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IMPORTANCE Sarcoidosis is an inflammatory granulomatous disease of unknown cause that
affects an estimated 2 to 160 people per 100 000 worldwide and can involve virtually any
organ. Approximately 10% to 30% of patients with sarcoidosis develop progressive
pulmonary disease.

OBSERVATION Among patients with pulmonary sarcoidosis, the rate of spontaneous
remission without serious sequelae ranges from 10% to 82%. However, lung disease
progression occurs in more than 10% of patients and can result in fibrocystic architectural
distortion of the lung, which is associated with a mortality rate of 12% to 18% within 5 years.
Overall, the mortality rate for sarcoidosis is approximately 7% within a 5-year follow-up
period. Worldwide, more than 60% of deaths from sarcoidosis are due to pulmonary
involvement; however, more than 70% of deaths from sarcoidosis are due to cardiac
involvement in Japan. Up to 70% of patients with advanced pulmonary sarcoidosis develop
precapillary pulmonary hypertension, which is associated with a 5-year mortality rate of
approximately 40%. Patients with sarcoidosis and precapillary pulmonary hypertension
should be treated with therapies such as phosphodiesterase inhibitors and prostacyclin
analogues. Although optimal doses of oral glucocorticoids for pulmonary sarcoidosis are
unknown, oral prednisone typically starting at a dose of 20 mg/d to 40 mg/d for 2 to 6 weeks
is recommended for patients who are symptomatic (cough, dyspnea, and chest pain) and
have parenchymal infiltrates and abnormal pulmonary function test results. Oral
glucocorticoids can be tapered over 6 to 18 months if symptoms, pulmonary function
test results, and radiographs improve. Prolonged use of oral glucocorticoids may be required
to control symptoms and stabilize disease. Patients without adequate improvement while
receiving a dose of prednisone of 10 mg/d or greater or those with adverse effects due to
glucocorticoids may be prescribed immunosuppressive agents, such as methotrexate,
azathioprine, or an anti–tumor necrosis factor medication, either alone or with
glucocorticoids combined with appropriate microbial prophylaxis for Pneumocystis jiroveci
and herpes zoster. Effective treatments are not available for advanced fibrocystic
pulmonary disease.

CONCLUSIONS AND RELEVANCE Sarcoidosis has a mortality rate of approximately 7%
within a 5-year follow-up period. More than 10% of patients with pulmonary sarcoidosis
develop progressive disease and more than 60% of deaths are due to advanced
pulmonary sarcoidosis. Oral glucocorticoids with or without another immunosuppressive
agent are the first-line therapy for symptomatic patients with abnormal pulmonary function
test results and lung infiltrates. Patients with sarcoidosis and precapillary pulmonary
hypertension should be treated with therapies such as phosphodiesterase inhibitors and
prostacyclin analogues.
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S arcoidosis affects approximately 60 individuals per 100 000
in the US and is characterized by inflammation, lymphade-
nopathy, and the presence of sterile granulomas in 1 or more

organs.1 More than 90% of people with sarcoidosis have lung or
intrathoracic lymph node involvement. Deaths from sarcoidosis
occur in approximately 3.5 to 4.3 persons per 1 million in the US
each year, primarily due to pulmonary involvement.2-7 This review
summarizes the epidemiology, histopathology, diagnosis, and
treatment of pulmonary manifestations of sarcoidosis. In this
review, sarcoidosis refers to sarcoidosis involving any organ and
pulmonary sarcoidosis refers to sarcoidosis involving the lungs,
intrathoracic lymph nodes, or both.

Methods
Online searches using PubMed and OVID were performed between
January 1, 2015, and December 30, 2021. Two authors (J.A.B. and
J.P.L.) performed the searches and selected the reports for inclu-
sion. Randomized clinical trials, meta-analyses, guidelines, interna-
tional society clinical statements, observational studies, cohort
studies, case-control studies, and cross-sectional studies were pri-
oritized over case reports. Using the keywords pulmonary sarcoid-
osis, sarcoidosis, or granulomatous disease, 361 reports were fully
reviewed from which 87 were included in this review (71 observa-
tional studies, 11 randomized clinical trials, and 5 guidelines).

Epidemiology of Sarcoidosis
The incidence and prevalence of sarcoidosis vary by sex, race, and
geography. A search of data from the Optum health care database
between 2010 and 2013 identified 29 372 adults with sarcoidosis.1

The incidence of sarcoidosis per 100 000 each year was 3 among
Asian individuals, 4 among Hispanic individuals, 8 among White in-
dividuals, and 18 among Black individuals.1 In addition, the preva-
lence of sarcoidosis was higher in women compared with men. For
example, among White individuals, the prevalence of sarcoidosis was
59 women per 100 000 and 40 men per 100 000. Among Black
individuals, the prevalence of sarcoidosis was 179 women per
100 000 and 93 men per 100 000.8

In the US, the prevalence of sarcoidosis was 60 individuals per
100 000 in the Northeast, 58 individuals per 100 000 in the South,
55 individuals per 100 000 in the Midwest, and 30 individuals per
100 000 in the West.1 A prospective cohort study of 116 430 fe-
male nurses aged 25 to 44 years followed up over 23 years with 377
sarcoidosis cases demonstrated an average annual incidence rate of
11 individuals per 100 000.9 The incidence rate of sarcoidosis was
higher in Black individuals (43/100 000) compared with White in-
dividuals (11/100 000).9 Among the 59 027 participants in the Black
Women’s Health Study,8 685 had sarcoidosis at the time they en-
rolled in the study, which was a prevalence of sarcoidosis of 1160 per
100 000. In addition, 435 incident cases of sarcoidosis were re-
ported during 611 585 person-years of follow-up over 12 years, for
an average annual incidence of 71 cases per 100 000.8

