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ABSTRACT Pulmonary sarcoidosis presents substantial management challenges, with limited evidence
on effective therapies and phenotypes. In the absence of definitive evidence, expert consensus can supply
clinically useful guidance in medicine. An international panel of 26 experts participated in a Delphi process
to identify consensus on pharmacological management in sarcoidosis with the development of preliminary
recommendations. The modified Delphi process used three rounds. The first round focused on qualitative
data collection with open-ended questions to ensure comprehensive inclusion of expert concepts. Rounds 2
and 3 applied quantitative assessments using an 11-point Likert scale to identify consensus.
Key consensus points included glucocorticoids as initial therapy for most patients, with non-biologics
(immunomodulators), usually methotrexate, considered in severe or extrapulmonary disease requiring
prolonged treatment, or as a steroid-sparing intervention in cases with high risk of steroid toxicity. Biologic
therapies might be considered as additive therapy if non-biologics are insufficiently effective or are not
tolerated with initial biologic therapy, usually with a tumour necrosis factor-α inhibitor, typically infliximab.
The Delphi methodology provided a platform to gain potentially valuable insight and interim guidance
while awaiting evidenced-based contributions.

Introduction
Sarcoidosis is a systemic granulomatous disease of unknown aetiology and heterogenous in presentation and
severity [1, 2]. It predominantly occurs with pulmonary, lymph node, skin and/or ocular involvement, but
may affect virtually any organ [3]. The epidemiology of sarcoidosis varies by geography and patient
population, with reported incidence ranging from 2.3 to 17.8 cases per 100 000 and prevalence ranging from
2.17 to 160 cases per 100 000 in studies from 2015–2017 [4–11]. Sarcoidosis is associated with an incidence
and prevalence of eight and 60 cases per 100 000 per year, respectively, with an estimated 25 000 cases of
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sarcoidosis diagnosed in the USA each year [5]. Sarcoidosis resolves spontaneously in up to one-third of
patients without therapy depending on geography and genetic factors [12, 13]. Some patients develop
chronic or progressive obliterative fibrotic disease, causing significant morbidity and mortality [3, 14].
Few randomised controlled clinical trials exist for sarcoidosis, along with little understanding of the severity
of phenotypes and sub-group response differences, making management of pulmonary sarcoidosis
challenging [15]. Current recommendations suggest use of oral glucocorticoids as first-line therapy, with
implementation of non-biologic and biologic immunomodulatory therapies used primarily as steroid-sparing
therapies and/or to treat steroid-refractory disease [16–19].
We undertook an investigation of experts’ treatment practices in sarcoidosis using Delphi consensus
methodology [20–25]. We assessed these practices for areas of expert agreement that could be used for
provisional guidance in therapeutic agents, dose, treatment duration and disease severity.

Methods
The study design was conceived by R.P. Baughman and F.F. Rahaghi, who met with M.B. Scholand, N.J.
Sweiss and L.A. Saketkoo using the nominal group consensus technique to develop the Delphi content and
design and to identify potential panellists. The Delphi method uses a series of questionnaires to facilitate
consensus building among experts within certain topic areas. A common modification to the Delphi
process includes the development of a qualitative, open-ended first questionnaire based on extensive
review of published literature and expert opinion. In this study, a modified Delphi process (figure 1) was
designed in three rounds of questionnaires, which were emailed to panellists in sequence.
Delphi panellists with international recognition as clinical experts in treatment of sarcoidosis were
recruited by R.P. Baughman, F.F. Rahaghi, M.B. Scholand, N.J. Sweiss and L.A. Saketkoo with a target
panel size of 15–30 members. The panel of experts was recruited from those known to have a particular
interest in sarcoidosis including having a clinic or having published studies on the topic area. Experts from
around the world were invited, however, not all those invited agreed to participate. Panellists were asked to
rate their agreement with question statements using an 11-point Likert scale from −5 (strongly disagree) to
+5 (strongly agree). Consensus was defined a priori as either a mean Likert score ⩾2.5 or ⩽ −2.5 signifying
either consensus “for” or “against” the statement, respectively, with standard deviation not crossing zero.
Scores > −2.5 and <2.5 indicate no consensus.
Questionnaire 1 was developed by R.P. Baughman, F.F. Rahaghi, M.B. Scholand, N.J. Sweiss and L.A. Saketkoo
based on clinical trial evidence, publications and clinical experience, and requested qualitative data collection
with open-ended questions to ensure comprehensive inclusion of expert concepts for Delphi rounds 2 and
3. Questionnaire 2 was compiled by R.P. Baughman and F.F. Rahaghi and comprehensively incorporated the
anonymised qualitative concepts from Questionnaire 1. Both Questionnaires 1 and 2 allowed ongoing
opportunity for respondent commentary and clarification. Questionnaire 3 contained items from Questionnaire
2. Each item in the questionnaire was displayed with the panellist’s prior response in Questionnaire 2 and the
mean±SD of the group’s response in Questionnaire 2. This strategy has been used in previous Delphi studies to
help reinforce consensus [26–30]. The final results were circulated to all panellists for review and comment.
Panellist anonymity was maintained throughout the process. All comments were incorporated
anonymously in the statements and questionnaires distributed to panellists in each round.

