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ABSTRACT: The treatment options for pulmonary sarcoidosis have increased over the past
10 years. As new treatments have been introduced, the best way to assess and compare treatments
remains unknown. The goal of this review is to discuss the standard treatments for pulmonary
sarcoidosis, including glucocorticoids, and cytotoxic agents, such as methotrexate, azathioprine
and leflunomide, and compare them to the newer biological agents, such as infliximab and
adalimumab. We also discuss some novel treatments which are currently being evaluated. To
compare these different regimens, we look at the measures used to assess response. These include
pulmonary function, chest imaging, steroid sparing potential and, more recently, improvements in
quality of life measures. While there is, as yet, no standard assessment for response, there is a
growing consensus that response to treatment may include improvement of one or more of the
following: forced vital capacity, chest imaging and steroid sparing. Several drugs used for
pulmonary sarcoidosis have demonstrated improvement in one or more of these measures.
he treatment of pulmonary sarcoidosis
remains mostly empiric. Based on current
literature, evidence based recommendations
have been made [1, 2]. However, the recommendations are mostly level two or three, based on a
limited number of double-blind placebo-controlled
trials [3, 4]. In particular, there have been no high
quality placebo-controlled double-blind studies of
the classical drugs used to treat sarcoidosis, such
as glucocorticoids. One of the difficulties in the
current literature has been the lack of standard
criteria for treatment indications for therapy and
standardised validated follow-up measures to determine response to therapy [5]. Approach to treatment
of pulmonary sarcoidosis is challenging for the
treating physician, as well as for the researcher,
given the multisystem nature of the disease and
the lack of validated phenotype specific measures.
Despite these limitations, an increasing number of
drugs have been studied for pulmonary sarcoidosis.

T

The indications for corticosteroid and/or corticosteroid sparing therapy have included improving
lung function, prevention of worsening of pulmonary disease, and steroid sparing. Table 1 summarises the most common outcome measurements

used. These include pulmonary function testing,
chest imaging, quality of life instruments, and steroid sparing. In some studies a combination of factors
are used to assess response [14, 15]; however, these
are not standardised. In this review, we will address
the various standard, as well as new, treatments for
sarcoidosis. We will then discuss the effectiveness of
various agents, old and new.
ASSESSING RESPONSE TO THERAPY
Pulmonary function
The forced vital capacity (FVC) has been the most
widely used parameter to measure response to
treatment for pulmonary sarcoidosis. There are
several methods to assess response, but the two
most widely reported are changes in the per cent
predicted and the absolute change in litres. Table 2
summarises some of the studies using various
agents to treat pulmonary sarcoidosis. In some
cases, there was a placebo group. Comparisons can
be made to baseline studies or between groups. In
one study, the authors were able to analyse the
change in FVC prior to the institution of their
intervention and compare that to 6 months after
starting leflunomide [25]. This design nicely
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demonstrated that the patients they were studying were getting
worse prior to the intervention and had a significant response
after intervention.
The reported level of improvement of FVC with corticosteroid
therapy varies widely. In retrospective reviews, up to 14% absolute improvement in the FVC has been noted [31]. However, in
placebo controlled trials, it is not clear that the response is
greater than that seen with placebo [3]. As demonstrated in
table 2, the treatment schedule and duration of follow-up leads
to differences in response to corticosteroids [14, 16, 17]. In some
studies, an initial improvement was not maintained [32].
The type of patients studied also affects the response to
treatment. Patients who have been treated with corticosteroids
are often treated with other agents, either to minimise
corticosteroid toxicity or due to a lack of efficacy in refractory
patients [33]. Further improvement in FVC may be small. In a
double-blind, placebo-controlled trial of infliximab for chronic
pulmonary disease, there was a small, but significant improvement in FVC for those who received infliximab. However, the
degree of response was greater for those with more severe
disease, i.e. those with lower FVC [28]. In a post hoc analysis of
this study, it was found that those patients with an elevated Creactive protein (CRP) had a doubling of the improvement in
the FVC compared to placebo [29]. Other biomarkers may be
useful to identify which patients will respond to therapy [34].
In table 2, we demonstrate the change in FVC per cent predicted and the absolute volume of change. Absolute changes in
FVC per cent predicted are useful to compare studies. This
value has been used for other interstitial lung diseases such as
idiopathic pulmonary fibrosis, where a decline of 5% or greater
is associated with an increased mortality [35]. It has also been
demonstrated that changes of FVC from 2–6% represent the
TABLE 1

minimal clinically important difference [19]. In sarcoidosis, it is
not clear which is the best way to follow changes in FVC [5].
In addition to the mean change in FVC, the number of patients
with improvement of FVC by 10–15% has also been felt to be a
clinically important measure. While such large changes can be
seen in the treatment of asthma, these large changes were not
seen in recent positive placebo-controlled trials of restrictive
lung diseases, such as idiopathic pulmonary fibrosis [36] and
scleroderma associated pulmonary fibrosis [37]. For sarcoidosis,
only a limited number of studies have reported the frequency
that this occurs with therapy [15, 28, 38]. Usually less than half of
patients demonstrate such a response and in some cases, no
patients have such a large improvement.
The forced expiratory volume in 1 s (FEV1) is a measure commonly reported with the FVC. Sarcoidosis can cause obstructive
disease in a significant number of patients [39], so changes in
FEV1 may provide additional information over the FVC.
Improvement in FEV1 without changes in FVC can be seen in
some cases when airway obstruction is the major manifestation
of the disease [40]. Airway stenosis may be unresponsive to antiinflammatory therapy, especially if not treated within the first
6 months of onset of airflow limitation [41].
The transfer of carbon monoxide (DLCO or TLCO) has also been
reported in a limited number of studies. There was a significant improvement, compared placebo treated patients, in
some corticosteroid studies [16, 42] while not in others [14].
The advantage of this measure is that it is more sensitive to
interstitial lung disease [5]. However, the test is more difficult
to reproduce and has been used less frequently in large clinical
trials. In addition, other factors such as pulmonary hypertension may lead to reduction of the DLCO [43]. Since pulmonary hypertension is often unresponsive to anti-inflammatory

