
I. Introduction

The use of biologic agents which block tumor
necrosis factor-alpha (TNF) can provide effective
treatment for the diverse manifestations of sarcoido-
sis (1, 2). Treatment strategies with anti-TNF agents
are evolving as more data and experience are avail-
able for patients with a variety of diseases including
rheumatoid arthritis, Crohn’s disease, and sarcoido-
sis.

Three major anti-TNF agents are approved for
use in rheumatoid arthritis, ankylosing spondylitis,
Crohn’s disease, and psoriasis (3-6). The main reason
to use them is the anti-inflammatory effect. In
rheumatoid arthritis infliximab also demonstrated a
reduction of oxidative stress markers (7).

Many published reports tout the efficacy of in-
fliximab for the treatment of sarcoidosis. In addition
to isolated case reports and series, two double blind
randomized trials have been published showing ben-
efit for infliximab in chronic pulmonary sarcoidosis.
One additional study showed no effectiveness for
another anti-TNF agent (8-13). Both etanercept and
adalimumab have also been reported useful in treat-
ing sarcoidosis (2, 14-16). In this review, we will dis-
cuss the issues surrounding the use of anti-TNF
agents in sarcoidosis. Specifically we will concentrate
on who is an appropriate candidate for therapy, how
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the drugs should be prescribed and monitored, and
what options exist for patients with inadequate re-
sponses.

II. Systemic Treatment Options in Sarcoidosis

A. Indications and Drug Options 

Failure of patient response to conventional ther-
apy or the presence of unacceptable side effects from
other available drugs, especially prednisone (17) con-
stitute the most common reasons for prescribing an
anti-TNF agent for sarcoidosis. At the time of initial
sarcoidosis diagnosis, the major treatment decision
centers around whether to prescribe corticosteroids
(1). In general the decision to treat or not is guided
by the presence of functional impairment particular-
ly pulmonary or cardiac involvement, neurosarcoido-
sis, or hypercalcemia (18). In contrast to many other
disorders, the presence of active inflammation does
not always indicate poor prognosis (19) and not
every sarcoidosis patient requires medical treatment
(1). Some conditions, such as neurologic and cardiac
involvement, are frequently associated with chronic
disease for which steroid sparing agents are often
prescribed at initial evaluation (20, 21). In addition
patients who present with significant respiratory im-
pairment frequently require long term therapy. In
these cases to minimize corticosteroid usage and
toxicity, one might consider concurrent usage of a
steroid sparing agent, such as methotrexate, with
corticosteroids (22).

Figure 1 summarizes an approach to systemic
therapy in sarcoidosis patients (1, 23). When sys-
temic therapy is considered, corticosteroids remain

the first choice (24, 25). Hydroxychloroquine can be
beneficial for some manifestations, such as cutaneous
disease and hypercalcemia (26-28). However, it has
not been as effective for pulmonary disease as cyto-
toxic agents (23, 29). Methotrexate has been the
most widely studied cytotoxic drug for sarcoidosis
(20, 30-32). Other cytotoxic agents, including  aza-
thioprine and leflunomide, have been reported effi-
cacious in smaller case series (33, 34). Despite these
agents, a group of patients will experience persistent
disease for which an anti-TNF agent, such as inflix-
imab, should be considered.

B. Anti-TNF Agents: Types and Mechanism of Action

Three biological agents with anti-TNF activity
are commercially available. Although all three drugs
are classified as anti-TNF inhibitors, the mechanism
of action and route of administration vary among the
three drugs. As noted in Table 1, both infliximab and
adalimumab are monoclonal antibodies targeted
against TNF-alpha. In contrast, etanercept is a direct
TNF receptor antagonist. Differences in routes of ad-
ministration can in part explain differences in onset
and duration of action and side effects. Although all
three drugs have proven efficacy in rheumatoid arthri-
tis and psoriasis, responses have varied by drug type in
Crohn’s disease. Future sections will discuss specific
dosing, onset of action, response rates, and side effects
for each anti-TNF agent administered in sarcoidosis.

C. Side Effects of Anti-TNF Therapy

The side effects of anti-TNF agents include
medication reactions such as anaphylaxis to inflix-
imab as well as local reactions to etanercept or adal-
imumab (35). In addition, all three agents are associ-
ated with increased risks for opportunistic infec-
tions, especially tuberculosis (36). This risk is higher
for infliximab than for etanercept, but it has been re-
ported with prolonged use of all three agents (36-
38). An increase in other granulomatous infections,
such as deep seated fungal infections (39), and bac-
terial infections (40, 41) can also be encountered.

Screening for prior tuberculous infection with a
detailed history and PPD is required prior to admin-
istering anti-TNF therapy. Although a PPD test is
recommended, many patients with sarcoidosis will
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Fig. 1. Approach to patient requiring systemic therapy for sar-
coidosis. Adapted from Baughman et al (1)
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be anergic. Use of antigen-specific gamma interfer-
on enzyme linked immunoassay is more specific than
tuberculin skin testing in immunosuppressed pa-
tients (42). Latent tuberculosis is a relative con-
traindication to anti-TNF therapy since chemopro-
phylaxis in patients with latent tuberculosis may not
prevent emergence of active tuberculosis during an-
ti-TNF therapy (43).

Worsening congestive heart failure has been re-
ported with anti-TNF therapy (44). This side effect
appears to be a class effect as it has been reported
with both etanercept and infliximab (45). Another
complication while on anti-TNF therapy can be the
onset of demyelinating disease (46-48). This side ef-
fect can be very confusing as optic neuritis (49) can
be a manifestation of sarcoidosis which has been
treated successfully with infliximab (50, 51).

Antibody formation

Although the benefit/risk ratio for infliximab is
positive, of particular concern has been the problem
of immunogenicity ascribed to the chimeric proper-
ties of the drug. Antibody formation is associated
with allergic reactions and loss of response. Infusion
reactions are important immunologic events induced
by the presence of a substantial concentration of an-
tibodies against infliximab in the serum. Concomi-
tant immunosuppressive treatment may optimize re-
sponse to infliximab by preventing the formation of
antibodies (5). Steroid administration prior to an in-
fliximab infusion can further reduce the immuno-
genicity. Probably the most effective strategy to op-
timize treatment and avoid immunogenicity is main-
tenance therapy. If infliximab therapy can be discon-

tinued is yet unclear but when treatment goals have
been reached, we feel this should be attempted. In
the case of relapse, infliximab should be restarted as
maintenance long term. Practical guidelines on how
to handle the problem of immunogenicity to inflix-
imab are important for clinicians treating patients
with infliximab (52).

Serum antibodies against adalimumab appeared
to be present is 17% of rheumatoid arthritis patients
treated with adalimumab. Concomitant methotrex-
ate use was lower in the group with anti-adalimum-
ab antibodies (52%) than in the group without anti-
bodies (84%). Serum antibodies against adalimumab
are associated with lower serum adalimumab con-
centrations and non-response to adalimumab treat-
ment. So also in case of adalimumab a combination
with low dose methotrexate is more effective than
adalimumab alone. Therefore, a combination of both
is recommended (53, 54).

Anti-TNF therapy can be responsible for au-
toimmune reactions, including systemic lupus ery-
thematosis (55, 56). In one systematic review, 92 cas-
es of lupus erythematosis were identified after anti-
TNF therapy (56). Based on the overall usage of the
drugs, no significant difference exists in the inci-
dence rate among the three agents.

An increased rate for malignancy, including
lymphoma, as been reported with infliximab therapy
in Crohn’s disease patients (48, 57). Interesting, this
increased risk was not observed in rheumatoid
arthritis patients (58). Other studies have reported
an increased proportion of solid malignancies in pa-
tients treated with anti-TNF therapy (59, 60). Over-
all, an increased risk for malignancy seems likely, but
the relative risk remains unclear.

Table 1. Biological Agents with anti-TNF Activity 

Effectiveness
Drug Mechanism of Administration Rheumatoid Crohn’s Disease Psoriasis Sarcoidosis

Action Arthritis

Etanercept TNF receptor Subcutaneous Yes No Yes No
antagonist

Infliximab Chimeric Intravenous Yes Yes Yes Yes
monoclonal

antibody

Adalimumab Humanized Subcutaneous Yes Yes Yes Insufficient 
monoclonal Information

antibody
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Interestingly, there are several isolated reports of
granulomatous disease consistent with sarcoidosis
developing in a patient receiving anti-TNF therapy.
Although most of  these have been while the patient
is receiving etanercept (61-63), there is one well doc-
umented case of a patient receiving infliximab (64).
These reports highlight the complex inflammatory
reaction in sarcoidosis and reinforce that treatment
against only TNF may permit other inflammatory
reactions to occur unchecked (65). Therefore, in the
patient failing anti-TNF therapy, one should always
consider stopping treatment.

