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T
umor necrosis factor (TNF)-alpha is a pro-
inflammatory cytokine produced by T lympho-
cytes, macrophages, and keratinocytes that has
been found at high levels in several autoimmune
disorders and skin conditions, such as psoriasis,

rheumatoid arthritis, ankylosing spondylitis, Crohn's disease,
and refractory asthma. It stimulates other cytokines, including
interleukin (IL)-1, IL-6, and IL-8, promotes keratinocyte pro-
liferation, mediates immune-cell activation and proliferation,
regulates apoptosis and leukocyte movement, and upregulates
the family of transcription factor nuclear factor kappa B (NF-
κB), which maintains cellular homeostasis by enhancing the
transcription of genes involved in inflammation, immune
response, cell proliferation, and apoptosis.

TNF-α may be found in monomeric or trimeric form, and is
either soluble or membrane-bound. Its action is mediated via the
receptors p55 and p75 (receptors belonging to the TNF super-
family 1A and 1B, respectively).1 Soluble TNF binds and activates
mostly p55, while transmembrane TNF mostly activates p75.2

Biologic agents are proteins that can be extracted from animal
tissue or produced via recombinant DNA technologies and pos-
sess pharmacological activity. They target specific immunological
pathways with the objective of treating inflammatory diseases
with similar, and in some cases with superior results compared
with traditional treatments, with the additional benefit of the
reduction of the multiple organ toxicity and adverse effect profile
usually reported with the traditional treatment modalities. A
study by Katugampola et al.3 demonstrated improved physical

and health-related quality of life (HRQoL) in conditions such as
psoriasis treated with biologics compared with placebo.

Etanercept. Etanercept is a soluble human dimeric fusion
protein composed of the p75 subunit of the TNF-α receptor
and the Fc portion of human IgG1, that competitively binds
TNF-α, preventing its binding to endogenous receptors; its
dimeric nature means its affinity for TNF-α is 50-1,000 times
greater than that of soluble monomeric forms of TNF-α recep-
tor.4 Additionally, it modulates lymphotoxin-a, a cytokine that
is structurally similar to TNF-α that has similar activities.4-6

Etanercept has been approved by the Food and Drug
Administration (FDA) for treatment of rheumatoid arthritis,
juvenile rheumatoid arthritis, ankylosing spondylitis, psoriatic
arthritis, and moderate-to-severe plaque psoriasis, at a dose of
25mg twice weekly or 50mg once weekly, administered by sub-
cutaneous injection for three months, then the dose is reduced
for maintenance therapy. 

Multiple studies have demonstrated etanercept’s efficacy for
the treatment of psoriasis and psoriatic arthritis. A total of 60
patients with psoriatic arthritis and psoriasis were enrolled in a
randomized, double-blind, placebo-controlled study to assess the
efficacy and safety of etanercept (25mg twice-weekly subcuta-
neous injections) vs. placebo. After 12 weeks, median PASI
improvement was 46 percent in etanercept-treated patients versus
nine percent in placebo-treated patients. In addition, etanercept
was well tolerated.7 Long-term studies with etanercept have also
demonstrated safety and efficacy. In a phase 3, randomized, dou-
ble-blind trial with an open-label extension, Tyring et al.8 studied
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618 adult patients with moderate to severe plaque psoriasis and
showed extended efficacy of 50mg twice weekly etanercept for
psoriasis for up to 96 weeks of continued therapy, with adverse
event rates similar to those in patients receiving placebo.

Overall, etanercept is a well-tolerated drug and has been
shown to have an excellent safety profile with long-term use;
it is easy to use, can be self-administered by the patient, and
decreases the high number of ambulatory visits or laboratory
monitoring tests.6

Infliximab. As a chimeric monoclonal antibody, inflix-
imab is comprised of approximately 75 percent human IgG1
constant region and 25percent murine variable regions specif-
ic for TNF-α that competitively binds both soluble and mem-
brane-bound forms of TNF-α. In addition, it stimulates cell
lysis and apoptosis mediated by complement in cells express-
ing TNF-α on their surface.9 Infliximab has been approved by
the FDA for the treatment of moderate-to-severe plaque pso-
riasis, psoriatic arthritis, ulcerative colitis, Crohn’s disease,
ankylosing spondylitis, and rheumatoid arthritis. It is admin-
istered as an IV infusion at a dose of 3-10mg/kg, and repeat-
ed at two and six weeks. It is usually effective within two
weeks, and has been reported to achieve long-lasting remis-
sions in patients with psoriasis. Safety information is extensive
because of widespread use in RA and Crohn’s, which have sim-
ilar treatment regimens; approximately 280,000 people had
been treated with infliximab as of 2006.9