Results
A total of 26 experts from seven countries participated in the Delphi process (table 1). As detailed by the
qualifications in table 1, the panellists had a range of experience and specialty training. The final Delphi
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Recruit 26 panellists
Develop Questionnaire 1
(R.P. Baughman, F.F. Rahaghi, M.B. Scholand, N.J. Sweiss, L.A. Saketkoo)

Questionnaire 1
Based on clinical trial evidence, publications, and clinical experience and judgement
Circulate to panellists and collect responses

Review and summarise responses (R.P. Baughman and F.F. Rahaghi)
Develop a revised questionnaire

Questionnaire 2
Includes statements from Questionnaire 1 and statements added by
panellists; Likert scale ranging from –5 to +5
Circulate to panelists and collect responses

Review and aggregate responses (R.P. Baughman, F.F. Rahaghi)

Final questionnaire
Incorporates responses to Questionnaire 2;
365 statements; Likert scale from –5 to +5
Circulate to panellists and collect responses

Circulate and review final results (all authors)
FIGURE 1 The modified Delphi process used in the study.

questionnaire contained 365 statements in five major topic areas. Consensus was reached on 183 (50.1%)
statements, with 155 and 28 statements receiving consensus “for” and “against”, respectively. The final
questionnaire and aggregated results are available in the supplementary material.
Corticosteroids
The panellists reached consensus on oral glucocorticoids as first-line therapy, unless contraindications
existed (3.14±2.32), with initial dose between 20 to 40 mg daily (4.05±0.95), and dose reductions as
needed for patients with comorbidities, including diabetes (3.00±2.02), psychosis (3.68±2.01) and/or
osteoporosis (2.55±1.97) (figure 2). There was no consensus on adjustments of the initial dose for obesity
or for the presence of severe symptoms, progressive disease, extensive disease or extrapulmonary
involvement. Though 3–6 months was the most favoured interval for follow-up after steroid initiation
(1.91±2.69), no consensus was developed.
Key consensus items for worsening included adding adjunctive therapy (4.14±1.08) or consideration of
alternative diagnoses (4.23±1.38). The consensus item for stable or improved disease was dose reduction to
the lowest dose that provides satisfactory symptom relief and disease control (3.36±1.84 and 4.18±0.85
for stable and improved disease, respectively). Intolerance (4.14±0.83), toxicity (4.27±1.55) and lack of
efficacy/response (3.41±1.99) were reasons to wean off steroids. Consensus developed that 3–6 months
should be allowed for therapeutic response (3.74±1.55), with a lack of response over 3–6 months
suggesting the need for an alternative treatment strategy (4.14±1.25).
Consensus reasons for use of adjunctive and/or alternative therapeutic options included high risk for
steroid toxicity (4.23±0.92), systemic/extrapulmonary involvement (2.55±1.95) or if long-duration therapy
is anticipated (3.05±2.24). Inhaled corticosteroids were considered appropriate therapy for symptomatic
relief of cough (3.45±1.22) and asthma-like symptoms (3.77±1.11) but should be discontinued if ineffective
or toxicities develop.
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TABLE 1 Characteristics of the Delphi panellists
Characteristic

Panellists n

Specialty#
Pulmonology
Critical care
Rheumatology
Cardiology
Oncology
Experience treating sarcoidosis ¶
6–10 years
11–20 years
>20 years
Patients with sarcoidosis treated in entire career ¶
⩽500
501–1000
1001–3000
>3000
Patients with sarcoidosis treated last year ¶
⩽50
51–100
101–300
>300
#

19
3
2
1
1
5
8
8
7
8
3
2
7
8
3
2

: highest degree of specialty is reported; ¶: some panellists did not respond to these questions.