III. Identification of  Sarcoidosis
Candidates for Anti-TNF Therapy

A. Severity of Illness: Randomized Pulmonary Trials

Current available information helps to identify
patients that can benefit from anti-TNF therapy. A
recent placebo controlled trial randomized 135 chron-
ic pulmonary sarcoidosis patients to receive either
placebo or infliximab at either 3 mg/kg or 5 mg/kg
doses (9). In that trial patients were evaluated at week
24 after completing five treatments with infliximab or
placebo. All patients in this trial were receiving con-
comitant corticosteroids or immunosuppressive ther-
apy, with over 90% of the patients on corticosteroids
either alone or with other immunosuppressants. In all
three groups the average dose of prednisone exceeded
10 mg daily. Infliximab was beneficial for the treat-
ment of pulmonary disease. The primary end point of
the study, a change in the forced vital capacity (FVC)
after 24 weeks of therapy, was achieved. A significant
improvement in FVC was reported with an absolute
value of 2.5% for the infliximab treated patients com-
pared to the placebo-treated patients.

Subgroup analysis identified populations which
were more likely to respond to therapy (Figure 2) (9).
Disease features predicting response included the
level of dyspnea, pulmonary quality of life, and the
disease duration.The median baseline predicted FVC
was 69 percent. Patients experiencing more severe
impairment or longer disease duration were more
likely to respond to infliximab therapy. For patients
with more severe disease, the improvement in FVC
exceeded 3% and all FVC percentages were signifi-
cantly higher than placebo treated controls (9).

The observation that more significant improve-
ment occurred in those with patients with lower ini-
tial vital capacities was supported by another ran-
domized trial by Rossman et al (10). In this smaller
trial a 6% improvement in the absolute vital capaci-
ty was reported for the infliximab treated group.
The median FVC was less than 59 percent for the
infliximab treated patients compared to 65 percent
for the placebo treated patients. These reported dif-
ferences are not statistically significant; however, this
study was relatively small and underpowered to de-
tect a less than 10 percent difference between the
groups. This larger response reported in more im-
paired patients supports the concept that the more
severe the disease, the more likely the patient will re-
spond to therapy.

B. Laboratory Data:  C-reactive Protein

Reports suggest that C-reactive protein (CRP)
can predict response to infliximab therapy in
rheumatoid arthritis, ankylosing spondylitis, Crohn’s

Fig. 2. The change in forced vital capacity (FVC) for infliximab
versus placebo treated patients at 24 weeks. Analysis was per-
formed looking at predefined parameters which reflected level of
respiratory impairment: FVC above and below FVC of 69% (me-
dian for the study); above or below a Saint George Respiratory
Questionnaire (SGRQ) score of 45 (median for the study), with
the higher score indicating more severe impairment; presence of
disease for more or less than two years; and a level of dyspnea us-
ing the Medical Research Council (MRC) scale of one to four,
with four being the most impaired. Patients with more severe or
longer disease had a larger response to infliximab therapy (p<0.05
compared to placebo for all four comparisons) (9).

04-baughman  13-02-2009  14:11  Pagina 79



80 R.P. Baughman, E.E. Lower, M. Drent

disease, and psoriatic arthritis (66-70). In the inflix-
imab trial by Baughman et al, response rates were
analyzed according to CRP values with the cut-
point of 0.8 mg/dl (71). Approximately one-third of
sarcoidosis patients had CRP values greater than 0.8
mg/dl. This frequency mimics that reported for sar-
coidosis patients diagnosed in Finland, Japan or the
Netherlands (72-74). In sarcoidosis patients with an
elevated CRP, treatment with infliximab was associ-
ated with a greater improvement in the vital capaci-
ty, six-minute walk distance, and physician global as-
sessment scores.

C. Extrapulmonary Disease

Although most of the data assessing infliximab
efficacy in sarcoidosis evaluates pulmonary patients,
case reports and series suggest that anti-TNF thera-
py may be effective in extrapulmonary sarcoidosis.
Several case reports confirm that infliximab has been
effective for managing neurologic manifestations in-
cluding small fiber neuropathy and chronic cuta-
neous disease such as lupus pernio (8, 11, 75-78).
Neurologic disease can be difficult to treat and the
use of anti-TNF therapy has been successful in re-
fractory cases (79). Small fiber neuropathy has been
associated with chronic fatigue in sarcoidosis pa-
tients (80) and treatment with anti-TNF agents can
reverse neuropathy and improve fatigue (81). Severe,
chronic skin lesions associated with sarcoidosis can
also respond to these agents (82). Anti-TNF treat-
ment  has been efficacious for the treatment of re-
fractory ocular disease (83). In one series of chronic
ocular sarcoidosis, infliximab was effective when
other drugs, including etanercept, had failed (51).

In the infliximab trial by Baughman et al for
chronic pulmonary disease, extrapulmonary disease
was identified in over 60% of cases (9). A physician
assessment score was used to follow the response of
each organ during therapy. Significant improvement
was noted in patients treated with infliximab com-
pared to placebo (84). After 24 weeks of therapy, the
improvement in extrapulmonary disease was greater
than 40% compared to placebo.

D. Genetic Markers of Response

In rheumatoid arthritis, polymorphisms of the
TNF alpha gene can be useful to predict response to

therapy. One area of interest has been the -308 posi-
tion of TNF alpha. Mugnier et al compared rheuma-
toid arthritis patients with the A/A or A/G geno-
type versus those with the G/G genotype at the -308
position. Those patients with the genotype GG were
more likely to respond to infliximab (85). Others
have confirmed that the GG genotype was associat-
ed with better response to infliximab for patients
with rheumatoid arthritis or ankylosing spondylitis
(86). However, not all groups have been able to iden-
tify an increased rate of response for those with the
GG genotype at position -308 (87). Perhaps this re-
flects the rarity of these genotypes which occur in
only approximately 20% of patients studied (85, 88).
Position -857 is another site of interest on the TNF
alpha gene. Polymorphisms at that site have been as-
sociated with variable responses to the TNF receptor
antagonist etanercept (88).

Literature suggests that in sarcoidosis polymor-
phisms of the TNF alpha gene can affect predispo-
sition for the disease as well as prognosis (89). In
particular, TNF alpha -308 genotype GA and AA
are associated with Lofgren’s syndrome (90-92), a
form of the disease with a  high rate of spontaneous
remission which is very unlikely to require chronic
therapy. Some investigators have suggested that
polymorphisms at this position could influence the
level of TNF released by macrophages (93). Howev-
er, in a study of alveolar macrophages retrieved by
bronchoalveolar lavage  in active sarcoidosis patients,
polymorphisms at -308 had no influence on the
amount of TNF released (94). In addition, a signifi-
cant increase in the rare TNF -857T allele was
found in 25% of sarcoidosis patients versus 14.1% of
the control subjects (95). To date no correlation has
been reported for TNF polymorphisms at -308 and
-857 and response to infliximab in sarcoidosis.

E. Summary: Factors Associated with Improved
Response

Those factors associated with a better response
to anti-TNF therapy are summarized in Table 2. Pa-
tients with more severe pulmonary disease including
reduced FVC and severe dyspnea, more impaired
quality of life, as well as longer duration of disease
are more likely to respond to treatment (9). Evidence
also suggests that patients with chronic extrapul-
monary disease despite ongoing therapy may experi-
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ence an even higher rates of response (84). Table 2
also includes two factors associated with response to
anti-TNF agents in rheumatoid arthritis patients. In
the rheumatologic literature, there are reports that
patients with elevated CRP values and/or TNF -308
genotype GG may be more likely to respond to
treatment. These potentially useful markers need to
be verified in prospective sarcoidosis trials.

IV. Decision of Which Anti-TNF Agent to
Prescribe

A. Anti-TNF Agents in Other Inflammatory Diseases

Although as noted in Table 1 all three commer-
cially available anti-TNF agents have been reported
effective in treating some patients with sarcoidosis
(8-10, 15, 16), etanercept and infliximab have been
more extensively studied. Table 1 summarizes the
mechanism of action, route of administration, and
effectiveness in rheumatoid arthritis, psoriasis, and
Crohn’s disease for infliximab, etanercept, and adali-
mumab.