Adalimumab. Adalimumab is a humanized, recombinant
IgG1 monoclonal antibody constructed using phage technolo-
gy targeting TNF-α. The molecule is identical to human IgG,
so the likelihood of immunogenicity is low.10 Similarly to inflix-
imab, adalimumab also leads to apoptosis of cells with mem-
brane-bound TNF. Adalimumab has been approved by the
FDA for psoriatic arthritis, rheumatoid arthritis, ankylosing
spondylitis, and Crohn’s disease. It is Administered as single
40mg subcutaneous injection given every other week.

In a multicenter, randomized, double-blind, placebo-con-
trolled study, 147 patients received adalimumab (40mg every
other week or 40mg/wk) or placebo. After 12 weeks, patients
taking adalimumab could continue their assigned dosages, and
patients taking placebo were switched to adalimumab (40mg
every other week), in a 48-week extension open-label trial. At
week 12, 53 percent of patients taking adalimumab every
other week, 80 percent of patients taking adalimumab weekly,
and four percent  of patients taking placebo achieved PASI 75
(P < .001). These responses were maintained, and adalimum-
ab was well tolerated for 60 weeks.11

Dermatologic Conditions
Several cutaneous adverse events have been associated with the
use of TNF-α blocking therapy, the most commonly reported

being rash injection-site reactions and infusion-related
urticaria.12-17 In a prospective cohort study by Flendrie et al.,17

289 patients with the diagnosis of RA who were starting on
TNF-α blocking therapy were followed-up and compared to
a control group of patients with RA who had never received
TNF-α blocking therapy. A total of 128 dermatological events
were reported in 72 (25 percent) RA patients receiving TNF-
α blocking therapy during 911 patient-years of follow-up,
with a median follow of 2.3 years. The treatment was stopped
in 19/72 patients (26 percent) because of the dermatological
events. Sixteen dermatologic adverse events were reported in
78 patients receiving etanercept (0.13 events per patient year),
49 dermatologic events in 167 patients receiving infliximab
(0.14 events per patient-year), and 56 dermatologic events in
108 patients receiving adalimumab (0.12 events per patient-
year). By frequency, the most common events were infections,
eczema, drug-related eruptions, ulcers, benign skin tumors,
malignant skin tumors, xerosis cutis, vasculitis, actinic kerato-
sis, chronic venous disease, psoriasis, edema, stasis dermatitis,
and seborrheic dermatitis.

Thirty-three skin infections were reported in 27 patients (20
fungal, 11 bacterial and two viral). Twenty eczematous erup-
tions developed in 19 patients with no specific morphological
pattern, with one requiring hospitalization for treatment of the
eczema. Drug-related eruptions occurred mostly within the first
five months of therapy and presented as exanthema, urticaria,
lichenoid lesions, and purpura. All cases were verified via clini-
cal-histopathologic correlation, and the reactions related to the
time of administration of the drug. Five malignant tumors were
reported and histopathologically confirmed in four patients;
these included basal cell carcinoma, Bowen’s disease, squamous
cell carcinoma (SCC), and low grade-basalioma (Pinkus epithe-
lioma). Five cases of actinic keratosis and seven benign tumors
including one facial telangiectatic nevus present since childhood
that started to grow during the treatment, three seborrheic  ker-
atoses, one oral hyperkeratosis, one histiocytoma, and one fibro-
ma, were also reported. Five cases of vasculitis, one superficial
necrotizing leukocytoclastic vasculitis with ulceration that com-
pletely recovered after discontinuation of therapy; one general-
ized urticarial eruption histopathologically compatible with
leukocytoclastic vasculitis; one vasculitis with infiltration of
mononuclear cells and presence of eosinophilic granulocytes;
one purpuric vasculitis that improved spontaneously even
though the therapy was not suspended, and one isolated digital
vasculitis on the toes were also reported. Nine ulcers including
pressure ulcers, traumatic ulcers, ulcers due to dependency
edema, and ulcers secondary to unguis incarnates were report-
ed. One pressure ulcer in a patient receiving treatment with
infliximab had secondary infection and a fistula, the patient
admitted and received intravenous antibiotic therapy.
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Infliximab was restarted after several months without recur-
rences. In 10 patients venous insufficiency events such as stasis
dermatitis, edema, varices and chronic venous insufficiency
were reported. One patient with extensive varices developed
thrombophebitis while on infliximab therapy.  Three patients
developed psoriasiform eruptions nine months, four years and
16 months after adalimumab therapy. The latter two patients
had histopathologic confirmation of psoriasis. Other conditions
reported included dermatomyositis (which was reported during
treatment with etanercept), drug-induced systemic lupus ery-
thematosus in a patient receiving infliximab, and lymphoma-
toid papulosis-like eruption in a patient on adalimumab.

