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Demographical and prognostic characteristics in sarcoidosis
Sarcoidosis is a multisystemic disease characterized by cellular immunity activity with
formation of noncaseating granuloma in various organ systems.1 The disease affects
people of all ages, but most commonly those in the third to fourth decade of their
lives.2 Sarcoidosis is prevalent throughout the world, but the incidence and phenotype
differs according to specific regions and race. The highest annual incidence of
sarcoidosis has been observed in northern European countries (5 to 40 cases per
100,000 people).3 In a study that was performed in the USA, African Americans had
about a threefold higher age‐adjusted annual incidence (35.5 per 100,000) compared
with Caucasians (10.9 per 100,000).4
Löfgren’s syndrome is the most frequent type of presentation in the Scandinavian
countries and is defined by the presence of acute onset symptoms with fever,
arthralgias, erythema nodosum, and bilateral hilar lymphadenopathy (see Figure 1.1
and 1.4b). In Japan, cardiac involvement and uveitis are more common.5

Figure 1.1

Ankle arthritis and erythema nodosum in a patient with Löfgren’s syndrome.

In general, sarcoidosis has a beneficial prognosis. Remission occurs within 3 years of
the diagnosis for more than half of the patients, and within a decade for two‐thirds
with few or no consequences.5 The remaining one‐third of the patients suffers from
persistent disease, leading to significant organ impairment. Less than 5% of patients
die of sarcoidosis, death is usually the result of cardiac or neurological involvement, or
of respiratory failure due to pulmonary fibrosis.2,6 Löfgren’s syndrome usually carries a
good prognosis, being self‐limiting within six months after initial presentation in the
majority of the patients. Patients characteristics like black race, lupus pernio, bone
involvement, advanced pulmonary disease are associated with a chronic course of the
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disease (Table 1.1).7‐10 The differences in incidence and phenotype complicate
comparing and executing studies concerning prognosis and treatment effect, since
patient populations are heterogeneous. Several scoring systems have been used to
assess the level of disease and clinical outcome. In order to standardize the clinical
outcome description of patients with sarcoidosis, a novel clinical outcome score was
recently developed by a task force of the World Association of Sarcoidosis and Other
Granulomatous Diseases (WASOG).11

Table 1.1

Characteristics associated with worse prognosis.

12

Age >40 at onset
African American
Requirement for steroids
Extrapulmonary involvement
Cardiac
Neurological (except isolated cranial nerve palsy)
Lupus pernio
Splenomegaly
Hypercalcemia
Osseous disease
Pulmonary involvement
Stage III–IV chest radiograph
Pulmonary hypertension
Significant lung function impairment
Moderate to severe dyspnea on presentation
Neutrophilia in bronchoalveolar lavage fluid at presentation

Clinical presentation
The clinical presentation is highly variable. The disease primarily affects the lungs and
the lymphatic system, but virtually every organ system can be involved (Table 1.2).1
The most common symptoms include fatigue, respiratory symptoms like coughing or
dyspnea, and symptoms related to extrapulmonary involvement.5

Pulmonary involvement
Involvement of the pulmonary parenchyma and mediastinal lymphadenopathy is
present in approximately 90% of the sarcoidosis patients; hence the pulmonologist is
often the prominent physician in the management of the disease. However, since any
organ may be affected, a multidisciplinary approach is needed in a substantial part of
the patients.1,13 The various diagnostic tools are discussed below.
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Table 1.2

Historical estimate of the prevalence of organ involvement in sarcoidosis.

Organ involvement
Mediastinal lymphadenopathy
Lung
Liver
Spleen
Eye
Extrathoracic lymphadenopathy
Skin
Central nervous system
Small fiber neuropathy
Muscle
Heart (symptomatic)
Bone (symptomatic)
Kidney
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1

% of the patients
95‐98
>90
50‐80
40‐80
20‐80
20‐30
25‐30
10‐15
25‐70
10‐75
5‐15
1‐10
2‐5

Fatigue
Despite the fact that fatigue is a common problem (with a reported prevalence of 30‐
90%) and a clear hallmark in sarcoidosis patients that affects quality of life, it still
remains underestimated and poorly inderstood.14 De Vries et al. found no relationship
between fatigue in sarcoidosis patients and a number of clinical variables, including
lung function, metabolic variables, laboratory parameters of inflammation and T‐cell
activation and granuloma formation.14 A recent study showed that, although exercise
intolerance and muscle weakness are frequent problems in sarcoidosis, fatigue was
not predicted by the presence of these and other clinical characteristics.15 The fatigue
assessment scale (FAS) has been shown to be an easy, reliable and valid scale for
assessing fatigue in sarcoidosis patients.16 When evaluating sarcoidosis patients
suffering from fatigue, it is important to exclude disorders that may interact with
fatigue in sarcoidosis, i.e. obstructive sleep apnea syndrome, hypothyroidism and
depression.17‐19

Exercise capacity
A substantial number of patients with symptomatic sarcoidosis display exercise
intolerance (45%), as well as muscle weakness (prevalence rates of 12–27%). Patients
with impaired peripheral muscle strength are more fatigued and demonstrate
impaired lung function test results, six‐min walk distance (6MWD), and quality of life
(QoL) compared with patients without reduced peripheral muscle strength.15 Another
cause of exercise intolerance can be the presence of pulmonary hypertension, which
occurs in 6‐23% of patients at rest and in more than 40% of patients during exercise.20
Pulmonary hypertension complicates pulmonary sarcoidosis more frequently in
advanced parenchymal disease and significantly worsens prognosis.5
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Neurosarcoidosis
The prevalence of clinical involvement of the central nervous system is estimated to
be about 5‐15% in patients with sarcoidosis.21 It is a serious and commonly
devastating complication of sarcoidosis and can present in many different ways, like
cranial neuropathy, cerebral sarcoid lesions, papilledema, psychiatric symptoms,
aseptic meningitis, hydrocephalus, seizures, spinal sarcoidosis, peripheral neuropathy,
and small fiber neuropathy.21‐23 Furthermore, patients may present with evidence of
pituitary or hypothalamic dysfunction.24 In patients with confirmed active systemic
sarcoidosis, neuroimaging studies, especially magnetic resonance imaging (MRI), and
electrophysiological studies can support the diagnosis of neurosarcoidosis. Tissue
confirmation remains the gold standard for unconfirmed cases or for patients with a
history of sarcoidosis but with no evidence of disease activity.21

Uveitis
Ocular involvement is present in 30‐60% of patients with sarcoidosis and can be a
source of considerable morbidity if not properly diagnosed and treated.25 This eye
disease may occur in the absence of apparent systemic involvement or may be the
main site of disease without significant clinical disease elsewhere.26 Therefore, routine
slit‐lamp and funduscopic examination is necessary. Patients who present with only
ocular findings pose a unique challenge, as establishing a definitive diagnosis with
intraocular biopsy can be associated with significant morbidity.25 International criteria
for the diagnosis of ocular sarcoidosis were reported by the committee of the first
international workshop on ocular sarcoidosis (IWOS).26 Inflammatory patterns can be
classified as anterior (iris and/or ciliary body), intermediate (vitreous) or posterior
(retina, choroid) uveitis. Anterior uveitis is the most common manifestation, occurring
in 65% of patients with ophthalmologic involvement. Acute anterior conjunctivitis can
occur in Löfgren’s syndrome and generally has a favorable prognosis. In contrast,
chronic anterior uveitis is more notable for causing ocular morbidity.27 Posterior
segment involvement is reported to occur in nearly 30% of the patients with ocular
sarcoidosis.2 This type of uveitis should be considered vision‐threatening and can be
accompanied by central nervous system involvement.2,27 Inflammation of all three
ocular compartments (anterior, intermediate, and posterior) or panuveitis is a poor
prognostic risk factor.28

Cardiac involvement
Cardiac sarcoidosis is a rare but potentially fatal manifestation of sarcoidosis. Clinically
apparent cardiac involvement is present in approximately 5% of the patients, but
much higher frequencies of myocardial granulomas have been reported in autopsy
studies.2,29 Cardiac sarcoidosis is manifested clinically as a cardiomyopathy with loss of
muscle function or tachyarrhythmias and bradyarrhythmias (palpitations, syncope,
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and death). In every patient with sarcoidosis, an electrocardiogram (ECG) should be
perfomed.1 If symptoms like palpitations or conduction abnormalities on the ECG are
present, further evaluation, including cardiac MRI or fasting cardiac fluorine‐18
fluorodeoxyglucose positron emission tomography (18F‐FDG PET), is warranted.2,30,31
Active sarcoid lesions and their response to steroid treatment may be better detected
by 18F‐FDG PET, whereas fibrotic lesions might be shown more clearly by MRI or other
nuclear myocardial perfusion imaging.32 The value of metaiodobenzylguanidine
scintigraphy (MIBG) will be discussed in chapter 2.