Pulmonary sarcoidosis typically presents between the ages of
30 years and 60 years.2,10-15 The mean ages at presentation were
43 years and 47 years in 2 studies from Europe conducted be-

tween 1976 and 2015 and the mean age was 54 years in a study from
Japan conducted between 2002 and 2011.4,13,14 Evidence suggests
a bimodal distribution by age, with an initial peak in incidence of pul-
monary sarcoidosis between the ages of 30 years and 40 years, and
a second peak after 50 years of age, especially in women.2,10-15

Genetics of Sarcoidosis
Consistent data have shown that certain human leukocyte antigen
(HLA) variants are associated with the risk of sarcoidosis, type of or-
gan involved, and the severity of disease.16,17 For instance, HLA-
DRB1*03, *0301, and *1501 have been associated with Lofgren syn-
drome, whereas HLA-DRB1*07, *14, *15, *01, *03 and DQB1*0602
have been associated with increased risk of progressive pulmonary
sarcoidosis.16,17

Pathogenesis of Sarcoidosis
Even though the cause of sarcoidosis remains unknown, certain
environmental and occupational exposures are associated with
higher rates of the disease.18-20 Occupations that involve inhala-
tional exposure to metals and silica, such as experienced by some
ship and automotive workers, firefighters, and gardeners are asso-
ciated with a higher incidence of sarcoidosis.21 Some World Trade
Center workers exposed to debris on September 11, 2001, experi-
enced sarcoidosis or a sarcoidosis-like disease.20 At the Fire
Department of New York, the annual incidence of sarcoidosis
increased from 15 individuals per 100 000 in the 15 years prior to
2001 to 85 individuals per 100 000 in the year after 9/11.20

Microbes, such as Propionibacterium species and Mycobacterium,
have been associated with the presence of sarcoidosis.22-24 How-
ever, whether infection contributes to the development of sarcoid-
osis is unknown.22-25 Autoimmunity may contribute to the devel-
opment of sarcoidosis. Vimentin, a structural protein coded by the
VIM gene may be implicated in the development of sarcoidosis.26

Lung samples from individuals with sarcoidosis contain vimentin-
rich tertiary lymphoid structures, whereas lung tissue samples from
healthy controls do not.26 In addition, lung tissue samples
from individuals with sarcoidosis were associated with antivimen-
tin antibodies and clonal-specific lymphocytes.

Histopathology
The histological hallmark of sarcoidosis is well-formed, discrete, non–
necrotizing granulomas composed of epithelioid histiocytes and mul-
tinucleated giant cells surrounded by lymphocytes, plasma cells, and
fibroblasts in the periphery (Figure 1). In some patients, extensive
confluent granulomas destroy normal tissue architecture. The mul-
tinucleated giant cells often contain characteristic, but nonspecific
inclusions: the asteroid body, a star-shaped structure; the Schaumann
(conchoidal) body, a concentric calcification; and the Hamazaki-
Wesenberg body, a small lipofuscin-like body that resembles
fungal spores (Figure 1A-C). In the lungs, granulomas are typically
distributed along bronchovascular bundles and lymphatics
(Figure 1D-F). Architectural distortion and fibrosis may occur with

Diagnosis and Treatment of Pulmonary Sarcoidosis Review Clinical Review & Education

jama.com (Reprinted) JAMA March 1, 2022 Volume 327, Number 9 857

© 2022 American Medical Association. All rights reserved.

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.1570


chronic progressive pulmonary sarcoidosis (Figure 1G-H). Even
though focal necrosis may be found in up to 14% of patients, sig-
nificant pulmonary necrosis suggests an alternative diagnosis
(eg, tuberculosis, fungal infection, or another type of infection).27

Laboratory Features
The laboratory features of pulmonary sarcoidosis are nonspecific.
Serum angiotensin-converting enzyme concentrations are el-
evated in approximately 50% of patients due to the secretion of the
angiotensin-converting enzyme from activated mononuclear phago-
cytes and epithelioid cells.28 However, angiotensin-converting en-
zyme concentrations are also elevated in pneumoconiosis and in-
fectious granulomatous (eg, leprosy, mycobacteria, and fungal
diseases) and in metabolic (eg, Gaucher disease), endocrine (eg, dia-
betes and hyperthyroidism), and liver diseases, which are also as-
sociated with activated mononuclear phagocytes and epithelioid
cells. Currently there is no evidence to support using angiotensin-
converting enzyme concentrations to diagnose sarcoidosis or to
monitor the therapeutic response to treatment.29

Hypergammaglobulinemia occurs in more than 40% of pa-
tients with sarcoidosis.30 Hypercalcemia affects approximately
3% to 12% of patients with sarcoidosis. A single-center, retrospec-
tive study reported hypercalcemia in 6% of 1606 patients with
sarcoidosis.31 Another study demonstrated that patients with sar-
coidosis-associated hypercalcemia had a median serum calcium con-
centration of 13.39 mg/dL (IQR, 12.59-14.07 mg/dL; to convert to
mmol/L, multiply by 0.25; normal range: 10.02-10.22 mg/dL).32

Hypercalcemia in patients with sarcoidosis is typically due to el-
evated circulating levels of 1,25-dihydroxyvitamin D (calcitriol), which
are generated by macrophages that convert 25-hydroxyvitamin D
to the more active metabolite, calcitriol.32 Increased levels of cal-
citriol increase calcium absorption from the duodenum, which can
cause hypercalciuria and nephrolithiasis. A prospective study of
110 patients with sarcoidosis found that 3.6% had nephrolithiasis,
and in separate study, up to 13% of people with sarcoidosis had
nephrocalcinosis.33,34 Blood urea nitrogen and serum creatinine
should be measured to evaluate kidney function. Abnormal liver
function test results may suggest sarcoidosis involvement of the liver.
Clinically significant hepatic sarcoidosis occurs in approximately 5%
to 25% of patients with sarcoidosis.