Although all three agents can be useful in treat-
ing granulomatous inflammation, response rates and
side effects can differ by disease state and agent. For
example, infliximab is effective in Crohn’s disease
(70, 96), however, in a large, double blind placebo
controlled trial of active Crohn’s disease, etanercept
was ineffective (97). The risk of reactivation of M tu-
berculosis is significantly higher for infliximab than
for etanercept (36, 39). There are several possible
reasons for the differing response rates (98). Firstly,
these drugs differ by mechanism of neutralizing
TNF. The route of administration varies with high-
er peak doses achieved with intravenous administra-

tion. It has been proposed that higher immediate
dosing leads to intracellular suppression of TNF,
which is a crucial step in granuloma formation (98).
Furthermore infliximab may have a unique affect of
causing inflammatory cell apoptosis which releases
TNF (99). Etanercept does not generate this apop-
totic response (99).

B. Infliximab in Sarcoidosis

As previously discussed, two randomized, dou-
ble blind placebo trials have been performed in pul-
monary sarcoidosis. Baughman et al. found a signif-
icant improvement in the FVC of patients receiving
infliximab compared to placebo. Rossman et al. also
found a greater improvement with infliximab. Re-
sponse to infliximab for sarcoidosis can occur within
two months after initiating treatment (9). Even in
sarcoidosis patients with chronic disease, improve-
ment in chest roentgenograms and CT scans can oc-
cur rapidly.

In open label as well as randomized trials (9-
13), many patients with various manifestations of ex-
trapulmonary sarcoidosis can respond to infliximab.
Case reports suggest that this agent can be beneficial
in neurosarcoidosis as well as ocular disease. Uveitis
can complicate sarcoidosis, but it is less frequently
reported in Crohn’s disease or rheumatoid arthritis.
In a recent trial of ocular sarcoidosis, 13 of 14 pa-
tients responded to infliximab therapy (51). These
responses included three patients who previously
failed etanercept. Additional studies also suggest
that this agent can be extremely useful in the man-
agement of this potentially devastating complication
(100-102). Although adalimumab has also been suc-
cessfully used in the treatment of uveitis (103), this
benefit is not a class effect as patients receiving etan-
ercept have developed acute uveitis (83, 104). Also,
etanercept was no better than placebo in treating
chronic uveitis either idiopathic (105) or due to sar-
coidosis (106).

C. Etanercept in Sarcoidosis

Etanercept, a soluble TNF receptor antagonist,
has been reported effective in sarcoidosis case re-
ports (15, 107). An open label trial of pulmonary
sarcoidosis by Utz et al was abandoned after the ma-
jority of 17 patients failed to respond (108). While

Table 2. Factors Associated with Improved Response to anti-TNF
Therapy

Confirmed Factors
• Lower vital capacity
• Significant dyspnea
• Impaired quality of life
• Longer duration of disease
• Refractory extrapulmonary disease

Factors associated from observations in other conditions
• Higher C-reactive protein level
• Tumor necrosis factor-alpha -308 G/A or A/A genotype
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five patients improved on therapy, eleven patients
deteriorated with either progressive symptoms or
worsening chest roentgenograms. One patient de-
veloped hypercalcemia and renal failure, and an ad-
ditional patient withdrew after three months of ther-
apy.

A double blind, placebo controlled, randomized
trial of chronic ocular sarcoidosis was performed in
patients who had received at least six months of
methotrexate (106). After randomization to either
etanercept or placebo, patients were evaluated using
both a global assessment by a blinded ophthalmolo-
gist and a comparison of concomitant corticosteroid
use. Approximately one third of patients receiving
either etanercept or placebo improved during the six
months of study. Similar to the results in Crohn’s
disease, etanercept does not seem an effective option
in most sarcoidosis patients.

D. Adalimumab in Sarcoidosis

Adalimumab, a humanized monoclonal anti-
body targeted against TNF, has been effective in
treating Crohn’s disease. The required doses are
higher than those needed to treat rheumatoid arthri-
tis (109, 110). As noted, the increased dose of an an-
ti-TNF agent may lead to higher intracellular levels
and hence suppression of the granuloma (98). In the
report of adalimumab for Crohn’s disease, the rec-
ommended rheumatoid arthritis dose of 40 mg every
two weeks was associated with a less than 30% re-
sponse by week four. However, after 80% of patients
increased their doses to 40 mg every week, over 50
percent of patients responded by week 12 (111).
Subsequent studies of Crohn’s disease patients have
evaluated higher induction doses with the highest
responses reported in patients receiving 160 mg on
week one followed by 80 mg on  week two (110).
Further studies support a maintenance dose of 40
mg weekly (109).

Adalimumab has been also reported effective in
treating sarcoidosis patients (16). A retrospective re-
view of sarcoidosis patients from one institution re-
ported benefit with each of the anti-TNF agents (2).
These patients, who required treatment for progres-
sive disease despite corticosteroids and cytotoxic
treatments, received adalimumab at initial doses of
40 mg every other week. Some patients increased
doses to every week. Table 3 summarizes the defini-

tions of response to treatment. Approximately 30%
of patients receiving adalimumab responded. Al-
though this response rate was similar to that report-
ed with etanercept, it was lower than the 80% re-
sponse rate seen with infliximab. Adalimumab has
been effective for Crohn’s disease patients with aller-
gic reactions to infliximab (111) and in some sar-
coidosis patients intolerant to infliximab.

At the University of Cincinnati Sarcoidosis and
Interstitial Lung Disease Clinic and ild care centre
of the Maastricht University Medical Centre, we
have instituted a more aggressive dosing regimen of
adalimumab for treating sarcoidosis. The response
rate to this more aggressive regimen has been high-
er, with more than half of patients responding.
However the time to response is longer than the 2-
6 weeks usually required for infliximab (9, 10). This
may reflect a more rapid onset of action with the in-
travenous route of administration. Despite the slow-
er response rate with adalimumab, patients respond-
ing to the drug have often tolerated long term ther-
apy.

E. Summary: Which Agent to Prescribe

Based on the current literature, the best anti-
TNF agent for treatment of sarcoidosis appears to be
infliximab. However, adalimumab may be an accept-
able alternative, with higher doses and more frequent
dosing used. Certain factors, including toxicity, may
influence this decision. Patients developing allergic
reactions to infliximab, a chimeric monoclonal anti-
body, have been successfully treated with the hu-
manized monoclonal antibody adalimumab (111).
Moreover, infliximab or adalimumab may be more
effective and less toxic when given with methotrex-
ate (5, 54). Since some insurance carriers prefer one
anti-TNF agent, reimbursement may also be a factor.
Patient preference must also be considered since
adalimumab can be self administered while inflix-
imab requires intravenous infusion under direct su-
pervision by a health care team.

V. Response Assessment to Anti-TNF Therapy

Assessing response to anti-TNF therapy is sum-
marized in table 3. Patients can experience an inad-
equate treatment response because of disease wors-
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ening, but inadequate responders also include stable
patients that are unable to reduce their corticosteroid
doses. For most patients the inability to reduce the
dose of glucocorticoids to less than 10 mg a day of
prednisone or equivalent is considered an inadequate
response. In some situations, a higher or lower dose
may be considered acceptable. Figure 3 provides a
treatment algorithm for inadequate responders.

