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Abstract

Sarcoidosis is a systemic granulomatous disease with an intrathoracic involvement in 
about 90% of the cases. Self-limited disease is the most common presentation; however, 
10-20% of these patients may progress to fibrotic forms, so-called advanced pulmonary 
sarcoidosis or end-stage sarcoidosis. Recognition of this phenotype is important as it car-
ries a poor prognosis and a limited response to treatment.
Clinical manifestations of fibrotic sarcoidosis include common symptoms like dyspnea 
and chronic cough. Radiologically, typical fibrotic patterns include bronchial distortion, 
honeycomb and diffuse linear fibrosis. Unlike non-fibrotic sarcoidosis, aspergillus, bron-
chiectasis-related bacterial infections, venous thromboembolic disease and pulmonary 
hypertension are complications most commonly associated with this fibrotic stage.
Resistance to usual treatments is a known feature, but recent evidence shows that anti-
fibrotic agents such as Nintedanib may have a role to slow pulmonary function deterio-
ration. In the absence of active disease, referral for lung transplant evaluation is recom-
mended. (BRN Rev. 2021;7(2):125-36)
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INTRODUCTION

Sarcoidosis is a systemic granulomatous dis-
ease of unknown cause that predominantly 
affects young and middle-aged adults. The 
prevalence varies widely depending on the 
region of the world. For example, in Sweden 
the reported prevalence is 140-160 per 100,0001 
while in Asian countries, such as South Ko-
rea, Taiwan and Japan, it is only 1-5 per 
100,0002. Scandinavian countries, and in par-
ticular Sweden, report higher incidence rates 
(11.5 per 100,000)1, although this is similar to 
the white population in the United States, 
with an incidence of 10 per 100,000; rates in 
African-Americans are, however, as much as 
3-4 times higher3.

While the etiology of sarcoidosis remains un-
known, exposure to different environmental/
infectious factors in the genetically predis-
posed individual are likely to associate with 
different individual susceptibility, patterns of 
disease and risk of progression4–6. This was 
specifically evaluated in the  A Case Control 
Etiologic Study of Sarcoidosis (ACCESS) study 
study7, a case-control study of about 700 sar-
coidosis patients in which the association of 
sarcoidosis with different occupational and 
environmental factors was extensively evalu-
ated. Positive associations were found with 
insecticides, microbial bioaerosols and agri-
culture, although the study did not identify a 
single predominant cause of sarcoidosis.

Pulmonary disease

Sarcoidosis can affect almost any organ in the 
body; however, intrathoracic involvement is 
seen in more than 90% of the patients8. The 

presentation may vary from a radiographic 
abnormality detected in an asymptomatic in-
dividual to a progressive pulmonary disorder 
causing lung fibrosis and respiratory failure9. 
The most common presentation is bilateral 
hilar and mediastinal adenopathy with or 
without pulmonary parenchymal opacities. 
The majority of patients have a self-limiting 
disease but between 10-20% of pulmonary 
sarcoidosis patients may progress and devel-
op significantfibrosis10,11. It is important to 
identify and understand this phenotype be-
cause of its poorer prognosis, complication 
risks and resistance to usual treatments.

When referring to pulmonary fibrosis in the 
context of sarcoidosis, one finds different ter-
minology including “Stage IV sarcoidosis”, “end-
stage sarcoidosis”, “chronic sarcoidosis” or “ad-
vanced pulmonary sarcoidosis (APS)”7,11–13. All of 
these define pulmonary fibrosis as the cor-
nerstone of disease, and they are used inter-
changeably in this text.

