteria for the PsA study
included the presence of a cutaneous
psoriasis plaque, at least three swollen
and tender joints, and a clinical diagno-
sis of PsA. The primary end point was
the achievement of a 20% improvement
in the American College of Rheu-

ALICE B. GOTTLIEB, MD, PHD

Psoriatic arthritis (PsA) has a significant impact on the
lives of patients. According to the results of the recent
Benchmark Survey for Psoriatic Arthritis, conducted un-

der the auspices of the National Psoriasis Foundation,1
84% of patients with PsA say their day-to-day activities are
severely affected, 75% lose sleep or do not have restful
sleep, and 69% say that their PsA is severe enough to inter-
fere with their educational, vocational, and social activities.

FIGURE: Hand with Psoriatic Arthritis

Onset of psoriatic arthritis (PsA) usually occurs in patients between 30 and 55
years of age. In 70% of cases, skin psoriasis precedes articular involvement,
usually by at least 10 years. In 20% of cases, PsA precedes psoriasis, and in
10% - 15% of cases, skin lesions and PsA appear simultaneously. These photos
demonstrate the classic deformities seen in PsA.

© American College of Rheumatology
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matology Index (Table) at 12 weeks.
Patients were permitted to use up to

25 mg/week of MTX, low-dose corti-
costeroids (up to 10 mg/day), and/or
nonsteroidal antiinflammatory drugs
(NSAIDs). No other concomitant ther-
apy was permitted. At the time of en-
rollment, about 50% of patients in both
the active treatment and placebo groups
were taking MTX, about 20% were on
systemic corticosteroids, and about 80%
were using NSAIDs.

EFFICACY ACHIEVED
Although ACR 20 was the primary end
point and its achievement was suffi-
cient to qualify etanercept for approval
by the FDA, the drug exceeded these ex-
pectations. At week 12, 59% of the pa-
tients (n = 60) who were receiving etan-
ercept achieved ACR 20, compared with
15% of those (n = 16) in the placebo
group (P < 0.001). By week 24, 50% of
patients in the etanercept group met the
ACR 20 criteria, compared with 13% of
the control group (P < 0.0001).

The results of the assessments at 12
and 24 weeks provide an indication con-
cerning duration of a trial of therapy. In
the phase III study, the therapeutic re-
sponse to etanercept at 24 weeks was
not significantly better than the response
at 12 weeks. Thus, for an individual pa-
tient with PsA, if the response is clini-
cally acceptable and the patient is satis-
fied with the results at 12 weeks, it is
reasonable to continue for a full course
of treatment. If the response is not
satisfactory at 12 weeks, an additional 3
months of treatment may not make a
significant clinical difference.

When more stringent criteria of effi-
cacy were applied, the results in the etan-
ercept group were still significantly bet-
ter. At week 24, 38% of patients in the
etanercept group met the criteria for
ACR 50, versus 4% of patients in the
control group (P < 0.0001). Nine per-
cent of patients in the etanercept group
achieved 70% improvement on the ACR
index, versus 1% of patients in the
placebo group at week 24 (P = 0.009).

The use of MTX made no difference
in response. A comparison of the sub-
set of MTX users showed 38% of pa-
tients who used MTX achieved ACR 50

at week 24 versus 36% of patients who
did not use MTX.

The quality-of-life improvement as
documented on the Health Assessment
Questionnaire (HAQ) was significant-
ly better in the etanercept group. At 24
weeks, compared with baseline scores,
50% of patients in the etanercept
group had an improvement in HAQ
score of � 0.5 versus 14% of place-
bo-treated patients (P < 0.001). HAQ
improvements of � 1.0 were seen in
23% of etanercept-treated patients ver-
sus 5% of those in the placebo group
(P < 0.001).

IMPROVEMENT IN
PSORIATIC SKIN DISEASE
In the subset of patients with psoriat-
ic skin involvement of at least 3% of
body surface area, improvements in the
Psoriasis Area Severity Index (PASI)
were assessed. The improvements from
baseline were significantly better in the
etanercept group. At week 24, the im-
provement in PASI 75 (that is, an im-
provement of 75% or better in psori-
atic lesions) in the etanercept group was
23% versus 3% in the control group 
(P = 0.001). At that same point, the

PASI 50 (or 50% improvement in PASI)
was 47% in the etanercept group versus
18% in the control group (P < 0.001).