Figure 1. Pathology of Pulmonary Sarcoidosis
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Characteristic, nonspecific inclusions in sarcoidal giant cells in A-C
(hematoxylin-eosin, original magnification ×400). Yellow arrowheads
point to asteroid body in A, Schaumann body in B, and Hamazaki-Wesenberg
bodies in C (inset is a Gomori methenamine silver stain). Non–necrotizing
granuloma hematoxylin eosin stains in D-F. D, along airway (hematoxylin-eosin,
original magnification ×40); E, in pulmonary interstitium associated with

chronic inflammation (hematoxylin-eosin, original magnification ×100);
and F, associated with subpleural lymphatic channels (hematoxylin-eosin,
original magnification ×200). End-stage pulmonary sarcoidosis
(gross pathology) showing diffuse fibrosis with some subpleural sparing
in G and primarily honeycomb change and cysts in the upper lobe with
subpleural fibrosis of the lower lobe in H.
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Pulmonary Involvement

Sarcoidosis predominantly involves the lungs and intrathoracic
lymph nodes; chest radiographs are abnormal in 80% to more than
90% of patients with sarcoidosis. However, 30% to 60% of
patients with pulmonary sarcoidosis are asymptomatic.3,13,35 Physi-
cal examination of the chest is often unremarkable, even in the
presence of extensive parenchymal disease. Pulmonary function
test results are normal in more than 80% of patients without
parenchymal infiltrates on chest radiographs. A retrospective
study, involving 830 consecutive patients with pulmonary sarcoid-
osis in Poland (mean age, 40 years; 46% female; 18% currently
smoked cigarettes; and 24% previously smoked cigarettes) who
were referred for pulmonary function testing, categorized patients
according to the chest radiographic Scadding staging system.36 The
Scadding staging system37 includes 5 stages: 0 (normal), I (bilateral
hilar lymphadenopathy without pulmonary infiltrates), II (bilateral
hilar lymphadenopathy with pulmonary infiltrates), III (pulmonary
infiltrates without bilateral hilar lymphadenopathy), and IV (exten-
sive fibrosis with distortion or bullae) (Table 1).

In the series of 830 patients with pulmonary sarcoidosis,36

there were 223 patients with stage I, 486 patients with stage II,
and 121 patients with stage III to IV disease using the Scadding
staging system. Among the patients with stage I disease, 4% had
reduced forced vital capacity (FVC), 8% had reduced forced expi-
ratory volume in the first second of expiration (FEV1), and 13%
had reduced diffusing capacity of the lung for carbon monoxide
(DLCO). Three percent had reduced total lung capacity and
6% had airflow obstruction measured by ratio of FEV1 to FVC
(Table 1).36 However, when thoracic imaging demonstrated pul-
monary infiltrates, reductions in FVC were present in 8% to 25%
of patients and reductions in DLCO were present in 25% to 50% of
patients.36 Among patients with stage III to IV disease, 20% had
reduced FVC, 26% had reduced FEV1, 45% had reduced DLCO,
22% had reduced total lung capacity, and 16% had airflow
obstruction measured by ratio of FEV1 to FVC (Table 1).36 Oxygen-

ation is usually preserved, but hypoxemia may develop with
advanced stage pulmonary sarcoidosis.

Diagnosis of Pulmonary Sarcoidosis
Flexible fiberoptic bronchoscopy (includes transbronchial lung
biopsy) is approximately 60% to 90% sensitive for diagnosing sar-
coidosis when pulmonary infiltrates are present on chest radio-
graph. A cobblestone appearance on bronchoscopic inspection of
the airways often reflects endobronchial involvement. In a study
of 34 people with pulmonary sarcoidosis, endobronchial biopsy
showed changes consistent with sarcoidosis pathology in 75% of
biopsies of abnormal-appearing mucosa compared with 30%
of biopsies of normal-appearing mucosa.45 Thus, endobronchial
biopsy of abnormal-appearing airways should be performed. If
mediastinal lymph nodes are enlarged, endobronchial ultrasound–
guided transbronchial needle aspiration has a sensitivity of 80% or
greater.46-48 Bronchoscopic methods are associated with lower
rates of pneumothorax (ie, rates of 2%-6% for transbronchial lung
biopsy and <1% for endobronchial ultrasound–guided transbron-
chial needle aspiration) compared with percutaneous fine needle
aspiration, which is associated with a risk of pneumothorax in
approximately 17% to 26% of biopsies. Bronchoscopy is less inva-
sive and less expensive than surgical mediastinoscopy. Surgical
lung biopsy is rarely warranted given the high yield, lower cost, and
lower rates of adverse outcomes for bronchoscopic techniques.

The differential diagnosis in a patient presenting with cough,
dyspnea, and chest pain who has chest radiograph findings sugges-
tive of sarcoidosis include (1) infections such as tuberculosis
and other granulomatous infections (nontuberculous mycobacte-
ria, fungi [eg, histoplasmosis and coccidioidomycosis]) (which can
be diagnosed by histopathological examination and with microbio-
logical and serological testing); (2) lymphoma (which can be diag-
nosed by histopathological examination); (3) granulomatous and
lymphocytic interstitial lung disease associated with common vari-
able immunodeficiency (which can be diagnosed by quantitative

Table 1. Scadding Staging System Used for Sarcoidosis and Other Diseasesa

Scadding
stage

Radiographic
findings

Frequency at
presentation, % Pulmonary function

Pulmonary
obstructionb

Follow-up of 1-15 y
Radiographic
resolution, % Mortality, %

0 Normal 8-10 0

I Bilateral hilar
lymphadenopathy
without pulmonary
infiltrates

40-51

• 4% of patients will have a reduction in FVC
• 8% of patients will have a reduction in FEV1
• 13% of patients will have a reduction in DLCO
• 3% of patients will have a reduction in TLC

6% of patients
will have
an obstruction

49-82 0-9

II Bilateral hilar
lymphadenopathy
with pulmonary
infiltrates

29-40

• 8% of patients will have a reduction in FVC
• 16% of patients will have a reduction in FEV1
• 27% of patients will have a reduction in DLCO
• 5% of patients will have a reduction in TLC