Cutaneous involvement
Cutaneous involvement is common (occurring in 25‐35% of patients with sarcoidosis)
and often overlooked or misinterpreted, given the variability of the lesions.2 Special
attention should be given to scars and tattoos, since these are preferential sites of
granulomatous inflammation. Lupus pernio is more common in women and is
associated with chronic disease and extrapulmonary involvement.33 In contrast,
erythema nodosum is mainly present in patients with Löfgren’s syndrome. Detection
of changes in cutaneous lesions can be of great value for the clinical assessment of
inflammatory activity, since these sites are easily accessible without the need for
technical investigations (Figure 1.2).
a

Figure 1.2

b

a. Sarcoid cutaneous involvement in a tattoo, b. Multiple subcutaneous nodules located on
the upper extremity of a patient with sarcoidosis.
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Pathogenesis
Although advances in understanding the immunopathogenesis of sarcoidosis have
been made, the cause of sarcoidosis remains unclear. The development of sarcoidosis
is probably the end result of immune responses to various ubiquitous environmental
triggers in genetically susceptible individuals.2
Granulomas, the hallmark of sarcoidosis, are compact, centrally organized collections
of macrophages and epithelioid cells encircled by lymphocytes. The presence of
granuloma is not specific for sarcoidosis, but can also occur in other interstitial lung
diseases, e.g. hypersensitivity pneumonitis, berylliosis and pulmonary Langerhans cell
histiocytosis. Granuloma formation and maintenance is initiated by the presence of
CD4+ T‐cells that interact with the major histocompatibility complex class II molecules
on antigen presenting cells.34 These activated CD4+ T‐cells differentiate into type 1
helper T (Th1)‐like cells and secrete predominantly interleukin‐2 (IL‐2) and interferon‐
γ (IFN‐γ), augment macrophage tumor necrosis factor‐alpha (TNF‐α) production, and
amplify the local cellular immune response.2 IL‐2 acts as a local growth factor for
T‐lymphocytes, whereas INF‐γ enhances the accessory and cytotoxic function of
T‐cells and regulates the secretion of other lymphokines.5 TNF, IL‐12 and IL‐18 induce
IFN‐γ production and enhance T‐cell cytotoxicity.35 Due to this immunological
response the cells organize into granuloma. Granulomatous inflammation can
spontaneously resolve or persist with the development of chronic disease. If ongoing
antigen presentation is present, an increased production of macrophage‐generated
cytokines, e.g. transforming growth factor‐β, favor the development of fibrosis.5
However, the exact mechanisms are still largely unknown. Recently, Sweiss et al.
identified several significant associations between disease sub‐phenotypes and serum
levels of TNF‐α and type I IFN, which were distinct in different ancestral
backgrounds.36 These results suggest that different cytokines may be more important
in a particular group of patients with sarcoidosis. Figure 1.3 shows a schematic
presentation of granuloma formation in sarcoidosis.
The ACCESS (A Case Control Etiologic Study of Sarcoidosis) study identified several
environmental exposures modestly associated with sarcoidosis risk, including
insecticides, agricultural employment, and microbial bioaerosols.17 Occupational
studies have shown positive associations with service in the U.S. Navy, metalworking,
firefighting, the handling of building supplies and man‐made mineral fibres.2,37
Furthermore, Mycobacteria and Propionibacteria have been identified as possible
causative agents.38
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A schematic presentation of granuloma formation in sarcoidosis.
Th= T‐helper; Ag= antigen; HLA: human leukocyte antigen; IFN‐γ= interferon‐gamma; IL=
48
interleukin; TCR: T‐cell receptor; TNF= tumor necrosis factor (adapted from Baughman ).
Hypothetical model of the pathogenesis of sarcoidosis. An antigen induced antigen‐specific,
Th1‐mediated granulomatous inflammation with production of Th1 cytokines (IFN‐γ, IL‐2). The
efficiency of antigen processing, antigen presentation and cytokine release is probably under
genetic control; evidence strongly supports a role for macrophage HLA and butyrophilin‐like 2
(BTNL2) alleles in sarcoidosis susceptibility and phenotype. Granuloma formation is set in
motion by activated macrophages and T‐cells along with other effector cells (e.g. fibroblasts)
under the regulatory influence of local cytokine production. Removal of the antigen allows
transforming growth factor‐beta (TGF‐β) to downregulate the immune response. Alveolar
macrophages activated in the context of a predominant Th2 response appear to stimulate
2
fibroblast proliferation and collagen production, leading to progressive fibrosis.

Familial clustering of sarcoidosis has been demonstrated.39 Patients stated that they
had siblings or parents with sarcoidosis five times more often as control subjects.17
Human leukocyte antigens (HLA) are cell surface proteins that are essential for
immune recognition and function. Reports suggest that specific HLA genotypes confer
a predisposition to the disease phenotype rather than to susceptibility.2,40,41 For
example, HLA‐DQB1*0201 and HLA‐DRB1*0301 are strongly associated with acute
disease and a good prognosis, whereas the haplotype HLA‐DRB1*1501/HLA‐
DQB1*0602 was found to be associated with a chronic course and severe pulmonary
sarcoidosis.41‐44 The presence of butyrophilin‐like 2 (BTNL2) variant alleles is
associated with an increased risk of progressing to persistent pulmonary sarcoidosis,45
besides an increased risk to develop sarcoidosis45,46, although the independence of
the BTNL2 association with sarcoidosis was questioned in another study.47
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Diagnosis
The diagnosis of sarcoidosis is supported by a compatible clinical and radiographic
presentation together with histological evidence of noncaseating granulomas on
biopsy. In Löfgren’s syndrome, a feasible diagnosis of sarcoidosis can be made on the
1
clinical picture, without the need for a biopsy.