A. Evaluation of Non-Responders

i. Toxicity

Toxicity can be encountered with either an ade-
quate response or an inadequate response. In addi-
tion, some patients initially responding may develop
disease worsening due to antibody formation, inap-
propriate dose and/or dose interval. Inadequate re-

sponse leads to new treatment strategies. All three
anti-TNF agents share certain toxicities, including
worsening of congestive heart failure (44, 45). These
drugs may cause allergic complications. Adalimum-
ab and etanercept can be associated with local skin
irritations including a recall reaction in areas of pri-
or injections. The intravenously administered inflix-
imab can create a systemic reaction, including ana-
phylaxis (112). Up to five percent of patients treated
with infliximab discontinue therapy because of aller-
gic reactions. The rate of anaphylaxis can be reduced
by administering regular treatments or adding a cy-
totoxic agent (5). While cytotoxic agents can reduce
the rate of allergic reactions, the effectiveness of
TNF inhibitor with cytotoxic agent has not been
rigorously tested. Obviously allergic reactions can be
quite serious and life threatening, hence many clini-
cians administer a cytotoxic agent unless a con-
traindication exits.

ii. Secondary Disease Complications

Patients with inadequate responses to an anti-
TNF therapy should be evaluated for alternative
problems and complications. Infections, especially
tuberculosis and fungal infections, can complicate
anti-TNF therapy (36-38, 43). Although relatively
rare, opportunistic infections can occur in sarcoido-
sis (113). Aspergillomas can occupy lung cavities of
sarcoidosis patients (113, 114), and invasive as-
pergillosis has been reported with anti-TNF therapy
for various conditions (115, 116). The risk, which
appears highest in patients receiving infliximab, usu-
ally occurs within three months of initiating treat-
ment (36). In contrast tuberculosis cases reported
with etanercept usually occur a mean of 11 months
after initiation of therapy (37).

Failure to respond to anti-TNF therapy may re-
flect other secondary disease complications includ-
ing congestive heart failure or pulmonary artery hy-
pertension (117, 118). Sarcoidosis patients treated
with infliximab for pulmonary disease may experi-
ence improvement in chest roentgenograms, but still
have worsening dyspnea. Echocardiography and
right heart catheterization may confirm a diagnosis
of sarcoidosis associated pulmonary hypertension.
Infliximab has been used without worsening heart
failure in patients with sarcoidosis associated pul-
monary hypertension (117).

Table 3. Response to anti-TNF Therapy

Adequate
• Improvement of condition
• Stability but able to reduce glucocorticosteroids *

Inadequate
• Deterioration
• Stability but unable to reduce glucocorticosteroids *

Toxicity
• Adequate response
• Inadequate response

* Reduce dose of glucocorticoids to <10 mg per day of prednisone
or its equivalent

Fig. 3. An approach to a patient with inadequate response to an-
ti-TNF therapy
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B. Treatment Options for Anti-TNF Non-responders

i. Combination Therapy: Anti-TNF Agents Plus
Cytotoxic Drugs

A step wise approach has been proposed for
rheumatoid arthritis patients with inadequate re-
sponses to anti-TNF agents (119). In several condi-
tions, the combination of anti-TNF therapy plus a
cytotoxic drug was superior to anti-TNF therapy
alone (120-124). However, this was not reported in
all situations (125, 126). In the rheumatology litera-
ture, evidence supports the use of escalating doses of
methotrexate for rheumatoid arthritis (127). How-
ever higher doses could cause more toxicity, especial-
ly with chronic therapy (128). Sarcoidosis patients
often have underlying hematologic abnormalities as
part of their disease (129, 130). Therefore, one ap-
proach has been to prescribe combination therapy
rather than higher doses. One such combination,
leflunomide with methotrexate (34), appears advan-
tageous due to less combined toxicity compared to
higher doses of either agent alone. In a randomized
rheumatoid arthritis trial, this combination was safe
and more effective than either agent alone (131). In
general a low dose methotrexate is recommended, in
part to avoid antibody formation (52).

ii. Alternative Dosing Strategies

If combined immunosuppression has been maxi-
mized with inadequate response, anti-TNF dose ad-
justments may be beneficial. The pharmacokinetics of
both infliximab and adalimumab have been well stud-
ied (119). Pharmacokinetic studies in rheumatoid
arthritis and Crohn’s disease indicate that effect of in-
fliximab on TNF is both dose and time dependent. In
patients with high levels of circulating TNF, inflix-
imab given at doses of 10 mg/kg every four weeks
leads to virtually undetectable TNF levels (132). Al-
though neutralizing antibodies to infliximab may
block effectiveness (133, 134), the use of higher doses
can overcome antibody production (135). Unless neu-
tralizing antibodies are present, the maximal dose of
infliximab appears to be 10 mg/kg administered every
four weeks. The maximum dose of adalimumab need-
ed to block all circulating TNF remains unknown.

The original infliximab dosing report for sar-
coidosis was 5 mg/kg administered initially, two

weeks later, and then every four weeks (8). In subse-
quent reports this loading dose remains unchanged;
however, the timing of the maintenance dose varies
from every four weeks to twelve weeks. In the inflix-
imab trial by Baughman et al, patients were random-
ized 1:1 to receive either 3 mg/kg or 5 mg/kg. After
the initial two doses, maintenance dosing was every
six weeks (9). The response rate was similar with ei-
ther the 3 mg/kg or 5 mg/kg. In extrapulmonary dis-
ease there was no response rate difference between
the two doses.

Higher trough levels of infliximab have been
achieved by reducing the interval rather than in-
creasing the dose (119). These higher trough levels
are associated with improved response to the drug
(136, 137) and lower levels of anti-infliximab anti-
body formation (138). No increased toxicity has oc-
curred with the higher doses (9, 139). A single in-
stitution analysis of sarcoidosis patients who failed
to respond to infliximab at doses of 3-5 mg/kg every
six weeks responded to every four weeks 5 mg/kg
dosing (140). As previously noted, adalimumab ap-
pears more effective for treating granulomatous dis-
eases when higher loading and maintenance doses
are given.

iii. Switching to a Different Anti-TNF Inhibitor 

The decision to switch to another TNF in-
hibitor has not been studied systematically in sar-
coidosis. Some patients who have failed etanercept
for ocular sarcoidosis have been successfully treated
with infliximab (51). Because of allergic reactions,
switching from infliximab to adalimumab has been
successful for some patients (2).

VI. Anti-TNF Treatment Duration 

The duration of anti-TNF therapy for a re-
sponding patient remains unclear. In the study by
Baughman et al., therapy was discontinued after 24
weeks and the patients observed for an additional 28
weeks. For some patients benefit persisted for up to
28 weeks after the last dose, while other patients de-
teriorated (9).

Unfortunately investigators of other diseases
have not provided clear answers either. Studies of
Crohn’s disease and ankylosing spondylitis suggest
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that intermittent therapy targeted to symptoms is as-
sociated with more toxicity and less overall efficacy
than maintenance treatment (96, 141, 142). The rate
of disease relapse after therapy discontinuation in
rheumatoid arthritis appears high. In one study of
172 patients in clinical remission, only nine patients
were able to discontinue drug without relapse (143).
Longer follow-up data is needed to determine the
rate of disease relapse in sarcoidosis patients. One
may need to treat the patients for years instead of a
shorter period such as in rheumatoid arthritis. There
is the risk that if therapy is discontinued, a relapse of
sarcoidosis may occur. Moreover, if one resumes in-
fliximab the risk of  antibody formation is higher
than before. Thus far, the results in sarcodiosis are
comparable with Crohn’s disease, spondilitis anky-
lopoetica and rheumatoid arthritis.

VII. Conclusion

The use of anti-TNF agents infliximab and
adalimumab has become a standard therapy for se-
lected chronic sarcoidosis patients. Factors associat-
ed with improved response to anti-TNF agents in-
clude more severe pulmonary disease, chronic extra-
pulmonary disease, longer disease duration, and im-
paired quality of life. Although tantalizing, the role
of pharmacogenomics requires more exploration in
predicting which sarcoidosis patients or which spe-
cific agent should be chosen for anti-TNF therapy.
The dose and even more important the dose interval
are prominent  factors influencing the effect of treat-
ment. Moreover, to increase the benefit/risk ratio
and avoid antibody formation a combination with
low dose methotrexate or other cytotoxic agent is
recommended. Of the available agents, infliximab
appears to be the most effective. Adalimumab may
prove an effective alternative but the onset of action
is longer and higher doses may be necessary.

For the nonresponding patient who has been re-
ceived an adequate trial of anti-TNF therapy, the
drug should be discontinued and a search initiated to
find complicating issues including antibody forma-
tion, infections, pulmonary artery hypertension, etc.
Patients with inadequate responses may benefit from
combination therapy with a cytotoxic agent or alter-
native dosing. The rate of relapse after drug with-
drawal remains unknown.

Bibliografia

1. Baughman RP, Costabel U, du Bois RM. Treatment of sarcoidosis.

Clin Chest Med 2008; 29 (3): 533-48.

2. Baughman RP. Tumor necrosis factor inhibition in treating sarcoido-

sis: the American experience. Revista Portuguesa de Pneumonologia

2007; 13: S47-S50.

