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There are two major principals that most experts can agree about treatment of sarcoidosis ' Firstis
the principal that not all patients who have sarcoidosis require treatment. The second principal that for
those who require treatment, the duration of therapy varies. For those requiring therapy, the outcome
seems to fall into three broad groupings: acute, chronic, and refractory. Although corticosteroids
remain the initial drug for most patients who require therapy, several steroid-sparing alternatives have
been found effective in treating many aspects of sarcoidosis. The steroid sparing agents are
commonly used for chronic disease, where disabling side effects which accompany prolonged
corticosteroid treatment becomes more obvious. Methotrexate is most commonly used cytotoxic agent
used for chronic disease ?, but azathioprine % and leflunomide * also have been shown to be useful.
The tumor necrosis factor (TNF) inhibitors can be useful in treating chronic sarcoidosis. Among the
biologic agents which inhibit TNF, infliximab has been studied most extensively in sarcoidosis > with
fewer reports available for adalimumab ® and etanercept ’_ While these agents were initially only
reported in refractory patients, patients with severe neuro ®or ophthalmic ® disease appear good
candidates for early institution of these agents. The available evidence to identify the best candidate to
receive an anti-TNF regimen as well as the relative benefits and side effects of the three anti-TNF
biological agents for treating sarcoidosis will be discussed '% Based on this evidence, a stepwise
approach is proposed to improve the likelihood of disease improvement for patients who experience
an inadequate response to an anti-TNF agent.
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The clinical presentation and outcome of
sarcoidosis vary considerably. As a result, treat-
ment also varies. The options range from no
treatment to a range of agents, including cytotoxic
and biological agents [1,2]. Elsewhere in this issue,
authors have discussed treatment of various man-
ifestations of sarcoidosis. This reviews specific
agents that have been reported as useful in treat-
ing sarcoidosis. It also discusses the indications
for various agents. For many of the agents, the de-
cision to treat is based on the duration of symp-
tomatic disease and the severity of disease.

Classification of sarcoidosis outcome

The outcome of sarcoidosis can be considered
conceptually in three broad and at least partially
overlapping groupings:

Acute disease—resolves within 2 to 5 years of
time of diagnosis residual defects are fibro-
sis, not ongoing inflammation

Chronic disease—persists beyond 5 years after
diagnosis

Refractory disease—chronic disease that
worsens despite adequate systemic therapy

The authors have defined acute disease as
disease that resolves within 5 years. Any residual
abnormality is not caused by active inflammation
but previous inflammation leaving scar tissue.
An example of this prolonged effect is the sicca
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syndrome, which is a common manifestation of
previous lachrymal gland involvement. Chronic
disease is considered here to be disease that per-
sists with active inflammation beyond 5 years.
Many of these patients will be receiving continu-
ing therapy, but some patients who have chronic
disease may not require any systemic therapy.
The third group is refractory disease, which is
defined as disease that worsens despite adequate
systemic therapy. One example of refractory dis-
ease is the patient with spinal cord sarcoidosis
who develops worsening neurologic deficit despite
adequate doses of prednisone with or without
immunosuppression [3].

The time at which the disease changes from
acute to chronic is debated. Some authors have
chosen to use 2 years [4,5]. Others have noted that
the rate of resolution of bilateral hilar adenopathy
may take up to 5 years [6]. One study proposed an
intermediate group, defined as those with resolu-
tion between 2 and five 5 after presentation [7].
The decision to use 5 years to separate acute
from chronic disease is based on a review of the
literature and the results of a task force of the
World Association of Sarcoidosis and Other
Granulomatous diseases (WASOG). That task
force noted that the clinical outcome of patients
changed in 40% of cases between years 2 and 5.

One of the early studies systematically examin-
ing clinical outcome involved follow-up of a group
of 818 sarcoidosis patients and found that some
features were associated with resolution within 2
to 5 years, while others were not [4]. Table 1 lists
some of the features that characteristically resolve
within a few years after diagnosis and those fea-
tures that are usually more persistent [4,8].
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Table 1
Features associated with acute compared
with chronic disease

Feature Acute Chronic

Pulmonary Hilar adenopathy Pulmonary
alone fibrosis

Cutaneous Erythema nodosum Lupus pernio

Ocular Anterior uveitis Panuveitis

Neurologic Isolate seventh Mass in head
nerve paralysis or spine

Cardiac Congestive

heart failure
Calcium Nephrolithiasis
metabolism

Musculoskeletal Peri articular Bone cysts
swelling

Symptoms Asymptomatic Dyspnea

For pulmonary disease, the presence of hilar
adenopathy alone usually is associated with
a good prognosis [4]. By contrast, the presence
of pulmonary fibrosis is associated with chronic
disease [4]. Pulmonary fibrosis is also associated
with a worse clinical outcome, including pulmo-
nary hypertension [9] and increased mortality
[10]. Moderate-to-severe dyspnea at presentation
was an independent predictor of the need for
systemic therapy for more than 2 years after diag-
nosis [5].