Measurements in pulmonary sarcoidosis

Instrument

Comments

Pulmonary function
Forced vital capacity (FVC)

Most commonly used measure of response to therapy

Forced expiratory volume in 1 s (FEV1)

Commonly reported but not clear what additional information it adds to FVC

Diffusion capacity of the lung carbon monoxide (DLCO)

Not as widely used as FVC, more difficult to perform standardly across centres

or carbon monoxide transfer factor (TLCO)
6-min walk distance (6MWD)

More recent test, changes are due to multiple factors

Chest imaging
Chest radiography: SCADDING [6]

Standard scoring system, five point scale

Chest radiography: MUERS et al. [7]

Standardised measurement of changes in chest radiography, not used clinically

Chest radiography changes [8, 9]

Comparison of radiographs prior to and after intervention, best done in a blinded
and random order

Positive Emission Transmission (PET) [10, 11]
Quality of Life
Dyspnoea

Several instruments available

St George’s Respiratory Questionnaire (SGRQ)

Quality of life instrument, not specific for sarcoidosis

Sarcoidosis Health Questionnaire (SHQ) [12]

Sarcoidosis specific quality of life instrument

Fatigue assessment scale (FAS) [13]

Standard scoring system, fifty point scale

Other
Steroid sparing

Most studies do not specify the steroid tapering schedule

Composite score

No standard system
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DBPCRT

DBPCRT

BAUGHMAN [18]

BOIS [19]
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OL

PRASSE [27]

13
6

Placebo plus current therapy

27

57

Infliximab plus current therapy

Placebo plus current therapy

CRPf0.8

DBPCRT

Infliximab plus current therapy

CRPf0.8

18

6 weeks

24 weeks

24 weeks

4 weeks

24 weeks

6 months

6 months

6 months

20 months
18 months

48 weeks

6 months

48 weeks

2.17%

5.05%+

1.8%

2.4%+

-2.6%

2.5%"

0.0%

2.5%#

0.03

0.18

-0.02

NR

NR

+0.09
1.4%

NR

+2.7%

+

+0.39**

NR

NR
NR

-0.25

0.31+

Combined two treatment regimens

Combined two treatment regimens

Post hoc analysis of BAUGHMAN et al. [28]

Combined two treatment regimens

Patients were on other chronic therapy,
extrapolated data from table
Patients were on other chronic therapy,
extrapolated data from table
7 patients withdrew from the study
prior to month 12
2 patients withdrew from the study
prior to month 12
Follow-up duration variable
Extrapolated data from figure, significant
increase from baseline at 3 months only
Extrapolated data from figure, significant
increase from baseline at 3 and
9 months only
All patients treated with chloroquine
for first 6 months
2 patients lost to follow-up,
3 patients withdrew due to toxicity
Patients documented to have fall in FVC
of 0.10 L prior to starting drug*

+0.08
-0.10

First time treated with prednisone

0.16+
0.02

9%**

10%

14.4%*
7%+

NR

NR

NR

NR

NR
NR

Stage 2/3 patients with initial FVC ,80%
Extrapolated data from figure
Extrapolated data from figure

NR
0.4+
0.4

All stage 2/3 patients
Stage 2/3 patients with initial FVC ,80%

2 patients did not receive prednisolone
6 patients treated with prednisolone
for worsening
All stage 2/3 patients

Comments

OLRT: open label randomised trial; NR: not reported; DBPCRT: double-blind, placebo-controlled randomised trial; OL: open label; CRP: C-reactive protein. #: p,0.05 from other treatment; ": p,0.02 from other treatment; +: no
significant difference between groups; *: p,0.05 from baseline; **: p,0.01 from pretreatment.

ROSSMAN [30]

Placebo plus current therapy

CRP.0.8

31

44

Infliximab plus current therapy

93

Placebo plus current therapy

18

7

24

18

Infliximab plus current therapy

Vasoactive intestinal protein

Thalidomide on current therapy

Leflunomide on current therapy

Pentoxifylline alone

23

12

Prednisone alone

Chloroquine on current prednisone

11
12

6

Prednisone plus placebo
Prednisone plus azathioprine
Prednisone plus cyclosporine A

9

14

15

10
12

3.8%
NR
NR

6 months

13
23

-0.14
NR

+0.35"

NR
NR

+10.4%#
+2.6%
NR

Absolute change
in FVC L

Absolute change
in FVC % pred

NR
11.4%+

18 months

5 years

Duration of
follow-up

40
10

34

27
31

Number
evaluated

Prednisone plus methotrexate

Inhaled placebo

Inhaled fluticasone

Prednisone plus inhaled fluticasone
Prednisone plus inhaled placebo

3 months prednisolone followed by
18 months inhaled budesonide
Placebo
3 months prednisolone followed by
18 months inhaled budesonide
Placebo
Daily prednisone
Alternate day prednisone

18 months prednisolone
Selective treatment

Treatment

CRP.0.8

DBPCRT

OL

JUDSON [26]

SWEISS [29]

OL

SAHOO [25]

DBPCRT

OL

ZABEL [24]

BAUGHMAN [28]

OL

OL
OLRT

BALTZAN [23]

MULLER-QUERNHEIM [21]
WYSER [22]

BAUGHMAN [20]

DBPCRT

OLRT

SPRATLING [17]

DU

DBPCRT

OLRT

PIETINALHO [16]

GIBSON [14]

Study Design

Forced vital capacity (FVC) as a measure of clinical outcome in sarcoidosis

First Author [ref.]