3. Antoni CE, Kavanaugh A, Kirkham B, et al. Sustained benefits of in-

fliximab therapy for dermatologic and articular manifestations of

psoriatic arthritis: results from the infliximab multinational psoriatic

arthritis controlled trial (IMPACT). Arthritis Rheum 2005; 52 (4):

1227-36.

4. Gartlehner G, Hansen RA, Jonas BL, et al. The comparative effica-

cy and safety of biologics for the treatment of rheumatoid arthritis: a

systematic review and metaanalysis. J Rheumatol 2006; 33 (12):

2398-408.

5. Kavanaugh A, Clair EW, McCune WJ, et al. Chimeric anti-tumor

necrosis factor-alpha monoclonal antibody treatment of patients with

rheumatoid arthritis receiving methotrexate therapy. J Rheumatol

2000; 27(Apr): 841-50.

6. McLeod C, Bagust A, Boland A, et al. Adalimumab, etanercept and

infliximab for the treatment of ankylosing spondylitis: a systematic

review and economic evaluation. Health Technol Assess 2007; 11

(28): 1-158.

7. Kageyama Y, Takahashi M, Ichikawa T, et al. Reduction of oxidative

stress marker levels by anti-TNF-alpha antibody, infliximab, in pa-

tients with rheumatoid arthritis. Clin Exp Rheumatol 2008; 26 (1):

73-80.

8. Baughman RP, Lower EE. Infliximab for refractory sarcoidosis. Sar-

coidosis Vasc Diffuse Lung Dis 2001; 18: 70-4.

9. Baughman RP, Drent M, Kavuru M, et al. Infliximab therapy in pa-

tients with chronic sarcoidosis and pulmonary involvement. Am J

Respir Crit Care Med 2006; 174 (7): 795-802.

10. Rossman MD, Newman LS, Baughman RP, et al. A double-blind,

randomized, placebo-controlled trial of infliximab in patients with

active pulmonary sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis

2006; 23: 201-8.

11. Doty JD, Mazur JE, Judson MA. Treatment of sarcoidosis with in-

fliximab. Chest 2005; 127 (3): 1064-71.

12. Saleh S, Ghodsian S, Yakimova V et al. Effectiveness of infliximab in

treating selected patients with sarcoidosis. Respir Med 2006; 100

(11): 2053-9.

13. Sweiss NJ, Welsch MJ, Curran JJ, et al. Tumor necrosis factor inhibi-

tion as a novel treatment for refractory sarcoidosis. Arthritis Rheum

2005; 53 (5): 788-91.

14. Tuchinda C, Wong HK. Etanercept for chronic progressive cutaneous

sarcoidosis. J Drugs Dermatol 2006; 5 (6): 538-40.

15. Khanna D, Liebling MR, Louie JS. Etanercept ameliorates sarcoido-

sis arthritis and skin disease. J Rheumatol 2003; 30 (8): 1864-7.

16. Callejas-Rubio JL, Ortego-Centeno N, Lopez-Perez L, et al. Treat-

ment of therapy-resistant sarcoidosis with adalimumab. Clin

Rheumatol 2006; 25: 596-7.

17. Baughman RP, Lower EE. Novel therapies for sarcoidosis. Semin

Respir Crit Care Med 2007; 28 (1): 128-33.

18. Hunninghake GW, Costabel U, Ando M, et al. ATS/ERS/WASOG

statement on sarcoidosis. American Thoracic Society/European Res-

piratory Society/World Association of Sarcoidosis and other Granu-

lomatous Disorders. Sarcoidosis Vasc Diffuse Lung Dis 1999; 16

(Sep): 149-73.

19. Ward K, O’Connors C, Odlun C, et al. Prognostic value of bron-

choalveolar lavage in sarcoidosis: the critical influence of disease pre-

sentation. Thorax 1989; 44: 6-12.

20. Lower EE, Broderick JP, Brott TG, et al. Diagnosis and management

of neurologic sarcoidosis. Arch Intern Med 1997; 157: 1864-8.

21. Yazaki Y, Isobe M, Hiroe M, et al. Prognostic determinants of long-

04-baughman  13-02-2009  14:11  Pagina 85



86 R.P. Baughman, E.E. Lower, M. Drent

term survival in Japanese patients with cardiac sarcoidosis treated

with prednisone. American Journal of Cardiology 2001; 88 (Nov 1):

1006-10.

22. Baughman RP, Winget DB, Lower EE. Methotrexate is steroid spar-

ing in acute sarcoidosis: results of a double blind, randomized trial.

Sarcoidosis Vasc Diffuse Lung Dis 2000; 17: 60-6.

23. Baughman RP, Selroos O. Evidence-based approach to the treatment

of sarcoidosis. In: Gibson PG, Abramson M, Wood-Baker R, et al,

editors. Evidence-based respiratory medicine. Malden: Blackwell

Publishing Ltd., 2005: 491-508.

24. Hunninghake GW, Costabel U, Ando M, et al. ATS/ERS/WASOG

Statement on sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 1999;

16: 149-73.

25. Paramothayan S, Jones PW. Corticosteroid therapy in pulmonary sar-

coidosis: a systematic review. JAMA 2002; 287: 1301-7.

26. Chloroquine in the treatment of sarcoidosis. A report from the Re-

search Committee of the British Tuberculosis Association. Tubercle

1967; 48 (4): 257-72.

27. Adams JS, Diz MM, Sharma OP. Effective reduction in the serum

1,25-dihydroxyvitamin D and calcium concentration in sarcoidosis-

associated hypercalcemia with short-course chloroquine therapy. Ann

Intern Med 1989; 111 (5): 437-8.

28. Siltzbach LE, Teirstein AS. Chloroquine therapy in 43 patients with

intrathoracic and cutaneous sarcoidosis. Acta Med Scand 1964; 425:

302S-308S.

29. Baughman RP, Lower EE. Alternatives to corticosteroids in the

treatment of sarcoidosis. Sarcoidosis 1997; 14: 121-30.

30. Lower EE, Baughman RP. Prolonged use of methotrexate for sar-

coidosis. Arch Intern Med 1995; 155: 846-51.

31. Vucinic VM. What is the future of methotrexate in sarcoidosis? A

study and review. Curr Opin Pulm Med 2002; 8 (5): 470-6.

32. Paramothayan S, Lasserson T, Walters EH. Immunosuppressive and

cytotoxic therapy for pulmonary sarcoidosis. Cochrane Database Syst

Rev 2003; (3): CD003536.

33. Muller-Quernheim J, Kienast K, Held M, et al. Treatment of chron-

ic sarcoidosis with an azathioprine/prednisolone regimen. Eur Respir

J 1999; 14: 1117-22.

34. Baughman RP, Lower EE. Leflunomide for chronic sarcoidosis. Sar-

coidosis Vasc Diffuse Lung Dis 2004; 21: 43-8.

35. Kapetanovic MC, Larsson L, Truedsson L, et al. Predictors of infu-

sion reactions during infliximab treatment in patients with arthritis.

Arthritis Res Ther 2006; 8 (4): R131.

36. Keane J, Gershon S, Wise RP, et al. Tuberculosis associated with in-

fliximab, a tumor necrosis factor-alpha neutralizing agent. N Engl J

Med 2001; 345: 1098-104.

37. Mohan AK, Cote TR, Block JA, et al. Tuberculosis following the use

of etanercept, a tumor necrosis factor inhibitor. Clin Infect Dis 2004;

39 (3): 295-9.

38. Gomez-Reino JJ, Carmona L, Angel DM. Risk of tuberculosis in pa-

tients treated with tumor necrosis factor antagonists due to incom-

plete prevention of reactivation of latent infection. Arthritis Rheum

2007; 57 (5): 756-61.

39. Wallis RS, Broder MS, Wong JY, et al. Granulomatous infectious dis-

eases associated with tumor necrosis factor antagonists. Clin Infect

Dis 2004; 38 (9): 1261-5.

40. Tubach F, Ravaud P, Salmon-Ceron D, et al. Emergence of Le-

gionella pneumophila pneumonia in patients receiving tumor necro-

sis factor-alpha antagonists. Clin Infect Dis 2006; 43 (10): e95-100.

41. Kroesen S, Widmer AF, Tyndall A, et al. Serious bacterial infections

in patients with rheumatoid arthritis under anti-TNF-alpha therapy.

Rheumatology (Oxford) 2003; 42 (5): 617-21.