SAFETY CONFIRMED IN
PHASE III TRIAL
In the etanercept group, injection site
reactions were the only adverse event
reported more frequently than in the
placebo group (36% versus 9%, re-
spectively). No deaths were reported,
no infections occurred that required
hospitalization or administration of in-
travenous antibiotics, and there was no
increase in the rate of malignancy. Fi-
nally, no significant laboratory abnor-
malities were associated with the use of
etanercept, and no antibodies to etan-
ercept were detected. ■

REFERENCES

1. Benchmark Survey for Psoriatic Arthritis.
Portland, Ore.: National Psoriasis Founda-
tion; 2002.

2. Mease PJ, Kivitz A, Burch F, Siegel E, 
Cohen S, Burge D. Improvement in dis-
ease activity in patients with psoriatic
arthritis receiving etanercept (Enbrel): Re-
sults of a phase 3 multicenter clinical trial.
Arthritis Rheum. 2001;44(suppl):S90.

To provide a consistent method of documenting the efficacy of 
interventions for rheumatologic diseases, the American College of
Rheumatology developed a composite response index, most 
commonly known as the ACR.
The parameters that are assessed in the ACR index are:
• Joint swelling
• Joint tenderness
• Patient's global assessment
• Physician's global assessment
• Pain (as measured on a visual analog scale)
• Erythrocyte sedimentation rate or C-reactive protein
• Health assessment questionnaire
In rheumatology clinical studies, efficacy is established by achieve-
ment of at least 20% improvement in the first two parameters (joint
swelling and tenderness) plus at least a 20% improvement in three
of the other five items. Such a result is referred to as ACR 20.
Greater improvement—50% or 70% improvement in these parame-
ters—is referred to as ACR 50 or ACR 70, respectively.  

TABLE: Understanding the ACR Response Index
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The systemic treatments, photothera-
pies, and topical drugs used to treat pso-
riasis have limitations that are well
known to dermatologists and patients
alike, including the most serious, toxic-
ity to major organs. The advent of tu-
mor necrosis factor (TNF) inhibitors of-
fers these patients a new way of treating
psoriasis and the associated complica-
tion psoriatic arthritis (PsA). The anti-
TNF agent etanercept is the first treat-
ment approved by the U.S. Food and
Drug Administration for therapy in pa-
tients with PsA. The clinical trials in PsA
indicated that etanercept was also ben-
eficial in reducing psoriatic skin lesions.

Etanercept and other TNF-inhibiting
agents offer a promising new treatment
option for difficult-to-treat patients with
generalized psoriasis, an option that has
safety advantages over many of the oth-
er treatments that are available.

PHASE II TRIAL IN PSORIASIS
A double-blind, placebo-controlled phase
II trial3 of etanercept as monotherapy for
psoriasis was conducted involving a to-
tal of 112 patients with a mean duration
of psoriasis in excess of 20 years. Fifty-
seven patients were randomly assigned to
receive etanercept, 25 mg twice weekly
for 24 weeks; 55 patients received place-
bo injections. Prior to randomization to

their treatment groups, all patients un-
derwent a 4-week washout of other sys-
tem and phototherapy treatments for
psoriasis, and a 2-week washout of top-
ical medications. Involvement of at least
10% of body surface area was a require-
ment for enrollment. (Interestingly, the
incidence of PsA was 28% in the etan-
ercept group and 35% in the placebo
group, confirming data from Gladman4

and others that the incidence of PsA in

patients with moderate to severe skin dis-
ease is quite high.)

The primary end point was a 75% re-
duction in Psoriasis Area Severity Index
(PASI 75) at 12 weeks. Secondary end
points included PASI determinations at
other time points; clearing of the target
lesion; physician and patient global as-
sessments; scores on a health assessment
questionnaire, the Dermatology Life
Quality Index (DLQI), as well as scores
on the Short Form SF-36 General
Health Questionnaire; and photographs
and biopsies from selected sites.