Erythema nodosum in the Caucasian popula-
tion is associated with a high rate if resolution
[11]. This may be because Caucasian patients who
have erythema nodosum often have associated
hilar adenopathy and peri-articular arthritis of
the lower extremities (Fig. 1). This triad is known
as Lofgren’s syndrome, in honor of the clinician
who described it originally [12]; a good prognosis
is associated with this manifestation of the dis-
ease. However, up to 20% of patients who have
Lofgren’s syndrome will develop chronic disease
[13]. Recent studies of HLA alleles in the DQ
and DR loci have shown that carriage of the
DR3/DQBI1*0201 haplotype predicts those pa-
tients with Lofgren’s syndrome who will have
a good prognosis, and this carriage may be useful
as a clinical screening index [14,15]. Erythema
nodosum in the African American and West In-
dian population is not associated with a high
rate of resolution [11], and lupus pernio almost
always is associated with a chronic course
[16,17]. Although this manifestation is usually in
African Americans or West Indians, it can be
seen in Caucasians [16]. Lupus pernio also can
be refractory to conventional therapy [18].

Fig. 1. Sl-year-old Caucasian woman with abrupt
onset of peri-articular arthritis and red, painful nodules
(erythema nodosum). Her chest roentgenogram revealed
symmetric hilar adenopathy. Shown are marked swelling
of her right ankle and erythema nodosum.

Anterior uveitis is often a self-limited form of
ocular disease [19,20]. Ocular disease is found in
more than 60% of Japanese sarcoidosis patients
and is associated with a good prognosis in most
cases [21]. Posterior and pan uveitis are associated
with chronic disease [19,21], and some cases can
be refractory to corticosteroids alone [22].

Neurologic and cardiac diseases usually are
associated with chronic disease [4]. Patients who
have seventh nerve paralysis, however, often
have a rapid resolution and usually no significant
residual clinical deficit [23]. Patients who have
spinal or central nervous system involvement of-
ten require years of therapy, and are sometimes
refractory to conventional therapy with cortico-
steroids alone [3,23,24]. Similarly, cardiac disease,
especially congestive heart failure, often will re-
quire lifetime therapy [25].

Hypercalcemia may resolve without long-term
problems. It has been shown, however, that hyper-
calciuria and associated nephrolithiasis are associ-
ated with chronic disease [8,26]. Although this may
not lead to refractory disease, steroid alternatives
such as chloroquine or hydroxychloroquine often
are used because of their low toxicity [27].

Musculoskeletal complaints are common
among patients with sarcoidosis. The particular
complaint of peri-articular swelling of the ankles
(see Fig. 1), however, is associated with Lofgren’s
syndrome [13]. In men, the swelling may occur
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without evidence of erythema nodosum [15]. This
is associated with a high rate of resolution within
a few months [15]. By contrast, bone cysts are as-
sociated with a chronic form of the disease [4,28].

The presenting symptoms of the patient are
also useful in determining the clinical outcome.
The asymptomatic patient usually requires no
long-term treatment [29,30]. By contrast, the
patient who has moderate-to-severe dyspnea has
an increased risk for requiring treatment for
2 years, independent of his or her chest roentgeno-
gram or pulmonary function studies [5].

Treatment strategies
Acute disease

During the first 2 to 5 years after diagnosis, an
individual patient can be considered to have acute
disease. There are some clinical features that
predict chronic disease, but specificity is not total
(see Table 1). It is appropriate, therefore, to not
assume that chronicity is inevitable because of
their presence but to await the passage of time.
Fig. 2 demonstrates this approach to the patient
who has disease of known duration less than
5 years. A significant percentage of these patients
do not have sufficiently severe symptoms to re-
quire therapy [5,29-32]. In a recent trial of newly
diagnosed patients with sarcoidosis in the United
States, it was noted that only half of the patients
were receiving systemic therapy within the first 6
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months of diagnosis [5]. At 2- year follow-up,
only half of the patients on therapy at the initial
visit still were receiving treatment. Of the patients
not receiving therapy in the first 6 months, only
10% were on therapy at 2 years. Thus a patient
presenting with no symptoms has a good chance
of never requiring therapy.

