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Abstract: Sarcoidosis is a multisystemic disease of unknown etiology characterized by the formation 

of granulomas in various organs, especially lung and mediastinal hilar lymph nodes. The clinical 

course and manifestations are unpredictable: spontaneous remission can occur in approximately 

two thirds of patients; up to 20% of patients have chronic course of the lung disease (called 

Advanced Pulmonary Sarcoidosis) resulting in progressive loss of lung function, sometimes life-

threatening that can lead to respiratory failure and death. The immunopathology mechanism 

leading from granuloma formation to the fibrosis in APS still remains elusive. Recent studies have 

provided new insights into the genetics factors and immune components involved in the clinical 

manifestation of the disease. In this review we aim to summarize the clinical-prognostic 

characteristics and molecular pathways which are believed to be associated with the development 

of APS. 
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1. Introduction 

Sarcoidosis is a systemic disorder characterized by granulomatous reactions related to an 

unknown cause and occurring in any organ, even though pulmonary involvement is recognized in 

nearby the totality of affected patients 1 

As many other interstitial lung diseases (ILDs) 2 3 4 5 the clinical course of sarcoidosis is 

unpredictable with some patients totally asymptomatic and others presenting clinical progression 

with loss of function of the affected organs. The development of clinically significant disease depends 

on whether granulomatous inflammation resolves—either spontaneously or with treatment—or 

persists and progresses to fibrosis and organ failure. 

When advanced sarcoidosis involves the lung is named as “advanced pulmonary 

sarcoidosis”(APS), which encompasses pulmonary fibrosis, complicated with bronchiectasis and/or 

infections, and pulmonary hypertension. Although cardiac and neurological involvement are 

common causes for sarcoidosis-related death, APS is the leading cause of poor outcomes and 

responsible for increased hospitalization and mortality rates among affected patients both in Europe 

and in US. 6–8. 
Numerous genome-wide association studies (GWAS) performed in sporadic and familial cases 

of sarcoidosis (i.e. cases affecting two or more members of the same biological family) suggested a 

synergistic role of different immune pathways9. Polymorphisms in immune-related genes contribute 

not only to the pathological granuloma formation, but also to the entire and highly variable course 

of the disease.  
Moreover, many key cells like T cells and macrophages are involved in granuloma formation. 

Persistent inflammation is suggested to be a risk factor or a precursor of irreversible fibrosis. 

However, many authors assert that chronic sarcoidosis is not simply the natural consequence of the 
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acute phase for sarcoidosis, because not each patient with chronic inflammation will develop fibrosis. 

To date, the effective link between granuloma formation and fibrosis in APS remains still unsolved. 

Corticosteroids are the most common first-line drugs used, while the antimetabolites and biological 

agents representing an alternative second and third-line choice for patients who failed with 

corticosteroids or who cannot tolerate them1,10  

Recently antifibrotic medication (nintedanib) has been approved in progressive fibrotic lung 

diseases including sarcoidosis, once other immunosuppressive therapies have been exhausted 3. 

Nonetheless, the absence of reliable predictors of disease progression and the scarcity of effective 

drugs greatly contribute to making sarcoidosis a difficult disease to manage and to prevent the 

evolution into pulmonary fibrosis. 
This review focuses on APS addressing its clinical-prognostic characteristics and molecular 

pathways that are believed to explain this progressive fibrosing lung disorder. 

2. Clinical presentation 

Pulmonary involvement is recognized in nearby the totality of patients affected by sarcoidosis, 

even though most patients are asymptomatic or present symptoms suggestive for a systemic 

involvement. Advanced pulmonary sarcoidosis (APS) with fibrosis occurs in 10-20% of sarcoid 

patients, and it is the main cause of respiratory failure and death 6. 
There are no typical symptoms of fibrotic pulmonary sarcoidosis as dry cough, dyspnoea on 

effort and chest discomfort are common presenting symptoms for patients with pulmonary 

sarcoidosis without significant fibrosis.1 In addition, such symptoms may suggest different diagnoses 

such as chronic bronchitis or other ILDs, therefore the definite diagnosis of advanced pulmonary 

fibrosis could be delayed. Differently from other ILDs, only a minority of sarcoid patients presents 

velcro-like crepitations at chest auscultation or digital clubbing.11 
Pulmonary function tests of advanced sarcoid patients present both restrictive and obstructive 

patterns, sometimes even with a mixed pattern. 1,11 However, the most common feature is the 

reduction of diffusing capacity for carbon monoxide (DLCO), which in sarcoidosis worsens with the 

increase of lung impairment.12 
Pulmonary hypertension (PH) is a typical complication in 5-28% of patients with pulmonary 

sarcoidosis and occurs especially in up to 74% of patients with advanced sarcoidosis. 13 This 

complication is particularly associated with exertional dyspnea in nearly 50% of cases and leads to a 

worst prognosis 14,15 Multiple conditions are possible causative agents and include hypoxemia due to 

interstitial lung disease (ILD), vascular disease, mediastinal distortion/compression from 

lymphadenopathy, and extrapulmonary diseases (e.g., left ventricular dysfunction)1. This 

complication leads to a higher possibility of listing for lung transplantation, but also an higher risk 

of mortality while on the waiting list The presence of sarcoidosis-associated pulmonary hypertension, 

is known to worsen outcomes. Indeed it has been reported a 7-fold increased risk for death over 3-

year follow-up in one case series14 and more recently a mortality rate over median 3-year follow-up 

of 32% 13. Right heart catheterization is the gold standard in diagnosing PH, but the finding of a main 

pulmonary artery to descending aorta ratio of > 1 may be used as a reliable marker for pulmonary 

hypertension. 
Some clinical parameters have been suggested as prognostic predictors for patients, in particular 

in with advanced sarcoidosis, in particular the occurrence of respiratory failure has been considered 

the most common cause of sarcoidosis-related death1. Identifying patients with a worse prognosis 

has several useful implications and guides management decisions. First, new therapies for patients 

who have failed the conventional anti-inflammatory drugs could be early explored. Second, delays 

in referring patients for lung transplant, with a shortened pre-transplant and post-transplant 

survival, could be avoided. 
In 2011, Nardi A. and colleagues described the causes of death in 142 advanced pulmonary 

sarcoid patients compared to a matched general population along a ten years follow up. During the 

observational period, PH developed in 30% of APS patients and sixteen of 142 patients died. Main 

causes of deaths were refractory PH and respiratory failure11. 
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In 2017, Kirkil G. and colleagues described which clinical variables may be associated with 

increased mortality in a cohort of 452 sarcoid patients7. The overall mortality was 3.9% and 9% at 5 

and 10 years of follow up, respectively. In 90% of cases, death was related to respiratory failure, 

whereas non-sarcoidosis related causes (cancer and coronary artery diseases) were recognized in the 

other 10% of cases. Age, black race, stage IV at chest X-ray, the presence of 20% or more of fibrosis on 

High resolution CT scan (HRCT), or PH were associated with increased risk for mortality, with age, 

extent of fibrosis on HRCT scanning and PH independent predictors for it. More recently a 

retrospective study of 216 patients with APS 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 17 years for those with fibrosis involving less than 

or equal to 20% of the lung parenchyma16. 

3. Imaging 

Imaging is central to both the diagnosis and monitoring of pulmonary sarcoidosis patients. The 

advanced pulmonary sarcoidosis is synonymous to stage IV presentation of the Scadding score, with 

pulmonary fibrosis visible at chest radiography17. Recently, high resolution CT scans had 

progressively substituted chest X-ray in the definition and diagnosis of sarcoidosis18. Fibrosis 

typically occurs in the upper lobes, radiating from the hilum, associated with architectural distortion, 

especially in central bronchovascular areas. Specifically, the main HRCT scan features of fibrotic 

sarcoidosis leading to chronic respiratory failure are consolidations along the bronchovascular 

bundles comprising central-peripheral bands, traction bronchiectasis and upper lobe shrinkage with 

usually a posterior displacement of the main or upper-lobe bronchus and volume loss19.In a minority 

of cases honeycombing may be detected, with a radiological appearance similar to a usual interstitial 

pneumonia (UIP) pattern20,21. 

In patients with sarcoidosis the evaluation of Right Upper Lobe Bronchus Angle (RUL-BA) on 

chest HRCT may be important to evaluate fibrotic (i.e. stage IV) versus non-fibrotic disease. RUL-BA 

is a measure of the  angle between a line traversing the right upper lobe bronchus and a sagittal line 

connecting the sternum to the vertebral body and tangential to the most medial aspect of bronchus. 

RUL-BA may assist both expert radiologists and clinician in detecting APS even if further research is 

needed to to replicate this radiologic tool in a larger population. 22 

More recently, in a retrospective cohort study of 106 sarcoidosis patients with advanced 

pulmonary sarcoidosis (APS), Schimmelpennink and co-authors showed that UIP-like pattern on 

HRCT is an independent predictor for all-cause mortality and lung transplantation23. To date, the 

extent of fibrosis on HRCT is considered a prognostic predictor not only in ILDs as IPF, but also in 

sarcoid patients7. HRCT findings, and more specifically the quantification of fibrosis and 

honeycombing on the CT scan, have been widely suggested to correlate with disease severity and 

prognosis18,21,24–27. 