OVERVIEW OF
EFFICACY RESULTS
Thirty percent of patients in the etan-
ercept group achieved PASI 75 at week
12 versus 2% of those in the placebo
group. At 24 weeks, 56% of those tak-
ing etanercept had achieved PASI 75
versus 5% of patients taking placebo.
Of note is the fact that the PASI 75 is
a standard equal to a 70% improvement
on the American College of Rheuma-
tology response index (ACR 70), and
the demonstrated efficacy for approval
of rheumatology drugs is the modest

THE ROLE OF TNF INHIB IT ION
IN THE TREATMENT OF PSORIASIS
MARK G. LEBWOHL, MD

Approximately 7 million individuals in the United
States are affected by psoriasis. Although some de-
velop the disease at birth and others have an onset

of psoriasis as late as the ninth decade of life, most pa-
tients experience onset of psoriasis in the third decade,
with an average age of onset of 28 years.1

An estimated 150,000 to 260,000 new cases of psoria-
sis are diagnosed each year in the U.S.1 Despite annual
costs to treat outpatients of between $1.6 and $3.2 bil-
lion,1 and despite the fact that psoriasis is every bit as dis-
abling as other major diseases (including hypertension,
heart disease, diabetes, and depression),2 about half of
all patients with psoriasis are not adequately treated.1

FIGURE 1: Improvement in Psoriasis

In the phase II trial of etanercept in psoriasis, 56% of patients on etanercept
achieved at least a 75% improvement in Psoriasis Area Severity Index at week
24. To illustrate the clinical implications of such an improvement, the photos
above show one patient’s arm lesions at baseline (left) and after 24 weeks of
treatment (right). This patient’s PASI improvement was 87%.
Gottlieb AB, et al. Poster presented at: AAD, 2002.
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ACR 20 (for an explanation of the
ACR response index, see the table on
page 4).

Seventy-percent of patients in the
etanercept group achieved PASI 50 (that
is, a 50% improvement in the PASI
score) at week 12 versus 11% of those
in the placebo group. At week 24, 77%
of etanercept-treated patients achieved
PASI 50 compared with 13% of those
in the placebo group.

According to the physicians� global
evaluation of psoriasis�that is, the
percentage of patients whose psoriasis
was judged to be clear or almost
clear�45% of patients who received
etanercept were clear or almost clear at
week 12 versus less than 5% of those
in the placebo group. At week 24, the
results were similar. More than 50% of
patients in the etanercept group were
clear or almost clear by the end of the
study, versus < 5% of placebo-treated
patients.

The mean improvement in the DLQI
was 60% in the etanercept group versus
10% in the placebo group.

GOOD SAFETY PROFILE
A small increase in the number of in-
fections occurred in the etanercept
group versus the placebo-treated pa-
tients, although the source of these in-
fections has not yet been established. It
may be that these represent upper res-
piratory infections.

Low-grade injection site reactions oc-
curred in 9% of patients in the etaner-
cept group; there were no such reactions
in the placebo group. These reactions re-
solved spontaneously within a few days
and in no case required treatment or drug
discontinuation.

No laboratory test abnormalities were
noted, and no opportunistic infections
occurred in any of the study subjects.

TNF INHIBITION: POTENTIAL
FUTURE APPLICATIONS
Although the phase II study of etanercept

in psoriasis was a monotherapy trial, etan-
ercept can be used with methotrexate if
clinical indications warrant combination
therapy. Etanercept can be added to a
methotrexate regimen very safely, and
the methotrexate dosage adjusted down-
ward based on clinical response.

Dermatologists should also be aware
that etanercept has applications in oth-
er dermatologic conditions. To date it
has been studied in Behçet�s disease,
cicatricial pemphigoid, graft-versus-
host disease, and Sjögren�s syndrome.
Etanercept is likely to become an im-
portant part of our armamentarium
for a wide range of diseases and con-
ditions.

SUBCUTANEOUS DRUG
ADMINISTRATION
With the introduction into dermatology
of subcutaneously administered drugs
such as etanercept comes the challenge
to our specialty to incorporate education
about self-administration of these in-
jections into our practices.