13% of patients
will have
an obstruction

31-68 5-11

III Pulmonary
infiltrates without
bilateral hilar
lymphadenopathy

12-20 • 20% of patients will have a reduction in FVC
• 26% of patients will have a reduction in FEV1
• 45% of patients will have a reduction in DLCO
• 22% of patients will have a reduction in TLC

16% of patients
will have
an obstruction

10-38 12-18

IV Extensive fibrosis
with distortion or
bullae

2-5 0 16-17

Abbreviations: DLCO, diffusing capacity of the lungs for carbon monoxide; FEV1,
forced expiratory volume in the first second of expiration; FVC, forced vital
capacity; TLC, total lung capacity.

a The data are from references 3, 15, 36, and 38-44.
b Assessed by ratio of FEV1 to FVC.
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immunoglobulin testing); (4) rheumatoid nodules (which can be
diagnosed by histopathological examination and with serological
tests), (5) Langerhans cell histiocytosis (which can be diagnosed by
histopathological examination); (6) IgG4-related disease (which
can be diagnosed by histopathological examination and by measur-
ing IgG4 levels); (7) inflammatory bowel disease and primary biliary
cholangitis (which can be diagnosed by histopathological examina-
tion and with serological tests and other tests to measure organ
involvement); (8) hypersensitivity pneumonitis (which can be diag-
nosed by determining the history of exposure and by histopatho-
logical examination); (9) pneumoconiosis (which can be diagnosed
by determining the history of exposure and by histopathological

examination); (10) drug-induced granulomatous disease (which
can be diagnosed based on medication history [eg, interferon,
checkpoint inhibitor, anti–tumor necrosis factor agent]); (11) beryl-
liosis (which can be diagnosed by determining the history of expo-
sure and with lymphocyte testing); and (12) foreign body granulo-
matosis (which can be diagnosed by determining the history of
exposure and by histopathological examination).49 These alterna-
tive causes of granulomas must be excluded before diagnosing sar-
coidosis (Box).

Chest Radiographic Features and Radiographic
Staging System
The classic radiographic feature of sarcoidosis is bilateral hilar lymph-
adenopathy, which occurs in at least 40% of patients with sarcoid-
osis, often with prominent right paratracheal lymphadenopathy
(Figure 2A-B).50 Enlarged mediastinal, anteroposterior window, sub-
carinal, or hilar nodes are present in approximately 80% of pa-
tients with sarcoidosis.50 Pulmonary parenchymal infiltrates are
present alone in 16% of patients with sarcoidosis and occur with
lymphadenopathy in more than 40% of patients. Parenchymal in-
filtrates are typically bilateral and predominantly occur centrally and
in the upper lobes of the lung (Figure 2C-D).50 Chronic fibrosis may
cause pulmonary volume loss, hilar retraction, architectural distor-
tion, bronchiectasis, bullae, and cystic radiolucencies.

The chest radiographic Scadding staging system can be used to
assess prognosis (Table 1).37 Black individuals typically present with
more advanced radiographic disease compared with White indi-
viduals: stage I (49% vs 67%, respectively), stage II (32% vs 18%),
and stage III to IV (13% vs 10%).51

Imaging Tests
High-resolution computed tomography (CT) using 1-mm to 2-mm
slices is superior to chest radiograph in assessing sarcoidosis lung
involvement and increases the likelihood of diagnosing active lung
inflammation (ie, ground glass opacity). A chest CT scan can quan-
tify lung fibrosis, which may alter treatment and prognosis.29 Guide-
lines from the British Thoracic Society recommend high-resolution
CT to quantify the extent of parenchymal fibrosis, which is associ-
ated with prognosis. High-resolution CT also can be useful in pa-
tients with hypoxia that is out of proportion to the chest radio-
graph findings. In these patients, high-resolution CT may detect
clinically significant ground glass opacities (due to active inflamma-
tion) that are not detected on a chest radiograph.29 Typical find-
ings on high-resolution CT in patients with pulmonary sarcoidosis
include micronodules in a perilymphatic and central (bronchocen-
tric) distribution (Figure 3A-G), consolidation (Figure 3A-G), perihi-
lar opacities, and fibrosis.52

Less common findings on high-resolution CT in patients with
pulmonary sarcoidosis include mass-like or alveolar opacities, dif-
fuse alveolar ground glass opacities, miliary opacities, and
cavitation.52 In patients with advanced disease, fibrosis, architec-
tural distortion, upper-lobe volume loss with hilar retraction,
coarse linear bands, cysts, bullae (Figure 4A-C), or mycetoma
(a mass-like or crescent-shaped clinical-radiological lesion caused

Box. Frequently Asked Questions About Pulmonary Sarcoidosis

What Is the Most Common Presentation of Patients With
Pulmonary Sarcoidosis?
Typical symptoms of pulmonary sarcoidosis are cough (69%),
dyspnea (29%), and chest pain (23%). However, 30% to 60% of
patients with sarcoidosis have no pulmonary symptoms. In these
patients, sarcoidosis is often identified incidentally on a chest
radiograph or a chest computed tomographic scan.

What Is Lofgren Syndrome?
Lofgren syndrome is an acute form of sarcoidosis characterized by
erythema nodosum, bilateral hilar lymphadenopathy, fever, and
ankle arthritis. Without any therapy, the erythema nodosum, fever,
and ankle arthritis associated with Lofgren syndrome typically
resolve within approximately 6 weeks, whereas mediastinal
lymphadenopathy typically resolves within approximately 1 to 2
years. If treated, nonsteroidal anti-inflammatory drugs are the
first-line therapy for patients with Lofgren syndrome.

How Is Pulmonary Sarcoidosis Diagnosed?
More than 90% of patients with sarcoidosis have pulmonary
involvement. If a patient has pulmonary infiltrates or hilar or
mediastinal lymphadenopathy on chest imaging, flexible fiberoptic
bronchoscopy should be performed with transbronchial lung
biopsies or endobronchial ultrasound–guided transbronchial
needle aspiration because both have a sensitivity of 80% or
greater for the presence of pulmonary sarcoidosis. Endobronchial
biopsies should be obtained if abnormalities are noted during the
bronchoscopy. Sarcoidosis pathology is characterized by
non–necrotizing granulomas. Other causes of granulomas, such as
mycobacterial and fungal diseases, as well as other interstitial lung
diseases, such as hypersensitivity pneumonitis or chronic
beryllium disease, must be ruled out before a diagnosis of
sarcoidosis can be made.