Lecocytoclastic vasculitis (LCV). Mohan et al.18 reported
clinical lesions of LCV in 35 patients (20 receiving etanercept
and 15 receiving infliximab) after a search in the Adverse
Events Reporting System (AERS) database of the US FDA
from 1998 to 2002. The association between the development
of LCV and TNF-α blocking agents is supported by the tem-
poral relation between occurrence of the lesions and initiation
of therapy, the complete or partial resolution of the lesions
after discontinuation of the therapy in more that 50 percent of
the patients, the reappearance or worsening of the lesions after
re-exposure to the therapy, and that fact that the development
of anti-drug antibodies, which has been reported with both
etanercept19 and infliximab,20 may cause a hypersensitivity vas-
culitis.21 However, since LCV is a well-known complica-
tion of RA with a reported 30 years cumulative inci-
dence of LCV secondary to RA of about 5.1  percent, a
precise correlation cannot be established, and other
causes of LCV should be excluded with the appropriate
diagnostic methods.

Interstitial granulomatous dermatitis. Deng et al.22

reported five patients with erythematous annular plaques
on the trunk and extremities during the course of treat-
ment with different TNF-α blocking agents for RA
(n=3), multiple myeloma (n=1) and psoriatic arthritis
(n=1). The histopathology confirmed diffuse interstitial
granulomatous infiltrates of lymphocytes, histiocytes,
eosinophils, and palisading degenerated collagen.
Discontinuation of the drugs led to resolution of skin
lesions. Four additional cases who developed the same
clinical and histopathologic features were reported by
Bremner et al.,23 where three out of four patients were
receiving treatment with infliximab, although the inter-
stitial granulomatous dermatitis predated the therapy,
according to the authors, and no relationship was estab-
lished between the lesions and therapy. In addition,
interstitial granulomatous dermatitis has been associated
with systemic conditions including  RA, systemic lupus
erythematosus, lymphoproliferative disorders, and sys-

temic vasculitis, however the strongest association remains RA.
New onset psoriasis. More than 100 cases have been report-

ed in the literature involving new onset or worsening psoriasis
after infliximab, adalimumab, or etanercept therapy for any dis-
ease treated with TNF antagonists. These events may occur any
time after the initiation of TNF antagonist therapy and usually
resolve after discontinuation of the drugs.24-28

In a literature review, Collamer et al.27 suggest that most cases
of TNF antagonist-induced psoriasis do not require medication
cessation; instead, the new psoriasis should be treated with con-
ventional therapies, such as strong topical corticosteroids, kera-
tolytics, ultraviolet therapy, methotrexate, and vitamin D ana-
logues. A change in the TNF-antagonist may be needed if the
lesions are unresponsive. If new lesions are severe, intolerable,
and increasing with each subsequent infusion or injection, the
drug should be discontinued immediately.