TABLE 2

SERIES: SARCOIDOSIS FROM BENCH TO BEDSIDE
R.P. BAUGHMAN ET AL.

EUROPEAN RESPIRATORY JOURNAL

R.P. BAUGHMAN ET AL.

therapy [44], the DLCO may remain unchanged while there could
be significant improvements in FVC and other parameters.
The 6-min walk distance (6MWD) is a simple measure of the
cardiopulmonary status of sarcoidosis patients [45]. For interstitial lung disease, the test has been shown to be quite
reproducible [46]. However, several factors can influence the
6MWD [47]. Improvement in 6MWD has been found with some
patients after therapy [29]. However, changes in 6MWD were
not demonstrated in other intervention studies [48–50].
Chest imaging
A traditional method of characterising lung involvement in
sarcoidosis is the staging system originally reported by SCADDING
[6]. For many years, there has been controversy about applying
this staging system to response to therapy [51]. One of the
difficulties has been the reproducibility of the staging system [8].
Another factor is the poor correlation between chest radiograph
stage and other pulmonary parameters, such as FVC and
dyspnoea [52]. It is not clear that a change of chest radiograph
stage from three to two is actually an improvement in the
patient’s condition, or simply a difference in opinion about
whether the patient has mediastinal and hilar adenopathy (stage
2) or not (stage 3).
MUERS et al. [7] described a radiologic scoring system for
sarcoidosis which included several factors: reticulonodular (R),
confluent (C), mass-like (M) and fibrotic (F) scores. This system
is similar to others who have tried to assess the various aspects
of parenchymal lung disease [53]. The Muers score was
developed for a British Thoracic Society sarcoidosis study
[14]. There was a significant improvement in the F score but
not the R score for those treated with 18 months of therapy
versus those who received only selective therapy [14]. In a trial
of infliximab versus placebo, the R score significantly improved
with infliximab therapy within 6 weeks of initiating therapy
[28]. In a post hoc analysis, it was demonstrated that patients
with a positive R score were significantly more likely to
respond to infliximab while those with an R score equal to zero
had no significant response to infliximab versus placebo [8].
While the Muers score may prove useful as a research tool, it
requires a detailed reading of the films by someone who has
been trained to use the score [7, 8]. This is similar to the use of
the International Labor Organization Classification for Pneumoconioses [54]. A more practical method is the comparison of
the chest radiograph before and after intervention. This has
proved to be reproducible [8, 9, 55]. In a large study of
sarcoidosis patients followed with serial pulmonary function
studies and chest radiography, ZAPPALA et al. [9] demonstrated
that changes in chest radiography were superior to changes in
stage when compared to pulmonary function studies. Changes
in chest radiography have been reported in several trials.
However, few studies have specified that the films were
assessed in a blinded fashion and in a random order. Given
the subjectivity of assessing changes in chest radiography [8],
this would be an important component of ongoing studies.
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Positron emission tomography scanning has been reported as
changing during successful therapy with anti-tumour necrosis
factor (TNF) agents [10, 58]. This imaging technique is quite
expensive and currently has not been widely applied. In
addition, there is a significant radiation burden associated with
the test. However, it may prove a useful measure in future
studies. It should be noted that increased gallium activity is
quickly suppressed by glucocorticoid therapy, and therefore
serial studies have not been useful to monitor response to
therapy [59].
Quality of life
Dyspnoea is usually the major indication for initiating therapy
for pulmonary sarcoidosis. Dyspnoea can be assessed using
the Medical Research Council (MRC) dyspnoea score [60].
Dyspnoea can also be assessed using the Borg scale [61], which
is often measured before and after a 6-min walk test. MAHLER
et al. [62] developed a transitional dyspnoea index, which has
been used to measure response to an intervention. While all
these instruments are useful, the most widely used has been
the MRC dyspnoea score. It has been shown that the dyspnoea
score only weakly correlates with FVC [52], chest radiography
stage [52], or 6MWD [45]. This would indicate that the use of
the MRC dyspnoea score may be a useful independent marker
of disease. However, dyspnoea may be influenced by other
factors, such as obesity and muscle weakness.
Several other quality of life instruments have been assessed in
sarcoidosis. These include the general health status short form-36
(SF-36), the pulmonary specific St George’s Respiratory Questionnaire, and the sarcoidosis specific Sarcoidosis Health Questionnaire [12]. Fatigue is an important aspect of sarcoidosis. There
have been an increasing number of studies regarding sarcoidosis
associated fatigue [63]. There was a correlation between fatigue
and 6MWD [45]. Interestingly, a double-blind placebo-controlled
randomised trial of D-methylphenidate for sarcoidosis associated
fatigue found a significant improvement in FVC and some
improvement in 6MWD for the active agent [50].
Other measures
Steroid sparing has been studied as an indication for treatment.
While several drugs have been shown to be steroid sparing [15,
20, 26, 38], these studies did not use a standard criteria for
reducing steroid dosage. In one study which did provide a
standardised steroid tapering schedule, compliance was at best
90% among the multiple centres involved [18].
The idea of a composite score, which encompasses the various
aspects of disease, has been used by some authors [14, 15]. This
has the advantage of allowing measurement of several aspects of
disease at the same time [5]. However, the composite score has
not been validated in sarcoidosis and, therefore, it is unknown
which features to include and their relative importance.

While high resolution computed tomography has been used to
assess lung disease in sarcoidosis [56, 57], it has not been applied
to assessing response to therapy in any clinical trial. One difficulty has been the lack of a standard approach that encompasses
all the different aspects of the lung involvement [56].

