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Editorial on the Research Topic
Sarcoidosis—The great mimicker

Introduction

Sarcoidosis has been and remains a challenge for patients and physicians alike. Even
in the year 2022, the pathophysiology of sarcoidosis is still incompletely understood.
With this Research Topic entitled “Sarcoidosis—The Great Mimicker,” we aimed to shed
light on the various aspects of this enigmatic disease. We are thankful and indebted to all
authors, reviewers, and external editors who have contributed with their research papers
and time to make this a thriving collection of articles. We received many submissions
indicating that sarcoidosis attracts researchers from various backgrounds and specialties.
With this editorial, we will give an overview of the topics covered in the Research Topic
and place them in the context of the current research landscape.

Learning from case reports

The search terms (Sarcoidosis[Title]) AND (Case Reports[Filter]) in the commonly
used database Pubmed retrieved a steadily increasing number of cases over the years
and a total number of 7.280 reports. Starting in 1955, only one case was reported,
which increased to 276 as of 2021 (Figure 1). Thus, case reports of sarcoidosis or
its mimickers are a valuable educational tool to capture the frequent and infrequent
manifestations of the disease. In this regard, two case reports were accepted for this
collection of articles. The first article, written by Tirelli et al. describes a case of concurrent
adenocarcinoma of the lung and coexistent sarcoidosis, which is rare and therapeutically
challenging. A recent systematic review identified nine case reports and highlighted that
meticulous diagnostic testing is essential to differentiate metastatic disease from sarcoid
or sarcoid-like lesions (1).
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FIGURE 1

Number of case reports on sarcoidosis per year from 1955 to
2021 (https://pubmed.ncbi.nlm.nih.gov/; last accessed July 8th,
2022).

The following case report by De Cinque et al. focuses
on testicular sarcoidosis, an exceedingly rare manifestation
of sarcoidosis. They reviewed the literature and identified,
including their case, only 20 publications where testicular
sarcoidosis was the primary manifestation of sarcoidosis. Most
interestingly, they described contrast-enhanced ultrasound
(CEUS) features, which can be helpful in discerning sarcoidosis
from other malignant testicular lesions. Specifically, sarcoid
lesions are hypoechoic and show hypo-enhancement on CEUS,
a clinically relevant point.

Lastly, Manansala et al. describe a case series of COVID-
19 in sarcoidosis patients of African American ethnicity.
They report on five cases; one ultimately expired due to a
thromboembolic event. This report, published relatively early
in the pandemic, was reassuring for patients with sarcoidosis,
especially African American patients, who usually suffer more
from sarcoidosis than other ethnicities (2, 3). However, a
single-center study, which analyzed patients seen from July to
December 2020, suggested that the hospitalization rates and the
mortality from COVID-19 in sarcoidosis may be increased (4).

Reviews on cancer, novel
treatments, pitfalls, and the
microbiome

In the first of four review papers in this Research Topic,
El Jammal et al. review the relationship between sarcoidosis
and cancer, which complements the case report by Tirell et
al. mentioned above. The authors summarize the available
literature on sarcoidosis and its relationship to cancer; the main
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concern is the occurrence or co-occurrence of lymphomas.
Further, they highlight the importance of a dedicated
histopathologic analysis because some malignancies with
granulomatous features may otherwise be missed. In addition, it
is essential to consider infectious complications in patients with
a known cancer diagnosis, especially opportunistic infections.

Next, Boleto et al. provided an overview of novel therapeutic
targets for treating refractory sarcoidosis. They focused on non-
tumor necrosis factor-alpha inhibitor monoclonal antibodies.
Unfortunately, the available clinical trial data for many agents,
including interleukin (IL)-17 and—12/23-antagonists or B-
cell modulating agents, were negative. Clinical trials for
anti-IL-6, anti-IL-1, and Janus kinase inhibitors are ongoing
and have not been published yet. In light of the recently
published American Thoracic Society/European Respiratory
Society recommendations for the treatment of sarcoidosis,
which confirmed the lack of robust evidence derived from high-
quality clinical trials, these trial results are eagerly awaited (5).
A recent, very detailed report highlighted the beneficial role
of tofacitinib in sarcoidosis (6) after the first very encouraging
reports for cutaneous sarcoidosis (7).

Adding to the review papers on dedicated topics concerning
sarcoidosis is the article by Narula and Tannuzzi on pitfalls
and challenging mimickers. Here, the authors reviewed the
most common infections and non-infectious diseases across
frequent (such as pulmonary sarcoidosis) and infrequent
(neurosarcoidosis) manifestations. In addition, they highlight
diseases and conditions that treating physicians always need to
be aware of, such as drug-induced sarcoid reactions, common-
variable immunodeficiency with granulomas, and differential
diagnoses for hypercalcemic syndromes.

The last review of the topic by Chioma et al. described
the role of the lung microbiome in interstitial lung diseases
(ILD), including sarcoidosis. Among the few dedicated studies
available, the evidence for alterations in the gut or lung
microbiome is mixed. In sarcoidosis specifically, alterations of
the microbiome in the lungs have not been firmly established.

Original papers

A total of four original papers were included in the topic.
The first paper by Cacciatore et al. analyzed a French cohort
regarding acute vs. chronic sarcoid arthropathy. In short,
chronic arthropathy tended to be less symmetric, had more
wrist involvement, and more often required second- or third-
line therapies.

The subsequent exciting investigation by Cameli et
al. identified serum and urinary calcium levels as a useful
biomarker in sarcoidosis. The investigators compared
sarcoidosis patients with idiopathic pulmonary fibrosis
and hypersensitivity pneumonitis. Further, receiver operating
characteristics curve analysis revealed an excellent specificity
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(89.7%) of hypercalciuria for sarcoidosis vs. non-sarcoidosis
ILD and a specificity of 82.5% for fibrotic sarcoidosis vs.
non-sarcoidosis ILD. This paper highlights the importance of
calcium and vitamin D dysregulation in sarcoidosis, which is an
area deserving of further investigation.

The following paper by Nickles et al. analyzed similarities
between discoid lupus erythematosus (DLE), cutaneous
sarcoidosis (CS), and psoriasis by gene co-expression networks.
These complex analyses revealed seven common hub genes in
DLE and CS: TLR1, ITGAL, TNFRSF1B, CD86, SPI1, BTK,
and IL10RA. Furthermore, these analyses also identified several
disease-type specific hub genes. These results identified potential
molecular targets for treating skin lesions of these diseases.

Lastly, Vagts et al. used unsupervised clustering in a cohort
of sarcoidosis patients who had undergone a positron emission
tomography (PET) scan as part of their workup. A detailed
analysis of clinical, laboratory, and imaging features revealed
three clusters (African Americans with quiescent disease,
African Americans with chronically active and more frequent
extrathoracic disease, and Caucasians with more acute illness).
In addition, the data showed a reduction in lymphocyte counts
in cluster 3 and high PET avidity in clusters 2 and 3.

These results are relevant since the current
recommendations for the diagnosis and detection of sarcoidosis
(8) still very much rely on the exclusion of similar disorders.
With further research, one goal should be to add confidence in
the diagnostic certainty when sarcoidosis is suspected.

Conclusions

Sarcoidosis remains an enigmatic and complicated disease.
Within this Research Topic, experts in the field have shared
their insights, experience, and research data to deepen our
understanding of sarcoidosis. In our view, the agenda for
future research includes but is not limited to: (1) what does
assist us in making a confident diagnosis of sarcoidosis?,
(2) the development of disease clustering criteria for clinical
trials, (3) a definition of an applicable response index for
measuring outcomes in clinical trials, (4) further explore
the role of calcium/vitamin D metabolism in sarcoidosis,
and (5) investigate the molecular mechanisms underlying
the pathogenesis of the disease. Specialists from all fields,
such as pulmonologists, rheumatologists, dermatologists, and
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Background: Changes in calcium metabolism are quite common in sarcoidosis:
hypercalciuria is linked to a persistent clinical phenotype and more active disease. No
data is yet available on the specificity of parameters of calcium metabolism as biomarkers
for distinguishing different chronic interstitial lung diseases (ILD). Here we assessed
calcium metabolism in an ltalian population of sarcoidosis patients, which included a
group with stage IV fibrotic disease, and compared the results with those of idiopathic
pulmonary fibrosis (IPF) and chronic hypersensitivity pneumonitis (cHP) patients.

Population and Methods: We recruited sarcoidosis, IPF and cHP patients
retrospectively. All patients were diagnosed through multidisciplinary discussion and were
monitored at the Regional ILD Referral Centre in Siena. Clinical, radiological, functional,
immunological and laboratory parameters were collected and entered in an electronic
database for data analysis.

Results: A total of 305 patients (237 sarcoidosis, 40 IPF and 28 cHP) were enrolled.
Sarcoidosis patients included a predominance of females and were significantly younger
than IPF and cHP patients (p < 0.0001 for both). In the sarcoidosis population,
17 patients (7.2%) showed radiological evidence of lung fibrosis, according the
Scadding classification; fibrotic disease was also confirmed by CT scan. Concerning
calcium metabolism, sarcoidosis patients showed significantly higher serum and urinary
concentrations of calcium than IPF and cHP patients (o = 0.0004 and p < 0.0001,
respectively). These findings were also confirmed when comparing groups with fibrotic
sarcoidosis, IPF and cHP (p = 0.0237 and p = 0.0138). According to receiver operating
characteristics (ROC) curve analysis, urinary calcium showed better diagnostic accuracy
than serum calcium in discriminating sarcoid and non-sarcoid lung fibrosis (AUC 0.7658
vs. 0.6205; p = 0.0026 vs. p = 0.1820).

Discussion: Our results confirmed that changes in calcium metabolism, particularly
hypercalciuria, occur in a substantial percentage of patients with sarcoidosis. Higher
serum and urinary concentrations of calcium were found than in IPF and cHP; the
same results were observed when the comparison was limited to patients with fibrotic
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sarcoidosis, supporting the hypothesis that dysregulation of calcium metabolism may be
a special feature of sarcoid granulomas. Hypercalciuria distinguished fibrotic sarcoidosis
from IPF and cHP, suggesting that assessment of calcium metabolism may be useful in
the diagnostic pathway of ILDs.

Keywords: sarcoidosis, calcium metabolism, biomarker, interstitial lung disease, specificity

INTRODUCTION

Sarcoidosis is a systemic disease included in the wide group
of interstitial lung diseases (ILDs) that commonly require
a multidisciplinary approach for diagnosis and clinical
management. Due to its systemic nature, sarcoidosis needs to be
assessed by a holistic approach that should include all possible
localizations and expressions of disease. Changes in calcium
metabolism, including hypercalcemia and hypercalciuria, are
quite common (1-5). Their specific assessment is recommended
and was recently endorsed by American Thoracic Society
guidelines (6). Since 1960%, altered calcitriol production,
parathyroid hormone (PTH) activity and sensitivity to Vitamin
D have been described in sarcoidosis (7). Increased calcitriol
levels cause absorption of calcium in the intestine and resorption
from bone. Stimulated by interferon-y (IFN- vy), tumor
necrosis factor- o (TNF-a), interleukin-1 (IL1) and—2 (IL2),
macrophages from sarcoid granulomas can spontaneously
release 1,25-dihydroxy vitamin D, further boosting calcium
resorption from the gastrointestinal tract and bone, leading
to hypercalcemia and hypercalciuria (8, 9). Since abnormal
resorption is associated with bone fragility and changes
in bone mineral density, calcium metabolism is an issue
in sarcoidosis, especially in patients requiring prolonged
steroid treatment.

Changes in calcium metabolism and subsequent renal
involvement (e.g., nephrocalcinosis) have been reported to
have a prevalence of 5-60% in sarcoidosis patients (6, 10, 11).
It has been clearly demonstrated that hypercalciuria and
hypercalcemia are reliable negative prognostic factors, being
associated with a chronic-persistent disease phenotype,
high angiotensin-converting enzyme (ACE) levels, old age,
hypergammaglobulinemia, and extrapulmonary sarcoid
localizations (particularly in the spleen, bone and kidneys)
(12-14). Our research group recently demonstrated a correlation
between hypercalciuria and chitotriosidase concentrations,
radiological evidence of severe lung involvement, deterioration
of lung function (particularly concerning lung alveolar diffusion)
and hepatosplenic disease (15), confirming the potential of
this non-invasive and cost-sparing biomarker in routine
clinical practice.

Little data is available on bone metabolism in other
diffuse ILDs, despite the fact that osteoporosis is a common
comorbidity in these patients (estimated prevalence >10%)

Abbreviations: DL, diffusing capacity of the lung for CO; FVC, forced vital
capacity; FEV1, forced expiratory volume in 1 second; IPE, idiopathic pulmonary
fibrosis, cHP, chronic hypersensitivity pneumonitis; HRCT, high resolution
computed tomography.

(16). Moreover, since steroid therapy is the first-line therapy
in many “inflammatory” ILDs, such as chronic hypersensitivity
pneumonitis (cHP), assessment of bone and calcium metabolism
may be useful in the management of these patients. Interestingly,
in a cross-sectional study, our research group found a increased
bone fragility with higher risk of vertebral fractures, irrespective
of steroid therapy, in patients with idiopathic pulmonary fibrosis
(IPF), suggesting that fibrotic lung disease per se may influence
bone status and fracture risk (17).

Sarcoidosis is generally, but unwisely, viewed as a benign
disease, although 9% of patients die from respiratory failure,
particularly those with stage IV disease. Fibrotic lung sarcoidosis
is observed in 5-15% of patients at presentation and is associated
with poorer survival (18, 19). Isolated pulmonary stage IV
sarcoidosis is a diagnostic challenge: differential diagnosis with
respect to cHP and pneumoconiosis can be difficult due to
similar clinical, immunological and radiological features in the
end stage (20).

In the present study, we focused on changes in calcium
metabolism in patients with granulomatous and non-
granulomatous ILD, in order to evaluate their specificity as
biomarkers in sarcoidosis and the clinical utility of differentiating
stage IV sarcoidosis from other ILDs.

MATERIALS AND METHODS
Study Population and Design

We recruited sarcoidosis, IPF and cHP patients retrospectively
from the population monitored at the Siena Regional ILD
Referral Center. Diagnosis was made according to international
guidelines (6, 21); all patients underwent chest high resolution
computed tomography (HRCT) for diagnostic purposes. All
diagnoses were confirmed by multidisciplinary discussion:
histological confirmation was available for 147 patients with
sarcoidosis, six with IPF and four with cHP. For those
patients in which histological sampling was not available or
obtainable, diagnosis of sarcoidosis was made according to a
multidisciplinary evaluation of clinical and radiological features,
in order to exclude potential alternative diseases, as recently
endorsed by American Thoracic Society guidelines (6). Sarcoid
patients were also classified according to disease localization, as
suggested by Genotype-Phenotype Relationship in Sarcoidosis
project (GenPhenResA) (22). All patients underwent regular
clinical evaluations at the Siena Referral Center for Osteoporosis.
To be included in the study, patients had to provide serum
and 24-h urine samples for assessment of calcium metabolism.
Patients were specifically trained in 24-h urine collection. All
patients were carefully evaluated in order to exclude potential
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comorbidities that may significantly influence serum and urinary
biomarkers of calcium metabolism.

Patients were excluded if they were taking calcium or
vitamin D supplements or drugs for osteoporosis. Demographic,
radiological, immunological and functional data was collected
from the medical records and entered in an electronic database.

Serum samples were also obtained from the sarcoidosis cohort
to measure the disease-specific biomarkers chitotriosidase,
and ACE.

All patients gave their informed consent to the study that was
approved by the local Ethic committee. The study was conducted
according to Declaration of Helsinki principles.

TABLE 1 | Demographic features, functional parameters, radiological
classification, and serum biomarkers’ assessment of study population.

Sarcoidosis IPF cHP p-value
N° 236 40 28
Male (%) 92 (38.9) 33 (82.5) 17 (60.7)  <0.0001
Age (yrs) 56.1 £12.1 68 +8.4 66.8 £8.7 <0.0001
Smoking history
Former (%) 85 (36) 34 (85) 15(53.5)  <0.0001
Never (%) 151 (63.9) 6 (15) 13 (46.4)  <0.0001
PFTs
FVC | (%) 35+ 1 26+09 24+09 <0.0001
(106.7 £ 17.8) (73.3 £ 27.2) (75.7 £ 17.2) <0.0001
FEV1 1 (%) 26+09 2+0.7 1.9+£0.8 <0.0001
(98.3+18.4) (76.4 +23.5) (76.2 £ 20.9) <0.0001
FEV1/FVC 756 +7.4 788 +7.2 80.4+104 0.0003*
DLCO % 80.1 £15.1  46.3+17.1  54.24+18.2 <0.0001
GenPhenResA
phenotypes
Abdominal (%) 17 (7.2)
OCCC (%) 10 (4.2)
Musculoskeletalcutaneous 31 (13.1)
(%)
Isolated pulmonary (%) 170 (72)
Extrapulmonary (%) 8(3.3)
Radiological
assessment/
CXR stage 0 (%) 99 (41.9)
CXR stage 1 (%) 19(8)
CXR stage 2 (%) 51(21.6)
CXR stage 3 (%) 50 (21.1)
CXR stage 4 (%) 17 (7.2)

Sarcoidosis biomarkers
Chitotriosidase (nmol/mi/h) 174.1 + 90.6
[1-45 nmol/ml/h]
ACE (U/))

[30-80 U/1]

56.6 4+ 22.8

If not otherwise reported, p-values referred to comparison between sarcoidosis and
all other subgroups. according to Scadding classification; *statistically significant
difference between sarcoidosis and cHP patients; IPF, idiopathic pulmonary fibrosis;
cHR, chronic hypersensitivity pneumonitis; PFTs, pulmonary function tests; FVC, forced
volume capacity; FEV1, forced expiratory volume in the 1st s; DLCO, lung diffusion
capacity for carbon monoxide; GenPhenResA, Genotype-Phenotype Relationship in
Sarcoidosis; OCCC, ocular-cardiac-cutaneous-central nervous system; CXR, chest x-
rays, AC, angiotensin-converting enzyme. Normal ranges of laboratory values are reported
in square brackets.

Lung Function Tests

The following lung function measurements were recorded
according to American Thoracic Society/European Respiratory
Society (ATS/ERS) standards (23, 24), using a Jaeger body
plethysmograph  with corrections for temperature and
barometric pressure: forced expiratory volume in 1s (FEV1),
forced vital capacity (FVC), FEV1/FVC, total lung capacity
(TLC), residual volume (RV), lung diffusion capacity for carbon
monoxide (DLCO) and DLCO/VA (alveolar volume).

Chitotriosidase Assay

Human chitotriosidase activity was determined by a
fluorimetric method using 22 M 4-methylumbelliferyl p
D-NNN-triacetylchitotriosidase (Sigma Chemical Co.) in citrate-
phosphate buffer, pH 5.2; 100 wl substrate was incubated for
1h at 37°C and the reaction was stopped with 1.4ml 0.1 M
glycine-NaOH buffer, pH 10.8. Fluorescence was read at 450 nm
with a Perkin Elmer Victor X4 fluorimeter (excitation wavelength
365nm). Serum chitotriosidase concentrations were expressed
in mg/ml (normal values 1-44 mg/ml).

Angiotensin Converting Enzyme Assay

ACE activity was measured previously described by a
colorimetric method (FAR kit, FAR srl, Verona, Italy), widely
used to determine ACE activity in serum, urine and tissues, as
(16). The normal range of ACE concentrations is 30-80 U/L

Assessment of Calcium Metabolism
Serum concentrations of calcium (corrected for albumin),
phosphate, total alkaline phosphatase and creatinine were

TABLE 2 | Calcium metabolism on serum and 24-h urinary sampling in
sarcoidosis, IPF and cHP subgroups.

Parameters Sarcoidosis IPF cHP p-value
Serum

Calcium (mg/dl) 958+ 046 9.17 +£0.51 9.29 +£0.33  0.0004
[8.5-10.5 mg/dl)

Phosphate (mg/dl) 3.42+05 3.35+042 357+0.64 0.0957
[2.5-4.5 mg/d]]

Creatinine (mg/dl) 094 +£0.15 098+0.13 0.98+0.08 0.1265
[0.5-1.2 mg/d]

Creatinine clearance 87.1 £40.3 88.5+483 84.7 +£35.9 0.8278
(ml/min) [> 80 ml/min]

Alkaline phosphatase 66.1 £27.5 65+ 19.3 58.8+17.7 0.7145
(U/1) [80-120 U/

24 h-urine

Calcium (mg/24 h) 176.6 +£120.1 111.4+£81.7 114 £53.4 0.0007

[50-250 mg/24h]

Phosphate (mg/24h)  715.3 + 307.4 758.7 + 312.1 655.7 + 312.1 0.1138
[300-800 mg/24 h]

Creatinine (mg/24 h) 1,166.8 + 1,219.1 + 11948+  0.7992
[800-1,200 mg/24 h] 506.7 582.8 501.4

IPF, idiopathic pulmonary fibrosis; cHF, chronic hypersensitivity pneumonitis. Normal
ranges of values are reported in square brackets. P-value refers to sarcoidosis patients
vs. all others.
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measured using standard automated laboratory techniques.
Urinary calcium, phosphate and creatinine were determined by
a colorimetric method (Cobas C311 analyser, Roche Diagnostics,
USA) in 24-h urine samples. Serum PTH was assessed by
immunoradiometric assay (DiaSorin, Saluggia, Italy).

Statistical Analysis

Data was expressed as mean =+ standard deviations. Study
variables were tested for normal distribution. The Mann-
Whitney test or t-test were used for group comparisons on the
basis of normality of data. The Kruskall-Wallis test was used to
compare more than two groups. The Spearman test was used to
find correlations. The analysis was run in GraphPad version 5.0.

RESULTS

Clinical, Functional and Radiological

Features

A total of 304 patients (236 sarcoidosis, 40 IPF and 28 cHP)
were enrolled retrospectively in the study. Demographic, clinical,
radiological and immunological data and functional parameters
are reported in Table 1. As expected, sarcoidosis patients were
younger, prevalently female and non-smokers, compared with
IPF and cHP patients (p < 0.0001 for all comparisons).
Concerning respiratory function, sarcoidosis patients showed
normal lung volumes and diffusion capacity, while we observed
mild restrictive impairment associated with moderate reduction
in DLCO in IPF and cHP patients. Regarding radiological
assessment, 17 sarcoidosis patients (7.2%) showed fibrotic lung
disease, confirmed to be stage IV sarcoidosis by chest X-ray and
HRCT. Despite their inclusion in stage 0 of disease according
to Scadding classification, 91/99 sarcoidosis patients reported
typical features of sarcoid lung involvement at HRCT; thus, only
8 patients showed (3.3%) an extrapulmonary disease phenotype,
according to GenPhenResA assessment.

Assessment of Calcium Metabolism

Table 2 shows the serum and urinary parameters of calcium
metabolism measured in our center. We observed significantly
higher levels of urinary calcium in sarcoidosis than in IPF
and cHP patients (p 0.0007) (Figure 1). This statistical
difference remained significant when the comparison was
limited to fibrotic stage IV sarcoidosis patients (p = 0.0138).
Similarly, sarcoidosis patients showed significantly higher serum
concentrations of calcium (whole population p = 0.0004; fibrotic
group p = 0.0237).

ROC analysis was performed in order to evaluate the accuracy
of serum and urinary calcium in discriminating sarcoidosis from
IPF and cHP. Of the two biomarkers, urinary calcium showed
better performance (AUC 0.7368, 95% CI 0.6573-0.8164, p <
0.0001 vs. AUC 0.6195, 95% CI 0.5090-0.7300, p = 0.01756),
with a sensitivity of 49.5% and a specificity of 89.7% for a cut-
off value of 176.5 mg/24h (likelihood ratio 4.67). Comparing
stage IV sarcoidosis patients with IPF and cHP patients, urinary
calcium was confirmed to have a moderate-to-good accuracy,
significantly better than serum calcium (AUC 0.7708, 95% CI
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FIGURE 1 | Comparison of 24-h urinary calcium concentrations among
patients with sarcoidosis, IPF and cHP. Ns: not significant; ***p = 0.0007;
**p = 0.003.

0.6284-0.9133, p = 0.0021 vs. AUC 0.6205, 95% CI 0.4558-
0.7853, p = 0.1828) (Figure 2).

No significant differences of serum and urinary parameters
of calcium metabolism were found among different
clinical phenotypes or radiological stages in the sarcoidosis
group (Figure 3).

Correlations

We observed a significant direct correlation between urinary
calcium and chitotriosidase activity in patients with sarcoidosis (r
= 0.2564, p = 0.009), but not with ACE (r = 0.0938, p = 0.1535).
Urinary calcium was also inversely correlated with DLCO (r =
—0.1428, p = 0.0373) in patients with sarcoidosis, but not in IPF
and cHP patients (p = 0.3893, and p = 0.8091).

DISCUSSION

The aim of the present study was to evaluate the potential of
parameters of calcium metabolism in the diagnostic algorithm
of diffuse ILDs. Hypercalciuria and hypercalcemia are quite
common anomalies in sarcoidosis patients and need to
be addressed to prevent severe complications or chronic
organ failure (e.g., ventricular arrhythmia, nephrolithiasis,
nephrocalcinosis, chronic renal failure). The clinical features
of calcium dysregulation in sarcoidosis have been repeatedly
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FIGURE 2 | ROC analysis for diagnostic accuracy of urinary calcium between sarcoidosis and non-sarcoidosis ILD (A) and between fibrotic sarcoidosis and
non-sarcoidosis ILD (B).

Our results showed that urinary and serum calcium are
800: - both significantly higher in sarcoidosis than in IPF and cHP.
Twenty-four hour urinary calcium (not serum calcium assay)
showed promising accuracy in discriminating sarcoidosis from
the other two ILDs. To our knowledge, the specificity of
hypercalcemia or hypercalciuria in the setting of ILDs has
never been researched, and no studies have ever investigated
the potential of alterations in calcium metabolism as an
indicator of non-sarcoid lung fibrosis. Sarcoid-related calcium
alterations are possibly determined by overexpression of 1-
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=
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e . by granulomatous macrophages (26-28), but it is not known
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200! :;:,z : :r ::§ B occurs in other granulomatous ILDs, such as cHP. Since no
°35° s 4] s a differences were observed between IPF and cHP patients, our

§§§; . ::i' . : results suggest that changes in calcium metabolism may be
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' i o i i calcium and chitotriosidase, a macrophage-derived chitinase,

< 0\ 0‘1' e Ob‘ specifically linked to sarcoidosis activity and severity. This

OQ ®Q ’b’g ’b@ ’bg correlation was previously reported by our research group and is

9\' 6\ %\' 6\' 6\' probably determined by the aberrant activation of macrophages

in sarcoid granulomas (12). Our results therefore confirm

FIGURE 3 | Comparison of 24-h urinary calcium concentrations among that urinary calcium is related to disease activity, although it
radiological stages of sarcoidosis. No statistically significant differences of appeared to be less sensitive than chitotriosidase, if compared
urinary calcium concentration were observed among the subgroups. with the studies available in literature (12, 29, 30). It is still

unknown whether specific patterns of macrophage activation,

linked to different cytokine overexpression patterns, may lead
described (2, 15, 25), as well as its underlying pathophysiological ~ to different clinical features or disease phenotypes. However,
processes: however, there are still many concerns about how it ~ another finding of the present study, in line with previous reports,
should be treated and monitored (26). The guidelines published =~ Was that urinary calcium is also inversely correlated with DLCO
recently by the ATS endorsed the utility of assessing calcium  Percentages (15). As DLCO was substantially normal in our
metabolism in sarcoidosis, reccommending serum calcium testing ~ sarcoidosis cohort, these findings suggest that urinary calcium
at diagnosis and follow-up to screen for specific alterations (6). could be useful as an early indicator of a chronic-progressive
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sarcoid phenotype, leading to lung fibrosis. These results
are interesting and worthy of further research in large
prospective cohorts.

The accuracy of urinary calcium for differential diagnosis was
also confirmed when the comparison was limited to stage IV
fibrotic sarcoidosis and IPF-cHP subgroups. Fibrotic sarcoidosis
may have clinical onset and progression indistinguishable from
IPF and cHP, with restrictive functional impairment and similar
HRCT features in many patients. Stage IV sarcoidosis, like
HP, is regarded as a “great mimicker” and may therefore be
a diagnostic challenge in the differential diagnosis of ILDs
(20, 31). Since no biomarkers have yet been approved to
distinguish these ILDs (32), changes in calcium metabolism may
be suggested as a bioindicator specific to sarcoidosis among
ILDs. Our findings suggest that urinary calcium assessment
may be useful to discriminate end-stage sarcoidosis from
other fibrotic ILDs and as a biomarker in a multidisciplinary
setting. It has the advantage of being simple, non-invasive
and economical.

Our study has some limitations: first, the sample size, though
relevant for rare diseases such as sarcoidosis, IPF and cHP, is not
sufficient to properly assess the reliability of our results, as well
as the monocentric nature of the study. Second, the retrospective
design is intrinsically prone to referral and reporting bias, that
may significantly influence the analysis and the interpretation
of data. Third, due to the lack of data contemporary to
urinary sampling, we didn’t include in the analysis serum 25-
OH and 1, 25-OH vitamin D concentrations. Considering the
prominent role of vitamin D in calcium metabolism, future
and prospective studies will address the concentration of 25-OH
and 1-25-OH forms to further clarify their potential value on
this field.
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Case Series: COVID-19 in African
American Patients With Sarcoidosis
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Data on the clinical presentation and outcomes of sarcoidosis patients with coronavirus
disease 19 (COVID-19) are scarce. In this case series, we identified 5 out of 238
sarcoidosis patients who are enrolled in an ongoing longitudinal observational study
who developed COVID-19 during the study period and follow their clinical course.
Four patients recovered completely, whereas one patient expired during hospital
admission. Our preliminary experience suggests that African American patients with
chronic sarcoidosis treated with disease-modifying anti-rheumatic drugs (DMARDSs)
or anti-tumor necrosis factor (TNF) therapy do not seem to be at increased risk of
respiratory or life-threatening complications from severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) compared with the general population, although at the
present time, we advocate for maintaining a high level of vigilance and strict follow-up in
this patient population.

Keywords: sarcoidosis, COVID- 19, immunosuppression, DMARDs, African American (AA), SAR-CoV-2

INTRODUCTION

The recent outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) responsible
for severe acute respiratory syndrome (SARS) represents a source of concern for the management
of patients with sarcoidosis (1). Within the realm of sarcoidosis, it has been shown that
African Americans have 12 times the rate of age-adjusted mortality compared with similar
Caucasian patients (2). This is compounded by the observation that African American patients
are at disproportionately increased risk of mortality and morbidity from coronavirus disease 19
(COVID-19) (3). Data on COVID-19 in patients with sarcoidosis are scarce. Additionally, there is
a concern that immunocompromised patients are at increased risk of mortality from COVID-19.
Here, we report a case series describing the clinical course of five African American patients with
sarcoidosis after infection with SARS-CoV-2.

METHODS

We assessed patients with sarcoidosis care established at the University of Illinois of Chicago Bernie
Mac STAR Clinic who are enrolled in an ongoing longitudinal observational study for SARS-
CoV-2 infection during the period of March 12 to April 30, 2020. We identified five out of 238
patients (2.1%) with confirmed SARS-CoV-2 infection by PCR and clinical symptoms consistent
with COVID-19 disease. Demographic and clinical data were collected.
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TABLE 1 | Clinical characteristics of five African American sarcoidosis patients with confirmed COVID-19.