How Is Pulmonary Sarcoidosis Treated?
Patients with sarcoidosis who have pulmonary parenchymal
abnormalities and significant pulmonary symptoms (cough and
dyspnea) or disease progression (based on worsening of
symptoms, pulmonary function test results, or chest imaging
abnormalities) should be treated. The preferred treatment is oral
glucocorticoids with or without an oral glucocorticoid–sparing
agent (azathioprine or methotrexate or a biological medication
such as an anti–tumor necrosis factor agent). Typical dosing of oral
glucocorticoids for pulmonary sarcoidosis is 20 mg/d to 40 mg/d
of prednisone, tapered to 0 mg/d to 10 mg/d over 6 to 18 months.
However, a more prolonged course of oral glucocorticoids may be
needed for patients with symptoms, pulmonary function test
abnormalities, and radiographs that do not fully improve or resolve
within 1 year.
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by colonization of aspergillus in preexisting pulmonary cavities)
may be visible. In long-standing sarcoidosis, nodal calcification
occurs in more than 50% of patients after 5 years (Figure 2D).53,54

A retrospective study conducted from 1988 to 2017 of 216

patients with confirmed stage IV sarcoidosis and a median
follow-up period of 8 years demonstrated that fibrosis involving
greater than 20% of the lung parenchyma was associated with a
median of 8 years for transplant-free survival compared with

Figure 2. Scadding Stages I and II of Sarcoidosis

D
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A, stage I: posterior anterior chest
radiographic showing bilateral hilar
lymphadenopathy with clear lung
fields. B, lateral view showing
prominent hilar lymphadenopathy.
C, stage II: posterior anterior chest
radiographic showing bilateral hilar
lymphadenopathy and bilateral
pulmonary infiltrates (right >left).
D, computed tomographic scan from
same patient showing multiple
densely calcified lymph nodes.

Figure 3. High-Resolution Computed Tomographic Scan of Patients With Sarcoidosis
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A-D, innumerable sarcoid nodules studding the interlobar fissures and
bronchovascular bundles and coalescing with the architectural distortion of the
lobar airways. E-G, extensive focal consolidation and innumerable nodules

tracking along the bronchovascular bundles, septal lines, and interlobar fissures
predominantly in the upper lobe. These patterns are characteristic of
sarcoidosis.
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17 years for those with fibrosis involving less than or equal to 20%
of the lung parenchyma.55

In a retrospective study of 43 patients with newly diagnosed
sarcoidosis, those with diffuse parenchymal disease on 18-F fluoro-
deoxyglucose positron emission tomography (FDG-PET) had dete-
rioration measured by pulmonary function tests over 1 year if they
were untreated (a decrease in FVC from 89% to 88%; FEV1 stayed
the same at 87%; and a decrease in DLCO from 81% to 73%),
whereas patients treated with steroids had significant improve-
ment (an increase in FVC from 80% to 92%; an increase in FEV1

from 72% to 82%; and an increase in DLCO from 65% to 72%).56

Similar results were found when CT was added to FDG-PET
(FDG-PET/CT).57 However, there is no clinical trial evidence demon-
strating that obtaining high-resolution CT, FDG-PET, or FDG-
PET/CT improves patient outcomes.

Prognosis and Clinical Course of Sarcoidosis
Longitudinal studies with sample sizes of 215 to 1774 have reported
that patients with sarcoidosis who present with erythema nodo-
sum, Lofgren syndrome, stage I disease, improvement in disease,
or resolution of disease have a favorable prognosis over follow-up
periods ranging from 2 years to 13.6 years.2,58-60 More extensive lung
involvement, extrapulmonary organ involvement (ie, chronic cuta-
neous sarcoidosis, bone involvement, or multiorgan involvement),
lower family income, Black race, and need for treatment were as-
sociated with poorer prognosis.2,5,38,58-61 Patients classified as low
income included higher proportions of Black individuals, females,
those who lacked education beyond high school, those who had pub-
lic health insurance or were without health insurance, and those who
reported problems obtaining medications, barriers to care, or who
had missed at least 1 medical appointment within the past 6
months.61 Low socioeconomic status was associated with worsen-
ing sarcoidosis even after controlling for race, sex, and education.61

Mortality rates due to sarcoidosis are higher than the general
population. A US study that did not take socioeconomic factors into
consideration demonstrated higher sarcoidosis-related mortality in
Black individuals (females: 10 deaths per 1 million individuals; males:
3 deaths per 1 million individuals) than for White individuals (1 death
per 1 million individuals).5 In a case-control study using a health care
database and involving 1019 patients with sarcoidosis and 4076

people without sarcoidosis in the UK, mortality at 5-year follow-up
was 7% in those with sarcoidosis compared with 4% among age- and
sex-matched controls without sarcoidosis.6

In a large observational cohort study7 from Sweden that in-
cluded 8207 patients with sarcoidosis and 81 119 people matched
for age and sex from the general population, a diagnosis of sarcoid-
osis was associated with a mortality rate of 11 per 1000 person-
years with a median of 5.9 years of follow-up compared with a mor-
tality rate of 6.7 per 1000 person-years over the same period in
people without sarcoidosis. The higher mortality rate in patients with
sarcoidosis who required treatment within 3 months of diagnosis
suggests that patients with symptomatic sarcoidosis may be at high-
est risk of mortality.7

In a cohort of 1090 patients with sarcoidosis who were fol-
lowed up for 17 years, there were 41 deaths, of which 28 (68%) were
due to sarcoidosis, primarily from advanced pulmonary disease.62

In another study of 479 patients with sarcoidosis followed up for 7
years, 22 died (5%).63 In this cohort, 13 of the deaths (59%) were
due to respiratory failure from pulmonary sarcoidosis.63 By con-
trast, in Japan, 77% of deaths among 194 patients with sarcoidosis
were attributed to cardiac involvement.64 The differences in prog-
nosis for patients with sarcoidosis in these studies may be related
to heterogeneity in length of follow-up and geography.