Pathologic mechanisms

The specific reason why granulomatous in-
flammation progresses to fibrosis in a sub-
group of patients is not fully understood. It 
has been proposed that fibrosis might be trig-
gered early in the disease by profibrotic in-
flammatory events or by an inherent predis-
position to fibrosis. In the same way, it has 
been hypothesized that fibrosis might devel-
op as a wound-healing response to uncon-
trolled chronic inflammation13,14. Various fi-
brotic pathways have been proposed for the 
development of sarcoidosis-associated fibro-
sis, such as the implication of transforming 
growth factor-beta (TGF-β), cytokines such as 
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interleukin (IL)-4, IL13, IL1-β, IL-17A and in-
terferon-gamma (IFN-γ), the transition from a 
T-helper-1 (Th1) to T-helper-2 (Th2) signature 
and the up-regulation of profibrotic genes10,13. 
Alveolar macrophages are also considered im-
portant in the development of such fibrosis. 
In a model of skin foreign body granuloma 
for instance, newer evidence suggests that vas-
cular endothelial growth factor-A (VEGF-A) 
secreted by macrophages induces angiogene-
sis facilitating fibroblasts recruitment to the 
granuloma. Additionally, macrophages secrete 
CXCL13 which indeed attracts fibrosing pro-
moting B-cells15. Along with these interesting 
observations, our group has recently found 
that B-cells activated by infectious antigens 
induced fibroblast migration and activation 
via IL-6 and VEGF-A pathways16. Mammalian 
target of rapamycin (mTOR) activation is also 
likely to play a major role in the formation and 
maintenance of granulomas through its likely 
contribution to cytokine regulation17. Our own 
data in B-cells suggest that inhibition of mTOR 
leads to a decrease in IL-6 and VEGF-A result-
ing in a decrease in fibroblasts migration and 
activation. These are in vitro studies and while 
they do provide some insights into the basic 
mechanisms of fibrosis, further investigations 
are necessary in animals models of disease. 

Clinical manifestations

The most common clinical manifestations of 
patients with APS are dyspnea and chronic 
cough, similar to non-fibrotic sarcoidosis. Oth-
er clinical symptoms of end-stage sarcoidosis 
are chronic purulent sputum production and 
hemoptysis and they are suggestive of bronchi-
ectasis or superimposed infection12,18. On exam, 
crackles are found in about 30% of patients. 

Notably, patients with end-stage sarcoidosis 
might also have wheezing, mainly attributed 
to airway-centered fibrosis and bronchial hy-
perreactivity. Other rare clinical features are 
the presence of digital clubbing and skin man-
ifestations. 

APS is usually recognized within an average 
time of six years from the time of diagnosis. 
The mean age of patients is nearly in the 5th 
decade18.

Radiographic features

Thoracic images of patients with APS usual-
ly reveal classic fibrotic findings. Volume 
loss and architectural distortion from exten-
sive fibrosis are easily recognized on chest 
radiographs (CXR). However, poor sensitivi-
ty and poor inter-observer agreement on ra-
diographic staging make the use of high-res-
olution computer tomography (HRCT) scans 
preferable19,20.

HRCT scans may be useful in distinguishing 
active inflammation from irreversible fibrosis 
in patients with CXR stage 2 or 321.

Fibrotic changes predominantly involve mid-
dle and upper lung zones. Bilateral lower lobe 
subpleural honeycombing such as idiopathic 
pulmonary fibrosis (IPF) can occur, which is 
uncommon however22. Abehsera et al.23 de-
scribed the main chest CT findings in 80 pa-
tients with stage IV sarcoidosis24. Bronchial 
distortion, fissure displacement, agglomerated 
nodular fibrosis suggesting masses, linear scar-
ring, traction bronchiectasis, cysts and honey-
combing were among the most common find-
ings. Unlike the usual and well-established 
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findings of IPF, they described three specific 
CT patterns in APS fibrotic disease: the most 
common was the bronchial distortion pattern, 
which predominantly presented with defor-
mation and displacement of the central air-
ways (Fig. 1); the honeycomb pattern, predom-
inantly peripheral and often in the upper zones 
(Fig. 2) and the diffuse linear fibrosis pattern 
characterized by septal reticulation with dis-
torted linear opacities of irregular thickness, 
mainly in the periphery (Fig. 3)23. 

