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This is an update on sarcoidosis, focusing on etiology, diagnosis, and
treatment. In the area of etiopathogenesis, we now have a better
understanding of the immune response that leads to the disease as
well as genetic factors that modify both the risk for the disease and its
clinical outcome. Several groups have also identified possible agents
as a cause for sarcoidosis. Although none of these potential causes
has been definitely confirmed, there is increasing evidence to
support that one or more infectious agents may cause sarcoidosis,
although this organism may no longer be viable in the patient. The
diagnosis of sarcoidosis has been significantly aided by new technology. This includes the endobronchial ultrasound, which has been
shown to increase the yield of needle aspiration of mediastinal and
hilar lymph nodes. The positive emission tomography scan has
proven useful for selecting possible biopsy sites by identifying organ
involvement not appreciated by routine methodology. It has also
helped in assessing cardiac involvement. The biologic agents, such as
the anti–tumor necrosis factor antibodies, have changed the approach to refractory sarcoidosis. There is increasing evidence that
the clinician can identify which patient is most likely to benefit from
such therapy. As new and more potent antiinflammatory agents have
been developed, it is clear that there are other factors that burden the
patient with sarcoidosis, including fatigue and sarcoidosis-associated
pulmonary hypertension. There have been several recent studies
demonstrating treatment options for these problems.
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Sarcoidosis is a granulomatous disease of unknown etiology that
affects people throughout the world (1). Over the past few
years, there have been advances in our understanding of
sarcoidosis. These include observations about the etiopathogenesis, diagnosis, and treatment of the disease. In this review,
we discuss observations in these various areas.

ETIOLOGY AND PATHOGENESIS
The immunopathogenesis of sarcoidosis is not completely understood, but there has been tremendous progress in the past
decade. Most evidence suggests that the development of the
disease is similar to other granulomatous diseases of known
cause, such as chronic beryllium disease. That is, some antigen(s) enter the host and are phagocytosed by antigen-presenting
cells (APCs), predominantly macrophages or dendritic cells. The
APCs process the antigen and subsequently present it via human

(Received in original form June 6, 2010; accepted in final form October 29, 2010)
Supported by National Institutes of Health grant HL081538 (D.A.C.).
Correspondence and requests for reprints should be addressed to Robert P.
Baughman, M.D., 1001 Holmes, Eden Avenue, Cincinnati, OH 45267-0565.
E-mail: bob.baughman@uc.edu
Am J Respir Crit Care Med Vol 183. pp 573–581, 2011
Originally Published in Press as DOI:10.1164/rccm.201006-0865CI on October 29, 2010
Internet address: www.atsjournals.org