Treatment
Most patients require no treatment, but several pharmacologic options exist for those
patients with an indication for therapy. Nevertheless, none of these drugs are
curative. Non‐steroidal anti‐inflammatory drugs (NSAIDs) can be efficient for symptom
relief in patients with arthralgia/arthritis. Topical treatment can be very effective in
cutaneous involvement. Decisions on whether to start systemic immunosuppressive
treatment or not are based on clinical features, like organ dysfunction or, in selected
cases, symptoms that affect quality of life, i.e. severe cutaneous involvement that
does not respond to topical treatment. The drug of first choice is prednisone, limited
evidence is available for the use of other immunosuppressive drugs like methotrexate,
azathioprine, leflunomide or hydroxychloroquine and, more recently, TNF‐α
inhibitors.2,49‐58

Assessment of inflammatory activity
In general, assessment of inflammatory activity is vital in the management of
sarcoidosis, and is especially necessary to monitor the course of sarcoidosis and guide
therapeutic strategies.57,59,60 The presence of inflammatory activity means that the
disease has not yet come to a rest, that there is still ongoing T‐cell and macrophage
inflammation and granuloma formation, with the potential that the disease may
progress, whereas the absence of inflammatory activity means that the disease has
come to a rest and will likely not progress.59 However, in sarcoidosis, activity should
be distinguished from severity. Activity in sarcoidosis does not necessarily indicate a
progressive course, a fatal prognosis, or the need for medical treatment.61 The
presence of inflammatory activity can be regarded as certain in case chest
radiography (CXR) findings or lung function test results provide evidence of disease
progression and in patients with acute, symptomatic sarcoidosis.62,63 Nevertheless,
assessment of inflammatory activity in sarcoidosis patients with unexplained
persistent disabling symptoms remains a challenge for clinicians.
The assessment of inflammatory activity by clinical and radiographic features can be
complicated as organ involvement beyond the scope of the used diagnostic tools,
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might be missed. Symptoms like arthralgia or fatigue can be nonspecific and difficult
to objectify.12,14,15 Furthermore, symptoms like coughing and dyspnea might be
related to ongoing inflammatory activity as well as to end‐stage disease, i.e.
pulmonary fibrosis. It is important to be informed about the presence or absence of
inflammatory activity in those patients as fibrosis itself is irreversible. In general,
patients with fibrosis without ongoing inflammatory activity are thus supposed not to
benefit from immunosuppressive treatment.12 A technique, able to evaluate the
presence of inflammatory activity per organ system, is therefore desirable.

Laboratory parameters
Inflammatory activity is characterized by ongoing T‐cell and macrophage activity and
granuloma formation, reflected by an increase in serological markers of inflammatory
activity, i.e. angiotensin‐converting enzyme (ACE), soluble interleukin‐2 receptor (sIL‐
2R) and neopterin, or abnormal glucose metabolism.53,59,63‐69
ACE
In sarcoidosis, ACE is mainly produced by activated granuloma cells (epithelioid cells).2
The reported sensitivity and specificity of ACE for diagnosing sarcoidosis is moderate,
even if corrected for genotype (insertion/deletion polymorphism).70,71 In general,
serum ACE levels are higher in clinically active compared with inactive disease, and
correlate with disease extent to a certain degree. However, low ACE serum levels do
not exclude activity of sarcoidosis, especially in chronic disease or when
immunosuppressive therapy is used.59,72 Furthermore, there is insufficient evidence
that ACE levels can predict disease outcome. It should be noted that measurement of
ACE levels is not useful in patients taking ACE‐inhibitors.
sIL‐2R and neopterin
IL‐2 plays an important role in controlling T‐cell proliferation.73 After binding to the
IL‐2 receptor on T‐cells, it forms the IL‐2 receptor complex.74 IL‐2R immunoassays can
measure a soluble part of the IL‐2R (sIL‐2R). sIL‐2R is elevated in patients with active
sarcoidosis.62,65,67 It has been shown to correlate with the number of CD4+
T‐lymphocytes in bronchoalveolar lavage (BAL) fluid, extrapulmonary disease and
respiratory functional impairment.64,67 It may have prognostic value in
sarcoidosis.62,65,66 Neopterin represents activation of the monocyte/macrophage
system, and is found to be increased in active and progressive disease as well.66
C‐reactive protein
C‐reactive protein (CRP) is an acute‐phase protein. Measurement of plasma or serum
CRP levels can be useful to differentiate inflammatory from non‐inflammatory
conditions.75 In sarcoidosis, CRP levels appeared to be elevated, especially in acute
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disease, but the mean CRP concentrations of patients with stable or progressing
disease (indicating severe disease) did not differ significantly from those in healthy
controls, in contrast to sIL‐2R.62 In another study, the predictive value of CRP for the
presence of respiratory functional impairment was much lower than that of sIL‐2R.64
These serological inflammatory markers are not specific for sarcoidosis. CRP levels can
be elevated by a wide range of inflammatory processes.75 Elevated ACE levels can be
found in other granulomatous diseases like tuberculosis and silicosis, and also in
hyperthyroidism.76 sIL‐2R levels can be increased in patients with malignant
lymphomas, tuberculosis, HIV, rheumatoid arthritis, and lupus erythematosus.77‐81
However, specificity is of less importance as these markers are not used for
establishing the diagnosis of sarcoidosis, but only for the assessment of inflammatory
activity.
Higher levels of other serological inflammatory markers like chitotriosidase, lysozyme,
nuclear regulatory factor‐kappaB (NF‐ĸB), and the glycoprotein KL‐6 have been
observed in patients with active sarcoidosis, but these markers require further
validation before they can be used in clinical practice.82‐84
Elevated calcium levels can be found in both serum and independently in the urine as
a result of increased production of 1,25‐dihydroxyvitamin D3 in the granuloma and
thus can be considered as a marker of granuloma activity, but with a low
sensitivity.2,59 If hypercalcemia is present, other causes of this feature like
hyperparathyroidism should be considered. Liver‐test abnormalities are present in
10‐25% of all sarcoidosis patients, but liver involvement is usually clinically silent.2,85
Moderate and severe liver‐test abnormalities seemed to be associated with more
advanced histopathological disease.85

Lung function tests
Deterioration of lung function is regarded as an indicator of disease activity in
sarcoidosis.59 A wide spectrum of lung function abnormalities can be present,
including an obstructive pattern, restriction, a mixed obstructive and restrictive
ventilatory effect, and a decreased diffusion capacity of the lungs for carbon
monoxide (DLCO).86 Airway hyperreactivity occurs in 5‐83% of patients.87 Abnormal
lung function tests, especially forced expiratory volume in one second (FEV1), forced
vital capacity (FVC), and DLCO are traditionally used as an indication for treatment.59
Baseline lung function tests are not related to the probability of disease progression
and cannot distinguish between reversible granulomatous lesions and irreversible
fibrotic changes.59 In 80% of sarcoidosis patients presenting with abnormal
spirometric findings, values return normal within 2 years.88 No obvious correlation
between lung function test results and CXR findings exists, although prominent lung
restriction occurs especially in patients with CXR stages III‐IV (this staging system is
described below).59,86 Due to the wide‐ranging variety of possible lung function
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abnormalities in sarcoidosis, depicting a single lung function test as primary measure
of change is difficult. In an individual patient, repeated performance of complete lung
function testing, including spirometric and plethysmographic volumes as well as DLCO
measurement, seems most appropriate for longitudinal assessment.86 This shows that
defining a single lung functional primary endpoint in pharmacological studies is
problematic. Furthermore, assessment of disease activity through lung function tests
requires evidence of progression between two measurements and so does not reflect
that actual state.

Bronchoalveolar lavage
Disease presentation or activity at the time the BAL is performed as well as the
smoking status is crucial for interpretation of individual BAL fluid analysis results.89 In
sarcoidosis, the majority of patients have an increased number of lymphocytes and a
normal amount of eosinophils and neutrophils.89,90 The relative proportion of
lymphocytes can be somewhat higher in clinically active disease (range 20‐80%, mean
around 40%) versus clinically inactive sarcoidosis (mean lymphocytes 30%). There is
considerable overlap in lymphocytes between active and inactive disease, and BAL
may be normal in 10‐15% of patients.91,92 Lymphocytosis in BAL fluid has not shown to
be predictive of more progressive pulmonary disease. To date, an increase in the
number of neutrophils in BAL fluid was found to be associated with an unfavorable
outcome.62,93 The analysis of other inflammatory mediators like cytokines and
chemokines in BAL fluid may have potential clinical application in the future.94‐96 BAL
has no role in the detection of responsiveness to therapy.86