For patients who have symptoms from a single
organ, topical therapy often can control the dis-
ease. This usually means a high-potency topical
corticosteroid that has minimal absorption. For
the eye, local therapy includes not only eye drops,
but also peri-ocular steroid injections [20]. For the
skin, topical therapy with fluorinated corticoste-
roids are often successful [33]. Other reported
treatments include topical tacrolimus [34] and
laser treatment [35].

Pulmonary disease is the most common man-
ifestation of sarcoidosis [36], and pulmonary
symptoms are the most common reason for treat-
ment [5]. The role of topical therapy for pulmo-
nary disease remains unclear, but on balance it
is thought to be ineffective when used in isolation.
Budesonide has been the most extensively studied
inhaled corticosteroid. In a placebo-controlled,
randomized trial, budesonide was superior to pla-
cebo in improving lung function after 18 months
of therapy [37]. Even though therapy was with-
drawn after 18 months, the difference remained
significant at S-year follow-up [38]. The study
design consisted of 3 months of systemic therapy
followed by 15 months of inhaled treatment, so
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Fig. 2. A suggested treatment strategy for acute sarcoidosis (within 5 years of diagnosis). Severe single organ sarcoidosis,
including neuro or cardiac, should be treated the same as multiorgan sarcoidosis.
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this study was assessing more than just the efficacy
of inhaled therapy. It also was limited to those
patients without symptoms requiring systemic
therapy. Furthermore, the difference was noted
only for those with parenchymal lung disease on
chest roentgenogram (Scadding stages 2 and 3).
Although others have reported on the benefit
of using budesonide for pulmonary sarcoidosis
[39-41], others have not seen improvement for
symptomatic patients [42]. Two studies of inhaled
fluticasone failed to demonstrate any steroid-
sparing effect or significant improvement in pul-
monary function studies [43,44]. One study
suggested inhaled fluticasone might help modify
cough in acute sarcoidosis [43].

For extensive cutaneous disease, the antima-
larial agents have been useful [45,46]. Chloroquine
and hydroxychloroquine have been found to be
effective in over half of the reported cases [45].
Other agents used for extensive cutaneous disease,
such as thalidomide and infliximab, usually have
been given for disease designated as chronic or
refractory.

For the patient who has severe single organ
(eg, cardiac, neurologic) disease, multiorgan dis-
ease, or failing topical therapy, glucocorticoids are
considered the first choice of treatment [1,47]. The
initial dose of prednisone that is employed is quite
variable from center to center, but most clinicians
choose between 20 to 40 mg/d of prednisone or
the equivalent [47,48]. A key issue with corticoste-
roid therapy is tapering the dose within an accept-
able time period. During this phase of treatment,
the clinician is trying to establish the minimal
dose associated with control of disease after
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achieving maximum improvement [48]. Although
no specific guidelines or studies exist that define
the recommended rate or method of tapering,
one multicenter study found that patient reassess-
ment every 6 weeks with dose halving if improve-
ment was sustained was an acceptable tapering
regimen. In 85% of instances, this schedule could
be followed at each of the visits [43].

If the patient relapses while reducing the dose
of glucocorticoid, or if the symptoms simply
cannot be controlled with glucocorticoids alone,
a steroid-sparing alternative often is introduced.
Methotrexate has been shown to be steroid
sparing in acute pulmonary sarcoidosis [49]. Other
agents such as chloroquine and azathioprine also
may be useful here, although they have not been
studied for this indication. For the patient who
fails this second line of therapy, the strategies
adapted for chronic therapy are appropriate.

Chronic therapy

In a study of unselected cases in the United
States, a third of patients required treatment more
than 2 years after diagnosis [5], similar to the rate
reported by Rizzato and colleagues [32] at a single
center. Others have reported a range of chronic
disease from 10% [31] to over 60% [30]. This
group of patients represents a significant clinical
problem, because they will require long-term
monitoring not only for response to therapy, but
also for toxicity from treatment.

Fig. 3 shows one possible approach to the
patient who has chronic disease. The assumption
that underpins this strategy is that the patient
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Fig. 3. A suggested treatment strategy for chronic sarcoidosis.
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requires systemic therapy for disease control. For
those patients who have limited disease, topical
therapy may be sufficient. For the patient who
requires systemic treatment for symptomatic or
severe disease, however, prednisone remains the
drug of choice as first line. Again, the physician
will try to taper the dose. If the daily dose is less
than or equal to 10 mg/d, then it is a reasonable
approach to continue this dosage provided that
adverse side effect profile is acceptable. If the
dose cannot be decreased without worsening
disease, however, then steroid-sparing alternatives
such as cytotoxic agents should be considered.