leukocyte antigen (HLA) class II molecules to a restricted set
of T-cell receptors on naive T lymphocytes, primarily of the
CD41 class. Induction of the immune response depends on
intact cell-mediated immunity, as evidenced by the phenomenon of reactivation sarcoidosis coinciding with immune reconstitution during treatment for HIV (2). The immune reaction
begets polarization of the T lymphocytes to a Th1 phenotype,
followed by cellular recruitment, proliferation, and differentiation leading to formation of the sarcoid granuloma. A panoply
of cytokines and chemokines has been reported in association
with sarcoidosis, but the relative importance of most of them is
unclear.
The pathogenesis of sarcoidosis seems to involve the interplay
of antigen, HLA class II molecules, and T-cell receptors (3). It
is likely that specific combinations of these three facets are
required for sarcoidosis to develop. If this scenario is correct, the
pathophysiology of sarcoidosis depends on genetics that determine specific HLA polymorphisms, exposures in the form of
putative antigens, and T-cell responses that may be genetically
programmed but may also involve memory from previous
antigen exposure. This schema also suggests that there may be
multiple causes of sarcoidosis, each requiring a specific arrangement of antigen, HLA molecule, and T-cell receptor (Figure 1).
Investigation of the genes involved in sarcoidosis has focused
on the HLA genes (1). For example, analysis of patients enrolled
in a multicenter epidemiologic study of sarcoidosis in the United
States (A Case Controlled Etiologic Study of Sarcoidosis)
demonstrated that carriage of HLA-DRB1*1101 and HLADPB1*0101 alleles are risk factors for the disease (4). A familybased association study in black U.S. patients with sarcoidosis
suggested that susceptibility or protection may be associated with
certain HLA-DQB1 alleles (5). The phenotype and outcome of
sarcoidosis is probably influenced strongly by HLA genes. For
example, carriage of HLA-DRB1*03 in Swedish subjects with
sarcoidosis is strongly associated with the development of Löfgren syndrome and also with disease resolution (6, 7). Similarly,
HLA-DQB1*0201 associates with a good prognosis in Dutch and
British patients (8), although it is difficult to ascertain which is the
responsible allele because of its strong linkage to HLA-DRB1.
These studies have highlighted the issues of population stratification and the need for careful clinical phenotyping in association
studies of sarcoidosis.
Genome-wide approaches have identified non-HLA candidate susceptibility genes. For example, a family-based study in
affected German families led to the discovery of a mutation in
a putative immune regulatory gene, butyrophilin-like 2 (BTNL2),
that may explain 23% of the attributable risk in that population
(9, 10). Analysis of the same gene in black U.S. subjects failed to
reveal any role for BTNL2 but did confirm its association with
sarcoidosis in white subjects (11). In contrast, a genome-wide
sibling-based microsatellite linkage analysis in 229 families of
black U.S. patients most strongly implicated regions in chromo-
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Figure 1. Inflammatory response of sarcoidosis
with formation of granuloma and subsequent
resolution or persistence of disease. HLA 5 human
leukocyte antigen; IFN 5 interferon; TCR 5 T cell
receptor; TNF 5 tumor necrosis factor.

somes 5p and 5q (12). More recently, a genome-wide association
study in German subjects suggested a role for mutations in the
annexin1 gene (13); however, this observation has not yet been
confirmed. Using a different technique of biallelic marker
scanning, linkage peaks in chromosomes 12p and 9q were also
identified (14). A key aspect of genome-wide studies is the
requirement for adequate fine-mapping and functional studies
after the initial scan to define the biologic relevance of the
findings.
The granuloma in sarcoidosis is characterized by a core of
monocyte-derived epithelioid histiocytes and multinucleate
giant cells with interspersed CD41 T lymphocytes. A minority
of cells in or near the granuloma are CD81 T lymphocytes,
fibroblasts, regulatory T cells, and B lymphocytes. The T-cell
response is biased toward a Th1 phenotype, with important
roles for IFN-g and interleukin-12 (15). A variety of chemokines and cytokines have been associated with the granulomatous response in sarcoidosis, including tumor necrosis factor
a (TNF-a) (16, 17). The importance of TNF in sarcoidosis has
been validated by studies documenting effectiveness of biologic
TNF antagonists in sarcoidosis in treating some patients with
sarcoidosis (18).
Rather than focusing on candidate mediators, a hypothesisfree approach to understanding the granulomatous response has
been reported recently. Using a bioinformatic analysis, Crouser
and colleagues analyzed global gene expression networks in
sarcoidosis and control lung tissue and lymph nodes (19). They
identified a dominant network regulated by signal transducer and
activator of transcription-1 (STAT1) as the most significantly
associated with sarcoidosis. Because STAT1 is the signaling
target of IFN-g, this analysis confirmed the importance of the
Th1-dominated lymphocyte response. It also allowed identification of novel gene products tightly associated with sarcoidosis,
such as interleukin-7 and matrix metalloproteinase 12. A separate
study in peripheral blood cells used the same techniques and also
implicated STAT-1 signaling pathways as a central feature of
sarcoidosis (20). Given the complexity of the immune response in
sarcoidosis, the difficulties with animal models and lack of a defined antigen, inductive research designs and bioinformatic
techniques may play important roles in future pathophysiologic
studies.
Sarcoidosis probably requires exposure to one or more
exogenous antigens. Epidemiologic data, including reports of
case-clustering, increased susceptibility with certain occupations, and transmissibility via transplant, all support this theory