Chest radiography
Between 85 and 95% of sarcoidosis patients have abnormalities on chest radiographs.
According to the Scadding radiographic staging system, five stages of radiographic
abnormality can be recognised: stage 0 (normal CXR), stage I (bilateral hilar
lymphadenopathy (BHL)), stage II (BHL and parenchymal abnormalities), stage III
(parenchymal abnormalities without BHL) and stage IV (advanced lung fibrosis with
evidence of honeycombing, hilar retraction, bullae, cysts and/or emphysema) (Figure
1.4).1,97 Patients initially present with CXR stage 0 in 5‐15%, stage I in 45‐65%, stage II
in 30‐40%, stage III in 10‐15% and stage IV in 15‐25%, respectively. As mentioned
before, there is no strong relationship between CXR stages and lung function test
results. However, in general, patients with a lower radiographic stage are more likely
to experience resolution of symptoms and CXR abnormalities.86 A recent study
showed that survival is significantly decreased in CXR stage IV patients and that 75%
of the fatalities are directly attributable to respiratory causes.98
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Figure 1.4

Chest radiographic staging system in sarcoidosis.
a. Stage I : CXR (left) and coronal high‐resolution computed tomography scan (HRCT; right)
showing bilateral hilar lymphadenopathy, without parenchymal abnormalities.
b. Stage II: CXR (left) and coronal HRCT image (right) showing both lymphadenopathy and
parenchymal abnormalities (nodular and reticulonodular opacities).
c. Stage III: CXR (left) and coronal HRCT image (right) showing parenchymal abnormalities
without hilar lymphadenopathy.
d. Stage IV: CXR (left) and coronal HRCT image (right) showing signs of lung fibrosis with hilar
retraction and architectural distortion of the pulmonary parenchyma.
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HRCT images of a sarcoidosis patient to illustrate the use of the semiquantitative HRCT scoring
112
107
system that has been described by Oberstein et al. Adapted from Drent et al.
a. Intra‐parenchymal nodules. b. Septal and nonseptal lines (1→); Thickening or irregularity of
the bronchovascular bundle (2→). c. Parenchymal consolidation (including ground‐glass
opacifications). d. Focal pleural thickening (arrows).

High‐resolution CT
The high‐resolution computed tomography (HRCT) uses short scanning times and thin
collimation, making it possible to view lung parenchyma in detail and detect abnormal
changes of the lung parenchyma at an early stage.99‐104 HRCT appearances in
sarcoidosis are characterized by peribronchovascular thickening and perilymphatic
nodular distribution. Other common patterns are: enlargement of the mediastinal and
hilar lymph nodes, ground‐glass opacification, parenchymal consolidations, and signs
of fibrosis (architectural distortion as shown by distortion of the airways and blood
vessels, irregular distortion of the septal and intralobular lines, retraction of the hila
and fissures, cystic formation and traction bronchiectasis).99,103,105 Follow‐up CT scan
studies in patients with pulmonary sarcoidosis showed that nodular opacities
represent potentially reversible findings.105,106 In contrast, differentiation between
fibrotic and granulomatous components in parenchymal consolidations cannot be
made based on HRCT findings. The above‐mentioned follow‐up CT scan studies also
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showed that cystic air spaces and architectural distortion are irreversible findings,
irrespective of treatment.105,106 Due to pre‐existing major abnormalities, radiological
features are frequently of limited value for assessment of inflammatory activity in
sarcoidosis patients with fibrotic disease.
The presence and extent of parenchymal abnormalities on HRCT appeared to
correlate with functional impairment in sarcoidosis.107‐111 To achieve a reliable
comparison of results, a standardized (semi‐)quantitative estimation of abnormal
findings on HRCT is mandatory. In clinical practice, it is important that the chosen
HRCT score is complete, valid, reproducible, easy to learn, and rapid.107 Intra‐ and
inter‐reader reliability of a semiquantitative HRCT scoring system that was adapted
from one previously described by Oberstein et al.112 (Figure 1.5; see also Chapter 5
and 6) demonstrated good agreement.107 This total HRCT score, but not the
radiographic stage, appeared to predict the presence of respiratory functional
impairment in the same study. Furthermore, this scoring system was related to
various biochemical biomarkers of disease activity and the number of neutrophils in
the BAL fluid.93,112
18

F‐FDG PET

18

F‐FDG PET is used to detect high glucose metabolism in malignancies or infectious
foci and to explain fever of unknown origin.68,69,113 The glycolysis of inflammatory cells
is enhanced when these cells are stimulated. This is mainly attributable to the high
number of glucose transporters present in these cells and also to the enhanced
affinity of these transporters for glucose.69 The uptake of 18F‐FDG follows the same
pathway as glucose, but once it has entered the cell, it is phosphorylated by
hexokinase enzyme to 18F‐2’‐FDG‐6 phosphate. This cannot be further degraded via
the glycolysis pathway nor can it easily undergo dephosphorylation by glucose‐6‐
phosphatase.114 It is proposed that inflammatory cells such as activated macrophages
and lymphocytes at the site of inflammation are responsible for the accumulation of
FDG.114‐116
PET has been shown to be a very sensitive technique for the assessment of
inflammatory activity in sarcoidosis by detecting and quantifying the degree of
inflammatory and granulomatous reactions that occur in the lungs and elsewhere in
the body.63,117‐119 In patients with proven sarcoidosis, the extent of involvement and
quantification of inflammatory activity can be more accurately assessed by 18F‐FDG
PET than with 67Gallium scintigraphy.118‐120 Apart from its value for assessment of
inflammatory activity, 18F‐FDG PET is therefore also useful to identify occult and
reversible granulomas in patients with sarcoidosis (Figure 1.6).117 In addition, PET has
several practical advantages over 67Gallium scintigraphy as it is less time‐consuming,
the inter observer agreement is higher and the radiation exposure lower.119
Somatostatin receptor scintigraphy (SRS), most frequently performed with
Indium‐111, has also been shown to reveal sarcoidosis sites.121 A study by Lebtahi et
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al.122 suggested that, compared with gallium scintigraphy, SRS appeared to be
accurate and contributed to a better evaluation of organ involvement in sarcoidosis
patients, especially those treated with corticosteroids. However, it missed 40% of the
known extrathoracic sites. To our knowledge, the literature includes no data on
potential advantages of SRS over PET‐scanning in the detection of granulomatous sites
in patients with proven sarcoidosis.

a

b

Figure 1.6

a. PET/CT image of a sarcoidosis patient showing multiple foci with increased FDG‐uptake in
the muscles of the lower extremities. b. Noncaseating granuloma present in a biopsy obtained
from the left quadriceps muscle of the patient with sarcoidosis.
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Scope and aims of the study
In current clinical practice, serological parameters, i.e. ACE, CRP, sIL‐2R, and
neopterin, in combination with clinical indices like lung function parameters and
radiological findings are most commonly used to assess inflammatory activity and
disease severity in sarcoidosis. Sometimes however, patients suffer from disease
related persistent disabling symptoms, and no signs of inflammatory activity could be
detected with these routine investigations. Inflammatory activity assessment in these
cases remains a challenge for clinicians, as absence of evidence does not mean
evidence of absence. The management of patients with unexplained persistent
disabling symptoms, therefore, requires reliable and clinically useful markers of
inflammatory activity. The aims of the studies presented in this thesis were to
evaluate the relationship between the currently available markers of inflammatory
activity, and the relationship between these markers and parameters of disease
severity in sarcoidosis patients. The studies included patients with sarcoidosis who
had had unexplained persistent disease‐related disabling symptoms for at least one
year and were referred to a tertiary care center in the Netherlands. In addition, we
assessed the response of inflammatory signs and clinical characteristics to treatment
with adalimumab in sarcoidosis patients with refractory chronic uveitis.
Chapter 2 provides an overview of the knowledge about and limitations of the use of
metaiodobenzylguanidine (MIBG) scintigraphy in cardiac and pulmonary diseases.
Chapter 3 reports on the assessment of the presence of inflammatory activity using
fluorine18‐fluorodeoxyglucose positron emission tomography (PET) in 89 sarcoidosis
patients with unexplained persistent disabling symptoms, and evaluates the
association between PET findings and serological inflammatory markers. Chapter 4
describes the prevalence and distribution pattern of bone and bone marrow
involvement as detected by PET/CT in 94 sarcoidosis patients with a positive PET.
Chapter 5 evaluates the association between the severity of the pulmonary
involvement and PET activity in 95 persistently symptomatic sarcoidosis patients.
Chapter 6 makes an attempt to develop a prediction rule that can be used to identify
persistently symptomatic sarcoidosis patients for whom there is a high probability
that PET will show the presence of inflammatory activity. Chapter 7 presents the
results of a prospective case series that included 26 sarcoidosis patients with
refractory uveitis. The study evaluated the effect of adalimumab on intraocular
inflammatory signs and other relevant clinical manifestations (lung function,
serological inflammatory parameters, and fatigue) of sarcoidosis. Chapter 8 provides a
summary of the findings presented in this thesis and argues their implications. Finally,
directions for future research are discussed.