The cytotoxic agents commonly considered in
chronic sarcoidosis include methotrexate [50,51],
azathioprine [52,53], mycophenolate [54], cyclo-
phosphamide, and leflunomide [55]. Chlorambucil
has been used with good effect in some cases [56],
but is used infrequently because of its higher
toxicity; it no longer should be considered. These
cytotoxic agents all appear to be about equally
effective, although there have been no large
formal studies of comparison. The only cytotoxic
agent that appears to be more effective than others
is cyclophosphamide, for which one study showed
that it provided benefit to 9 of 10 cases in
which methotrexate did not improve neurosarcoi-
dosis [23].

Although all of these agents have been re-
ported to be useful in treating sarcoidosis, the
largest experience has been with methotrexate
[50,51,57]. Fig. 4 summarizes the reported re-
sponse rate for methotrexate in treating

pulmonary, cutaneous, ocular, and neurologic dis-
ease [23,50,58]. This overall response rate for
methotrexate is similar to that reported by other
centers [51,59].

Combinations of cytotoxic agents have been
used in rheumatologic diseases [60,61]. One report
of combination therapy in patients who have
sarcoidosis has shown the benefit of adding
leflunomide to methotrexate [55]. Combinations
of these and other cytotoxic agents require moni-
toring for cumulative toxicity, including gastroin-
testinal (GI), hematologic, and hepatic adverse
effects.

The antimalarial agents have been reported as
useful for chronic cutaneous disease [45,62,63].
The drugs also have proved useful in treating
problems with calcium metabolism [27,64]. Given
the low toxicity of these agents, they are appealing
for treating chronic problems such as nephroli-
thiasis and chronic skin lesions. One randomized
study demonstrated chronic chloroquine therapy
reduced the rate of loss of lung function in chronic
pulmonary sarcoidosis [65]. Others have reported
on the usefulness of antimalarial agents in treating
neurosarcoidosis [66].

Refractory disease

The sarcoidosis patient who is failing therapy
may be refractory for several reasons:

Noncompliance
Fibrotic disease with no further inflammation
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Fig. 4. Results of treatment of various manifestations of sarcoidosis at one institution. Lung response required at least
15% improvement of vital capacity [50]. Other organs were considered improved if there was a greater than 50% reso-
lution of the target lesion and/or reduction of prednisone dose to less than 10 mg/d without worsening of disease

[23,50,58].



538 BAUGHMAN et al

Secondary complication on disease, including
pulmonary hypertension, hydrocephalus, or
cataracts

Complication of therapy

Steroid resistance

Noncompliance to therapy always should be
considered a reason the patient is not doing well,
and noncompliance is often because of the fear of
or development of an adverse effect. The public
knows the toxicity of corticosteroids, and the
profile includes diabetes mellitus, hypertension,
weight gain, osteoporosis, dyspepsia, insomnia,
and mood swings. In one study, one or more of
these effects was noted in more than half the
patients treated with 10 mg or more of prednisone
[49]. The negative impact of corticosteroids
greatly affects the quality of life of the patient
who has sarcoidosis [67].

Patients who have fibrosis without further
inflammation may be considered refractory. In
this situation, the clinician no longer can demon-
strate improvement with any anti-inflammatory
regimen. However, they may respond to other
agents. Complications of the disease also may
lead to clinical worsening. Examples include
hydrocephalus, secondary to previous choroid
plexus damage from meningitis [23] that may
require ventriculostomy [68]; pulmonary hyper-
tension (the subject of another article in this issue)
can cause refractory dyspnea [69,70], and compli-
cations of therapy can include infection [71].

Steroid resistance also can cause refractory
disease. This phenomenon has been documented
in asthma. In that situation, steroid resistant
asthma is associated with an impairment of
glucocorticoid signaling that normally blocks
cytokine gene transcription [72-74]. In sarcoido-
sis, one group found that some sarcoidosis
patients showed worsening disease despite cortico-
steroid therapy [75]. Alveolar macrophages from
these patients were found to be spontancously
releasing tumor necrosis factor (TNF) at high
levels, implying failure of corticosteroid suppres-
sion [75]. This observation has led to the hypoth-
esis that TNF could be a target for treatment in
refractory sarcoidosis patients, although the link
between TNF production and worsening disease
has not been elucidated fully [76].

Thalidomide is a drug with a range of activity,
including anti-TNF effect. It has been shown to be
effective for chronic cutaneous sarcoidosis in
observational studies [16,77]. However, it has
not proved a reliable steroid-sparing agent for

pulmonary disease [16,78]. One of the limitations
of the drug is toxicity, including hypersomnolence
and peripheral neuropathy. Both toxicities are
dose-dependant [16]. Because pulmonary disease
appears to require a higher dose of thalidomide
to have an effect, the role of the agent in pulmonary
disease is unclear [78]. Given the variability of pa-
tient response, the agent still may be useful as an
adjunct to therapy in selected refractory cases.