42. Matulis G, Juni P, Villiger PM, et al. Detection of latent tuberculosis

in immunosuppressed patients with autoimmune diseases perfor-

mance of a mycobacterium tuberculosis antigen specific IFN-gamma

assay. Ann Rheum Dis 2007;

43. Sichletidis L, Settas L, Spyratos D, et al. Tuberculosis in patients re-

ceiving anti-TNF agents despite chemoprophylaxis. Int J Tuberc

Lung Dis 2006; 10 (10): 1127-32.

44. Chung ES, Packer M, Lo KH, et al. Randomized, double-blind,

placebo-controlled, pilot trial of infliximab, a chimeric monoclonal

antibody to tumor necrosis factor-alpha, in patients with moderate-

to-severe heart failure: results of the anti-TNF Therapy Against Con-

gestive Heart Failure (ATTACH) trial. Circulation 2003; 107 (25):

3133-140.

45. Anker SD, Coats AJ. How to recover from renaissance? The signifi-

cance of the results of recover, renaissance, renewal and attach. Int J

Cardiol 2002; 86 (2-3): 123-30.

46. Kur-Zalewska J, Swarowska-Knap J, Tlustochowicz W. Neurological

disorders with demyelinating brain white matter lesions in a patient

with rheumatoid arthritis treated with etanercept. Pol Arch Med

Wewn 2008; 118 (4): 234-7.

47. Shin IS, Baer AN, Kwon HJ, et al. Guillain-Barre and Miller Fisher

syndromes occurring with tumor necrosis factor alpha antagonist

therapy. Arthritis Rheum 2006; 54 (5): 1429-34.

48. Hansen RA, Gartlehner G, Powell GE, et al. Serious adverse events

with infliximab: analysis of spontaneously reported adverse events.

Clin Gastroenterol Hepatol 2007; 5 (6): 729-35.

49. Simsek I, Erdem H, Pay S et al. Optic neuritis occurring with anti-

tumour necrosis factor alpha therapy. Ann Rheum Dis 2007; 66 (9):

1255-8.

50. Katz JM, Bruno MK, Winterkorn JM, et al. The pathogenesis 

and treatment of optic disc swelling in neurosarcoidosis: a unique

therapeutic response to infliximab. Arch Neurol 2003; 60 (3): 426-

30.

51. Baughman RP, Bradley DA, Lower EE. Infliximab for chronic ocu-

lar inflammation. Int J Clin Pharmacol Ther 2005; 43: 7-11.

52. Baert F, De Vos M, Louis E, et al. Immunogenicity of infliximab: how

to handle the problem? Acta Gastroenterol Belg 2007; 70 (2): 163-

70.

53. Bartelds GM, Wijbrandts CA, Nurmohamed MT, et al. Clinical re-

sponse to adalimumab: relationship to anti-adalimumab antibodies

and serum adalimumab concentrations in rheumatoid arthritis. Ann

Rheum Dis 2007; 66 (7): 921-6.

54. Bartelds GM, Wijbrandts CA, Nurmohamed MT, et al. Clinical re-

sponse to adalimumab: relationship to anti-adalimumab antibodies

and serum adalimumab concentrations in rheumatoid arthritis. Ann

Rheum Dis 2007; 66 (7): 921-6.

55. Charles PJ, Smeenk RJ, De JJ, et al. Assessment of antibodies to dou-

ble-stranded DNA induced in rheumatoid arthritis patients following

treatment with infliximab, a monoclonal antibody to tumor necrosis

factor alpha: findings in open-label and randomized placebo-con-

trolled trials. Arthritis Rheum 2000; 43(Nov): 2383-90.

56. Ramos-Casals M, Brito-Zeron P, Munoz S, et al. Autoimmune dis-

eases induced by TNF-targeted therapies: analysis of 233 cases. Med-

icine (Baltimore) 2007; 86 (4): 242-51.

57. Brown SL, Greene MH, Gershon SK, et al. Tumor necrosis factor an-

tagonist therapy and lymphoma development: twenty-six cases re-

ported to the Food and Drug Administration. Arthritis Rheum 2002;

46 (12): 3151-8.

58. Wolfe F, Michaud K. The effect of methotrexate and anti-tumor

necrosis factor therapy on the risk of lymphoma in rheumatoid arthri-

tis in 19,562 patients during 89,710 person-years of observation.

Arthritis Rheum 2007; 56 (5): 1433-9.

59. Wegener’s Granulomatosis Etanercept Trial (WGET) Research

Group. Etanercept plus standard therapy for Wegener’s granulomato-

sis. N Engl J Med 2005; 352 (4): 351-61.

60. Rennard SI, Fogarty C, Kelsen S, et al. The Safety and Efficacy of In-

fliximab in Moderate-To-Severe Chronic Obstructive Pulmonary

Disease. Am J Respir Crit Care Med 2007; .

61. Gonzalez-Lopez MA, Blanco R, Gonzalez-Vela MC, et al. Develop-

04-baughman  13-02-2009  14:11  Pagina 86



87Inhibitors of Tumor Necrosis Factor (TNF) in Sarcoidosis

ment of sarcoidosis during etanercept therapy. Arthritis Rheum 2006;

55 (5): 817-20.

62. Verschueren K, Van EE, Verschueren P, et al. Development of sar-

coidosis in etanercept-treated rheumatoid arthritis patients. Clin

Rheumatol 2007; .

63. Kudrin A, Chilvers ER, Ginawi A, et al. Sarcoid-like granulomatous

disease following etanercept treatment for RA. J Rheumatol 2007; 34

(3): 648-9.

64. Almodovar R, Izquierdo M, Zarco P, et al. Pulmonary sarcoidosis in

a patient with ankylosing spondylitis treated with infliximab. Clin

Exp Rheumatol 2007; 25 (1): 99-101.

65. Sweiss NJ, Baughman RP. Tumor Necrosis Factor Inhibition in the

Treatment of Refractory Sarcoidosis: Slaying the Dragon? J Rheuma-

tol 2007; 34: 2129-1.

66. Gratacos J, Casado E, Real J, et al. Prediction of major clinical re-

sponse (ACR50) to infliximab in psoriatic arthritis refractory to

methotrexate. Ann Rheum Dis 2007; 66 (4): 493-7.

67. Wolbink GJ, Voskuyl AE, Lems WF, et al. Relationship between

serum trough infliximab levels, pretreatment C reactive protein levels,

and clinical response to infliximab treatment in patients with

rheumatoid arthritis. Ann Rheum Dis 2005; 64 (5): 704-7.

68. Stone MA, Payne U, Pacheco-Tena C, et al. Cytokine correlates of

clinical response patterns to infliximab treatment of ankylosing

spondylitis. Ann Rheum Dis 2004; 63 (1): 84-7.

69. Louis E, Vermeire S, Rutgeerts P, et al. A positive response to inflix-

imab in Crohn disease: association with a higher systemic inflamma-

tion before treatment but not with -308 TNF gene polymorphism.

Scand J Gastroenterol 2002; 37 (7): 818-24.

70. Brown SJ, Abreu MT. Antibodies to tumor necrosis factor-alpha in

the treatment of Crohn’s disease. Curr Opin Drug Discov Devel

2005; 8 (2): 160-68.

71. Sweiss NJ, Barnathan ES, Lo K, et al. Reactive protein (CRP) as a

predictor of infliximab treatment outcome in patients with chronic

sarcoidosis. Presented at the Annual Meeting of the American Col-

lege of Rheumatology; November 13-17, 2005; San Diego, CA.

2005.

72. Rothkrantz-Kos S, Dieijen-Visser MP, Mulder PG, et al. Potential

usefulness of inflammatory markers to monitor respiratory function-

al impairment in sarcoidosis. Clin Chem 2003; 49 (9): 1510-7.

73. Drent M, Wirnsberger RM, De Vries J, et al. Association of fatigue

with an acute phase response in sarcoidosis. Eur Respir J 1999; 13 (4):

718-22.

74. Pietinalho A, Ohmichi M, Lofroos AB, et al. The prognosis of sar-

coidosis in Finland and Hokkaido, Japan. A comparative five-year

study of biopsy-proven cases. Sarcoidosis Vasc Diffuse Lung Dis

2000; 17: 158-66.

75. Carter JD, Valeriano J, Vasey FB, et al. Refractory neurosarcoidosis: a

dramatic response to infliximab. Am J Med 2004; 117 (4): 277-9.