General introduction

29

References
1.

2.
3.
4.
5.
6.
7.

8.
9.
10.
11.

12.
13.
14.
15.
16.
17.

18.
19.

20.
21.
22.
23.
24.

Statement on sarcoidosis. Joint Statement of the American Thoracic Society (ATS), the European
Respiratory Society (ERS) and the World Association of Sarcoidosis and Other Granulomatous
Disorders (WASOG) adopted by the ATS Board of Directors and by the ERS Executive Committee,
February 1999. Am J Respir Crit Care Med 1999;160:736‐55.
Iannuzzi MC, Rybicki BA, Teirstein AS. Sarcoidosis. N Engl J Med 2007;357:2153‐65.
Pietinalho A, Hiraga Y, Hosoda Y, Lofroos AB, Yamaguchi M, Selroos O. The frequency of sarcoidosis in
Finland and Hokkaido, Japan. A comparative epidemiological study. Sarcoidosis 1995;12:61‐7.
Rybicki BA, Major M, Popovich J Jr, Maliarik MJ, Iannuzzi MC. Racial differences in sarcoidosis
incidence: a 5‐year study in a health maintenance organization. Am J Epidemiol 1997;145:234‐41.
Iannuzzi MC, Fontana JR. Sarcoidosis: clinical presentation, immunopathogenesis, and therapeutics.
JAMA 2011;305:391‐9.
Baughman RP, Lower EE. Who dies from sarcoidosis and why? Am J Respir Crit Care Med 2011;183:
1446‐7.
Baughman RP, Teirstein AS, Judson MA, Rossman MD, Yeager H Jr, Bresnitz EA, DePalo L,
Hunninghake G, Iannuzzi MC, Johns CJ, McLennan G, Moller DR, Newman LS, Rabin DL, Rose C, Rybicki
B, Weinberger SE, Terrin ML, Knatterud GL, Cherniak R; Case Control Etiologic Study of Sarcoidosis
(ACCESS) research group. Clinical characteristics of patients in a case control study of sarcoidosis. Am
J Respir Crit Care Med 2001;164:1885‐9.
Neville E, Carstairs LS, James DG. Sarcoidosis of bone. Q J Med 1977;46:215‐27.
Zisman DA, Shorr AF, Lynch JP, 3rd. Sarcoidosis involving the musculoskeletal system. Semin Respir
Crit Care Med 2002;23:555‐70.
Mana J, Salazar A, Manresa F. Clinical factors predicting persistence of activity in sarcoidosis: a
multivariate analysis of 193 cases. Respiration 1994;61:219‐25.
Baughman RP, Nagai S, Balter M, Costabel U, Drent M, du Bois R, Grutters JC, Judson MA, Lambiri I,
Lower EE, Muller‐Quernheim J, Prasse A, Rizzato G, Rottoli P, Spagnolo P, Teirstein A. Defining the
clinical outcome status (COS) in sarcoidosis: results of WASOG Task Force. Sarcoidosis Vasc Diffuse
Lung Dis 2011;28:56‐64.
Lazar CA, Culver DA. Treatment of sarcoidosis. Semin Respir Crit Care Med 2010;31:501‐18.
Drent M. Sarcoidosis: benefits of a multidisciplinary approach. Eur J Intern Med 2003;14:217‐20.
De Vries J, Rothkrantz‐Kos S, van Dieijen‐Visser MP, Drent M. The relationship between fatigue and
clinical parameters in pulmonary sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 2004;21:127‐36.
Marcellis RG, Lenssen AF, Elfferich MD, De Vries J, Kassim S, Foerster K, Drent M. Exercise capacity,
muscle strength and fatigue in sarcoidosis. Eur Respir J 2011;38:628‐34.
De Vries J, Michielsen H, Van Heck GL, Drent M. Measuring fatigue in sarcoidosis: the Fatigue
Assessment Scale (FAS). Br J Health Psychol 2004;9:279‐91.
Newman LS, Rose CS, Bresnitz EA, Rossman MD, Barnard J, Frederick M, Terrin ML, Weinberger SE,
Moller DR, McLennan G, Hunninghake G, DePalo L, Baughman RP, Iannuzzi MC, Judson MA, Knatterud
GL, Thompson BW, Teirstein AS, Yeager H Jr, Johns CJ, Rabin DL, Rybicki BA, Cherniack R; ACCESS
Research Group. A case control etiologic study of sarcoidosis: environmental and occupational risk
factors. Am J Respir Crit Care Med 2004;170: 1324‐30.
Antonelli A, Fazzi P, Fallahi P, Ferrari SM, Ferrannini E. Prevalence of hypothyroidism and Graves
disease in sarcoidosis. Chest 2006;130:526‐32.
Verbraecken J, Hoitsma E, van der Grinten CP, Cobben NA, Wouters EF, Drent M. Sleep disturbances
associated with periodic leg movements in chronic sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis
2004;21:137‐46.
Fisher KA, Serlin DM, Wilson KC, Walter RE, Berman JS, Farber HW. Sarcoidosis‐associated pulmonary
hypertension: outcome with long‐term epoprostenol treatment. Chest 2006;130:1481‐8.
Hoitsma E, Faber C, Drent M, Sharma OP. Neurosarcoidosis: a clinical dilemma. Lancet Neurol
2004;3:397‐407.
Sharma OP. Neurosarcoidosis. Chest 1991;100:301‐2.
Scott TF. Neurosarcoidosis: progress and clinical aspects. Neurology 1993;43:8‐12.
Murialdo G, Tamagno G. Endocrine aspects of neurosarcoidosis. J Endocrinol Invest 2002;25:650‐62.

Chapter 1

30

25.
26.

27.
28.
29.
30.
31.

32.
33.
34.
35.

36.

37.
38.
39.
40.
41.

42.
43.
44.

45.
46.

47.