Infliximab is a chimeric monoclonal antibody
against TNF-o, which has been shown to be
effective for refractory sarcoidosis. The initial
positive case reports [18,79] led to a series of clin-
ical series showing benefit for refractory disease,
including extrapulmonary manifestations such as
eye and skin [80-83]. These positive observations
led to two double-blind randomized, placebo-
controlled trials showing benefit for infliximab in
treating chronic pulmonary disease [84,85]. Both
of these studies demonstrated an improvement in
the forced vital capacity (FVC) (Fig. 5). The
larger study demonstrated a significant improve-
ment compared with placebo [84]. A secondary
analysis of the study by Baughman and colleagues
[84] demonstrated a larger improvement for those
patients who had a lower FVC percent predicted
at baseline. The mean improvement in FVC per-
cent predicted was even larger in the study by
Rossman and colleagues [85], who treated patients
with a more severe reduction in FVC.

Other biologic agents with specific anti-TNF
activity include etanerecept and adalimumab. Eta-
nercept is a soluble TNF receptor that binds TNF
in the circulation. It was shown to be effective as
a single agent in pulmonary sarcoidosis in less
than 40% of cases in an open-label trial [86].
That study was discontinued early, because the
authors felt the response rate was too low to
justify the potential adverse effects of the drug.
Patients with refractory sarcoidosis-associated
uveitis who had active disease despite at least
6 months of methotrexate therapy were enrolled
in a double-blind, randomized, placebo-controlled
trial of etanercept [22]. There was no difference in
the response rate.

Adalimumab is a humanized monoclonal an-
tibody against TNF. It is given subcutaneously,
rather than by the intravenous route for inflix-
imab. To date, only a few case reports and one
case series have reported its value in sarcoidosis
[87—89]. The drug seems to have some efficacy, but
the response rate was not as high as that seen with
infliximab [87]. A higher response rate may
be seen with the use of a more intensive dose
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Fig. 5. The mean change from baseline in the percent predicted forced vital capacity (FVC) 6 months after starting ther-
apy, derived from two randomized trials of infliximab. The report by Baughman and colleagues included 138 patients,
comprising three treatment groups (placebo, 3 mg/kg, and 5 mg/kg). There was a significant improvement in percent
predicted FVC for patients treated with 3 or 5 mg/kg compared with placebo (* = P<.05). This difference was larger
for those who had a pretreatment FVC less than 69% (the median of all patients in the study) (* = P<.05) [84]. The
report by Rossman and colleagues comprised 19 patients with chronic pulmonary sarcoidosis who received 5 mg/kg
infliximab either initially (13 patients) or delayed (6 patients). For the 13 patients treated with infliximab initially, the
mean FVC percent predicted before therapy was 59.6%. The improvement in FVC percent predicted 22 weeks after

two treatments with infliximab is shown [85].

regimen, as recently reported for Crohn’s disease
[90]. Because the drug can be used in patients
who are intolerant to infliximab [90], it may
have a role for selected patients who are consid-
ered for treatment with anti-TNF agents.

Individual agents

Several of the drugs used to treat sarcoidosis
have been employed for all three categories of
disease (acute, chronic, and refractory). Table 2
summarizes the individual drugs, their indica-
tions, their usual doses, common adverse effects,
and monitoring recommendations. Most of these
recommendations are not evidence-based, because
there remains a paucity of randomized clinical
trials to support the use of these drugs, and even
less information regarding one dose versus an-
other [47,91,92].

Of the glucocorticoids, prednisone is used
commonly in the United States, while predniso-
lone is used commonly in Europe. Prednisone and
prednisolone have been studied in widely for
treating pulmonary and extrapulmonary sarcoid-
osis [47,91]. Several randomized trials have
compared glucocorticoids with placebo in the