The pathogenesis of this phenomenon involves TNF-α inhi-
bition leading to dysregulation of cytokine balance, with up-reg-
ulation of plasmacytoid dendritic cells, unopposed interferon-α
production, and increased perivascular lymphocytic infiltrate.24,29

However, because the majority of patients do not relapse after
switching the TNF antagonist, the exact pathophysiology may
vary between the three agents. Harrison et al. reported that adal-
imumab may have the highest incidence of psoriasis compared
to etanercept and infliximab.30
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Data from First Head-to-Head Biologic Comparison Study Released
With the advent of biologics for treatment of psoriasis, clinicians have posed ques-
tions about both safety and efficacy. Results of the first head-to-head efficacy trial
of two biologic agents were released at the European Academy of Dermatology and
Venerology meeting in Paris last month and reported by Centocor.
The phase 3, multicenter, randomized study comparing ustekinumab (an investiga-
tional human monoclonal antibody that targets cytokines interleukin-12 (IL-12) and
interleukin-23 (IL-23)) and etanercept enrolled 903 patients with moderate to severe
plaque psoriasis. Baseline demographics and disease characteristics were comparable
across treatment groups.
Subjects in the active-controlled, parallel, three-arm study, were randomized in a
3:5:5 ratio to receive subcutaneously administered ustekinumab (45 or 90mg doses at
weeks 0 and 4) or etanercept (50mg twice-weekly) through week 12. Subjects had a
documented inadequate response to, intolerance of, or contraindication to
cyclosporine, methotrexate, or PUVA. 
At week 12, 67.5 percent of those in the ustekinumab 45mg group and 73.8 percent of
those in the 90mg group achieved PASI75, compared with 56.8 percent of those in the
etanercept group.  65.1 percent and 70.6 percent of patients in the ustekinumab 45mg
and 90mg groups, respectively, and 49 percent of etanercept-treated patients
achieved a physician's global assessment (PGA) of cleared or minimal. 36.4 percent
of patients in the ustekinumab 45mg group, 44.7 percent of those in the 90mg group,
and 23.1 percent of patients in the etanercept group achieved PASI90.
Reported rates of at least one serious adverse event were 1.9 percent and 1.2 percent
for 45mg or 90mg ustekinumab, respectively, and 1.2 percent for etanercept.
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Non-Melanoma Skin Cancer (NMSC). Etanercept,
Infliximab, Adalimumab: Setoguchi et al. reported that anti-
TNF-α agents do not increase the risk of solid malignancies,
including NMSC.31 Lebwohl et al. found no evidence for
increased risk of cutaneous SCC in more than 1,400 patients
treated with etanercept.32 Psoriasis itself has been linked with
increased risks of many cancers, including SCC.33,34 With so
many patients treated with anti-TNF-α agents, it is not sur-
prising that new-onset neoplasms, including breast, prostate,
and lung carcinomas,have been reported in patients on these
drugs.35 However, taken together, present data provide no evi-
dence that these agents increase the incidence of non-
hematopoietic malignancies.

Hematopoietic Malignancies: Etanercept, Infliximab.
Eighteen cases of lymphoproliferative disorders following
etanercept treatment and eight cases following infliximab
treatment have been reported to the MedWatch postmarket
adverse event surveillance system.36 Most of the cases involved
non-Hodgkin’s lymphoma, and the average interval between
start of therapy and lymphoma development was eight weeks.
Wolfe et al. prospectively studied a cohort of 18,572 rheuma-
toid arthritis patients treated with etanercept, infliximab, or
methotrexate, and identified a global standardized lymphoma
incidence ratio of 3.8 for etanercept, 2.6 for infliximab and
1.9 for generalized patients with rheumatoid arthritis.
However, the investigators themselves considered the risks as
slight and that the data was insufficient to establish a direct
causal relationship.37 Furthermore, patients with severe psoria-
sis, rheumatoid arthritis, and systemic inflammation are more
likely to develop malignancies, especially lymphomas, in gen-
eral.38,39 In a Swedish study, Askling et al. found no increased
lymphoma and leukemia risk in RA patients on etanercept,
infliximab. or adalimumab.40

Adalimumab. Contrary to the conclusions by Asking et al.,
in a 2006 meta-analysis, Bongartz et al. reported an odds ratio of
3.3 for malignancy in infliximab and adalimumab patients, with
more cases reported for higher doses of the anti-TNF-α agents.41

However, the same confounding factors involved in the etaner-
cept/infliximab lymphoma discussion above apply.