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Age 45 62 50 48 46
Gender M F M F M
Sarcoidosis clinical phenotype requiring Pulmonary Advanced Ocular cardiac Neurologic Testicular
treatment pulmonary
BMI 28 28 31 46 43
Comorbidities Asthma Pulmonary Uncontrolled Uncontrolled Uncontrolled
hypertension hypertension, hypertension hypertension
uncontrolled
diabetes
Smoking history None None Active smoker None Active smoker
Sarcoid medications at the time of presentation ~ Methylprednisolone MTX 10 mg weekly, None None Infliximab every 8
8mg daily HCQ 200 mg daily, weeks, MTX 7.5mg
methylprednisolone weekly
4 mg daily
BMI, body mass index; MTX, methotrexate; HCQ, hydroxychloroquine.
TABLE 2 | Clinical data for five African American sarcoidosis patients with confirmed COVID-19.
Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
COVID-19 symptoms Dyspnea on Cough, anosmia, Cough, shortness of ~ Cough, fever Diarrhea
exertion, cough dysgeusia, myalgia breath, fever,
myalgias, diarrhea
Symptom duration prior to presentation (days) 2 7 4 7 10
Relevant laboratories prior to presentation
WBC (3.9-12 thou/ul) 3.8 7.2 3.9 6.7 3.9
Abs lymphocytes (1.3-4.2 thou/pl) 1.7 1.7 1.3 1.9 1.8
Abs CD4 (438-1,501 cells/mmq) 696 1,107 - 1,501 833
CRP (0-18 mg/L) <1.0 6.9 6.8 4.3 4.9
ESR (0-10 mm/h) 8 19 16 64 21
Relevant laboratories at the time of
presentation
WBC (3.9-12 thou/ul) 45 - 3.1 - 2.8
Abs lymphocytes (1.3-4.2 thou/pl) 1.4 - 0.9 - 1.2
Abs CD4 (438-1,501 cells/mm?®) - - 152 - 420
LDH (90-180 U/L) 273 - 270 - -
Ferritin (10-259 ng/ml) 152 - 730 - -
CRP (0-18 mg/L) 1 - 62.5 - 10.3
ESR (0-10 mm/h) - - 40 - 55
COVID-19 treatment None HCQ, azithromycin HCQ, azithromycin, HCQ, azithromycin, None
hydrocortisone, prednisone
tocilizumab
Chest X-ray at the initial COVID-19 evaluation No acute Diffuse advanced Bibasilar reticular Bibasilar atelectasis,  No acute

Outcome

cardiopulmonary
process

Discharged to home
from ED, doing well
at 2-week follow-up

interstitial lung
disease

Did not require
hospitalization,
complete recovery
at 2-week follow-up

infiltrates, later
progressed to
bilateral pulmonary
opacities consistent
with ARDS

Death due to
pulmonary embolism
after prolonged
hospitalization
requiring ICU
admission

bilateral pulmonary
opacities

Discharged from the
ICU, doing well at
2-week follow-up

cardiopulmonary
process

Did not require
hospitalization,
complete recovery
at 2-week follow-up

Available relevant laboratory data, treatment, and outcome at follow-up are presented.
WBC, white blood cell; Abs, absolute; CRR, C-reactive protein; ESR, erythrocyte sedimentation rate; LDH, lactate dehydrogenase; ED, emergency department; HCQ,
hydroxychloroquine; ARDS, acute respiratory distress syndrome; ICU, intensive care unit.
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CASE PRESENTATION

We identified 5 out of 238 sarcoidosis patients who were infected
with SARS-Cov-2 during the study period. All patients were
of African American descent. The most common presenting
symptom was cough. One patient had an atypical presentation of
gastrointestinal discomfort and diarrhea. Four patients recovered
completely despite having comorbidities and being on chronic
immunosuppression. Two of the five patients did not receive
any additional treatment for COVID-19. Three of the five
patients received hydroxychloroquine (HCQ) and azithromycin
for treatment for COVID-19. No changes were made to the
patients’ current immunosuppressive regimen. They also did not
experience significant relapses of sarcoidosis from the time of
COVID-19 diagnosis to date. One patient died after developing
a likely thromboembolic event during hospitalization in the
intensive care unit (ICU). Additional clinical characteristics of
these patients are summarized in Table 1. The clinical data,
including symptoms, laboratory data, and outcomes, are included
in Table 2.

DISCUSSION

The case fatality rate of COVID-19 is estimated to be 1-6% in
the general population (4). Currently, the Center for Disease
Control and Prevention (CDC) lists several risk factors for
severe COVID-19, including immunocompromised status (5).
However, preliminary data from an observational study of 320
Italian patients on immunosuppressive therapy for rheumatoid
arthritis did not show increased risk of respiratory or life-
threatening complications from SARS-CoV-2 compared with
the general population (6). Indeed, it has been postulated
that the pathogenesis of severe COVID-19 disease is in
large part due to virally driven hyperinflammation that is
perpetuated by the host immune response (7-9). Analysis from
a cohort of COVID-19 cases from Wuhan, China revealed that
patients requiring ICU had increased levels of pro-inflammatory
cytokines (10).

Our findings do not provide any conclusions on the
incidence rate of SARS-CoV-2 infection in patients with
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immunocompromised sarcoidosis patients affected by COVID-
19 disease. However, our preliminary experience suggests that
African American patients with chronic sarcoidosis treated with
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tumor necrosis factor (TNF) therapy do not seem to be at
increased risk of respiratory or life-threatening complications
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Sarcoidosis is a multisystem granulomatous disease of unknown origin that has variable
clinical course and can affect nearly any organ. It has a chronic course in about 25%
of patients. Corticosteroids (CS) are the cornerstone of therapy but their long-term
use is associated with cumulative toxicity. Commonly used CS-sparing agents include
methotrexate, cyclophosphamide, azathioprine, and mycophenolate mofetil. Twenty to
forty percentage of sarcoidosis patients are refractory to these therapies or develop
severe adverse events. Therefore, additional and targeted CS-sparing agents are needed
for chronic sarcoidosis. Macrophage activation, interferon response, and formation of
the granuloma are mainly mediated by T helper-1 responses. Different pro-inflammatory
cytokines such as interleukin (IL)-8, IL-12, IL-6, and tumor necrosis factor-alpha (TNF-a)
have been shown to be highly expressed in sarcoidosis-affected tissues. As a result of
increased production of these cytokines, Janus kinase-signal transducer and activator of
transcription (JAK-STAT) signaling is constitutively active in sarcoidosis. Several studies
of biological agents that target TNF-a have reported their efficacy and appear today
as a second line option in refractory sarcoidosis. Some case series report a positive
effect of tocilizumab an anti-IL-6 monoclonal antibody in this setting. More recently, JAK
inhibition appears as a new promising strategy. This review highlights key advances
on the management of chronic refractory sarcoidosis. Novel therapeutic strategies and
treatment agents to manage the disease are described.

Keywords: sarcoidosis, therapy, JAK inhibitors, interleukin-1, interleukin-6, granuloma

INTRODUCTION

Sarcoidosis is a multisystem granulomatous disease that can involve virtually any organ though
the lungs and the lymphatics are the most commonly affected sites (1). The disease may
remit spontaneously or upon treatment usually within the first 2-3 years after diagnosis but
can have a chronic course in about 25% of cases (2). The exact cause of sarcoidosis is still
not known. However, genetic susceptibility and environmental factors have been suggested as
contributors of disease development (3, 4). Several studies strongly suggest that sarcoidosis
might be the result of an exaggerated granulomatous reaction to a microbial-induced host
response and persistent presence of antigens causing sarcoid lesions (5). Systematic treatment
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is often reserved for life-threatening organ involvement [i.e.,
severe interstitial lung disease, central nervous system (CNS),
kidneys, liver, heart] or severe disabling functional symptoms
such as skin disease, arthritis and bone disease or posterior
uveitis (1). Corticosteroids (CS) remain the mainstay of
treatment; however, their long-term use is associated with
cumulative toxicity. Alternative therapies commonly used as
CS-sparing agents include hydroxychloroquine, methotrexate,
azathioprine and mycophenolate mofetil (6). About 10% of
patients are refractory to these first and second-line therapies
or develop adverse events necessitating additional CS-sparing
targeted agents (7). Despite limited data on extra pulmonary
manifestations, cyclophosphamide (CYC) has been successfully
used for refractory CNS and cardiac disease (8-10). However,
the known toxic and carcinogenic profile of CYC limits its use
especially in young patients. In this setting, biological agents that
target the tumor necrosis factor (TNF) have been introduced as a
third-line therapy and have proved to be effective in a proportion
of patients with severe/refractory sarcoidosis (11). Despite
their excellent safety profile in other rheumatic conditions,
TNF-a antagonists use showed to be less well tolerated with
severe infections and malignancies being more frequent during
sarcoidosis treatment (12). Hence, there is currently an unmet
therapeutic need for a proportion of refractory or intolerant
patients to TNF antagonists. Identifying new molecular targets
for the treatment of refractory sarcoidosis should be a priority.
Here, we review new therapeutic approaches for the treatment of
refractory sarcoidosis with targeted biologic and synthetic agents.

A summary of the current data on the potential therapeutic
targets in refractory sarcoidosis is available in Table 1. A focus
on the reported cases of targeted biologic and synthetic agents
(other than TNF inhibitors) use in sarcoidosis is available in
Supplementary Table 1. Figure 1 illustrates the pathophysiology
and potential therapeutic targets of refractory sarcoidosis.

TUMOR NECROSIS FACTOR-ALPHA
INHIBITION

TNF-a plays a crucial role in the development of noncaseating
granulomas in a variety of diseases. Previous studies showed
that high levels of TNF-a from alveolar macrophages correlated
with disease progression (13). Two randomized controlled
trials have investigated infliximab, a chimeric monoclonal anti-
TNF-a antibody, therapy in sarcoidosis and showed significant
though modest improvement in lung function after 14 weeks
of treatment (14, 15). Another randomized controlled trial
showed significant improvement in extrapulmonary sarcoidosis
as assessed by a the extrapulmonary physician organ severity tool
(ePOST) in patients treated with infliximab (16). A large French
nationwide multicentric retrospective study on 132 patients with
refractory sarcoidosis showed TNF-antagonists to be efficient
in about two-thirds of patients, despite higher rates of adverse
events (11). Adalimumab, another monoclonal anti- TNF-a
antibody, showed to be efficient in a randomized controlled
clinical trial of 16 patients with skin sarcoidosis (17). These
positive effects of TNF inhibition are supported by a high

relapse rate after discontinuation of infliximab therapy in 47
patients with severe sarcoidosis (18). Despite the lack of high
quality evidence, TNF inhibition can currently be considered as
standard-of-care in severe cases of refractory sarcoidosis.

INTERLEUKIN-6 BLOCKING

A subset of CD4™ effector T cell population called T helper 17
(Th17), which express a transcription factor known as retinoic
acid-related orphan receptor (ROR)y:, has been described
in sarcoid lesions (19). Active sarcoidosis patients have an
increased Th17/T regulator (Treg) ratio in the peripheral blood
and bronchoalveolar lavage fluid (BALF) that is reversed by
immunosuppressive therapy (20). Interleukin-6 (IL-6) is a key
pleiotropic cytokine. It induces the development of Th17 cells
from naive T cells together with transforming growth fractor
B (TGF-B) and it inhibits anti-inflammatory Treg cells (21).
Previous reports showed increased IL-6 levels in the BALF of
sarcoidosis patients. Significant correlations were found between
IL-6 levels and CD47/CD8™ ratio, IL-8 and BALF neutrophil
percentage (22-24). Another study reported increased IL-6 levels
in the cerebrospinal fluid (CSF) of patients with neurosarcoidosis
as compared to patients with multiple sclerosis or other
inflammatory disorders. CSF concentration of IL-6 > 50 pg/mL
was associated with a higher risk of relapse or progression of
neurosarcoidosis (25). Genetic variations in the genes encoding
IL-6 were preferentially upregulated in patients with severe
and progressive sarcoidosis thus giving further evidence of the
pathogenic role of this proinflammatory cytokine (26, 27). IL-6
is a potent up regulator of serum amyloid A protein (SAA), an
acute phase reactant which has demonstrated a potential key role
in the pathogenesis of sarcoidosis (28).

Currently, there are two humanized IL-6 receptor monoclonal
antibodies [tocilizumab (TCZ) and sarilumab (SAR)] that have
been approved for the treatment of different inflammatory
rheumatic conditions. Despite robust evidence on the role of
IL-6 in the pathogenesis of sarcoidosis, data on the use of
anti-IL-6 agents in sarcoidosis are scarce. Previous case reports
showed clinical improvement under TCZ in patients with chronic
sarcoidosis associated with Castleman’s disease (29) and Still’s
disease (30). In a case series of four patients with refractory
chronic sarcoidosis the authors reported dramatic responses to
TCZ with improved symptoms and organ function allowing
steroid tapering (31). In a model of experimental uveitis,
Yoshimura et al. investigated the role of IL-6 in the formation
of refractory ocular inflammation (32). The authors showed that
IL-6-deficient mice had reduced Th17 responses and ameliorated
ocular inflammation. Using the same model of experimental
uveitis, systemic administration of an anti-IL-6 receptor antibody
also ameliorated ocular inflammation by suppressing Th17
responses. TCZ has shown a positive signal in the management
of patients with ocular involvement (refractory uveitis, cystoid
macular oedema) refractory to conventional immunosuppressive
drugs (33, 34). Of note, despite these encouraging data, cases of
paradoxal new-onset sarcoidosis during TCZ therapy must also
be acknowledge. To our knowledge, four reports [three patients
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TABLE 1 | Current data on the potential therapeutic targets in refractory sarcoidosis.

Target Agents Evidence Primary endpoint Ongoing clinical trials
IL-6 Tocilizumab Case-reports Phase Il (Sarilumab) (NCT04008069)
Sarilumab
IL-1 Anakinra Basic studies Phase Il (Canakinumab) for pulmonary sarcoidosis
Canakinumab (NCT02888080)
Phase Il (Anakinra) for cardiac
sarcoidosis (NCT04017936)
IL-17 Secukinumab Case-reports NA (only 4 patients) None
Ixekizumab Phase Il RCT (Secukinumab for
Brodalumab non-infectious uveitis)
IL-12/23 Ustekinumab (IL-12/23) Phase Il RCT (Ustekinumab for Negative None
Guselkumab (IL-23) pulmonary and skin sarcoidosis)
Risankizumab (IL-23)
CTLA4 Abatacept Basic studies STAR trial (NCT00739960)
(the study has been terminated prematurely due to
funding constraints)
B-cell Rituximab Case-reports Negative None
Belimumab Open-label phase I/l trial (Rituximab
for pulmonary sarcoidosis)
JAK Ruxolitinib Case-reports Open-label trial (Tofacitinib) for pulmonary
Tofacitinib sarcoidosis (NCT03793439)
Baracitinib Open-label trial (Tofacitinib) for cutaneous
Upadacitinib sarcoidosis (NCT03910543)
Filgotinib
PDEA4 Apremilast Open-label trial Positive Phase II/Ill open-label trial for cutaneous

(cutaneous sarcoidosis)

sarcoidosis (NCT00794274)

IL, interleukin; RCT, randomized-clinical trial; NA, not evaluated; CTLA4, cytotoxic T-lymphocyte antigen 4, JAK, janus kinase; PDEA4, phosphodiesterase type 4.

with rheumatoid arthritis (RA) (35-37) and one with giant cell
arteritis (38)] have described cases of cutaneous and mediastinal
sarcoidosis triggered by TCZ therapy. The exact mechanism for
these paradoxical reactions is not known, but data on murine
models of granulomatosis suggest that anti-IL-6 treatment
might enhance TNF-a production contributing to granuloma
formation (39, 40). Currently there is an ongoing clinical trial
comparing the effectiveness and the safety of SAR in patients with
glucocorticoid-dependent sarcoidosis (NCT04008069).

INTERLEUKIN-1 BLOCKING

Interleukin-1 (IL-1) is a cytokine with potent pro-inflammatory
properties that has been shown to be implicated in the
pathogenesis of sarcoidosis (41). An imbalance between the
levels of IL-1p and IL-1 receptor antagonist has been observed
in the BALF of patients with pulmonary sarcoidosis (42, 43).
Anakinra is a recombinant human IL-1 receptor antagonist
that was firstly approved for the treatment of RA. It is
currently used mostly for the management autoinflammatory
conditions and difficult-to-treat gout (44, 45). We were unable
to identify case reports or trials of anakinra use in the
treatment of sarcoidosis. However, two cases of anakinra-induced
sarcoidosis have been reported (46, 47). A phase 2 randomized
controlled trial assessing the efficacy and safety of canakinumab,
another IL-1 antagonist, in patients with pulmonary sarcoidosis
(NCT02888080) has completed the recruitment process. The
Interleukin-1 Blockade for Treatment of Cardiac Sarcoidosis
(MAGIC-ART) trial (NCT04017936) is another ongoing phase

2 randomized-controlled trial evaluating anakinra for the
treatment of cardiac sarcoidosis.

INTERLEUKIN-17 BLOCKING

Recent investigations indicate that Th17 cells are key players
in all stages of granuloma formation and are upregulated in
patients with active sarcoidosis (20, 48). The hallmark of the
Th17 pathway is the production of IL-17. This proinflammatory
cytokine with pleiotropic properties has been shown to be
involved in the pathogenesis of various granulomatous diseases
(49). Ten Berge et al. showed enhanced IL-17 expression in
granulomas as well as increased numbers of IL-17 memory Th
cells in the circulation and BALF of newly diagnosed sarcoidosis
patients (50). Ostadkarampour et al. demonstrated the presence
of T cells producing IL-17 in response to a mycobacterial
antigen in patients with pulmonary sarcoidosis. The authors
also observed higher levels of IL-17 and IL-17 producing cells
in patients with Lofgren’s syndrome suggesting a potential
biomarker for the prognosis of sarcoidosis (51). Increased IL-
17 responses might be related to aberrant metabolic pathways as
shown by the abundant expression of hypoxia inducible factor
(HIF) isoforms in granulomas and their association with Glutl
protein levels and enhanced IL-17 production. Downregulation
of HIF in sarcoidosis peripheral blood mononuclear cells lead to
adecrease in IL-17 production (52). An elevated expression of IL-
17 receptor C on CD8™ T cells in peripheral blood was found in
patients with ocular sarcoidosis (53).
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FIGURE 1 | The pathophysiology and potential therapeutic targets of refractory sarcoidosis. Exposure to an unknown antigen leads to the activation and proliferation
of T cells through antigen presenting cells (APCs). The release of proinflammatory cytokines such as IL-6, IL-1, and BAFF skews the immune response to Th1 and
Th17 responses as well as B cell activation and proliferation. Persistent antigen presentation leads to granuloma formation and to the development of sarcoid lesions.
Th, T-helper cell; APC, antigen presenting cell; IL, interleukin; BAFF, B lymphocyte stimulator; JAK, janus kinase.
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role of IL-17 inhibition is less clear (54). Most of the available
evidence on IL-17 blockade in patients with sarcoidosis comes
from case reports. Previous reports suggest a favorable effect of
secukinumab in two cases of sarcoidosis associated with TNF
antagonists (55, 56). Conversely, our review of the literature
identified two cases of sarcoidosis that either developed or
worsened in patients taking secukinumab and ixekizumab (57,
58). However, a previous multicentre, randomized, double blind,
phase II trial, assessing the efficacy and safety of secukinumab
in non-infectious uveitis did not identify any safety concerns in
the included patients with sarcoidosis (n = 4) (59). Further trials
assessing the efficacy and safety of IL-17 blockade in sarcoidosis
are warranted.

INTERLEUKIN-12 AND INTERLEUKIN-23
BLOCKING

Sarcoid granuloma formation is characterized by an influx
of Thl cells which spontaneously express IL-2 receptors and
release interferon y (IFN-y), TNF-a, and IL-2 (5). IL-12
through its receptor (IL-12R) expressed on Thl cells is one
of the most important cytokines for inducing T cell response
toward Th1 differentiation (60). Multiple studies have reported
overexpression of IL-12 by activated alveolar macrophages in
patients with active pulmonary sarcoidosis (61-65). IL-23 is a
member of the IL-12 cytokine family which promotes Th17
responses through its receptor (IL-23R) (66). Transcriptomic
analyses demonstrated upregulation of IL-23 in sarcoid lesions
(67). IL-23R polymorphisms have also been shown to be
implicated in the pathogenesis of sarcoidosis (68).

Ustekinumab is a monoclonal antibody that binds to the
shared p40 unity of human IL-12 and IL-23, thus blocking Th1
and Th17 responses, respectively. It is approved for the treatment
of psoriasis, psoriatic arthritis, Crohn’s disease and ulcerative
colitis (69). In a phase II, multicentre, randomized, double-
blind, placebo-controlled trial (70), Judson et al. evaluated the
safety and efficacy of ustekinumab in patients with chronic
pulmonary and/or cutaneous sarcoidosis (70). Patients received
ustekinumab 180 mg subcutaneously at week 0 and 90 mg at week
8, 16, and 24. Despite an excellent safety profile, ustekinumab
failed to achieve the primary efficacy endpoint [change from
baseline at week 16 in % predicted forced vital capacity (FVC%)]
and there were no significant improvements in the major
secondary endpoints. Guselkumab and risankizumab are specific
anti-IL-23 monoclonal antibodies recently approved for the
treatment of moderate-to-severe psoriasis. However, no data is
currently available in patients with sarcoidosis. Similarly to IL-
17 antagonists, several cases of induced or worsened sarcoidosis
with ustekinumab or guselkumab have been reported in the
literature (71-74).

CYTOTOXIC T-LYMPHOCYTE ANTIGEN 4
BLOCKADE

Cytotoxic T-lymphocyte antigen 4 (CTLA-4) is a costimulatory
molecule that is an important regulator of T cell activation
and proliferation. CTLA-4 polymorphisms were shown to

significantly influence phenotypes of sarcoidosis (75). Abatacept
is a fusion protein of the extracellular domain of the CTLA-
4 linked to a modified Fc of human immunoglobulin 1
(IgG1) inhibiting the activation of T cell responses (76). It is
currently approved for the treatment of RA. To the best of
our knowledge, there are no published studies or case reports
concerning abatacept in sarcoidosis. We identified a prospective
open-label trial (STAR trial NCT00739960) evaluating abatacept
in refractory sarcoidosis. Unfortunately, this study has been
terminated prematurely due to funding constraints.

B-CELL INHIBITION

Innate and T cell immunity play major roles in the
pathogenesis of sarcoidosis. Several studies suggest a potential
involvement of B cell immune responses in this disease (5, 77).
Hypergammaglobulinemia and B cell accumulation in sarcoid
lesions are frequently observed (78, 79). Saussine et al. showed
increased levels of B-cell-activating factor (BAFF), also called
BlyS (B lymphocyte stimulator), which is a cytokine involved
in the survival and maturation of B cells in patients with active
sarcoidosis (80). Rituximab (RTX) is an anti-CD20 monoclonal
chimeric antibody that selectively depletes CD20" B cell
population. RTX was first approved for the treatment of non-
Hodgkin B-cell lymphoma and later for rheumatoid arthritis
and anti-neutrophil cytoplasmic antibody (ANCA) associated
vasculitis. Despite several case reports of the effectiveness of
RTX in patients with refractory sarcoidosis (81-90) data from
clinical trials are scarce. In a prospective, open-label phase
I/II trial, the authors assessed the effect of RTX in 10 patients
with symptomatic moderate-to-severe pulmonary sarcoidosis
refractory to corticosteroids plus one or more corticosteroid-
sparing agents, including methotrexate and azathioprine
(91). The authors observed very modest and inconsistent
improvements in FVC% and 6-min walk test (6MWD) with only
two patients having >10% improvement of FCV% and three
patients having >50m improvement in 6MWD by week 52.
The prednisone doses were not changed during the study. RTX
was generally well tolerated with only one patient hospitalized
for pneumonia. Two patients died of respiratory failure linked
to sarcoidosis progression. Belimumab, a human monoclonal
antibody that inhibits BAFF/BIyS, is approved for the treatment
of systemic lupus erythematosus and may represent a potential
drug candidate for the management of refractory sarcoidosis.
However, our literature review did not identify reports or
ongoing trials concerning belimumab in sarcoidosis.

JANUS KINASE INHIBITION

The activation of macrophages in sarcoid lesions is thought
to be driven by Thl immune responses and mediated by
several cytokines including interferon-y (IFN-y) (92, 93). IFN-y
activates the Janus Kinase (JAK)-signal transducer and activator
of transcription (STAT) signaling pathway which is involved in
upregulating a set of genes involved in the inflammatory response
(94). Transcriptomic analysis showed that JAK-STAT pathway

Frontiers in Medicine | www.frontiersin.org

23

November 2020 | Volume 7 | Article 594133


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Boleto et al.

Emerging Targets in Refractory Sarcoidosis

activation signatures, especially STAT1 pathway, is activated in
granulomatous diseases (95-98).

There are currently four JAK inhibitors available for clinical
use: ruxolitinib for the treatment of myeloproliferative disorders;
tofacitinib for rheumatoid arthritis (RA), psoriatic arthritis and
ulcerative colitis; and baricitinib, upadacitinib and filgotinib for
RA. Our literature review identified 7 reports concerning JAK
inhibitors use (ruxolitinib n = 3; tofacitinib n = 3; baricitinib
n = 1) in cases of refractory sarcoidosis. Ruxolitinib, a JAK 1
and 2 inhibitor, improved multivisceral involvement in three
patients with sarcoidosis among whom two were treated for
concomitant polycythemia vera (99-101). Damsky et al. reported
dramatic positive effects of tofacitinib, a JAK 1 and 3 inhibitor,
in a patient with severe cutaneous sarcoidosis refractory to
topical and systemic corticosteroids and multiple corticosteroid-
sparing agents including minocycline, hydroxychloroquine,
methotrexate, tacrolimus and adalimumab. During treatment,
the authors observed a downregulation of JAK/STAT signature
on skin samples (102). The positive effect of tofacitinib was also
observed in four patients with refractory cutaneous sarcoidosis
(n = 3) and granuloma annular (n = 1) (103). Tofacitinib
resulted in a mean improvement in clinical activity and histologic
resolution was documented in all patients. The same group
reported another case of severe multiorgan sarcoidosis involving
the lungs, lymph nodes, bones, and skin, not controlled with
prednisone, mycophenolate sodium, methotrexate, infliximab,
rituximab and intravenous immunoglobulins (104). In this
patient, tofacitinib treatment resulted in clinical remission of
cutaneous lesions as well as resolution of positron emission
tomography hypermetabolized lesions in internal organs after
6 months. Scheinberg et al. reported the case of a 35-
year-old female patient with fever, arthralgia and hilar and
cervical adenopathy revealing sarcoidosis initially treated with
prednisone (105). Due to persistent daily low grade fever and
arthralgia she was started on baricitinib, a selective JAK 1 and
2 inhibitor, with complete resolution of clinical symptoms and
lymph node disease after week 12. Despite these encouraging
data, the safety profile of JAK inhibitors in sarcoidosis remains
to be confirmed. There are currently two ongoing open-label
trials evaluating tofacitinib 5 mg twice daily as a corticosteroid-
sparing agent in pulmonary sarcoidosis (NCT03793439) and
in the treatment of cutaneous sarcoidosis and granuloma
annular (NCT03910543).

PHOSPHODIESTERASE TYPE 4
INHIBITION

Inhibition of PDEA4 prevents cyclic AMP (cAMP) being
hydrolysed to AMP resulting in increased intracellular levels
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Sarcoidosis is a systemic disease of unknown etiology, characterized by the presence of
non-caseating granulomas in various organs, mainly the lungs, and the lymphatic system.
Since the individualization of sarcoidosis-lymphoma association by Brincker et al.,
the relationship between sarcoidosis or granulomatous syndromes and malignancies
has been clarified through observational studies worldwide. Two recent meta-analyses
showed an increased risk of neoplasia in sarcoidosis. The granulomatosis can also
reveal malignancy, either solid or hematological, defining paraneoplastic sarcoidosis.
Recent cancer immunotherapies, including immune checkpoint inhibitors (targeting
PD-1, PD-L1, or CTLA-4) and BRAF or MEK inhibitors were also reported as possible
inducers of sarcoidosis-like reactions. Sarcoidosis and neoplasia, especially lymphoma,
can show overlapping presentations, thus making the diagnosis and treatment harder
to deal with. There are currently no formal recommendations to guide the differential
diagnosis workup between the evolution of lymphoma or a solid cancer and a
granulomatous reaction associated with neoplasia. Thus, in atypical presentations
(e.g., deeply impaired condition, compressive lymphadenopathy, atypical localization,
unexplained worsening lymphadenopathy, or splenomegaly), and treatment-resistant
disease, targeted biopsies on suspect localizations with histological examination could
help the clinician to differentiate neoplasia from sarcoidosis. Pathological diagnosis could
sometimes be challenging since very few tumor cells may be surrounded by massive
granulomatous reaction. The sensitization of currently available diagnostic tools should
improve the diagnostic accuracy, such as the use of more “cancer-specific” radioactive
tracers coupled with Positron Emission Tomography scan.

Keywords: sarcoidosis, granulomatosis, neoplasia, lymphoma, checkpoint inhibitor

INTRODUCTION

Sarcoidosis is a systemic disease of unknown etiology characterized by multiple granuloma
formation in various sites, especially in the lungs, lymph nodes, liver, eyes, and skin (1). Although
its etiology is still unknown; sarcoidosis is thought to be the consequence of an exaggerated immune
response to an environmental trigger in a genetically predisposed patient. Mortality in sarcoidosis
is mainly represented by respiratory failure due to pulmonary fibrosis, central nervous system
involvement, and cardiac damage (2, 3). In a French epidemiological study of 2417 patients, the
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cause of death was linked to neoplasms in 1.8% of the patients.
Most of the time, the cause was a solid neoplasm (1.4%) while
hematological malignancies represented 0.4% of the deaths in this
series (4).

The occurrence of sarcoidosis or sarcoidosis-like reaction
(SLR) in cancer patients has been known for several years,
either through case reports or larger series (5-8). A localized
granulomatous reaction can be found in draining lymph nodes
of a solid tumor or in distant sites (mostly spleen, liver, or
bone marrow) (6). The granulomatous reactions can also
be found at the primary site of the tumor itself. Brincker
reported that 3-7% of primary tumor sites may present with
epithelioid cell granulomas (9). An SLR can also be found
in the case of opportunistic infections in such a population
(e.g., cryptococcosis, atypical mycobacteria, tuberculosis,
nocardiosis, actinomycosis, ...), in case of disseminated Bacille
de Calmette de Guérin (BCG) infection after instillation of
BCG therapy for bladder cancer, or in case of cancer-specific
treatments [anti-programmed death-(ligand)1 (PD-(L)1)/anti-
cytotoxic T-lymphocyte antigen 4 (CTLA4)/anti-MAP/ERK
kinase (MEK)/anti-B-Raf proto-oncogene (BRAF)] (10).
Moreover, typical sarcoidosis can occur in solid or hematological
malignancies before, during, or after the onset of the disease. In
those situations, the diagnosis may be challenging and requires a
careful diagnostic workup. Herein, we summarize the specifics
for sarcoidosis or SLR mimicking cancer, especially regarding
positive and differential diagnosis of sarcoidosis or cancer in
this particular association. We provide a brief literature review
performed through the PubMed platform (https://www.pubmed.
ncbi.nlm.nih.gov) using the keywords “sarcoidosis;,” “cancer;,’
“lymphoma,” “sarcoidosis-lymphoma syndrome”, “sarcoid-like
reaction” and “drug-induced sarcoidosis” that allowed us to find
most of the references used to build this article.

INTERACTIONS BETWEEN SARCOIDOSIS
AND CANCER

Cancer Risk in Sarcoidosis Patients

In previous series and cohorts, patients with sarcoidosis were
found to have a higher risk of cancer compared to the general
population, especially lymphoma (Table 1). Brincker et al. first
reported an increased risk of cancer in sarcoidosis patients (7).
Indeed, in this series, the risk of lymphoma was 11 times higher
in the sarcoidosis group, compared to the expected risk of
lymphoma in the general population. The risk of developing lung
cancer was 3 times higher than the one expected in the general
population. In the following years, several epidemiological
studies analyzed the risk of cancer in sarcoidosis patients, with
contradictory data according to the different types of cancer
(lymphoma, testicular cancer, digestive cancers, breast cancer,
etc.) (5, 8, 13, 17, 21, 23). Of note, Ungprasert et al. reported
no increased risk of malignancy in a cohort study of patients
with sarcoidosis compared with non-sarcoidosis patients but an
increased risk of hematological malignancies in patients with
sarcoidosis and extra thoracic involvement compared with those
without extra thoracic involvement (26). An increased risk of

cancer was noted (e.g., by 30-40%), especially skin cancers,
hematological malignancies and leukemias. Despite conflicting
data, the overall cancer risk in sarcoidosis patients is clearly
higher than in the general population. Indeed, in two recent
meta-analyses, the relative risk of developing cancer in patients
with sarcoidosis was near 1.19-1.21 [with significant results in
both studies (p < 0.05)] and the risk of developing hematological
malignancies was even higher [RR = 1.92, 95% CI (1.41-2.62)]
(27, 28). Lymphomas and particularly Hodgkin lymphomas (HL)
were significantly more incident in sarcoidosis [RR = 2.91, 95%
CI (1.21-6.98)] (28). There was also an increased incidence of
skin cancers [RR = 2.00, 95% CI (1.69-2.36)] and especially non-
melanoma skin cancers [RR = 2.29, 95% CI (1.88-2.78)]. These
meta-analyses reported no increase in the risk of developing lung
cancer. This interesting result is probably explained by a lower
prevalence of smokers among sarcoidosis patients compared
to the general population (29). Worth noting, there was no
specific subgroup analysis of patients with sarcoidosis-related
pulmonary fibrosis.

In a study about mortality in sarcoidosis patients in France,
Jamilloux et al. reported that non-Hodgkin lymphoma was
the most frequently declared cause of death in women when
sarcoidosis was not the underlying cause of death, especially
after the age of 50 (4). In another recent review of 115 cases,
thyroid and breast cancers were the most frequently reported
solid neoplasms (30).