treatment of acute disease [29,93-95]. Although
the results of these trials have shown conflicting
results, meta-analysis has demonstrated that corti-
costeroids are associated with significant improve-
ment in chest roentgenogram and diffusion
capacity (transfer factor) [91]. This meta-analysis
failed to demonstrate a significant improvement
in vital capacity with glucocorticoid therapy.
Toxicity is a major concern with chronic
glucocorticoid use. For many years, the toxicity
of this class of drugs was minimized by physicians.
This was in part because there were felt to be few
good alternatives. As steroid-sparing agents have
become available, physicians have become more
careful about toxicity. Weight gain is a problem
with prolonged treatment for chronic disease
[43,96]. In one trial, the median weight gain after
6 months of prednisone was 25 pounds, with the
maximum being 45 pounds [49]. Worsening diabe-
tes and hypertension also were seen in this study
[49]. The higher the dose of prednisone, the
more weight was gained [43]. Infections are also
a complication of chronic corticosteroid use. In
a prospective study of 753 sarcoidosis patients
followed for 18 months at one sarcoidosis clinic,
deep-seated fungal infections were identified in
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Table 2
Drugs commonly used to treat sarcoidosis
Common/important
Drug Indication Dosage adverse effects Specific monitoring
Prednisone/ Acute, 40 mg daily initially; Weight gain, Bone density,
prednisolone chronic, 5-40 mg chronically diabetes, blood glucose/hemoglobin Alc,
refractory hypertension, weight,
osteoporosis, blood pressure
infection
Hydroxychloroquine Acute, 200400 mg daily Ocular, Eye examination every
chronic rash 6-12 months
Chloroquine Acute, 250-500 mg daily Ocular. Eye examination every
chronic rash 6—12 months
Methotrexate Chronic, 10-15 mg once a week Nausea, CBC, renal, hepatic every
refractory leukopenia, 1-3 months;
hepatic, consider liver biopsy
pulmonary every 2-3 years
Azathioprine Chronic, 50-200 mg daily Nausea, CBC, hepatic every
refractory leukopenia, 1-3 months
hepatic
infections
Mycophenolate Chronic, 500-3000 mg daily Nausea, CBC, hepatic every
refractory diarrhea, 1-3 months
leukopenia,
infections
Cyclophosphamide Refractory  500-2000 mg Nausea, CBC, renal before each dose,
intravenously leukopenia, Urine analysis once a month
every 2—4 weeks infections, Cystoscopy for unexplained
hemorrhagic cystitis, hematuria
cancer
Thalidomide Chronic 50-200 mg orally Teratogenic Pregnancy testing monthly
Refractory at night somnolence,
constipation,
peripheral neuropathy
Minocycline Acute, 100-200 mg daily Nausea,
chronic anemia,
rash
Infliximab Chronic, 3-5 mg/kg initially, Infection, PPD before first dose,
refractory 2 weeks later, then  allergic reaction, careful monitoring during
every 1-2 months teratogenic each infusion

Abbreviations: CBC, complete blood counts; liver, liver function tests; PPD, purified protein derivative skin test;

renal, renal function including serum creatinine.

seven cases [71]. All seven patients were receiving
prednisone, with four patients also receiving
methotrexate.

Osteopenia and osteoporosis are recognized
complications of chronic glucocorticoid use, even
for patients receiving no more than 10 mg/d of
prednisone or its equivalent [97,98]. Osteoporosis
has been found commonly in sarcoidosis patients
treated with corticosteroids [99,100]. Recommen-
dations for screening for osteoporosis include rou-
tine use of bone density studies [101,102]. These
same groups recommend the use of supplemental
calcium and vitamin D for patients at risk for

osteoporosis, which includes patients on chronic
glucocorticoids [101,102]. For sarcoidosis pa-
tients, high levels of endogenous vitamin D3-
1,25 question the rationale for calcium and
vitamin D supplementation. Their use could lead
to hypercalcemia or hypercalciuria [103,104]. As
a minimum, serum calcium levels should be mon-
itored regularly, and symptoms suggestive of
nephrolithiasis should be elicited by directed ques-
tioning in all patients receiving calcium and
vitamin D supplements. Less controversial is the
use of bisphosphonates for sarcoidosis patients
on high doses of glucocorticoids. Studies have
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demonstrated the safety and efficacy of these
drugs for these patients, and it could be argued
that they should receive them as first-line protec-
tion rather than calcium/vitamin D [105-107].

Antimalarial agents

Only two antimalarial agents have been used
widely in sarcoidosis: chloroquine and hydroxy-
chloroquine [46,66,92]. Although both of these
drugs have proved useful for sarcoidosis, chloro-
quine has a higher reported response rate than
hydroxychloroquine [45]. Chloroquine also has
been demonstrated to slow the progression of
chronic pulmonary disease compared with pla-
cebo [65]. Chloroquine, however, is associated
with more toxicity, especially the potential of
direct retinal damage [108,109], with one report
of greater than a third of patients on prolonged
treatment with chloroquine developing ocular
toxicity [110]. Renal dysfunction is a risk factor
for ocular toxicity [110]. Hydroxychloroquine is
associated with a much lower rate of retinal toxic-
ity, as recently reviewed by Yam and Kwok [111].
Most cases occurred in patients being treated with
more than 400 mg/d. For patients treated with
anti-malarial agents, screening for ocular toxicity
by an ophthalmologist is recommended every
6—12 months [108,112,113].