Statement

Mean±SD

Initial therapy
Initial treatment for pulmonary sarcoidosis should
usually be oral prednisone unless contraindicated
The starting dose should be decreased in the following
conditions:
Diabetes

3.14±2.32

3.00±2.02

Psychosis

3.68±2.01

Osteoporosis

2.55±1.97

Obesity

2.23±2.07

Adjustments in therapy based on changes in the
disease severity at follow-up
Worsening
Adding/increasing adjunctive therapy

–4.1±1.3

Re-evaluate the diagnosis and treatment

4.2±1.4

Decreasing the steroid dose#

2.5

5.0

–5.0

–2.5
0.0
2.5
Mean Delphi Score

5.0

3.4±1.8
–4.7±0.8

No adjustment is needed

–3.9±1.5

Decreasing the steroid

0.0

–2.8±2.5

Improvement
Increasing the steroid dose

dose#

–2.5

4.1±1.1

No adjustment is needed

Stable disease
Withdrawing the steroid

–5.0

4.2±0.9

FIGURE 2 Delphi consensus for initial therapy and adjustments in therapy of pulmonary sarcoidosis. Bold
indicates statements that reached consensus. #: dose decrease to find the lowest dose that provides
satisfactory symptom relief and disease control.
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Steroid-sparing alternatives
There was no consensus on the use of steroid-sparing therapies for mild disease, although there was a
trend toward disagreement with this strategy (−1.27±2.75, no consensus). For this item, mild disease was
defined as mild to no symptoms or impairment of lung function, and no significant neurologic, cardiac or
ocular findings (3.55±1.47).
Non-biologics: immunomodulators
Panellists reached consensus on several reasons to consider non-biologic therapies, including severe disease
(3.18±2.22), inadequate response to steroid therapy (4.27±0.94), expectation of prolonged and/or high-dose
steroid therapy (4.55±0.60), and the occurrence of steroid toxicity (4.36±0.90). Methotrexate was the favoured
initial non-biologic therapy (3.27±2.27) with oral administration being favoured (3.27±2.10) (figure 3).
Subcutaneous administration was considered for nausea and other gastrointestinal side-effects (2.59±2.34).
For treatment failure with non-biologics, there was consensus for switching to a biologic agent (3.45±1.71)
or discontinuation (2.64±2.28), and near consensus for switching to an alternate non-biologic (2.41±2.44).
With toxicity to a non-biologic, switching to an alternate non-biologic (3.55±1.18) or discontinuation
(3.00±1.38) reached consensus. With intolerability to a non-biologic, switching non-biologics (3.82±1.01),
discontinuing the non-biologic (3.55±1.41), or switching to a biologic (2.64±1.89) reached consensus.
Patient preference (3.18±1.40) or high patient cost (3.32±1.67) were reasons to switch non-biologics.
Intolerability (4.55±0.67), toxicity (4.50±0.96), failure to stabilise disease (3.95±1.70) and long-term disease
stabilisation (2.50±2.28) were reasons for discontinuation. Combination non-biologic therapies were
Statement

Mean±SD

Non-biological immunomodulators
For most patients, MTX should be the first
non-biologic used if it is not

3.3±2.3

For most patients, MTX should be
administered orally

3.7±2.1

For most patients, azathioprine should be
the first non-biologic used

–1.4±2.1

For most patients, azathioprine should be
tried if MTX has failed or is not tolerated