Birnbaum AD, Oh FS, Chakrabarti A, Tessler HH, Goldstein DA. Clinical features and diagnostic
evaluation of biopsy‐proven ocular sarcoidosis. Arch Ophthalmol 2011;129:409‐13.
Herbort CP, Rao NA, Mochizuki M. International criteria for the diagnosis of ocular sarcoidosis: results
of the first International Workshop On Ocular Sarcoidosis (IWOS). Ocul Immunol Inflamm
2009;17:160‐9.
Rose AS, Tielker MA, Knox KS. Hepatic, ocular, and cutaneous sarcoidosis. Clin Chest Med
2008;29:509‐24, ix.
Rothova A, Suttorp‐van Schulten MS, Frits Treffers W, Kijlstra A. Causes and frequency of blindness in
patients with intraocular inflammatory disease. Br J Ophthalmol 1996;80:332‐6.
Silverman KJ, Hutchins GM, Bulkley BH. Cardiac sarcoid: a clinicopathologic study of 84 unselected
patients with systemic sarcoidosis. Circulation 1978;58:1204‐11.
Hiraga H, Hiroe M, K I. Guideline for the diagnosis of cardiac sarcoidosis: study report on diffuse
pulmonary diseases. Tokyo, The Japanese Ministry of Health and Welfare 1993:23‐4.
Youssef G, Leung E, Mylonas I, Nery P, Williams K, Wisenberg G, Gulenchyn KY, Dekemp RA, Dasilva J,
Birnie D, Wells GA, Beanlands RS. The Use of 18F‐FDG PET in the Diagnosis of Cardiac Sarcoidosis: A
Systematic Review and Metaanalysis Including the Ontario Experience. J Nucl Med 2012:Epub ahead
of print.
Ohira H, Tsujino I, Yoshinaga K. (18)F‐Fluoro‐2‐deoxyglucose positron emission tomography in cardiac
sarcoidosis. Eur J Nucl Med Mol Imaging 2011;38:1773‐83.
Yanardag H, Pamuk ON, Pamuk GE. Lupus pernio in sarcoidosis: clinical features and treatment
outcomes of 14 patients. J Clin Rheumatol 2003;9:72‐6.
Chen ES, Moller DR. Etiology of sarcoidosis. Clin Chest Med 2008;29:365‐77, vii.
Shigehara K, Shijubo N, Ohmichi M, Takahashi R, Kon S, Okamura H, Kurimoto M, Hiraga Y, Tatsuno T,
Abe S, Sato N. IL‐12 and IL‐18 are increased and stimulate IFN‐gamma production in sarcoid lungs. J
Immunol 2001;166:642‐9.
Sweiss NJ, Zhang W, Franek BS, Kariuki SN, Moller DR, Patterson KC, Bennett P, Girijala LR, Nair V,
Baughman RP, Garcia JG, Niewold TB. Linkage of Type I Interferon Activity and TNF‐Alpha Levels in
Serum with Sarcoidosis Manifestations and Ancestry. PloS one 2011;6:e29126.
Drent M, Bomans PH, Van Suylen RJ, Lamers RJ, Bast A, Wouters EF. Association of man‐made mineral
fibre exposure and sarcoidlike granulomas. Respir Med 2000;94:815‐20.
Gupta D, Agarwal R, Aggarwal AN, Jindal SK. Molecular evidence for the role of mycobacteria in
sarcoidosis: a meta‐analysis. Eur Respir J 2007;30:508‐16.
Wirnsberger RM, de Vries J, Wouters EF, Drent M. Clinical presentation of sarcoidosis in The
Netherlands an epidemiological study. Neth J Med 1998;53:53‐60.
Iannuzzi MC, Maliarik MJ, Poisson LM, Rybicki BA. Sarcoidosis susceptibility and resistance HLA‐DQB1
alleles in African Americans. Am J Respir Crit Care Med 2003;167:1225‐31.
Sato H, Grutters JC, Pantelidis P, Mizzon AN, Ahmad T, Van Houte AJ, Lammers JW, Van Den Bosch
JM, Welsh KI, Du Bois RM. HLA‐DQB1*0201: a marker for good prognosis in British and Dutch patients
with sarcoidosis. Am J Respir Cell Mol Biol 2002;27:406‐12.
Berlin M, Fogdell‐Hahn A, Olerup O, Eklund A, Grunewald J. HLA‐DR predicts the prognosis in
Scandinavian patients with pulmonary sarcoidosis. Am J Respir Crit Care Med 1997;156:1601‐5.
Voorter CE, Drent M, van den Berg‐Loonen EM. Severe pulmonary sarcoidosis is strongly associated
with the haplotype HLA‐DQB1*0602‐DRB1*150101. Hum Immunol 2005;66:826‐35.
Wijnen PA, Nelemans PJ, Verschakelen JA, Bekers O, Voorter CE, Drent M. The role of tumor necrosis
factor alpha G‐308A polymorphisms in the course of pulmonary sarcoidosis. Tissue Antigens
2010;75:262‐8.
Wijnen PA, Voorter CE, Nelemans PJ, Verschakelen JA, Bekers O, Drent M. Butyrophilin‐like 2 in
pulmonary sarcoidosis: a factor for susceptibility and progression? Hum Immunol 2011;72:342‐7.
Valentonyte R, Hampe J, Huse K, Rosenstiel P, Albrecht M, Stenzel A, Nagy M, Gaede KI, Franke A,
Haesler R, Koch A, Lengauer T, Seegert D, Reiling N, Ehlers S, Schwinger E, Platzer M, Krawczak M,
Müller‐Quernheim J, Schürmann M, Schreiber S. Sarcoidosis is associated with a truncating splice site
mutation in BTNL2. Nat Genet 2005;37:357‐64.
Spagnolo P, Sato H, Grutters JC, Renzoni EA, Marshall SE, Ruven HJ, Wells AU, Tzouvelekis A, van
Moorsel CH, van den Bosch JM, du Bois RM, Welsh KI. Analysis of BTNL2 genetic polymorphisms in
British and Dutch patients with sarcoidosis. Tissue Antigens 2007;70:219‐27.

General introduction

48.
49.

50.

51.
52.
53.
54.

55.

56.

57.
58.
59.
60.

61.
62.
63.

64.
65.

66.
67.

68.
69.

31

Baughman RP, Culver DA, Judson MA. A concise review of pulmonary sarcoidosis. Am J Respir Crit
Care Med 2011;183:573‐81.
Sahoo DH, Bandyopadhyay D, Xu M, Pearson K, Parambil JG, Lazar CA, Chapman JT, Culver DA..
Effectiveness and safety of leflunomide for pulmonary and extrapulmonary sarcoidosis. Eur Respir J
2011;38:1145‐50.
Gibson GJ, Prescott RJ, Muers MF, Middleton WG, Mitchell DN, Connolly CK, Harrison BD. British
Thoracic Society Sarcoidosis study: effects of long term corticosteroid treatment. Thorax
1996;51:238‐47.
Baughman RP, Lower EE. A clinical approach to the use of methotrexate for sarcoidosis. Thorax
1999;54:742‐6.
Baughman RP, Winget DB, Lower EE. Methotrexate is steroid sparing in acute sarcoidosis: results of a
double blind, randomized trial. Sarcoidosis Vasc Diffuse Lung Dis 2000;17:60‐6.
Morgenthau AS, Iannuzzi MC. Recent advances in sarcoidosis. Chest 2011;139:174‐82.
Baughman RP, Drent M, Kavuru M, Judson MA, Costabel U, du Bois R, Albera C, Brutsche M, Davis G,
Donohue JF, Müller‐Quernheim J, Schlenker‐Herceg R, Flavin S, Lo KH, Oemar B, Barnathan ES;
Sarcoidosis Investigators. Infliximab therapy in patients with chronic sarcoidosis and pulmonary
involvement. Am J Respir Crit Care Med 2006;174:795‐802.
Judson MA, Baughman RP, Costabel U, Flavin S, Lo KH, Kavuru MS, Drent M; Centocor T48 Sarcoidosis
Investigators. Efficacy of infliximab in extrapulmonary sarcoidosis: results from a randomised trial. Eur
Respir J 2008;31:1189‐96.
Rossman MD, Newman LS, Baughman RP, Teirstein A, Weinberger SE, Miller W Jr, Sands BE. A double‐
blinded, randomized, placebo‐controlled trial of infliximab in subjects with active pulmonary
sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 2006;23:201‐8.
Baughman RP, Lower EE, Drent M. Inhibitors of tumor necrosis factor (TNF) in sarcoidosis: who, what,
and how to use them. Sarcoidosis Vasc Diffuse Lung Dis 2008;25:76‐89.
Baughman RP, Nunes H. Therapy for sarcoidosis: evidence‐based recommendations. Expert Rev Clin
Immunol 2012;8:95‐103.
Consensus conference: activity of sarcoidosis. Third WASOG meeting, Los Angeles, USA, September 8‐
11, 1993. Eur Respir J 1994;7:624‐7.
Keijsers RG, Verzijlbergen JF, van Diepen DM, van den Bosch JM, Grutters JC. 18F‐FDG PET in
sarcoidosis: an observational study in 12 patients treated with infliximab. Sarcoidosis Vasc Diffuse
Lung Dis 2008;25:143‐9.
Sharma OP, Alam S. Diagnosis, pathogenesis, and treatment of sarcoidosis. Curr Opin Pulm Med
1995;1:392‐400.
Ziegenhagen MW, Rothe ME, Schlaak M, Muller‐Quernheim J. Bronchoalveolar and serological
parameters reflecting the severity of sarcoidosis. Eur Respir J 2003;21:407‐13.
Keijsers RG, Verzijlbergen FJ, Oyen WJ, van den Bosch JM, Ruven HJ, van Velzen‐Blad H, Grutters JC.
18F‐FDG PET, genotype‐corrected ACE and sIL‐2R in newly diagnosed sarcoidosis. Eur J Nucl Med Mol
Imaging 2009;36:1131‐7.
Rothkrantz‐Kos S, van Dieijen‐Visser MP, Mulder PG, Drent M. Potential usefulness of inflammatory
markers to monitor respiratory functional impairment in sarcoidosis. Clin Chem 2003;49:1510‐7.
Ziegenhagen MW, Benner UK, Zissel G, Zabel P, Schlaak M, Muller‐Quernheim J. Sarcoidosis: TNF‐
alpha release from alveolar macrophages and serum level of sIL‐2R are prognostic markers. Am J
Respir Crit Care Med 1997;156:1586‐92.
Prasse A, Katic C, Germann M, Buchwald A, Zissel G, Muller‐Quernheim J. Phenotyping sarcoidosis
from a pulmonary perspective. Am J Respir Crit Care Med 2008;177:330‐6.
Grutters JC, Fellrath JM, Mulder L, Janssen R, van den Bosch JM, van Velzen‐Blad H. Serum soluble
interleukin‐2 receptor measurement in patients with sarcoidosis: a clinical evaluation. Chest
2003;124:186‐95.
Love C, Tomas MB, Tronco GG, Palestro CJ. FDG PET of infection and inflammation. Radiographics
2005;25:1357‐68.
El‐Haddad G, Zhuang H, Gupta N, Alavi A. Evolving role of positron emission tomography in the
management of patients with inflammatory and other benign disorders. Semin Nucl Med 2004;34:
313‐29.