Fluoro-deoxyglucose-positron emission tomography (FDG-PET) is a useful tool in identifying 

patients with an active disease and to differentiate them from those with stable fibrotic changes24. 
Mycetomas, masses of fungal mycelia commonly of Aspergillus spp, are present in 3-12% of end-

stage pulmonary sarcoidosis and are known as chronic pulmonary aspergillosis 28,29. This 

complication appears almost exclusively in stage IV sarcoidosis and it is associated with a worse 

outcome. Mycetomas are visible at CT scans as soft-tissue density masses, with a distribution similar 

to the fibrotic scars in the upper lobes20. Typically asymptomatic, this occurrence can be associated 

with haemoptysis, ranging from minimal to massive and life threatening29. 

4. Genetic factors 

The incidence of sarcoidosis in Northern European countries counts up to 60 cases per 100,000 

people, in contrast with a lower incidence count observed in the South European regions. These 

geographic variations in sarcoidosis incidence strongly indicate the linkage between genetic and 

environmental factors, including smoking. Of interest, a study by  Rivera et al. performed in 747 

Swedish sarcoidosis cases suggested that the effect of smoking as a risk factor for sarcoidosis is 
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modulated by carriage of certain genetic variants, and highlights the importance of integrating 

genetic information when assessing the relationship between sarcoidosis and environmental 

exposures30. 
Numerous genome-wide association studies (GWAS) performed in sporadic and familial cases 

of sarcoidosis (i.e. cases affecting two or more members of the same biological family) suggested a 

synergistic role of different immune pathways 9,31. Polymorphisms in immune-related genes 

contribute not only to the pathological granuloma formation, but also to the entire and highly variable 

course of the disease. The specific human leukocyte antigen (HLA) class II haplotypes, innate 

immunity-related genes, regulators of calcium channels, G-protein-coupled receptors, the 

mammalian target of rapamycin (mTOR)-related pathways, the ras-related C3 botulinum toxin 

substrate 1 (Rac1) hubs, PTPRD, FAT atypical cadherins and KIF genes, regulator of migration and 

survival, are the most strongly associated genetic risk factor for sarcoidosis, supporting the opinion 

that sarcoidosis is an exposure-mediated immunologic disease32–34. Some single nucleotide 

polymorphisms (SNP) has been associated to genetic susceptibility for fibrotic sarcoidosis, such as 

genes encoding for gremlin, transforming growth factor-beta3, prostaglandin-endoperoxide synthase 

2, and caspase recruitment domain1535–38. Interestingly, the well-known SNP in the promoter of 

mucin-5B gene seems not to be associated with the fibrotic presentation in sarcoidosis 39. Among few 

studies concerning familial relative risks for sarcoidosis40,41. Rossides M. and co-authors, by using 

population-based registers, estimated valid and precise familial aggregation and heritability 

estimates and showed that familial exposure to sarcoidosis is a very strong risk factor for the disease. 

The heritability of the disease was 39%, suggesting a stronger implication of environmental factors 

in the development of sarcoidosis42  

5. Main Key Players of Fibrotic Sarcoidosis 

Granulomas formation represents a fixed hallmark in sarcoidosis 43. It is well known that CD4+ 

T cells and macrophages are the key cells of the inflammatory response in sarcoidosis, occurring in 

genetic susceptible individuals after the inhalation of unknown antigens, probably of mycobacterial 

nature44. In the acute form of sarcoidosis, the antigens induce the activation of dendritic cells (DCs) 

and consequently their migration in mediastinal lymph nodes, becoming antigen-presenting cells 

(APCs). T cells are subsequently recruited by APCs with class I and II histocompatibility complex 

(MHC) molecules. Once activated by antigens, macrophages differentiate themselves into epithelioid 

cells, producing a well-organized concentric structure to stem the causal antigen. Finally, a rim of B 

lymphocytes, dendritic cells, T cells and fibroblasts surround the granuloma and protect the central 

core45However, the link between granuloma formation and fibrosis in APS remains still unsolved. 

Recent studies using FDG-PET scans highlighted that, in some patients, inflammation and fibrosis 

could exist 24. Persistent inflammation is suggested to be a risk factor or a precursor of irreversible 

fibrosis. However, many authors assert that chronic sarcoidosis is not simply the natural consequence 

of the acute phase for sarcoidosis, because not each patient with chronic inflammation will develop 

fibrosis. During the disease's natural history, in some patients profibrotic events are mixed with an 

innate susceptibility. Moreover, several studies demonstrated that T helper (Th)1 lymphocyte 

immunity changes in favor to Th2 milieu 46 and the macrophage phenotype switches from M1 to M247 

These are only some key features of this complex interplay between adaptive and innate immunity 

in fibrotic sarcoidosis. In table 1 are summarized the selected genetic, key cells type and the main 

signalling pathways which have been reported to be associated with fibrotic sarcoidosis as explained 

in details afterwards. 
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Table 1. Selected genetic, cells type and signaling associated with fibrotic sarcoidosis as documented 

in the text. 

FEATURES ROLE / FUNCTION Type of studies/methods References 

Genes 

GREM1 rs1919364 

polymorphism 

Patients homozygous for the C allele 

present a greater risk for fibrosis 

Haplotype comparison in 

human sarcoidosis patients 

35 

CARD15 rs2066844 

polymorphism 

Carriers of the T allele present a 

greater risk for stage IV CXR 

Haplotype comparison in 

human sarcoidosis patients 

36 

CCR5 HCC haplotype Carriers of both HCC haplotype and 

CARD15 rs2066844 T haplotype 

always presented stage IV CXR 

Haplotype comparison in 

human sarcoidosis patients 

36 

PTGS2 rs20417 

polymorphism 

Carriers of the C allele present a 

greater risk for sarcoidosis and a 

poorer prognosis 

Haplotype comparison in 

human and within sarcoidosis 

patients 

37 

TGF-β3  rs3917165 

polymorphism 

Carriers of the A allele present a 

greater risk for fibrosis 

Haplotype comparison in 

human sarcoidosis patients 

38 

TGF-β3  rs3917200 

polymorphism 

Carriers of the C allele present a 

greater risk for fibrosis 

Haplotype comparison in 

human sarcoidosis patients 

38 

MUC5B rs35705950 

polymorphism 

No association to fibrosis Haplotype comparison in 

human sarcoidosis patients 

39 

Cells  

T cells T cells are polarized to a Th1/Th17 

phenotype, leading to granuloma 

formation. 

Evaluation of Th 17.1 and Th 

17 lymphocytes in BALF of 

sarcoidosis patients 

compared to control. 

 

 

Evaluation of Th 17.1 in lung 

mediastinal lymph nodes of 

sarcoidosis patients. 

 

 

T cells evaluation in BALF 

and blood of sarcoidosis 

patients. 

 

 

 

48 

 

 

 

50 

 

 

 

52 

Macrophages evidence suggests the transition 

from a M1 to a dominant M2 

phenotype in more advanced stages 

of sarcoidosis 

Evaluation of M2 

macrophages in tissues 

specimens of sarcoidosis 

65 66 
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 patients compared with 

tuberculosis patients. 

In vitro comparison of PBMCs 

from sarcoidosis patients and 

controls 

Signaling 

TGF-β/SMAD 

signaling  

Key role during inflammatory 

mitigation and wound healing. 

Three forms of TGF-β: 

● TGF-β1: strongly connected 

with fibrosis; 

● TGF-β2: implicated in post 

inflammatory wound healing; 

● TGF-β3: role still unsolved. 

 

In vitro evaluation on human 

AEC 

Transcription evaluation in 

cells from pulmonary fibrosis 

patients and controls 

Gene expression evaluation in 

BALF cells and blood 

lymphocytes from sarcoidosis 

patients 

77, 75, 79  

JAK-STAT signaling Regulates the release of INF-ɣ.  The 

pathway is over expressed in 

patients with sarcoidosis. 

microRNA expression in 

PBMCs of controls and 

sarcoidosis patients 

81 

mTOR signaling mTOR signaling promotes collagen 

synthesis in the lung fibroblasts 

through aerobic glycolysis and 

represents a powerful autophagy 

inhibitor. Its role in sarcoidosis is still 

unclear. 

In vitro evaluation on human 

lung fibroblasts 

85 

Wnt signaling This pathway seems to be associated 

with fibrosis and progression. 

 

Gene expression in lung 

sample from fibrotic patients 

and controls, in vitro 

evaluation of gene 

downregulation in human 

AECs 

92 

Abbreviations: AEC - alveolar epithelial cells; BALF - bronchoalveolar lavage fluid; CARD15 -caspase 

recruitment domain-containing protein 15; CCR5 - C-C chemokine receptor type 5; CXR - chest X ray; GREM1 - 

gremlin 1; INF - interferon;  JAK- Janus Kinase; PBMC - purified blood mononuclear cells; mTOR - mechanistic 

target of rapamycin; PTGS2 - Prostaglandin-Endoperoxide Synthase 2; TGF-β transforming growth factor; STAT 

-signal transducer and activator of transcription. 