Our experience with etanercept clini-
cal trials shows that teaching this skill is
far easier than one might imagine. In
fact, most patients required only one
demonstration session to acquire the
ability to self-inject the drug. Further-
more, industry-supported audiovisual,
print, and other training materials and as-
sistance are available to physicians and
patients (Figure 2).

CONCLUSION
It is clear from clinical experience that
new therapies for psoriasis are needed to
improve the quality of life for millions
of patients. In the past decade, it has be-
come apparent that TNF plays a signif-
icant role in the immunopathology of
psoriasis. The phase II trials involving
TNF-inhibiting biologic agents demon-
strate that use of such drugs results in
marked improvements in both primary
and secondary measures of disease.

In the 5-year experience of the use of
TNF inhibitors in patients with rheuma-
toid arthritis, these drugs have been
shown to be safe and well tolerated. To
date, they appear to be well tolerated in
patients with psoriasis. Nevertheless,
TNF inhibitors have distinct differences
and similarities, and further studies are
needed in patients with psoriasis to con-
firm the efficacy and safety of these
drugs in this patient population. ■

REFERENCES
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2002.
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AB Jr, Reboussin DM. J Am Acad Derma-
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Experience from clinical trials with a
self-administered subcutaneous
injection of an anti-TNF agent
showed that most patients learn the
technique in one teaching session.
Audiovisual, print, and other
training materials are available to
support hands-on teaching so that
patients quickly acquire the
necessary skill.

FIGURE 2: Self-Administration of Subcutaneous Drugs
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Long-term safety and efficacy data from
clinical trials in patients with RA have
demonstrated that these agents, etaner-
cept and infliximab, are both effective
and well tolerated, presenting patients
with RA an alternative to agents such as
corticosteroids and methotrexate
(MTX). Unlike the experience with these
and other traditional disease-modifying
antirheumatic drugs (DMARDs), no
major organ toxicity has been reported
to date with the use of TNF inhibitors.

Recently, one of these agents, etaner-

cept, was approved by the U.S. Food and
Drug Administration for the treatment
of psoriatic arthritis (PsA). It is currently
the only approved treatment for PsA.
Dermatologists who will be using etan-
ercept and other TNF-inhibiting agents
in their patients with PsA should be fa-
miliar with the long-term safety data ac-
cumulated to date.

DEMONSTRATED EFFICACY
Moreland et al1 published the findings
from one of the first clinical trials con-

ducted on etanercept. In this double-
blind, placebo-controlled study, etaner-
cept was given to 234 patients with ac-
tive RA who were refractory to
traditional DMARDs (such as non-
steroidal antiinflammatory drugs, corti-
costeroids, MTX, cyclosporine, intra-
muscular gold, and sulfasalazine). The
mean duration of disease was 11-13
years. The primary end points were 20%
and 50% improvement in disease activ-
ity, according to American College of
Rheumatology responses (ACR 20 and
ACR 50, respectively), at 3 and 6
months. Particularly given the long-
standing and refractory nature of the
disease in the subjects in this trial, the
results of this study were impressive: At
6 months, 59% of the patients who re-
ceived 25 mg of etanercept twice week-
ly achieved an ACR 20 response, 40%
achieved an ACR 50, and 15% achieved
an ACR 70.

This group of patients, pooled with
others who have been receiving etan-
ercept for RA, continues to be studied
over time in an ongoing, open-label
study of safety and efficacy. Data from
1,960 patients, representing 4,343 pa-
tient-years of experience over a peri-
od of up to 5 years, have been pub-
lished so far.2 The results show that the
response seen at 6 months has been
sustained.