Prognosis of Pulmonary Sarcoidosis
Among patients with pulmonary sarcoidosis, the Scadding radio-
graphic stages (0 to IV) are associated with prognosis (Table 1). Five
longitudinal studies of patients with pulmonary sarcoidosis from the
US (244 patients followed up for a mean of 5 years), the UK (818 pa-
tients followed up for 2 years), Denmark (210 patients followed up
for between 1 and 10 years), France (142 patients followed up for a
mean of 7 years), and Sweden (505 patients followed up for be-
tween 1 and 15 years) reported rates of radiographic resolution of
49% to 82% for stage I, 31% to 68% for stage II, 10% to 38% for
stage III, and 0% for stage IV (Table 1).15,38-41

Geographic differences in prognosis have been identified. For
example, a study of 437 patients with pulmonary sarcoidosis from
Finland and 457 patients from Japan who were followed up for 5
years reported findings from the chest radiograph normalized within
1 year in 46% of the patients from Japan vs 16% of the patients from

Figure 4. High-Resolution Computed Tomographic Scan of a Patient With Sarcoidosis

A B C

Far advanced pulmonary sarcoidosis with significant architectural distortion resulting in bilateral, large cysts in the upper lobe, septal thickening, and bronchiectasis
along with honeycomb changes in the lower lobe.
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Finland.65 A US study of 337 patients with pulmonary sarcoidosis fol-
lowed up for a mean of 9 years reported sustained remission rates
of 50% in White individuals and 20% in Black individuals.66 Three
studies of 615 patients reported that approximately 75% to 85% of
spontaneous remission occurs within 2 years of presentation.40,67,68

The Scadding radiographic stages are also associated with mor-
tality. Over a period of 1 to 15 years, mortality rates in patients with
pulmonary sarcoidosis were 0% to 9% for patients with Scadding
stage I, 5% to 11% for stage II, 12% to 18% for stage III, and 16% to
17% for stage IV (Table 1).39-42 Pulmonary sarcoidosis can progress
to higher stages over time.15,59,60,69 No randomized clinical trials have
shown that regular chest radiographs and pulmonary function tests
improve outcomes, compared with lack of this testing, in people with
sarcoidosis. However, guidelines suggest long-term follow-up with
chest radiographs and pulmonary function tests to identify progres-
sive disease that may respond to appropriate therapy.29,69-71

Pulmonary Artery Hypertension in Sarcoidosis
Pulmonary hypertension may be postcapillary (a result of an in-
crease in pulmonary venous pressure in patients with left-sided heart
diseases) or precapillary (caused by pulmonary vascular remodel-
ing leading to increased pulmonary vascular resistance). Differen-
tiation between these 2 conditions is based on whether pulmonary
artery wedge pressure or left ventricular end-diastolic pressure is
elevated by greater than 15 mm Hg. Precapillary pulmonary hyper-
tension may occur in patients with sarcoidosis, especially if there is
advanced fibrotic and cystic lung parenchymal involvement.72

In patients with pulmonary sarcoidosis, precapillary pulmonary
hypertension may present with symptoms of exertional chest pain
and syncope and signs of prominent P2 or S4 heart sounds. In a US
single-center study of 95 patients (76% were female and 86%
with Black race) diagnosed with sarcoidosis-associated pulmonary
hypertension by right-sided heart catheterization, the presence of
precapillary pulmonary hypertension was most common in
patients with Scadding radiographic stage IV disease.73 Specifically,
precapillary pulmonary hypertension diagnosis by disease stage
was 5% for stage 0, 6% for stage I, 13% for stage II, 5% for stage III,
and 70% for stage IV.73 However, this study was limited by the
fact that some of the patients may have had heart failure with
preserved ejection fraction, resulting in an overestimation of pre-
capillary pulmonary hypertension, especially in patients with
stage 0 to III disease.

Precapillary pulmonary hypertension in sarcoidosis is associ-
ated with poorer survival. For example, patients with sarcoidosis and
precapillary pulmonary hypertension had a 5-year survival rate of
59% compared with 95% for those with sarcoidosis without pre-
capillary pulmonary hypertension.74 In an international registry of
159 patients with sarcoidosis-associated precapillary pulmonary hy-
pertension who were followed up for a mean of 2.5 years, the 5-year
transplant-free survival was 62%.75 A study of 452 patients with sar-
coidosis and follow-up of 8 to 15 years reported that of 29 people
with precapillary pulmonary hypertension, 11 died (38%), whereas
among 96 people without precapillary pulmonary hypertension, only
27 died (28%).42

Guidelines from the American Thoracic Society recommend
using transthoracic echocardiography to evaluate pulmonary ar-

tery pressures when pulmonary hypertension is suspected in pa-
tients with sarcoidosis.49,71 When the results of the transthoracic
echocardiogram suggest pulmonary hypertension, a heart catheter-
ization should be performed to assess whether precapillary pulmo-
nary hypertension is present and to assess response to vasodilator
testing.49,71 No definitive phase 3 clinical trials have studied drugs
(such as phosphodiesterase inhibitors, endothelin receptor antago-
nists, and prostacyclin analogues) to treat precapillary pulmonary
hypertension in patients with pulmonary sarcoidosis.