Angiotensin converting enzyme (ACE) has been proposed as a
serum marker for response to therapy [64]. It has been reported
in several clinical trials. However, ACE levels may be independently affected by treatment. For example, changes in ACE level
are more immediately affected by changes in glucocorticoid
dosage than by changes in clinical status of the patient [65, 66].
Other serum markers such as soluble interleukin 2 are interesting, but have yet to be shown to be useful in monitoring
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response to therapy [67]. Chitotriosidase may prove to be a
useful marker, but still needs to be evaluated [68]. Proteomic
changes have also been reported with treatment with infliximab
[34]. This broad base analysis may prove useful in future studies.
Changes in bronchoalveolar lavage (BAL) parameters during
therapy may also be followed. Changes in release of TNF have
been reported after treatment with corticosteroids, methotrexate and azathioprine [21, 69]. Changes in lymphocyte number
and subpopulations have been reported after prednisone
therapy [69, 70]. However, these studies have been limited to
subgroups of patients in larger clinical trials.
INDIVIDUAL DRUGS FOR PULMONARY SARCOIDOSIS
Figure 1 provides a general view of treatment for sarcoidosis
for the various aspects of the disease. Specific recommendations regarding treatment have been made based on current
evidence [2, 72]. The overall approach to treatment depends on
whether the patient has symptoms of dyspnoea or not. One
also has to consider whether there are extrapulmonary manifestations that will require therapy. These include ocular, cardiac, hypercalcaemia, and neurologic disease [73]. For the
symptomatic patient, one has to exclude other causes of
symptoms. The patient may be short of breath with exertion
because of pulmonary hypertension, cardiac, joint or muscle
involvement, or even just fatigue [47]. These other manifestations may respond to the same anti-inflammatory treatments or
respond to other treatment modalities [33]. For example, large
airway obstruction may lead to significant dyspnoea. This
condition responds best to anti-inflammatory therapy instituted
within 6 months of onset. Prolonged obstruction is unlikely to
respond to glucocorticoids [41]. Sarcoidosis associated pulmonary hypertension rarely responds to anti-inflammatory therapy,
but some patients have had a significant improvement in symptoms with pulmonary vasodilator therapy [74]. Maintenance
therapy has been used by some physicians to prevent recurrence
of the disease [75, 76], but is not felt necessary by others. There
are no randomised trials supporting its use. It is more commonly used for patients who have risk factors for chronic
disease, such as those with neurologic or cardiac disease, lupus
pernio, or advanced pulmonary disease.
Glucocorticoids: the first step
Glucocorticoid therapy has been the standard therapy for
sarcoidosis for over 50 years. The usual initial dosage of glucocorticoids is 20–40 mg per day prednisone, or its equivalent.
The dose is then reduced by 50% every 6–8 weeks, as tolerated,
until a maintenance dosage of 5–10 mg a day is achieved. The
patient is then gradually weaned off the drug as tolerated
[18, 77]. Table 3 summarises clinical trials using these agents,
including the clinical outcome. For patients with no symptoms
and no evidence of parenchymal lung disease, there was no
difference in treatment with corticosteroids versus placebo [16].
For patients with parenchymal lung disease on chest radiography but no symptoms, treatment for 18 months with glucocorticoids was better than placebo 5 years after initiation of
therapy [14, 87]. This improvement was seen for the FVC [14, 87],
changes in the F (fibrosis) score [14], and less dyspnoea [14].
Asymptomatic patients treated with glucocorticoids for 18 months
were less likely to require glucocorticoids during the 32 month
follow-up [87]. Some have argued that the changes with
1428
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corticosteroid treatment did not justify the toxicity encountered
with 18 months of corticosteroids. In one study, 17 of the 27
patients assigned to long term corticosteroids reported sideeffects with therapy versus only two of the 31 patients assigned
to placebo [14]. In particular, weight gain was significantly
higher for those who were treated with glucocorticoids. In this
study, the average difference in spirometric values was only 9%
and those who were assigned to placebo were still well within
the normal range. Therefore, the toxicity of treatment seemed to
be significantly more than any potential benefit.
The decision to treat symptomatic patients with corticosteroids
is based on the above studies in the asymptomatic patients. In
addition, there have been several studies which report the short
and long term effectiveness of oral glucocorticoids in improving
lung function [17, 75], although it is not clear that these benefits
persist beyond the first year of treatment [79, 81].
One reason for the failure of glucocorticoids to maintain a
prolonged improvement is toxicity. The usual approach to
glucocorticoid treatment is to try to taper the drug dosage to a
level which will maintain the patient with stable disease [75,
77]. In that situation, patients may require only short courses
of increased dosage to manage episodes of deterioration [31].
However, the maintenance dosage may still be associated
with significant toxicity and steroid sparing alternatives have
been evaluated.
These include inhaled glucocorticoids. Budesonide, at doses of
800 mg twice a day, has been shown to be effective at maintaining the improvement achieved with oral glucocorticoids
[16]. However, not all studies found budesonide was effective
in treating pulmonary disease [83]. Fluticasone at doses of 880–
1000 mg twice a day was not effective as steroid sparing for
acute [18] or chronic pulmonary sarcoidosis [82]. Compared to
placebo, inhaled glucocorticoids reduced the reported rate of
cough [18, 82].
Alternatives to glucocorticoids
Several agents have been studied as steroid sparing alternatives [33]. Figure 1 summarises an approach by which many
of these drugs have been studied for pulmonary sarcoidosis.
Tables 3 and 4 summarise the clinical studies performed for
pulmonary sarcoidosis in which adequate information could
be extracted from the published reports to compare results
between drugs. In some cases, where insufficient data was
available from peer reviewed papers and case reports, letters to
editors and abstracts were used to provide more information
about potential new therapies for pulmonary sarcoidosis. In
cases where pulmonary and extrapulmonary cases were combined in the report, the patients identified by the authors as
having pulmonary disease are reported.
Cytotoxic agents
Methotrexate has been the most widely studied cytotoxic drug
for pulmonary and extrapulmonary sarcoidosis [38, 88, 96–98].
There have been two large case series reporting efficacy in over
60% of patients with pulmonary disease [38, 88]. In one series,
22 of 50 patients (44%) had a greater than 10% improvement in
their FVC after at least 1 year of methotrexate treatment [38].
A double-blind, placebo-controlled trial found that methotrexate was steroid sparing after 6 months of therapy and this
EUROPEAN RESPIRATORY JOURNAL
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Symptoms
No