6. T cells 

During the acute form of sarcoidosis, higher levels of interleukin (IL)-2, interferon (INF)-ɣ and 

IL-12 are present in the lung of affected patients, and a huge amount of lymphocytes with an elevated 

CD4/CD8 ratio and pro-inflammatory cytokines [such as IFN-ɣ, tumor necrosis factor (TNF)-ⲁ and 

macrophage inflammatory protein-1b (MIP-1b)] are detectable in the bronchoalveolar lavage (BAL) 

fluid48.  
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The polarization of T cells in Th1 type via MHC class II molecules is essential for granuloma 

formations 49,50 Th1 cells present an abnormal T cell receptor (TCR) signaling and a sort of oligoclonal 

dysfunction 51,52. This mechanism is probably caused by a higher expression of programmed death-1 

(PD-1) and other factors that negatively regulate the correct polyclonal proliferation of T cells. The 

subsequent role of T-cells in developing pulmonary fibrosis remains difficult to understand. Some 

evidence reports that the M1/Th1 pathway (typical of the acute phase) may change towards a pro-

fibrotic M2/Th2 axis, leading to a pro-fibrotic pathway, even though some aspects remain to be 

elucidated53,54. In fact, the presence of increased level of specific Th2 cytokines (such us IL-4, IL-5, IL-

9, IL-13, IL-10 and TGF- β) and reduced levels of INF-γ, are associated with extracellular matrix 

(ECM) production55. Among others, IL-13 can improve the production of TGF-β and can suppress 

TNF-ⲁ release. However, in a study conducted by Hauber and co-workers, IL-13 level was higher in 

patients without pulmonary fibrosis56 identifying an important area for further investigation. On the 

contrary, Patterson and co-workers found a higher level of IL-5 and altered levels of IL-7 and GM-

CSF in pulmonary fibrosis, supporting the transition hypothesis57. Recently, in a total of 465 patients 

with biopsy-proven sarcoidosis it has been shown the utility of neutrophil–lymphocyte ratio (NLR) 

in predicting advanced disease stage and discriminating between active and stable disease58. 

However further studies are needed to understand the role of the Th1/Th2 axis in developing fibrosis 

in patients with pulmonary sarcoidosis. Other immunological interplay like chemokine ligand 2 

(CCL-2) and chemokine ligand 5 (CCL-5) can improve fibroblast survival and are elevated in sarcoid 

lungs. However, the role of CCL-2 and CCL-5 in the pro-fibrotic pathway was not evaluated in 

specific phenotyping patients with stage IV sarcoidosis 59.  

7. Macrophages 

Phagocytosis is the main role of alveolar macrophages. In the alveolar spaces, macrophages 

remove microorganisms, debris and old unfunctional cells60. Macrophages could be activated in two 

different forms: the M1 or “killer” form or, alternatively, the M2 or “healer” form. When stimulated 

by an external antigen, macrophages can initiate a strong inflammatory cascade, promoting the 

switch from innate to adaptive immune response. In sarcoidosis, the number of macrophages is 

generally increased in the lung with high production of several mediators, such as TNF-ⲁ and are 

considered to be central in sarcoidosis pathogenesis as they activate T-cells, produce pro-

inflammatory cytokines that drive inflammation61. Of interest, in a large cohort of sarcoidosis 

patients, it has been observed that the frequency and distribution of monocytes in blood and BAL at 

time of diagnosis may predict disease outcome and high frequencies of TNF producing 

monocytes/monocyte-derived cells are associated with progressive disease development62. Recently, 

it has been observed that in sarcoidosis patients, monocyte subsets have distinct lower expression of 

regulatory receptors. They present a reduced CD200R and CD47 expression compared with healthy 

controls, with consequently an increased proliferative rate 63. Moreover, in sarcoidosis with 

pulmonary fibrosis a polarization from M1 to M2 has been demonstrated. Th2 cells release IL-4 and 

IL-13 that stimulate the proliferation of M2, potent producers of TGF- β and other signals that could 

stimulate fibroblasts’ activity64–66. Also chemokine ligand 18 (CCL-18) are overexpressed during 

M2/Th2 recruitment and seems to be specifically associated  with pulmonary fibrosis, but not with 

other forms of pulmonary involvement67. Another mechanism that contributes to fibrosis is the 

arginine pathway. M2 can over produce arginase through the expression of the Arg1 gene. In this 

way, arginine is converted to ornithine, a precursor of collagen 68. The M2 polarization is also reported 

to play a key role in the development of fibrosis in neuromuscular sarcoidosis69 . In neuromuscular 

sarcoidosis, authors found an increased expression of CD206, CD301 and Arg-1. Depending on 

different signals, macrophages are more flexible in comparison with T-cell polarization and their 

different activation, as needed, can be reversible. However, new studies with specific disease 

phenotyping are needed for a correct interpretation of the M1/M2 axis. 
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8. Signaling Pathway in Fibrotic Sarcoidosis 

8.1. TGF- β/Smad signaling 

TGF-β/Smad signaling represents an important key pathway during inflammatory mitigation 

and wound healing70. Moreover, TGF-β/Smad abnormalities are very common, not only in 

respiratory disorders, but also in other fibrotic extra-pulmonary diseases, showing a promising role 

in the development of new target therapies70–73. Three different forms of TGF-β were described in 

mammals and each of them seems to be differently implicated in the mechanism of fibrosis. In 

particular the first discovered, TGF-β1, is strongly connected with fibrosis and presents a central role 

in collagen deposition, fibroblast recruitment and myofibroblast transformation74,75. On the contrary 

the role of TGF-β3 is still unsolved76 whereas TGF-β2 seems to be implicated in post inflammatory 

wound healing through EGFR phosphorylation77. Recently, some studies elucidate the role of TGF-

β/Smad 3 signaling in the progression from acute form of sarcoidosis to chronic fibrosis. For example, 

Bonniaud P. et al. demonstrated that TGF- β1/Smad2 signaling was strongly positive in fibrotic areas 

observed in WT mice at 35 days of proinflammatory AdIL-1beta administration. Indeed, a more 

severe disease and parenchymal involvement seems to be associated with a higher expression of TGF-

β/Smad 3 signaling78,79. 

8.2. JAK-STAT signaling 

The release of IFN-ɣ is regulated by the Janus kinase/signaling transducer and activator of 

transcription (JAK/STAT) pathway80. To date, four JAKs (JAK 1, 2, and 3, and TYK2) and seven STATs 

(STAT 1, 2, 3, 4, 5A, 5B, and 6) have been reported in literature80. JAK/STAT pathway is over expressed 

in patients with sarcoidosis in comparison with healthy subjects. Zhou T. and coworkers revealed 

that JAK/STAT is the most significantly represented in their 17-gene signature analysis. 

Moreover,  JAK/STAT expression is higher in patients with more complicated sarcoidosis and is also 

higher in patients with mild sarcoidosis compared with healthy subjects81. However in this study the 

difference between complicated sarcoidosis and fibrotic pulmonary sarcoidosis is not clear. Of 

interest, a dramatic response with ruxolitinib was described in a patient with multisystemic 

sarcoidosis and moderate pulmonary fibrosis with JAK2-mutated polycythemia82. 

8.3. mTOR signaling 

The protein kinase mTOR (mechanistic target of rapamycin) is involved in many regulatory and 

proliferation mechanisms, forming two different complexes called mTOR complex 1 and mTOR 

complex 2 (mTORC1 and mTORC2)83 mTOR is implicated in several diseases such as tuberous 

sclerosis (TSC), cancer, diabetics and obesity, among others84 Moreover, the activation of the 

PI3K/AKT/mTOR signaling promotes collagen synthesis in the lung fibroblasts through aerobic 

glycolysis85 and represents a powerful autophagy inhibitor. mTOR was recently investigated in 

sarcoidosis, however with contrasting results. First, PD-1 pathway effects in PI3K/AKT/mTOR 

signaling. More specifically, the blockade of PD-1 in sarcoidosis induces a restoration of correct T cell 

proliferation and the normal expression of PI3K/AKT/mTOR signaling86.  Second, in 2017 Linke and 

co-workers found that mTORC1 checkpoint induced granuloma formation when the TSC2 inhibitor 

was depleted 83.  Moreover, they found an association between mTOR activation and disease 

progression. On the contrary, a recent study conducted in 2021 found an over activity in the mTORC1 

pathway in sarcoid granulomas but without any correlation with progression or severity87. Other 

studies are needed to identify the role of this pathway in the development of pulmonary fibrosis. 

8.4. Wnt signaling 

The signaling wingless/integrated (Wnt) was discovered for the first time in the carcinogenesis 

process 88 and its role was extensively studied in other fibrotic diseases like IPF. More specifically, the 

Wnt-β catenin pathway was found in fibrotic foci of IPF patients89,90. In pulmonary sarcoidosis, the 

Wnt signaling was recently investigated in forty-eight patients, three of which with APS, and 
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compared with eighteen healthy patients 91. Results demonstrated an altered expression of Wnt5A, 

Wnt7A and Wnt7B in BAL-fluid cells and an increased β-catenin signaling pathway in sarcoid 

patients compared to healthy subjects. In another study, authors found a strong correlation between 

Wnt-β catenin signaling and the epithelial-mesenchymal transition, a mechanism that maintains 

fibrosis and induces progression 92 Further studies are needed to clarify the role of Wnt signaling in 

patients with APS. 

9. Histological findings in fibrotic sarcoidosis 

In advanced pulmonary sarcoidosis, the histological abnormalities maintain the typical 

distribution along lymphatic routes of pleura, interlobular septa, and bronchovascular bundles, but 

the typical sarcoid non caseating granuloma loses its chronic lymphocytic infiltrate proceeding 

towards the fibrotic pathway93. Indeed, the granuloma tends to become fibrotic and enlarged, and it 

is substituted by hyalinized nodes composed by eosinophilic collagen. An important aspect of the 

pathophysiologic features of fibrotic sarcoidosis is a consistent involvement of small airways and the 

terminal bronchioles94. In APS the chronic lymphocytic inflammation causes bronchial dilatation and 

small airways distortion leading to mild to severe bronchiectasis (82). Of interest histologic evaluation 

from 9 lung explants with end-stage sarcoid lung disease showed dense acellular collagen, 

granulomas in a lymphatic distribution (along bronchi, the lobular septa, and the pleura), small 

clusters of macrophages or giant cells nested in fibrotic lesions. Finally, in the end-stage phase of the 

disease, the histological usual interstitial pneumonia (UIP) pattern could be detected, but differently 

from patients with Idiopathic Pulmonary Fibrosis, the UIP in APS  is predominantly central and, 

with prominent bronchiectasis27,95. 