(21, 22). Infectious agents have long been suspected as possible
causes of sarcoidosis, but early studies failed to yield convincing
support for various organisms. Using molecular techniques,
there are now accumulating data suggesting that bacteria, such
as mycobacteria or Propionibacterium acnes, may contribute to
the disease (23). It is quite possible that the triggering antigen
varies depending on ethnicity, geographic location, and individual genetic background.
Although Mycobacterium tuberculosis does not seem to be
the etiologic trigger for sarcoidosis, there is increasing evidence
for mycobacteria as a cause of at least some cases of sarcoidosis.
A key observation was the finding that the protein mycobacterial catalase-peroxidase (mKatG) was present in sarcoidosis
tissue, had the same physicochemical properties as the KveimSiltzbach reagent, and was associated with the presence of
humoral immunity in the same subjects (24). Subsequent studies
have demonstrated a T-cell response to mKatG by the peripheral blood lymphocytes of patients with sarcoidosis (25, 26).
Analogous to infection with tuberculosis, even more robust
responses to mKatG have been found in T cells obtained by
bronchoalveolar lavage from patients with sarcoidosis, but not
other lung diseases, and more strongly in active disease (25, 27).
Sequence analysis of nucleic acids in granulomas suggests that
the putative mycobacterium has closer homology to the M.
tuberculosis family rather than to other nontuberculous mycobacteria (28).
Importantly, T-cell responses are not limited to the mKatG
protein alone but can also be demonstrated for mycolyl
transferase antigen 85A, mycobacterial superoxide dismutase,
and early secreted antigen target 6 in the peripheral blood and
bronchoalveolar lavage (BAL) (29, 30). One interpretation of
these observations is that the agent causing sarcoidosis for
some patients may be more than just a single, poorly degradable peptide; these observations do not exclude the possibility
of an intact organism as the cause for the disease. However, it
is not required that the organism causing sarcoidosis be viable.
The Kveim-Siltzbach agent has no observed viable organism
present, yet it will induce a granulomatous response in the
majority of patients with sarcoidosis. Moller postulated that
the antigen(s) from this mycobacterium could be released
during the death of the organism, with a complex of host and
mycobacterial proteins in response to the infection leading to
sarcoidosis (31). He also suggests that the failure to clear these
antigen/protein complexes in some patients could lead to
chronic disease.
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Persistent granulomatous inflammation may in part be due to
failure of immune regulatory mechanisms to limit the duration of
the inflammatory process. A recent report by Chen and colleagues demonstrated that granulomas in sarcoidosis are characterized by extensive deposition of serum amyloid A protein (32).
The amyloid protein is capable of eliciting immune responses and
triggering cytokine release through an interaction with toll-like
receptor 2. One potential implication of this observation is that
immune clearance of the etiologic agent responsible for sarcoidosis might be attenuated by the involvement of amyloid in the
granulomatous process. Interestingly, measurement of serum
amyloid has been found to correlate with disease activity in
pulmonary sarcoidosis (33). The recent development of antigenspecific rodent models of granuloma formation should facilitate
further unraveling of the responsible mechanisms (32, 34).
Another immune regulatory mechanism that may be perturbed in sarcoidosis is through the T-lymphocyte. Regulatory T
cells (T-reg), normally essential for suppression of cell-mediated
immune responses, are expanded in peripheral blood, BAL, and
granulomas in patients with sarcoidosis during active disease (35).
However, there are data suggesting that the T-reg population in
sarcoidosis is either functionally defective or ‘‘exhausted,’’ compared with healthy control subjects (35). CD1d-restricted natural
killer T cells (NKT cells) can also limit CD4-mediated immune
responses. In a study comparing 60 patients with sarcoidosis to
healthy control subjects, NKT cells were markedly reduced in
both blood and BAL fluid, except in patients with Löfgren
syndrome (36). Because Löfgren syndrome is usually associated
with resolving disease, this observation suggests that the loss of
NKT cells may allow for persistence of sarcoidosis.