Sarcoidosis and Sarcoid-Like Reactions in

the Course of Cancer

Sarcoidosis and SLR can occur before, during or after cancer
(31). While sarcoidosis is a well-defined condition, SLR
is usually defined as non-caseating granulomatous reaction
occurring under various conditions, which do not meet
the diagnostic criteria for sarcoidosis (32). Many alternative
diagnoses mimicking sarcoidosis can also be encountered in a
neoplastic context (Table 2). In a series of 29 sarcoidosis patients
with pre-existing cancer, Arish et al. described clinical and
radiological features of granulomatosis (55). Histological features
were not described in this article. Breast cancer and lymphoma
were the most commonly observed malignancies. Sarcoidosis
was frequently diagnosed at an early stage, possibly due to a
more systematic follow-up with computed tomography (CT) and
positron emission tomography in cancer patients. Radiological
features were similar to those seen in classical sarcoidosis
(mediastinal and hilar lymphadenopathy). Most patients were
asymptomatic at the sarcoidosis diagnosis. The patients had
bronchoalveolar fluid (BALF) lymphocytosis and granuloma on
endobronchial biopsies and parenchymal biopsies, suggesting
a pattern of systemic immune response rather than a local
granulomatous response to neoplastic cells. In 43% of patients,
the diagnosis of sarcoidosis was made more than 5 years after the
diagnosis of cancer. De Charry et al. described the characteristics
of granulomatosis occurring in the context of lymphoma (56).
In this study, the patients developed granulomatosis at a median
age of 60 while typical sarcoidosis usually occurs before 50
with a peak of incidence between 20 and 39 (1). Sarcoidosis
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TABLE 1 | Risk of malignancy in sarcoidosis patients: cohort and case control studies.

References Population

Relative risk of neoplasia

Anderson and Engels (11) 418 patients with HCL (case control, United States)

Askling et al. (5) 474 sarcoidosis patients (cohort study in Sweden)

Blank et al. (12) 435 sarcoidosis patients (cohort)

Boffetta et al. (13) 5,768 sarcoidosis patients (case-control study in USA)

Brincker (14) 17 patients (case series) in Denmark

Brincker (15) 131 patients (case review)

Hemminki et al. (16) 5,149 sarcoidosis patients (cohort in Sweden)—female cancers
Jietal (17) 10,037 sarcoidosis patients (cohort study in Germany)

Kataoka et al. (18)
Kristinsson et al. (19)

148 sarcoidosis patients (cohort)

Landgren et al. (20)

Le Jeune et al. (21) 1,153 sarcoidosis (case control study in UK)

Mellemkjaer et al. (22)
Remer et al. (8) 555 sarcoidosis patients (cohort in Denmark)
Seersholm et al. (23)
Smedby et al. (24)

Soegaard et al. (25)

254 sarcoidosis patients (cohort in Denmark)

12,890 sarcoidosis patients (cohort study in Denmark)

Ungprasert et al. (26)

7,476 patients (case control study in Sweden and Denmark)

50 sarcoidosis patients (case control study in Denmark)

3,055 patients with NHL Sweden and Denmark (case control)

345 sarcoidosis patients (case control study in the USA)

Patients with HCL were more likely to have a sarcoidosis antecedent
(OR = 9.6 95% Cl = 2.4-39.5)

No increased risk of lymphoma, increased risk of melanoma (SIR = 1.6
95% Cl = 1.0-2.3), and non-melanoma skin cancer (SIR = 2.8 95%
Cl =2.0-3.8)

Possible association (incidence 14%)

No increased risk of malignancy (globally)
Increased risk of lymphoma

Increased risk of lymphoma

No global increased risk of malignancy

Increased risk of malignancy (SIR = 1.40) and cancer diagnosed later
than 1 year of follow-up (SIR = 1.18). Increased risk of non-melanoma
skin cancer, kidney and non-thyroid endocrine tumors, non-Hodgkin
lymphoma, and leukemia

Increased risk of leukemia, thyroid, and larynx cancer

16 sarcoidosis patients in HL patients (case control study in Sweden) Increased risk of having a sarcoidosis in patients with HL (OR = 3.7

95% Cl = 1.9-7.4)

Increased risk of lymphoma (OR = 14.1 95% Cl = 5.4-36.8)

Increased risk of malignancy (RR = 1.65 95% Cl = 1.22-2.24) and
especially skin cancer (RR = 1.86 95% Cl = 1.11-3.11)

Increased risk of NHL (OR = 1.9 95% Cl = 1.3-2.7)

No increased risk of malignancy (O/E ratio = 1.16 95% Cl = 0.75-1.79)
No increased risk of malignancy (SIR = 1.4 95% Cl = 0.99-2.0)

No global increased risk of lymphoma in sarcoidosis patients

Global increased risk of malignancy (SIR = 1.3 95% Cl = 1.3-1.4),
increased risk of lung cancer, tonsil cancer, and lymphoma. Of note,
lung cancer risk seems to be more important in the first 3 months and
then substantially decrease

No global increased risk of malignancy, but higher risk of hematological

malignancies in patients with sarcoidosis and extra thoracic
involvement (HR = 1.87 95% Cl = 1.09-3.22)

Cl, confidence interval; HCL, hairy cell leukemia; HR, hazard ratio; NHL, non-Hodgkin lymphoma, O/E, observed/expected; OR, odd ratio; RR, rate ratio; SIR, standardized incidence

ratio; UK, United Kingdom; USA, United States of America.

explained 4 of the 25 patients’ granulomatous manifestations
in this study. Other etiologies were hematological malignancies
(n = 11), tuberculosis (n = 3), allergy (n = 1), disseminated
annular granuloma (n = 1), atypical inflammatory bowel disease
(n = 1), and undetermined granulomatosis (n = 4). Likewise,
London et al. described a series of 39 patients with sarcoidosis
occurring in the setting of lymphoma (57). The median age
at the onset of sarcoidosis was 49 years. Most patients had a
history of high stage lymphoma (Ann Harbor III or IV) (74%).
Most patients developed sarcoidosis after terminating lymphoma
chemotherapy and all except two were considered in complete
remission. In another series, Herron et al. reported that almost
60% of sarcoidosis cases occurring after a cancer were diagnosed
within 1 year of cancer diagnosis (58).

During the course of cancer, an epithelioid granuloma can be
found in regional lymph nodes or in distant metastases (6). Some
authors have suggested that the presence of a cancer-associated
SLR could be a marker of good prognosis, indicating a strong
immune response to tumor cells (59-62). This type of reaction is
mainly seen in lymphoma and testicular cancer (6, 63, 64). Other

authors have provided conflicting data regarding other types
of cancers, especially non-small lung carcinoma in which the
presence of granulomas was not associated with better prognosis
(65, 66).

Some cancer treatments can also induce granuloma
formation. The description of various side effects, including
sarcoidosis, has come with the recent advent of immune
checkpoint inhibitors (ICI), as well as BRAF/MEK inhibitors.
SLR were described either with ICI [anti-PD1: pembrolizumab
(67), nivolumab (68); anti-PD-L1: atezolizumab (69),
durvalumab (70), avelumab (71); anti-CTLA4: ipilimumab (72)]
or with BRAF/MEK inhibitors [vemurafenib (73), dabrafenib
(74) sometimes in combination with trametinib or cobimetinib
(75)]. A review of the WHO pharmacovigilance database
including 2425 drug-induced sarcoidosis was conducted in
2019. In this study, strong associations were found between
SLR and several drugs including, pembrolizumab, nivolumab,
ipilimumab (n = 103) along with dabrafenib, vemurafenib,
trametinib, and cobimetinib (n 37) (76). SLR disappeared
with drug discontinuation in 17.7% of the cases. In a few
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TABLE 2 | Non-exhaustive list of differential diagnosis of granulomatosis in pre-existing cancer patients.

Type of granulomatosis Etiology

Risk factors

Opportunistic infectious Tuberculosis
granulomatosis (bacteria)

Atypical mycobacteria

Disseminated BCG infection (superficial bladder

cancer)
Nocardiosis

Actinomycosis

Opyportunistic infectious
granulomatosis (fungj)

Cryptococcosis

Candida spp.
Aspergillosis
Pneumocystosis

Opportunistic infectious
granulomatosis (parasites)

Disseminated strongyloidosis

Toxoplasmosis
Opportunistic infectious HCV ++
granulomatosis (viruses)

HBV +/-

EBV

CMV

Drug-induced granulomatosis
avelumab, durvalumab, ipilimumalb)

BRAF/MEK inhibitors (dabrafenib, vemurafenib,

trametinib, cobimetinib)
IFN-a
BCG therapy

Histologic granuloma associated to
neoplasia

Solid neoplasia (testicular cancer, melanoma, breast

cancer)

Immune restauration

Donor-acquired sarcoidosis
Lymphomatoid granulomatosis

Primary immunodeficiencies
associated with neoplasia (especially
lymphoma)

mutations (Mono MAC syndrome)

ICI (nivolumab, pembrolizumab, cemiplimab,

Lymphoma (Hodgkin and non-Hodgkin lymphoma)

Common variable immunodeficiency, GATA2

Immunosuppression [e.g., chemotherapy, hematological malignancy,
.5 (33)]

Immunosuppression [e.g., chemotherapy, hematological malignancies,
- (34)]

BCG therapy for bladder cancer treatment could lead to disseminated
BCG infection (35)

Immunosuppression [e.g., hematological malignancies, diabetes, ...;
(36, 37)]

Immunosuppression (38)

Immunosuppression [e.g., diabetes, cirrhosis, CD4 lymphopenia, stem
cell transplant, chemotherapy, ...; (39)]

Immunosuppression (chemotherapy) (40)

Immunosuppression (41)

Immunosuppression [e.g., solid or hematological malignancies; (42)]
Immunosuppression [e.g., hematological malignancies; (43)]

Immunosuppression [e.g., solid or hematological malignancies; (44)]
HCV associated liver cancer or HCV associated lymphoma (45)

HBV associated liver cancer/hepatic granuloma (46)
Lethal midline granuloma (47), lymphomatoid granulomatosis (48)
Doughnut granuloma (immunosuppression) (49)

Treatment of lung cancer, pharyngolaryngeal cancer, melanoma, renal
cancer (10)

Treatment of lung cancer, melanoma (10)

Formerly used in melanoma, kidney cancer, lymphoma (50)
Used in bladder cancer (35)

Proper to neoplasia (6)

Proper to neoplasia (32)

Following aplasia (immune reconstitution leads to granuloma
associated with T cell infiltrate) (51)

Following HSCT (52)
Proper to neoplasia (48)
Primary immunodeficiency related granulomatosis (53, 54)

BCG, Bacille de Calmette et Guérin; CMV, cytomegalovirus; EBV, Epstein Barr Virus; GATA2, GATA binding protein 2, HBV, hepatitis B virus; HCV, hepatitis C virus; HSCT, hematopoietic
stem cell transplant; ICI, immune checkpoint inhibitors, IFN-a, interferon alpha; MAC, Mycobacterium avium complex.

patients, drug reintroduction triggered SLR recurrence. Stronger
associations were found with other drugs such as tumor necrosis
factor alpha inhibitors (TNFi) and especially soluble TNF
receptor etanercept, interferon and PEG-interferon. These
SLR can also mimic cancer progression or metastases. In a
series of 45 patients treated with ICI, 10 developed SLR and 2
developed mediastinohilar lymphadenopathy misinterpreted
as metastatic progression (77). Sarcoidosis and SLR have
to be considered as differential diagnosis in patients with
such treatments and biopsies have to be performed since
no radiological nor biological marker is sufficiently specific
to assess sarcoidosis diagnosis especially when presentation
is suspicious [e.g., asymmetric lymph node enlargement;

(78)]. The Society for Immunotherapy of Cancer Toxicity
Management Working Group has made recommendations
regarding immunotherapy-related SLR (79, 80). Corticosteroids
(CS) have similar indications to those of “idiopathic” sarcoidosis.
Pulmonary function testing and chest CT have to be performed
in order to assess sarcoidosis severity. In case of DLCO decrease
>20%, total lung capacity >10% or forced vital capacity
>15%, persistent sarcoidosis-related symptoms, radiographic
progression, or involvement of critical extrapulmonary organ
systems or sarcoidosis related hypercalcemia, it is recommended
to hold the treatment with ICI and add CS at 1 mg/kg/day
dosage. CS tapering and withdrawal will depend on the
clinical response.
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Sarcoidosis has also been reported in hematopoietic stem
cell transplant recipients. It was described either in allogenic
(81-85) or autologous bone marrow transplantation (86, 87).
In these cases, sarcoidosis was described in various organs
such as lymph nodes (85), liver (88), lung, or lymph nodes
(82). In some cases, a specific condition called “donor-acquired
sarcoidosis” was described (52, 82, 84, 85). This condition refers
to the occurrence of sarcoidosis in a solid organ or allogenic
bone marrow transplant recipient when sarcoidosis is previously
known in the donor.

In the past decade, TNFi were found to be an efficient way
to treat sarcoidosis patients (89-92). The immunosuppressants
can be linked to a theoretical increased risk of malignancy.
However, in 2012, Maneiro et al. reported an incidence rate
of cancer of 1 per 100 patients-year in sarcoidosis patients
treated with TNFi (93). In a recent review, Adler et al. reported
data from randomized and non-randomized clinical trials of
TNFi in sarcoidosis patients. The malignancies occurred in <1%
of the patients (94). In comparison with other inflammatory
diseases, TNFi does not seem to increase the risk of cancer in
sarcoidosis (95).

The Sarcoidosis-Lymphoma Syndrome
Sarcoidosis-lymphoma association was first described by
Brincker in a series of 46 patients (14). In this series, sarcoidosis-
lymphoma syndrome was defined as a condition in which
sarcoidosis occurred several years before the diagnosis of
lymphoma. Most frequently the diagnosis of sarcoidosis was
made after 40 years old and the most frequent type of lymphoma
was HL. On the contrary, Papanikolaou and Sharma have found
that NHL were the most common lymphomas. Interestingly,
the development of new lymphadenopathy or new splenic
involvement were the main symptoms revealing lymphoma in
this series. These patients were on average 10 years older at the
sarcoidosis diagnosis compared to unselected patients in most
series (96, 97). Compared to the general population, sarcoidosis
patients had a 5.5-fold higher risk of developing lymphoma
(14). In a recent monocentric study of patients with sarcoidosis-
lymphoma syndrome compared to unselected sarcoidosis
patients, significant differences between initial or follow-up
patients’ characteristics have been evidenced especially regarding
angiotensin-converting enzyme (ACE) blood levels that have
proved to be higher in sarcoidosis-lymphoma syndrome, while
the sarcoidosis alone group was more likely to have lung
involvement, a restrictive ventilatory defect and a higher relapse
rate (98).

Most of the time, lymphoma occurs 2-8 years after the
sarcoidosis diagnosis, preferentially in patients with a chronic
course of the disease (14). CD4/CDS8 lymphocyte ratio in
BALF is also higher in patients with sarcoidosis-lymphoma
syndrome compared to unselected patients (98). For example, B-
cell activating factor (BAFF) levels are elevated in patients with
sarcoidosis and are correlated with ACE levels (99). Elevation
of pro-proliferative cytokines such as BAFF for B lymphocytes
could be a possible explanation for the emergence of clonal
proliferation in sarcoidosis patients in comparison with other
autoimmune diseases (100).

WHEN SHOULD WE LOOK FOR
NEOPLASIA IN PATIENTS WITH
SARCOIDOSIS?

Sarcoidosis diagnosis requires three major conditions: (1) a
compatible clinical/radiological presentation, (2) evidence of
granulomas on a biopsy sample, and (3) exclusion of differential
diagnoses (101).

Although rarely observed, physicians should be aware that
sarcoidosis can present itself as a pseudo tumoral condition such
as miliary nodules, peritoneal involvement, and symptomatic
osteolytic or osteoblastic lesions (102-104).

Other red flags should alert the clinician about the atypical
nature of sarcoidosis or the possibility of underlying neoplasia
[e.g., impaired general condition, compressive phenomena,
hemoptysis, refractory disease; (31, 32, 105)]. Atypical
radiological manifestations should also be considered. For
example, unilateral, compressive or necrotizing lymph nodes
are not usually seen during the course of sarcoidosis. Isolated
mediastinal lymphadenopathy without hilar lymph node
enlargement, non-lymphatic diffuse lung micronodules, cavitary
mass on chest X-ray should also be considered as suspicious
for a differential diagnosis of sarcoidosis (106, 107). Broadly
speaking, these atypical presentations should encourage the
clinician to pay attention to other causes of granulomatosis,
including lymphoma, infectious granulomatosis (tuberculosis,
leprosy, syphilis, brucellosis, Q fever, Whipples disease),
common variable immunodeficiency, and drug-induced
sarcoidosis (108).

In a patient with previously known sarcoidosis, the occurrence
of atypical manifestations (e.g., peritoneal or gut involvement)
or new organ involvement, and refractory disease which
is defined as a disease in which a 2nd line treatment
is not sufficient to achieve satisfying disease control or
satisfying CS tapering, must lead to histological confirmation
to rule out opportunistic infection and lymphoma, especially
(31, 102, 108).

Recently, the American thoracic society (ATS) provided new
guidelines concerning sarcoidosis diagnosis (32). In a large
review of 16 studies enrolling a total of 556 patients with
suspected stage I sarcoidosis, 85% of sampling procedures with
histological examination confirmed the diagnosis of sarcoidosis.
In 11% of the cases, histology was inconclusive, and in 2% of
the cases, a differential diagnosis was made. Among differential
diagnoses, 25% were lymphoma. On the basis of this work, ATS
reminds that the diagnosis of sarcoidosis does not only rely on
histological findings but also on compatible presentation and
exclusion of differential diagnoses.

As noted above, sarcoidosis patients have a possibly increased
risk of malignancy, either solid or hematological. The increase
of the risk of developing solid neoplasia in the course of
sarcoidosis seems to be less important than the risk of developing
hematological malignancies such as lymphoma (7, 19, 20).
Again, this emphasizes the attention the clinician should pay
to any atypical symptom or presentation in a sarcoidosis
patient since delayed diagnosis of cancer may impact the
patient’s prognosis.
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HOW TO DIAGNOSE NEOPLASIA IN
PATIENTS WITH SARCOIDOSIS?

A histological examination is warranted to accurately diagnose
a patient with sarcoidosis or sarcoid-like reaction to neoplasia.
The neoplastic cells can be found on histological examination
within a granulomatous reaction. In case of atypical sarcoidosis,
lymphocytes phenotyping should be performed in order to
rule out clonality. Full examination of included samples
(which increases sensibility of histological examination) and
complementary immunohistochemical staining could also be
helpful. A specific subtype of HL, the necrotic granuloma-
like HL, as well as some T-cell lymphoma (NHL) could be
misdiagnosed as non-neoplastic granuloma, such as sarcoidosis,
because of an important tumor-related sarcoid reaction and
only careful histologic examination can help to rectify the
diagnosis (109-111). Among the neoplasia which can mimic
sarcoidosis, special attention should be paid to lymphomatoid
granulomatosis (LYG). LYG is a lymphoproliferative disorder
associated with Epstein Barr virus (EBV). The aggressive behavior
of the tumor is represented by its metastatic potential. The classic
histological pattern of LYG is a coexistence of granulomatous
inflammation made of large atypical EBV-positive B cells, T cells,
necrosis, and lymphocytic vasculitis (112). Lung localization
and skin involvement may mimic sarcoidosis. Almost 100% of
patients present with pulmonary involvement consisting most of
the time in pulmonary nodules. Skin nodules are also part of
the clinical presentation. They take the form of subcutaneous
nodules, most of the time erythematous and painful (113).
Histological diagnosis is difficult if the pathologist is not aware of
the suspected diagnosis of LYG or unfamiliar with this condition.
Classical histological results consist of a mononucleated infiltrate
with large and small lymphocytes invading vascular walls and
a variable amount of atypical CD20+4 B cells among numerous
small CD3+ T cells.

Although some imaging results may point to a diagnosis of
neoplasia [e.g., asymmetric lymphadenopathy, hypermetabolism
of extrathoracic lymph nodes; (78)], 18-fluorodeoxyglucose (18-
FDG) uptake on PET-CT is unable to differentiate malignant
from non-malignant hypermetabolism. Currently, 18-FDG
PET-CT may be used to identify the best biopsy sites,
which may result in the observation of tumor cells or
specific granuloma characteristics which suggest other causes of
granulomatosis [e.g., loosely organized collections of phagocytes
or multinucleated giant cells, extensive or dirty necrosis,
or palisading granulomas; (114, 115)]. Other radiotracers
or techniques used with PET-CT may be interesting in
differentiating tumoral hypermetabolism from non-malignant
hypermetabolism. Dual time point 18-FDG PET-CT with delayed
acquisition sequences and 18F-3'-Fluoro-3’-deoxythymidine
(18F-FLT) PET-CT could help in distinguishing malignant from
non-malignant lesions but few studies are available and their roles
in improving the diagnostic performances of PET-CT remain to
be precised (116, 117).

Magnetic resonance imaging (MRI) changes could also
be helpful in distinguishing sarcoidosis lesions from tumoral

localizations. Although conventional MRI is insufficient to
distinguish malignant bone lesions from bone sarcoidosis (118),
Conte et al. reported one case where the differential diagnosis
between sarcoidosis and metastasis was made using whole
body diffusion MRI (119). In this patient, the hypersignal
on diffusion sequences contrasted with a decreased signal in
apparent diffusion coefficient sequences that was considered to
be too low to be compatible with neoplastic origin.

Finally, specific biomarkers have been proposed to ease the
diagnosis, especially in germ-cell tumors. In such cases, the
elevation of serum levels of a-fetoprotein, human chorionic
gonadotropin and lactate dehydrogenase may help guide the
diagnosis (32). No suggestion has been made regarding other
types of cancer, probably due to the lack of specificity of tumor
markers in these settings.

CONCLUSION

Granulomatosis and cancer can coexist in various clinical
situations that the clinician should be aware of. The risk of
developing solid neoplasia or hematological malignancies,
especially lymphomas, is increased in sarcoidosis patients.
Sarcoidosis-lymphoma syndrome has to be considered in
patients with previously known sarcoidosis and unexplained
recurrence of deep or peripheral lymph nodes enlargement.
Any atypical and unexplained symptom mimicking a
sarcoidosis flare should encourage the clinician to be careful to
differential diagnosis.

The granulomatous reactions are not uncommon in the
course of solid neoplasia and hematological malignancies.
Recent therapeutic advances in cancer treatment, especially the
emergence of immunotherapy with ICI, have reminded the
possibility of drug induced SLR as it was previously known
with older therapies (e.g., interferon). CS may help control ICI-
induced SLR without holding cancer treatments.

Differentiating  sarcoidosis ~ from  cancer-associated
granulomatosis is difficult. Atypical presentation of sarcoidosis
(atypical organ involvement or refractory disease) may alert the
clinician. There is currently no alternative to the histological
examination to differentiate sarcoidosis from neoplasia. New
radiotracers (18F-FLT) and new acquisition techniques (dual
time point PET CT) are promising but currently not available in
routine care.

A careful and rigorous diagnosis process is required
when encountering granulomatosis, on the one hand, because
of the increased risk of neoplasia in sarcoidosis patients
and, on the other hand, because of the sarcoidosis-like
presentation of neoplasia. Discussing with the pathologist in
order to sensitize the diagnosis (full examination of included
samples, complementary immunohistochemical staining, search
for clonality) is fundamental.

The sarcoidosis patients are also susceptible to present
neoplasia as the general population. Diagnosis can be difficult
maybe due to a greater propension to present a granulomatous
reaction compared to the general population. Here again, it is
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essential to share and to discuss clinical presentation to ease the
pathologist’s work.
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In this study we analyzed gene co-expression networks of three immune-related skin
diseases: cutaneous sarcoidosis (CS), discoid lupus erythematosus (DLE), and psoriasis.
We propose that investigation of gene co-expression networks may provide insights
into underlying disease mechanisms. Microarray expression data from two cohorts of
patients with CS, DLE, or psoriasis skin lesions were analyzed. We applied weighted
gene correlation network analysis (WGCNA) to construct gene-gene similarity networks
and cluster genes into modules based on similar expression profiles. A module of
interest that was preserved between datasets and corresponded with case/control status
was identified. This module was related to immune activation, specifically leukocyte
activation, and was significantly increased in both CS lesions and DLE lesions compared
to their respective controls. Protein-protein interaction (PPI) networks constructed for this
module revealed seven common hub genes between CS lesions and DLE lesions: TLR1,
ITGAL, TNFRSF1B, CD86, SPI1, BTK, and IL10RA. Common hub genes were highly
upregulated in CS lesions and DLE lesions compared to their respective controls in a
differential expression analysis. Our results indicate common gene expression patterns in
the immune processes of CS and DLE, which may have indications for future therapeutic
targets and serve as Th1-mediated disease biomarkers. Additionally, we identified hub
genes unique to CS and DLE, which can help differentiate these diseases from one
another and may serve as unique therapeutic targets and biomarkers. Notably, we find
common gene expression patterns in the immune processes of CS and DLE through
utilization of WGCNA.

Keywords: WGCNA, co-expression network, cutaneous sarcoidosis, discoid lupus erythematosus, hub genes

INTRODUCTION

Cutaneous sarcoidosis (CS), discoid lupus erythematosus (DLE), and psoriasis are immune-related
cutaneous disorders with different pathologies and clinical presentations. CS occurs in up to one
third of patients with systemic sarcoidosis, an inflammatory disease characterized by non-caseating
granulomas (1). CS is often considered the “great imitator” in dermatology due to its large range of
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morphologies, including papules, plaques, lupus pernio, and scar
psoriaform and ulcerative lesions (1). DLE is the most prevalent
type of chronic cutaneous lupus erythematosus characterized by
pathogenic autoantibodies and immune complexes (2). The most
common presentation of DLE is coin-shaped plaques on the scalp
and ears (2, 3). DLE can occur as a skin manifestation of systemic
lupus erythematosus (SLE) in up to 20% of patients (2, 3).
Psoriasis is a common skin condition that affects over 7 million
Americans (4). The hallmark of immune dysfunction in psoriasis
is uncontrolled keratocyte proliferation and differentiation (5).
Plaque psoriasis is the most common subtype, presenting with
well-defined areas of erythematous plaques with silvery scales
(5). The severity of psoriasis can greatly vary, with the joints
being affected in 20-30% of patients (6). While psoriasis was
traditionally considered a Thl-mediated disease, recent studies
suggests that psoriasis may be predominantly Th17-mediated
(7). In contrast, both CS and DLE may be predominantly Th1-
mediated diseases (8, 9).

Within the past 20 years, biological treatments for several
skin diseases, including psoriasis, atopic dermatitis, urticaria,
and pemphigus vulgaris have emerged as major therapeutic
breakthroughs (10). First-line therapy for cutaneous sarcoidosis
consists of corticosteroids and second-line therapies consist of
tetracyclines, hydroxychloroquine, and methotrexate. Biologics,
e.g., anti-TNE have been used to treat chronic or resistant
cutaneous sarcoidosis with improvement or worsening of
disease (11). A limited number of studies support the use
of both infliximab and adalimumab as third-line therapies
for cutaneous sarcoidosis, with some reports of etanercept,
rituximab, golimumab, and ustekinumab being successful as
well (12). For DLE, first line therapies include photoprotection
in conjunction with topical or oral corticosteroids, topical
calcineurin inhibitors, and systemic antimalarial therapy (2,
3, 13). Refractory lesions may be treated with intralesional
corticosteroid injections (2, 13). Chronic DLE lesions that are
not responsive to topical corticosteroids or topical calcineurin
inhibitors may be responsive to intralesional corticosteroid
injections (2). Intravenous immunoglobin, rituximab, and
dapsone have successfully treated cutaneous lupus lesions in
a limited number of studies, as well as toxilizumab and anti-
CD4 antibody in single reports (14). For mild to moderate
psoriasis, first-line therapies include topical therapies including
corticosteroids, vitamin D3 analogs, and combination products
(15). Moderate to severe psoriasis can be treated with systemic
therapies such as phototherapy, acitretin, methotrexate, and
cyclosporine (15). For patients who do not respond to systemic
therapies, biologics may be used. Infliximab has been found to be
the most effective, followed by ustekinumab, adalimumab, and
etanercept (15). These therapies do not address the presence of
concomitant diseases of sarcoidosis and psoriasis. For example,
anti-TNF in sarcoidosis may induce psoriasis skin lesions. Thus,
we undertook this study to dissect the common and differentially
expressed pathways among these three diseases.

Biological therapies must target a specificimmune component
that plays a key role in disease pathogenesis. Ideally, treatment
should be directed to a patient-specific target (16). We have
previously used gene co-expression networks to identify genes

and molecular pathways of a disease state associated with
clinical traits (17), as well as identifying similar immunological
mechanisms between sarcoidosis and idiopathic pulmonary
(18). In this study, we characterized commonly altered
biological pathways in cutaneous sarcoidosis (CS), discoid lupus
erythematosus (DLE), and psoriasis using gene coexpression
networks. We created gene co-expression networks of microarray
data from two previous studies. The first study found that active
CS skin lesions showed several thousand differentially expression
genes compared to non-lesional skin in CS patients and healthy
controls. These differentially expressed genes showed a strong
Thl profile of sarcoidosis and expression of interleukin (IL)-
23 and IL-23R with limited expression of other Th17 pathway
genes (8). The second study found that DLE skin lesions
demonstrated a predominance of IFN-y-producing Th1 cells and
an absence of IL-17-producing Th17 cells compared to psoriasis
skin lesions (9).

In this study, we hypothesized that there would be common
gene expression patterns between CS and DLE due to the
similarities between the two diseases. Both CS and DLE are
related to systemic disease, have a greater prevalence in African
American populations (2, 19), and are predominantly Thl-
mediated (8, 9). To investigate this hypothesis, microarray
expression data with weighted gene co-network analysis
(WGCNA) was applied. Since genes with similar expression
patterns are likely to be functionally related, WGCNA clusters
genes with correlated expression profiles into groups known as
modules. WGCNA was used to identify the most relevant module
in immune-related skin disorders. Hub genes within the module
were identified using intramodular connectivity and protein-
protein interaction (PPI) networks. The hub genes were further
characterized by differential gene expression (DGE) analysis.
We propose that characterization of commonly altered biologic
pathways in CS, DLE, and psoriasis may uncover immunological
targets and/or biomarkers.

METHODS

Data Collection and Preprocessing

Microarray data and associated clinical data was obtained
from the NCBI Gene Expression Omnibus (GEO). Dataset 1
(GSE32887) (8) included 15 skin samples from CS lesions, 11
skin samples of non-lesional skin (NLS) on the same patients
with CS, and 5 skin samples from healthy volunteers (control
1). Dataset 2 (GSE52471) (9) included 7 skin samples from
DLE lesions, 18 skin samples from psoriasis lesions, and 13
skin samples from healthy volunteers (control 2). Both datasets
were generated using Affymetrix Human Genome U133A 2.0
Array. The collapseRows() function was used to filter the
probes to include only unique genes that were present in
both datasets.

Co-expression Network Construction

The WGCNA package on R (20) was used to construct co-
expression networks of both datasets. We utilized code from
(21). Since both datasets used the same platform, they were
comparable. To create a scale-free network, an appropriate soft
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power was selected to promote strong connections between
genes and filter out weak ones. Pearson correlation was used
to measure the concordance of pair-wise genes. The Pearson
correlation matrix was transformed into a weighted network
for each dataset using the adjacency() function. Dataset 1
was used to construct modules. The dynamic tree-cutting
function with a cut height of 0.99, a minimum cluster size
of 30, and deep split of 3 identified modules with similar
expression patterns. Modules are given arbitrary color names for
easier tracking.

Identification of Module of Interest and GO

Enrichment Analysis

The modules constructed from dataset 1 were mapped onto
dataset 2. A preservation Z-score summary for each module
was calculated using the modulePreservation() function in order
to identify highly preserved modules between the two datasets.
A Z-score of greater than five was used as the threshold for
module preservation (21). TheGOenrichmentAnalysis() function
in WGCNA was used to annotate each module with significant
biological functions. Module eigengenes (ME), which can be
interpreted as the level of expression of each module within
each sample, were obtained for all samples across studies. We
performed a 3-group comparison using a single-factor ANOVA
to compare MEs of preserved modules between the CS lesions,
NLS, and controls in dataset 1. We repeated this procedure for
DLE, psoriasis, and controls for dataset 2. For modules with
significant ANOVA results, we performed follow-up pairwise
t-tests assuming unequal variance between each subgroup in
each dataset. The module which demonstrated a significant
difference between case/control status in both datasets was
investigated further.

Identification of Hub Genes in Module of

Interest

The genes in the module of interest were ranked by intramodular
connectivity. The top 5% of genes in dataset 1 and dataset
2 were considered potential hub genes (22). The lists were
cross-referenced to identify overlapping genes. We also used
a second method to identify hub genes. The 2,000 genes (the
maximum allowed) with the highest intramodular connectivity
for each dataset were entered into the STRING (23) database
to construct a protein-protein interaction (PPI) network. The
minimum protein interaction score was set to high confidence
(0.7). The output from the PPI network was imported into
Cytoscape (24), an open source software platform for visualizing
complex networks. The top 5% of genes with the highest degree
were considered potential hub genes and the lists from the two
datasets were cross referenced to identify overlapping genes (25).
We termed genes that were common to both network types and
common between datasets as “hub genes.” Gene expression of
hub genes was compared between disease groups using Kruskal-
Wallis test and post-hoc Dunn’s test with Bonferroni correction
for each gene.