Beyond the CT findings of the late phase of 
APS, it is important to recognize early radio-
logic features which might alert clinicians to 
the increased risk of progressing to a fibrotic 
phenotype. Akira et al.25 specifically found 
that conglomeration of nodules into large nod-
ules or masses evolved into bronchial distor-
tion and ground glass opacities and consoli-
dations often evolved into honeycombing25. 
In sarcoidosis, however, honeycombing is of-
ten used to describe large and more central 
cysts, described as fibrocystic sarcoidosis13. 

These features are consistent with the loss of 
terminal airway segments and suggest that 
the pathophysiology extends beyond alveolar 
interstitial damage20. However, whether these 
specific parenchymal features can predict the 
development of fibrosis is not yet known.

In addition to CXR and HRCT imaging, over the 
last decade, there has also been an increasing 
interest in using 18-2-fluoro-2-deoxy-D-glucose 

Figure 1. Bronchial distortion pattern with central traction 
bronchiectasis. White arrows show central traction 
bronchiectasis. 

Figure 3. Diffuse linear fibrosis pattern. Arrows show distorted 
linear opacities of irregular thickness.

Figure 2. Diffuse honeycomb pattern. Arrows show large cysts 
distributed in both upper and lower lobes.
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positron emission tomography (FDG-PET) to 
evaluate disease activity. 

Inflammatory cell activity in sarcoid granu-
lomas results in hypermetabolic lesions due 
to the increase in FDG uptake. Although hy-
permetabolic lesions are nonspecific of sarcoid-
osis and may resemble those seen in lymphop-
roliferative diseases or metastatic neoplasms22 
FDG-PET can facilitate the identification of 
sites amenable to biopsy at the time of diag-
nosis. It also permits identification of extra-
thoracic involvement and evaluation of treat-
ment response22,26.  

In patients with a fibrotic phenotype, the use 
of FDG-PET to assess disease activity is how-
ever contradictory. In a retrospective series of 
95 patients, Mostard et al.27 found pulmonary 
positive FDG-PET scans in 56 patients (59%), 
26 of them with fibrotic features. Of those 
with fibrotic features, 22 (85%) had positive 
pulmonary FDG-PET findings. These results 

differ from a larger retrospective study28, in 
which fibrotic sarcoidosis had a lower rate of 
FDG-PET positivity (Fig. 4). Only 2 of 22 pa-
tients with stage IV disease had increased 
pulmonary FDG-PET uptake.

Pulmonary function

In APS patients, pulmonary function tests 
(PFT) reveal a restrictive pattern with de-
creased forced vital capacity (FVC) in almost 
two-thirds of the patients although a minori-
ty have an obstructive pattern. Reduced dif-
fusing capacity of carbon monoxide (DLCO) 
was common in almost all patients18,19. The 
degree of pulmonary function decline over-
time is not clearly established for fibrotic pul-
monary sarcoidosis. Moreover, the correlation 
between CT scan progression and worsening 
PFT remains unclear as only moderate agree-
ment has been found between progression on 
CT scans and PFT trends29,30.

Figure 4. (A) HRCT image of a fibrotic pattern with diffuse honeycomb in the lower lobes. (B) Corresponding FDG-PET image with no FDG 
uptake within the areas of lung fibrosis. Physiologic FDG uptake is observed in the heart. 
FDG-PET: fluorodeoxyglucose-positron emission tomography; HRCT: high-resolution computer tomography. 

A B

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

20
21



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

130

BRN Rev. 2021;7(2)

Histopathology

Fibrosis in sarcoidosis appears to start in and 
extend from areas of granulomas and active 
inflammation. As fibrosis progresses it is not 
unusual to observe only a few or even no 
remaining granulomas10. Fibrosis along bron-
cho-vascular tracks results in bronchial distor-
tion and large fibrocystic areas as well as inter-
lobular septal fibrosis and linear scarring31. 