DIAGNOSIS
Although it has been claimed that the method of diagnosis of
sarcoidosis has been established (1), the reality is that the
diagnosis of sarcoidosis is never secure. The diagnosis of sarcoidosis is arbitrarily made when the statistical likelihood of alternative diagnoses becomes too small to warrant further investigation.
There are certain clinical features that are typical of sarcoidosis
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but there are none that are specific for the diagnosis (18).
Therefore, sarcoidosis is a diagnosis of exclusion, and it is
impossible to completely exclude alternative diagnoses.
Sarcoidosis is defined as a multisystem granulomatous disorder of unknown cause (1, 18). This usually warrants a tissue
biopsy, although in special situations a presumptive diagnosis
may be made based on clinicoradiographic findings alone. These
situations include the presence of bilateral hilar adenopathy on
the chest radiograph in an asymptomatic patient, Löfgren syndrome (erythema nodosum skin rash coupled with bilateral hilar
adenopathy on chest radiograph and often fever and arthritis),
Heerfordt syndrome (uveitis, parotiditis, and fever), and when
a gallium-67 scan reveals uptake in the parotid and lacrimal
glands (Panda sign) along with right paratracheal and bilateral
hilar uptake (Lambda sign). Likewise, the presence of granulomas alone is also inadequate for the diagnosis of sarcoidosis (18).
The diagnosis is established when clinicoradiographic findings are
supported by histologic evidence of noncaseating granulomatous
inflammation and other causes of granulomas and local reactions
have been reasonably excluded (1).
Figure 2 outlines a general diagnostic algorithm for sarcoidosis. Unless one of the special clinical situations previously
described is present, the diagnosis usually requires histological
confirmation of granulomatous inflammation, exclusion of alternative causes of granulomatous inflammation, evidence of
systemic (multiorgan) disease, and exclusion of rare alternative
multisystem granulomatous diseases such as Blau syndrome
(37) or granulomatous lesions of unknown significance (38).
The diagnosis of sarcoidosis can be problematic (39). On
average, patients have symptoms for more than 3 months before
diagnosis and require three or more encounters with health care
providers before specific diagnosis (40). Patients with sarcoidosis
presenting with pulmonary symptoms often have a relative delay
in the diagnosis of sarcoidosis, as these symptoms are nonspecific,
and alternative diagnoses, such as asthma or bronchitis, are often
considered (19).
The lungs are affected in more than 90% of patients with
sarcoidosis. Pulmonary function studies are abnormal in many
patients with sarcoidosis (41–43), but there is no diagnostic

Figure 2.
coidosis.