Yes

Stage 0/1

Stage 2–4

Observe
Level 1A

No extrapulmonary
disease requiring therapy
Consider corticosteroid
therapy#
Level 2A

Rule of other causes
of symptoms#
Glucocorticoids alone
Level 1A
Taper glucocorticoids to prednisone <10 mg·day-1 or equivalent
Yes:
continue glucocorticoids alone

Not able to taper
Rule out other causes of
symptoms¶
Cytotoxic agents:
Methotrexate: level 1B
Azathioprine: level 2B
Leflunomide: level 2B
Failure/toxicity

Infliximab: level 1A
Adalimumab: level 2B

Consider other treatments+
Golimumab
Ustekinumab
Rituximab
Thalidomide
Novel therapies+,§
Vasoactive intestinal peptide
Aprelimast

FIGURE 1.

Proposed strategy for treating pulmonary disease. Evidence based recommendations where sufficient information is available. Recommendations are based

on the following criteria [71]: 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 the case series showing positive results; level C: case series with mixed reports of effectiveness or only a small number of case reports. Recommendations can be
either strong (1A, 1B, 1C) or weak (2A, 2B, 2C). #: for asymptomatic patients with persistent stage 2–4 chest radiography, consider 3 months of systemic glucocorticoids
followed by 15 months of high dose inhaled budesonide [16]; ": other causes of dyspnoea include pulmonary hypertension, congestive heart failure, infection and muscle
weakness; +: these treatment options are based on a limited case series and/or a biological rationale for use, unable to provide a level of evidence; 1: novel therapies may not
yet be available without a research protocol.

was associated with significantly less weight gain compared to
the placebo group [20]. The most commonly encountered toxicity from methotrexate therapy includes nausea, mouth sores,
and leukopenia. These are dose dependent and can be minimised with the addition of folic acid [99, 100]. Methotrexate
can also lead to pulmonary toxicity [101] and unexplained
cough should lead to evaluation for methotrexate toxicity. The
frequency of hypersensitivity pneumonitis due to methotrexate
appears to be approximately 5% in rheumatoid arthritis [102,
103], but appears to be less in other conditions, including sarcoidosis [89]. Specific criteria for diagnosis have been developed
[104]. When these were applied, life threatening interstitial lung
disease from methotrexate was only 1% [105]. Prolonged use of
methotrexate can lead to hepatotoxicity. In rheumatoid arthritis,
regular liver function testing has been useful in detecting
methotrexate induced hepatotoxicity [106]. The value of regular
liver function testing is less clear in sarcoidosis [107]. A persistent rise in transaminase liver testing in a sarcoidosis patient

undergoing methotrexate therapy should lead to either discontinuation of drug or a liver biopsy.
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Azathioprine has also been reported as effective in treating
pulmonary and extrapulmonary sarcoidosis. The reports have
been usually case series. In an open label study of 11 chronic
pulmonary sarcoidosis patients, none had resolved or improved
reticulonodular infiltrates with a combination of azathioprine
and prednisolone [21]. For the whole group, there was a 14.4%
improvement in the FVC. In another report of 35 patients treated
with azathioprine, with other agents, 19 (54%) were reported to
have received some benefit from receiving the drug [89]. In one
small series, azathioprine was not found to be steroid sparing in
chronic pulmonary sarcoidosis [90]. Azathioprine is associated
with nausea and leukopenia. Azathioprine is metabolised by
thiopurine S-methyltransferase (TPMT). Patients with low or
deficient TPMT levels can develop severe toxicity [108]. Measurement of TPMT levels or close monitoring of blood counts
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Budesonide

DBPCRT

40

47

47

21

44
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49

58

135

101

37

25

83

51

Subjects n

NS

Better

Better

NS

NS

Better

NS
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Better"

Better"

NS

Better

Better

NS

DLCO

Better

Better

NS

Better

FVC

fluticasone

in SF-36"

NS

radiography stage

Improvement of chest

prednisone

of high dose

control; OL: open label; #: better than placebo only those with parenchymal lung disease on chest radiography; ": better than pretreatment, no difference between two treatments.

NS:

received 6 weeks

Both groups initially

in most patients

tapered successfully

not significantly different from

ZYCH [86]

SELROOS [85]

ALBERTS [84]

BOIS [82]

Better comparison"

DU

BAUGHMAN [18]

SPRATLING [17]

GIBSON [14]

MILMAN [83]

Methyl-prednisone

glucocorticoids

in both groups on oral

About 75% of patients

Less cough with

Overall improvement

Composite better

ZAKI [81]

MIKAMI [80]

SELROOS [42]

HARKLEROAD [79]

NS

NS

Better comparison"

Muers score

Better comparison and

NS

Better comparison

Better comparison

NS

ISRAEL [32]

First author [ref.]