In a double-blind study of 89 patients
who still had active RA despite using
MTX for at least 6 months, Weinblatt
and colleagues3 further demonstrated
the efficacy of etanercept and also
showed that the use of etanercept re-
duced the use of both MTX and corti-
costeroids. In this study, patients were
randomly selected (in a 2:1 randomiza-
tion scheme) to receive either etanercept
plus MTX (59 patients) or placebo plus
MTX (30 patients). At 6 months, 71%
of patients in the combination-therapy
group achieved ACR 20, versus 27% of
those who received placebo plus MTX
(P < 0.001). In the combination-thera-
py group, 39% achieved ACR 50 (ver-

EXPERIENCE WITH TNF INHIB ITORS: 
FIVE YEARS OF USE IN RHEUMATIC DISEASE

MARC D. COHEN, MD

The impetus for the development of a new approach to
the treatment of rheumatoid arthritis (RA) was the need
for a modality that would yield long-term efficacy, not

only in the control of symptoms, but also in the inhibition
of other markers of disease progression, including radi-
ographic progression. The novel biologic agents that inhib-
it the inflammatory cytokine tumor necrosis factor (TNF)
have radically altered the expectations of both rheumatolo-
gists and patients with RA.

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

year 1 year 2 year 3 year 4 year 5

0.06

0.03

0.05

0.03 0.03

ev
en

ts/
pa

tie
nt

-y
ea

r

Source: Klareskog L et al2
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FIGURE: Etanercept Monotherapy Extended Observation: 
No Change in Serious Infection Rate
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sus 3% of the placebo/MTX group,
P < 0.001), and 15% achieved ACR 70
(versus 0% of the placebo/MTX group,
P = 0.03).

At the end of 6 months, 79% of these
patients continued in an open-label ex-
tension study,4 and subjects were per-
mitted to reduce their use of MTX and
corticosteroids. The data on a median of
26 months (maximum of 34 months)
show that 54 patients (68%) were able
to decrease their use of MTX by a
mean of 62% and 23 (29%) discontin-
ued taking MTX. Thirty-one (69%) of
the 45 patients who had been using cor-
ticosteroids were able to reduce their use
of these agents by a mean of 77%, and
19 (42%) discontinued taking corticos-
teroids.

SAFETY: NO INCREASED RISK
FOR SIDE EFFECTS SHOWN
The accumulated evidence from the
controlled trials reported to date�up to
60 months of experience�shows that
there is no statistically significant dif-
ference between etanercept- and place-
bo-treated patients in the incidence of
infections, including upper respiratory
infections.2 Further, no cases of either
tuberculosis or opportunistic infections
were seen in any patients in any of the
clinical trials of etanercept (Figure on
page 7).2 In ongoing surveillance data,
a few cases of tuberculosis have been
reported.5

The accumulated data show that etan-
ercept has not yet been associated with
any statistical increased risk for malig-
nancy.

In the Early Rheumatoid Arthritis
(ERA) trial,6 a double-blind study com-
paring etanercept with MTX in patients
with the early stages of RA, 632 MTX-
naive patients were randomized to re-
ceive either weekly oral MTX alone or
subcutaneous injections of 10 or 25 mg
of etanercept twice weekly for 12
months. In the blinded phase of this
study (which also had an open-label ex-
tension phase to further assess efficacy),
the patients taking 25 mg of etanercept
had significantly fewer adverse events 
(P = 0.02) and infections (P = 0.006)
than did those using MTX. Safety data
from the end of the third year of the
ERA trial, which included 2 years of
open-label phase data, were similar to
those reported at the end of the blind-
ed phase of the study. There were no in-
creases in the rates of malignancies or
significant infections associated with par-
enteral antibiotics or hospitalization.

INFLIXIMAB IN RA 
The efficacy and safety of infliximab,
the chimeric antibody TNF inhibitor,
were established in the 54-week phase
III study known as the Anti-Tumor
Necrosis Factor Trial in Rheumatoid
Arthritis with Concomitant Therapy
(ATTRACT).7,8 In this study, 428 pa-
tients who had active, long-standing RA
despite treatment with an average of
three DMARDs were randomized to
one of five groups: infliximab/MTX, 3
mg/kg every 4 weeks (n = 86); inflix-
imab/MTX, 3 mg/kg every 8 weeks 
(n = 86); infliximab/MTX, 10 mg/kg
every 4 weeks (n = 81); infliximab/MTX,

10 mg/kg every 8 weeks (n = 87); or
placebo infusion plus MTX (n = 88).