An approach to diagnosis of pulmonary sar-
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pattern. Restrictive physiology is usually observed (44, 45).
However, airflow obstruction is found in a significant proportion of those patients with abnormal studies (41, 45–47).
This may be more common in the African American population than other groups (48). Airflow obstruction may be the
result of endobronchial disease (49) or stenosis (50), airway
reactivity (49, 51), or airway distortion from parenchymal
disease (45, 46). There is only a modest correlation between
the FVC and the level of dyspnea reported by the patient (52).
A reduction of diffusion capacity may be related not only to
restrictive disease but also to sarcoidosis-associated pulmonary hypertension (53, 54).
The chest roentgenogram is the most commonly used radiologic imaging technique to evaluate patients with pulmonary
sarcoidosis. In the 1960s, Scadding proposed a staging system of
the chest roentgenogram (55). The original staging system has
been modified and now includes stage 0: no adenopathy or
infiltrates; stage 1: hilar and mediastinal adenopathy alone; stage
2: adenopathy and pulmonary infiltrates; stage 3: pulmonary
infiltrates alone; and stage 4: pulmonary fibrosis. It provides
general information regarding the prognosis of the pulmonary
disease over time. In the original description, it was noted that
patients with stage 1 findings had a greater than 90% chance of
resolution of their radiographic findings within 2 years, whereas
those with stage 3 had resolution in less than one-third of cases in 2
years (55). This difference in resolution of the chest roentgenogram stage at presentation is similar in American (56) or in
Japanese (57) patients with sarcoidosis. As discussed later, most
studies of treatment of pulmonary sarcoidosis have been shown to
be effective only in patients with parenchymal lung disease, stages
2 to 4 (58).
There are problems with the staging system, however. One
major issue has been interobserver variability. A recent multicenter study compared the readings of two experienced radiologists to a local expert and found a poor correlation (59). In
addition, the agreement between the two radiologists was only
fair. Furthermore, although the staging system has a significant
correlation with physiologic markers of pulmonary disease, such
as decrements in vital capacity, when examined across groups of
patients (41, 42), the variation is such that it has limited
applicability in individual patient assessments, including treatment decisions. A prospective study of 36 patients compared
clinical status and spirometry during flares of pulmonary sarcoidosis to chest roentgenogram findings (60). Approximately onehalf of the radiographic readings showed an improvement or no
change during a significant exacerbation. Also, the chest roentgenogram stage has been shown to correlate only weakly with the
level of dyspnea (52); no significant correlation was demonstrated
between chest radiographic findings and 6-minute walk distance
(61).
In terms of diagnosis, a chest roentgenogram demonstrating
hilar adenopathy is associated with a relatively rapid diagnosis,
as the differential diagnosis is typically narrowed to sarcoidosis,
lymphoma, tuberculosis, and fungal infections. The diagnostic
approach to mediastinal adenopathy has been greatly aided by
the use of the transbronchial needle aspiration (TBNA). The
addition of endobronchial ultrasound guidance (EBUS) has
increased the ability to biopsy smaller nodes and those not
readily accessed by mediastinoscopy (62). In a randomized trial,
Tremblay and colleagues compared EBUS to blind TBNA for
diagnosis of sarcoidosis (63). The authors found that the yield
for granulomas was enhanced by using EBUS (TBNA 5 73%,
EBUS 5 96%). The authors did find that the addition of EBUS
increased the time of bronchoscopy by an average of 10 minutes
and was associated with a higher percentage of patients sedated
with propofol.
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The diagnosis of sarcoidosis requires evidence of multisystem disease such that granulomatous inflammation is present in
at least two organs (see Figure 2). There are idiopathic
granulomatous diseases of individual organs that have a different clinical course or immunopathology than sarcoidosis, such
as idiopathic granulomatous hepatitis (64) and idiopathic panuveitis (65). However, the diagnosis of sarcoidosis does not
necessarily require histological confirmation in a second organ.
For example, the finding of noncaseating granulomas in the
liver alone is inadequate for a diagnosis of sarcoidosis; however,
the presence of concomitant bilateral hilar adenopathy on chest
radiograph is believed to be sufficient evidence of sarcoidosis
involvement of a second organ, such that a hilar lymph node or
lung biopsy is not required. A consensus of sarcoidosis experts
in the A Case Controlled Etiology of Sarcoidosis Study developed clinical criteria for when a second organ can be
considered involved with sarcoidosis without a biopsy (this
presumes that noncaseating granulomatous inflammation has
been histologically confirmed in the ‘‘first’’ organ) (66).
Angiotensin-converting enzyme (ACE) is produced in the
epithelioid cell of the sarcoid granuloma (67) and serum ACE
levels reflect the total body granuloma burden in sarcoidosis
(68). However, the diagnostic and prognostic usefulness of the
serum ACE is questionable. In a study of 1,941 patients with
sarcoidosis, 1,575 healthy control subjects, and 1,355 patients
with other diseases, the sensitivity of an elevated serum ACE
for the diagnosis of sarcoidosis was 57%, the specificity 90%,
positive predictive value 90%, but negative predictive value
only 60% (69). Therefore, this test is not adequately sensitive to
be useful for screening for the diagnosis of sarcoidosis. Furthermore, although an elevated serum ACE is fairly specific for
the diagnosis, it is still not adequately specific to confirm
a diagnosis of sarcoidosis. Other conditions associated with an
elevated serum ACE include disseminated tuberculosis, fungal
infections, hyperthyroidism, and Gaucher disease (70). These
data suggest that the serum ACE level may be used as
supportive evidence for or against the diagnosis of sarcoidosis;
however, it should not be used in isolation to secure or exclude
the diagnosis.
Polymorphisms of the ACE gene may lead to changes in the
serum ACE level in both normal control subjects and patients
with sarcoidosis. The polymorphism with insertion (I) or deletion
(D) of a portion of the gene affects the enzyme activity, with DD
having higher serum ACE levels than the II polymorphism (71)
However, there is no evidence that these polymorphisms are
associated with an increased risk for or protection from sarcoidosis. One study has demonstrated that the DD polymorphism was
associated with a higher rate of chronic disease (72). Serial ACE
studies have been proposed as a means to follow the course of the
disease (73, 74). However, the level of ACE does not correlate
with the severity of the disease (75). Corticosteroid therapy has
an independent effect on the ACE level, making serial studies of
limited value in treated patients (76, 77). Other markers of
disease activity, including soluble IL-2 receptor and chitotriosidase (78, 79), may prove more useful markers of activity;
however, more information about changes in these markers over
time and with therapy are still needed (80).
F-18 fluorodeoxyglucose positron emission tomography
(PET) scanning has been found to frequently display positive
activity in areas with active granulomatous inflammation from
sarcoidosis (81). PET scans are expensive and cannot definitively
diagnose sarcoidosis, because a positive result may be the result of
malignancy or an alternative inflammatory condition. Therefore,
PET scans are not routinely performed in the diagnostic evaluation of sarcoidosis. However, a PET scan can be useful in the
diagnosis of sarcoidosis by identifying potential diagnostic biopsy
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sites and suggesting the presence of disease in relatively inaccessible organs (e.g., heart and brain). In a large prospective
trial of the application of PET scans in patients with sarcoidosis,
this modality helped identify potential biopsy sites (82). Gadolinium enhancement of nuclear magnetic resonance imaging
(MRI) scans may also be similarly useful in detecting areas of
sarcoidosis, including relatively inaccessible areas such as the
heart and brain (83). It is not clear if either of these expensive tests
is superior to gallium-67 scanning, although the latter is cumbersome, requiring the patient to return in 48 hours for reimaging;
furthermore, limited data suggest that these newer imaging
techniques may be more sensitive than gallium-67 scanning (84).
One area in which PET scanning may have a significant clinical
role is in the diagnosis of cardiac sarcoidosis. Cardiac sarcoidosis
is potentially life threatening and endomyocardial biopsy, although the diagnostic gold standard, confirms the diagnosis in less
than one-quarter of patients with disease (85). PET scanning has
been shown to have a specific pattern suggestive of cardiac
involvement. Although MRI scanning is also useful for cardiac
sarcoidosis, PET scanning can be performed in a patient with
a pacemaker or defibrillator, whereas MRI is contraindicated in
these situations. Autopsy studies have suggested that cardiac
sarcoidosis is often present in asymptomatic patients (86). This
has been confirmed in one series in which up to 40% of patients
with sarcoidosis were believed to have cardiac sarcoidosis on the
basis of either PET or MRI scanning (87). However, it also raises
the question of whether the asymptomatic cardiac sarcoidosis
detected by an abnormality on PET or MRI requires treatment.
Although the number of patients analyzed was small, a recent
study by Smedema and associates suggests that such patients have
an excellent prognosis without therapy (88).