In general, the histological features of fibrotic 
sarcoidosis are distinctly different from usual 
interstitial pneumonia (UIP). While fibroblas-
tic foci may be present in fibrotic sarcoidosis, 
fibroblast foci in transition zones and other 
features of UIP, such as bronchiolar honey-
combing, are rarely seen. In some series of 
explanted lungs, however, findings indistin-
guishable from the UIP pattern, overlapping 
features of sarcoidosis and UIP, or UIP alone 
have been found32–34 but these may represent 
the very late stages of burnt-out fibrosis. It is, 
therefore, reasonable to include a UIP pattern 
as a potential manifestation of sarcoidosis, 
just as it is in other fibrotic lung diseases such 
as hypersensitivity pneumonitis and intersti-
tial lung diseases associated with connective 
tissue disease. Further studies are needed to 
improve our understanding of tissue fibrosis 
and in particular the correlation of histo-
pathological features with imaging studies10.

Complications

APS may present with several complications. 
Most of them are secondary to the fibrotic pro-
cess, such as parenchymal restriction, bron-
chial stenosis, bronchiectasis, pneumothorax 
and pleural thickening. Aspergillus infections, 

both invasive and aspergillomas in cavities, 
bronchiectasis-related bacterial infections, ve-
nous thromboembolic disease and sarcoid-
osis associated pulmonary hypertension are 
also commonly seen in advanced disease20. 

Of these, our review will focus on sarcoid-
osis-associated pulmonary hypertension and 
aspergillus infection, as they have the great-
est impact on the mortality and prognosis of 
these patients.

Sarcoidosis-associated 
pulmonary hypertension (SAPH)

The incidence of SAPH is about 5%, although 
with the newly updated definition of pul-
monary hypertension (mean pulmonary ar-
tery pressure [mPAP] > 20mmHg)35 the ac-
tual incidence would even be higher. SAPH 
is allocated into group 5s of the updated 
pulmonary hypertension classification, which 
means the precise origin is unclear and mul-
tifactorial.

Several mechanisms are therefore implicated 
in the development of SAPH. For instance, 
SAPH can be present in the context of pul-
monary venous hypertension from subjacent 
cardiac sarcoidosis or from heart disease un-
related to sarcoidosis. As sarcoidosis patients 
are at a relatively higher risk of pulmonary 
embolism, SAPH can also be seen in the set-
ting of chronic thromboembolic disease. In 
some patients, the pulmonary vasculature is 
directly affected by either the granuloma-
tous inflammatory process itself or by com-
pression from enlarged mediastinal lymph 
nodes. Finally, and the most accepted hy-
pothesis, is by pulmonary fibrosis causing 
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distortion of the pulmonary vasculature as 
well as through accompanying hypoxia like 
other fibrotic interstitial lung diseases. This 
mechanism belongs to group 3 of the classi-
fication and is a pre-capillary form of pul-
monary hypertension13,36.

The main clinical manifestations of SAPH are 
exertional dyspnea, chest pain, and syncope. It 
is recommended to assess for pulmonary hy-
pertension in patients with dyspnea out of pro-
portion to underlying lung disease, or when 
a reduction in the DLCO is disproportionate 
to reductions in other pulmonary function 
indices. 

The echocardiogram is the initial test for 
evaluation, although right heart catheteriza-
tion is the gold standard method of diagnos-
ing this condition20,36.

SAPH creates a seven-fold increase in mortal-
ity in sarcoidosis, compared with sarcoidosis 
without this condition. Pulmonary hyperten-
sion and disease treatment studies still reflect 
conflicting data about efficacy. 

Corticosteroids and other immunosuppres-
sive therapies are used frequently; however, 
the indications for these in SAPH are unclear 
as there is no obvious demonstrable therapeu-
tic hemodynamic benefit from their use. Sys-
temic pulmonary vasodilators may lead to 
worsening hypoxemia because of the inhibi-
tion of hypoxic pulmonary vasoconstriction 
and worsening of ventilation and perfusion 
(V/Q) mismatch and shunting. Also, there is 
no clear convincing data with respect to en-
dothelin receptor antagonists (bosentan, mac-
itentan), phosphodiesterase 5 inhibitors (sildel-
nafil or tadalafil) or soluble guanylate cyclase 

stimulators (riociguat)36–40. Parenteral prosta-
cyclin (intravenous epoprostenol or subcuta-
neous Treprostinil) however, showed a signif-
icant long-term clinical and hemodynamic 
improvement as monotherapy or in combi-
nation with other pulmonary hypertension 
therapies, without worsening V/Q mismatch, 
in a retrospective analysis of severe SAPH 
patients41. Combination medical therapy in 
an experienced center may be a valid option, 
despite only small and retrospective series 
supporting it. 