10. Comparison with other interstitial lung diseases (ILD) 

Interstitial lung diseases (ILDs) and APS are different clinical diseases sharing a progressive 

deterioration in lung function, physical performance, and quality of life. The diagnosis of sarcoidosis 

requires compatible clinical and radiological features together with the evidence of non-necrotizing 

granulomatous inflammation at disease sites. The diagnosis of IPF, the most frequent among the ILD 

of unknown origin, is reachable after the exclusion of known factors for interstitial lung diseases, and 

with the presence of radiological and/or radiological pattern of UIP. In the radiological section, we 

described that a radiological UIP pattern on HRCT similar to IPF may be detected in APS. Based on 

radiological criteria, UIP pattern in IPF is typically characterized by peripheral and basal 

predominant reticulations associated to subpleural traction bronchiectasis and honeycombing, 

whereas in APS fibrotic abnormalities, as well as honeycombing, typically present a peri-

bronchovascular and upper lobe predominant distribution. Some patients may present concomitant 

clinical and radiological features of IPF and sarcoidosis. Combined Sarcoidosis and IPF (CSIPF) may 

represent a distinct phenotype of these two entities, with different  genetic predisposition a different 

course, or may simply be the coexisting of these two entities in the same patient96. Recently a cases 

series of nine patients with CSIPF were reported and showed a fast functional deterioration during 

the follow-up period suggesting a worse prognosis similar to patients with IPF97. 

11. Treatment 

Fibrotic sarcoidosis remains a dangerous and severe disease. The main goals of new therapies 

are the restoration of the normal M1/Th1 - M2/Th2 axis and the prevention of chronic lung infections. 

Systemic corticosteroids, but). As reported in the most recent guidelines, oral glucocorticoid 

represent the first line treatment in patients with every form of sarcoidosis but evidence that they can 

prevent progression of pulmonary fibrosis is still scarce 98. Moreover this treatment is unlikely to 

benefit patients with stage IV disease due to advanced pulmonary fibrosis99 and data on other 

immunosuppressive options, such as methotrexate or infliximab are very limited100. 

In fibrotic sarcoidosis, physicians have to actively look for halting the functional decline and 

disease progression. Antifibrotic therapy (nintedanib and pirfenidone) has been widely used in IPF 

and could represent a novel strategy to reduce disease progression also in fibrotic pulmonary 
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sarcoidosis. Recently, the role of nintedanib and pirfenidone has been evaluated in progressive ILD, 

including fibrotic sarcoidosis101,102.  In the INBUILD trial101, progressive ILD patients who received 

nintedanib, presented a lower functional progression (∆FVC%pred: −80.8±15.1) than those who 

received placebo (FVC ml predicted decline of 80.8 ml vs. 187.8 ml)101. Furthermore, the effect of 

pirfenidone will be explored specifically in stage IV sarcoidosis with more than twenty percent of 

fibrosis on HRCT scan (ClinicalTrials.gov Identifier:NCT03260556). Lung transplantation could be a 

surgical option for patients with end-stage fibrotic pulmonary sarcoidosis. Interestingly, among 

patients with sarcoidosis listed for lung transplant have been reported unexpected sudden death and 

other causes of mortality103,104.  

Lung transplantation is usually a last resort for patients who have a very severe lung damage 

and  reached respiratory impairment due to pharmacological treatment failure.  

Currently, guideline consideration of lung transplant for APS follows those for ILD in general, 

as there are no specific guidelines for sarcoidosis and includes functional progression, supplemental 

oxygen requirement, poor lung function and a failure to improve after a trial of medical therapy105. 

This surgical option is reserved for treating patients with very severe organ damage resulting from 

sarcoidosis. An organ transplant involves removing a damaged organ, such as a lung, and replacing 

it with a healthy organ from a deceased donor. Organ transplants can significantly improve quality 

of life or extend life expectancy with a post-transplant survival similar to that in patients with other 

indications being older age and extensive preoperative lung fibrosis the main factors associated with 

worse survival 106, but involve many risks, including the risk of infection and even death if the body 

rejects the transplanted organ. 

12. Conclusion 

The pathogenetic mechanism that leads to pulmonary fibrosis in sarcoidosis is still mysterious 

and unsolved.  Studying different phenotypes and genotypes should be pivotal for increasing our 

knowledge and for the development of new clinical approaches and therapies.  Moreover, further 

studies should be focused identifying those patients at increased risk of pulmonary fibrosis and 

disease progression. 

References 

(1) Spagnolo, P.; Rossi, G.; Trisolini, R.; Sverzellati, N.; Baughman, R. P.; Wells, A. U. Pulmonary Sarcoidosis. 

Lancet Respir. Med. 2018, 6 (5), 389–402. 

(2) Travis, W. D.; Costabel, U.; Hansell, D. M.; King Jr, T. E.; Lynch, D. A.; Nicholson, A. G.; Ryerson, C. J.; Ryu, 

J. H.; Selman, M.; Wells, A. U. An Official American Thoracic Society/European Respiratory Society 

Statement: Update of the International Multidisciplinary Classification of the Idiopathic Interstitial 

Pneumonias. Am. J. Respir. Crit. Care Med. 2013, 188 (6), 733–748. 

(3) Raghu, G.; Rochwerg, B.; Zhang, Y.; Garcia, C. A. C.; Azuma, A.; Behr, J.; Brozek, J. L.; Collard, H. R.; 

Cunningham, W.; Homma, S. An Official ATS/ERS/JRS/ALAT Clinical Practice Guideline: Treatment of 

Idiopathic Pulmonary Fibrosis. An Update of the 2011 Clinical Practice Guideline. Am. J. Respir. Crit. Care 

Med. 2015, 192 (2), e3–e19. 

(4) Cottin, V. Treatment of Progressive Fibrosing Interstitial Lung Diseases: A Milestone in the Management of 

Interstitial Lung Diseases; Eur Respiratory Soc, 2019; Vol. 28. 

(5) Kolb, M.; Vašáková, M. The Natural History of Progressive Fibrosing Interstitial Lung Diseases. Respir. Res. 

2019, 20 (1), 1–8. 

(6) Gupta, R.; Judson, M. A.; Baughman, R. P. Management of Advanced Pulmonary Sarcoidosis. Am. J. Respir. 

Crit. Care Med. 2022, 205 (5), 495–506. 

(7) Kirkil, G.; Lower, E. E.; Baughman, R. P. Predictors of Mortality in Pulmonary Sarcoidosis. Chest 2018, 153 

(1), 105–113. 

(8) Patel, D. C.; Valeyre, D. Advanced Pulmonary Sarcoidosis. Curr. Opin. Pulm. Med. 2020, 26 (5), 574–581. 

(9) Kishore, A.; Petersen, B.-S.; Nutsua, M.; Müller-Quernheim, J.; Franke, A.; Fischer, A.; Schreiber, S.; Petrek, 

M. Whole-Exome Sequencing Identifies Rare Genetic Variations in German Families with Pulmonary 

Sarcoidosis. Hum. Genet. 2018, 137, 705–716. 

(10) Thillai, M.; Atkins, C. P.; Crawshaw, A.; Hart, S. P.; Ho, L.-P.; Kouranos, V.; Patterson, K. C.; Screaton, N. 

J.; Whight, J.; Wells, A. U. BTS Clinical Statement on Pulmonary Sarcoidosis. Thorax 2021, 76 (1), 4–20. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 May 2023                   doi:10.20944/preprints202305.1855.v1

https://doi.org/10.20944/preprints202305.1855.v1


 

(11) Nardi, A.; Brillet, P.-Y.; Letoumelin, P.; Girard, F.; Brauner, M.; Uzunhan, Y.; Naccache, J.-M.; Valeyre, D.; 

Nunes, H. Stage IV Sarcoidosis: Comparison of Survival with the General Population and Causes of Death. 

Eur. Respir. J. 2011, 38 (6), 1368–1373. 

(12) Harrison, B. D. W.; Shaylor, J. M.; Stokes, T. C.; Wilkes, A. R. Airflow Limitation in Sarcoidosis—a Study 

of Pulmonary Function in 107 Patients with Newly Diagnosed Disease. Respir. Med. 1991, 85 (1), 59–64. 

(13) Parikh, K. S.; Dahhan, T.; Nicholl, L.; Ruopp, N.; Pomann, G.-M.; Fortin, T.; Tapson, V. F.; Rajagopal, S. 

Clinical Features and Outcomes of Patients with Sarcoidosis-Associated Pulmonary Hypertension. Sci. Rep. 

2019, 9 (1), 4061. 

(14) Shorr, A. F.; Helman, D. L.; Davies, D. B.; Nathan, S. D. Pulmonary Hypertension in Advanced Sarcoidosis: 

Epidemiology and Clinical Characteristics. Eur. Respir. J. 2005, 25 (5), 783–788. 

(15) Shlobin, O. A.; Nathan, S. D. Management of End-Stage Sarcoidosis: Pulmonary Hypertension and Lung 

Transplantation. Eur. Respir. J. 2012, 39 (6), 1520–1533. 

(16) Jeny, F.; Uzunhan, Y.; Lacroix, M.; Gille, T.; Brillet, P.-Y.; Nardi, A.; Bouvry, D.; Planès, C.; Nunes, H.; 

Valeyre, D. Predictors of Mortality in Fibrosing Pulmonary Sarcoidosis. Respir. Med. 2020, 169, 105997. 