Validation of Hub Genes Using Differential

Gene Expression (DGE) Analysis

The limma package (26) on R was used to identify differentially
expressed genes between CS lesions and DLE lesions vs. their
respective controls to validate our results. No covariates were
used in the limma model because case/control status was the only
variable. The ImFit() function and empirical Bayes method in
the limma package was used to analyze the genes. The topTable()
function summarized the results from the linear fit. We used the
criteria of p < 0.01 and log2 (fold-change) to define differentially
expressed genes. We adjusted our p-values via the Benjamini-
Hochberg Procedure.

RESULTS

Co-expression Network Construction

Identifies a Module of Interest

Our filtering process resulted in 12,991 genes to use in network
construction. The co-expression network resulted in 14 modules,
six of which were preserved between datasets. Of the six
preserved modules, two modules were related to cellular division,
one was related to biosynthesis, one was related to the nucleus,
one was related to sensory perception, and one was related to
leukocyte activation. The top 10 GO terms for these preserved
modules can be found in File 1. All P-values reported have
been adjusted for multiple comparisons. While all six preserved
modules in dataset 2 revealed significant differences between
case/control status (p < 0.01), only the leukocyte activation
module significantly differed between case/control status in
dataset 1 (p < 0.001). We therefore selected the leukocyte
activation module as our module of interest. The module of
interest was significantly increased in both the CS lesions and
DLE lesions compared to their respective controls (p < 0.001).
There was no significant difference between NLS and control in
dataset 1. Psoriasis showed decreased expression of the leukocyte
activation module compared to both DLE (p < 0.001) and
controls in dataset 2 (p < 0.05).

Hub Genes Involved in Sarcoidosis and

Lupus Pathogenesis Are Identified

The leukocyte activation module contained a total of 3,511
genes. From the co-expression network, the two datasets had
21 potential hub genes in common. From the PPI network,
the two datasets had 74 potential hub genes in common. We
found seven genes that were hubs in both network construction
methods: TLR1, ITGAL, TNFRSF1B, CD86, SPI1, BTK, and
IL10RA (Figure 1). All seven hub genes were upregulated in both
the CS and DLE compared to their respective controls (p < 0.05).
Additionally, all seven genes were significantly upregulated in the
CS lesions compared to NLS, which did not show any significant
differences from their controls. The psoriasis lesion samples
showed decreased expression of BTK and TNFRSF1B compared
to controls (Table 1). The seven hub genes were unique to the
leukocyte activation module and were not found in any other
preserved module. The expression level of each hub gene based
on case/control status is demonstrated in Figure 2.
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FIGURE 1 | Protein-protein interaction network for dataset 1 showing nodes with 20+ connections (left). Protein-protein interaction network for dataset 2 showing
nodes with 10+ connections (right). Common hub genes are highlighted in yellow. The network is derived from the leukocyte activation module.

TABLE 1 | Adjusted P-values demonstrate significant differences in hub gene expression levels between groups in each dataset.

Gene name Adjusted P-values of hub gene expression values
Dataset 1 Dataset 2
CS vs. control NLS vs. control CS vs. NLS DLE vs. control Psoriasis vs. control DLE vs. psoriasis

BTK 0.008* NS 0.0115* 0.0129* 0.0357** <0.0001*
CD86 0.0024* NS 0.0015* 0.0001* NS 0.0005*
ITGAL 0.0057* NS 0.0015* 0.0002* NS 0.0004*
IL10RA 0.0011* NS 0.0023* 0.0004* NS 0.0002*
SPI 0.0008* NS 0.0035* 0.0004* NS 0.0003*
TLR1 0.0071* NS 0.0011* 0.0153* NS <0.0001*
TNFRSF1B 0.0017* NS 0.0027* 0.0007* 0.0252** 0.0001*

*Increased expression level; **Decreased expression level.
CS, cutaneous sarcoidosis; NLS, non-lesional sarcoidosis lesion; DLE, discoid lupus erythematosus.
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FIGURE 2 | Box plots showing gene expression level for each hub gene by case/control status. CS, cutaneous sarcoidosis; NLS, non-lesional skin of patients with
cutaneous sarcoidosis; DLE, discoid lupus erythematosus.
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TABLE 2 | Hub genes that are unique to disease-type identified by intramodular
connectivity and protein-protein interaction (PPI) networks.

Cutaneous sarcoidosis hub
genes

SYK, CD40*, CD80*, CCR5*, CCL5, MYD88,
IL15, LYN, RAC2, GRB2*, STAT5A*, VAVT,
CXCR3*, PTPNG, CD33*, HCK, FGR

PTPRC, TLR7, ITGAX, FCGR2A, CCR2,
PRF1

Discoid lupus erythematosus
hub genes

*Indicates that the gene was unique to that disease-type in the differential gene
expression analysis.

Seventeen hub genes were found only in dataset 1, including
CD40, CCR5, CCL5, MYD88, IL15, and CXCR3. Six hub genes
were found only in the dataset 2, of note TLR7, FCGR2A, and
CCR2. The listed genes have primarily been indicated in the
pathogenesis of sarcoidosis or lupus in the literature (27-30). Full
gene lists can be found in Table 2.

Common Hub Genes Are Highly
Upregulated in Differential Expression

Analysis

The common hub genes were found to be individually
upregulated in disease states compared to controls. The DGE
analysis demonstrates that as a group, the common hub genes are
highly upregulated compared to other DEGs in the datasets for
both CS and DLE vs. respective controls. Volcano plots of DEGs
with labeled hub genes are shown in Figure 3.

All 17 hub genes unique to dataset 1 showed significant
upregulation in the DGE analysis of CS lesions vs. control. Ten
of the 17 hub genes unique to dataset 1 were also significantly
upregulated DEGs in the DLE vs. control analysis. The remaining
seven were upregulated DEGs only in the CS vs. control analysis
(Table 2). Of the six hub genes significant only to dataset 2, all six
were upregulated in DLE lesions vs. control, as well as the CS vs.
control analysis. Thus, in the DGE analysis there were only seven
hub genes that were unique to CS and no hub genes that were
unique to DLE.

DISCUSSION

Our findings suggest that there may be common gene expression
patterns in the immune processes of CS and DLE. Since there
were no significant differences between control and NLS, it
appears that the gene dysregulation is confined to the sarcoidosis
lesions. Additionally, psoriasis does not demonstrate the same
patterns of gene expression differences as demonstrated in CS
and DLE, suggesting that similarities between CS and DLE
may extend beyond being immune-related skin disorders. The
common hub genes we identified may be further investigated
as biomarkers of Thl-driven inflammatory disorders. These
genes may represent underlying drivers of Th1-skewed immune
disease and could serve as a therapeutic target in CS and DLE.
We also identified hub genes that are unique to CS and DLE,
which can help differentiate these diseases from one another and
may serve as unique markers rather than general Thl-mediated
disease markers.

Closer examination of the seven identified hub genes reveals
involvement of pathways that activate the immune system. Some
of these genes encode for proteins that are already therapeutic
targets. For example, TNFRSF1B encodes a protein that is a
member of the TNF-receptor superfamily, which mediates the
recruitment of anti-apoptotic proteins (31, 32). TNF-a inhibitors
are currently used to treat a variety of immune-related disorders
including sarcoidosis, lupus, and plaque psoriasis (33). However,
TNF-a inhibitors do not consistently work for sarcoidosis (34)
and are also complicated in SLE treatment due to the fact
that TNF-a inhibitors can induce lupus (35). Future studies
must utilize gene-regulatory networks to stratify phenotypes of
sarcoidosis and lupus that are responsive to specific therapies.

Other hub genes identified encode for immune system related
proteins that have shown promise as biomarkers or targets.
CD86 encodes a protein that is expressed on antigen presenting
cells (APCs) and serves as the costimulatory signal for T-cell
activation (31). In sarcoidosis patients, alveolar macrophages
(AM) act as APCs and express high levels of CD86 (31) to
stimulate T-cell activation. BTK, which plays a crucial role in B-
cell development, has been identified as having multiple roles
in the production of autoantibodies and the pathogenesis of
lupus (36). BTK inhibitors serve as a promising new therapeutic
target and are currently being tested to treat lupus in animal
models (37). TLR1 is a member of the toll-like receptor (TLR)
family, which plays a fundamental role in pathogen recognition
and innate immunity. Toll-like receptors recognize pathogen-
associated molecular pathways (PAMPS) that are expressed on
infectious agents (38). TLR1 in particular is expressed at higher
levels than other TLRs and has been associated with infectious
diseases that affect the skin, including Leprosy (39) and Lyme
Disease (40). TLRs are thought to play a role in both sarcoidosis
and lupus pathogenesis (41, 42), and has been suggested as a
potential therapeutic target for lupus (43).

Hub genes may be useful as biomarkers for disease activity
as well. ILI0RA is a receptor for interleukin 10, an anti-
inflammatory cytokine. IL-10 is increased in active pulmonary
sarcoidosis as a compensatory response to increased expression
of proinflammatory cytokines (44). IL-10 mediates disease
activity of SLE (45). Together, the genes identified are those
known to influence inflammatory responses.

The hub genes unique to CS and DLE are also potentially
useful as disease markers and treatment targets. Of the 17 hub
genes unique to the sarcoidosis samples, many are involved in
T-cell activation and proliferation, such as CD40, CD80, CCR5,
CCLS5, and IL15, or cellular signaling, such as SYK, MYD88,
and CXCR3. Some of the hub genes have been indicated in the
pathogenesis of sarcoidosis. For example, CD40 which is required
to activate APCs, is expressed in higher levels on AMs in patients
with sarcoidosis (46). The expression of CD40 correlates with
CD86, a common hub gene (46).

The C-C chemokine receptor 5 (CCR5) binds to chemokine
ligand RANTES (CCL5) and is expressed on T-cells and
macrophages. CCR5 mRNA is increased in bronchoalveolar
lavage fluid (BALF) of sarcoidosis patients and may serve as a
marker of pulmonary disease (47). Furthermore, certain CCR5
haplotypes are associated with sarcoidosis. The CCR5 haplotype
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FIGURE 3 | Volcano plots mark differentially expressed genes (orange dots) in cutaneous sarcoidosis lesions vs. control (top) and discoid lupus erythematosus lesions
vs. control (bottom). The orange dots represent differentially expressed genes using the criteria of p < 0.01 and log?2 (fold-change). Black, gray, and red dots are
genes that do not meet the criteria of a differentially expressed gene. The common hub genes (TLR1, ITGAL, TNFRSF1B, CD86, SPI1, BTK, and IL10RA) are marked.

HHC is strongly correlated with parenchymal lung disease in
sarcoidosis, however, appears not to increase susceptibility to
sarcoidosis and is only relevant after disease induction (48).

As a whole, we identified sarcoidosis genes that reflect
immune cell activation. In contrast, the unique genes of the
lupus group are more involved in pathogen recognition and

degradation, such as TLR7, and FCGR2A. Some FCGR2A
polymorphisms may increase susceptibility and development
of SLE in certain ethnic populations (30). Data from mouse
models have shown that TLR7, which is involved with PAMP
recognition, serves a pathogenic role in the development of SLE,
while TLRY serves a protective role (28). Altered expression
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of TLR7 and TLR9 has been suggested as a biomarker to
identify a subset of SLE patients that may respond to a
targeted therapeutic approach (29). CCR2+ T-cells, which
aid in monocyte chemotaxis, are found to be selectively
decreased during SLE flares and could potentially serve as
a biomarker (27).

Together, our study indicates that our methodology may
be informative in proposing key gene regulatory points in the
immune processes of sarcoidosis and lupus. Notably, we find
common gene expression patterns in the immune processes of
CS and DLE. We have utilized WGCNA to identify genes that
may underlie the pathogenesis of Th1-mediated skin disorders.
The study limitations include lack of clinical data regarding
therapy or systemic involvement, as well as sample collection
at a single time point. Future analysis of the skin lesions at
multiple points with functional interruption would be necessary
to characterize the specific roles of hub genes in disease
pathogenesis. We underscore that our demonstration of high
intramolecular connectivity of the hub genes strongly suggests
regulatory roles. We have identified hub genes that have been
previously identified, as well as novel gene candidates for lupus
and sarcoidosis. Lupus is a systemic autoimmune disease with
skin manifestations, while sarcoidosis has been viewed as a
predominantly pulmonary disorder with skin manifestations.
Our results suggest that sarcoidosis may also be a systemic
disease with immune dysregulation. Studies that stratify samples
by therapy, organ involvement or disease progression are
warranted. Future studies that utilize gene-regulatory networks
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Properly performed staging in non-small-cell lung cancer (NSCLC) is necessary to avoid
wrong therapeutic decisions. Here we present a case which manifested as advanced
NSCLC but ultimately was composed of two different and rare pathologies. The first
is a TTF-1 positive axillary lymph node that could be defined either as an unusual
isolated differentiated cancer of unknown primary or as an even rarer case of ectopic
lung epithelium which underwent malignant transformation. The second is sarcoidosis,
a sarcoid-like alteration, in remission after oral steroids. The main implication of a
correct diagnosis regards patient outcome and the avoidance of toxic inappropriate
systemic chemotherapy.

Keywords: lung cancer, sarcoidosis, metastases, staging, origin

INTRODUCTION

Lung cancer is a major cause of death in both men and women worldwide. It is frequently associated
to distant metastasis, most often discovered at the time of diagnosis; thus, correct disease staging,
including molecular profile analysis, is fundamental in order to properly subtype cancer and for the
subsequent choice of the most effective treatment.

CASE REPORT

In 2014, a 60-year-old non-smoker female with past medical history of recurrent bronchitis
came to visit for 3 months of dry cough and exertional dyspnea, which remained unchanged
after treatment with clarithromycin. At chest examination, bilateral diffuse crackles could be
appreciated, without wheezing. No touchable lymphadenopathies were present. Echocardiogram
was normal, while on chest X-ray (CXR; Figure 1) parenchymal infiltrates were documented,
which were more evident in the left lung. A total body CT scan (TB CT; Figure 2) revealed
diffuse parenchymal infiltrates with mediastinal and hilar lymphadenopathies, suggestive of
sarcoidosis but also compatible with a malignant origin. A vascularized pathologic (3 cm)
lymph node was also detected in the right axillary region and surgically removed 8 days
after the CXR and 2 days after the CT scan, together with other nodes of the same
station, for diagnostic purposes. At histologic examination, localization/metastasis of poorly
differentiated epithelial neoplasia was found in only one of the resected nodes (Figures 3A-C),
whereas in the others giant cell granulomatous epithelioid sarcoid-like reaction was detected
(Figure 3D). An exhaustive and multidisciplinary diagnostic workup was thus initiated to
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determine the putative primary origin of cancer cells. Their
immunophenotype (cytokeratin 7+, AE1/AE3+, TTF1+, and
p63-) was coherent with axillary lymph node localization
of lung adenocarcinoma (1, 2). In detail, the cytokeratin
panel expression confirmed the epithelial origin, while the
positivity of thyroid transcription factor 1 (TTE-1) was a highly
specific marker for lung as primary origin and suggested the
adenocarcinomatous lineage of differentiation. The absence of
p63 expression allowed to exclude squamous differentiation
as well as neuroendocrine carcinomas. Subsequent molecular

FIGURE 1 | Chest X-rays at presentation. Left subclavian pulmonary
thickening associated with patchy bilateral peripheral opacity particularly
represented in the left lung where there are also band-like consolidations and
pleural effusion.

analysis documented the absence of actionable genetic targets
since mutational analysis revealed EGFR wt, KRAS wt, ALK
not translocated, and HER2/neu not amplified. We then
proceeded with a first bronchoscopy to study deeper the lung
parenchyma and find the primary site of malignant growth.
A transbronchial biopsy (TBB) was then performed, revealing
bilateral superior bronchial stenosis in the absence of histologic
neoplastic infiltration (Figures 3E,F). To complete the disease
stage and/or eventually to detect a distant site of origin of the
neoplastic cells, a whole-body positron emission tomography
was performed and evidenced supra- and subdiaphragmatic
pathologic lymphadenopathies in the absence of putative
primary mass detection (Figure 4). Since no tumor masses were
demonstrated by imaging, a second bronchoscopy with TBB
was thus repeated to deeply analyze the lung parenchyma.
Quite unsuspectedly, the TBB obtained specimens that were
free from neoplastic cells but rich of sarcoid non-necrotizing
epithelioid granulomas. Steroid treatment (prednisone, 1 mg/kg)
was started, with rapid improvement on symptomatology. After 1
month, a TB CT showed reduction in parenchymal infiltrates and
lymphadenopathies without extra-thoracic neoplastic or sarcoid
localizations. Being in the presence of carcinoma featuring lung
epithelial lineage of origin vs metastatic lung cancer without
detectable primary mass, in the absence of the expression of
actionable targets, platinum-based conventional chemotherapy
(cisplatin-pemetrexed) was started, and steroids were tapered
until 10 mg/day. The TB CT at the end of three cycles of
adjuvant chemotherapy confirmed the presence of some fibrotic
branches, compatible with stage IV pulmonary sarcoidosis,
without oncologic localizations (Figure 5). A timeline with all
relevant data from this clinical case is available in Figure 6. The
steroid regimen was gradually reduced to a maintenance of 5
mg/day over a period of 1 year. At 5 years from diagnosis,

FIGURE 2 | CT scan at presentation: bilateral parenchymal infiltrates (A) and mediastinal hilar lymph node enlargement (B), suggestive of sarcoidosis but also
compatible with malignant origin. Enlarged vascularized pathologic (3 cm) axillar node detected in the right axillary region (red arrow).
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FIGURE 3 | Histologic samples. Surgical sample of lymph node localization of adenocarcinoma, x20 (A), x5 (B, — ), featuring positive staining for cytokeratin 7 (C),
and concomitant epithelioid sarcoid-like granuloma, x5 (D). Transbroronchial biopsy x 10 (E) and x20 (F) displaying sarcoid non-necrotizing epithelioid granulomas

the result at follow-up is still negative, with no neoplasm
recurrence and with good control of sarcoidosis in the absence
of steroid treatment.

COMMENTS

We report a case of coexistent ectopic/metastatic lung cancer (in
the absence of detectable primary mass in the lung parenchyma)
and sarcoidosis. The latter most often occurs in younger people,
but it can be present at any age. Females are overrepresented
in the age group 50-60 years, and the disease is then often
chronic and already advanced at presentation (3), as in the
present case. The relationship between cancer and sarcoidosis is
still controversial (4, 5), although a moderate but significantly
increased cancer risk in patients with sarcoidosis has been
reported (6). On this basis, sarcoidosis has been proposed
as a risk factor for lung cancer in never-smokers, but no
conclusive data are available until now (7). Three hypotheses
have been proposed regarding the relationship between cancer
and sarcoidosis: (1) sarcocentric: sarcoidosis develops before lung
cancer and could induce neoplastic transformation through cell-
mediated immune abnormalities in the absence of activation
of known oncogenic drivers, (2) oncocentric: sarcoidosis might
represent an immunological reaction to disperse cancer antigens,
and (3) the two entities might be independent. The mechanistic
explanation of the pathogenesis of cancer associated with

sarcoid-like granulomas and/or sarcoidosis is still unknown.
A quite recent hypothesis suggested that molecular mimicry
could occur because of the altered activity of oncogenes
and ultimately lead to crossed-type mediated body reactions
targeting structurally similar sections or regions from the tissue
homeostasis (8). Interestingly, it should be noted that the
occurrence of sarcoidosis-like granulomas is involved also in
response to novel cancer therapies since they might represent
important immune checkpoint inhibitor-related reactions (9).
Notably, the patient far surpassed the expected survival for a
stage IV non-small-cell lung cancer (NSCLC). This point allows
us to conclude that malignant transformation of ectopic lung
epithelium was more probable than metastatic lung disease; thus,
surgical removal was, in that case, radical. However, it cannot
be excluded that a small primary lung mass was initially present
and that it subsequently evolved in dormancy or regression.
Indeed the process of metastatic dissemination begins when
malignant cells start to migrate and leave the primary mass
(10). The latter define a rare but non-negligible disease (over
300,000 new cases per year worldwide) which is called cancer of
unknown primary (2). The disease shares common traits: (i) early
metastatic dissemination, (ii) unpredictable metastatic organ
distribution, (iii) lack of organ- or tissue-specific differentiation,
and (iv) extremely aggressive potential and poor prognosis in
case of disseminated disease. The present case is worth to be
described since it is paradigmatic of how adequate staging in
NSCLC is mandatory to avoid wrong therapeutic decisions. What
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FIGURE 4 | Whole-body positron emission tomography (PET): supra- and subdiaphragmatic pathologic lymphadenopathies in the absence of putative primary mass
detection. The red circle shows the pathologic standardized uptake value (SUV) at left hilar lymph node (L10 station).

1 RD: 4(
Z: 1,0 Tit: 0

FIGURE 5 | CT scan after treatment: remaining parenchymal fibrosis in upper lobes compatible with sarcoidosis grade IV (A), without mediastinal or extra-thoracic
lymph node enlargement (B).
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FIGURE 6 | Timeline with the most relevant data of the clinical case.
seemed to be consistent with a stage IV lung cancer requiring ETHICS STATEMENT

quite obvious therapeutic approach was instead composed of
two different pathologies. The first is a TTF-1 positive axillary
lymph node that could be defined either as an unusual isolated
differentiated metastasis without a sure primary site of origin or
as an even rarer case of ectopic lung epithelium which underwent
malignant transformation. It was successfully removed in the
absence of neoplastic recurrence. The second is sarcoidosis
or, a sarcoid-like alteration, remaining after surgery but in
persistent remission with a cycle of oral steroids. Given the
improvement/reversibility and the presence of lung parenchymal
and lymph node involvement and based also on Scadding
staging on X-rays, there is a possibility that this was stage II
sarcoidosis (11, 12). Overall, this quite unexpected diagnosis
was allowed by invasive diagnostic procedures on both the
hypothetical nodal metastasis and the primary site of the disease.
The main implication of this approach regards patient prognosis
and therapeutic management by avoiding the toxicity of an
inappropriate treatment for advanced cancer.
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Introduction: We aimed to analyze patients with acute and chronic joint involvements
in sarcoidosis.

Methods: This is a retrospective multicenter analysis of patients with proven sarcoidosis,
as defined by clinical, radiological, and histological criteria, with at least one clinical and/or
ultrasonographic synovitis.

Results: Thirty-nine patients with sarcoid arthropathy were included, and among them
19 had acute sarcoidosis (Lofgren’s syndrome). Joint involvement and DAS44-CRP were
not significantly different in acute and chronic sarcoid arthropathies. Acute forms were
more frequent than chronic sarcoid arthropathy in Caucasians, without any difference of
sex or age between these 2 forms. Joint involvement was frequently more symmetrical
in acute than chronic forms (100 vs. 70%; p < 0.05), with a more frequent involvement
in wrists and ankles in acute forms, whereas the tender and swollen joint counts and
the DAS44-CRP were similar between the 2 groups. Skin lesions were significantly more
frequent in patients with acute forms [17 (89%) vs. 5 (25%); p < 0.05] and were erythema
nodosum in all patients with Léfgren’s syndrome and sarcoid skin lesions in those with
chronic sarcoidosis. Among 20 patients with chronic sarcoidosis, treatment was used in
17 (85%) cases, and consisted in NSAIDs alone (n = 5; 25%), steroids alone (n = 5; 25%),
hydroxychloroquine (n = 2; 20%), methotrexate (n = 3; 15%), and TNF inhibitors (n = 2;
10%). A complete/partial joint response was noted in 14 (70%) cases with a DAS44-CRP
reduction of 2.07 [1.85-2.44] (from 3.13 [2.76-3.42] to 1.06 [0.9-1.17]; p < 0.05).
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Conclusion:

Sarcoid arthropathies have different clinical phenotypes in acute and

chronic forms and various treatment regimens such as hydroxychloroquine and
methotrexate could be used in chronic forms.

Keywords: sarcoid arthropathy, outcome, methotrexate, infliximab, sarcoidosis

INTRODUCTION

Sarcoidosis is a heterogeneous systemic granulomatous disease
affecting mostly lung and lymphatic nodes. Non-caseating
granulomas are the characteristic histopathological feature. Joint
involvement, also known as sarcoid arthropathy, is observed in
6-35% of patients, and asymptomatic bone involvement in 3-
13% of patients. Acute-onset arthritis is generally characterized
by symmetric arthritis, and in Lofgren’s syndrome is associated
with bilateral hilar adenopathies and erythema nodosum, with
remission usually occurring within 6-10 weeks (1-5). Chronic
sarcoid arthropathy is characterized by persistent oligo or poly-
arthritis in 20% of patients, with 40% of arthralgia (1, 2). Few
studies have described the prevalence and features of sarcoid
arthropathies, and association with other organ involvements
(2,4, 6, 7). Non-steroidal anti-inflammatory drugs (NSAIDs) are
effective in acute sarcoidosis, but little is known about the efficacy
of other therapies in steroid-dependent and refractory forms of
sarcoid arthropathy. We aimed to describe clinical characteristics
of sarcoid arthropathies and describe the treatment.

PATIENTS AND METHODS
Study Scheme

The study was observational with a retrospective analysis.
A call for observation was sent to members of the “French
Inflammatory  Joint Disease Working Group” (Club
Rhumatismes et Inflammation) and the National French Society
of Internal Medicine (SNFMI) from July 2017 to November
2018. Physicians were asked to fill in a defined table. The study
complied with the recommendations of the Declaration of
Helsinki, and being observational and retrospective, ethics
committee approval was not necessary according to the French
local law. Ethical review and approval was not required for
the study on human participants in accordance with the local
legislation and institutional requirements. Written informed
consent from the patients was not required to participate in
this study in accordance with the national legislation and the
institutional requirements.

Patients

Patients were included if they were aged of 18 years or
more, had histologically-proven sarcoidosis (except for
typical acute forms of Lofgren syndrome) and at least one
episode of arthritis, defined as the presence of clinical
and/or ultrasonographic synovitis (8-11). The definition of
ultrasonographic synovitis was used as usually done in patients
with rheumatoid arthritis or other inflammatory arthritis.
Exclusion criteria were: patients with other granulomatous

diseases, associated rheumatoid arthritis, systemic lupus
erythematosus, mixed connective tissue disease, microcrystalline
arthritis or infectious arthritis (3). All patients medical
records were reviewed by 2 investigators (Carlotta Cacciatore
and Arséne Mekinian).

Data Collection

Clinical data was collected as follows: age, ethnicity, sex, date of
diagnosis, disease duration, and presence of skin, lung, heart,
ocular, and neurological involvements. Articular assessment,
which was collected at diagnosis and during follow-up, included:
tender joint count, swollen joint count, localization of joint
involvement and DAS44-CRP. Synovitis was diagnosed by a
clinical examination and/or joint ultrasonography: among 39
included patients with clinical synovitis, 31 have undergone
joint ultrasonography and have all ultrasound-confirmed
synovitis. Synovitis was defined as synovial hypertrophy >2,
or synovial hypertrophy >1+PD signal >1, according to
the OMERACT definitions (12). Joint activity was quantified
using DAS28-CRP at diagnosis and during the follow up.
The use of non-steroidal anti-inflammatory drugs (NSAIDs),
steroids and/or synthetic disease-modifying antirheumatic
drugs (DMARDs), hydroxychloroquine and TNF antagonists
was collected. Laboratory data included serum hemoglobin,
platelet, neutrophil and lymphocyte counts, calcium, creatinine,
alanine aminotransferase, aspartate aminotransferase, C-reactive
protein (CRP), erythrocyte sedimentation rates (ESR), gamma-
globulin, angiotensin converting enzyme (ACE), rheumatoid
factor, antinuclear and anti-citrullinated protein antibodies
(ACPA). Sarcoidosis was considered as acute if remission was
completely reached within 12 weeks. Lofgren’s syndrome was
defined in patients with acute sarcoidosis in the presence of
arthritis, bilateral hilar adenopathy and erythema nodosum,
and fever (6, 13). All remaining cases were defined as chronic
sarcoid arthropathy. Efficacy of each drug was compared to each
other, and all treatment lines were analyzed. Complete articular
response to treatment was defined as total disappearance of
arthralgia and synovitis, with a DAS44-CRP <1.6 (14, 15).
Partial response was defined as an improvement of at least 50%
of swollen joint count (i.e., number of synovitis). Non-response
was defined as all remaining cases. For each line of treatment,
the reasons of interruption has been codified among inefficacy,
adverse events and remission.

Statistical Analysis

Data is expressed as medians with ranges and numbers with
frequencies. Student ¢-test or Wilcoxon-Mann Whitney test were
used to compare quantitative data and Chi-square or Fisher’s
exact tests for qualitative variables. All analyses were done using
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TABLE 1 | Characteristics of patients with joint involvement and acute/chronic sarcoidosis.

Characteristics All patients Acute sarcoidosis Chronic sarcoidosis
N =39 N=19 N =20

Age (years), medians [ranges] 38 [23-70] 34.5 [23-70] 42 [25-65]
Female sex (n;%) 25 (64) 13 (68) 12 (60)
Caucasians (n;%) 19 (48.7) 12 (B63) 7 (35)*
Extra-articular involvement
Skin involvement (n;%) 22 (56) 17 (89) 5 (25)
Ocular involvement (n;%) 4(10) 0 4 (20)
Hilar and mediastinal adenopathies (n;%) 19 (49) 8 (42) 11 (55)
Lung involvement (n;%) 32 (82) 16 (84) 16 (80)
Heart involvement (n;%) 2(5) 0 2 (10)
CNS involvement (n;%) 1(2.5) 0 1(5)
Joint involvement
Symmetrical (n;%) 33 (85) 19 (100) 14 (70)*
Wrist (n;%) 18 (46) 5 (26) 10 (50)*
Ankles (n;%) 32 (82) 17 (89) 13 (65)
Metacarpo-phalangeal (n;%) 12 (31) 4(21) 6 (30)
Knees (n;%) 16 (41) 6 (32) 10 (50)
Tender joints medians [ranges] 6 [1-28] 4 [2-28] 6[1-12]
Swollen joints medians [ranges] 2 [1-6] 2[1-4] 2 [1-6]
DAS 44-CRP medians [ranges] 3.4 [2.3-5.9] 3.7 [2.3-5.9] 3.4 [2.3-3.5]
Laboratory data
Lymphocytes (G/l) medians [ranges] 1.410 [0.66-3.35] 1.8 [0.66-2.50] 1.11[0.71-3.35]
Gammaglobulins (g/l) medians [ranges] 11.6 [7.5-24.7] 11.4 [7.5-13.3] 12.3[7.8-24.7]
Calcium levels (mg/l) medians [ranges] 2.34 [2.16-2.57] 2.3[2.16-2.53] 2.36 [2.26-2.57]
ACE (Ul/l) medians [ranges] 65 [21.2-300] 55 [21.20-111] 76.5 [36-300]
First line treatments 34 (87) 17 (89) 17 (85)
NSAIDs alone (n;%) 15 (38) 10 (53) 5 (25)
Steroids alone (n;%) 9 (23) 4(21) 5 (25)
Hydroxychloroquine (n;%) 4 (10) 2 (10) 2 (10

With NSAIDs 3(7.5) 2 (10) 1)

With steroids 0 0 0
Methotrexate (n;%) 4 (10) 15 3(15)

With NSAIDs 1(2.5) 16 0

With steroids 2 (5) 0 2 (10)
TNF inhibitors (n;%) 2 (5) 0 5 (25)

With steroids 0 5(10)
Follow-up (months) medians [ranges] 18 [3-264] 20.5 [3-57] 62.5 [3-264]*

Values are medians with interquartiles and numbers with frequencies.
o < 0.05.

ACPA, anti Citrullinated Peptide antibodies; ANA, anti-nuclear antibodies; CRR, C-reactive protein; ESR, erythrocyte-sedimentation rate; NSAIDs, non-steroidal anti-inflammatories; RF,

rheumatoid factor.

R software (R Foundation, Vienna, Austria version 3.0.2) and a p
< 0.05 was considered as significant.

RESULTS

Thirty-nine patients (64% women) were included with a median
age of 41 years [25-75] (Table 1). Among 39 patients with clinical
arthritis, 31 (82%) had done ultrasound echography and all these
31 cases had ultrasound-confirmed synovitis. The pattern of
arthritis was mostly symmetric polyarthritis affecting ankles in 33

(85%) cases, wrists in 18 (46%) cases and metacarpo-phalangeal
joints in 12 (31%) cases. None reported spine involvement or
dactylitis. Median tender and swollen joint count at diagnosis
was 6 [1-28] and 2 [1-6], respectively. C-reactive protein levels
were at 22 mg/l [1-271] and ACE at 65 U/L [21.2-300]. Median
DAS44-CRP at diagnosis was 3.4 [2.3-5.9]. No patients had
positive rheumatoid factor or ACPA, nor radiological structural
damage. Acute forms were diagnosed in 19 (49%) patients and
among them 17 (89%) have Lofgren syndrome. The remaining
20 (51%) patients have chronic sarcoid arthropathy. Acute
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FIGURE 1 | Overall relapse-free survival in sarcoid arthropathy.

forms were more frequent than chronic sarcoid arthropathies in
caucasians, without any difference of sex or age between these
2 forms. Joint involvement was frequently more symmetrical
in acute than chronic forms (100 vs. 70%; p < 0.05), with a
more frequent involvement in wrists and ankles in acute forms,
whereas the tender and swollen joint counts and the DAS44-
CRP were similar between the 2 groups (Table 1). Skin lesions
were significantly more frequent in patients with acute forms [17
(89%) vs. 5 (25%); p < 0.05] and were erythema nodosum in
all patients with Lofgren’s syndrome and sarcoid skin lesions in
those with chronic sarcoidosis. Ocular involvement was present
only in patients with chronic sarcoidosis (n = 4, 20%): one
chorioretinitis and anterior uveitis (n = 3). There were no
significant differences in calcium levels, ACE, gammaglobulin,
and lymphocyte levels at diagnosis between patients with acute
and chronic sarcoid arthropathies (data not shown).

