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General introduction

Sarcoidosis
Sarcoidosis is a multiorgan disease of unknown cause, characterized by inflammatory
activity with formation of noncaseating granulomas in various organ systems.1
Sarcoidosis has been known for more than 100 years; it was first described in 1877 by
the English physician Hutchinson, and several years later by two dermatologists,
Besnier and Boeck.1 It primarily affects the lungs and the lymphatic system, but virtually
any organ system can be involved, such as the liver, skin, eyes, heart, and nervous
system.1
The disease occurs throughout the world, affecting both genders, and all ages and
races.1 However, epidemiologic studies show that it most commonly affects individuals
in the third to fourth decade of their lives.2 Furthermore, the highest prevalence rates
have been found in Scandinavian European countries and African‐Americans in the
United States had about a 3.8‐fold higher age‐adjusted annual incidence rate (35.5
cases per 100 000) compared with Caucasians (10.9 per 100 000).1,3,4 The prevalence in
the Netherlands is thought to be about 30–40 per 100 000.5

Pathogenesis
Although there has been tremendous progress in understanding the pathogenesis, the
cause of sarcoidosis remains unclear.6 Sarcoidosis is probably the end result of a
process consisting of an immune response to a variety of environmental triggers in a
genetically susceptible individual, in which also oxidative stress appears to play an
important role.2,6‐8

Immunopathogenesis
The development and accumulation of granulomas constitute the fundamental
abnormality in sarcoidosis.8 Granulomas are compact collections, characterized by a
core of monocyte‐derived epithelioid histiocytes and multinucleated giant cells
encircled by CD4+ T lymphocytes (Figure 1.1).6 In more mature granulomas, fibroblasts
and collagen encase the ball‐like cluster of cells, sometimes with sclerosis and altered
organ architecture and function.8 The presence of granulomas is not specific for
sarcoidosis, but can also occur in other lung diseases such as hypersensitivity
pneumonitis, drug reactions, and tuberculosis, or other diseases such as common
variable immunodeficiency, and Crohn’s disease.1,9
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a

Figure 1.1

b

a. Noncaseating granuloma present in a biopsy obtained from the left quadriceps muscle of a
sarcoidosis patient (H/E, magnification 10x). b. Noncaseating granuloma present in a liver
biopsy section of a sarcoidosis patient (H/E, magnification 20x). Both granulomas consist of
epithelioid histiocytes and giant cells surrounded by a rim of lymphocytes. H/E, haematoxylin
and eosin.

Granuloma formation and maintenance is initiated by the recruitment of
macrophages and monocytes, which internalize antigens and become antigen
presenting cells.2 CD4+ T cells interact with the major histocompatibility complex class
II molecules on these antigen presenting cells.2,8 The activated CD4+ T cells differentiate
into T helper 1 (Th1) like cells and secrete predominantly interleukin (IL)‐2 and
interferon‐gamma (IFN‐γ), augment macrophage tumor necrosis factor‐alpha (TNF‐α)
production, and amplify the local cellular immune response.8 IL‐2 acts as a local growth
factor for T lymphocytes, whereas IFN‐γ enhances the accessory and cytotoxic functions
of T cells and regulates the secretion of other lymphokines.2 TNF‐α, IL‐12, and IL‐18 play
critical roles in supporting the Th1 cell response by inducing IFN‐γ production and
enhancing T cell cytotoxicity.2,10 This facilitates the formation of granulomas. The
formed granuloma can resolve spontaneously, but may persist and can lead to a
chronic inflammatory status.6 In case of ongoing antigen presentation, a shift from
cytokines produced by Th1 cells to cytokines produced by Th2 cells (e.g. transforming
growth factor‐β), appears to stimulate fibroblast proliferation and collagen production,
leading to fibrosis.8 Persistent granulomatous inflammation may in part be due to
failure of immune regulatory mechanisms to resolve the inflammatory process.6 Figure
1.2 shows a schematic presentation of granuloma formation in sarcoidosis.

16
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Figure 1.2

A schematic presentation of the inflammatory response with granuloma formation in
sarcoidosis. An antigen induces antigen‐specific, Th1 mediated granulomatous inflammation
with production of Th1 cytokines (IFN‐γ, IL‐2). 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 down
regulation of the immune response. Alveolar macrophages activated in the context of a
predominant Th2 response appear to stimulate fibroblast proliferation and collagen production,
8
leading to progressive fibrosis. Ag, antigen; HLA, human leukocyte antigen; IFN‐γ, interferon‐
gamma; IL, interleukin; TCR, T cell receptor; Th, T helper; TNF, tumor necrosis factor. Adapted
6
from Baughman et al.