(17) JG, S. Prognosis of Intrathoracic Sarcoidosis in England: A Review of 136 Cases after Five Year’s 

Observation. Br Med J 1961, 2, 1617–1623. 

(18) Culver, D. A.; Baughman, R. P. It’s Time to Evolve from Scadding: Phenotyping Sarcoidosis; Eur Respiratory 

Soc, 2018; Vol. 51. 

(19) Sawahata, M.; Johkoh, T.; Kawanobe, T.; Kono, C.; Nakamura, Y.; Bando, M.; Hagiwara, K.; Takemura, T.; 

Sakai, F.; Shijubo, N. Computed Tomography Images of Fibrotic Pulmonary Sarcoidosis Leading to 

Chronic Respiratory Failure. J. Clin. Med. 2020, 9 (1), 142. 

(20) Spagnolo, P.; Sverzellati, N.; Wells, A. U.; Hansell, D. M. Imaging Aspects of the Diagnosis of Sarcoidosis. 

Eur. Radiol. 2014, 24, 807–816. 

(21) Abehsera, M.; Valeyre, D.; Grenier, P.; Jaillet, H.; Battesti, J. P.; Brauner, M. W. Sarcoidosis with Pulmonary 

Fibrosis: CT Patterns and Correlation with Pulmonary Function. Am. J. Roentgenol. 2000, 174 (6), 1751–1757. 

(22) Salvatore, M.; Toussie, D.; Pavlishyn, N.; Yankelevitz, D.; O’Connor, T.; Henschke, C.; Padilla, M. The Right 

Upper Lobe Bronchus Angle: A Tool for Differentiating Fibrotic and Non-Fibrotic Sarcoidosis. Sarcoidosis 

Vasc. Diffuse Lung Dis. 2020, 37 (2), 99. 

(23) Schimmelpennink, M. C.; Meek, D. B.; Vorselaars, A. D. M.; Langezaal, L. C. M.; van Moorsel, C. H. M.; van 

der Vis, J. J.; Veltkamp, M.; Grutters, J. C. Characterization of the PF-ILD Phenotype in Patients with 

Advanced Pulmonary Sarcoidosis. Respir. Res. 2022, 23 (1), 169. 

(24) Mostard, R. L.; Verschakelen, J. A.; van Kroonenburgh, M. J.; Nelemans, P. J.; Wijnen, P. A.; Vöö, S.; Drent, 

M. Severity of Pulmonary Involvement and 18F-FDG PET Activity in Sarcoidosis. Respir. Med. 2013, 107 (3), 

439–447. 

(25) Rossi, G.; Cavazza, A.; Colby, T. V. Pathology of Sarcoidosis. Clin. Rev. Allergy Immunol. 2015, 49, 36–44. 

(26) Xu L, Kligerman S, Burke A. End-Stage Sarcoid Lung Disease Is Distinct from Usual Interstitial Pneumonia. 

Am J Surg Pathol. 2013. 

(27) Zhang C, Chan KM, Schmidt LA, Myers JL. Histopathology of Explanted Lungs from Patients with a 

Diagnosis of Pulmonary Sarcoidosis. Chest. 

(28) Denning, D. W., Pleuvry, A., & Cole, D. C. (2013). Global Burden of Chronic Pulmonary Aspergillosis 

Complicating Sarcoidosis. The European Respiratory Journal, 41(3), 621–626. 

Https://Doi.Org/10.1183/09031936.00226911. 

(29) Uzunhan, Y., Nunes, H., Jeny, F., Lacroix, M., Brun, S., Brillet, P. Y., Martinod, E., Carette, M. F., Bouvry, 

D., Charlier, C., Lanternier, F., Planès, C., Tazi, A., Lortholary, O., Baughman, R. P., & Valeyre, D. (2017). 

Chronic Pulmonary Aspergillosis Complicating Sarcoidosis. The European Respiratory Journal, 49(6), 

1602396. Https://Doi.Org/10.1183/13993003.02396-2016. 

(30) Rivera, N. V.; Patasova, K.; Kullberg, S.; Diaz-Gallo, L. M.; Iseda, T.; Bengtsson, C.; Alfredsson, L.; Eklund, 

A.; Kockum, I.; Grunewald, J.; Padyukov, L. A Gene-Environment Interaction Between Smoking and Gene 

Polymorphisms Provides a High Risk of Two Subgroups of Sarcoidosis. Sci. Rep. 2019, 9 (1), 18633. 

https://doi.org/10.1038/s41598-019-54612-1. 

(31) Spagnolo, P.; Maier, L. A. Genetics in Sarcoidosis. Curr. Opin. Pulm. Med. 2021, 27 (5), 423–429. 

https://doi.org/10.1097/MCP.0000000000000798. 

(32) Calender, A.; Weichhart, T.; Valeyre, D.; Pacheco, Y. Current Insights in Genetics of Sarcoidosis: Functional 

and Clinical Impacts. J. Clin. Med. 2020, 9 (8), 2633. https://doi.org/10.3390/jcm9082633. 

(33) Moller, D. R.; Rybicki, B. A.; Hamzeh, N. Y.; Montgomery, C. G.; Chen, E. S.; Drake, W.; Fontenot, A. P. 

Genetic, Immunologic, and Environmental Basis of Sarcoidosis. Ann. Am. Thorac. Soc. 2017, 14 

(Supplement_6), S429–S436. https://doi.org/10.1513/AnnalsATS.201707-565OT. 

(34) Calender, A.; Lim, C. X.; Weichhart, T.; Buisson, A.; Besnard, V.; Rollat-Farnier, P. A.; Bardel, C.; Roy, P.; 

Cottin, V.; Devouassoux, G.; Finat, A.; Pinson, S.; Lebecque, S.; Nunes, H.; Israel-Biet, D.; Bentaher, A.; 

Valeyre, D.; Pacheco, Y.; in the frame of GSF (Group Sarcoidosis France). Exome Sequencing and 

Pathogenicity-Network Analysis of Five French Families Implicate MTOR Signalling and Autophagy in 

Familial Sarcoidosis. Eur. Respir. J. 2019, 54 (2), 1900430. https://doi.org/10.1183/13993003.00430-2019. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 May 2023                   doi:10.20944/preprints202305.1855.v1

https://doi.org/10.20944/preprints202305.1855.v1


 

(35) Heron, M.; van Moorsel, C. H. M.; Grutters, J. C.; Huizinga, T. W. J.; van der Helm-van Mil, A. H. M.; 

Nagtegaal, M. M.; Ruven, H. J. T.; van den Bosch, J. M. M. Genetic Variation in GREM1 Is a Risk Factor for 

Fibrosis in Pulmonary Sarcoidosis. Tissue Antigens 2011, 77 (2), 112–117. https://doi.org/10.1111/j.1399-

0039.2010.01590.x. 

(36) Sato, H.; Williams, H. R. T.; Spagnolo, P.; Abdallah, A.; Ahmad, T.; Orchard, T. R.; Copley, S. J.; Desai, S. 

R.; Wells, A. U.; du Bois, R. M.; Welsh, K. I. CARD15/NOD2 Polymorphisms Are Associated with Severe 

Pulmonary Sarcoidosis. Eur. Respir. J. 2010, 35 (2), 324–330. https://doi.org/10.1183/09031936.00010209. 

(37) Hill, M. R.; Papafili, A.; Booth, H.; Lawson, P.; Hubner, M.; Beynon, H.; Read, C.; Lindahl, G.; Marshall, R. 

P.; McAnulty, R. J.; Laurent, G. J. Functional Prostaglandin-Endoperoxide Synthase 2 Polymorphism 

Predicts Poor Outcome in Sarcoidosis. Am. J. Respir. Crit. Care Med. 2006, 174 (8), 915–922. 

https://doi.org/10.1164/rccm.200512-1839OC. 

(38) Kruit, A.; Grutters, J. C.; Ruven, H. J. T.; van Moorsel, C. H. M.; Weiskirchen, R.; Mengsteab, S.; van den 

Bosch, J. M. M. Transforming Growth Factor-Beta Gene Polymorphisms in Sarcoidosis Patients with and 

without Fibrosis. Chest 2006, 129 (6), 1584–1591. https://doi.org/10.1378/chest.129.6.1584. 

(39) Stock, C. J.; Sato, H.; Fonseca, C.; Banya, W. A. S.; Molyneaux, P. L.; Adamali, H.; Russell, A.-M.; Denton, 

C. P.; Abraham, D. J.; Hansell, D. M.; Nicholson, A. G.; Maher, T. M.; Wells, A. U.; Lindahl, G. E.; Renzoni, 

E. A. Mucin 5B Promoter Polymorphism Is Associated with Idiopathic Pulmonary Fibrosis but Not with 

Development of Lung Fibrosis in Systemic Sclerosis or Sarcoidosis. Thorax 2013, 68 (5), 436–441. 

https://doi.org/10.1136/thoraxjnl-2012-201786. 

(40) Rybicki, B. A.; Iannuzzi, M. C.; Frederick, M. M.; Thompson, B. W.; Rossman, M. D.; Bresnitz, E. A.; Terrin, 

M. L.; Moller, D. R.; Barnard, J.; Baughman, R. P.; DePalo, L.; Hunninghake, G.; Johns, C.; Judson, M. A.; 

Knatterud, G. L.; McLennan, G.; Newman, L. S.; Rabin, D. L.; Rose, C.; Teirstein, A. S.; Weinberger, S. E.; 

Yeager, H.; Cherniack, R.; ACCESS Research Group. Familial Aggregation of Sarcoidosis. A Case-Control 

Etiologic Study of Sarcoidosis (ACCESS). Am. J. Respir. Crit. Care Med. 2001, 164 (11), 2085–2091. 

https://doi.org/10.1164/ajrccm.164.11.2106001. 