Other options, like balloon pulmonary angio-
plasty (BPA) and stenting of pulmonary vas-
culature, to treat extrinsic compression due to 
mediastinal fibrosis, might be useful in se-
lected patients36. 

Lung transplantation is a reasonable thera-
peutic consideration for end-stage sarcoidosis 
and SAPH in the absence of contraindications 
due to severe extra-pulmonary sarcoidosis or 
comorbidities. SAPH with severe lung disease 
and FVC less than 50% responds poorly to 
drugs approved for pulmonary hypertension 
and should be considered for referral for lung 
transplantation42. 

Aspergillus infection

Chronic pulmonary aspergillosis (CPA) com-
plicates fibrocystic sarcoidosis in about 2% of 
the cases. The most common presentation is 
with intracavitary aspergillomas. These are 
mostly found in the upper lobes of sarcoidosis 
patients as that is where fibrocystic disease is 
most common. They often remain clinically 
stable, although hemoptysis, sometimes life-
threatening, is an important complication. 
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Invasive or semi-invasive forms are not usu-
ally seen although sometimes a progressive 
aspergilloma can be difficult to distinguish 
from chronic necrotizing aspergillosis43,44. 

These conditions may be unrecognized and 
increase the risk for poor outcomes, as they 
may be complicated by life-threatening he-
moptysis, wasting syndrome, and/or progres-
sive respiratory insufficiency. They also affect 
considerations for lung transplantation20.

Preexisting cavities are the most common risk 
factor for developing aspergillomas in sar-
coidosis, just as in other chronic pulmonary 
diseases. It is also important to recognize the 
presence of contributory comorbidities com-
monly associated such as diabetes mellitus, 
alcoholism, neoplasms, and use of immuno-
suppressants and systemic corticosteroid ther-
apy43,45.

Identification of simple aspergillomas can 
often be made on imaging. Symptoms like 
weight loss, chronic productive cough, he-
moptysis of variable severity, fatigue, fever, 
night sweats and/or shortness of breath may 
indicate complication or progression. The di-
agnosis is supported by the recovery of fun-
gus from lung lavage or biopsy specimens 
or by repeatedly positive sputum cultures. 
Testing for IgG Aspergillus antibodies in se-
rum is frequently positive as well as the 
presence (1,3)-beta-D-glucan. However, stan-
dardization of the latter is not well estab-
lished for this indication. The erythrocyte 
sedimentation rate and C-reactive protein 
are often quite elevated46. 

Treatment recommendations for pulmonary 
aspergillosis are derived from case reports 

and expert opinion statements47,48. There is no 
consensus on whether and when to treat pa-
tients with non-complicated aspergilloma. 
Observation may be a valid option in asymp-
tomatic patients. The use of oral itraconazole 
and, more recently, voriconazole has been re-
ported, resulting in some improvement in up 
to half to two-thirds of cases, with complete 
resolution of aspergilloma only in occasional 
patients49.

In case of life-threatening bleeding, bronchi-
al artery embolization is indicated. Surgical 
resection may be required in refractory he-
moptysis, although the underlying lung im-
pairment may be too advanced to allow exten-
sive resection. Video-assisted thoracic surgery 
might be an alternative to thoracotomy for 
simple aspergilloma. Poor lung function and 
progressive aspergillosis are associated with 
postoperative hemorrhage, bronchopleural 
fistulas, pleural infection, and prolonged re-
spiratory insufficiency46,47.  