During the median follow-up of 18 [3-264] months, 34
patients (87%) received at least one therapy among NSAIDs,
steroids, methotrexate, hydroxychloroquine or TNF inhibitors.
Among the 19 patients with acute sarcoidosis, treatment was
used in 17 (89%) cases, and consisted of NSAIDs alone (n = 10;
53%), steroids alone (n = 4; 21%), hydroxychloroquine (n = 2;
10%), and methotrexate (n = 1;5%) (Table 1). A complete/partial
joint response was noted in 15 (79%) cases with a DAS44-CRP
reduction of 2.45 [1.66-2.66] (from 3.37 [2.62-3.48] to 0.92
(0.89-1.58]; p < 0.05).

Among 20 patients with chronic sarcoidosis, a first-line
treatment was used in 17 (85%) cases, and consisted of
NSAIDs alone (n = 5; 25%), steroids alone (n = 5; 25%),
hydroxychloroquine (n = 2; 20%), methotrexate (n = 3; 15%),
and TNF inhibitors (n = 5; 25%) (Table 1). A complete/partial
joint response was noted in 14 (70%) cases with a DAS44-CRP
reduction of DAS44-CRP reduction of 2.07 [1.85-2.44] (from
3.13 [2.76-3.42] to 1.06 [0.9-1.17]; p < 0.05). A second-line
therapy for chronic sarcoidosis was used in 8 cases: methotrexate
(n = 6), steroids alone and hydroxychloroquine (n = 1 each)
with a joint response in 6 cases. A third-line therapy for sarcoid
chronic arthropathy was used in 5 cases and among them TNF
inhibitors in 5 cases with joint responses in all cases.

NSAIDs was the most frequent first-line option in acute
sarcoidosis [10 (53%) vs. 5 (25%); p < 0.05], but other first-line
therapy frequencies were not significantly different between the 2
groups. The median time of treatment was at 2.5 months [0.6-7].
The joint relapse-free survival was at 26.6 months in the overall
group (Figure 1).

DISCUSSION

This study reports clinical and laboratory features of acute
and chronic sarcoid arthropathies, and shows some significant
differences in joint and extra-articular involvements. The
acute forms have a more symmetrical joint distribution
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with predominant skin involvement, whereas chronic sarcoid
arthropathies have more frequent ocular involvements (16).

Joint involvement in sarcoidosis ranges from 6 to 35% (2,
11, 13-15, 17-19). Clinical features of acute and chronic sarcoid
arthropathies have rarely been analyzed (20, 21). The chronic
form is usually associated with parenchymal lung or other
organ involvements and is relatively rare (up to 7%) (4, 18,
22, 23). In our study, swollen joint count and DAS44 CRP
were comparable in both sarcoid arthropathies, but acute forms
were frequently more symmetrical and affected ankles (4). DAS-
28 score is not validated in the setup of sarcoidosis, and
in particular does not include the ankle involvement which
could be frequent in acute forms, but has already previously
been used in other inflammatory arthritis and sarcoid arthritis
(24, 25). Consistently with previous studies, skin involvement
(mostly erythema nodosum) was particularly frequent in acute
sarcoid arthropathy, whereas ocular involvement occurred just in
chronic subsets (26). The presence and features of hilar and lung
involvements were not discriminatory between acute and chronic
sarcoid forms.

Management of sarcoid arthropathy is poorly studied
(11, 27): most data involves acute forms, with chronic
forms only described in small case-series. In this study,
we compared the efficacy of various treatment regimens on
sarcoid arthropathy with clinical synovitis. Using pooled lines
of various therapies, we showed no significant differences in
joint responses using hydroxychloroquine, methotrexate and
TNF antagonists. Previous studies confirmed the efficacy of
NSAIDs and steroids for acute sarcoid arthropathy (13, 18,
28), as we reported in the present study. For chronic sarcoid
arthropathy, small case-series showed the benefit of methotrexate
(29, 30), whereas in a retrospective study among 10 patients
treated with TNF antagonists, despite initial rapid efficacy, no
clinical amelioration was noted after 1 year of treatment (24).
Judson et al. conducted the only trial evaluating sarcoidosis
joint manifestations under infliximab. No satisfactory effect
on joint disease was observed at 24 and 48 weeks, even
though significant attenuation of involvement for all combined
organs was observed at 28 weeks (22). TNF- antagonists could
also have a steroid-sparing effect, in particular in chronic
sarcoidosis (22, 24, 25).
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Sarcoidosis: Pitfalls and Challenging
Mimickers

Naureen Narula* and Michael lannuzzi

Staten Island University Hospital, New York, NY, United States

Sarcoidosis, a systemic granulomatous disease of unknown etiology, may mimic
other conditions at presentation often resulting in delayed diagnosis. These conditions
include infections, neoplasms, autoimmune, cardiovascular, and drug-induced diseases.
This review highlights the most common sarcoidosis mimics that often lead to
pitfalls in diagnosis and delay in appropriate treatment. Prior to invasive testing and
initiating immunosuppressants (commonly corticosteroids), it is important to exclude
sarcoid mimickers.

Keywords: sarcoidosis, cardiac sarcoidosis (CS), neurosarcoidosis, hypercalcemia (HCM), hypersentivity
pneumonitis, sarcoidosis associated pulmonary hypertension, aseptic meningitis

INTRODUCTION

Jonathon Hutchinson, an English physician, first described sarcoidosis in 1877 (1). Over the
last few decades, substantial progress has been made to better define the clinical, radiological,
immunological, and pathological features of sarcoidosis. The diagnosis of sarcoidosis is based on
three major criteria: clinical presentation compatible with sarcoidosis, presence of non-necrotizing
granulomatous inflammation in one or more tissue samples, and the exclusion of alternative causes
of granulomatous disease. The American Thoracic Society recently published an official clinical
practice guideline in which a panel of experts discuss and summarize evidence-based diagnosis of
sarcoidosis (2). Despite advancements clinicians often remain challenged in reaching a diagnosis
of sarcoidosis.

Infections

Nearly all infectious causes of granulomas may present similarly to sarcoidosis (Table 1) (3-7)
thus excluding an infectious etiology must be routine and relies more on laboratory studies rather
than differentiating clinical features. Table 1 highlights the recommended laboratory studies to
be considered during the workup of a patient. Sarcoidosis is an often overlooked cause of fever
of unknown origin (FUO) (8). About one-third of patients with sarcoidosis exhibit non-specific
constitutional findings such as fever, lethargy, night sweats, and weight loss.

In developing countries with high TB burdens, diagnosing sarcoidosis can be particularly
challenging. TB is classically characterized by caseating granulomas whereas sarcoidosis has non-
caseating epithelioid cell granulomas. However, when caseous necrosis is not seen and acid-
fast staining of biopsy specimens is negative then a patient with suspected TB infection can
be mistakenly diagnosed with sarcoidosis (3). In an endemic area, clinical judgment is crucial.
Radiological findings of upper lobe predominant cavitary lesions favor the diagnosis of TB, as cavity
formation occurs in only 3% of sarcoidosis cases (9).

Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) to obtain
TB-PCR samples makes ruling out TB more certain. In a study by Eom et al., 86 specimens were
examined in 46 patients and the sensitivity, specificity, positive predictive value, negative predictive
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TABLE 1 | Infectious causes of granulomas and the laboratory studies to consider
to rule out infection.

1. Bacteria

Actinomyces

Bartonella

Borrelia burgdorferi
Brucellosis

Mycobacterium tuberculosis
Non-tuberculous mycobacterium
Nocardia

Q fever

Treponema pallidum
Whipples disease

2. Fungi

Aspergillosis

Blastomycosis

Candida

Cryptococcus

Histoplasma

3. Parasitic

Leshmaniosis
Schistosomiasis

4. Viral

Cytomegalovirus
Epstein barr

Laboratory studies to rule out infection:
1. Histopathologic examination

Ziehl-Neelsen stain or Auramine-rhodamine fluorescence for
mycobacteria
Grocott methenamine silver stain for fungi
TB PCR
2. Culture for bacteria (aerobic and anaerobic), fungi, mycobacteria

3. Serology for histoplasma, syphilis, lyme disease

value, and diagnostic accuracy were analyzed. EBUS-TBNA TB
PCR was found to be 56%, 100%, for sensitivity and specificity,
respectively. Positive and negative predictive values were 100%,
and 81%. Diagnostic accuracy was 85% (10). Characterization
of sonographic features of lymph nodes by an EBUS can also
aid in differentiating TB associated lymphadenopathy (LAD)
from sarcoidosis. Dhooria et al. analyzed 250 EBUS-guided
TBNA procedures in patients with intrathoracic LAD and found
that sonographic features of heterogeneous echotexture and
coagulation necrosis are suggestive of TB rather than sarcoidosis.
A combination of a positive tuberculin skin test (TST) and either
heterogeneous echotexture or coagulation necrosis sign had a
specificity of 98% and a positive predictive value of 91% for a
diagnosis of tuberculosis (11).

Heterogeneous echotexture (53.4 vs. 12.6%, P < 0.001) and
coagulation necrosis (26.1 vs. 3.3%; P < 0.001) are suggestive
of TB rather than sarcoidosis. A combination of a positive
tuberculin skin test (TST) and either heterogeneous echotexture
or coagulation necrosis sign had a specificity of 98% and positive
predictive value of 91% for a diagnosis of tuberculosis (11). Use
of an interferon-y (IFN-y) release assay has been reported to
demonstrate a better predictive ability than tuberculin skin tests
(12). Culture although time-consuming is still considered as a
gold standard test for the diagnosis of Tuberculosis (13).

An accurate and timely diagnosis of sarcoidosis helps
prevent unnecessary antituberculosis therapy (ATT) drug
exposure. An accurate diagnosis of TB prevents exposure
to immunosuppressive agents. Concomitant tuberculosis and
sarcoidosis is rare (14).

The presence of exudative pleural effusions may favor other
diagnoses. Pleural effusions associated with sarcoidosis are
uncommon (8.2%) and can be present at the time of diagnosis or
at a later time, coinciding with an exacerbation (15, 16). These
effusions are typically right sided, exudative, and lymphocytic
predominant. Eosinophilic and neutrophilic effusions have been
reported, but are less common. Pleural fluid in sarcoidosis is
characterized by having a high CD4/CD8 ratio and frequently
sarcoid related pleural effusions resolve spontaneously but still
may require treatment with corticosteroids (17).

The presence of an exudative effusion in the setting of
sarcoidosis warrants infectious workup e.g., parapneumonic
effusion, or empyema. Patients on immunosuppressive agents are
particularly susceptible to opportunistic infections (18-20). The
failure of pleural effusions to respond to corticosteroid treatment
should raise suspicion for an underlying opportunistic infection
or other complications such as pulmonary embolism. Table 2
highlights the characteristic differentiating features in patients
with common infectious etiologies which can mimic sarcoidosis.

GRANULOMATOUS CHRONIC
INTERSTITIAL LUNG DISEASE

Along with sarcoidosis, granuloma formation is a feature of
other chronic interstitial lung diseases such as chronic beryllium
disease (CBD) and hypersensitivity pneumonitis (HP).

Chronic Beryllium Disease (CBD)

Chronic beryllium disease (CBD) is clinically and pathologically
indistinguishable from sarcoidosis. CBD risk is associated with
fluorescent light manufacturing and in industries such as
nuclear energy, ceramics, aerospace, automotive, electronics, and
telecommunications (42). Non-occupational exposure to CBD
has been reported in family members of factory workers likely
due to second-hand exposure and in residents of communities
near the beryllium factories.

Symptoms of CBD include dry cough, progressive dyspnea
on exertion, fatigue, and night sweats. The radiological features
vary with common chest CT findings including small nodules,
ground-glass opacification, mild hilar adenopathy, and septal
lines. A diagnosis of CBD is favored over sarcoidosis when
there is documented occupational exposure to beryllium.
Beryllium exposure should be considered at the time of
sarcoidosis diagnosis as well as in chronic corticosteroid-resistant
sarcoidosis to ensure they are removed from ongoing exposure
to immunosuppressants.

A diagnosis of CBD can be aided by the following three
criteria: (1) symptomatic disease with a histopathological
demonstration of non-caseating granuloma, pulmonary function
impairment, and abnormal chest radiographs; (2) proof of
beryllium sensitization by two independently positive beryllium
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TABLE 2 | Highlights the characteristic differentiating features in patients with common infectious etiologies which can mimic sarcoidosis.

Features Sarcoidosis Mycobacterium tuberculosis Histoplasmosis
A Lab findings Elevated ACE (50-80%) (19-21) Elevated ACE in 9% (22, 25) Elevated in  25% (29, 30)
1. ACE level Elevated vitamin D Hypovitaminosis D Hypercalcemia rare but can be seen (31)
2. Abnormal calcium Hypercalcemia Hypercalcemia rare but can be
metabolism Hypercalciuria (22) seen in MTB IRD cases (26)

Positive in 60% (23)
Anergic; Negative in 90% (24)

3. Kveim-Siltzbach test

. Mantoux test

5. Other diagnostic
tests

N

B BAL findings - CD4/CD8 ratio >3.5 (33)

- Elevated ACE (34, 35)

Negative
Positive in 65-94% (27, 28)

PCR MTB

BAL AFB smear (sensitivity
38.1%)

Negative

Negative

Histoplasma antigen in urine (sensitivity 93—-100%)
(Gold standard test) and serum (32)

- PCR assays for the Hcp 100 gene

- Histoplasmin sensitivity skin test

Histoplasmosis Antigen in BAL (38)

BAL culture (sensitivity 74.5%)
(35, 36)
Elevated CD4*/CD8* ratio (37)

C Histopathology Non-caseating granulomas Caseating granulomas -Non-caseating granulomas
- AFBT bacilli - Isolation of H. capsulatum from tissue specimens
- Isolation of MTB (gold standard)
- methenamine silver or PAS stains revealing
narrow-based budding yeasts
D 1. Radiological Hilar Bilateral Hilar LAD when present Asymmetrical, unilateral Asymmetrical, unilateral (40)
and mediastinal LAD is symmetrical Upper-lobe infiltrates with Fibrosing mediastinitis
2. EBUS Nodules cavitation, tree-in-bud, Reticulonodular opacities
Reticulonodular opacities macro-nodular infiltrates (3). Cavitation is rare (41)
Cavitation rare Cavitation is more common (9) Non-specific
Granular appearance in lymph Heterogeneous echotexture
nodes -highest specificity (63.4% P < 0.001) and
(99.3%) for the diagnosis of coagulation necrosis (26.1% P <
sarcoidosis (39). 0.001) (11)
E Treatment Immunosuppressant like ATT ltraconazole, AMB

corticosteroids

Streptomycin

AFB, Acid Fast Bacilli; ATT, Anti- Tuberculosis Treatment; AMB, Amphotericin B; MTB, Mycobacterium tuberculosis; LAD, Lymphadenopathy; PCR, Polymerase Chain Reaction; MTB-IRD,

Mycobacterium tuberculosis Immune Reconstitution Disease.

lymphocyte proliferation assays (BeLPTs) in the absence of
treatment with systemic corticosteroids for preceding 3 months,
and (3) proof of beryllium exposure (43, 44). Beryllium
sensitization is diagnosed when either criteria 2 or 3 are fulfilled
without criterium 1.

Management of suspected CBD involves stopping all further
exposure and continued clinical surveillance. Therapy with
corticosteroids may be beneficial in selected patients, but the
response is variable. Oral prednisone (doses ranging from 20 to
40 mg/day) for 3-6 months followed by a gradual taper to the
lowest effective dose is deemed acceptable. Unfortunately, CBD
is typically a progressive disease and lifelong treatment may be
required. BeLPT should be offered to any patient with sarcoidosis
who has worked around metal-dust or fumes (45).

Hypersensitivity Pneumonitis

Hypersensitivity pneumonitis (HP) has clinical, radiological,
and histopathological features that overlap with sarcoidosis. HP
pathogenesis results from a combination of immune complex-
mediated (type III) and delayed-type (type IV) hypersensitivity
reactions to antigen inhalation in a susceptible person.
Cryptogenic HP is a subtype of HP in which despite typical HP
features an inciting exposure is not identified (46-48).

Table3  illustrates  comparative  features  between
hypersensitivity pneumonitis and sarcoidosis.

HP can be categorized by disease duration into acute,
subacute, and chronic subtypes (60). Raghu et al. recently
proposed categorization based on the presence or absence of
radiological and/or histopathological fibrosis into either fibrotic
HP or non-fibrotic HP, which has been widely accepted (61).

The median age at diagnosis is 65 years which is somewhat
older than what is typical of sarcoidosis (20-39 years). Common
presenting symptoms of HP include dyspnea, cough, wheezing,
and, less frequently, constitutional symptoms such as weight loss.
Physical examination may reveal the presence of rales. An acute
presentation is more consistent with the non-fibrotic subtype and
an insidious presentation is more consistent with fibrotic HP
(47, 62, 63).

The radiological features of HP depend upon the subtype.
Typical radiologic features of non-fibrotic HP include high-
resolution CT (HRCT) showing parenchymal infiltration with
ground-glass opacities (GGO), and mosaic attenuation. HRCT
may also demonstrate small airway disease, which can be
described as ill-defined, small (<5 mm) centrilobular nodules on
inspiratory images and air trapping on expiratory images, both
in a diffuse distribution. Typical radiological features associated
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TABLE 3 | Compares the characteristics of CBD with sarcoidosis across various clinical characteristics, lab abnormalities, and imaging studies.

Sarcoidosis Hypersensitivity pneumonitis (HP) CBD
Exposure Unknown May have a history of an allergen Exposure to beryllium;
history exposure Occupational history

Age of diagnosis

Pea peak incidence at age of 20-39 years
(49)

Laboratory ACE level elevated (>80%)

Radiological - Symmetrical and bilateral Hilar LAD
- Nodules and/or Reticulonodular

opacities

Histopathology Well-formed, non-necrotizing granulomas,
showing a lymphangitic distribution.

BALF Lymphocytic
CD47:CD8T ratio >3.5

Spontaneous Depends upon the stage

resolution

Treatment Immunosuppressants (corticosteroids)

The median age of diagnosis 65 years

Serum IgG to potential antigens
associated with HP (sensitivity and
specificity of 83 and 68%) (48)

Features depend on subtype-

non-fibrotic or fibrotic HP

- GGO, mosaic attenuation,
centrilobular nodules, fibrosis
(irregular linear opacities; traction
bronchiectasis and honeycombing)

- Fibrosis is most severe in the mid or
mid and lower lung zones or equally
distributed in the three lung zones
with relative basal sparing.
Head cheese sign/three-density
pattern (47)

Small and poorly formed granulomas,
comprising loose, poorly
circumscribed clusters of epithelioid
and multinucleated cells (54).
Bronchiolocentric inflammation

In Fibrotic HP-subpleural and
centriacinar fibrosis, with or without
bridging fibrosis. May have features
that overlap with a UIP pattern (55)
Lymphocytic (>30% for non- and
ex-smokers and >20% for current
smokers) (56)

Low CD4*/CD8* ratio (mean values
of 0.5-1.5)

Increased expression of CD80/CD86
(48, 57)

Rare

Removal from exposure
- Corticosteroids (59)

Mean age at time of diagnosis of CBD 43.9
(25-80) years (50)

ACE may be elevated in 22% case (44, 51).
BelPT: abnormal (peripheral blood and/or
BAL) (52)

Patch testing (BeSO,4 or BeF): abnormal
(peripheral blood and/or BAL)

The most common radiographic
abnormalities include diffuse small round
and reticular opacities. Hilar adenopathy,
linear scars, lung distortion, bullae, and
pleural thickening are found less commonly
associated (53)

Well-formed, non-necrotizing granulomas,
and/or mononuclear cell interstitial cell
infiltrates on endobronchial or transbronchial
biopsy

Calcific inclusions reported

Lymphocytosis 41-53% (44, 58)
BelLPT BAL

Rare

Removal from further exposure.
In symptomatic cases,
corticosteroids/immunosuppressants

ACE, angiotensin converting enzyme; BALF, bronchoalveolar fluid; BeLPT, beryllium lymphocyte proliferation assay; CBD, chronic beryllium disease.

with fibrotic HP include an HRCT pattern of irregular linear
opacities and or/coarse reticulation with lung distortion; traction
bronchiectasis and honeycombing, all typical of lung fibrosis, and
at least one abnormality that indicates small airway disease. The
presence of three different lung densities, previously referred by
radiologists as “head-cheese sign” and recently being referred
to as the “three-density pattern,” is characteristically associated
with HP (61). Radiologically, granulomas associated with HP are
interstitial and do not follow the lymphatics as in sarcoid. Also,
sarcoidosis normally spares the lung bases. For both HP and
advanced sarcoidosis, a prognosis-predicting factor is the extent
of the fibrotic score calculated on HRCT scans (64, 65). Further,
HRCT can help differentiate active inflammation from fibrosis
in patients with advanced-stage sarcoidosis (66). Honeycombing

is uncommon in sarcoidosis but if present usually involves the
middle and upper lung zones with relative sparing of the lung
bases. The presence of lower lung honeycombing would make
it difficult to distinguish between HP, sarcoidosis, and idiopathic
pulmonary fibrosis (59).

Bronchoalveolar lavage fluid (BALF) analysis of patients with
HP reveals a predominance of lymphocytes, like sarcoidosis.
A meta-analysis of 53 studies (3,112 patients) by Raghu et al.
demonstrated that patients with HP had a higher proportion of
BALF lymphocytes than patients with sarcoidosis (MD, 19%; 95%
CIL, 17-21%). This was found regardless of whether the study
enrolled patients with non-fibrotic HP (17 studies; MD, 25%;
95% CI, 22-27%), fibrotic HP (16 studies; MD, 16%; 95% CI, 11~
20%), or mixed populations with both non-fibrotic and fibrotic

Frontiers in Medicine | www.frontiersin.org

60

January 2021 | Volume 7 | Article 594275


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Narula and lannuzzi

Sarcoid Mimickers

HP (21 studies; MD, 18%; 95% CI, 15-20%). For distinguishing
non-fibrotic HP from sarcoidosis, BALF lymphocyte thresholds
of 20, 30, and 40% vyielded decreased sensitivities for HP of 95,
88, and 76%, respectively, but increased specificities of 26, 43, and
61%, respectively, with an area under the curve of 0.71 (95% CI,
0.67-0.74) (61).

A diagnosis of HP requires:

1. The presence of an exposure, defined as a positive exposure
history, serum IgG testing against potential antigens
associated with HP, and/or specific inhalation challenge

2. BALF revealing lymphocytosis or histopathological findings
on biopsy

3. Typical radiographic features as described above (GGO and
mosaic attenuation for non-fibrotic HP and fibrotic changes
with small airway involvement for fibrotic HP).

A diagnosis of HP can be made with high confidence in
patients with an identified provocative exposure and who have
a typical HP radiological pattern on HRCT and with BALF
revealing predominant lymphocytosis. For less straightforward
cases, a multidisciplinary team consisting of a pulmonologist
experienced in interstitial lung disease (ILD), a chest radiologist,
and when necessary, a pathologist familiar with histopathological
features of ILD and HP.

Treatment involves prompt and complete avoidance of further
exposure to the inducer. Systemic corticosteroids are used in
treatment however, their use has no effect on long-term outcomes
and is often reserved for patients with more severe symptoms (67,
68). Fibrotic HP is associated with worse prognosis particularly
with persistent exposure to the inciting agent, cigarette smoking,
lower baseline vital capacity, and lack of BALF lymphocytosis
(49, 62, 69, 70). Patients with the progressive disease should be
evaluated for lung transplantation (55).

THROMBOSIS; PULMONARY
HYPERTENSION

When presented with a patient with sarcoidosis and worsening
shortness of breath, an assessment for pulmonary embolism
(PE) and pulmonary hypertension (PH) is warranted. PE and
sarcoidosis associated pulmonary hypertension (SAPH) may
often be misdiagnosed as an exacerbation of sarcoidosis.

VENOUS THROMBOEMBOLISM (VTE)
ASSOCIATED WITH SARCOIDOSIS

Sarcoidosis, as with other chronic inflammatory conditions,
has been associated with an increased risk of venous
thromboembolism (VTE) (71-73). Swigris et al. reported
a greater than 2-fold higher risk of pulmonary embolism
in patients with sarcoidosis when compared to the general
population (74). In addition to PE, thrombosis secondary to
localized inflammation has also been reported in the literature.
Mural thrombosis in myocardial sarcoidosis, cerebral vein
thrombosis in neurosarcoidosis and thoracic vein thrombosis in
mediastinal sarcoidosis have all been reported (75-77). While

the precise mechanism is not yet defined, chronic inflammation
associated with sarcoidosis likely predisposes to endothelial cell
injury with the inflammatory cytokines activating the coagulation
cascade (78-80). Extrinsic vascular compression at a mediastinal
or hilar level may lead to venous stasis thus progressing to
localized thrombosis (77). Up to 38% of sarcoidosis patients
demonstrate the presence of antiphospholipid antibodies (81).
The use of glucocorticoids further increases the risk of VTE (82).

SARCOIDOSIS-ASSOCIATED
PULMONARY HYPERTENSION (SAPH)

Fischer et al. reported elevated pulmonary-artery pressure in 6—
23% of patients at rest and in as many as 43% with exertion (83).
SAPH has been reported in up to 74% of patients with advanced
sarcoidosis (84, 85). In one case-series, Schorr et al. reported a 7-
fold increased risk for death over a 3-year follow-up in patients
with SAPH (86). Pulmonary fibrosis leading to obliteration
of the pulmonary vessels is considered the most common
mechanism for developing PH (84). SAPH is classified as
World Health Organization (WHO) group 5 due to its complex
and multifactorial mechanisms (87). The optimal management
for pulmonary hypertension in sarcoidosis is not well-defined.
Along with treatment directed at active sarcoid inflammation
(corticosteroid and steroid-sparing agents), therapy should focus
on correcting hypoxia when present and managing comorbidities
such as sleep apnea and cardiac dysfunction. Reduced diffusing
capacity of the lung for carbon monoxide (DLCO) correlates
with the severity of SAPH (88). Currently, the use of pulmonary
hypertension specific therapy for the management of SAPH
is controversial, and thus far pulmonary arterial hypertension
specific therapies have not been approved (89, 90). Lung
transplantation may also be considered in this high risk group.
A reduced DLCO (<35% predicted) and a 6MWD of <300 m
are associated with worse transplant-free survival. Oksana et al.
identified preservation of FEV1/FVC ratio as an independent risk
factor for worsened outcomes (91).

NEUROSARCOIDOSIS AND ITS
POTENTIAL MIMICS-ASEPTIC
MENINGITIS AND MULTIPLE SCLEROSIS

Any part of the nervous system may be involved in sarcoidosis.
Neurological involvement occurs in 5-15% of patients and often
precedes the diagnosis of sarcoidosis in up to 74%. Neurological
Involvement most commonly affects cranial nerves (Cranial
nerve VII and II are most common), the hypothalamus and the
pituitary gland followed by the meninges, brainstem, spinal cord
are less frequently involved (92-96).

Neurosarcoidosis can mimic other neurologic diseases
including neoplasm (lymphoma, metastasis) (97), infectious
etiologies (meningoencephalitis) (98) and other inflammatory
diseases  (angiitis/vasculitis, ~ demyelinating  disorders).
Neurosarcoidosis can present as multiple supratentorial
and/or infratentorial masses (35%) or solitary masses (15%)
(99). The differential diagnosis includes gliomas, primary B
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cell lymphoma, metastatic disease, infarct, and demyelinating
disease. Motor dysfunction is present in up to 50% of cases.
Patients can demonstrate neuropsychiatric manifestations such
as depression, psychoses, dementia, poor concentration, and
hallucinations (100-102).

CENTRAL INVOLVEMENT

Aseptic Meningitis Associated With

Sarcoidosis

Cerebrospinal Fluid (CSF) findings in neurosarcoidosis may
reveal elevated protein (50-70% of patients), elevated CSF
pressure with a lymphocytic pleocytosis (57-72% of patients),
and a reduced glucose level (up to 18% patients). None of
these abnormalities are specific for neurosarcoidosis. Several
studies evaluated the role of elevated CSF angiotensin-
converting enzyme (ACE) level for diagnosing neurosarcoidosis
(103, 104). The sensitivity of CSF ACE varies depending on
the location of the central nervous system (CNS) involvement.
For example, higher levels are rarely seen with spinal cord
involvement (105). The ACE assay is not a specific test
as it can be elevated in bacterial and viral encephalitis,
neurosyphilis, malignant CNS tumors, Huntington’s disease,
multiple sclerosis and neuroleptic-treated schizophrenic
patients (106). Steroid therapy can decrease the ACE
level (103).

In suspected neurosarcoidosis associated aseptic meningitis,
CSF should be sent for routine microbiological studies, fungal,
and mycobacterium cultures, mycobacterium TB polymerase
chain reaction (PCR). Cytology and flow cytometry should
also be considered. Once the infection has been ruled out,
corticosteroids can be initiated as first-line treatment. In
sarcoidosis, both aseptic meningitis and isolated cranial nerve
abnormalities usually respond to steroids. Corticosteroids can be
started at 1 mg/kg or as a pulse of methylprednisolone (1,000
mg/day for 3 days). Steroids may be gradually reduced over
the next 6-9 months. In steroid-refractory cases, methotrexate,
azathioprine, cyclophosphamide, or mycophenolate should be
considered. Radiotherapy has been reported in patients with
refractory sarcoid meningitis but has been used infrequently
(92, 107, 108).

Multiple Sclerosis

One of the most challenging presentations is in patients,
typically young women, with optic neuritis and finding a few
demyelinating lesions on brain MRI. The clinical presentation
of both neurosarcoidosis and multiple sclerosis (MS) include
both these features. While over 90% of MS patients have
oligoclonal bands on CSF analysis, oligoclonal bands can be
seen in up to 25-50% of neurosarcoidosis patients making
distinguishing sarcoidosis from multiple sclerosis more difficult
(109-112). Neurosarcoidosis involvement on MRI demonstrates
non-enhancing T2 and FLAIR white matter lesions often in a
periventricular distribution mimicking the demyelinating lesions
seen in MS (111, 113). Both MS and neurosarcoidosis can follow
a relapsing or progressive course. A timely and correct diagnosis
is essential because the misdiagnosis of neurosarcoidosis

would prevent the patient from receiving highly effective
MS therapies. Additionally, exposure to neurosarcoidosis
specific therapies such as TNF-alpha antagonists may worsen
MS (114, 115).

Table 4 illustrates the characteristic clinical and radiological
features of Neurosarcoidosis, aseptic Meningitis and MS.

The diagnostic workup in a patient with a suspicion of
neurosarcoidosis mimicking MS should include chest CT to
search for lymphadenopathy and a full-body positron emission
tomography (PET) scan to search for other organ involvement
that supports the diagnosis of sarcoidosis, e.g., FDG uptake in
thoracic lymph nodes, lung, spleen, and bone. PET scans can also
direct tissue biopsy for histologic confirmation (118).

Diagnostic criteria proposed by Zajicek et al. categorizes
neurosarcoidosis into definitive, probable, and possible
neurosarcoidosis (130). Definite neurosarcoidosis is defined
as clinical presentation suggestive of neurosarcoidosis
after the exclusion of other possible diagnoses with the
histological evidence of sarcoid in the nervous system. Probable
neurosarcoidosis is defined as a suggestive clinical presentation
of neurosarcoidosis in a patient with systemic sarcoid and
after alternative diagnoses have been excluded. Possible
neurosarcoidosis is defined as clinical presentation suggestive of
neurosarcoidosis after alternative diagnoses have been excluded.

MRI is the preferred mode of imaging for diagnosis and
follow up of neurosarcoidosis as it carries a high sensitivity.
Leptomeningeal enhancement favors a diagnosis of sarcoidosis
over neoplasm (123, 130-132). Enhancing parenchymal masses
are an infrequent but important manifestation of sarcoidosis, but
may also occur in primary lymphoma of the brain (97, 133). A
CNS biopsy may be indicated when there is no extra-neurological
disease, particularly if a lack of response to immunosuppressive
treatment occurs. MRI can reveal accessible locations for biopsy,
preferably from the leptomeninges (113).

Immunosuppression has been the mainstay of treatment
for neurosarcoidosis with corticosteroids being the first-

line. Other steroid-sparing therapeutic agents include
methotrexate, mycophenolate mofetil, azathioprine,
cyclosporine, cyclophosphamide, chlorambucil, pentoxifylline,
hydroxychloroquine, thalidomide, infliximab, and
adalimumab (134).