(41) McGrath, D. S.; Daniil, Z.; Foley, P.; du Bois, J. L.; Lympany, P. A.; Cullinan, P.; du Bois, R. M. Epidemiology 

of Familial Sarcoidosis in the UK. Thorax 2000, 55 (9), 751–754. https://doi.org/10.1136/thorax.55.9.751. 

(42) Rossides, M.; Grunewald, J.; Eklund, A.; Kullberg, S.; Di Giuseppe, D.; Askling, J.; Arkema, E. V. Familial 

Aggregation and Heritability of Sarcoidosis: A Swedish Nested Case-Control Study. Eur. Respir. J. 2018, 52 

(2), 1800385. https://doi.org/10.1183/13993003.00385-2018. 

(43) Valeyre, D.; Prasse, A.; Nunes, H.; Uzunhan, Y.; Brillet, P.-Y.; Müller-Quernheim, J. Sarcoidosis. Lancet Lond. 

Engl. 2014, 383 (9923), 1155–1167. https://doi.org/10.1016/S0140-6736(13)60680-7. 

(44) Rotsinger, J. E.; Celada, L. J.; Polosukhin, V. V.; Atkinson, J. B.; Drake, W. P. Molecular Analysis of 

Sarcoidosis Granulomas Reveals Antimicrobial Targets. Am. J. Respir. Cell Mol. Biol. 2016, 55 (1), 128–134. 

https://doi.org/10.1165/rcmb.2015-0212OC. 

(45) Polverino, F.; Balestro, E.; Spagnolo, P. Clinical Presentations, Pathogenesis, and Therapy of Sarcoidosis: 

State of the Art. J. Clin. Med. 2020, 9 (8), 2363. https://doi.org/10.3390/jcm9082363. 

(46) Wynn, T. A. Fibrotic Disease and the T(H)1/T(H)2 Paradigm. Nat. Rev. Immunol. 2004, 4 (8), 583–594. 

https://doi.org/10.1038/nri1412. 

(47) Pechkovsky, D. V.; Prasse, A.; Kollert, F.; Engel, K. M. Y.; Dentler, J.; Luttmann, W.; Friedrich, K.; Müller-

Quernheim, J.; Zissel, G. Alternatively Activated Alveolar Macrophages in Pulmonary Fibrosis-Mediator 

Production and Intracellular Signal Transduction. Clin. Immunol. Orlando Fla 2010, 137 (1), 89–101. 

https://doi.org/10.1016/j.clim.2010.06.017. 

(48) Ramstein, J.; Broos, C. E.; Simpson, L. J.; Ansel, K. M.; Sun, S. A.; Ho, M. E.; Woodruff, P. G.; Bhakta, N. R.; 

Christian, L.; Nguyen, C. P.; Antalek, B. J.; Benn, B. S.; Hendriks, R. W.; van den Blink, B.; Kool, M.; Koth, 

L. L. IFN-γ-Producing T-Helper 17.1 Cells Are Increased in Sarcoidosis and Are More Prevalent than T-

Helper Type 1 Cells. Am. J. Respir. Crit. Care Med. 2016, 193 (11), 1281–1291. 

https://doi.org/10.1164/rccm.201507-1499OC. 

(49) Ma, Y.; Gal, A.; Koss, M. N. The Pathology of Pulmonary Sarcoidosis: Update. Semin. Diagn. Pathol. 2007, 

24 (3), 150–161. https://doi.org/10.1053/j.semdp.2007.06.002. 

(50) Broos, C. E.; Koth, L. L.; van Nimwegen, M.; In ’t Veen, J. C. C. M.; Paulissen, S. M. J.; van Hamburg, J. P.; 

Annema, J. T.; Heller-Baan, R.; Kleinjan, A.; Hoogsteden, H. C.; Wijsenbeek, M. S.; Hendriks, R. W.; van 

den Blink, B.; Kool, M. Increased T-Helper 17.1 Cells in Sarcoidosis Mediastinal Lymph Nodes. Eur. Respir. 

J. 2018, 51 (3), 1701124. https://doi.org/10.1183/13993003.01124-2017. 

(51) Wahlström, J.; Katchar, K.; Wigzell, H.; Olerup, O.; Eklund, A.; Grunewald, J. Analysis of Intracellular 

Cytokines in CD4+ and CD8+ Lung and Blood T Cells in Sarcoidosis. Am. J. Respir. Crit. Care Med. 2001, 163 

(1), 115–121. https://doi.org/10.1164/ajrccm.163.1.9906071. 

(52) Rappl, G.; Pabst, S.; Riemann, D.; Schmidt, A.; Wickenhauser, C.; Schütte, W.; Hombach, A. A.; Seliger, B.; 

Grohé, C.; Abken, H. Regulatory T Cells with Reduced Repressor Capacities Are Extensively Amplified in 

Pulmonary Sarcoid Lesions and Sustain Granuloma Formation. Clin. Immunol. Orlando Fla 2011, 140 (1), 71–

83. https://doi.org/10.1016/j.clim.2011.03.015. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 May 2023                   doi:10.20944/preprints202305.1855.v1

https://doi.org/10.20944/preprints202305.1855.v1


 

(53) Teirstein, A. T.; Morgenthau, A. S. “End-Stage” Pulmonary Fibrosis in Sarcoidosis. Mt. Sinai J. Med. N. Y. 

2009, 76 (1), 30–36. https://doi.org/10.1002/msj.20090. 

(54) Moller, D. R. Cells and Cytokines Involved in the Pathogenesis of Sarcoidosis. Sarcoidosis Vasc. Diffuse Lung 

Dis. Off. J. WASOG 1999, 16 (1), 24–31. 

(55) Kunkel, S. L.; Lukacs, N. W.; Strieter, R. M.; Chensue, S. W. Th1 and Th2 Responses Regulate Experimental 

Lung Granuloma Development. Sarcoidosis Vasc. Diffuse Lung Dis. Off. J. WASOG 1996, 13 (2), 120–128. 

(56) Hauber, H.-P.; Gholami, D.; Meyer, A.; Pforte, A. Increased Interleukin-13 Expression in Patients with 

Sarcoidosis. Thorax 2003, 58 (6), 519–524. https://doi.org/10.1136/thorax.58.6.519. 

(57) Patterson, K. C.; Franek, B. S.; Müller-Quernheim, J.; Sperling, A. I.; Sweiss, N. J.; Niewold, T. B. Circulating 

Cytokines in Sarcoidosis: Phenotype-Specific Alterations for Fibrotic and Non-Fibrotic Pulmonary Disease. 

Cytokine 2013, 61 (3), 906–911. https://doi.org/10.1016/j.cyto.2012.12.016. 

(58) Alparslan Bekir, S.; Sonkaya, E.; Ozbaki, F.; Aydogan Eroglu, S.; Sertcelik, L.; Duman, D.; Kavas, M.; Agca, 

M.; Erdem, I.; Ozmen, I.; Boga, S.; Hazar, A.; Sevim, T.; Turker, H.; Tuncay, E.; Gungor, S.; Karakurt, Z. The 

Utility of Neutrophil-to-Lymphocyte Ratio Determined at Initial Diagnosis in Predicting Disease Stage and 

Discriminating between Active and Stable Disease in Patients with Sarcoidosis: A Cross-Sectional Study. 

Postgrad. Med. 2022, 134 (6), 603–608. https://doi.org/10.1080/00325481.2022.2082805. 

(59) Palchevskiy, V.; Hashemi, N.; Weigt, S. S.; Xue, Y. Y.; Derhovanessian, A.; Keane, M. P.; Strieter, R. M.; 

Fishbein, M. C.; Deng, J. C.; Lynch, J. P.; Elashoff, R.; Belperio, J. A. Immune Response CC Chemokines 

CCL2 and CCL5 Are Associated with Pulmonary Sarcoidosis. Fibrogenesis Tissue Repair 2011, 4, 10. 

https://doi.org/10.1186/1755-1536-4-10. 

(60) Wynn, T. A.; Vannella, K. M. Macrophages in Tissue Repair, Regeneration, and Fibrosis. Immunity 2016, 44 

(3), 450–462. https://doi.org/10.1016/j.immuni.2016.02.015. 

(61) Cinetto, F.; Agostini, C. Advances in Understanding the Immunopathology of Sarcoidosis and Implications 

on Therapy. Expert Rev. Clin. Immunol. 2016, 12 (9), 973–988. https://doi.org/10.1080/1744666X.2016.1181541. 

(62) Lepzien, R.; Liu, S.; Czarnewski, P.; Nie, M.; Österberg, B.; Baharom, F.; Pourazar, J.; Rankin, G.; Eklund, 

A.; Bottai, M.; Kullberg, S.; Blomberg, A.; Grunewald, J.; Smed-Sörensen, A. Monocytes in Sarcoidosis Are 

Potent Tumour Necrosis Factor Producers and Predict Disease Outcome. Eur. Respir. J. 2021, 58 (1), 2003468. 

https://doi.org/10.1183/13993003.03468-2020. 

(63) Fraser, S. D.; Sadofsky, L. R.; Kaye, P. M.; Hart, S. P. Reduced Expression of Monocyte CD200R Is 

Associated with Enhanced Proinflammatory Cytokine Production in Sarcoidosis. Sci. Rep. 2016, 6, 38689. 

https://doi.org/10.1038/srep38689. 