Hepatotoxicity
Etanercept. No evidence of hepatotoxicity has been reported
with the use of etanercept. Garcia et al. reported one case of a
patient with spondyloarthropathy who presented with severe
liver dysfunction related to infliximab;after the second infu-
sion serum controls showed an increase of transaminases. In
this study, after discontinuation of infliximab for 10 weeks,
serum transaminases returned to normal but ankylosing
spondylitis symptoms relapsed. The patient was switched to
treatment with etanercept with rapid and sustained improve-
ment, and the serum concentrations of albumin, AST, ALT,
GGT and alkaline phosphate remained normal during fives
months follow-up.42 Treatment of patients infected with hepa-
titis C virus or HIV does not increase viral load in either case,
affect liver function tests, or increase the risk of infections.43

Infliximab. Hepatotoxicity, a rare but potentially serious
condition, has been reported. In December 2004, the FDA
issued a warning that hepatic disease may complicate infliximab
therapy.  In postmarketing experience worldwide, severe hepat-
ic reactions including acute liver failure, jaundice/cholestasis,
and hepatitis, including autoimmune hepatitis, have been rarely
reported in patients receiving infliximab. Since August 24,
1998, when infliximab was approved in the US, three patients
in controlled clinical trials and 35 patients in the voluntary
postmarketing MedWatch program reported events considered
to be severe hepatic reactions. Severe hepatic reactions occurred

between few weeks to more than a year after initiation of
infliximab; elevations in hepatic aminotransferase levels
were not noted prior to discovery of liver injury in many of
these cases.44 Some of these cases were fatal or necessitated
liver transplantation.45 Three patients—one with rheuma-
toid arthritis, one Crohns disease, and one psoriasis—
receiving infliximab reported to developed cholestasis, pos-
itive antinuclear antibodies, and the two were positive for
anti-double-stranded DNA antibodies. These patients’
symptoms and liver function resolved with the discontinu-
ation of infliximab.46,47 As with other immunosuppressive
drugs, use of infliximab has been associated with reactiva-
tion of hepatitis B in patients who are chronic carriers of
this virus (surface antigen positive). It has been reported
that clinically apparent reactivation of hepatitis B virus has
occurred one month after the three doses of infliximab.
This effect has been proposed to be caused by inhibition of
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Table I : Recommended Algorithm for the indication of TNF-a inhibitor therapy 
related to Congestive Heart Failure63

TNF-a inhibitor  indication 

No CHF History History of CHF
Mild CHF Moderate/Severe CHF

No need for CHF screening (NYHA Class I and II) (NYHA Class III and IV)

Treat with Determine Avoid therapy with 
TNF-α inhibitor ejection fraction TNF-α inhibitor 

CHF new-onset:
Discontinue Normal Decreased

TNF-α inhibitor 
Treat with TNF-α inhibitor Avoid therapy with
after informed discussion 

and close monitoring



TNF, which decreased the cellular inflammatory response to
viral infection, allowing prolonged viral replication, and pre-
venting the destruction of infected epithelial cells. This could be
what occurs in chronic HBV infection with infliximab treat-
ment. Chronic carriers of hepatitis B should be appropriately
evaluated and monitored prior to the initiation of and during
treatment with infliximab.48

In clinical trials, mild or moderate elevations of ALT and
AST have been observed in patients receiving infliximab with-
out progression to severe hepatic injury. Patients with symp-
toms or signs of liver dysfunction should be evaluated for evi-
dence of liver injury. Any patients developing significant liver
enzyme elevation or clinical signs of hepatotoxicity such as
jaundice should discontinue infliximab.

Adalimumab. A controlled study49 with 16 patients demon-
strated that patients treated with adalimumab compared with
those treated with placebo developed AST and ALT liver enzyme
elevations greater than twice the upper limit of normal (ULN).
Overall, between one and four percent of adalimumab-treated
patients developed greater than two-fold elevation of liver
enzymes. This was similar to the percent of placebo-treated
patients with liver enzyme elevations. In this study, four patients
with these elevations did not return to normal by the end of the
study. In two patients, ALT and AST elevations returned to nor-
mal ranges during follow-up periods (one was taking concomi-
tant MTX.)  One patient was eventually diagnosed with primary
biliary cirrhosis. Another patient with a history of fatty liver
developed hepatic necrosis and died while receiving adalimum-
ab. This patient never had elevation of AST or ALT. Given the
history of liver disease, it cannot be determined whether adali-
mumab was contributory. However, caution for additional cases
of hepatotoxicity is warranted. The use of adalimumab has not
been associated with hepatotoxicity in the absence of other fac-
tors; no cases have been reported.