Methotrexate

This drug is the most widely reported cytotoxic
agent used to treat sarcoidosis [47,51]. The drug
has been demonstrated to be effective for lung,
skin, eye, and neurologic disease [23,45,50,51].
Approximately two thirds of patients will respond
to treatment, although higher rates of response
have been reported in one large series [S1]. The
drug is well-tolerated, with nausea and leucopenia
the most common adverse effects. These usually
respond to dose reduction [114]. Less common
but serious complications include pulmonary tox-
icity [115] and increased risk for opportunistic
infections [71]. Hepatotoxicity has been reported
with methotrexate, and guidelines have been de-
veloped to monitor for hepatoxicity. Although
rheumatologists no longer perform routine liver
biopsies to monitor for toxicity [116], dermatolo-
gists still consider this standard in monitoring
methotrexate-treated patients with psoriasis
[117]. In sarcoidosis, one group reported on the
use of surveillance liver biopsies after every 1 to
1.5 g of cumulative treatment with methotrexate.
The rate of methotrexate-related damage was
determined to be greater than 10% in this group

[118]. However, none of these patients developed
irreversible liver damage. Routine liver function
testing every 2 to 3 months should be performed
on patients receiving chronic therapy. Persistent
elevation of transaminases should be evaluated.
Although elevation of alkaline phosphatase is
more common with liver involvement from sar-
coidosis, transaminase elevation also can be seen
as a direct result of sarcoidosis in the liver [118].
If no alternative explanation emerges for chronic
elevation of transaminases, than either a liver
biopsy should be performed or methotrexate
discontinued.

Azathioprine

This agent has been widely used in numerous
interstitial lung diseases, including idiopathic
pulmonary fibrosis [119,120]. Its use in sarcoidosis
appears to be fairly widespread, but there are
a limited number of published articles in support
of this approach [52,53,121,122]. Although some
authors have noted a high response rate [52],
others have reported than a less than 20% re-
sponse [53,122]. This may be a reflection of the
circumstances in which it is used. In those studies
with a low response rate [53,122], the patients
seem to have refractory disease and therefore
unlikely to respond. Fig. 6 shows the results of
a sequential study of cytotoxic agents for ocular
sarcoidosis [58]. For these patients, a nonresponse
to methotrexate usually predicted a nonresponse
to azathioprine as a single agent. These drugs,
however, were effective in more than 70% of cases
when used in combination.

The toxicity profile of azathioprine is somewhat
similar to methotrexate. It causes nausea and
leucopenia, and routine monitoring of the com-
plete blood count is required. Azathioprine is
metabolized by thiopurine-methyl-transferase.
The enzyme activity is determined genetically,
with homozygously deficient patients at risk for
severe neutropenia from the drug [123]. Levels of
thiopurine-methyl-transferase can be measured
and have been used to help direct therapy [124].
An alternative approach, however, is to monitor
white counts weeks for 4 weeks, because enzyme-
deficient patients will have severe neutropenia
soon after commencing treatment. The major ad-
vantage of azathioprine is the lower hepatotoxicity
reported with the drug than with methotrexate. In
patients who have significant hepatic sarcoidosis,
azathioprine has been shown to be a very useful
steroid-sparing agent, and thus hepatic sarcoidosis
is not a contraindication to its use [125].
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Fig. 6. Outcome of serial treatment of chronic ocular sarcoidosis. Patients initially were treated with methotrexate. After
6 months, patients who had not responded to methotrexate were treated with azathioprine as the only cytotoxic agent.
Only six patients who did not respond to methotrexate had a response to azathioprine as a single agent [58].

Leflunomide

This agent was developed as an alternative to
methotrexate for rheumatoid arthritis [126]. It has
less GI toxicity, but is hepatotoxic. In rheumatoid
arthritis, it may be less effective than methotrexate
[127]. It has been shown to be effective in treating
chronic sarcoidosis [128], with a response rate sim-
ilar to that reported with methotrexate [55]. Like
azathioprine, leflunomide has some differences in
toxicity from methotrexate, which can, therefore,
make it a reasonable alternative. For example, it
has a lower rate of pulmonary toxicity [127], and
some patients who have methotrexate-associated
pulmonary symptoms have been treated safely
with leflunomide [55]. Leflunomide, however, has
been associated with pulmonary toxicity in some
patients, so patients should be monitored for this
potential adverse effect [129]. GI toxicity and hep-
atotoxicity may occur [127,130]. Although surveil-
lance liver biopsies are not recommended, liver
function testing should be done at least every
2 to 3 months. Leflunomide has been shown to
be synergistic with methotrexate in treating rheu-
matoid arthritis [60]. A similar synergism has
been observed in sarcoidosis [55].