Patients who received infliximab plus
MTX (with all regimens and at all dos-
es) did significantly better in achieving
ACR 20 than did those on MTX alone
(P < 0.001 for all infliximab groups).
Further, in the treated groups, impres-
sive reductions were seen in joint
swelling and tenderness, and radi-
ographic progression of disease was
significantly reduced compared with
MTX monotherapy (P < 0.001).

To date, the accumulated evidence in-
dicates that infliximab is generally safe
and well tolerated. However, it is im-
portant to note that some patients us-
ing infliximab have developed tubercu-
losis (TB), invasive fungal infections, and
other opportunistic infections. The
package insert for infliximab states that
a purified protein derivative (PPD) tu-
berculin test should be performed to
evaluate all patients for latent TB infec-
tions before starting treatment.

CONCLUSION
Sufficient experience has not yet ac-
crued to allow a determination of
whether the efficacy results seen to
date with TNF inhibitors are sustain-
able; the data thus far are promising.
Further, the biologic agents have a rapid
onset of action and are well tolerated,
with a favorable side effect profile.
Here, again, long-term data are not yet
available, but the clinical studies com-
pleted to date have demonstrated good
tolerance and no evidence of major or-
gan toxicity. ■
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In general, the roles of these proteins
include three functions: the regulation
of acute inflammation, the regulation
of cell-mediated immunity, or the in-
duction of cell death in various set-
tings. It is important to note that these
functions are not always separable, and
one protein may have biologic activity
in all three areas, depending on the
context.

Studies were performed on cytokine
cascades in sepsis, in which the response
to a lipopolysaccharide (LPS) challenge
was explored.1 It was determined that
circulating levels of three so-called acute
phase proteins�TNF, interleukin-1 
(IL-1), and IL-6�increase dramatically
beginning within 15 minutes after LPS
administration. This cytokine cascade
begins with TNF, with circulating levels
of TNF peaking at about 30 minutes,
while IL-6 peaks between 3.5 and 4
hours. Induction of these acute phase
proteins may be followed by local in-
flammation, fever, shock, vascular col-
lapse, and death.

An acute inflammatory reaction also
includes neutrophil trafficking into sites
where TNF is expressed as a result of
induction of adhesion molecules 
(Figure 1). TNF is considered to be the
master regulator of the sepsis cascade,
as administration of TNF will produce
all �downstream� inflammatory events
as described for LPS (Figure 2 on
page 10).

ROLE OF TNF IN
JOINT DESTRUCTION AND
PLAQUE FORMATION
The hypothesis that this innate immune
response also might play a role in chron-
ic inflammation was based on the un-

derstanding of cytokine activation in re-
sponse to sepsis and the role of TNF in
acute injury. In RA, type 1 T cells or cir-
culating immune complexes trigger
macrophages to release TNF, which
then induces other cytokines such as
IL-1, IL-6, IL-8, and granulocyte-macro-
phage colony-stimulating factor, all of
which are known to be increased in joint
fluid in patients with RA. Elaboration of
these proinflammatory cytokines caus-
es further proliferation and inflamma-
tion in the synovium.

In both RA and PsA, degradation of
joints, development of pain and other
signs and symptoms, and loss of artic-
ular function result when cartilage is
eroded. Destruction of collagen in joints
in patients with these diseases is largely
the result of the activity of matrix met-
alloproteinases (MMPs) which, in turn,

JAMES G. KRUEGER, MD, PHD

The discovery of tumor necrosis factor (TNF) and the
development of the current knowledge about this pro-
tein began with the observation that a factor circulat-

ing in the blood of mice infected with a mycobacteria
species could be induced to cause cell death. This factor
was called TNF because its administration caused in vivo
hemorrhagic necrosis of tumor cells. TNF is the founding
cytokine for a superfamily of proteins that includes ap-
proximately 18 ligands and 26 receptors, all related by
structure.

IMMUNOBIOLOGY OF PSORIASIS AND
PATHOGENIC ROLES FOR TNF

TNF stimulates endothelial cells to express ICAM-1 and other adhesion molecules
for leukocytes. In addition, the chemokine IL-8 is induced by TNF, and this
chemokine attracts leukocytes (such as neutrophils) that express the IL-8 receptor,
CXCR1. Hence, translocation of leukocytes into peripheral tissues is indirectly
regulated by TNF.
CXCR1 = chemokine receptor for IL-8; ICAM-1 = intercellular adhesion molecule-1; 
IL = interleukin; MAC = macrophage; TNF = tumor necrosis factor.