Environmental causes
Sarcoidosis probably requires exposure to one or more exogenous antigens.6 It is quite
possible that the triggering antigen varies depending on ethnicity, geographic location,
and individual genetic background.6 Mycobacterial, fungal, and other microbial
antigens, are suspected as possible causative agents.6,8,11 Furthermore, environmental
and occupational exposures are associated with the development of sarcoidosis.11 A
Case Control Etiologic Study of Sarcoidosis (ACCESS) study identified several exposures
associated with sarcoidosis risk, including insecticides and working in musty
environments with bioaerosol exposure.12 Also exposure to inorganic particulate
matter can promote an inflammatory response leading to granuloma formation.11
Occupational studies have shown positive associations with service in the United States
Navy, metalworking, firefighting, and the handling of building supplies.8
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Genetic features
Familial clustering of sarcoidosis has been demonstrated.13 In the ACCESS study,
sarcoidosis patients were almost five times more likely than controls to report a sibling
or a parent with a history of sarcoidosis.14 There is a higher familial relative risk in
whites compared with African‐Americans.14 A range of different genes and
polymorphisms have been investigated and found to have an influence on the disease.
Genetics studies have focused on human leukocyte antigen (HLA) genes.1 HLA are cell
surface proteins that are essential for immune recognition and function. For example,
carriage of HLA‐DRB1*1101 and HLA‐DPB1*0101 alleles is found to be a risk factor for
sarcoidosis,15 whereas HLA‐DQB1*0201 and HLA‐DRB1*03 are strongly associated with
acute disease and a good prognosis.16‐18 Of the TNF genes, the TNF‐α polymorphisms
have been extensively studied.18 The presence of a TNF‐α ‐308A variant allele is
associated with a favorable prognosis.18 Furthermore, the presence of a single
nucleotide polymorphism in the butyrophilin‐like 2 (BTNL2) gene, which normally
reduces proliferation and cytokine production from activated T cells, increases the risk
of developing sarcoidosis and doubles the risk of progressing to persistent pulmonary
sarcoidosis.19‐21 These findings illustrate that genetic predisposition appears not to be
dependent upon a single gene and/or polymorphism.

Oxidative stress
An important role for oxidative stress in the etiology of sarcoidosis has also been
proposed, as the consequence of an imbalance between the presence of and the
protection against reactive oxygen species (ROS).7,22‐25 ROS are capable of reducing
endogenous defence levels and enhancing inflammation.7 It has been shown that
oxidized proteins are elevated in the bronchoalveolar lavage (BAL) fluid of sarcoidosis
patients.26,27 Another consequence of the occurrence of oxidative stress is a reduced
redox state, as is reported in the erythrocytes of female sarcoidosis patients.24
Furthermore, the transcription factor nuclear factor‐kappa beta (NF‐κB), known to be
activated by radical damage, is increased in alveolar macrophages and mononuclear
blood cells of active sarcoidosis patients compared to those of healthy controls.25 And
finally, the total antioxidant capacity in sarcoidosis patients is approximately 75% of
that of matched controls.7

Clinical presentation
The presentation and the course of sarcoidosis are highly variable, depending on the
ethnicity, duration of the illness, the specific site and extent of organ involvement, and
the fluctuating activity of the granulomatous process.1,2 Sarcoidosis activity can lead to
a wide range of disease severity, varying from minimal involvement to derangement of
organ physiology with functional impairment.1,2,6,28
18
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Patients can present with various clinical signs and symptoms depending on the
organs involved.1,2 Furthermore, nonspecific constitutional symptoms, such as fever,
malaise, and weight loss, occur in about one‐third of patients.1 In addition, patients can
also suffer from generic disease symptoms, such as fatigue, exercise intolerance and
muscle weakness, with substantial impact on the quality of life of patients and their
families.1,29‐32
The acute form of sarcoidosis, i.e. Löfgren’s syndrome, is characterized by fever,
polyarthritis, erythema nodosum, and bilateral hilar lymphadenopathy.1 In general, the
prognosis of an acute onset of disease is good with usually spontaneous resolution
within 2 years.1,33,34 However, in 10–30% of the cases sarcoidosis has an insidious onset,
and in these patients the disease can become chronic with an often relapsing course in
which spontaneous remission is less likely.2,34 A worse prognosis is associated with
certain patient and disease characteristics, like black race, extrapulmonary (especially
neurological, cardiac and osseous) involvement, and advanced pulmonary disease
(Table 1.1).1,33‐38 The mortality rate of sarcoidosis is approximately 5%, usually the
result of cardiac or neurological involvement, or respiratory failure due to pulmonary
fibrosis.2

Table 1.1

Adverse prognostic factors in sarcoidosis.