Mycophenolate

This drug recently has been reported as useful
in treating interstitial lung disease associated with
collagen vascular disease [131,132]. The drug also
has been reported to be effective in treating some
patients who have cutaneous [54] or renal [133]
sarcoidosis. It is associated with less neutropenia
than the traditional cytotoxic agents, but neutro-
penia can occur. Nausea and diarrhea can be
dose-limiting adverse effects of the drug [134].

Cyclophosphamide
This potent cytotoxic agent has been reported to
be effective in treating refractory neurosarcoidosis

[23,135]. Both of these reports used intermittent,
intravenous treatments. Treatments given every
2 weeks can mimic the effect of daily oral treat-
ment. Toxicity is much lower, however [136].
Major complications include neutropenia, nau-
sea, hemorrhagic cystitis, and increased risk for
malignancy. For patients who have Wegener’s
granulomatosis treated with daily oral cyclo-
phosphamide for more than a year, considerable
risk for hemorrhagic cystitis and subsequent
bladder cancer has been reported [137]. The
drug’s toxicity profile limits its use to refractory
disease.

Thalidomide

The first reports of the effective treatment of
sarcoidosis by thalidomide [138,139] suggested
a novel approach [140]. The drug has been shown
to suppress TNF release from alveolar macro-
phages [141,142]. Its effectiveness in sarcoidosis
appears to be due to more factors than simply
suppression of TNF. In evaluating the treatment
of patients who had chronic, cutaneous sarcoido-
sis, skin biopsies were performed before and after
therapy. Oliver and colleagues [143] could not
demonstrate a change in TNF levels despite im-
provement of the skin lesions. The drug appears
to affect multiple cytokines involved in the inflam-
matory response that results in sarcoidosis
[142,143]. Thalidomide has been effective in treat-
ing chronic disease, such as lupus pernio
[16,77,138,139,143,144]. For noncutaneous sar-
coidosis, both benefits [77,138] and a limited
response [16] have been reported. In this regard,
in a study of chronic pulmonary disease, Judson
and colleagues found thalidomide was only mildly
steroid-sparing [78]. Many of the toxicities of
thalidomide, including hypersomnolence, consti-
pation, and peripheral neuropathy, appear to be
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dose-dependant [16]. Thus, the higher doses
needed for some systemic manifestations may
not be tolerated. The teratogenicity of thalido-
mide is not dose-dependant, and patients who
receive this drug must not conceive.

Infliximab

The chimeric monoclonal antibody infliximab
has been shown to be effective in the treatment of
chronic pulmonary sarcoidosis [84,85]. Others
have reported its effectiveness for refractory skin
[18,81], eye [80], and neurologic [81,145] disease.
The drug is given intravenously twice weekly for
the first two doses then every 4 to 8 weeks. Effi-
cacy is generally apparent within 6 weeks of com-
mencement of therapy [84,85]. Infusion reactions
have been reported in over 20% of patients who
have arthritis [146]. An increased risk for infusion
reaction was seen in those patients not taking
concomitant methotrexate [146]. For patients
who had sarcoidosis, the rate of infusion reactions
was no different from placebo in one study [84].
These patients, however, were treated for only
6 months. Another concern with infliximab is in-
creased risk for infection [147], especially tubercu-
losis [148]. The increased risk appears to be for
reactivation of latent tuberculosis [148,149]. The
anti-TNF biologic agents, including infliximab,
have been associated with increased mortality in
patients who have advanced congestive heart fail-
ure [150]. An unknown factor is the risk for cancer
in patients receiving infliximab. For patients
treated with infliximab, an increase in lymphoma
was found in those with Crohn’s disease [151]
but not rheumatoid arthritis [152]. Interestingly,
there have been cases of sarcoidosis occurring
during treatment with infliximab and etanerecept
[153,154]. These cases emphasize that symptom-
atic sarcoidosis is caused by the interactive effects
of multiple cytokines and that single therapy is
not effective in all patients [155].

The role of other anti-TNF biologic agents for
treating sarcoidosis is less clear. The toxicity of
these agents is similar to that reported with
infliximab, except that there seems to be a lower
risk for tuberculosis and other opportunistic
infections [148]. There remains a risk of infection,
however, but this risk may only be manifest after
longer treatment courses [149].

Summary

The use of systemic therapy in sarcoidosis
requires a global approach to determine the total

effect of drugs on disease symptomatology and
time course. Steroid-sparing treatments have be-
come standard for chronic disease. In some cases,
refractory disease may require drugs other than
corticosteroids. Knowledge of the relative risk and
benefits of these agents has to be considered in the
care of patients who have sarcoidosis.
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