Better Comparison#

Other

JAMES [78]

Quality of life

Better comparison

Chest radiography

FVC: forced vital capacity; DLCO: diffusion capacity of the lung carbon monoxide; DBPCRT: double-blind, placebo-controlled, randomised trial; OLRT: open label randomised trial;

budesonide

Prednisone versus

Budesonide

OL

DBPCRT

Budesonide

Methylpednisolone plus

DBPCRT

Inhaled fluticasone

fluticasone

without inhaled

Prednisone with or

DBPCRT

DBPCRT

Prednisone

alternate day

DBPCRT

OLRT

Prednisone

Prednisolone

DBPCRT

Prednisone

DBPCRT

DBPCRT

Prednisolone

Methylprednisolone

Design

Outcome of treatment for pulmonary sarcoidosis treated with glucocorticoids

Drug
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Methotrexate

VOLUME 41 NUMBER 6

OL
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Adalimumab in addition to current therapy

Etanercept alone

OL

OLRT
20

37

23

NS

No

+

Yes

NS

NS

NS

NS

NS

Yes

Yes

Yes

NS

Yes

80% improvement
in FEV1 .10%

44% have .10%
improvement in FVC

NS

FVC

NS

Yes

Yes

Yes

NS

NS

65% improvement
.10%

DLCO

NS

NS

12/19 improved by
comparison

Comparison

Improvement in
Muers’ R-score

Better by comparison

Chest radiography

NS

NS

SF-36

NS

SF-36 Physical
Yes

SF-36

SGRQ, SF-36

Quality of life

3/10 patients

Trend to favour
active drug

Yes

Yes

Yes

Yes

Steroid sparing

11 patients felt
to improve
No difference in rate
of change in pulmonary
parameters

Study terminated early
because of treatment
failure in 12 patients

Eight patients with
reduced DLCO
prior to therapy

PRASSE [27]

WYSER [22]

BALTZAN [23]

BAUGHMAN [95]

JUDSON [26]

PARK [15]

ZABEL [24]

UTZ [94]

KAMPHIUS [93]

MILMAN [58]

ERCKENS [92]

ROSSMAN [30]

BAUGHMAN [28]

SAHOO [25]

BAUGHMAN [91]

LEWIS [90]

12/16 has complete
or partial response"

BAUGHMAN [89]

2/10 had .10%
improvement in FVC

MULLER-QUERNHEIM [21]

BAUGHMAN [89]

VUCINIC [88]

LOWER [38]

BAUGHMAN [20]

First Author [ref.]

Benefit 54%#

Benefit 67%#

Weight gain less
with methotrexate

Other

FVC: forced vital capacity; DLCO: diffusion capacity of the lung carbon monoxide; DBPCRT: double-blind, placebo-controlled, randomised trial; NS: nonsignificantly different from control; OL: open label; FEV1: forced expiratory volume in 1 s;
TNF; tumour necrosis factor; SGRQ: St George’s Respiratory Questionnaire; SF-36: Short form-36; OLRT: open label randomised trial. #: disease regression and/or reduction in prednisone dosage to f10 mg?day-1 or equivalent; ": greater
than 50% reduction of maximal disease; +: significant difference from pretreatment for both groups.

Vasoactive intestinal peptide alone

Prednisone plus Cyclosporin A
versus placebo
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Chloroquine alone
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Thalidomide plus prednisone
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5
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8
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138
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Thalidomide in addition to current therapy

Pentoxifylline plus prednisone

Pentoxifylline alone
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Adalimumab in addition to current therapy

Other agents
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DBPCRT

Infliximab in addition to current therapy
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33
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Anti-TNF agents

Leflunomide

Leflunomide
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16

OL

Azathioprine
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Leflunomide
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Azathioprine