Treatment of Pulmonary Sarcoidosis
Oral glucocorticoids are the primary therapy for pulmonary sarcoid-
osis (Table 2). A clinical trial in which 189 patients with pulmonary
sarcoidosis were randomized to either 3 months of oral glucocorti-
coids followed by inhaled budesonide or 15 months of placebo
showed that patients with stage II to IV disease had significant im-
provements in FVC (4.48 L at baseline, 4.83 L at 18 months, and
4.70 L at 5 years) compared with placebo (4.07 L at baseline,
3.93 L at 18 months, and 4.10 L at 5 years) (P < .05 for both time
points).76 With treatment, DLCO also significantly improved
(9.17 mL/min/mm Hg at baseline, 10.05 mL/min/mm Hg at 18 months,
and 9.73 mL/min/mm Hg at 5 years) compared with placebo
(8.65 mL/min/mm Hg at baseline, 8.50 mL/min/mm Hg at 18 months,
and 8.45 mL/min/mm Hg at 5 years).76

Because of the potential for spontaneous improvement,
another study with 149 patients with pulmonary sarcoidosis
included a 6-month lead-in observation period during which 33 of
149 patients (22%) required oral glucocorticoids because of
deterioration.77 Of the 149 patients, 58 (39%) had spontaneous
improvement and 58 (39%) had persistent disease stage II or
higher at 6-month follow up.77 Of the 58 patients with persistent
disease at 6-month follow-up, 27 (47%) were randomized to oral
glucocorticoids as their initial treatment and 31 (53%) were ran-
domized to treatment with oral glucocorticoids only for symptom
or functional decline. Only 6 of these 31 patients received sympto-
matic treatment. After 5 years, the initial treatment group had an
increase in the percentage predicted for FEV1 (from 86.7% at base-
line to 96.3% after 5 years, which is a positive change of 9.5%) and
an increase in the percentage predicted for FVC (from 88.5% at
baseline to 98.9%, which is a positive change of 10.4%). In con-
trast, the group with treatment only for symptoms had an increase
in the percentage predicted for FEV1 (from 84.0% at baseline to
86.5% after 5 years, which is a positive change of 2.5%) and an
increase in the percentage predicted for FVC (from 89.1% at base-
line to 91.7%, which is a positive change of 2.6%). Overall, this trial
demonstrated significant improvement in lung function (measured
by percentages of FEV1 and FVC) for patients with pulmonary sar-
coidosis and infiltrates on chest radiograph that persisted for 6
months when they were initially treated with oral glucocorticoids
compared with the patients only treated for symptoms.

A clinical trial of 90 patients (37 with Scadding radio-
graphic stage I disease and 46 with stage II to III disease) random-
ized to either oral glucocorticoids (15 mg/d) or placebo demon-
strated no significant difference in radiographic improvement at
3-month follow-up for patients with stage I disease (59% with glu-
cocorticoids vs 35% with placebo) and significant radiological
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improvement for patients with stage II to III disease (53% with glu-
cocorticoids vs 17% with placebo).78 Current guidelines state that
patients with stage I disease should not receive oral glucocorticoids
for treatment of sarcoidosis.29,69,79 However, patients with stage II
to III disease who have symptoms of significant cough, shortness of
breath, or dyspnea on exertion experienced an improvement in
chest radiograph findings and in symptoms when treated with oral
glucocorticoids.29,69,79 Among patients with stage IV disease, oral
glucocorticoids are indicated only when the high-resolution CT
scan demonstrates a significant amount of ground glass opacities
and an infection has been excluded.

Azathioprine and methotrexate are second-line therapies for
pulmonary sarcoidosis and can be prescribed for patients with pul-
monary sarcoidosis who are unable to reduce their prednisone
dose to less than 10 mg/d. A retrospective, multicenter, European
study without a control group compared 145 patients treated with
methotrexate vs 55 patients treated with azathioprine for the out-
come of prednisone tapering and adverse effects over a 2-year
follow-up period.80 Both drugs were associated with lower doses
of prednisone by 6 mg per year. However, patients treated with
azathioprine had a higher rate of infections (35%; primarily upper
respiratory tract infections) compared with those treated with
methotrexate (18%).80 This study80 had significant limitations,

including that the patients treated with azathioprine were at a dif-
ferent institution from those treated with methotrexate. Guidelines
indicate that both methotrexate and azathioprine can reduce oral
glucocorticoid use.29,69-71

Additional third-line therapies include mycophenolate mofetil,
leflunomide, and anti–tumor necrosis factor agents. In small retro-
spective studies without a control group, prescriptions for myco-
phenolate mofetil and leflunomide were associated with lower doses
of glucocorticoids for sarcoidosis.81-83 In a phase 2, multicenter, ran-
domized clinical trial involving 138 patients with sarcoidosis, the anti–
tumor necrosis factor agent infliximab (3-5 mg/kg) increased the
percentage predicted of FVC by 2.5% from baseline to week 24 com-
pared with placebo.84 No clinical trials are available to establish
greater efficacy of one drug compared with another drug for the out-
come of improving radiographic infiltrates and FVC, which are of-
ten the primary end points in studies of pulmonary sarcoidosis.

Patients with pulmonary sarcoidosis may develop pulmonary
fibroproliferation, which is a progressive fibrotic interstitial
lung disease.85 Nintedanib inhibits tyrosine kinase receptors that
block growth factors such as platelet-derived growth factor and
fibroblast growth factor. The double-blind, placebo-controlled,
phase 3 INBUILD trial86 demonstrated that patients with progres-
sive fibrotic interstitial lung disease (including individuals with

Table 2. Therapies for Pulmonary Sarcoidosis

Therapy Mechanism Indications Dose Adverse effects
Efficacy
gradea

Oral glucocorticoids Anti-inflammatory Patients with stage II to III disease
with symptoms (cough, dyspnea) or
stage IV disease with significant
ground glass on radiography and
ruled out for infection.

20-40 mg/d for 2-6
wk and then tapered
over 6 to 18 mo

Alterations in weight and
mood, risk for cataracts,
glaucoma, osteopenia,
osteoporosis, and infections
(eg, herpes zoster).

1A

Azathioprine An inhibitor of purine
metabolism that
predominately effects
lymphocytes and
mononuclear phagocytes.