Chapter 1

32

70.
71.

72.

73.
74.
75.
76.
77.
78.

79.
80.

81.
82.

83.
84.
85.
86.
87.
88.

89.
90.

91.

Biller H, Zissel G, Ruprecht B, Nauck M, Busse Grawitz A, Muller‐Quernheim J. Genotype‐corrected
reference values for serum angiotensin‐converting enzyme. Eur Respir J 2006;28:1085‐90.
Tomita H, Ina Y, Sugiura Y, Sato S, Kawaguchi H, Morishita M, Yamamoto M, Ueda R. Polymorphism in
the angiotensin‐converting enzyme (ACE) gene and sarcoidosis. Am J Respir Crit Care Med 1997;156:
255‐9.
Klech H, Kohn H, Kummer F, Mostbeck A. Assessment of activity in Sarcoidosis. Sensitivity and
specificity of 67Gallium scintigraphy, serum ACE levels, chest roentgenography, and blood
lymphocyte subpopulations. Chest 1982;82:732‐8.
Li XC, Demirci G, Ferrari‐Lacraz S, Groves C, Coyle A, Malek TR, Strom TB. IL‐15 and IL‐2: a matter of
life and death for T cells in vivo. Nat Med 2001;7:114‐8.
Smith KA. Interleukin‐2: inception, impact, and implications. Science 1988;240:1169‐76.
Gabay C, Kushner I. Acute‐phase proteins and other systemic responses to inflammation. N Engl J
Med 1999;340:448‐54.
Yotsumoto H, Imai Y, Kuzuya N, Uchimura H, Matsuzaki F. Increased levels of serum angiotensin‐
converting enzyme activity in hyperthyroidism. Ann Intern Med 1982;96:326‐8.
Costabel U, Teschler H. Biochemical changes in sarcoidosis. Clinics in chest medicine 1997;18:827‐42.
Pizzolo G, Chilosi M, Vinante F, Dazzi F, Lestani M, Perona G, Benedetti F, Todeschini G, Vincenzi C,
Trentin L, et al. Soluble interleukin‐2 receptors in the serum of patients with Hodgkin's disease. Br J
Cancer 1987;55:427‐8.
Takahashi S, Setoguchi Y, Nukiwa T, Kira S. Soluble interleukin‐2 receptor in sera of patients with
pulmonary tuberculosis. Chest 1991;99:310‐4.
Semenzato G, Bambara LM, Biasi D, Frigo A, Vinante F, Zuppini B, Trentin L, Feruglio C, Chilosi M,
Pizzolo G. Increased serum levels of soluble interleukin‐2 receptor in patients with systemic lupus
erythematosus and rheumatoid arthritis. J Clin Immunol 1988;8:447‐52.
Prince HE, Kleinman S, Williams AE. Soluble IL‐2 receptor levels in serum from blood donors
seropositive for HIV. J Immunol 1988;140:1139‐41.
Bargagli E, Bianchi N, Margollicci M, Olivieri C, Luddi A, Coviello G, Grosso S, Rottoli P. Chitotriosidase
and soluble IL‐2 receptor: comparison of two markers of sarcoidosis severity. Scand J Clin Lab Invest
2008;68:479‐83.
Miyoshi S, Hamada H, Kadowaki T, Hamaguchi N, Ito R, Irifune K, Higaki J. Comparative evaluation of
serum markers in pulmonary sarcoidosis. Chest 2010;137:1391‐7.
Drent M, van den Berg R, Haenen GR, van den Berg H, Wouters EF, Bast A. NF‐kappaB activation in
sarcoidosis. Sarcoidosis Vasc Diffuse Lung Dis 2001;18:50‐6.
Cremers J, Drent M, Driessen A, Nieman F, Wijnen P, Baughman R, Koek G. Liver‐test abnormalities in
sarcoidosis. Eur J Gastroenterol Hepatol 2012;24:17‐24.
Keir G, Wells AU. Assessing pulmonary disease and response to therapy: which test? Semin Respir Crit
Care Med 2010;31:409‐18.
Shorr AF, Torrington KG, Hnatiuk OW. Endobronchial involvement and airway hyperreactivity in
patients with sarcoidosis. Chest 2001;120:881‐6.
Judson MA, Baughman RP, Thompson BW, Teirstein AS, Terrin ML, Rossman MD, Yeager H Jr,
McLennan G, Bresnitz EA, DePalo L, Hunninghake G, Iannuzzi MC, Johns CJ, Moller DR, Newman LS,
Rabin DL, Rose C, Rybicki BA, Weinberger SE, Knatterud GL, Cherniak R; ACCESS Research Group. Two
year prognosis of sarcoidosis: the ACCESS experience. Sarcoidosis Vasc Diffuse Lung Dis 2003;20:
204‐11.
Drent M, Mansour K, Linssen C. Bronchoalveolar lavage in sarcoidosis. Semin Respir Crit Care Med
2007;28:486‐95.
Meyer KC, Raghu G, Baughman RP, Brown KK, Costabel U, du Bois RM, Drent M, Haslam PL, Kim DS,
Nagai S, Rottoli P, Saltini C, Selman M, Strange C, Wood B; American Thoracic Society Committee on
BAL in Interstitial Lung Disease. An official American Thoracic Society clinical practice guideline: the
clinical utility of bronchoalveolar lavage cellular analysis in interstitial lung disease. Am J Respir Crit
Care Med 2012;185:1004‐14.
Drent M, van Velzen‐Blad H, Diamant M, Hoogsteden HC, van den Bosch JM. Relationship between
presentation of sarcoidosis and T lymphocyte profile. A study in bronchoalveolar lavage fluid. Chest
1993;104:795‐800.