76. Roberts SD, Wilkes DS, Burgett RA, et al. Refractory sarcoidosis re-

sponding to infliximab. Chest 2003; 124 (5): 2028-31.

77. Saleh S, Ghodsian S, Yakimova V, et al. Effectiveness of infliximab in

treating selected patients with sarcoidosis. Respir Med 2006; .

78. Hoitsma E, Faber CG, van Kroonenburgh MJ, et al. Association of

small fiber neuropathy with cardiac sympathetic dysfunction in sar-

coidosis. Sarcoidosis Vasc Diffuse Lung Dis 2005; 22 (1): 43-50.

79. Lower EE, Weiss KL. Neurosarcoidosis. Clin Chest Med 2008; 29

(3): 475-92.

80. Hoitsma E, Marziniak M, Faber CG, et al. Small fibre neuropathy in

sarcoidosis. Lancet 2002; 359 (9323): 2085-6.

81. Fouchier SM, Moller GM, Van Santen-Hoeufft M, et al. [Successful

treatment with infliximab of a patient with refractory sarcoidosis].

Ned Tijdschr Geneeskd 2004; 148 (49): 2446-50.

82. Rosen T, Doherty C. Successful long-term management of refractory

cutaneous and upper airway sarcoidosis with periodic infliximab infu-

sion. Dermatol Online J 2007; 13 (3): 14.

83. Smith JR, Levinson RD, Holland GN, et al. Differential efficacy of

tumor necrosis factor inhibition in the management of inflammato-

ry eye disease and associated rheumatic disease. Arthritis Rheum

2001; 45 (3): 252-7.

84. Judson MA, Baughman RP, Costabel U, et al. Efficacy of infliximab

in extrapulmonary sarcoidosis: results from a randomised trial. Eur

Respir J 2008; 31 (6): 1189-96.

85. Mugnier B, Balandraud N, Darque A, et al. Polymorphism at posi-

tion -308 of the tumor necrosis factor alpha gene influences out-

come of infliximab therapy in rheumatoid arthritis. Arthritis Rheum

2003; 48 (7): 1849-52.

86. Seitz M, Wirthmuller U, Moller B, et al. The -308 tumour necrosis

factor-alpha gene polymorphism predicts therapeutic response to

TNFalpha-blockers in rheumatoid arthritis and spondyloarthritis

patients. Rheumatology (Oxford) 2007; 46 (1): 93-6.

87. Louis E, Vermeire S, Rutgeerts P, et al. A positive response to in-

fliximab in Crohn disease: association with a higher systemic in-

flammation before treatment but not with -308 TNF gene poly-

morphism. Scand J Gastroenterol 2002; 37 (7): 818-24.

88. Kang CP, Lee KW, Yoo DH, et al. The influence of a polymorphism

at position -857 of the tumour necrosis factor alpha gene on clinical

response to etanercept therapy in rheumatoid arthritis. Rheumatol-

ogy (Oxford) 2005; 44 (4): 547-52.

89. Medica I, Kastrin A, Maver A, et al. Role of genetic polymorphisms

in ACE and TNF-alpha gene in sarcoidosis: a meta-analysis. J Hum

Genet 2007; 52 (10): 836-47.

90. Mrazek F, Holla LI, Hutyrova B, et al. Association of tumour

necrosis factor-alpha, lymphotoxin-alpha and HLA-DRB1 gene

polymorphisms with Lofgren’s syndrome in Czech patients with

sarcoidosis. Tissue Antigens 2005; 65 (2): 163-71.

91. Swider C, Schnittger L, Bogunia-Kubik K, et al. TNF-alpha and

HLA-DR genotyping as potential prognostic markers in pulmonary

sarcoidosis. Eur Cytokine Netw 1999; 10 (2): 143-6.

92. Grutters JC, Sato H, Pantelidis P, et al. Increased frequency of the

uncommon tumor necrosis factor -857T allele in British and Dutch

patients with sarcoidosis. Am J Respir Crit Care Med 2002; 165 (8):

1119-24.

93. Seitzer U, Swider C, Stuber F, et al. Tumour necrosis factor alpha

promoter gene polymorphism in sarcoidosis. Cytokine 1997; 9 (10):

787-90.

94. Somoskovi A, Zissel G, Seitzer U, et al. Polymorphisms at position

-308 in the promoter region of the TNF-alpha and in the first in-

tron of the TNF-beta genes and spontaneous and lipopolysaccha-

ride-induced TNF-alpha release in sarcoidosis. Cytokine 1999; 11

(11): 882-7.

95. Grutters JC, Sato H, Pantelidis P, et al. Increased frequency of the

uncommon tumor necrosis factor -857T allele in British and Dutch

patients with sarcoidosis. Am J Respir Crit Care Med 2002; 165 (8):

1119-24.

96. Sands BE, Anderson FH, Bernstein CN, et al. Infliximab mainte-

nance therapy for fistulizing Crohn’s disease. N Engl J Med 2004;

350 (9): 876-85.

97. Sandborn WJ, Hanauer SB, Katz S, et al. Etanercept for active

Crohn’s disease: a randomized, double-blind, placebo-controlled tri-

al. Gastroenterology 2001; 121 (5): 1088-94.

98. Wallis RS, Ehlers S. Tumor necrosis factor and granuloma biology:

explaining the differential infection risk of etanercept and inflix-

imab. Semin Arthritis Rheum 2005; 34 (5 Suppl 1): 34-38.

99. van Hove T, van Montfrans C, Peppelenbosch MP, et al. Infliximab

treatment induces apoptosis of lamina propria T lymphocytes in

Crohn’s disease. Gut 2002; 50 (2): 206-11.

100. Kruithof E, Kestelyn P, Elewaut C, et al. Successful use of infliximab

in a patient with treatment resistant spondyloarthropathy related

uveitis. Ann Rheum Dis 2002; 61 (5): 470.

101. Munoz-Fernandez S, Hidalgo V, Fernandez-Melon J, et al. Effect of

04-baughman  13-02-2009  14:11  Pagina 87



88 R.P. Baughman, E.E. Lower, M. Drent

infliximab on threatening panuveitis in Behcet’s disease. Lancet

2001; 358 (9293): 1644.

102. Sfikakis PP, Theodossiadis PG, Katsiari CG, et al. Effect of inflix-

imab on sight-threatening panuveitis in Behcet’s disease. Lancet

2001; 358 (9278): 295-6.

103. Biester S, Deuter C, Michels H, et al. Adalimumab in the therapy

of uveitis in childhood. Br J Ophthalmol 2007; 91 (3): 319-24.

104. Hashkes PJ, Shajrawi I. Sarcoid-related uveitis occurring during

etanercept therapy. Clin Exp Rheumatol 2003; 21 (5): 645-6.

105. Foster CS, Tufail F, Waheed NK, et al. Efficacy of etanercept in pre-

venting relapse of uveitis controlled by methotrexate. Arch Oph-

thalmol 2003; 121 (4): 437-40.

106. Baughman RP, Lower EE, Bradley DA, et al. Etanercept for refrac-

tory sarcoidosis: results of a double blind randomized trial. Chest, in

press. 2005.

107. Tuchinda C, Wong HK. Etanercept for chronic progressive cuta-

neous sarcoidosis. J Drugs Dermatol 2006; 5 (6): 538-40.

108. Utz JP, Limper AH, Kalra S, et al. Etanercept for the treatment of

stage II and III progressive pulmonary sarcoidosis. Chest 2003; 124

(1): 177-85.

109. Sandborn WJ, Hanauer SB, Rutgeerts P, et al. Adalimumab for

maintenance treatment of Crohn’s disease: results of the CLASSIC

II trial. Gut 2007; 56 (9): 1232-9.

110. Sandborn WJ, Rutgeerts P, Enns R, et al. Adalimumab induction

therapy for Crohn disease previously treated with infliximab: a ran-

domized trial. Ann Intern Med 2007; 19; 146 (12): 829-38.

111. Sandborn WJ, Hanauer S, Loftus EV Jr, et al. An open-label study

of the human anti-TNF monoclonal antibody adalimumab in sub-

jects with prior loss of response or intolerance to infliximab for

Crohn’s disease. Am J Gastroenterol 2004; 99 (10): 1984-9.