1.9±2.6

For most patients, mycophenolate should be
reserved for third-line therapy

1.4±2.7

For most patients, leflunomide should be
reserved for third-line therapy

–0.4±3.2

Biologic therapies

–5.0

–2.5

0.0

2.5

5.0

–5.0

–2.5
0.0
2.5
Mean Delphi Score

5.0

Biologic therapies should be considered if:
Severe or progressive disease is
present

3.7±1.4

Steroids amd non-biologics in combination
are toxic or not sufficiently effective

4.5±0.6

Non-biologics are toxic or not sufficiently
effective

3.7±1.2

Steroids are toxic or not sufficiently effective

1.7±2.8

For most patients, biologics should be used in
combination with steroids

0.73±3.10

For most patients, biologics should be used in
combination with steroids and non-biologics

–0.23±2.76

FIGURE 3 Likert scale consensus scores on use of selected non-biologic immunomodulators and biologic
therapies. Bold indicates statements that reached consensus. MTX: methotrexate.

https://doi.org/10.1183/16000617.0146-2019

5

PULMONARY SARCOIDOSIS | F.F. RAHAGHI ET AL.

considered for several clinical situations but did not reach consensus. The most favourable response for
use of combination non-biological therapies was for improvement of response when a single drug gives
only a partial response (1.95±2.63, no consensus).
There was agreement that hydroxychloroquine may be useful in managing hypercalcaemia (2.55±1.68) and
skin disease (3.41±1.33). Panellists did not reach consensus for use of azathioprine as first-line therapy
(−1.41±2.09) or, if methotrexate fails or is not tolerated (1.91±2.56), mycophenolate as third-line therapy
(1.36±2.66) or leflunomide as third-line therapy (−0.41±3.17) (figure 3). Although it did not reach
consensus, there was agreement that chlorambucil has little role in treatment (2.55±3.02). Panellists also
did not arrive at consensus on the use of folic acid as an adjunctive therapy to non-biologics, although this
suggestion achieved a relatively high non-consensus rating (−2.00±2.51).
Several other therapeutic strategies for use of non-biologic immunomodulators did not reach consensus.
Biologic therapies
Use of biologic therapies reached consensus if non-biologics (alone or in combination with steroids) are
toxic or insufficiently effective or if severe or progressive disease is present (figure 3). Tumour necrosis
factor (TNF) inhibitors (4.50±0.67) were the only biologics demonstrating consensus, with infliximab
(3.73±1.32) favoured with a loading dose of 5 mg·kg−1 at weeks 0, 2 and 6 (2.86±2.32), but without
consensus on maintenance dose. The highest rated maintenance regimen was 5 mg·kg−1 every 4 weeks
(2.23±2.43). For most patients, biologics in combination with non-biologics (2.50±2.28), typically
methotrexate (2.64±1.99) at a low-dose (3.55±1.60), were considered beneficial in reducing risk of
autoantibodies (3.50±1.47). Other combinations were considered but did not reach consensus.
Discontinuation of biologic therapy is considered for treatment toxicity (4.14±1.93), failure to achieve
disease stabilisation (3.73±1.91) or demonstration of disease stability for at least 2–3 years (3.64±1.36).
Consensus was not reached on any specific strategy for weaning off biologics.
Antibiotic prophylaxis
Prophylaxis for Pneumocystis pneumonia was considered for specific patient populations, including
patients receiving prolonged high-dose steroids (2.77±3.15), high-dose immunosuppression with multiple
agents (2.86±2.46), and patients at risk for infection (2.73±2.37). Prophylaxis for tuberculosis was
recommended for patients with a positive interferon-γ test (2.77±2.56) and those with a history of
tuberculosis or latent tuberculosis (2.59±2.54). Panellists reached a strong consensus for the use of
pneumococcal and influenza vaccination (4.05±2.26).
Other therapies
Consensus was achieved for consideration of lung transplantation for patients with low and worsening
pulmonary function tests (3.77±2.00), severe disease unresponsive to therapy (4.18±1.74) or pulmonary
hypertension (3.59±2.44).