Azathioprine
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Methotrexate
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Outcome of treatment for pulmonary sarcoidosis treated with alternatives to glucocorticoids
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should be used to avoid this toxicity. Rarely, azathioprine can
lead to severe hepatotoxicity [109].
Leflunomide was developed as an alternative to methotrexate
for rheumatoid arthritis [110]. It can be given alone or in
combination with methotrexate [111]. It has been reported as
effective in treating sarcoidosis in two case series [25, 91].
Table 4 summarises the patients who were treated for pulmonary disease in those series. In the study by SAHOO et al. [25], they
found a significant improvement in FVC from pretreatment
values. Major toxicities are similar to methotrexate. In comparison to the control group of 198 sarcoidosis patients treated with
methotrexate alone, there was no difference in hepatic or haematological changes during long term monitoring [91]. In examining all 78 patients treated with leflunomide at their institution,
eight were found to have developed symptoms suggestive of
lower respiratory infections [25]. However, it may be difficult to
distinguish infection from therapy versus underlying disease. In
an analysis of rheumatoid arthritis patients receiving leflunomide,
three out of 171 developed lower respiratory tract infections [112].
Systemic hypertension can also occur with leflunomide [105].
Peripheral neuropathy has been reported with the drug and may
require cholestyramine or other treatment to enhance withdrawal
of the drug [113].
Pulmonary toxicity has been reported with leflunomide, but at
a lower rate than that reported with methotrexate [105, 114,
115]. In a post-marketing survey in Japan, 1.2% of patients
treated with leflunomide were reported to have developed
interstitial lung disease [116]. In rheumatoid arthritis, the
presence of pretreatment for interstitial lung disease was a risk
factor for developing fatal pulmonary toxicity [117]. Prior or
concurrent therapy with methotrexate was also a risk factor for
developing pneumonitis [114, 116]. Sarcoidosis patients who
develop an intractable cough while receiving methotrexate
have been successfully treated with leflunomide with no
further pulmonary symptoms [91].
Anti-TNF agents
For some patients with sarcoidosis, glucocorticoid steroid
therapy may not control disease. In some of these patients, excessive production of TNF by alveolar macrophages, retrieved by
BAL, has been reported [118]. Several biological agents which
specifically inhibit TNF have become commercially available
and have been studied in sarcoidosis [119]. These have been
reported as effective in treating sarcoidosis patients, especially
in those for whom other treatments fail [120–122]. These initial
reports led to two double-blind, placebo-controlled trials of
infliximab in patients with chronic pulmonary sarcoidosis [28,
30]. The larger of these studies compared 45 placebo treated
patients to 93 patients treated with two different doses of infliximab [28]. All patients were stable on prednisone and/or other
anti-inflammatory drugs. There was a significant improvement
in FVC seen within 6 weeks of initiating therapy. There was also
a significant improvement in the R-score of the chest radiography. A subsequent analysis did not find a significant difference in the global assessment for those treated with placebo
versus infliximab. However, there was a significant correlation
between the change in global assessment and change in FVC [8].
Subgroup analysis of this trial found that CRP predicted the
response to therapy. For patients with an elevated CRP level,
24 weeks of treatment led to a .5% change of FVC % predicted
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between the infliximab and the placebo groups. This was
associated with a significant improvement in 6MWD and
dyspnoea score [29].
In the other randomised trial of infliximab, there was no
significant difference between the placebo and infliximab
treated patients [30]. This study included an open label arm
with all patients receiving the drug after 6 weeks. As noted
above, infliximab had been shown to significantly improve
FVC by 6 weeks. When an analysis was performed of the
change in FVC from baseline to 6 weeks after the first two
doses of infliximab, a significant improvement was seen.
Adalimumab is a humanised monoclonal antibody associated
with a lower rate of allergic reactions than infliximab. It had
been reported to improve outcomes in half of 27 patients
treated at one institution, which was lower than the response
reported with infliximab [123]. However, that report used the
dosage suggested for rheumatoid arthritis. For Crohn’s
disease, a higher loading and maintenance dose has been
found to be associated with a higher rate of response [124, 125].
Since both sarcoidosis and Crohn’s disease are granulomatous
conditions, it seems logical to follow the regimen developed
for Crohn’s disease. Several open label studies have employed
a higher dose of adalimumab [56, 92, 93]. These studies have
reported an improvement with treatment. Golimumab is a
recently developed humanised monoclonal antibody directed
against TNF and was associated with less adverse events than
other anti-TNF agents [126]. In a recently completed randomised double-blind placebo-controlled trial, the drug was not
found to be more effective than placebo for pulmonary
sarcoidosis. The effectiveness of golimumab for cutaneous
disease, and whether higher doses of the drug may be effective
for pulmonary disease are being analysed.
Etanercept is a TNF receptor antagonist. It had been reported as
effective in treating some cases of refractory sarcoidosis [127]. In
an open label trial of pulmonary disease, UTZ et al. [94] found that
treatment with etanercept alone was associated with treatment
failure in 12 out of 17 cases. The drug was not found to be
effective in a double-blind placebo-controlled trial of patients
with refractory sarcoidosis uveitis [128]. The poor response rate
for etanercept in sarcoidosis was similar to that found in larger
trials using the drug for Crohn’s disease [129].
Similar toxicities have been reported for all the anti-TNF
agents [130]. These include allergic reactions to the agents. This
is more likely to occur with infliximab, since it is a chimeric
antibody while adalimumab is a humanised antibody. However, lupus like reactions have been reported with both drugs
[131]. For infliximab, the concurrent use of methotrexate or
other cytotoxic drugs has been recommended to reduce the
risk of antibodies directed against infliximab [119].
Since these agents cause regression of granulomas, there is a
marked increased risk for reactivation of tuberculosis associated with their use [132, 133]. Prior to starting anti-TNF
therapy, screening for latent tuberculosis has been associated
with a reduced risk for active tuberculosis during therapy
[134]. The quantinterferon test may be more specific and
sensitive in detecting latent tuberculosis, and may be helpful in
the patient with known anergy (a common occurrence in
sarcoidosis) [135]. Other infections, including routine bacterial
EUROPEAN RESPIRATORY JOURNAL
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infections, occur at a higher rate in anti-TNF treated patients
compared to controls [136].
As a group, one has to consider the less frequent, but significant, risks associated with anti-TNF therapy. These include
worsening of congestive heart failure [137], cases of demyelinating disease [138], and potential increased risk for malignancy
[139]. The latter is still controversial, with a recent meta-analysis
failing to demonstrate an increased risk of lymphoma in rheumatoid arthritis patients treated with anti-TNF therapy [140]. It
has been recommended that anti-TNF agents, such as infliximab, be given with low dose methotrexate or azathioprine [119].
This is, in part, to minimise the risk for allergic reactions to the
anti-TNF agent and increase blood levels of infliximab [141]. The
use of infliximab with azathioprine in inflammatory bowel
disease seems to be associated with a small increase in the rate of
lymphoma, but it is unclear whether it is due to the combination
of drugs or the underlying disease [139, 142].
Interestingly, there have been several reports of sarcoidosis-like
reactions occurring during treatment with anti-TNF therapy
[143–145]. In one series, half of the cases were associated with
etanercept therapy [146]. The mechanism of action here appears
complex, but suggests that a patient who is failing anti-TNF
therapy should have the drug withdrawn rather than simply
adding another agent.
Other agents
Pentoxifylline was first reported as effective in treating acute
pulmonary sarcoidosis in an open label trial by ZABEL et al. [24].
There was a statistically significant improvement in the DLCO,
although there was no significant change in FVC for the group.
In a double-blind, placebo-controlled trial, PARK et al. [15]
reported no change in a composite score, used to assess response
to therapy, in those treated with pentoxifylline versus controls.
However, there was a trend for the drug to be steroid sparing.
The drug is associated with significant gastrointestinal toxicity,
especially at the doses reported by these authors [15, 24]. This
has limited its utility in treating chronic pulmonary disease. A
new phosphodiesterase inhibitor, apremilast, has been reported
as effective for chronic cutaneous sarcoidosis [147]. The drug has
not yet been reported in the treatment of pulmonary sarcoidosis.
Thalidomide had been first reported as effective in treating
chronic cutaneous sarcoidosis [148]. In an open label, dose
escalation trial of thalidomide in sarcoidosis patients with lupus
pernio, there was no significant improvement in the FVC with
therapy [26]. In a more detailed study of pulmonary sarcoidosis
patients on chronic prednisone, thalidomide was not associated
with improvement of either FVC or SF-36. However, the drug
was steroid sparing in some cases. Thalidomide has severe
teratogenic effects. In addition, at the doses used to treat sarcoidosis, constipation, hypersomnulance, and peripheral neuropathy are often dose limiting side-effects [95]. There is an
increased risk for deep venous thrombosis and pulmonary
embolism, which may be reduced by the use of anti-thrombotic
agents [149].
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In an extension of the study, patients treated with low dose
chloroquine had a slower progression of decline of their
disease compared to those receiving placebo [23]. Chloroquine
is associated with significant gastrointestinal and ocular toxicity, which is dose dependent [152]. Hydroxychloroquine has
been preferred by many physicians, but one still has to monitor
for ocular toxicity [153]. Toxicity is also dose dependent and
dosage should be adjusted based on patient weight [154, 155].
Cyclosporin A has dramatic effect on the CD-4 T-cell. In some
case reports, it was felt to be effective for refractory disease
[156]. In a double-blind, randomised trial of chronic pulmonary sarcoidosis, WYSER et al. [22] found no significant additional benefit for adding cyclosporin A to prednisone therapy
in terms of either pulmonary function or steroid sparing. The
drug was associated with significant toxicity, including: hypertension, renal dysfunction, increased risk for opportunistic
infections, and malignancy. Because of these complications, the
drug is rarely used to treat pulmonary sarcoidosis.
An interesting study by PRASSE et al. [27] reported on treatment
of pulmonary sarcoidosis with inhaled vasoactive intestinal
peptide. Treatment with vasoactive intestinal peptide was
associated with significant changes in the release of several
cytokines by alveolar macrophages retrieved by BAL. However,
they were not able to demonstrate a change in the FVC [27].
However, this was a proof of concept study with a relatively
small number of patients and relatively short follow-up. The
drug was well tolerated. It did require a large number of
treatments per day, which may limit its application in the
reported administrative route. However, future studies do seem
warranted.
Rituximab is a monoclonal antibody directed again CD-20 cells.
It has been reported as effective for refractory sarcoidosis in case
reports [157–160]. The drug has significant toxicity, including
reactions to infusion and increased risk for infections [159, 161].
As opposed to anti-TNF agents, the risk appears to be for viral
infections, such as hepatitis B, cytomegalovirus and CreutzfeldtJakob [162]. The latter is associated with an increased risk for
progressive multifocal leukoencephalopathy [163].
Ustekinumab is an anti-interleukin 12 and interleukin 23
monoclonal antibody which has been shown to be safe and
effective for psoriasis for up to 3 years [164]. Since these
cytokines are important in chronic sarcoidosis [165], there is a
rationale for study of this drug in sarcoidosis. In a recently
completed randomised double-blind placebo-controlled trial,
the drug was not effective for pulmonary sarcoidosis at the
doses employed.