General introduction

92.
93.
94.
95.

96.

97.

98.

99.
100.
101.
102.

103.
104.
105.
106.
107.
108.

109.

110.

111.
112.

113.
114.

33

Costabel U, Guzman J. Bronchoalveolar lavage in interstitial lung disease. Curr Opin Pulm Med
2001;7:255‐61.
Drent M, Jacobs JA, de Vries J, Lamers RJ, Liem IH, Wouters EF. Does the cellular bronchoalveolar
lavage fluid profile reflect the severity of sarcoidosis? Eur Respir J 1999;13:1338‐44.
Bargagli E, Mazzi A, Rottoli P. Markers of inflammation in sarcoidosis: blood, urine, BAL, sputum, and
exhaled gas. Clin Chest Med 2008;29:445‐58, viii.
Bargagli E, Margollicci M, Perrone A, Luddi A, Perari MG, Bianchi N, Refini RM, Grosso S, Volterrani L,
Rottoli P. Chitotriosidase analysis in bronchoalveolar lavage of patients with sarcoidosis. Sarcoidosis
Vasc Diffuse Lung Dis 2007;24:59‐64.
Ten Berge B, Paats MS, Bergen IM, van den Blink B, Hoogsteden HC, Lambrecht BN, Hendriks RW,
Kleinjan A. Increased IL‐17A expression in granulomas and in circulating memory T cells in sarcoidosis.
Rheumatology (Oxford) 2012;51:37‐46.
Costabel U, Hunninghake GW. ATS/ERS/WASOG statement on sarcoidosis. Sarcoidosis Statement
Committee. American Thoracic Society. European Respiratory Society. World Association for
Sarcoidosis and Other Granulomatous Disorders. Eur Respir J 1999;14:735‐7.
Nardi A, Brillet PY, Letoumelin P, Girard F, Brauner M, Uzunhan Y, Naccache JM, Valeyre D, Nunes H.
Stage IV sarcoidosis comparison of survival with the general population and causes of death. Eur
Respir J 2011;38:1368‐73.
Verschakelen JA. The role of high‐resolution computed tomography in the work‐up of interstitial lung
disease. Curr Opin Pulm Med 2011;16:503‐10.
Hansell DM, Milne DG, Wilsher ML, Wells AU. Pulmonary sarcoidosis: morphologic associations of
airflow obstruction at thin‐section CT. Radiology 1998;209:697‐704.
Murata K, Khan A, Herman PG. Pulmonary parenchymal disease: evaluation with high‐resolution CT.
Radiology 1989;170:629‐35.
Orens JB, Kazerooni EA, Martinez FJ, Curtis JL, Gross BH, Flint A, Lynch JP 3rd. The sensitivity of high‐
resolution CT in detecting idiopathic pulmonary fibrosis proved by open lung biopsy. A prospective
study. Chest 1995;108:109‐15.
Wells A. High resolution computed tomography in sarcoidosis: a clinical perspective. Sarcoidosis Vasc
Diffuse Lung Dis 1998;15:140‐6.
Ellis SM, Hansell DM. Idiopathic interstitial pneumonias: imaging‐pathology correlation. Eur Radiol
2002;12:610‐26.
Brauner MW, Lenoir S, Grenier P, Cluzel P, Battesti JP, Valeyre D. Pulmonary sarcoidosis: CT
assessment of lesion reversibility. Radiology 1992;182:349‐54.
Murdoch J, Muller NL. Pulmonary sarcoidosis: changes on follow‐up CT examination. AJR Am J
Roentgenol 1992;159:473‐7.
Drent M, De Vries J, Lenters M, Lamers RJ, Rothkranz‐Kos S, Wouters EF, van Dieijen‐Visser MP,
Verschakelen JA. Sarcoidosis: assessment of disease severity using HRCT. Eur Radiol 2003;13:2462‐71.
Remy‐Jardin M, Giraud F, Remy J, Wattinne L, Wallaert B, Duhamel A. Pulmonary sarcoidosis: role of
CT in the evaluation of disease activity and functional impairment and in prognosis assessment.
Radiology 1994;191:675‐80.
Bergin CJ, Bell DY, Coblentz CL, Chiles C, Gamsu G, MacIntyre NR, Coleman RE, Putman CE.
Sarcoidosis: correlation of pulmonary parenchymal pattern at CT with results of pulmonary function
tests. Radiology 1989;171:619‐24.
Leung AN, Brauner MW, Caillat‐Vigneron N, Valeyre D, Grenier P. Sarcoidosis activity: correlation of
HRCT findings with those of 67Ga scanning, bronchoalveolar lavage, and serum angiotensin‐
converting enzyme assay. J Comput Assist Tomogr 1998;22:229‐34.
Abehsera M, Valeyre D, Grenier P, Jaillet H, Battesti JP, Brauner MW. Sarcoidosis with pulmonary
fibrosis: CT patterns and correlation with pulmonary function. AJR Am J Roentgenol 2000;174:1751‐7.
Oberstein A, von Zitzewitz H, Schweden F, Muller‐Quernheim J. Non invasive evaluation of the
inflammatory activity in sarcoidosis with high‐resolution computed tomography. Sarcoidosis Vasc
Diffuse Lung Dis 1997;14:65‐72.
Bomanji J, Almuhaideb A, Zumla A. Combined PET and X‐ray computed tomography imaging in
pulmonary infections and inflammation. Curr Opin Pulm Med 2011;17:197‐205.
Abouzied MM, Crawford ES, Nabi HA. 18F‐FDG imaging: pitfalls and artifacts. J Nucl Med Technol
2005;33:145‐55.

Chapter 1

34

115. Basu S, Saboury B, Werner T, Alavi A. Clinical Utility of FDG‐PET and PET/CT in Non‐malignant Thoracic
Disorders. Mol Imaging Biol 2011;13:1051‐60.
116. Ishimori T, Saga T, Mamede M, Kobayashi H, Higashi T, Nakamoto Y, Sato N, Konishi J. Increased
(18)F‐FDG uptake in a model of inflammation: concanavalin A‐mediated lymphocyte activation. J Nucl
Med 2002;43:658‐63.
117. Teirstein AS, Machac J, Almeida O, Lu P, Padilla ML, Iannuzzi MC. Results of 188 whole‐body
fluorodeoxyglucose positron emission tomography scans in 137 patients with sarcoidosis. Chest
2007;132:1949‐53.
118. Braun JJ, Kessler R, Constantinesco A, Imperiale A. 18F‐FDG PET/CT in sarcoidosis management:
review and report of 20 cases. Eur J Nucl Med Mol Imaging 2008;35:1537‐43.
119. Keijsers RG, Grutters JC, Thomeer M, Du Bois RM, Van Buul MM, Lavalaye J, Van Den Bosch JM,
Verzijlbergen FJ. Imaging the inflammatory activity of sarcoidosis: sensitivity and inter observer
agreement of (67)Ga imaging and (18)F‐FDG PET. Q J Nucl Med Mol Imaging 2011;55:66‐71.
120. Nishiyama Y, Yamamoto Y, Fukunaga K, Takinami H, Iwado Y, Satoh K, Ohkawa M. Comparative
evaluation of 18F‐FDG PET and 67Ga scintigraphy in patients with sarcoidosis. J Nucl Med
2006;47:1571‐6.
121. Dalm VA, van Hagen PM, Krenning EP. The role of octreotide scintigraphy in rheumatoid arthritis and
sarcoidosis. Q J Nucl Med 2003;47:270‐8.
122. Lebtahi R, Crestani B, Belmatoug N, Daou D, Genin R, Dombret MC, Palazzo E, Faraggi M, Aubier M, Le
Guludec D. Somatostatin receptor scintigraphy and gallium scintigraphy in patients with sarcoidosis. J
Nucl Med 2001;42:21‐6.