(64) Liu, G.; Ma, H.; Qiu, L.; Li, L.; Cao, Y.; Ma, J.; Zhao, Y. Phenotypic and Functional Switch of Macrophages 

Induced by Regulatory CD4+CD25+ T Cells in Mice. Immunol. Cell Biol. 2011, 89 (1), 130–142. 

https://doi.org/10.1038/icb.2010.70. 

(65) Shamaei, M.; Mortaz, E.; Pourabdollah, M.; Garssen, J.; Tabarsi, P.; Velayati, A.; Adcock, I. M. Evidence for 

M2 Macrophages in Granulomas from Pulmonary Sarcoidosis: A New Aspect of Macrophage 

Heterogeneity. Hum. Immunol. 2018, 79 (1), 63–69. https://doi.org/10.1016/j.humimm.2017.10.009. 

(66) Locke, L. W.; Crouser, E. D.; White, P.; Julian, M. W.; Caceres, E. G.; Papp, A. C.; Le, V. T.; Sadee, W.; 

Schlesinger, L. S. IL-13-Regulated Macrophage Polarization during Granuloma Formation in an In Vitro 

Human Sarcoidosis Model. Am. J. Respir. Cell Mol. Biol. 2019, 60 (1), 84–95. 

https://doi.org/10.1165/rcmb.2018-0053OC. 

(67) Prasse, A.; Pechkovsky, D. V.; Toews, G. B.; Jungraithmayr, W.; Kollert, F.; Goldmann, T.; Vollmer, E.; 

Müller-Quernheim, J.; Zissel, G. A Vicious Circle of Alveolar Macrophages and Fibroblasts Perpetuates 

Pulmonary Fibrosis via CCL18. Am. J. Respir. Crit. Care Med. 2006, 173 (7), 781–792. 

https://doi.org/10.1164/rccm.200509-1518OC. 

(68) Munder, M.; Eichmann, K.; Modolell, M. Alternative Metabolic States in Murine Macrophages Reflected 

by the Nitric Oxide Synthase/Arginase Balance: Competitive Regulation by CD4+ T Cells Correlates with 

Th1/Th2 Phenotype. J. Immunol. Baltim. Md 1950 1998, 160 (11), 5347–5354. 

(69) Prokop, S.; Heppner, F. L.; Goebel, H. H.; Stenzel, W. M2 Polarized Macrophages and Giant Cells 

Contribute to Myofibrosis in Neuromuscular Sarcoidosis. Am. J. Pathol. 2011, 178 (3), 1279–1286. 

https://doi.org/10.1016/j.ajpath.2010.11.065. 

(70) Saito, A.; Horie, M.; Nagase, T. TGF-β Signaling in Lung Health and Disease. Int. J. Mol. Sci. 2018, 19 (8), 

2460. https://doi.org/10.3390/ijms19082460. 

(71) Ma, T.-T.; Meng, X.-M. TGF-β/Smad and Renal Fibrosis. Adv. Exp. Med. Biol. 2019, 1165, 347–364. 

https://doi.org/10.1007/978-981-13-8871-2_16. 

(72) Huang, C.-Y.; Chung, C.-L.; Hu, T.-H.; Chen, J.-J.; Liu, P.-F.; Chen, C.-L. Recent Progress in TGF-β Inhibitors 

for Cancer Therapy. Biomed. Pharmacother. Biomedecine Pharmacother. 2021, 134, 111046. 

https://doi.org/10.1016/j.biopha.2020.111046. 

(73) Xu, F.; Liu, C.; Zhou, D.; Zhang, L. TGF-β/SMAD Pathway and Its Regulation in Hepatic Fibrosis. J. 

Histochem. Cytochem. Off. J. Histochem. Soc. 2016, 64 (3), 157–167. https://doi.org/10.1369/0022155415627681. 

(74) Goodwin, A.; Jenkins, G. Role of Integrin-Mediated TGFbeta Activation in the Pathogenesis of Pulmonary 

Fibrosis. Biochem. Soc. Trans. 2009, 37 (Pt 4), 849–854. https://doi.org/10.1042/BST0370849. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 May 2023                   doi:10.20944/preprints202305.1855.v1

https://doi.org/10.20944/preprints202305.1855.v1


 

(75) Coker, R. K.; Laurent, G. J.; Jeffery, P. K.; du Bois, R. M.; Black, C. M.; McAnulty, R. J. Localisation of 

Transforming Growth Factor Beta1 and Beta3 MRNA Transcripts in Normal and Fibrotic Human Lung. 

Thorax 2001, 56 (7), 549–556. https://doi.org/10.1136/thorax.56.7.549. 

(76) Herpin, A.; Lelong, C.; Favrel, P. Transforming Growth Factor-Beta-Related Proteins: An Ancestral and 

Widespread Superfamily of Cytokines in Metazoans. Dev. Comp. Immunol. 2004, 28 (5), 461–485. 

https://doi.org/10.1016/j.dci.2003.09.007. 

(77) Ito, J.; Harada, N.; Nagashima, O.; Makino, F.; Usui, Y.; Yagita, H.; Okumura, K.; Dorscheid, D. R.; Atsuta, 

R.; Akiba, H.; Takahashi, K. Wound-Induced TGF-Β1 and TGF-Β2 Enhance Airway Epithelial Repair via 

HB-EGF and TGF-α. Biochem. Biophys. Res. Commun. 2011, 412 (1), 109–114. 

https://doi.org/10.1016/j.bbrc.2011.07.054. 

(78) Bonniaud, P.; Margetts, P. J.; Ask, K.; Flanders, K.; Gauldie, J.; Kolb, M. TGF-Beta and Smad3 Signaling 

Link Inflammation to Chronic Fibrogenesis. J. Immunol. Baltim. Md 1950 2005, 175 (8), 5390–5395. 

https://doi.org/10.4049/jimmunol.175.8.5390. 

(79) Piotrowski, W. J.; Kiszałkiewicz, J.; Pastuszak-Lewandoska, D.; Antczak, A.; Górski, P.; Migdalska-Sęk, M.; 

Górski, W.; Czarnecka, K.; Nawrot, E.; Domańska, D.; Brzeziańska-Lasota, E. TGF-β and SMADs MRNA 

Expression in Pulmonary Sarcoidosis. Adv. Exp. Med. Biol. 2015, 852, 59–69. 

https://doi.org/10.1007/5584_2014_106. 

(80) Shuai, K.; Liu, B. Regulation of JAK-STAT Signalling in the Immune System. Nat. Rev. Immunol. 2003, 3 (11), 

900–911. https://doi.org/10.1038/nri1226. 

(81) Zhou, T.; Casanova, N.; Pouladi, N.; Wang, T.; Lussier, Y.; Knox, K. S.; Garcia, J. G. N. Identification of Jak-

STAT Signaling Involvement in Sarcoidosis Severity via a Novel MicroRNA-Regulated Peripheral Blood 

Mononuclear Cell Gene Signature. Sci. Rep. 2017, 7 (1), 4237. https://doi.org/10.1038/s41598-017-04109-6. 

(82) Rotenberg, C.; Besnard, V.; Brillet, P.-Y.; Giraudier, S.; Nunes, H.; Valeyre, D. Dramatic Response of 

Refractory Sarcoidosis under Ruxolitinib in a Patient with Associated JAK2-Mutated Polycythemia. Eur. 

Respir. J. 2018, 52 (6), 1801482. https://doi.org/10.1183/13993003.01482-2018. 

(83) Linke, M.; Fritsch, S. D.; Sukhbaatar, N.; Hengstschläger, M.; Weichhart, T. MTORC1 and MTORC2 as 

Regulators of Cell Metabolism in Immunity. FEBS Lett. 2017, 591 (19), 3089–3103. 

https://doi.org/10.1002/1873-3468.12711. 

(84) Laplante, M.; Sabatini, D. M. MTOR Signaling in Growth Control and Disease. Cell 2012, 149 (2), 274–293. 

https://doi.org/10.1016/j.cell.2012.03.017. 

(85) Hu, X.; Xu, Q.; Wan, H.; Hu, Y.; Xing, S.; Yang, H.; Gao, Y.; He, Z. PI3K-Akt-MTOR/PFKFB3 Pathway 

Mediated Lung Fibroblast Aerobic Glycolysis and Collagen Synthesis in Lipopolysaccharide-Induced 

Pulmonary Fibrosis. Lab. Investig. J. Tech. Methods Pathol. 2020, 100 (6), 801–811. 

https://doi.org/10.1038/s41374-020-0404-9. 

(86) Celada, L. J.; Rotsinger, J. E.; Young, A.; Shaginurova, G.; Shelton, D.; Hawkins, C.; Drake, W. P. 

Programmed Death-1 Inhibition of Phosphatidylinositol 3-Kinase/AKT/Mechanistic Target of Rapamycin 

Signaling Impairs Sarcoidosis CD4+ T Cell Proliferation. Am. J. Respir. Cell Mol. Biol. 2017, 56 (1), 74–82. 

https://doi.org/10.1165/rcmb.2016-0037OC. 

(87) Pizzini, A.; Bacher, H.; Aichner, M.; Franchi, A.; Watzinger, K.; Tancevski, I.; Sonnweber, T.; Mosheimer-

Feistritzer, B.; Duftner, C.; Zelger, B.; Pallua, J.; Sprung, S.; Weichhart, T.; Zelger, B.; Weiss, G.; Löffler-Ragg, 

J. High Expression of MTOR Signaling in Granulomatous Lesions Is Not Predictive for the Clinical Course 

of Sarcoidosis. Respir. Med. 2021, 177, 106294. https://doi.org/10.1016/j.rmed.2020.106294. 