Recommended for patients not
responsive to prednisone, for those
who have an adverse reaction to
prednisone, or to facilitate use of
lower prednisone doses.
Azathioprine may be associated with
higher rates of infection than
methotrexate.

50-200 mg/d Hepatotoxicity, bone marrow
suppression, hypersensitivity
reaction, gastrointestinal
upset, and infections. When
combined with prednisone, the
patient is at risk for
Pneumocystis jiroveci and
herpes zoster.

2B

Methotrexate A folic acid antagonist that
inhibits purine and
pyrimidine metabolism as
well as polyamine and amino
acid synthesis that effects
multiple leukocyte
subpopulations.

Recommended for patients not
responsive to prednisone, for those
who have an adverse reaction to
prednisone, or to facilitate use of
lower prednisone doses.

5-25 mg/wk Hepatotoxicity, bone marrow
suppression, gastrointestinal
upset, pneumonitis, and
infections. When combined
with prednisone, the patient is
at risk for P jiroveci and herpes
zoster. The patient will need to
take folic acid.

1B

Mycophenolate
mofetil

Inhibits purine nucleotide
synthesis predominately in
lymphocytes.

Recommended for patients not
responsive to prednisone, for those
who have an adverse reaction to
prednisone, or to facilitate use of
lower prednisone doses.

500-3000 mg/d Hepatotoxicity, bone marrow
suppression, gastrointestinal
upset, and infections. When
combined with prednisone, the
patient is at risk for P jiroveci
and herpes zoster.

2C

Leflunomide Dihydroorotate
dehydrogenase inhibitor that
predominately inhibits
dividing lymphocytes.

Recommended for patients not
responsive to prednisone, for those
who have an adverse reaction to
prednisone, or to facilitate use of
lower prednisone doses.

10-20 mg/d Hepatotoxicity, bone marrow
suppression, gastrointestinal
upset, neuropathy,
pneumonitis, and infections.

2B

Anti–tumor necrosis
factor agents

Neutralization of tumor
necrosis factor α.

Recommended for patients not
responsive to prednisone, for those
who have an adverse reaction to
prednisone, or to facilitate use of
lower prednisone doses.

Infliximab: 3-5 mg/kg
intravenously at time
0, 2 wk, and then
every 4-8 wk

Injection site reaction,
activation of tuberculosis,
demyelination syndrome,
malignancy, and
sarcoidosis-like reactions.

1A

Adalimumab: 40 mg
subcutaneously every
1-2 wk

2B

a Grade A defined as having evidence from 1 or more randomized clinical trials
with positive results and from 1 or more case series supporting the results;
B, evidence from most case series showing positive results; and C, evidence

from case series with mixed reports of effectiveness or a small number of case
reports. One indicates a strong recommendation. Two indicates a weak
recommendation.
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pulmonary fibrosis due to sarcoidosis) treated with nintedanib sig-
nificantly improved the adjusted rate of decline in FVC (by 81 mL/y
compared with 188 mL/y for placebo) over a 52-week follow-up
period. Other medications that may be prescribed for pulmonary
sarcoidosis include hydroxychloroquine, pentoxifylline, and reposi-
tory corticotropin, all of which require further study in larger clinical
trials to establish benefit.

Oral glucocorticoids typically improve radiographic infiltrates
with or without lung function improvement within 4 to 12 weeks.
Oral glucocorticoids are indicated for patients who are sympto-
matic (significant cough, shortness of breath, dyspnea on exer-
tion), have stage II to III disease, or have progressive pulmonary sar-
coidosis, which is measured by radiographic changes of progression
or reductions in pulmonary function test results.29,69-71 Oral gluco-
corticoid treatment is unlikely to benefit patients with stage IV dis-
ease due to advanced pulmonary fibrosis.70 A typical initial dose of
prednisone or its equivalent is 20 mg/d to 40 mg/d for 2 to 6 weeks
and is then followed by decrements between 2.5 mg/d and 10 mg/d
monthly until the steroid is discontinued.70 However, some pa-
tients may require prednisone dosing of 5 mg/d to 10 mg/d or ev-
ery other day to maintain remission.

Guidelines suggest patients with pulmonary sarcoidosis should
be followed up with repeat spirometry, DLCO, and chest radiogra-
phy every 3 to 12 months to ensure remission.29,69-71 If pulmonary
symptoms, chest radiograph, and pulmonary function test results
are worsening or if the dose of prednisone cannot be tapered to less
than 10 mg/d due to pulmonary symptoms, declining lung func-
tion, or intolerance to glucocorticoids, the addition of methotrex-
ate, azathioprine, or an anti–tumor necrosis factor agent is
recommended.29,69-71 Patients receiving oral glucocorticoids at

a dose equivalent to 20 mg/d or greater of prednisone for 1 month
or longer with a comorbidity that makes them additionally immu-
nocompromised (ie, those taking a second immunosuppressive drug)
should receive prophylaxis with sulfamethoxazole and trimetho-
prim against Pneumocystis jiroveci and with acyclovir against her-
pes zoster. Lung transplant should be considered for patients with
end-stage pulmonary sarcoidosis refractory to medical therapy.87

Limitations
This review has several limitations. First, some relevant studies may
have been missed. Second, no formal quality assessment of the in-
cluded studies was performed. Third, the information in this re-
view is limited by available evidence, and in some instances the guide-
line recommendations were not supported by randomized clinical
trial evidence. Fourth, the review was limited to evidence pub-
lished in English.

Conclusions
Sarcoidosis has a mortality rate of approximately 7% within a
5-year follow-up period. More than 10% of patients with pulmo-
nary sarcoidosis develop progressive disease and more than 60%
of deaths are due to advanced pulmonary sarcoidosis. Oral gluco-
corticoids with or without another immunosuppressive agent are
the first-line therapy for symptomatic patients with abnormal pul-
monary function test results and lung infiltrates. Patients with sar-
coidosis and precapillary pulmonary hypertension should be
treated with therapies such as phosphodiesterase inhibitors and
prostacyclin analogues.
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