Congestive Heart Failure
Torre-Aminone et al.50 demonstrated a positive correlation
between the increase of peripheral circulating levels of proin-
flammatory cytokines such as TNF-α and IL-6 and the
increase of congestive heart failure (CHF) symptoms in
patients with depressed left ventricular ejection fraction.
Plasma concentrations of soluble TNF receptors, which are
much less variable than TNF-α and IL-6 levels, are also relat-
ed to the patient’s condition. In fact, soluble TNF-Receptor1
is one of the strongest and most accurate independent prog-
nosticators of CHF severity.51 In addition, TNF-α has been
shown to have negative inotropic effects, causing direct alter-
ations in the intracellular calcium homeostasis in the adult
cardiac myocyte, and to cause an indirect oxidative stress that
induces apoptosis of cardiac myocytes, left ventricular remod-

eling, endothelial cell dysfunction, and direct depression of
heart rate variability in patients with heart failure due to
blunting of B-adrenergic signaling.52-55

Rheumatoid arthritis (RA) has been associated with
increased cardiovascular morbidity and mortality, including
the development of CHF. TNF-α inhibitors are indicated for
the treatment of RA, controlling the inflammation and
decreasing the need for corticosteroids, which are two factors
implicated in the pathophysiology of CHF in RA.56,57 It has
been suggested that while treating RA, TNF-α inhibitors may
also have a positive effect, decreasing cardiovascular events,
including CHF.56,57 After reviewing 13,171 RA patients, Wolfe
et al.56 reported that heart failure was significantly less com-
mon in anti-TNF–treated patients (3.1 percent) than in the
remaining patients (3.8 percent)(p<0.05).

Under those premises, several large studies evaluating the
effects of TNF-α inhibitors (e.g. etanercept and infliximab) in
chronic heart failure were conducted but had to be terminat-
ed early due either to lack of improvement seen in clinical
CHF symptoms or mortality.58-60

Treatment with etanercept or infliximab has been associat-
ed with the induction of new-onset CHF or exacerbation of
existing disease. In a case series of 47 patients receiving treat-
ment with these TNF-α inhibitors, Kwon et al.61 described 38
patients who developed new-onset CHF and nine patients
who presented exacerbations of their pre-existing CHF. Of
interest, 50 percent of the patients presenting new-onset CHF
had no risk factors (e.g. history of hypertension, myocardial
infarction, or coronary hear disease), including 10 patients
younger than 50 years of age (range 19-48 years of age). In
addition, nine younger patients showed evidence of resolution
or improvement of CHF symptoms after withdrawal of TNF-
α inhibitors and administration of heart failure treatment,
suggesting a causality relationship. 

Due to mixed results obtained with etanercept and inflix-
imab—including nonstatistically significant increase in mor-
tality among patients treated with both agents compared to
placebo, and other fatal cases reported with infliximab partic-
ularly at high doses (i.e. 10mg/kg)—for the probability of
being harmful in patients with class III-IV heart failure,62,63

currently the recommendation is to avoid prescribing these
drugs to patients with unstable cardiac disease. However, at
lower doses, there are few or no safety issues with regards to
the use of either agent.64 In a meta-analysis by Navarro-Sarabia
et al.,65 there were no reports of serious adverse events related
to cardiovascular events with adalimumab. Posterior studies
have reported lack of development of CHF or worsening of
preexisting CHF in patients receiving treatment with adali-
mumab.66,67 The safety report on adalimumab showed that the
rate event of CHF was 0.26 per 100 patient-years in 10,050
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patients with longstanding RA, and 0.11 per 100 patient-years
in 542 patients with early RA.63

Recommendations for TNF-α inhibitors therapy in
patients with CHF are summarized in Table I.63 n
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