(88) Nusse, R.; Clevers, H. Wnt/β-Catenin Signaling, Disease, and Emerging Therapeutic Modalities. Cell 2017, 

169 (6), 985–999. https://doi.org/10.1016/j.cell.2017.05.016. 

(89) Chilosi, M.; Poletti, V.; Zamò, A.; Lestani, M.; Montagna, L.; Piccoli, P.; Pedron, S.; Bertaso, M.; Scarpa, A.; 

Murer, B.; Cancellieri, A.; Maestro, R.; Semenzato, G.; Doglioni, C. Aberrant Wnt/Beta-Catenin Pathway 

Activation in Idiopathic Pulmonary Fibrosis. Am. J. Pathol. 2003, 162 (5), 1495–1502. 

https://doi.org/10.1016/s0002-9440(10)64282-4. 

(90) Königshoff, M.; Balsara, N.; Pfaff, E.-M.; Kramer, M.; Chrobak, I.; Seeger, W.; Eickelberg, O. Functional Wnt 

Signaling Is Increased in Idiopathic Pulmonary Fibrosis. PloS One 2008, 3 (5), e2142. 

https://doi.org/10.1371/journal.pone.0002142. 

(91) Levänen, B.; Wheelock, A. M.; Eklund, A.; Grunewald, J.; Nord, M. Increased Pulmonary Wnt 

(Wingless/Integrated)-Signaling in Patients with Sarcoidosis. Respir. Med. 2011, 105 (2), 282–291. 

https://doi.org/10.1016/j.rmed.2010.11.018. 

(92) Huang, G.; Zhang, J.; Qing, G.; Liu, D.; Wang, X.; Chen, Y.; Li, Y.; Guo, S. S100A2 Silencing Relieves 

Epithelial-Mesenchymal Transition in Pulmonary Fibrosis by Inhibiting the Wnt/β-Catenin Signaling 

Pathway. DNA Cell Biol. 2021, 40 (1), 18–25. https://doi.org/10.1089/dna.2020.6030. 

(93) Shigemitsu, H.; Oblad, J. M.; Sharma, O. P.; Koss, M. N. Chronic Interstitial Pneumonitis in End-Stage 

Sarcoidosis. Eur. Respir. J. 2010, 35 (3), 695–697. https://doi.org/10.1183/09031936.00150609. 

(94) Verleden, S. E.; Vanstapel, A.; De Sadeleer, L.; Dubbeldam, A.; Goos, T.; Gyselinck, I.; Geudens, V.; Kaes, 

J.; Van Raemdonck, D. E.; Ceulemans, L. J.; Yserbyt, J.; Vos, R.; Vanaudenaerde, B.; Weynand, B.; 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 May 2023                   doi:10.20944/preprints202305.1855.v1

https://doi.org/10.20944/preprints202305.1855.v1


 

Verschakelen, J.; Wuyts, W. A. Distinct Airway Involvement in Subtypes of End-Stage Fibrotic Pulmonary 

Sarcoidosis. Chest 2021, 160 (2), 562–571. https://doi.org/10.1016/j.chest.2021.01.003. 

(95) Xu, L.; Kligerman, S.; Burke, A. End-Stage Sarcoid Lung Disease Is Distinct from Usual Interstitial 

Pneumonia. Am. J. Surg. Pathol. 2013, 37 (4), 593–600. https://doi.org/10.1097/PAS.0b013e3182785a2d. 

(96) Collins, B. F.; McClelland, R. L.; Ho, L. A.; Mikacenic, C. R.; Hayes, J.; Spada, C.; Raghu, G. Sarcoidosis and 

IPF in the Same Patient-a Coincidence, an Association or a Phenotype? Respir. Med. 2018, 144S, S20–S27. 

https://doi.org/10.1016/j.rmed.2018.08.008. 

(97) Bergantini, L.; Nardelli, G.; d’Alessandro, M.; Montuori, G.; Piccioli, C.; Rosi, E.; Gangi, S.; Cavallaro, D.; 

Cameli, P.; Bargagli, E. Combined Sarcoidosis and Idiopathic Pulmonary Fibrosis (CSIPF): A New 

Phenotype or a Fortuitous Overlap? Scoping Review and Case Series. J. Clin. Med. 2022, 11 (7), 2065. 

https://doi.org/10.3390/jcm11072065. 

(98) Paramothayan, S.; Jones, P. W. Corticosteroid Therapy in Pulmonary Sarcoidosis: A Systematic Review. 

JAMA 2002, 287 (10), 1301–1307. https://doi.org/10.1001/jama.287.10.1301. 

(99) Baughman, R. P.; Valeyre, D.; Korsten, P.; Mathioudakis, A. G.; Wuyts, W. A.; Wells, A.; Rottoli, P.; Nunes, 

H.; Lower, E. E.; Judson, M. A.; Israel-Biet, D.; Grutters, J. C.; Drent, M.; Culver, D. A.; Bonella, F.; Antoniou, 

K.; Martone, F.; Quadder, B.; Spitzer, G.; Nagavci, B.; Tonia, T.; Rigau, D.; Ouellette, D. R. ERS Clinical 

Practice Guidelines on Treatment of Sarcoidosis. Eur. Respir. J. 2021, 58 (6), 2004079. 

https://doi.org/10.1183/13993003.04079-2020. 

(100) Miedema, J. R.; Bonella, F.; Grunewald, J.; Spagnolo, P. Looking into the Future of Sarcoidosis: What Is next 

for Treatment? Curr. Opin. Pulm. Med. 2020, 26 (5), 598–607. https://doi.org/10.1097/MCP.0000000000000709. 

(101) Flaherty, K. R.; Wells, A. U.; Cottin, V.; Devaraj, A.; Walsh, S. L. F.; Inoue, Y.; Richeldi, L.; Kolb, M.; Tetzlaff, 

K.; Stowasser, S.; Coeck, C.; Clerisme-Beaty, E.; Rosenstock, B.; Quaresma, M.; Haeufel, T.; Goeldner, R.-G.; 

Schlenker-Herceg, R.; Brown, K. K.; INBUILD Trial Investigators. Nintedanib in Progressive Fibrosing 

Interstitial Lung Diseases. N. Engl. J. Med. 2019, 381 (18), 1718–1727. 

https://doi.org/10.1056/NEJMoa1908681. 

(102) Maher, T. M.; Corte, T. J.; Fischer, A.; Kreuter, M.; Lederer, D. J.; Molina-Molina, M.; Axmann, J.; 

Kirchgaessler, K.-U.; Samara, K.; Gilberg, F.; Cottin, V. Pirfenidone in Patients with Unclassifiable 

Progressive Fibrosing Interstitial Lung Disease: A Double-Blind, Randomised, Placebo-Controlled, Phase 

2 Trial. Lancet Respir. Med. 2020, 8 (2), 147–157. https://doi.org/10.1016/S2213-2600(19)30341-8. 

(103) Gangemi, A. J.; Myers, C. N.; Zheng, M.; Brown, J.; Butler-LeBair, M.; Cordova, F.; Marchetti, N.; Criner, G. 

J.; Gupta, R.; Mamary, A. J. Mortality for Sarcoidosis Patients on the Transplant Wait List in the Lung 

Allocation Score Era: Experience from a High Volume Center. Respir. Med. 2019, 157, 69–76. 

https://doi.org/10.1016/j.rmed.2019.09.001. 

(104) Meyer, K. C. Lung Transplantation for Pulmonary Sarcoidosis. Sarcoidosis Vasc. Diffuse Lung Dis. Off. J. 

WASOG 2019, 36 (2), 92–107. https://doi.org/10.36141/svdld.v36i2.7163. 

(105) Leard, L. E.; Holm, A. M.; Valapour, M.; Glanville, A. R.; Attawar, S.; Aversa, M.; Campos, S. V.; Christon, 

L. M.; Cypel, M.; Dellgren, G.; Hartwig, M. G.; Kapnadak, S. G.; Kolaitis, N. A.; Kotloff, R. M.; Patterson, C. 

M.; Shlobin, O. A.; Smith, P. J.; Solé, A.; Solomon, M.; Weill, D.; Wijsenbeek, M. S.; Willemse, B. W. M.; 

Arcasoy, S. M.; Ramos, K. J. Consensus Document for the Selection of Lung Transplant Candidates: An 

Update from the International Society for Heart and Lung Transplantation. J. Heart Lung Transplant. Off. 

Publ. Int. Soc. Heart Transplant. 2021, 40 (11), 1349–1379. https://doi.org/10.1016/j.healun.2021.07.005. 

(106) Le Pavec, J.; Valeyre, D.; Gazengel, P.; Holm, A. M.; Schultz, H. H.; Perch, M.; Le Borgne, A.; Reynaud-

Gaubert, M.; Knoop, C.; Godinas, L.; Hirschi, S.; Bunel, V.; Laporta, R.; Harari, S.; Blanchard, E.; Magnusson, 

J. M.; Tissot, A.; Mornex, J.-F.; Picard, C.; Savale, L.; Bernaudin, J.-F.; Brillet, P.-Y.; Nunes, H.; Humbert, M.; 

Fadel, E.; Gottlieb, J. Lung Transplantation for Sarcoidosis: Outcome and Prognostic Factors. Eur. Respir. J. 

2021, 58 (2), 2003358. https://doi.org/10.1183/13993003.03358-2020. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 May 2023                   doi:10.20944/preprints202305.1855.v1

https://doi.org/10.20944/preprints202305.1855.v1