Peripheral Involvement

Peripheral ~ nervous  system  involvement  includes
mononeuropathy, mononeuritis multiplex, sensory,
sensorimotor, and motor polyneuropathies. ~Symptoms

may be acute, subacute, or chronic. An acute generalized
demyelinating motor neuropathy similar to the Guillain-Barré
syndrome also has been described (135). Small fiber neuropathy
resulting in distal limb pain and impaired perception of
temperature, hyperesthesia, and autonomic dysfunction have
been recognized (136).

Steroid-induced remissions coupled with frequent relapses
observed in patients with neurosarcoidosis can lead to a clinical
picture that resembles an inflammatory demyelinating disease.
Neurologic involvement may be more difficult to confirm as
tissue biopsy may be impractical (137-139).
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TABLE 4 | Highlights the features of aseptic meningitis secondary to viral etiology and neuro-sarcoidosis associated meningitis.

Sarcoidosis

Multiple sclerosis

Aseptic meningitis associated with
viral infection

Laboratory

Eye involvement

Myelopathy

CSF findings

MRI findings

Elevated ACE level

Abnormal calcium metabolism
(hypercalciuria and/or hypercalcemia)
(7,12)

Anterior uveitis

Acute Bilateral optic neuritis (118, 119)

Can progress to spastic paraparesis
MRI spine-meningeal and nerve root
involvement (120)

Lymphocytic Pleocytosis (57-72%
patients)

Elevated Protein (50-70% patients)
Low glucose (18% patients)

CSF ACE elevated 50% patients
Oligoclonal bands

Elevated CSF pressure finding of Kveim
specific IgG in CSF (89, 121, 122)
Variable contrast enhancement of the
leptomeninges with a nodular or diffuse
pattern, non-specific white matter lesions,
and hydrocephalus.

Non-specific laboratory findings

Unilateral optic neuritis, pain on eye
movement, partial and mainly central visual
blurring, normal disc or mild disc swelling

Can progress to spastic paraparesis
MRI spine-no meningeal enhancement
has been reported.

Mild Lymphocytic Pleocytosis (<50/mm?3)
Protein may be elevated in 1/3 cases.
Normal glucose and pressure (123, 124)
Oligoclonal bands or elevated IgG index in
CSF (125)

Oval, asymmetric white matter lesions
perpendicular to the ventricles (Dawson
fingers) or in the periventricular,
juxtacortical, infratentorial or spinal cord
region, and having a diameter >6 mm are

Enteroviruses most common, arboviruses,
herpesviruses, influenza, mumps, HIV
(109, 116, 117).

Ocular involvement not common.

Myelopathy is not common.

Mononuclear pleocytosis (may be
neutrophilic in early stage)

Protein concentration can be normal to
elevated (typically 0.4-0.8 g/l).

Normal to low glucose

CSF PCR specific for virus (enterovirus,
HSV, VzV) (109)

MRI demonstrates abnormalities specific
to the viral etiological agent (107)

considered typical of MS (54, 126-129)

Treatment Corticosteroids

Corticosteroids, DMDs

Supportive management
Acyclovir in HSV

CSF, Cerebrospinal fluid; MRI, Magnetic resonance imaging;, PCR, Polymerase chain reaction; DMDs, Disease-modifying drugs; ACE, Angiotensin converting enzyme; MRI, magnetic

resonance imaging.

ABNORMAL CALCIUM METABOLISM

Harrel et al. first described hypercalcemia associated with
sarcoidosis in 1939 and since then abnormal calcium metabolism
is considered a key feature of sarcoidosis. Hypercalcemia in
sarcoidosis is secondary to an uncontrolled synthesis of 1,25-
dihydroxy vitamin D3 by macrophages present in granulomas.
The increased 1,25 dihydroxyvitamin D3 leads to increased
intestinal absorption of calcium that leads to increased resorption
of calcium in the bone (140, 141). The most common
manifestation of abnormal calcium metabolism is hypercalciuria
which is prevalent in ~40-62% (119). Patients often provide a
history of nephrolithiasis.

In the kidney, untreated hypercalcemia causes afferent
arteriole vasoconstriction and inhibition of sodium-potassium
ATPase causing a decrease in glomerular filtration rate and
urinary sodium wasting, polyuria, and dehydration. Increased
intracellular calcium overload and tubular obstruction by
calcium precipitates may lead to tubular necrosis. Renal
consequences of hypercalcemia and hypercalciuria are frequently
reversible, however, long-standing hypercalciuria may lead to
nephrocalcinosis and permanent changes (142, 143).

Once hypercalcemia is detected, serum albumin, ionized
calcium, and 24-h urine collection for calcium excretion should
be measured. In cases of progressive renal impairment, 24 h
creatinine clearance, and abdominal ultrasound should also

be performed to exclude nephrolithiasis or nephrocalcinosis.
Primary hyperparathyroidism should routinely be ruled out.
Histologic confirmation of sarcoidosis may be required to
exclude lymphoma as it has the propensity to present with
hypercalcemia associated with lymphadenopathy (144).

MANAGEMENT

Table 5 highlights the laboratory diagnostics and management of
hypercalcemia associated with sarcoidosis.

Asymptomatic and mild hypercalcemia detected in a
patient presenting with acute sarcoidosis requires no further
assessment, and studies suggest that monitoring the response
to corticosteroid therapy is an acceptable practice. Management
is aimed to prevent long term renal and bone complications.
Patients are advised to maintain a fluid intake of >21 per
day, minimize their exposure to sunlight, and avoid vitamin
D. Severe hypercalcemia is fairly responsive to steroids.
Corticosteroids achieve normocalcemia by inhibiting the
enzyme 1-o-hydroxylase, reducing gastrointestinal calcium
absorption, inhibiting osteoclast function, and decreasing the
production of parathyroid hormone-related protein (PTHrP) by
the macrophages (31, 145-148). Early recognition and treatment
of abnormal calcium metabolism associated with sarcoidosis
is important as long-standing untreated hypercalcemia can
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TABLE 5 | Laboratory and radiological testing along with the management of
hypercalcemia associated with sarcoidosis.

Laboratory and
radiological tests

Management

24-h urine collection for
calcium excretion.

Hypercalciuria without stone
formation—observational approach; often
requires no treatment. Close monitoring to
prevent renal failure. Treatment options may
include corticosteroids and/or diuretics.
Hypercalciuria with stone

formation —Bisphosphonates or
corticosteroids should be considered;
shockwave lithotripsy

Mild, asymptomatic

Parathyroid Hormone (PTH)
and PTH-related peptide
(PTHrP)

Serum creatinine (and/or
cystatin C)

Serum calcium and albumin
levels should be measured
and the ionized calcium
calculated.

Renal Ultrasound to exclude
nephrolithiasis

Hypercalcemia—Encourage fluid intake of
>2| per day and minimize their exposure to
sunlight, avoid vitamin D and fish oil
supplementation.

Moderate hypercalcemia—May consider
addition of corticosteroids and/or ketoconazole
or hydroxychloroquine.

Severe hypercalcemia—act immediately:
rehydrate. Treatment options include
corticosteroids, calcitonin, loop diuretics, and
bisphosphonates (145)

Age appropriate malignancy
work up (To rule out
hypercalcemia secondary
to malignancy)

progress to irreversible renal failure. It is imperative to consider
the implication of the use of corticosteroids in patients as it
further increases the risk of developing glucocorticoid-induced
osteoporosis (149).

SARCOID-LIKE REACTIONS (SLRs)

Sarcoid-like reaction (SLR) is defined as the presence of non-
caseating epithelioid cell granuloma lesions of sarcoidosis
without accompanying systemic symptoms. Sarcoid-like
reactions are histologically indistinguishable from systemic
sarcoidosis (150).

SARCOID-LIKE REACTIONS (SLRs)
ASSOCIATED WITH MALIGNANCY

SLRs can be observed in patients with various malignancies. The
lesions can be adjacent to the primary tumor, in the tumor itself
or adjacent to the local draining lymph nodes (137, 151). SLRs
occur in 4.4% of carcinomas, in 13.8% of patients with Hodgkin’s
disease, and in 7.3% of cases of non-Hodgkin lymphomas (152).
Developing SLRs adjacent to the tumor sites may be due to a
local reaction to tumor products or immunological response to
an antigenic trigger. SLRs far from tumor sites may represent a
host immune response to the soluble circulating tumor antigenic
factors perhaps by acting as a type of auto-Kveim reagent (137,
153, 154).

Both SLRs and malignancy demonstrate increased uptake of
18F-fluorodeoxyglucose (FDG) on PET scan, which makes it
difficult to distinguish the two. Though PET scans may be useful
in selecting possible biopsy sites to search for malignancy, they

have no role in differentiating between these two entities. There
are no specific markers or radiographic patterns to distinguish
SLRs from systemic sarcoidosis or from malignancy (154-157).
SLRs may have an improved prognosis as a few studies have
reported that SLR is self-limited (152, 158, 159). The occurrence
of malignancy and sarcoidosis concomitantly is unusual but a
few cases have been reported (159, 160). The development of
hilar and/or mediastinal lymphadenopathies in patients with a
history of malignancy should prompt considering SLRs. Biopsies
of affected tissue are often required to rule out cancer recurrence.

DRUG-INDUCED SARCOIDOSIS-LIKE
REACTIONS (DISRs)

Drug-induced sarcoidosis-like reactions (DISR) can be defined
as a granulomatous tissue reaction, indistinguishable from
sarcoidosis, that occurs at the same time as initiation of
a potential offending drug (161). DISR can be associated
with typical sarcoid-like manifestation including bilateral hilar
lymphadenopathy, uveitis, hypercalcemia, cutaneous lesions,
elevated serum ACE levels, and FDG uptake on PET scans (162-
166). A variety of drugs have been implicated as causing DISRs
including immune checkpoint inhibitors, tumor necrosis factor
(TNF)-a antagonists, interferons (IFN), and antiretroviral drugs.
It is unclear if the etiology of DISR is that of a sarcoid-like
reaction per se or a result of an impaired immune system leading
to the development of sarcoidosis while on drug therapy (161).

Although TNF-« is known to play an important role in the
formation and stabilization of sarcoid granulomas, surprisingly
DISRs have been reported with the use of TNF-a antagonists
therapy. Most commonly reported with etanercept, DISRs occur
with any of the TNF-o antagonists. The average time to
occurrence of DISRs is 24 months after drug initiation with
almost 60% of patients requiring treatment (167). Treatment
requirements range from 0 to 59.2% in reported cases of DISR,
depending on the class of drug implicated (Table 6).

DISRs may mimic other clinical manifestations of sarcoidosis
such as infections, drug and autoimmune reactions, and
neoplasms. In select cases, DISR can resolve with discontinuation
of the offending drug (161, 168). DISRs that are not associated
with significant symptoms, organ dysfunction, or quality of life
impairment, do not often require treatment. In cases where
treatment is required, standard sarcoidosis treatment regimens
can be utilized (161).

IMPLANT AND DEVICE-INDUCED
SARCOID-LIKE REACTIONS

SLRs have been reported after joint replacement surgery and after
silicone breast implant placement (181, 182). These reactions
are postulated to be due to an autoimmune inflammatory
syndrome induced by adjuvants (ASIA). The pathogenesis
of the development of ASIA is not clearly defined but one
proposed mechanism involves adjuvants (i.e., silicone, mineral
oil, hyaluronic acid) chronically stimulating the immune pathway
and preventing antigens from being degraded which can then
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TABLE 6 | Highlights the drugs commonly associated with DISR.

Drug class Percentage of patients References
requiring anti-sarcoidosis

treatment

1. Interferon
(interferon
alpha and
interferon beta)

42.9% (158) (165, 167-169)

2. Tumor
necrosis
factor-a
antagonist

BRAF inhibitor
Interleukin-1
receptor
antagonist

59.5% (158) (170, 171)

0%
0%

(172,173)
(174)

5. Immune
checkpoint
inhibitors
(nivolumab,
pembrolizumab,
ipilimumalbo)

57.2% (158) (175, 176)

6. Highly active
antiretroviral
therapy
(HAART)

7. Botulinum
neurotoxin A

41.1% (158) (177-179)

0% (158) (180)

enhance the antigen exposure to the antigen-presenting cells
(APC) (183, 184). Definitive treatment requires the removal of
the prosthetic implant.

CARDIAC INVOLVEMENT WITH
SARCOIDOSIS AND DIFFERENTIATING IT
FROM POTENTIAL MIMICS

In 1929, Bernstein was the first to recognize cardiac involvement
in sarcoidosis. Granulomas in cardiac sarcoidosis (CS) most often
involve the conduction system and can potentially involve any
part of the heart including the pericardium and myocardium
(185). Depending upon the location and extent of granulomatous
inflammation, clinical manifestation range from asymptomatic
conduction abnormalities to fatal heart block and ventricular
arrhythmia and congestive heart failure (CHF). In CS, CHF is the
second most frequent cause of death after sudden cardiac death.
Pericardial effusions are infrequent in CS and rarely progress to
cardiac tamponade (185, 186).

A timely diagnosis of CS is often difficult as it may present
with clinical features and radiographic findings overlapping
with other cardiac disorders. Plain chest radiographs may
appear normal. Some of the common mimickers of CS
cardiomyopathy include amyloidosis and other infiltrative
diseases, non-ischemic and ischemic cardiomyopathy, right
ventricle infarction, lymphocytic myocarditis, connective tissue
diseases associated cardiomyopathy, vasculitis (Takayasu arteritis
and Wegener granulomatosis), Chagas disease, hypertrophic

cardiomyopathy, and other infectious causes associated with
cardiomyopathy (e.g., rheumatic fever, syphilis, fungal infections,
and TB) (187-193).

Echocardiographic abnormalities, present in up to 24-77% of
CS patients, range from non-specific findings to more sarcoid
associated findings such as thinning of the basal anterior
septum, regional wall aneurysm, diastolic dysfunction, or motion
wall abnormalities in a non-coronary artery distribution (194).
Impaired regional peak systolic longitudinal strain on strain
echocardiography has been described and associated with
cardiovascular events (195).

Thallium 201 scintigraphy can be used to help distinguish the
ischemic disease from sarcoidosis or other infiltrative diseases.
The reverse distribution phenomenon on rest and exercise
thallium described as defects detected in the resting phase
during thallium scanning that disappears or decreases in size
during exercise or after dipyridamole infusion (196). Cardiac
PET scanning may be combined with MRI to further define
CS involvement. The sensitivities of cardiac PET and MRI
with contrast are about the same for detecting myocardial
involvement. Late gadolinium enhancement (LGE) on MRI
generally cannot distinguish scar from inflammation while FDG
uptake implies active inflammation (197, 198). Cardiac PET
scanning is particularly useful in patients unable to undergo
cardiac MRI because of the presence of implantable cardiac
devices or renal failure where gadolinium is contraindicated.

Infrequently, granulomatous infiltration of the myocardium
can result in myocardial thickening which can morphologically
mimic hypertrophic cardiomyopathy but unlike CS, which is
characterized by inflammation and edema, T2-weighted MRI
features not typically seen in hypertrophic cardiomyopathy.
Areas of Late gadolinium- enhancement (LGE) in CS are more
likely to be patchy and mid myocardial.

For cardiac amyloid which is a consideration for unexplained
infiltrative disease, both 99mTcpyrophosphate scanning and
tissue biopsy (fat pad) showing apple-green birefringence at
polarizing light microscopy are distinguishing features (199-
201). In patients with CS and extracardiac involvement lymph
node or lung biopsy is typically targeted but in cases of
negative extracardiac biopsy or isolated CS, MRI, or PET
directed endomyocardial biopsy may be required. Electro-
anatomic mapping can also be used to choose cardiac sites for
biopsy (202, 203).

CS can be managed with corticosteroids and when necessary
inotropic, vasodilator, and antiarrhythmic medications.
Automatic Implantable Cardioverter Defibrillator (AICD)
or cardiac pacing may have a role. Cardiac transplantation
although rare can be considered in younger patients with
advanced end-stage cardiac failure. No difference in outcome has
been reported when transplants are done for CS (204-207).

COMMON VARIABLE
IMMUNODEFICIENCY SYNDROME (CVID)

Common variable immunodeficiency syndrome may be
complicated by granulomatous lymphocytic interstitial lung
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disease (GLILD) (206). The presence of sarcoidosis like lesions
associated with hypogammaglobulinemia should suggest a
diagnosis of CVID as up to 8-22% of patients with CVID can
present with GILD (208-210). In a retrospective analysis more
than two-thirds of CVID patients with radiographic evidence of
interstitial lung disease had GLILD. GLILD was also frequently
reported with dyspnea and splenomegaly. These patients can
present with a clinical picture that mimics sarcoidosis and
misdiagnosis can delay the treatment for CVID (IVIG), which
in the presence of GLILD portends a poorer prognosis. Steroid
therapy can further worsen CVID (209, 211-213).

Key clinical features that should alert one to the diagnosis
of CVID include a history of recurrent infections (214) and
a concurrent diagnosis of autoimmune diseases. Concurrent
autoimmune disease occurs much less frequently in sarcoidosis
than CVID. Sarcoidosis is more commonly associated with
uveitis and skin disease whereas CVID patients more frequently
have autoimmune cytopenias. Comparing GLID to sarcoidosis,
chest CT scans had more air bronchogram, halo signs, and
smooth bordered nodules in the CVID group. Bronchoalveolar
lavage (BAL) revealed lower T-cell CD4: CD8 as well in the CVID
group (215, 216).

With the aid of B cell immunophenotyping, granulomas
associated with CVID reveal a severe reduction in switched
memory B cells and a high level of CD21 low B cells.
Immunoglobulin perfusions are considered the treatment of
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Sarcoidosis is a multisystemic disease histologically characterized by non-caseating
epithelioid granulomas and multinucleated giant cells; the etiology is still uncertain, and
likely related to a complex interplay between environmental and genetic factors. The
genitourinary system is affected in fewer than 0.2% of all clinically diagnosed cases of
sarcoidosis and in 5% of those identified in autopsy studies. In this report, we describe a
case of a 42—year-old male with one hypoechoic lesion per testis on B-mode evaluation;
contrast-enhanced ultrasound (CEUS) on both lesions was carried out. During the early
phase, the masses showed a hypovascular appearance as compared to the surrounding
testicular tissue, maintaining the hypo-enhancement in the late phase. Tissue biopsy for
pathological evaluation confirmed testicular sarcoid involvement, showing non-caseating
granulomas. Allowing visualization of testicular microvascularisation, CEUS may play an
important role in excluding malignancy, avoiding unnecessary aggressive treatment for
benign conditions, such as sarcoidosis. A review of the literature of reported cases since
2004 of sarcoidosis involving the testis is also included.

Keywords: andrology, urology, sarcoidosis, ultrasonography, contrast media

INTRODUCTION

Sarcoidosis is a multisystemic disease that usually affects patients in the fifth decade of their life
with a variable incidence rate depending on countries and ethnic group (1). A recent study from
the Mayo Clinic reported an incidence rate of 11 per 100,000 people/year among a cohort mostly
composed of white people (2) while another study from the United States estimated an incidence
rate of 8.1 per 100,000 people/year in Caucasians, 17.8 in African Americans, 4.3 in Hispanics and
3.2 in Asians (3). In Europe, an incidence of 11.5 per 100,000 people/year has been reported in
Sweden (4) and of 5.0 in the UK (5). The incidence rate of sarcoidosis is increasing over time in
developed countries, such as Korea, together with an increase in the age of diagnosis probably due
to population aging (6).

Sarcoidosis is histologically characterized by non-caseating epithelioid granulomas and
multinucleated giant cells. Its etiology is still uncertain, and likely related to a complex relationship
between environmental and genetic factors (7-9).
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Case Report: Testicular Sarcoidosis on CEUS

Sarcoidosis is characterized by bilateral chest hilar
lymphadenopathy and/or reticulonodular pulmonary infiltrates
in the vast majority of cases (>90%). However, this systemic
pathology can involve any organ (10): among them the
genitourinary system is involved in 5% of cases identified in
autoptic studies and in fewer than 0.2% of clinically diagnosed
cases. According to a review published in 2004, the male
genitourinary organs most frequently involved by sarcoidosis
are the epididymis (73%), the testis (47%), the spermatic
cord (8%) and the prostate (3%) (11). In particular, the total
number of testicular sarcoidosis accounted for 28 cases in
2004. We performed a new review of the literature, finding
additional cases involving the testis associated with histologically
proven diagnosis.

Testicular sarcoid presentation can vary from testicular
swelling to painless or painful unilateral or bilateral masses (12,
13). Especially in cases of painless unilateral mass, the differential
diagnosis is complex and difficult, ranging from testicular
malignancies to infections, and could result in diagnostic errors
leading to inappropriate and unnecessary treatments, such as the
orchiectomy (13).

Usually the achievement of a correct diagnosis of sarcoidosis
with genitourinary and in particular testicular involvement
relies on the association between clinical and imaging
findings (14). The most utilized imaging techniques for this
issue are Ultrasound (US), Magnetic Resonance Imaging
(MRI) and Positron Emission Tomography-Computed
Tomography (PET-CT).

New and non-invasive imaging techniques, such as contrast-
enhanced US (CEUS), have recently been refined and adopted in
many guidelines (15, 16). However, to the best of our knowledge,
this is the first report in the English literature to explore in
detail the potentiality of CEUS in a case of histologically proven
testicular sarcoidosis.

A very rare case of testicular sarcoidosis is herein reported
together with a detailed review of the literature highlighting
the role of CEUS to confidently achieve the final diagnosis
excluding other possible differential diagnoses, such as testicular
tumor masses.

CASE REPORT

A 42-year-old Caucasian male was admitted to our Hospital
referring a 4-month history of gradually increasing upper left
quadrant pain. His medical history included bladder neck
sclerosis, cholecystectomy, diabetes insipidus, hypogonadotropic
hypogonadism, allergic asthma, and a smoking history until 10
months before this admission. The medical examination did
not show any relevant features and, therefore, the subsequent
diagnostic work-up continued with abdominal US.

Abdominal US showed multiple hypoechoic splenic and
hepatic lesions ranging from 5 to 27mm and, therefore, the
patient underwent total body CT scan for a correct lesions
characterization and staging. CT scan demonstrated bilateral
hilar lymphadenopathies in the chest, pulmonary perilymphatic
micronodules, enlarged retroperitoneal lymph nodes, and

confirmed the hepatic and splenic lesions (Figures 1A,B). The
first diagnostic hypothesis was the lymphoma and a ®F-
Fludeoxyglucose (**F-FDG) PET/CT was performed, showing
increased '8 F-FDG uptake (standardized uptake value (SUV)
max=17 at the chest hilar lymphadenopathies level) in all
the lesions revealed on CT (Figure 1C). Moreover, a focal
uptake was detected in left testis (Figure 1D). A brain MRI
excluded central nervous system involvement. Lymphopenia was
the only abnormal blood cell count value. Alpha-fetoprotein
(AFP), Human chorionic gonadotropin (HCG), Aspartate
aminotransferase (AST), Alkaline phosphatase (ALP) were
within their normal ranges, while alanine aminotransferase
(ALT) (55 U/L), gamma-glutamyl transferase (GGT) (60
U/L), C-reactive protein (CRP) (0.82 mg/dL) and Erythrocyte
sedimentation rate (ESR) (20mm) were mildly elevated.
Moreover, Angiotensin Converting Enzyme (ACE) levels were
elevated (95 U/L). He had no history or signs of tuberculosis
(QuantiFERON®-TB Gold Plus test was negative).

These findings raised the suspicion of lymphoma or
sarcoidosis. An endobronchial ultrasound-guided transbronchial
needle aspiration (EBUS-TBNA) was performed on the chest
hilar lymphadenopathies, showing non-caseating granulomas,
consistent with sarcoidosis. Stains for acid-fast bacilli and
polymerase chain reaction (PCR) in specimens were negative.
The final diagnosis was sarcoidosis with multiorgan involvement.
A testicular US evaluation was carried out using a Canon-
Toshiba Aplio 500™ (Otawara, Kanto, Japan) with a high
frequency (4-14 MHz) linear transducer. The US demonstrated,
using the B-mode evaluation, a hypoechoic lesion of 20 mm with
ill-defined margins in the left testis (Figure 2A) corresponding
to the lesion identified on PET-CT; moreover, differently from
the latter technique, the US identified a smaller and well-
shaped hypoechoic lesion also in the right testis (6 mm). The
Color Doppler demonstrated the presence of vascular flow
within the lesions (Figure 2B). Therefore, it was decided to
perform CEUS, conducted with the administration of 4.8 ml of
second-generation contrast media (SonoVue™, Bracco, Milano,
Italy) followed by 10mL of 0.9% saline solution. Both the
testicular lesions demonstrated the same pattern on CEUS.
In particular, during the arterial phase, the masses showed
a hypovascular appearance as compared to the surrounding
testicular tissue (Figure 2C), maintaining the hypo-enhancement
in the late phase. This CEUS pattern was not typical of the most
frequent testicular tumors such as seminomas, which usually are
arterialized appearing hyperechoic on CEUS (17). Finally, the
imaging diagnosis was testicular sarcoidosis, based principally
on bilateral involvement of testes on CEUS and on the CEUS
pattern (hypoenhancement). Testicular sarcoid involvement was
confirmed by surgical biopsy of both testicular masses that
demonstrated non-caseating granulomas.

The patient was treated with corticosteroids and then with a
second-line therapy (methotrexate), thus achieving a reduction
of the SUVmax in all of the sarcoid lesions (SUVmax = 2.6 at the
testicular level) at 6- and 12-month PET/CT follow-up.

According to our review (Table1), from 2004 (11) until
now we have identified 20 cases (including the present one)
of testicular sarcoidosis. Finally, to date, the total number of
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FIGURE 1 | Thoraco-abdominal contrast-enhanced computed tomography (CT) scan showing hilar and mediastinal lymphadenopathies (A), enlarged retroperitoneal
lymph nodes, and multiple hepatic and splenic hypodense lesions (B). Positron emission tomography-computed tomography (PET/CT) detecting an increased focal
8F-Fludeoxyglucose ('8F-FDG) uptake in the mediastinal and abdominal lesions (C) and in the left testis (D).

histologically proven testicular sarcoidosis published in literature
account for 48 cases.

DISCUSSION

Testicular masses may have many differential diagnoses
including malignancies and, very rarely, benign processes
such as traumatic or infective/inflammatory lesions including

sarcoidosis which incidence is increasing (6, 35). US has
a pivotal role in investigating testicular lesions since it is
extremely accurate in the detection of the masses, even very
small ones, due to its high spatial resolution (35). Moreover,
the US often represents the sole imaging technique needed
prior to surgery, although the recognition of benign entities
may be challenging (36). The most common US findings
in testicular sarcoidosis are multifocal small hypoechoic
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FIGURE 2 | B-mode ultrasonography showing one hypoechoic lesion in the left testis with ill-defined margins (A) and some Color-Doppler flow (B).
Contrast-enhanced ultrasonography showing the hypovascular appearance of the lesions as compared to the surrounding testicular tissue (C).
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TABLE 1 | Histologically proven cases of sarcoidosis involving the testis reported
in the English literature from 2004 to 2020 (including the present case).

TABLE 2 | Differential diagnosis of testicular sarcoidosis with the most frequent
testicular lesions on B-Mode ultrasound and contrast-enhanced ultrasound.

References Imaging Uni- or Bilateral Orchiectomy B-Mode US CEUS
Rees et al. (18) us Bilateral No Seminoma Hypoechoic Fast wash-in and rapid washout
Rehmanetal. (19)  US Bilateral No Leydigioma Hypoechoic Wash-in and delayed washout
Z\f;)s sanweh et al. us Bilateral No Sarcoidosis Hypoechoic Hypo-enhancement
Thuret et al. (20) us Unilateral (R) Yes Lymphoma Hypoechoic Fast wash-in and rapid washout

“straight vessel pattern”)*
Real et al. (21) Us Bilateral Yes (‘straig P )
Gupta and Senadhi  US Unilateral (R) Yes Testicular adrenal Hypoechoic Fast wash-in and delayed

rest tumors washout
(13)
Kim et al. (22) us Unilateral (R) No *“Straight vessel pattern” (or “nonbranching linear pattern”) of increased vascularity
Paknejad et al. (23)  US Bilateral No represents a parallel arrangement of testicular small vessels that reflects the interstitial
Kovac et al. (24) N/A N/A No growth pattern of lymphoma, which preserves the vascular architecture of the testis.
Esnakulaetal. 25)  US Unilateral (R) Ves US, Ultrasound; CEUS, Contrast-enhanced ultrasound.
Joel et al. (26) us Unilateral (L) Yes
Patel et al. (27) us Bilateral No
Knox et al. (28) N/A Bilateral Yes diagnosis of testicular tumor lesion. Furthermore, 18R FDG-
Chierigo et al. (29)  US Bilateral No PET scan has high sensitivity in detecting lesions having an
Babst et al. (30) us Bilateral No increased glucose uptake, but it is unable to differentiate an
Konishietal. (31)  US,CT Bilateral No inflammatory process such as sarcoidosis from malignancy
Hamitouche etal.  US Bilateral No (40). Furthermore, in our case, the right testicular lesion
(32) did not demonstrate '8F-FDG uptake probably due the
Kimura et al. (33) US, MR, Gallium-67  Bilateral No small lesion dimension under the resolution power of
scintigraphy this technique.

Parida et al. (34) CT, FDG-PET/CT  Unilateral (L) Yes In the present case, the testicular unifocal lesions did
This study FDG-PET/CT, US,  Bilateral No not demonstrate hyperenhancement on CEUS and, moreover,

CEUS

US, Ultrasound; CT, Computed Tomography; MRI, Magnetic Resonance Imaging;
FDG-PET/CT, Fludeoxyglucose-Positron Emission Tomography/Computed Tomography;
CEUS, Contrast-enhanced ultrasound; R, right; L, left; N/A, not available.

lesions which can range from a few millimeters to a few
centimeters, with well-circumscribed or ill-defined margins.
Bilateral unifocal lesions, as in the present case, are less
common (37).

However, a question remains unsolved: what is the
correct diagnosis of the left testicular lesion? In fact,
the testicular sarcoid involvement is very rare, and an
association between testicular cancer and sarcoidosis has
been reported (38). Moreover, the '®F-FDG uptake was
detected only in the left testis (not in both testes) and the
max SUV of the left testicular lesion (SUVmax 11.6)
was different from the sarcoid lesions involving the other
organs. All these findings could not allow the exclusion of a
testicular tumor.

In our case, on Color Doppler US some areas of vascularity
within the lesion were detected. Usually, the color flow
detectable in primary tumors of the testis using this imaging
technique is higher than that of non-neoplastic lesions.
However, some malignant lesions of the testis could lack
internal vascularity on Color Doppler, such as burned-out
testis tumors, being difficult to characterize with respect
to non-neoplastic lesions (39). Therefore, the sole use of
Color-Doppler US was not sufficient to exclude the possible

the lesions were bilateral. The CEUS hyperenhancement of
a testicular lesion has a positive predictive value of 97%
for neoplasia and, although its presence alone is not specific
enough to establish an unequivocal diagnosis, it is suggestive
for a neoplastic testicular lesion, including malignancy (41).
Moreover, the most common testicular malignancies in the
same age of the patient described in this case are the
testicular germ cell tumors that are bilateral in only 2% of
cases (42).

The sarcoid testicular masses could pose problems of
differential diagnosis with other bilateral testicular lesions
that appear hypoechoic on B-mode US (Table2), such as
Seminoma, Leydigiomas, lymphomas, and testicular adrenal
rest tumors. Seminomas usually demonstrate rapid wash-in
coupled with rapid washout on CEUS (17). Leydigiomas show
hyperenhancement as compared to the surrounding testicular
parenchyma on CEUS, with delayed wash-out (17) and therefore
the differential diagnosis with sarcoid testicular masses appear
easy to perform. Lymphomas, along with leukemia, show
marked CEUS hypervascularization (visible also with Color
Doppler), a “nonbranching linear pattern” (known also as
“straight vessel pattern”) and a rapid filling time (43, 44),
differently from sarcoid testicular masses. Testicular adrenal
rest tumors demonstrate high hypervascularization as compared
to the sarcoid lesions; moreover, these rare lesions arise in
younger patients with congenital adrenal hyperplasia (45).
Different approach could be have in case of oncological patients,
in whom metastases (the most common are from prostate
carcinoma, melanoma, colon and kidney cancer) are rare
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but could not be excluded especially in cases of advanced
malignancy (46).

A possible limitation of our case was the absence of MRI
evaluation. However, MRI is not able to identify a specific pattern
for sarcoidosis (47), and therefore it was not performed after
CEUS in our case.