Chloroquine has been used for both cutaneous and pulmonary
sarcoidosis [150, 151]. In a prospective, open label trial,
BALTZAN et al. [23] demonstrated a small but significant improvement in pulmonary function and chest radiography with
high dose therapy in chronic pulmonary sarcoidosis patients.

CONCLUSION
While many patients with pulmonary sarcoidosis do not
require therapy, there are a significant number who require
long term therapy. For most patients, corticosteroids represent
the best initial treatment. However, steroid sparing agents
have been increasingly useful for the long term management of
these patients, despite the lack of standardised measures to
assess such therapy in large randomised double-blind placebocontrolled trials. Despite the lack of Food and Drug Administration approved therapy for sarcoidosis, the introduction of
powerful biological agents which block cytokines, such as TNF,
expanded the options available for refractory cases. Newer
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biological agents are being studied for this disease. As these
drugs become more widely available, it is important to implement the translational approach to clinical trials, and develop
standardised outcome measures for various disease phenotypes. A team approach aiming to provide a comprehensive,
translational, clinical, economic and personalised approach may
serve patients best.
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135 Matulis G, Jüni P, Villiger PM, et al. Detection of latent
tuberculosis in immunosuppressed patients with autoimmune
diseases: performance of a Mycobacterium tuberculosis antigen
specific interferon gamma assay. Ann Rheum Dis 2008; 67: 84–90.
136 Furst DE. The risk of infections with biologic therapies for
rheumatoid arthritis. Semin Arthritis Rheum 2010; 39: 327–346.
137 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 Congestive Heart Failure (ATTACH) trial. Circulation
2003; 107: 3133–3140.
138 Felekis T, Katsanos K, Christodoulou D, et al. Reversible bilateral
optic neuritis after infliximab discontinuation in a patient with
Crohn’s disease. J Crohns Colitis 2009; 3: 212–214.
139 Caspersen S, Elkjaer M, Riis L, et al. Infliximab for inflammatory
bowel disease in Denmark 1999-2005: clinical outcome and
follow-up evaluation of malignancy and mortality. Clin Gastroenterol Hepatol 2008; 6: 1212–1217.
140 Wong AK, Kerkoutian S, Said J, et al. Risk of lymphoma in patients
receiving antitumor necrosis factor therapy: a meta-analysis of
published randomized controlled studies. Clin Rheumatol 2012; 31:
631–636.

141 Vermeire S, Noman M, Van Assche G, et al. Effectiveness of
concomitant immunosuppressive therapy in suppressing the
formation of antibodies to infliximab in Crohn’s disease. Gut
2007; 56: 1226–1231.
142 Thai A, Prindiville T. Hepatosplenic T-cell lymphoma and
inflammatory bowel disease. J Crohns Colitis 2010; 4: 511–522.
143 Kudrin A, Chilvers ER, Ginawi A, et al. Sarcoid-like granulomatous disease following etanercept treatment for RA. J Rheumatol
2007; 34: 648–649.
144 Verschueren K, Van Essche E, Verschueren P, et al. Development
of sarcoidosis in etanercept-treated rheumatoid arthritis patients.
Clin Rheumatol 2007; 26: 1969–1971.
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