For progressive invasive aspergillosis, the use 
of systemic antifungal therapy can help con-
trol the disease, although a cure is not often 
achieved. The duration of treatment remains 
to be determined but it is generally extended 
to a minimum of six months47. 

Adjuvant antifungal therapy, before and after 
surgery, may have a role in the outcome of 
surgical patients; however, there are no pro-
spective studies available50,51. 

CT-guided intracavitary instillation of am-
photericin or other antifungals are options in 
inoperable situations, although the needed 
large controlled studies are generally not fea-
sible52.
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Treatment of Sarcoidosis

Pharmacological therapy for pulmonary sar-
coidosis can be divided into three main lines. 
Glucocorticoids as the first-line option, im-
munosuppressants as the second line, and 
biologics as the third line53. In table 1, we 
summarize the main currently used drugs, 
their doses and side effects. 

The most important indications for systemic 
treatment in sarcoidosis are the risk of severe 
dysfunction of major organs or unacceptably 
impaired quality of life. Currently approved 
drugs suppress the granulomatous process, 
improve clinical and radiological parameters 
and preserve organ function54. 

Delphi consensus recommendations settled 
oral glucocorticoids as first-line therapy55. Oral 
methotrexate was favored as initial non-bio-
logic therapy in cases of severe disease, inad-
equate response to steroid therapy, the expec-
tation of prolonged and/or high-dose steroid 
therapy and the occurrence of steroid toxicity. 
As a third line, the panel achieved consensus 

on some of the possible indications for adding 
a biologic agent (toxicity, insufficient response, 
and severe or progressive disease), with in-
fliximab as the preferred option while main-
taining a low dose of methotrexate to reduce 
the risk of developing autoantibodies. 

The presence of fibrosis alone, without evi-
dence of inflammatory infiltrates suggesting 
active disease, is not an indication for system-
ic treatment per se53. However, fibrosis may 
coexist with active inflammation, and, in these 
cases, immunosuppression may improve clin-
ical status. Although previously described 
treatments are not known to prevent ongoing 
fibrosis, a reduction in superimposed inflam-
mation may be clinically meaningful20.

The extension of pulmonary fibrosis is asso-
ciated with higher mortality; early identifica-
tion of these patients is important to prevent 
disease progression53. 

In these settings, Walsh et al.56 developed an 
algorithm that integrates the composite phys-
iologic index, the main pulmonary artery 

Table 1. Main immunosuppressive drugs used for pulmonary sarcoidosis.  

Drug Usual dose Side effects

Glucocorticoids 20–40 mg/day Hyperglycemia, weight increase, osteoporosis, hypertension, muscular atrophy.

Methotrexate 5–15 mg/week Teratogenicity, hepatitis, cytopenia, stomatitis, nausea, kidney toxicity, paresthesia.

Azathioprine 50–200 mg/day Nausea, diarrhea, hepatitis, infections, cytopenia.

Leflunomide 10–20 mg/day Teratogenicity, cutaneous eruption, diarrhea, hepatitis,
alopecia, hypertension, neuropathy.

Mycophenolate mofetil 500–3000 mg/day Digestive symptoms, neutropenia, infections.

Hydroxychloroquine 200 mg/day Retinal toxicity. 

Infliximab 3–5 mg/kg week 0–2–6
and 4–8 weeks thereafter

Infection, development of drug antibodies.

Adalimumab 40 mg every 2 weeks Similar to Infliximab.
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diameter to ascending aorta diameter ratio, 
and the extent of fibrosis on CT scan. This 
staging system predicted mortality (hazard 
ratio [HR] 5.89, confidence interval [CI] 2.68–
10.08, p<0.0001) better than any of the individ-
ual variables. 

FDG-PET CT scan may also be a tool to help 
identify active inflammation within fibrotic 
disease and select patients who could still 
potentially respond to anti-inflammatory ther-
apy22. FDG-PET appears especially helpful in 
those persistently symptomatic patients with-
out serological signs of inflammatory activ-
ity and in patients with radiologic signs of 
fibrosis57,58.