Courtesy James G. Krueger, MD, PhD
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FIGURE 1: TNF in Innate Immunity
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seem to be under the direct transcrip-
tional control of TNF (Figure 3 on
page 11).

In addition, in these diseases, neu-
trophils adhere to intercellular adhesion
molecule 1 (ICAM-1)�positive  blood
vessels, and migration into the joint
space occurs. Elastase and other toxic
substances are subsequently released,
further increasing inflammation.

In psoriatic skin plaques, certain key
activities are parallel. Psoriasis, once
thought to be caused primarily by kerat-
inocyte hyperproliferation associated
with abnormal epidermal differentia-
tion, is now recognized as a T-cell�me-
diated inflammatory disease in which
epidermal hyperplasia is a reaction to the
activation of the immune system at cer-
tain skin sites. TNF has been shown to
be present in increased levels in psori-
atic lesions, as are several genes regulat-
ed by nuclear factor κ β, a transducer of
TNF signals. TNF induces the release of
IL-8, which is a chemokine that en-
hances inflammation by attracting neu-
trophils to the lesion site. As in joint in-
flammation, the recruitment and

migration of neutrophils into the epi-
dermis result in the release of elastase
and other inflammatory
products.

WHY TNF
INHIBITION WORKS
The recognition that
TNF and other cy-
tokines are elevated in
RA and PsA, as in the
sepsis cascade described
above,2 formed the basis
for the clinical testing of
TNF inhibitors. In fact,
a body of evidence from
clinical studies (dis-
cussed in the other arti-
cles in this supplement)
continues to accumulate,
demonstrating that ad-
ministration of TNF-in-
hibiting agents is effec-
tive in improving signs
and symptoms of in-
flammatory arthritis, both
RA and PsA.

As ongoing clinical research further

demonstrates the efficacy and safety of
anti-TNF therapy, investigation also
continues to explore, explain, and clar-
ify the mechanisms by which TNF 
inhibition works in these diseases. For
example, Catrina and colleagues3 have
demonstrated that anti-TNF therapy
with etanercept downregulates MMP-3
and MMP-1 in RA.

UNDERSTANDING TNF
INHIBITION IN PSORIASIS:
TODAY�S QUESTIONS
While clinical studies with etanercept
have demonstrated that more than
50% of patients with psoriasis experi-
ence improvement after 6 months of
continuous TNF blockade, it has been
noted that the clinical response to
TNF blockade is rapid in RA4 but is
relatively slow in psoriasis. What is the
relevant therapeutic mechanism in pso-
riasis?

One possibility is that etanercept is cy-
tolytic for some TNF-positive leuko-
cytes, although the data to support such
an explanation are weak.5 Another pos-
sibility is that TNF inhibition in psori-
asis alters different immune pathways
compared with RA. TNF may regulate
activation and migration of Langerhans�

cells and, along with 
γ-interferon, induce the
trafficking of T cells and
other leukocytes into skin
lesions. It seems likely,
from what is known to
date, that TNF regulates
the immune response at
that point by influencing
the synthesis of chemo-
kines in lesions. Never-
theless, TNF is not likely
to be the sole regulator of
these activities�many 
γ-interferon�regulated
genes and chemokines
also are upregulated in
psoriasis. A plausible sce-
nario is that TNF and 
γ-interferon work syner-
gistically to produce these
chemokines. Thus, block-
ing TNF may result in a
decrease rather than in a