577
TABLE 1. TREATMENT OF PULMONARY SARCOIDOSIS
Chest X-ray stage 0/1
No symptoms
No systemic therapy
Level 1A (123)
Chest X-ray stage 2 to 4
Symptomatic
Treat with corticosteroids
Level 1A (89, 123)
Initial dosage of 20–40 mg prednisone or its equivalent
Level 1B (89, 124)
Treat for 12–24 mo
Level 1C (90, 91, 125)
Steroid-sparing alternatives for chronic pulmonary sarcoidosis
Methotrexate
Dose of 5–15 mg once a week
Level 1A (126–128)
Folic acid 1 mg/d may reduce toxicity
Level 1B (129)
Azathioprine 50–200 mg daily
Level 1B (130, 131)
Leflunomide 10–20 mg daily
Level 1B (132)
Mycophenolate
Level 1C (101, 133, 134)
Treatment of refractory sarcoidosis
Infliximab intravenously 3–5 mg/kg initially, 2 wk later, then once a month
Level 1A (18, 98)
Level A: At least one double-blind, placebo-controlled trial with positive results
with one or more case series supporting the results. Level B: Majority of case series
showing positive results. Level C: Case series with mixed reports of effectiveness, or
only a small number of cases reported. 1A 5 strong recommendation; 1B 5 strong
recommendation; 1C 5 strong recommendation; 2A 5 weak recommendation;
2B 5 weak recommendation; 2C 5 weak recommendation. Scoring level of
evidence as proposed by Guyatt and coworkers (94).