Discussion
Large knowledge gaps persist regarding best treatment practices in sarcoidosis. We present results of an
international Delphi effort involving 26 experts from seven countries: China (n=1), France (n=1),
Germany (n=2), Netherlands (n=2), Sweden (n=1), UK (n=1), and USA (n=18). While the majority of
panellists were from the USA, experts with a range of experience and specialty training were included from
around the world. The panel consisted of those with long standing interest in the disease, as well as those
relatively new in the field. We did not perceive a difference in the responses based on country of origin or
duration of experience with sarcoidosis.
The following key treatment concepts emerged from the Delphi process (figure 4). 1) Escalation of care based
on disease progression. In acute presentations or those anticipated to develop into a chronic phenotype,
prednisone 20–40 mg was the favoured medication, allowing 3–6 months to demonstrate responsiveness, after
which escalation is considered. Escalation should usually consist of adding methotrexate to prednisone as
a second-line therapy (with other options mentioned in case of toxicity or failure). The group then suggested
escalation to biologics for those with advanced disease, with infliximab therapy favoured in this group.
Continued lack of efficacy would bring consideration of repository corticotrophin injection or concomitant
levofloxacin, ethambutol, azithromycin, rifampin (CLEAR) therapy, although no consensus was reached on
use of these therapies. 2) Weaning prednisone to lowest tolerable dose. No specific dose was explored by this
group, but a dose of ⩽10 mg has been suggested in the literature [31, 32]. 3) Escalation of care based on
inability to wean prednisone to a lower dose, following essentially the same escalation steps delineated earlier.
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Acute or chronic
phenotype

Chronic
phenotype

Advanced
phenotype

Disease
Yes
progression
or toxicity?

Add antimetabolites:
MTX (¶)

Add anti-TNF-α
infliximab (+)

Yes
Corticosteroids:
prednisone
20–40 mg/
3–6 months (#)

Yes
No

Taper corticosteroids
to lowest
effective dose

Disease
progression

Consider
RCI/CLEAR
(no consensus)

No

No
Disease
progression
or toxicity?

Disease Yes
progression
or toxicity?

Taper
corticosteroids
to lowest
effective dose

Taper steroids
(discontinue if
possible)
Continue biologics
for 2–3 years

No
Maintain
therapy/wean
as possible

FIGURE 4 Treatment algorithm for symptomatic or organ-threatening sarcoidosis derived from the Delphi consensus recommendations. MTX:
methotrexate; TNF-α: tumour necrosis factor-α; CLEAR: concomitant levofloxacin, ethambutol, azithromycin and rifampin; RCI: repository
corticotrophin injection. #: consider hydroxychloroquine in cases of hypercalcemia or skin disease; ¶: alternatives considered that did not reach
consensus: azathioprine, mycophenolate, leflunomide; +: alternatives considered that did not reach consensus: adalimumab, rituximab.