complete cessation of the inflammato-
ry reaction.6-9

Administration of TNF triggers messenger RNA for inflammatory genes,
including those that are associated with adhesion, vasodilation, collagen
destruction, amplification of inflammation, and chemotaxis.
ICAM-1 = intercellular adhesion molecule-1; IL = interleukin; iNOS = inducible nitric oxide
synthase; MMP-1 = matrix metalloproteinase-1; mRNA = messenger ribonucleic acid; 
NF-κβ = nuclear factor kappa beta; TNF = tumor necrosis factor; TNFR = TNF receptor.
Courtesy James G. Krueger, MD, PhD
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As indicated in this figure, circulating immune complexes (rheumatoid factor)
or cytokines produced by activated T cells trigger macrophages to synthesize
and release TNF. TNF, in turn, directly induces other cell types to produce
MMP-1, which is a type II collagenase and can directly degrade articular
cartilage.
FcR = fractional catabolic rate; IgG = immunoglobulin G; IgM = immunoglobulin M; 
IFN = interferon; MMP = matrix metalloproteinase; TNF = tumor necrosis factor.

© James G. Krueger, MD, PhD
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CONCLUSION
Clinical studies have established an im-
portant role for TNF or TNF-positive
leukocytes in psoriasis. The difference in
time course of therapeutic improvement
in psoriasis compared with RA suggests
that a different set of pathogenic func-
tions for TNF is operating in these two
diseases. It is known that TNF plays dif-
ferent roles in regulating cell activation
in acquired versus innate immunity, and
its role in psoriasis may be more analo-
gous to functions in acquired immunity.

Many complex cellular immune func-
tions are regulated by TNF, and further
studies are required in psoriasis to bet-
ter understand the mechanisms through
which TNF improves disease symp-
toms. ■
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INSTRUCTIONS: For each question or incomplete statement, one answer is correct. Circle the most appropriate response. Six correct
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1. In both rheumatoid arthritis and psoriatic arthritis, destruction of
collagen in joints is largely the result of the activity of enzymes
known as ___________, which seem to be under the direct
transcriptional control of TNF.
a. elastase b. metalloproteinase
c. protease d. transcriptase

2. Which one of the following statements concerning the activity of
TNF is false?
a. the cytokine cascade in sepsis begins with interleukin-1 and

TNF levels rise beginning about 2 hours later
b. TNF plays a role in cytokine activation in response to sepsis
c. the response to TNF blockade is rapid in rheumatoid arthritis

but is relatively slow in psoriatic arthritis
d. the superfamily that includes TNF can induce cell death in

various settings
3. In the study by Moreland and colleagues of etanercept in patients

with active rheumatoid arthritis, what percentage of patients
achieved a 20% improvement in the American College of
Rheumatology response index?
a. 19% b. 39% c. 59% d. 79%

4. The Anti-Tumor Necrosis Factor Trial in Rheumatoid Arthritis
with Concomitant Therapy (ATTRACT) was designed to study
the effects of:
a. etanercept plus infliximab
b. etanercept plus methotrexate
c. infliximab plus methotrexate
d. infliximab plus systemic corticosteroids

5. Which one of the following statements is true concerning the
phase III trial of etanercept in patients with psoriatic arthritis?

a. patients were permitted concomitant use of only one of the
standard treatments for psoriatic arthritis (that is, etanercept
plus methotrexate or etanercept plus cyclosporine)

b. patients were permitted concomitant use of only methotrexate
c. patients were permitted concomitant use of methotrexate,

systemic corticosteroids, and nonsteroidal antiinflammatory
drugs

d. this was a monotherapy trial
6. Which one of the following statements is true concerning the

phase II trial of etanercept in patients with psoriasis?
a. patients were permitted concomitant use of only one of the

standard treatments for psoriasis
b. patients were permitted concomitant use of only methotrexate
c. patients were permitted concomitant use of methotrexate,

systemic corticosteroids, and nonsteroidal antiinflammatory
drugs

d. this was a monotherapy trial
7. In the phase III clinical trial of etanercept in patients with

psoriatic arthritis, which one of the following adverse events was
reported more frequently in the active treatment group compared
to the placebo group?
a. deaths b. injection site reactions
c. malignancies d. serious infections

8. In the phase II trial of etanercept in patients with psoriasis, 2% of
patients in the placebo group achieved the primary end point, a
75% improvement in the Psoriasis Area Severity Index. What
percentage of those in the active treatment group achieved a PASI
75 at 12 weeks?
a. 10% b. 20% c. 30% d. 40%
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