THERAPY
Treatment of sarcoidosis is usually limited to the symptomatic
patient. In most series, about half of patients do not require longterm systemic therapy. In some of those cases, topical therapy,
such as fluorinated steroid creams, or corticosteroid injections for
skin lesions, or steroid-containing eye drops, are sufficient to
control the disease. For pulmonary patients with cough, inhaled
corticosteroids may be sufficient to control this symptom (51).
The decision to treat has to be tempered by the lack of
understanding about the natural course of the disease. Treatment
decisions have to consider that patients may have spontaneous
resolution of their disease. In one study of patients with stage 2 or
3 disease observed without therapy for 6 months, 20% of patients
had spontaneous improvement of their chest roentgenogram
without therapy, whereas 40% deteriorated and were started on
corticosteroids (89). Also, once corticosteroid therapy is started,
a large number of these patients may require long-term treatment
(90, 91). There is limited information on how to predict who will
need long-term therapy (91). Finally, the studies to date have not
clearly demonstrated that corticosteroids or any other therapy
prevents progression or fibrosis (92, 93).
Table 1 lists specific recommendations regarding therapy for
pulmonary sarcoidosis. Specific recommendations are listed with
levels of evidence of support based on standard criteria for
grading evidence (94). The table also lists key references that
support the recommendations. A stepwise approach to therapy is
recommended (95).
With the introduction of biologic agents capable of blocking
TNF, the treatment of sarcoidosis has been changed (96). In
a randomized double-blind placebo-controlled trial, infliximab,
a chimeric monoclonal antibody to TNF, was shown to be
superior to placebo in treating pulmonary sarcoidosis (18).
Additional analysis of these patients found that the drug may

also be useful in treating extrapulmonary manifestations of the
disease (97).
There are some conditions in which anti-TNF agents are
particularly effective (Table 2) (96). These include patients with
an FVC of 70% or less (18, 98) or a reticulonodular infiltrate on
chest roentgenogram (59). Lupus pernio is a chronic facial
cutaneous lesion in sarcoidosis that is often refractory to routine
treatment. In a retrospective analysis of a large group of
patients, infliximab was superior to all other agents in controlling the disease (99). Neurologic disease can also be refractory
to conventional treatments. Again, infliximab has been reported
as successful in treating patients with neurosarcoidosis who
have failed other therapies (100, 101). A recent post hoc
analysis of a trial of infliximab for pulmonary sarcoidosis found
that an elevated C-reactive protein was associated with significantly better response to treatment (102).
Although these studies support the usefulness of anti-TNF
agents in treating sarcoidosis, there have been reports of
a sarcoid-like reaction occurring in patients receiving antiTNF biologic agents for conditions other than sarcoidosis
TABLE 2. FACTORS ASSOCIATED WITH AN ENHANCED
RESPONSE TO ANTI–TUMOR NECROSIS FACTOR THERAPY
FVC , 70%
ATS dyspnea : 1
Disease . 2 yr
Significant extrapulmonary disease
Lupus pernio
CNS
Elevated C-reactive protein
Definition of abbreviations: ATS = American Thoracic Society; CNS = central
nervous system.