112. Colombel JF, Loftus EV, Jr., Tremaine WJ, et al. The safety profile

of infliximab in patients with Crohn’s disease: the Mayo clinic expe-

rience in 500 patients. Gastroenterology 2004; 126 (1): 19-31.

113. Baughman RP, Lower EE. Fungal infections as a complication of

therapy for sarcoidosis. QJM 2005; 98: 451-6.

114. Wollschlager C, Khan F. Aspergillomas complicating sarcoidosis. A

prospective study in 100 patients. Chest 1984; 86 (4): 585-8.

115. Alderson JW, Van DT, Jr., Opatowsky MJ, et al. Disseminated as-

pergillosis following infliximab therapy in an immunosuppressed

patient with Crohn’s disease and chronic hepatitis C: a case study

and review of the literature. Med Gen Med 2005; 7 (3): 7.

116. De Rosa FG, Shaz D, Campagna AC, et al. Invasive pulmonary as-

pergillosis soon after therapy with infliximab, a tumor necrosis fac-

tor-alpha-neutralizing antibody: a possible healthcare-associated

case? Infect Control Hosp Epidemiol 2003; 24 (7): 477-82.

117. Baughman RP, Engel PJ, Meyer CA, et al. Pulmonary hyperten-

sion in sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 2006; 23:

108-16.

118. Sulica R, Teirstein AS, Kakarla S, et al. Distinctive clinical, radi-

ographic, and functional characteristics of patients with sarcoidosis-

related pulmonary hypertension. Chest 2005; 128 (3): 1483-9.

119. Lutt JR, Deodhar A. Rheumatoid arthritis: strategies in the man-

agement of patients showing an inadequate response to TNFalpha

antagonists. Drugs 2008; 68 (5): 591-606.

120. Maini RN, Breedveld FC, Kalden JR, et al. Therapeutic efficacy of

multiple intravenous infusions of anti-tumor necrosis factor alpha

monoclonal antibody combined with low-dose weekly methotrex-

ate in rheumatoid arthritis. Arthritis Rheum 1998; 41 (9): 1552-

63.

121. Konrad A, Seibold F. Response of cutaneous Crohn’s disease to in-

fliximab and methotrexate. Dig Liver Dis 2003; 35 (5): 351-6.

122. van der HD, Burmester G, Melo-Gomes J, et al. The safety and ef-

ficacy of adding etanercept to methotrexate or methotrexate to etan-

ercept in moderately active rheumatoid arthritis patients previously

treated with monotherapy. Ann Rheum Dis 2008; 67 (2): 182-8.

123. Klareskog L, van der HD, de Jager JP, et al. Therapeutic effect of the

combination of etanercept and methotrexate compared with each

treatment alone in patients with rheumatoid arthritis: double-blind

randomised controlled trial. Lancet 2004; 363 (9410): 675-81.

124. Breedveld FC, Weisman MH, Kavanaugh AF, et al. The PRE-

MIER study: A multicenter, randomized, double-blind clinical trial

of combination therapy with adalimumab plus methotrexate versus

methotrexate alone or adalimumab alone in patients with early, ag-

gressive rheumatoid arthritis who had not had previous methotrex-

ate treatment. Arthritis Rheum 2006; 54 (1): 26-37.

125. Breban M, Ravaud P, Claudepierre P, et al. Maintenance of inflix-

imab treatment in ankylosing spondylitis: results of a one-year ran-

domized controlled trial comparing systematic versus on-demand

treatment. Arthritis Rheum 2008; 58 (1): 88-97.

126. van Riel PL, Taggart AJ, Sany J, et al. Efficacy and safety of combi-

nation etanercept and methotrexate versus etanercept alone in pa-

tients with rheumatoid arthritis with an inadequate response to

methotrexate: the ADORE study. Ann Rheum Dis 2006; 65 (11):

1478-83.

127. Furst DE, Koehnke R, Burmeister LF, et al. Increasing methotrex-

ate effect with increasing dose in the treatment of resistant rheuma-

toid arthritis. J Rheumatol 1989; 16 (3): 313-20.

128. Furst DE, Erikson N, Clute L, et al. Adverse experience with

methotrexate during 176 weeks of a longterm prospective trial in pa-

tients with rheumatoid arthritis. J Rheumatol 1990; 17 (12): 1628-

35.

129. Lower EE, Smith JT, Martelo OJ, et al. The anemia of sarcoidosis.

Sarcoidosis 1988; 5: 51-5.

130. Browne PM, Sharma OP, Salkin D. Bone marrow sarcoidosis. JA-

MA 1978; 240: 43-50.

131. Kremer JM, Genovese MC, Cannon GW, et al. Concomitant

leflunomide therapy in patients with active rheumatoid arthritis

despite stable doses of methotrexate. A randomized, double-

blind, placebo-controlled trial. Ann Intern Med 2002; 137 (9):

726-33.

132. St Clair EW, Wagner CL, Fasanmade AA, et al. The relationship of

serum infliximab concentrations to clinical improvement in rheuma-

toid arthritis: results from ATTRACT, a multicenter, randomized,

double-blind, placebo-controlled trial. Arthritis Rheum 2002; 46

(6): 1451-9.

133. Svenson M, Geborek P, Saxne T, et al. Monitoring patients treated

with anti-TNF-alpha biopharmaceuticals: assessing serum inflix-

imab and anti-infliximab antibodies. Rheumatology (Oxford) 2007;

46 (12): 1828-34.

134. Maini RN, Breedveld FC, Kalden JR, et al. Therapeutic efficacy of

multiple intravenous infusions of anti-tumor necrosis factor alpha

monoclonal antibody combined with low-dose weekly methotrexate

in rheumatoid arthritis. Arthritis Rheum 1998; 41 (9): 1552-63.

135. Maini RN, Breedveld FC, Kalden JR, et al. Therapeutic efficacy of

multiple intravenous infusions of anti-tumor necrosis factor alpha

monoclonal antibody combined with low-dose weekly methotrexate

in rheumatoid arthritis. Arthritis Rheum 1998; 41 (9): 1552-63.

136. Wolbink GJ, Voskuyl AE, Lems WF, et al. Relationship between

serum trough infliximab levels, pretreatment C reactive protein lev-

els, and clinical response to infliximab treatment in patients with

rheumatoid arthritis. Ann Rheum Dis 2005; 64 (5): 704-7.

137. Edrees AF, Misra SN, Abdou NI. Anti-tumor necrosis factor

(TNF) therapy in rheumatoid arthritis: correlation of TNF-alpha

serum level with clinical response and benefit from changing dose or

frequency of infliximab infusions. Clin Exp Rheumatol 2005; 23 (4):

469-74.

138. Maini RN, Breedveld FC, Kalden JR, et al. Therapeutic efficacy of

multiple intravenous infusions of anti-tumor necrosis factor alpha

monoclonal antibody combined with low-dose weekly methotrexate

in rheumatoid arthritis. Arthritis Rheum 1998; 41 (9): 1552-63.

04-baughman  13-02-2009  14:11  Pagina 88



89Inhibitors of Tumor Necrosis Factor (TNF) in Sarcoidosis

139. Edrees AF, Misra SN, Abdou NI. Anti-tumor necrosis factor (TNF)

therapy in rheumatoid arthritis: correlation of TNF-alpha serum lev-

el with clinical response and benefit from changing dose or frequen-

cy of infliximab infusions. Clin Exp Rheumatol 2005; 23 (4): 469-74.

140. Jonker G, van Kan E, Ten Hoot-de Groot E, et al. Improvement of

the clinical response to infiximab in refractory sarcoidosis by reduc-

ing the dose interval. Presented at European Respiratory Society

Munich, 2007.

141. Moss AC, Fernandez-Becker N, Jo KK, et al. The impact of inflix-

imab infusion reactions on long-term outcomes in patients with

Crohn’s disease. Aliment Pharmacol Ther 2008; 28 (2): 221-7.

142. Breban M, Ravaud P, Claudepierre P, et al. Maintenance of inflix-

imab treatment in ankylosing spondylitis: results of a one-year ran-

domized controlled trial comparing systematic versus on-demand

treatment. Arthritis Rheum 2008; 58 (1): 88-97.

143. Nawata M, Saito K, Nakayamada S, et al. Discontinuation of inflix-

imab in rheumatoid arthritis patients in clinical remission. Mod

Rheumatol 2008; 18 (5): 460-4.

04-baughman  13-02-2009  14:11  Pagina 89