In conclusion, CEUS could play an important role in
the evaluation of testicular lesions, and in particular of
benign lesions, such as sarcoidosis. Due to the rising
incidence rate of this disease and the reported association
with testicular cancer, the need to establish a correct
differential diagnosis will likely increase over time. CEUS
could allow to achieve a correct diagnosis of testicular
lesions, due to its ability in identifying very small testis
lesions, such as sarcoidosis, coupled with its high accuracy
in excluding malignancies, thus avoiding aggressive and
potentially unnecessary maneuvers, such as biopsy for
benign conditions.
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There are trillions of microorganisms in the human body, consisting of bacteria, viruses,
fungi, and archaea; these collectively make up the microbiome. Recent studies suggest
that the microbiome may serve as a biomarker for disease, a therapeutic target, or
provide an explanation for pathophysiology in lung diseases. Studies describing the
impact of the microorganisms found in the respiratory tract on lung health have been
published and are discussed here in the context of interstitial lung diseases. Additionally,
epidemiological and experimental evidence highlights the importance of cross-talk
between the gut microbiota and the lungs, called the gut-lung axis. The gut-lung axis
postulates that alterations in gut microbial communities may have a profound effect on
lung disease. Dysbiosis in the microbial community of the gut is linked with changes
in immune responses, homeostasis in the airways, and inflammatory conditions in the
gastrointestinal tract itself. In this review, we summarize studies describing the role of the
microbiome in interstitial lung disease and discuss the implications of these findings on
the diagnosis and treatment of these diseases. This paper describes the impact of the
microbial communities on the pathogenesis of lung diseases by assessing recent original
research and identifying remaining gaps in knowledge.

Keywords: interstitial lung disease (ILD), fibrosis, sarcoidosis, gut microbiome, infection, idiopathic pulmonary
fibrosis, lung microbiome

INTRODUCTION

The gut microbiota is defined as the diverse microbial communities that inhabit the host’s
gastrointestinal (GI) tract (1). The GI tract is a nutrient rich environment that supports up to
100 trillion microbes which collectively make up the gut microbiome (2). The gut microbiome
profoundly impacts human physiology and nutrition, and is essential for human life (3). Many
factors, including diet, age, antibiotics, lifestyle behaviors, and mode of delivery at birth are
influential contributors to the composition of the gut microbiome (4). Advanced techniques that
identify microbial sequences, including 16S rRNA gene and shotgun metagenomic analysis, have
provided new insights into the diversity of microbial organisms present both in the diseased and
normal gut (5). The composition of the gut microbiome is stable within individuals and largely
shared between healthy individuals (1, 6). Microbial imbalance or dysbiosis in the gut microbiome
is associated with illness and disorders, including interstitial lung diseases (ILDs) (7-10).
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For many vyears, the lung was thought to be a sterile
environment (11). However, recent advances in microbial
sequencing techniques suggest that a variety of microbial
organisms dwell in both the upper and lower respiratory tract
and that composition of this microbial community is altered in
respiratory disease states (12). Characterizing the composition
of the lung microbiome during disease and elucidating the
contribution of the dysbiotic microbiome to disease progression
is an area of active research for many respiratory ailments,
including ILDs.

ILDs, otherwise called diffuse parenchymal lung diseases, are
a group of disorders characterized by chronic inflammation that
result in fibrosis (scarring) of the lung (13). The most common
symptom of all ILDs is shortness of breath or dyspnea, often
accompanied by a dry cough, chest discomfort, fatigue, and
occasionally weight loss. Examples of ILDs include sarcoidosis,
asbestosis, hypersensitivity pneumonitis, idiopathic pulmonary
fibrosis (IPF), non-specific interstitial pneumonia (NSIP), and
acute interstitial pneumonitis (14, 15). Some of the risk factors
of ILDs are genetics; exposure to hazardous material, such
as asbestos; prior infection with microorganisms, including
tuberculosis and hepatitis C; radiation and chemotherapy
treatments; smoking; connective tissue diseases; and chronic
inflammatory diseases like rheumatoid arthritis (16). In some
cases, such as IPF and sarcoidosis, the causes may be unknown.
There is a growing body of literature supporting dysbiosis of the
microbiome as a contributor to ILD, which will be discussed in
this review.

Epidemiological and experimental evidence highlights an
important cross-talk between the gut microbiota and the lungs
(9). Alterations in the microbial community due to factors such
as drugs, disease, or diet is linked with changes in immune
responses and disruption of homeostasis in the airways, as well
as in the gastrointestinal tract (17-20). The altered inflammatory
state resulting from microbial dysbiosis, as well as the microbes
themselves, may play an important role in ILD progression.
Alterations to the microbiome may serve as biomarkers for
disease, explain disease progression or serve as a therapeutic
target. In this review, we discuss the current understanding of the
involvement of the both the lung and gut microbiome in ILD.

LUNG MICROBIOME IMPACTS
INTERSTITIAL LUNG DISEASE
PROGRESSION

Microbial communities present in a specific body niche will have
an impact on the physiology of that body site through direct
interactions with host cells. Numerous studies have implicated
an altered lung microbiome in the pathogenesis of interstitial
lung diseases, such as idiopathic pulmonary fibrosis (IPF)
and sarcoidosis. The findings of these studies are summarized in
Table 1, and discussed in the following section.

IPF

The lung microbiome of IPF patients is distinct from healthy
individuals (21). In one study, IPF patients had a higher

TABLE 1 | Studies conducted on microbiome in interstitial lung diseases.

Disease state Assessment Conclusions References
method(s)
Idiopathic 16S rRNA sequencing  IPF patients have (22-26)
pulmonary of BALF; 454 increased bacterial
fibrosis (IPF) pyrosequencing; burdens in lungs,
quantitative BALF enriched for pathogenic
culture genera like
Staphylococcus and
Streptococcus
Sarcoidosis 16S rRNA sequencing  Alteration of microbiome (28-31)
of BALF, lymph node in sarcoidosis is
biopsies, spleen tissue; unclear—results vary by
shotgun metagenomic  study and specimen
sequencing of BALF type, but possible loss of
diversity in sarcoidosis
lung microbial community
Idiopathic 16S rRNA sequencing  No change between lung (29)
interstitial of BALF microbiome of health and
pneumonia (IIP) IIP patients
Systemic 16S rRNA sequencing  Dysbiosis of intestinal (34)
Sclerosis (SSc) of SSc patient fecal microbiome in SSc
samples patients compared to
healthy controls
Silicosis 16S rRNA sequencing  Decrease in microbial 8
of silicosis patient fecal diversity in intestinal
samples community with
enrichment of
Proteobacteria
Hypersensitivity 16S rRNA sequencing Bacteroidetes phylum (36)

pneumonitis of fecal samples using a

murine model of HP

enriched in streptomycin
treated animals that
develop severe HP

lung bacterial load in their lungs enriched for Haemophilus,
Streptococcus, Neisseiria, and Veillonella genera compared to
healthy individuals (22). Additional analysis of IPF patient
bronchoalveolar lavage fluid (BALF) by 16S rRNA sequencing
showed that lung bacteria may play a causative role in acute
exacerbation of IPF, and a high bacterial load at the time
of diagnosis may be a biomarker for rapidly progressive
disease (23, 24). A multicenter cohort study was conducted
on the microbial signatures associated with progression of
IPE, in which the researchers retrospectively sequenced lung
microbiota using 454 pyrosequencing in 55 IPF patients’
baseline BALF samples and reported that the presence of
specific Streptococcus or Staphylococcus species above a certain
threshold was associated with a faster-progressing disease (25).
A different investigation using 16S rRNA sequencing identified
the most prevalent operational taxonomic units (OTUs) in
IPF patients BALF as Prevotella and Staphylococcus species
(26). Overall, these investigations demonstrate that IPF patients
have high bacterial loads in their lungs compared to healthy
controls, which are enriched for potentially pathogenic genera
such as Staphylococcus and Streptococcus, implicating the lung
microbiome in disease progression.

Sarcoidosis
Sarcoidosis is an additional ILD of unknown etiology that
may be influenced by lung microbiota composition (27).
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In a cross-sectional study to compare the lung microbiota
from bronchoalveolar lavage fluid (BALF) of 71 patients with
sarcoidosis and 10 healthy controls, the investigators identified
Atopobium and Fusobacterium as increased in abundance
in sarcoidosis samples compared with those from healthy
controls using 16S rRNA sequencing (28). In contrast, a
different study used 16S rRNA gene-based pyrosequencing to
characterize microbial communities in upper and lower airways
in ILD patients, including idiopathic interstitial pneumonia and
sarcoidosis. The microbiota in lower airways of the majority of
patients primarily consisted of Prevotellaceae, Streptococcaceae,
and Acidaminococcaceae. However, according to this study, the
diagnosis of ILD did not alter the overall lung microbiota
compared to healthy controls (29). Metagenomic sequencing to
analyze various specimens including lymph node biopsies, BALF,
Kveim reagent samples, and fresh granulomatous spleens from
93 sarcoidosis patients and 72 control subjects revealed elevated
levels of certain bacterial and fungal orders in single sarcoidosis
sample types but did not detect enrichment of the same orders
across multiple sample types (30). Another study investigating
microbial composition during airway abnormalities using 16S
rRNA sequencing found that the microbiome composition in
BALF of sarcoidosis patients is similar to that in rheumatoid
arthritis (RA) patients and distinct from healthy controls,
with reduced presence of Actynomyces and Burkhordelia, but
enrichment of periodontopathic taxa, including Treponema,
Prevotella, and Porphyromonas (31).

Using these studies and others to develop a consensus
“ILD respiratory microbiome,” in addition to optimizing and
standardizing a method of sample collection and detection for
respiratory microbiome sequencing, could lead to improvements
in the diagnosis of ILDs. Missing from the current ILD lung
microbiome literature is a dissection of the mechanism by which
the genera enriched in the ILD respiratory microbiome impact
lung health. Whether ILD pathophysiology drives microbial
community changes or the microbial dysbiosis drives ILD
progression is also an outstanding question that is key to
understanding and treating ILDs.

GUT MICROBIOME IMPACTS LUNG
HEALTH

The respiratory microbiome develops alongside the gut
microbiome during early life (32). Epidemiological and
experimental evidence highlights an important cross-talk
between the gut microbiota and the lungs, called the gut-lung
axis. Recent studies suggest that dysbiosis in the gut microbiota
is linked with changes in immune responses and homeostasis in
the airways in diverse lung pathologies, including ILD, asthma,
and pneumonia. Figure 1 describes the mechanisms by which
the gut is known to impact lung physiology.

Systemic Sclerosis

Systemic sclerosis (SSc), also called scleroderma, is an
immune-mediated rheumatic disease that is characterized
by vasculopathy, fibrosis of the skin and internal organs, such

as the gastrointestinal (GI) tract and the lungs, and often
progresses to ILD (33). Dysbiotic gut microbiota has been shown
in patients with SSc, particularly those with extra-intestinal
manifestations, including lung fibrosis (34). In a study that
analyzed the link between gut inflammation and ILD in a large
SSc population, increased fecal calprotectin levels correlated with
ILD progression (35). While this suggests intestinal inflammation
and alteration of the gut microbiome are present in ILD, further
studies are required to elucidate the role calprotectin and gut
dysbiosis may play in the development of ILD in SSc.

Silicosis

Investigation of the gut microbial composition of fecal samples
from 18 patients with silicosis, an ILD caused by inhalation
of silica, and 21 healthy subjects using 16S rRNA gene
sequencing noted striking changes in the microbial composition.
Compared with the healthy subjects, the bacterial diversity of
the intestinal microbiome was reduced in patients with silicosis.
This decrease in diversity was accompanied by an expansion of
Proteobacteria (8).

Hypersensitivity Pneumonitis

Agents, such as antibiotics, can induce changes in the gut
microbiota which alter disease phenotypes in ILDs. For example,
a study conducted to assess the effects of antibiotic treatment on
a Ty1/Ty17-mediated ILD, hypersensitivity pneumonitis (HP),
found that the severity of HP was unaffected by vancomycin,
but increased dramatically after streptomycin treatment (36).
Treatment with either antibiotic altered the gut microbiome
of the animals, with Bacteroidetes enriched after streptomycin
treatment, while vancomycin treatment led to higher levels of
Firmicutes in the intestinal communities.

While these studies using SSc and silicosis patient cohorts and
a mouse model of HP indicate there is a connection between the
gut microbiome and ILDs, future studies that expand the breath
of ILDs investigated for their gut microbiota-dependence and
better define the alterations that occur in specific disease states
are needed. These studies should include both patient cohorts
and studies that model and monitor disease progression in mice,
including germ-free mice, to strengthen the claim that the gut
microbiome impacts ILD progression or development.

Despite the scarcity of data on the influence of the microbiome
on ILDs, there are studies on other inflammatory lung conditions
that support the importance of a healthy gut microbiome to
promote lung health. Two common non-ILD lung diseases,
asthma and pneumonia, are reviewed in the next sections to
provide additional evidence for a gut-lung axis and suggest the
gut microbiome is a major contributor to lung health.

Asthma

Asthma is a chronic lung disease where alterations in the gut
microbiome have been shown to impact disease progression
(37). Reductions in the genus Bifidobacteria and increase in
Clostridia in the intestine are associated with asthma in early
life (38). In murine studies, depletion of certain members of
the gut microbiome through antibiotic administration early in
life enhances future susceptibility to allergic asthma, increasing
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A Healthy Gut
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FIGURE 1 | Graphical representation of the role of gut microbiome in regulating lung pathogenesis. The gut microbiome profoundly impacts human physiology and
nutrition, and is essential for human life. (A) The healthy gut aids the clearance of pathogens by enhancing the innate immune responses to bacteria in the lungs,
promotes immunity following vaccination, and can stimulate TLRs for effective adaptive immune responses to influenza. (B) Microbial imbalance or dysbiosis in the gut
microbiome is influenced by drugs, diet and diseases, and can be associated with illness and disorders, including interstitial lung diseases. Gut bacteria, bacterial
components, and metabolites such as LPS, PAMPs, cell wall components, and flagellin contribute lead to changes in lung immunity. Dysbiosis contributes to
pulmonary infections and inflammatory conditions, aberrant TH17 responses and intestinal damage, altered microbiota (decrease in microbial diversity and pathogen
multiplication), tissue damage, and changes in immune responses [i.e., activation of innate immune system, due to secretion of pathogen-associated molecular
patterns (PAMPs)]. TLR, Toll-like receptors; LPS, Lipopolysaccharide; PAMPs, pathogen-associated molecular patterns; SCFA, short-chain fatty acids; NLR, Nod-like

receptor.

predisposition to airway diseases and pulmonary viral infections
(39). Additionally, neonatal mice administered vancomycin
demonstrate an increase in allergic asthma and significant
alterations to their gut microbiota as compared to control
mice (40).

Pneumonia

A study focused on the role of the gut microbiota in bacterial
pneumonia found that the intestinal microbiota act as a
protective mediator during pneumococcal pneumonia (41). This
study was carried out by intranasal infection of conventional
and germ-free mice with S. pneumoniae, and identified that the
gut microbiota enhanced primary alveolar macrophage function.
Subsequent studies demonstrated that this enhanced macrophage
function is mediated through GM-CSF signaling (42) and that
the presence of filamentous segmented bacteria protects against
Staphylococcus aureus pneumonia through induction of type 17
immunity (43).

These studies indicate that the gut microbiota is important
for lung health. Interestingly, specific community members are
associated with protection from asthma or pneumonia, while
others exacerbate disease. This suggests that while future work is
needed to uncover the role of specific bacterial species, probiotic
or microbiota transfer methods may be successful methods of
treating lung diseases.

GUT MICROBIOME IMPACTS IMMUNE
RESPONSES

Several mechanisms have been proposed to describe the impact of
the gut microbiota on lung physiology. A prevailing hypothesis is
that changes in gut microbial composition impact host immune
responses in the lung. Support for this hypothesis demonstrating
that the gut microbiome impacts immunity in the gut, lungs, and
systemically, is discussed in the following section.
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Immunity in the Gut

The gut microbiota is now recognized as an influential player
in host immune responses (44, 45). Murine studies show
that the gut microbiome, particularly commensal bacteria, are
important in shaping the host immune system (46-48). The
Ty17: Treg balance in the lamina propria is determined by gut
microbiota composition and specific members of the gut bacterial
community may influence intestinal immunity, tolerance, and
susceptibility to inflammatory bowel diseases (49). For instance,
the segmented filamentous bacteria (SFB), can induce the
appearance of CD4" T helper cells that produce Tj,17 cells in
the lamina propria. Colonization of the small intestine with
commensal SFB resulted in enhanced resistance to the intestinal
pathogen Citrobacter rodentium, and is linked with an increase
in expression of genes associated with antimicrobial defenses and
inflammation (50).

Immunity in the Lungs

The gut microbiota can aid the clearance of pathogens by
enhancing the innate immune responses to pathogens in the
lungs. In a study designed to investigate the role of commensal
microflora in the gut on the host defense in pneumonia through
toll-like receptors (TLRs), the authors found that antibiotic
pretreatment to deplete commensal gut flora prior to Escherichia
coli pneumonia challenge led to increased bacterial burdens
in both the blood and the lungs. They also noted cytokine
suppression (TNF-a, IL-6, IL-18) as well as suppressed nuclear
factor kB activity in the intestine. They concluded that the gut
microbiota is critical in inducing TLR4 expression and nuclear
factor kB activation of intestinal and lung innate immune defense
against E. coli pneumonia (51). Bacterial Nod-like receptor (NLR)
ligands including a NOD1 ligand, MurNAcTripap, and a NOD2
ligand, muramyl dipeptide, from the gastrointestinal tract have
also been shown to rescue host defenses in the lung (52).
Additionally, gut microbiota promote lung immunity following
vaccination (53). Cell wall components and flagellin of gut
bacteria have been shown to stimulate TLRs for effective adaptive
immune responses to influenza (54).

Microbes influence host immunity in many ways, including
the ability of Bacteroides to expand Treg cell populations or
skew the TH1/TH2 phenotype in either direction, and suppress
host inflammatory responses through production of short chain
fatty acids (SCFAs) (55). SCFAs are produced by many enteric
bacterial species and act through free fatty acid (FFA) receptors
or epigenetic regulation of immune cells to promote broad
anti-inflammatory effects (56). SCFA administration is linked
to reduced pulmonary pathology following both and viral and
bacterial infection in mice (57-59). Overall, these studies suggest
that recognition of the gut microbiota, as well as specific bacterial
metabolites, primes the immune response to counter microbial
challenges in the lung.

Systemic Immune Responses

Studies have shown that dysbiosis in the gut microbiome
may result in the development of systemic inflammatory
conditions, such as rheumatoid arthritis and atherosclerosis
(60-62). In the case of sarcoidosis, an altered composition of

the gut microbiota may activate the innate immune system,
promoting the formation of granulomas through the secretion
of proinflammatory cytokines, such as IL-6, IL-12, IL-18, and
TNF-a (63).

Due to the relationship between host immunity and enteric
microorganisms, various strategies have been put in place to
target the gut microbiota as a way of managing or preventing
chronic inflammatory diseases. These strategies include the use of
antimicrobials to deplete or supplement microbial load, changes
in diet, or supplementation with live microorganisms. Microbial
transplantation has become a useful tool in manipulating the gut
microbiome for management or prevention of certain illnesses.
In recent times, fecal microbial transplantation (FMT) strategies
have been used in a range of infections with encouraging results
(64-66). The mechanisms underlying the success of FMT is still
an area of active research.

LUNG MICROBIOME IMPACTS GUT
MICROBIOME COMPOSITION AND
HEALTH

In addition to the gut microbiome impacting lung health, there is
evidence that changes in lung microbial communities impact gut
physiology. This suggests that the gut-lung axis is bidirectional
and should be considered during investigations of the impact of
gut dysbiosis on lung disease.

Viral

Perturbations to the lung microbial community, such as the
introduction of a respiratory virus, influence the gut microbial
communities. For example, murine models of pulmonary
influenza virus infection increase Enterobacteriaceae while
reducing Lactobacilli and Lactococci in the intestinal microbial
community (67). In a study designed to access the occurrence
of gastroenteritis-like symptoms using a mouse model of
respiratory influenza infection, researchers found that influenza
infection altered the intestinal microbiota composition, which
was mediated by IFN-gamma production from lung-derived
CCR9" CD4™" T cells recruited into the small intestine. This
resulted in aberrant Ty, 17 responses and intestinal damage (68).
Perturbations to the gut microbiome as a result of respiratory
viruses have also been demonstrated in human studies. A
recent study using 16S rRNA sequencing of patient fecal
samples described reduced diversity in the gut flora of patients
hospitalized with COVID-19 and HIN1 influenza. Interestingly,
COVID-19 and HINT1 influenza patients had different bacterial
genera that predominated their dysbiotic gut communities (69).

Bacterial

Pulmonary microbial dysbiosis following intratracheal
lipopolysaccharide (LPS) administration in mice is accompanied
by disturbances in their gut microbiota secondary to movement
of bacteria from their lung into the bloodstream. This causes an
increase in the bacterial load in the intestines, thereby disrupting
the gut microbial community (70).
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Limited, but compelling evidence suggests that the lung
microbiota may be influencing the composition of the gut
microbiome and overall gut health. These studies address an
additional, novel aspect of the gut-lung axis and may help
explain the concordance of respiratory and GI symptoms
during infection with pulmonary pathogens, such as Legionella
pneumophila and SARS-CoV-2 (71, 72). Additional studies
focused on a variety of states of lung dysbiosis, including ILDs,
are necessary to elucidate the impact the lung microbiota has on
the gut.

CONCLUSIONS

The impact of the microbiome on human physiology is
substantial. Studies evaluating the composition of the lung and
the gut microbiome in patients with interstitial lung diseases
suggests that dysbiosis in the communities of either body site
are correlated with disease. Whether this is true in all types of
ILD, and whether the altered community contributes to ILD
progression remains to be elucidated. Patient data and mouse
models in other lung diseases, such as asthma and pneumonia,
suggest that the gut microbiome has a profound influence on
lung health. Specific members of the gut and lung communities
can either ameliorate or exacerbate disease, indicating further
research is needed to define the impact of individual microbes
on disease states, including ILDs. Enhancement of the immune
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Sarcoidosis Phenotypes Marked by a
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Increased Inflammatory Activity on
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Introduction: Sarcoidosis is a T-helper cell mediated disease characterized by
granulomatous inflammation. We posited that unsupervised clustering of various
features in sarcoidosis would establish phenotypes associated with inflammatory activity
measured by 18FDG-PET/CT. Our goal was to identify unique features capable of
distinguishing clusters and subsequently examine the relationship with FDG avidity to
substantiate their potential use as markers for sarcoidosis inflammation.

Methods: We performed a retrospective study of a diverse, but primarily African
American, cohort of 58 subjects with biopsy proven sarcoidosis followed at the University
of lllinois Bernie Mac Sarcoidosis Center and Center for Lung Health who underwent
18FDG-PET/CT scan. Demographic, therapeutic, radiographic, and laboratory data
were utilized in unsupervised cluster analysis to identify sarcoidosis phenotypes. The
association between clusters, their defining features, and quantitative measurements
on 18FDG-PET/CT was determined. The relevance of these features as markers of
18FDG-PET/CT inflammatory activity was also investigated.

Results: Clustering determined three distinct phenotypes: (1) a predominantly
African American cluster with chronic, quiescent disease, (2) a predominantly African
American cluster with elevated conventional inflammatory markers, advanced
pulmonary disease and extrathoracic involvement, and (3) a predominantly
Caucasian cluster characterized by reduced lymphocyte counts and acute
disease. In contrast to the chronic quiescent cluster, Clusters 2 and 3 were
defined by significantly greater FDG avidity on 18FDG-PET/CT. Despite
similarly increased inflammatory activity on 18FDG-PET/CT, Clusters 2, and 3
differed with regards to extrathoracic FDG avidity and circulating lymphocyte
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profiles, specifically CD4+ T-cells. Notably, absolute lymphocyte counts and CD4+ T-cell
counts were found to predict 18FDG-PET/CT inflammatory activity by receiver operating
curve analysis with a 69.2 and 73.42% area under the curve, respectively.

Conclusions: Utilizing cluster analysis, three distinct phenotypes of sarcoidosis were
identified with significant variation in race, disease chronicity, and serologic markers
of inflammation. These phenotypes displayed varying levels of circulating inflammatory
cells. Additionally, reduction in lymphocytes, specifically CD4+ T-cells, was significantly
related to activity on 18FDG-PET/CT. Though future studies are warranted, these
findings suggest that peripheral lymphocyte counts may be considered a determinant
of sarcoidosis phenotypes and an indicator of active inflammation on 18FDG-PET/CT.

Keywords: sarcoidosis, lymphopenia, 18FDG-PET/CT, immunopathogenesis, cluster analysis, phenotype

INTRODUCTION

Sarcoidosis is a heterogeneous multisystem disease characterized
by granulomatous inflammation. While sarcoidosis affects a
variety of races, African American women have the highest
prevalence of disease and new cases most commonly are
diagnosed in the 4th and 5th decades of life (1). Sarcoidosis
has been characterized as a T-helper cell mediated disease (2).
The ACCESS trial identified genetic risk factors for sarcoidosis
development in various races, and some genes were linked
to immune dysregulation and decreased lymphocytes in a
Caucasian subset of this cohort (3, 4). Moreover, despite the lack
of sarcoidosis specific thresholds, absolute lymphocyte counts
<1.5 keells/pL have been associated with disease activity and
progression (5, 6). Peripheral depletion of CD4+, CD8+, and
CD19+ T-cells has also been shown to be a characteristic of
patients with severe sarcoidosis (7). Furthermore, lymphocyte
gene expression is decreased in patients with severe disease and
CD4+ T-cell exhaustion has been described as a manifestation
of progressive disease (8, 9). Thus, further characterization
of lymphopenia, as it relates to disease pathogenesis and
inflammation, merits investigation within specific phenotypes
of sarcoidosis.

Given the heterogeneous nature of sarcoidosis, establishing
disease phenotypes is critical to identify common pathways that
may further shed light on disease etiology and pathogenesis.
Existing phenotypes in sarcoidosis have focused on subject
and disease characteristics, to include radiographic staging,
organ involvement, disease acuity, and need for treatment (10—
12). Even though useful clinical tools have been proposed,
the classification criteria for various clinical phenotypes of
sarcoidosis are not well-standardized and criteria for research
purposes are lacking (13). Cluster analysis techniques have been
utilized in diseases that are difficult to classify, including other
autoimmune and pulmonary diseases, and have yielded novel
insights (14-18). To this end, a recent report utilized cluster
analysis of a large predominantly Caucasian sarcoidosis cohort
and identified 6 subsets of subjects that better predicted disease
progression than classical analysis (19). A second study utilized
a supervised hierarchical cluster analysis to identify phenotypes
of sarcoidosis based on 18FDG-PET/CT (PET scan) uptake.

Cluster and PET scan analyses provided a meticulous evaluation
of organ involvement and a more precise evaluation of the
extent of disease compared to traditional assessment (20). Cluster
analysis has therefore proven helpful at identifying similarities
of disease beyond conventional classification schemes which may
have implications for treatment and prognostication.

PET scan is an emerging tool for assessing inflammation
in sarcoidosis as well as other inflammatory and autoimmune
disorders (21, 22). Uptake on PET scan, commonly defined
as SUV >2.5, has been consistently associated with disease
activity as well as pulmonary function in patients with sarcoidosis
(23-25). The sensitivity of PET scan in identifying active
inflammation ranges 89-100% and is overall higher when
compared to traditional biomarkers (24). PET scan use has
been evaluated in both acute and chronic disease, is superior at
detecting ongoing inflammation in persistent disease, and shows
promise in guiding treatment and prognosis (26-28). We posited
the usefulness of PET scan as a tool in the absence of a biomarker
specific enough to monitor inflammation in sarcoidosis (29).
ATS guidelines support use of PET scan to assess extracardiac
sarcoidosis, albeit with low quality of evidence, suggesting further
research is needed to develop a disease specific biomarker with
adequate sensitivity to serve as a more cost-effective assessment
strategy (30).

Our goal was to identify unique phenotypes of sarcoidosis
using an unsupervised cluster analysis in subjects with biopsy
proven sarcoidosis in order to establish the relationship between
these phenotypes and inflammatory activity, as measured by
serologic markers of inflammation and avidity on 18FDG-
PET/CT scan. Our postulate was that a parsimonious set of
demographic features along with clinically relevant therapeutic,
radiographic, and laboratory features would identify subgroups
of subjects with sarcoidosis at risk of active disease characterized
by high levels of inflammation.

METHODS

Subject Selection

Study approval was obtained through the University of Illinois
at Chicago (UIC) institutional review board. Adult subjects 18
years of age and older followed in the Bernie Mac Sarcoidosis
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Translational Advanced Research (STAR) Center at UIC with
a history and tissue biopsy consistent with sarcoidosis, in
accordance with ATS/ERS/WASOG criteria, were included
(31). All subjects underwent a skull to thigh PET scan to
evaluate clinically suspected metabolically active intrathoracic
sarcoidosis, between December 2014 and June 2019. Subjects
who had comorbid inflammatory disease that may result in
increased metabolic activity on PET scan, including malignancy,
connective tissue or autoimmune disease, or active infection were
excluded. Subjects who did not have sufficient laboratory data
available within 180 days prior or 30 days after the PET scan was
completed were also excluded.

Data Collection

The electronic medical record was retrospectively reviewed to
collect variables regarding subject demographics as well as
clinically relevant therapeutic, radiographic, and laboratory data.
In addition to sex and self-reported race, subject demographics
included age, body mass index (BMI), and smoking status
at time of PET scan. Time from diagnosis to PET scan was
measured from the time of biopsy. Treatment at the time of PET
scan was also abstracted from medical records and categorized
into the following regimens (A) naive or local treatment, (B)
systemic corticosteroids, (C) non-steroidal immune modulator,
(D) combination therapy with steroids, (E) combination therapy
without steroids. Laboratory values obtained within 180 days
prior to or 30 days after PET scan included complete blood
counts, lymphocyte subsets, serologic markers of inflammation
(ESR, CRP), and markers of extrathoracic organ involvement
(complete metabolic panels and vitamin D levels). ACE levels
at any point prior to the PET scan were also included
(Supplementary Data Sheet 1).

PET Scan Interpretation

All 18FDG-PET/CT examinations at UIC were performed on a
GE Discovery 690 FDG PET/CT scanner (GE Medical Systems,
Milwaukee, WT). Dedicated PET scans from the skull base to the
upper thighs were obtained 60-90 min after intravenous injection
of 0.370-0.481 GBq of FDG. Image acquisition was performed
using non-cardiac-gated technique with PET parameters as
follows: 2 min/bed for the non-cardiac fields and 10 min/bed for
fields covering the heart. Image acquisition was performed using
non-cardiac-gated technique. CT scan was used for attenuation
correction and parameters were as follows: 120 kV, 120 mAs,
pitch 0.813, 16 x 1.5-mm collimation, slice thickness of 3 mm
with an increment of 1.5 mm.

Utilizing the LIFEx radiomics software, assessment of
individual PET scans in DICOM format was performed to
standardize and extract functional parameter measurements in
order to quantitate the burden of 18FDG-avid areas per subject
with the “total metabolic tumor volume (MTV) protocol” (32).
First, the maximum standardized uptake volume (SUVjpax)
as well as the mean-SUV uptake in the liver were measured
and together used to calculate the SUVp,crground-t0-SUVMax
ratio (SUV ratio). Liver mean-SUV uptake was calculated
using a volume-of-interest of 3cm® from the subject’s right
hepatic lobe. SUV ratio, shown to be a reliable measure for

prognostication and treatment response, and not SUVjx,
was utilized to minimize observer variability and standardize
PET scan acquisition and reconstruction protocols (33-36). To
maximize specificity of identifying a positive PET scan, lesions
with a SUV ratio > 2 were considered positive for inflammatory
activity related to sarcoidosis, whereas those with a SUV ratio
< 2 were regarded as negative. This approach is similar to the
use of PET scan to assess chemotherapy response in various
lymphomas (35). Total Metabolic Volume (TMV), a measure
of the volume of increased FDG activity in milliliters, and
Total Lesion Glycolysis (TLG), the product of mean-SUV uptake
with the volume of uptake, were then measured as they may
better reflect overall inflammatory activity and measurement
partitioned into intra- and extrathoracic compartments. Lesions
included in these calculations required a minimum SUV ratio
of 2, as previously noted, as well as and an SUV >40% of the
SUVax. These thresholds were extrapolated for use in this study
as they have been shown to improve accuracy of the metabolic
tumor volume measurement in various malignancies (37-39).
Activity captured by the LIFEx software was then corroborated
with the original radiographic interpretation of the PET scan.

Statistical Analysis

All statistical analyses were performed with the R Statistical
Environment (version 3.5.0) (40). A total of 22 subject
phenotypic variables comprised of demographic, therapeutic,
radiographic, and laboratory data abstracted from the electronic
medical records were input as clustering features into the
Modha-Spangler algorithm for mixed categorical (Table 1) and
continuous (Figure 1) data in the kamila R-package to establish
unsupervised sarcoidosis clusters. This algorithm seeks to
effectively balance the contribution of continuous and categorical
variables in an unsupervised fashion. In doing so, it adaptively
selects the relative weight that simultaneously minimizes the
within-cluster dispersion and maximizes the between-cluster
dispersion for both the continuous and categorical variables (41).
The Modha-Spangler framework was utilized to optimize the
k-medoids algorithm PAM (partitioning around the medoids)
using Gower’s distance with default parameters and an optimal
weight of 0.8182 by a brute-force search strategy (42).
Determination of the ideal number of clusters by average
silhouette width was performed utilizing the pamk function
with criterion specifying a “krange” of 3-6 clusters given cohort
heterogeneity and sample size (43).