578

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE

(103, 104). In one series, the incidence of this complication was
estimated at 1/2,800 patients treated (104). The mechanism
causing this reaction is unclear; however, these observations
stress that sarcoidosis is a complex immunologic reaction and
modulation of one cytokine is unlikely to resolve all aspects of
the disease (105).
In most series, significant fatigue was reported in more than
half of patients studied (107). The level of fatigue is similar in
studies comparing European to U.S. patients, even though the
clinical features and treatment of these two groups was different
(108). Fatigue was demonstrated to be more severe in patients
with pulmonary disease plus extrapulmonary disease than in
those with pulmonary disease alone (109). Fatigue can affect
overall patient health. In one study, the severity of fatigue
correlated inversely with the 6-minute walk distance (61). In
some patients, treatment with anti-TNF antibodies may improve
fatigue (110), but there are patients with persistent fatigue despite
anti-TNF therapy.
Wagner and colleagues were the first to report that methylphenidate could treat sarcoidosis-associated fatigue (111). In
a subsequent double-blind, placebo-controlled crossover trial on
10 patients, Lower and colleagues found that d-methylphenidate
was superior to placebo in treating sarcoidosis-associated fatigue
(112). In that study, all but one patient was on systemic therapy
for sarcoidosis and still had significant fatigue.
Sarcoidosis-associated pulmonary hypertension (SAPH) has
been reported by several groups (113). Figure 3 demonstrates
the frequency of pulmonary hypertension reported over the past
few years. Two studies examined the frequency of pulmonary
hypertension in consecutive patients with sarcoidosis seen at an
individual clinic (114, 115). The prevalence of pulmonary hypertension was 5 to 15%. Several studies examined only patients with
symptomatic sarcoidosis. In such populations, the prevalence of
pulmonary hypertension was greater than 50% (53, 54, 116), with
the highest rate noted in patients listed for lung transplantation
(117).
There are several potential causes of pulmonary hypertension,
including interstitial lung disease, pulmonary vascular disease,
pulmonary veno-occlusion, compression of pulmonary arteries
by adenopathy, and left ventricular diastolic dysfunction (118).
These different mechanisms may respond to different treatments
and be associated with a different clinical outcome. In comparing
patients with sarcoidosis with pulmonary hypertension due to left
ventricular diastolic dysfunction to pulmonary hypertension
alone, there was a significant difference in survival. Patients with
SAPH without left ventricular dysfunction had significantly
worse survival, with a median survival of 3 years (119).
There have been several reports of treatment of SAPH. The
prostacyclin epoprostenol had been reported to be successful in
long-term management of some patients with severe disease
(120). In an open-label trial of the inhaled prostacyclin iloprost,
more than half the patients who completed 16 weeks of therapy
had either hemodynamic or exercise improvement with treatment. For the group, there was a significant improvement in
quality of life, as measured by the Saint George Respiratory
Questionnaire (120). The oral agents sildenafil and bosentan have
also been used to treat SAPH. In the largest series reported to
date, clinicians were able to successfully treat more than half of
their patients with one or more of these agents (122).
In the treatment of sarcoidosis, the assessment of response to
therapy has been the subject of increasing investigation. Although some studies have demonstrated an improvement in
FVC with therapy (18), an improvement in the chest roentgenogram with therapy may be more specific (59). For extrapulmonary disease, a composite score of physician assessment has
been proposed (97). This allows one to analyze patients with
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Figure 3. Rate of pulmonary hypertension in patients with sarcoidosis in
various series across the world. The studies from Kyoto (114) and Detroit
(115) examined a cohort of all patients with sarcoidosis. The studies from
Milan (116), New York (53), and Cincinnati (54) were of patients with
pulmonary symptoms referred for evaluation for pulmonary hypertension. Patients referred for lung transplant had the highest rate of
pulmonary hypertension (117). The studies marked by open bars used
echocardiography to determine pulmonary hypertension. The solid bar
indicates those studies that used right-sided heart catheterization to
determine pulmonary hypertension.

multiple manifestations of disease. However, this system does
not allow assessment of any specific organ in isolation, which
may be more responsive and/or most important to the patient.
Two scores for cutaneous sarcoidosis have been recently
reported. One incorporates blinded readings of photographs
of skin lesions (99). The other provides a systemic score of the
degree of erythema, induration, and desquamation as well as
the percent of predefined areas involved. This sarcoidosis
activity and severity index (SASI) was developed to mimic
the scoring system for psoriasis. This scoring system has been
validated for chronic facial sarcoidosis and has little interobserver variability (106).

CONCLUSIONS
Although there has been progress in sarcoidosis over the past
few years, much is still unknown. Several important questions
remain to be answered. These include whether there is one or
more than one agent leading to the disease and what the
important genes are that increase susceptibility to the disease
and shape the clinical outcome of the individual patient.
Although diagnostic strategies and management of sarcoidosis
have improved, determining the causes and populations at risk
for the disease would not only enhance the diagnosis and
treatment but possibly aid in prevention.
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