For advanced disease, even ‘fourth-line’ treat-
ment options could be considered. Such agents 
include anti-CD20 antibody, anti-Janus Ki-
nase (anti-JAK), IL-6 receptor monoclonal 
antibody, mTOR inhibitors, repository cor-
ticotropin, and antifibrotic agents11. The last 
may be the primary option when pulmo-
nary fibrosis is established, as antifibrotic 
agents may help in preventing clinical de-
terioration.

Nintedanib is a tyrosine-kinase inhibitor that 
has been shown to reduce the rate of progres-
sion of fibrosis in patients with IPF and sys-
temic sclerosis associated-interstitial lung dis-
ease (SSc-ILD)59,60. Recently, the prospective, 
randomized, placebo-controlled Efficacy and 
Safety of Nintedanib in Patients With Pro-
gressive Fibrosing Interstitial Lung Disease 
(INBUILD) trial evaluated the effect of nin-
tedanib in patients with fibrosing ILDs other 
than IPF and showed slowing of ILD pro-
gression as measured by the rate of decline 
in FVC (mL/year), compared with placebo, in 

the overall population (difference of 107.0 ml 
per year, 95% CI, 65.4 to 148.5; p<0.001), with 
adverse events that were like those observed 
in patients with IPF and SSc-ILD61.

A later subgroup analysis of the INBUILD 
trial, which included 12 sarcoidosis patients, 
suggested that nintedanib also reduced the 
rate of ILD progression, again measured by 
FVC decline, in patients who have chronic 
fibrosing disease and progressive pheno-
type, irrespective of the underlying ILD di-
agnosis62. Other antifibrotic agents like pir-
fenidone, are still undergoing clinical trials 
and until data from larger studies is avail-
able, a multidisciplinary discussion to deter-
mine when these drugs should be utilized is 
advised11.

Finally, in the absence of active disease, re-
ferral for lung transplant evaluation should 
be considered53. Lung transplant can be suc-
cessfully performed in patients with sar-
coidosis-induced pulmonary fibrosis, and 
post-transplant survival is similar to other 
fibrotic ILDs. However, appropriate timing 
of referral, comprehensive assessment of po-
tential candidates for lung transplant, place-
ment of patients on the lung transplant 
waiting list, choosing between bilateral ver-
sus single lung transplant, and optimal pre 
and post-transplant management are key to 
successful results for patients with sarcoid-
osis63. Nevertheless, the number of patients 
with pulmonary sarcoidosis that are trans-
planted is low. Taimeh et al.64 described a 
cohort of United States of America (USA) 
lung–only first-time transplants between 
1987 and 2012. Only 695 (3%) from a total of 
20,896 lung transplants were performed in 
pulmonary sarcoidosis patients.
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Recurrence of sarcoid granulomas in trans-
planted lungs is seen in approximately 35% 
of the cases63,65; however, a recent retrospec-
tive European cohort of lung transplantation 
in sarcoidosis found 14% of post-transplant 
recurrence in lung allografts66.

Most recurrences are detected by post-trans-
plant surveillance bronchoscopies in the first 
6-12 months with no affection on the allograft 
function or overall survival67.

Perspectives

Pulmonary fibrosis in sarcoidosis is a condi-
tion with increased mortality which must be 
exhaustively investigated in patients with a 
progressive phenotype. Once fibrosis is estab-
lished, it is not currently reversible, and it 
presents a challenging scenario for clinicians. 
APS can be complicated with other condi-
tions like pulmonary hypertension and fun-
gal infections that require specific algorithms 
of treatment, increasing the risks and com-
plexities of management.

Antifibrotic agents may play an important 
role in reducing the fibrosis progression and 
may permit to “gain time” for those that may 
be candidates for lung transplantation, but 
further studies are necessary.

Understanding the pathophysiological mech-
anisms of fibrotic sarcoidosis and developing 
better predictor models of progression based 
on risk factors, histological-radiological cor-
relation with pulmonary function and antifi-
brotic treatment would help to better care for 
these patients and improve the current ther-
apeutic options.
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