Clustering features utilized in the algorithm were tested
for significant differences between clusters with y2-test of
independence for categorical data or via Kruskal-Wallis one-
way analysis of variance for continuous data (p < 0.05
were considered statistically significant). Post-hoc analysis with
Benjamini-Hochberg (BH) adjustment to account for the
multiplicity problem that occurs with multiple comparisons was
performed using Fisher’s exact test for x2-tests or Dunn’s test for
Kruskal-Wallis tests and an adjusted p < 0.1 was pre-specified
as significant. Correlations for continuous data were performed
utilizing Spearman’s rank correlation coefficient and considered
significant if p < 0.05. To further investigate the probability of
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TABLE 1 | Baseline categorical parameters utilized as clustering features of the
UIC-Sarcoidosis cohort (n = 58).

Categorical parameters in clustering Frequency (%)
Race Caucasian 23 (39.66)
African American 35 (60.34)
Sex Male 21 (36.21)
Female 36 (63.79)
Age 30-39 years 12 (20.69)
40-49 years 18 (31.03)
50-59 years 22 (37.93)
60-69 years 6 (10.35)
Body Mass Index Normal 11 (18.97)
Overweight 10 (17.24)
Class 1 Obesity 11 (18.97)
Class 2 Obesity 16 (27.59)
Class 3 Obesity 10 (17.24)
Smoking history Never 28 (48.28)
Former 24 (41.398)
Current 6 (10.34)
Time from diagnosis to Quartile 1 17 (29.31)
18FDG-PET/CT Quartile 2 14 (24.14)
Quartile 3 13 (22.41)
Quartile 4 14 (24.14)
Lung parenchyma on CT Normal 21 (36.84)
Chest (at 18FDG-PET/CT) Lung Nodules 16 (28.07)
Consolidation/GGO 8 (14.04)
Advanced 12 (21.05)
Treatment A 15 (25.86)
B 15 (25.86)
C 6 (12.07)
D 17 (29.31)

E 4 (6.89)

Angiotensin converting No 38 (65.52)
enzyme level (Ever Elevated) Yes 20 (34.49)

Prevalence of individual parameters is depicted as frequencies and percentages. 18FDG-
PET/CT, positron emission tomography with 2-deoxy-2-fluorine-18-fluoro-D-glucose with
integrated computed tomography; CT, computed tomography; GGO, ground glass
opacities. Time from diagnosis to 18FDG-PET/CT ranged from O to 27 years and quartile
distribution was as follows: 1 = 0-3 years; 2 = 4-6 years; 3 = 6-10 years; 4 > 11 years.
Treatment regimens at time of 18FDG-PET/CT: A = naive or local therapy; B = systemic
corticosteroid alone; C = non-steroidal immune modulator alone; D = combination
therapy with corticosteroid; E = combination therapy without corticosteroid.

PET-positivity based on cluster membership a logistic regression
model was constructed and odds ratios calculated.

Receiver operator characteristic (ROC) analysis with 1,000
stratified bootstrap replicates and 95% confidence intervals
was performed on the cohort using the pROC R-package
to calculate the predictive accuracy of specific cell counts
with regards to determining sarcoidosis inflammatory activity
on PET scan. Threshold values for specific cell counts were
determined utilizing the pROC package’s coords function, and

the optimal numerical threshold for each cell type was calculated
by maximizing sensitivities and specificities as determined by
Youden’s ] statistic (Youden’s index) (44).

RESULTS

There were 58 subjects identified who had a PET scan and
laboratory values within the time constraints. Biopsies were
predominantly obtained from lung (44.8%), lymph node (32.8%),
and liver (8.6%) tissue. Thirty-five (60.34%) subjects were
African American and 36 (63.79%) were women; however,
the proportion of men and women within African American
subjects was comparable to that of Caucasians in our cohort
(x%-test p = 0.3503). Most subjects were between 50 and 59
years of age (37.93%), though 31.03% were between 40 and
49 years and 20.69% were between age 30 and 39. There were
no subjects under age 30. Time from diagnosis to PET scan,
ranging from 0 to 27 years, was utilized to assess disease
chronicity and distributed into quartiles. In total, 29.31% of
subjects were included in quartile 1 (0-3 years), 24.14% in
quartile 2 (3-6 years), 22.41% in quartile 3 (7-10 years),
and 24.14% in quartile 4 (>11 years). The most common
treatment regimen was combination therapy with corticosteroid
(regimen D; 17 of 58, 29.31%), though 25.86% of subjects were
on corticosteroids alone (regimen B) and another 25.86% of
subjects were treatment naive (regimen A). Though there was
variability in treatment regimens between subjects, individual
doses and medications remained stable within the study period
for each subject. Other variables, to include BMI, smoking
history, lung parenchyma characteristics, and treatment are
outlined in Table 1. Laboratory values utilized in clustering are
summarized in Figure 1. Absolute neutrophil values in the cohort
were normal while the median absolute lymphocyte count was
1.5 keells/pL (interquartile range from 1.0 to 2.1 kcells/pL)
which coincides with previously described lymphopenia defining
thresholds in the general population and sarcoidosis (5, 6,
45, 46). Absolute neutrophil counts were found to be affected
by treatment regimen (KW-test p = 0.0255); however, upon
adjustment for multiple comparisons this difference was found to
be specific for subjects on regimen B when compared to those on
regimen A (median 5.5 vs. 3.1 kcells/p L, respectively; Dunn’s test
p =0.0362). In contrast, subjects who were treatment naive had a
comparable prevalence of lymphocyte reduction (<1.5 keells/pL)
to those on treatment (53.33 vs. 53.49%, respectively; x>-test
p = 0.9917). Multivariate regression analysis was performed
to further assess the relationship between inflammatory cells
and variables considered likely to alter their quantity (sex, race,
age, BMI, smoking history, chronicity of disease, and treatment
regimen) and did not identify significant associations (p >
0.05). Otherwise, serologic markers of inflammation were mostly
within the standard reference ranges with few outliers.

Using 22 independent variables as described in Table 1,
Figure 1, 3 clusters were identified (Figure 2). Characteristics
of each cluster are listed in Table 2. Significant features that
defined clusters included race, disease acuity, treatment, lung
parenchyma, various laboratory values reflecting extrathoracic
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Laboratory Parameters in Clustering
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FIGURE 1 | Box and whisker plots demonstrating baseline laboratory parameters utilized as clustering features of the UIC-Sarcoidosis cohort (0 = 58). Values are
depicted as median and interquartile ranges for each individual parameter.
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FIGURE 2 | Scatterplot visualization of the UIC-Sarcoidosis cohort over 2 dimensions utilizing the t-stochastic neighbor embedding (t-SNE) dimension reduction
algorithm. The first and second dimensions are represented by the x-axis and y-axis, respectively. Points on the scatterplot represent individual subjects in the
UIC-Sarcoidosis cohort and the distance between points is indicative of dissimilarity between subjects. Colors represent clusters identified by the Modha-Spangler
algorithm utilizing partitioning around medoids with Gower’s distance for base clustering of mixed data. Overall, Cluster 1 was identified as the largest cluster and
comprised 41.38% of the cohort (24/58 subjects). Cluster 2 and 3 represented 25.86% (15/568) and 32.76% (19/58) of the cohort, respectively.
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TABLE 2 | Characteristics of UIC-Sarcoidosis cohort clusters.

Cluster characteristics Cluster 1 Cluster 2 Cluster 3 P-value
Race Caucasian 7 2 14 0.0007 (8, y)
African American 17 13 5
Sex Male 6 4 11 0.056 (t)
Female 18 " 8
Age 30-39 years 3 2 7 NS
40-49 years 7 5 6
50-59 years 12 7 3
60-69 years 2 1 3
Body Mass Index Normal 3 2 6 NS
Overweight 5 3 2
Class 1 Obesity 2 6 3
Class 2 Obesity 10 2 4
Class 3 Obesity 4 2 4
Smoking history Never 12 7 9 NS
Former 11 5 8
Current 1 3 2
Time from diagnosis to 18FDG-PET/CT Quartile 1 1 4 12 0.0004 (a, B)
Quartile 2 9 2 3
Quartile 3 4 6 3
Quartile 4 10 3 1
Lung parenchyma on CT Chest (at 18FDG-PET/CT) Normal 14 2 6 0.0010 (a, B, v)
Lung nodules 4 5 7
Consolidation/GGO 1 1 6
Advanced 5 7 0
Treatment A 9 2 4 0.0434 (o, B)
B 2 4 9
] 5 0 2
D 7 7 3
E 1 2 1
Angiotensin converting enzyme level (Ever Elevated) No 18 4 16 0.0010 (a, v)
Yes 6 1 3
Estimated GFR (mL/min) Median (25th-75th Percentile) ~ 87.45 (78.0-96.4) 75.7 (68.3-82.6) 74.7 (67.4-92.9) 0.08538 (t)
Alkaline phosphatase (U/L) 76 (66.0-108.5) 117 (65.0-196.0) 58 (48.5-65.5) 0.0010 (8,y)
Alanine aminotransferase (U/L) 23.5(17.0-31.0) 31 (21.5-54.5) 23 (18.0-35.0) 0.0683 ()
Aspartate aminotransferase (U/L) 26.5 (20.8-30.0) 30 (25.0-51.5) 19 (15.5-25.0) 0.0021 (B,y)
Protein Gap (g/dL) 3(2.7-3.5) 3.3(3.1-3.9) 3(2.4-3.1) 0.0131 (a,y)
Calcium (mg/dL) 9.5(9.3-9.8) 9.5(9.3-9.7) 9.7 (9.4-9.8) NS
25-Hydroxyvitamin D (ng/mL) 25(17.8-37.5) 15 (11.5-22.0) 20 (16.0-31.0) 0.0213 (a,y)
1, 25-Dihydroxyvitamin D (pg/mL) 57.1(48.7-72.2) 54.8 (46.5-61.8)  52.5(39.2-77.4) NS
C-Reactive protein (mg/L) 0.7 (0.5-1.0) 1.1(0.6-2.4) 06 (0.5-0.95) NS
Erythrocyte sedimentation rate (mm/hr) 156.5 (11.8-22.8) 40 (31.0-44.5) 14 (7.5-16.0) <0.0001 (a,B,y)

Numeric values for categorical variables denote frequencies and percentages. Data for continuous variables are shown as median and interquartile ranges. Comparison of features
between clusters was performed utilizing x?2-test of independence for categorical and Kruskal-Wallis test for continuous variables. A p < 0.05 was considered significant. Post-hoc
analysis with Benjamini-Hochberg (BH) adjustment for multiple comparisons was performed with Fisher’s exact test for x°-tests and Dunn’s test for Kruskal-Wallis tests. a, 8, y denote
BH-adjusted p < 0.1, a, comparison between Cluster 1 and Cluster 2; 8, comparison between Cluster 1 and Cluster 3 and y, comparison between Cluster 2 and Cluster 3. Quartiles
and treatment regimens as per Table 1. NS, non-significant; t, trend.

organ involvement, and serologic markers of inflammation. and 73.33%, respectively) while most subjects in Cluster 3
Cluster 1 and 2 consisted mostly of African American subjects ~ were men (57.9%); however, despite differences only a trend
(70.83 and 86.67%, respectively) while only 26.32% of subjects  toward significance was noted (KW-test p = 0.0560). Cluster
in Cluster 3 were African American (KW-test p = 0.0007). 1 had a considerably high number of subjects with PET scans
Subjects in Clusters 1 and 2 were mostly women (75.00 performed > 11 years from diagnosis and less subjects with
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acute disease (4.00%), while 78.94% of subjects in Cluster 3
were considered to have acute disease (KW-test p = 0.0004).
Cluster 1 also consisted of more subjects with normal lung
parenchyma on CT portion of the PET scan (77.78%) while
Cluster 2 had more advanced disease (46.67%), reflected by
moderate-severe emphysema and extensive fibrosis, and Cluster
3 had more lung nodules (36.85%) and either consolidation
or ground glass opacities (36.84%). Cluster 1 included more
treatment-naive subjects whereas Cluster 3 had the most
subjects on corticosteroid monotherapy (regimen B). Rate of
any corticosteroid use (monotherapy or in combination) was
highest in Cluster 2, and although a trend indicating possible
difference in corticosteroid use was noted, statistical significance
was not reached (x2-test p = 0.0633). Cluster 2 also had more
variation in laboratory values suggestive of extrathoracic organ
involvement than Clusters 1 and 3, as evidenced by more
elevated alkaline phosphatase (median 117 U/L, range 65.0—
196.0 U/L; KW-test p = 0.0010), aspartate aminotransferase
(median 30 U/L, range 25.0-51.5 U/L; KW-test p = 0.0021),
and protein gap (median 3.3 g/dL, range 3.1-3.9 g/dL; KW-
test p = 0.0131). There was no significant difference in kidney
function between clusters, though there was a trend toward
lower GFR in Clusters 2 and 3 than Cluster 1(KW-test p =
0.0853). Cluster 2 also had more subjects with abnormal serologic
markers of inflammation, which included more subjects with a
historically elevated ACE level (73.3%; x2-test p = 0.0010) and

a decreased 25-OH Vitamin D (median value 15.0 ng/mL; KW-
test p = 0.0213). Variations in circulating inflammatory cells were
evaluated across clusters with significant differences found in
absolute neutrophil and absolute lymphocyte counts (Figure 3).
In general, Cluster 1 had less abnormalities in inflammatory
cell counts. Subjects in Cluster 3 had significantly higher
absolute neutrophils than Cluster 1 but were not statistically
different from Cluster 2 (KW-test p = 0.0181, median values
5.5, 3.8, and 5.2 keells/pL, respectively). Subjects in Cluster 3
also had significantly lower absolute lymphocytes than Cluster
1 but were comparable to Cluster 2 (KW-test p = 0.0253,
median values 1.0, 1.7, and 1.4 kcells/i L, respectively). In total,
68.42% (13/19) of subjects in Cluster 3 were found to have
absolute lymphocyte counts <1.5 kcells/pL and among these
76.92% (10/13) had more evident reductions with counts <1.0
keells/p L. Whereas, in Cluster 2, a smaller proportion of subjects
(10/15) had absolute lymphocyte counts <1.5 keells/LL of which
only 30% (3/10) were found to have counts <1.0 keells/jLL.
Ultimately, comparison of clusters allowed the identification of
3 phenotypic clusters: (1) a more chronic, quiescent cluster, (2)
an inflammatory extrathoracic cluster with advanced pulmonary
disease, and (3) a cluster with acute disease and markedly reduced
lymphocyte counts.

With the significant differences observed in absolute
lymphocyte counts between clusters, associations between
cluster and the CD4+4 T-cell lymphocyte subset were further
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FIGURE 3 | Box and whisker plots demonstrating median and interquartile ranges (kcells/j.L) of circulating inflammatory cells in the UIC-Sarcoidosis cohort clusters.
Comparisons between clusters with Kruskal-Wallis tests were performed and, if significant (p < 0.05), were followed by post-hoc analysis with Dunn’s test and
Benjamini-Hochberg (BH) adjustment for multiple comparisons. Kruskal-Wallis test significance is displayed in the corresponding panel and significance of Dunn'’s test,
denoted with an asterisk (%), is displayed above the brackets linking respective box and whisker plots. Specifically, neutrophils (A) were found significantly elevated in
Cluster 3 compared to Cluster 1 (BH-adjusted p = 0.0141). Conversely, lymphocytes (B) were found significantly reduced in Cluster 3 compared to Cluster 1
(BH-adjusted p = 0.0207). Neutrophil and lymphocyte counts between Cluster 1 and Cluster 2 and between Cluster 2 and Cluster 3 were comparable. Monocytes
(C) did not show any significant differences between clusters. NS, non-significant.
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evaluated (Figure4). CD4+4 T-cells correlated with absolute
lymphocytes across the UIC-Sarcoidosis cohort (Spearman’s
rho = 0.8329, p < 0.0001). Between the clusters however,
subjects in Cluster 3 had significantly lower CD4+ T-cells than
subjects in both the chronic cluster (Cluster 1) and inflammatory
extrathoracic-advanced cluster (Cluster 2), (KW-Test p =
0.0008, median values 421, 818, and 483 cells/pL, respectively).
Interestingly, CD4+ T-cell counts in both Clusters 2 and 3
were found to be decreased in relation to reference ranges
in the healthy population and sarcoidosis (7, 47, 48). CD4+
T-cells did not vary significantly between the chronic and
advanced phenotypes.

With phenotypes supporting variable chronicity, disease
location, and levels of inflammation, we proceeded to evaluate the
association of these phenotypes with PET scan activity. Figure 5
describes the differences in SUV ratio between clusters. Notably,
the inflammatory extrathoracic-advanced phenotype (Cluster 2)
and acute-markedly reduced lymphocyte phenotype (Cluster 3)
had significantly higher SUV ratios than Cluster 1. With a median
SUV ratio below 2, Cluster 1 was mostly comprised of subjects
with negative PET scans. Conversely, Cluster 2 and 3 both had
median SUV ratios >2 suggesting more subjects had positive PET
scans (odds ratio 6.00 and 6.50, respectively). SUV ratios did not
vary between Clusters 2 and 3.

As both the inflammatory extrathoracic-advanced phenotype
(Cluster 2) and the acute-markedly reduced lymphocyte
phenotype (Cluster 3) had high rates of PET avidity, we further
investigated the relationship between inflammatory cells and PET

positivity in the entire cohort. Receiver operator characteristic
(ROC) analysis demonstrating the sensitivity and specificity of
absolute neutrophils, absolute lymphocytes, and CD4+ T-cells
as predictors of sarcoidosis inflammatory activity on PET scan
are shown in Figure 6. Absolute lymphocytes and CD4+ T-
cells predict PET positivity with an AUC of 69.20% and 73.42%.
There was no difference between their AUC (p = 0.36) and both
represent strong associations with increased PET avidity and
had significantly greater AUC than the absolute neutrophils (p
= 0.0223 for lymphocytes and p = 0.0029 for CD4+ T-cells).
Optimal cell count thresholds for the UIC-Sarcoidosis cohort,
obtained with “Youden’s index,” suggest that absolute lymphocyte
counts <1.25 kcells/iwL and CD4+ T-cell counts <524.5 cells/pLL
are associated with PET scan positivity with median sensitivity
of 51.72 and 68.97% and a median specificity of 82.76 and
72.41%, respectively.

To further quantify the inflammatory activity on PET
scans, we next assessed TMV and TLG, to compare FDG
more stringently between phenotypes (Figure 7). The chronic-
quiescent phenotype (Cluster 1) had near normal TMV and
TLG values suggesting minimal, if any, FDG avidity and were
therefore essentially negative PET scans. This was consistent
with the SUV ratio < 2 and is therefore not surprising. These
values were also significantly lower than the other groups. The
inflammatory extrathoracic-advanced cluster (Cluster 2) and
the acute-markedly reduced lymphocyte cluster (Cluster 3) had
significantly higher TMV and TLG suggesting more sarcoidosis
related inflammatory activity (KW-test p = 0.01397). PET avidity
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FIGURE 4 | Scatterplot in (A) demonstrates the strong direct relationship (Spearman’s correlation coefficient; rho = 0.8329, p < 0.001) that is observed between
absolute lymphocyte counts (kcells/iL) and absolute CD4+ T-cells (cells/pL). Box and whisker plots in (B) highlight the differences in absolute CD4+ T-cells (cells/uL)
that are observed between clusters. A significant association was identified by Kruskal-Wallis test between clusters and absolute CD4+ T-cells (p = 0.0008). Post-hoc
analysis with Dunn’s test demonstrated significantly reduced absolute CD4+ T-cell counts, denoted with an asterisk (*), in Cluster 3 compared to Clusters 1 and 2
(BH-adjusted p = 0.0005 and 0.0929, respectively). No difference (NS) in absolute CD4+ T-cell counts was observed between Clusters 1 and 2.
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Association of Sarcoidosis Clusters with SUVay to SUVgackground Ratio
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FIGURE 5 | Box and whisker plots in (A) demonstrate the association between UIC-Sarcoidosis cohort clusters and the SUVgackground-t0-SUViax ratio (SUV ratio). An
SUV ratio of 2 was pre-specified as a cutoff value to indicate increased inflammatory activity on 18FDG-PET/CT (PET-positivity) and is depicted in (A) as the dashed
black horizontal line. A significant association between clusters and SUV ratio was found by Kruskal-Wallis test (p = 0.0052). Post-hoc analysis with Dunn’s test
demonstrated significantly elevated inflammatory activity, denoted with an asterisk (*), in Clusters 2 and 3 compared to Cluster 1 (BH-adjusted p = 0.0332 and
0.0136, respectively). No difference (NS) was observed between Cluster 2 and Cluster 3 with regards to inflammatory activity. To assess the probability of
PET-positivity based on clusters, a logistic regression model was constructed and the dot plot in (B) highlights the odds ratios derived from the model. Cluster 1 was
considered the reference given that it demonstrated significantly decreased 18FDG-PET/CT activity compared to the other two clusters. Ultimately, Cluster 2 and
Cluster 3 were found to have a 6 and 6.5-fold greater risk of PET positivity (8 = 1.7918 and 1.8718 and p = 0.0132 and 0.0061; respectively).
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was further classified into intra and extra-thoracic activity to
confirm true extrathoracic involvement in Cluster 2 as suggested
by laboratory values. There was no significant difference between
clusters in regards to intrathoracic metabolic volume (MV)
and lesion glycolysis (LG) (Figures 7C,D, respectively); however,
Cluster 2 had significantly higher extrathoracic MV (Figure 7E)
and LG (Figure 7F) than both Cluster 1 and Cluster 3 (BH-adj p
= 0.059 and BH-adj p = 0.055, respectively). When comparing
the phenotypes identified via cluster analysis with PET avidity,
Cluster 1 is consistently quiescent while Cluster 2 and 3 are both
hyperinflammatory; Cluster 2 is also confirmed to have more
extrathoracic disease.

DISCUSSION

We have identified phenotypes of sarcoidosis in a diverse tertiary
sarcoidosis referral center using unsupervised cluster analysis.
We also examined the association between these phenotypes and
the extent of sarcoidosis related inflammation. Our unbiased
approach yielded 3 distinct clusters, (A) a predominant African
American group of treatment naive subjects with chronic
sarcoidosis and minimal inflammatory activity on laboratory
and PET scan values; (B) a predominant African American
group of subjects with varying disease acuity requiring treatment,
with advanced pulmonary parenchymal changes on CT and

inflammation more extrathoracically located as evidenced by
laboratory and PET scan values; and (C) a predominant
Caucasian group of subjects with acute disease requiring
treatment, with significant PET avidity that correlates with more
significant absolute lymphocyte and CD4+ T-cell reduction.
Dissimilarities observed between clusters (summarized in
Table 3) attest to the variable immunogenicity and acuity of
sarcoidosis. These findings underscore disparities in disease
severity associated with race and to a degree, sex, that have
previously been described (1). Prior phenotypic studies support
the use of cluster analysis as an approach to identify clinical
patterns and dissimilarities among large cohorts (16).

With significantly lower 18-FDG avidity, Cluster 1 identifies
subjects with likely inactive sarcoidosis. Conversely, Clusters 2
and 3 are characterized by more subjects with positive PET scans
and substantially greater TMV and TLG, consistent with more
inflammatory activity and therefore active disease. Using the
AUC of the ROC as an integrated measure of test performance,
CD4+ T-cell count best predicted increased PET scan activity,
though was not statistically superior to the absolute lymphocyte
count threshold of 1.25 keells/puL in our cohort. Notwithstanding,
our independent analysis determined that a CD4+ T-cell count
of < 524.5 cells/\LL is related to PET positivity and note that
this was comparable to threshold levels previously utilized to
assess major organ involvement in sarcoidosis (7). Despite the
need for external validation, we conclude that absolute CD4+
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Inflammatory Cells as Predictors of Increased 18FDG-PET Activity
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FIGURE 6 | Receiver operating characteristic (ROC) curves demonstrating the
sensitivity and specificity of inflammatory cells as predictors of PET-positivity
defined as an SUV ratio > 2. Neutrophils (kcells/iL) demonstrated an area
under the curve (AUC) of 45.78% whereas lymphocytes (kcells/pL) and CD4+
T-cells (cells/pL) demonstrated a 69.2 and 73.42% AUC, respectively. No
difference was identified between the lymphocyte and CD4+ T-cell AUC
utilizing the “bootstrap” method with 1,000 replicates (o = 0.36). Both
lymphocytes and CD4+ T-cells demonstrated a significantly greater AUC
compared to neutrophils (o = 0.0223 and 0.0029, respectively). Optimal cell
count thresholds obtained with “Youden'’s index” suggest that lymphocyte
counts < 1.25 kcells/iL in the UIC-Sarcoidosis cohort are most indicative of
PET-positivity with a median sensitivity of 51.72% (95%Cl: 34.48-68.97) and a
median specificity of 82.76% (95% CI: 68.97-983.1). Similarly, CD4+ T-cell
counts < 524.5 cells/pL were most indicative of PET-positivity with a median
sensitivity of 68.97% (95%Cl: 51.72-82.76) and a median specificity of
72.41% (95% Cl: 55.17-89.66).

T-cell counts, or absolute lymphocyte counts in lieu of CD4+
T-cell enumeration, may serve as a predictor of sarcoidosis
inflammatory activity.

Notably, in our cohort, while the quiescent phenotype
was more treatment naive, all phenotypes had similar
rates of corticosteroid use, in combination with other
immunomodulators or as monotherapy, and consequently
were not considered to significantly influence the degree
of lymphocyte reduction across clusters. As sarcoidosis is
predominantly a T-helper cell mediated disease, mitigation of
inflammation with use of corticosteroids, antimalarials, TNF-a
antagonists, among others, has been a mainstay of treatment
(49). Phenotype identification has the potential to guide therapy
as has been previously shown in successful treatment of patients
with sarcoidosis and CD4+ T-cell lymphopenia with the TNF-a
antagonist, infliximab (50). Furthermore, use of PET scan has
been described as an effective way to assess treatment response
(26, 27). Thus, absolute lymphocyte counts and corresponding
trends may be considered a useful parameter for monitoring
therapy in addition to a surrogate for active inflammation
in sarcoidosis.

A further comparison between Clusters 2 and 3 shows
both clusters contain subjects with a reduction in the absolute
lymphocyte count. However, the degree of reduction was
only significant in the Caucasian/acute cluster and further
characterized by a corresponding reduction in CD4+ T-cell
counts. While we suspect immune dysregulation inherent to
sarcoidosis drives peripheral lymphocyte depletion in this
cluster, the effect seems to be present primarily in Caucasians,
which is consistent with prior gene studies performed on
the ACCESS cohort which was notably also predominantly
Caucasian (4). Conversely, African Americans belonging to
Cluster 3 did not have statistically lower absolute lymphocyte
or CD4+ T-cell counts when compared to African Americans
in other clusters. However, our cohort was comprised of only
a small number of African Americans with acute disease and
is a factor that limits full examination of this aspect and
should be investigated in subsequent studies. Cluster 2 was
characterized by more extrathoracic PET avidity, which is evident
in the abnormalities in liver function tests and inflammatory
markers. This group also had relatively more normal lymphocyte
counts in comparison to Cluster 3, but overall still exhibited
decreased absolute lymphocyte and CD4+ T-cell counts. As
Cluster 2 was predominantly African American, there were
too few Caucasians in this cluster to effectively assess features
that distinguish Caucasians in this cluster from Caucasians
in other clusters. Nonetheless, our findings suggest that race
may influence immunotypes and underscores the importance of
health disparities research in sarcoidosis.

Other than differences in lymphocytes, disease chronicity and
radiographic findings on CT were also cluster defining features.
Subjects in Cluster 1 had more chronic disease and more normal
findings on CT, suggesting this cluster represents patients with
resolved sarcoidosis. While Cluster 1 was predominantly African
American, these findings were consistent when comparing
Caucasians across clusters. Additionally, subjects in Cluster 2
had a higher frequency of advanced pulmonary parenchymal
disease which may also be reflective of chronic active disease
while subjects in Cluster 3 had more acute disease. Taken together
these findings imply interdependence between disease chronicity
and immunogenicity.

Despite our significant findings, there are several limitations
to this study that should be the focus of future works. First, our
study was limited by its retrospective design which did not allow
full clinical assessment, such as specific organ involvement, at the
time of PET scan and precluded the use of predictive tools such
as the WASOG organ assessment instrument in the clustering
algorithm which may have contributed to improved cluster
determination and increased cluster uniformity (13). As with
clinical data, acquisition of laboratory data relating to non-CD4+
T-cells was limited by the retrospective design and would have
allowed better characterization of each proposed immunotype
(7, 51-54). Additionally, although our cohort is representative
of the predominantly African American population we serve
and strengthened by strict inclusion criteria, sample size and
heterogeneity limited our analysis. Consequently, determination
of between cluster dissimilarities, particularly in relation to race
and disease chronicity, was not possible. Notably, extrathoracic
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Association of Sarcoidosis Clusters with Metabolic Volume and Lesion Glycolysis
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FIGURE 7 | Box and whisker plots demonstrating log1o normalized median and interquartile ranges of radiomic measurements performed to assess burden of
inflammatory activity in the UIC-Sarcoidosis cohort clusters. (A,B) Depict total metabolic volume (TMV) and total lesion glycolysis (TLG). (C~F) Depict intrathoracic
metabolic volume MV, intrathoracic lesion glycolysis LGy, extrathoracic metabolic volume MVgr, and extrathoracic lesion glycolysis LGer, respectively. Comparisons
between clusters were performed with Kruskal-Wallis tests and, if significant (o < 0.05), were followed by post-hoc analysis with Dunn’s test. Dunn’s test was
considered significant if BH-adjusted p < 0.1. Kruskal-Wallis test p-values are displayed in their respective panels; brackets above box and whisker plots denote
significance of Dunn’s test with an asterisk (*). NS, non-significant. Results of significant Dunn’s tests: (A)- Cluster 1 vs. 2 (BH-adjusted p = 0.0237) and Cluster 1 vs. 3
(BH-adjusted p = 0.0410); (B)- Cluster 1 vs. 2 (BH-adjusted p = 0.0170) and Cluster 1 vs. 3 (BH-adjusted p = 0.0293); (E)- Cluster 1 vs. 2 (BH-adjusted p = 0.0096)
and Cluster 2 vs. 3 (BH-adjusted p = 0.0409); (F)- Cluster 1 vs. 2 (BH-adjusted p = 0.0058) and Cluster 2 vs. 3 (BH-adjusted p = 0.0381).

TABLE 3 | Summary of the most relevant characteristics that comprise the UIC-Sarcoidosis cohort clusters.

Summary of cluster characteristics Cluster 1 Cluster 2 Cluster 3

Race African American African American Caucasian

Sex Female Female Male

Disease Acuity Chronic Variable Acute

Lung Parenchyma Normal Mixed Mixed
(Nodules & Advanced) (Nodules & Consolidation/GGO)

Treatment Naive Combination Corticosteroid & Corticosteroid Monotherapy
Immune modulator

Markers of Inflammation Normal Elevated Normal

Absolute Lymphocytes (kcells/ul)”) Normal Reduced Reduced

Absolute CD4+ T-cells (cells/ul)) Normal Reduced Reduced

18FDG-PET/CT Normal Positive Positive

(t) Indlicates that a trend toward significance was observed between clusters (Kruskal-Wallis p = 0.0560). (*) Reduced peripheral lymphocyte counts and reduced absolute CD4+ T-cell
counts within the UIC-Sarcoidosis cohort clusters are defined as median values < 1.5 kcells/ul. and < 500 cells/ulL, respectively.

disease assessment across the cohort was limited as FDG uptake In summary, we have identified a novel classification scheme
on PET scan was considered excretional in the case of the  using readily available demographic and clinically relevant data
kidneys or artifact in organs such as the heart and brain. Further  to identify three distinct sarcoidosis phenotypes with significant
limitations include lack of standardization of PET scan in terms  variation in race, disease chronicity, and inflammation. Whether
of optimal protocols for sarcoidosis and lack of follow up PET  the different immunotypes are reflective of disease acuity, race,
scan due to radiation risk or insurance coverage. comorbid conditions, or prior treatment remains to be resolved
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and follow-up studies should attempt to assess these differences
in more homogeneous cohorts. However, peripheral reductions
in lymphocytes, specifically CD4+4 T-cells, were significantly
related to inflammation identified on 18FDG-PET/CT and
therefore sarcoidosis activity. While this finding is significant, a
definitive threshold for clinically relevant lymphopenia has not
been well-established in sarcoidosis. Though future prospective
studies with larger cohorts are warranted, reductions in
peripheral lymphocytes may be considered a determinant of
sarcoidosis phenotypes and an indicator of active inflammation
on 18FDG-PET/CT. Our study opens new doors for research
that will help implement new classification criteria for the
diagnosis and treatment of sarcoidosis. Multicenter validation
studies will help to determine if this classification scheme can be
applied broadly as well as clarify the clinical and immunologic
implications of these findings.
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