The proposed treatment algorithm highlights key concepts by sarcoidosis phenotype and is derived from
the resulting Delphi consensus recommendations. Although phenotyping is arbitrary and other
phenotyping approaches exist, we propose this algorithm as a method to assist the clinician in making
treatment decisions.
There is an increasing amount of evidence supporting the use of several treatment regimens in sarcoidosis [33].
However, when and how to use these drugs remains unclear. The first section of the Delphi examined when
to start systemic therapy for sarcoidosis. Nearly half of patients with sarcoidosis never require systemic
treatment [34, 35]. There is little evidence that corticosteroid treatment in the asymptomatic pulmonary
sarcoidosis patient changes the natural course of the disease [36, 37]. However, treatment with corticosteroids
has been shown to be effective in symptomatic disease [38–40]. The Delphi helped clarify recommendations
for initiation of corticosteroid therapy.
Some groups have advocated prolonged use of corticosteroid monotherapy in the management of
sarcoidosis [40, 41]. However, others have advocated the use of steroid-sparing agents in managing chronic
disease [42]. A previous Delphi focused on the switch from prednisone to methotrexate [43]. This active,
reactive and proactive approach is in contrast to what was promoted a few decades ago involving the use of
prednisone monotherapy, eventually tapered to lower doses that could be managed chronically. This older
approach failed to adequately address disease progression and the harm related to prolonged steroid use.
Over the past few years, toxicity from prolonged use of even low doses of prednisone in sarcoidosis patients
has been noted, including weight gain, steroid-induced complications and reduced quality of life [44–46].
These studies have emphasised the need to consider steroid-sparing alternatives. In the current Delphi, the
indications for adding a second-line agent were addressed. Methotrexate was the most common second-line
agent recommended by the panel. This finding is the same as the prior Delphi [43]. Methotrexate is the
most widely studied drug for sarcoidosis, including a placebo-controlled randomised trial [47–49].
Compared to other cytotoxic agents, it is better tolerated [49, 50]. Recommendations of when and how to
use methotrexate in sarcoidosis have been developed [51].
Consensus recommendations regarding when to move to a third agent were developed. The biologics,
especially monoclonal antibodies to TNFs, have changed the approach to advanced disease over the past
10 years [52]. The panel achieved consensus on some of the possible indications for adding a biologic
agent (toxicity, insufficient response, and severe or progressive disease). The panel agreed that infliximab
was the first choice as a biologic agent. This anti-TNF-α monoclonal antibody has multiple clinical trials
supporting its use in various manifestations of sarcoidosis [53–56]. Of the other anti-TNF antibodies,
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adalimumab has been found to be effective in some patients [57–59]. Other anti-TNF agents such as
golimumab and etanercept were not found to be effective in most sarcoidosis patients [60–62].
The panel also considered the use of rituximab, another biologic agent. Previous studies have reported
some effectiveness for rituximab in treating sarcoidosis [15, 63, 64]. To date, the data are limited for this
agent and the Delphi results reflect the lack of information on this drug. The use of repository
corticotrophin is the focus of another Delphi article.
The Delphi panel did look at managing complications from treatment. This is an area with limited
information. Guidelines for specific agents such as methotrexate and the anti-TNF agents have been
developed [51, 52, 65]. Fortunately, most sarcoidosis patients do not acquire opportunistic infections
despite prolonged immunosuppressive therapy [66, 67]. One of the recommendations of the panel was the
use of pneumocystis prophylaxis in patients on high-dose immunosuppression. The criteria for high dose
was not specified by the Delphi panellists because of a lack of agreement regarding the many different
drug combinations. An example of high-dose immunosuppression would be ⩾20 mg prednisone with a
cytotoxic agent for >6 months. This is an area in which further research is needed.
The Delphi method is a broadly accepted strategy for developing consensus recommendations based on
objective expert opinion and is intended to provide guidance in areas where limited evidence-based
literature is available. A key strength of the Delphi method is its use of a systematic, anonymous process
that promotes free sharing of opinions and ideas, weighs all panellists’ opinions equally, and makes it
difficult for any individual panellist to dominate the process. Electronic communications were used to
collect and disseminate information. This methodology helps maintain the anonymous nature of the
Delphi process.
The Delphi methodology dates back to the 1950s and was developed to create consensus in social science
topics [20–25, 43]. The methodology is particularly relevant when there is real knowledge available on a
particular topic, but definitive experiments to prove the point are lacking. However, the Delphi process has
several limitations. There are no generally accepted criteria defining consensus in Delphi studies and, given
the wide variety of topics investigated using the Delphi approach, it may not be possible to define generally
applicable criteria [21, 22, 68]. Clearly the consensus only represents a degree of agreement among the
experts and may be refuted in the future by rigorous studies [22, 24, 68]. Panellist selection and the
development of the initial questionnaire may have inadvertently introduced bias into the process [23, 69].
As clinical aspects of sarcoidosis are deeply influenced by genetics and geographical province of patients,
including an unbalanced geographic dispersion of panellists may have also inadvertently introduced bias.
We attempted to maximise neutrality and avoid any intrusion of bias in the selection of the panellists.
Anonymity is an important aspect of the Delphi process, intended to prevent bias by influential or forceful
panellists and reduce pressure on panellists to conform. Conversely, it means that panellists are not
accountable for their responses, possibly leading to responses based on insufficient or minimal
consideration [68]. The panellists had a wide range of experience while satisfying the inclusion criteria.
The differing levels of expertise related to the study may help ensure a real-world reflection of prescribers
and, therefore, allow the article to capture a full range of practice opinions [70].

Conclusion
While there was significant variance in the treatment of sarcoidosis, this exercise did identify several areas
for which there is consensus. The exercise also identified several potential areas where future studies may
provide clarity.
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