1,33‐38

Age ≥40 years at onset
African‐American
Requirement for glucocorticosteroids, especially within the first 6 months of diagnosis
Extrapulmonary involvement
Cardiac involvement
Chronic uveitis
Hepatomegaly
Hypercalcaemia
Lupus pernio
Nasal mucosal involvement
Neurological involvement (except isolated cranial nerve palsy)
Osseous involvement
Splenomegaly
Pulmonary involvement
Bronchoalveolar lavage neutrophilia at presentation
Moderate to severe dyspnea on presentation
Pulmonary hypertension
Significant lung function impairment
a
Stage III–IV chest radiograph (absence of lymphadenopathy)
a

According to the Scadding radiographic staging system: stage 0, normal chest radiography; stage I, bilateral
hilar lymphadenopathy (BHL); stage II, BHL and parenchymal abnormalities; stage III, parenchymal
1
35
abnormalities without BHL; and stage IV, advanced lung fibrosis. Adapted from Lazar and Culver.
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Diagnostic procedures
The diagnosis of sarcoidosis is supported by a compatible clinical and radiographic
presentation together with histological evidence of noncaseating granulomas on
biopsy.1,2 Important procedures available for the diagnostic work‐up include
assessment of laboratory parameters, pulmonary function and exercise capacity tests,
radiographs and high‐resolution computed tomography (HRCT) of the chest, fluorine18‐
fluorodeoxyglucose positron emission tomography/computed tomography (18F‐FDG
PET/CT or PET) and magnetic resonance (MR) imaging to complement more routinely
used imaging techniques, and biopsy.1,6 Both pulmonary and extra‐pulmonary
localizations should be assessed.1

Laboratory parameters
Inflammatory sarcoidosis activity is reflected by an increase in serological markers of
inflammatory activity, i.e. angiotensin‐converting enzyme (ACE), soluble‐interleukin2‐
receptor (sIL2R), C‐reactive protein (CRP), and neopterin.6,39‐42 These serological
markers are not specific for sarcoidosis and are not used for establishing the diagnosis,
but for the assessment of inflammatory activity.6
Elevated calcium levels can be found in both serum and independently in the urine
of sarcoidosis patients, resulting from overproduction of 1,25‐dihydroxyvitamin D3 by
activated macrophages in granulomas.8,43 Furthermore, laboratory abnormalities as a
consequence of specific organ involvement can be found, such as liver test
abnormalities, anaemia, leucocytopenia, and thrombocytopenia.8,44,45

Pulmonary function and exercise capacity tests
Depending on the severity of the sarcoidosis process in the lung, deterioration of
pulmonary function with a wide spectrum of lung function abnormalities can occur.46,47
Abnormal pulmonary function tests, including the diffusing capacity for carbon
monoxide (DLCO) and forced vital capacity (FVC), are used as indicators for treatment.46
A substantial number of sarcoidosis patients are hindered by reduced exercise
capacity, as established using the 6‐minute walk distance (6MWD).30,48 Exercise
intolerance is shown to correlate among others with reduced peripheral muscle
strength.30,49 Information about body composition profiles in sarcoidosis is lacking.
However, a trend towards lower levels of fat‐free mass (FFM) in sarcoidosis patients
with reduced leg muscle strength was found.30 Furthermore, cardiopulmonary exercise
testing, including maximal oxygen uptake (VO2max), offers added value in monitoring
impaired gas exchange during exercise in sarcoidosis patients with disabling symptoms,
even in those with normal DLCO at rest.50
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Imaging techniques
The majority of sarcoidosis patients (between 85 and 95%) have chest radiograph
abnormalities.47 According to the Scadding radiographic staging system, five stages of
radiographic abnormality can be recognized: stage 0, normal chest radiography; stage I,
bilateral hilar lymphadenopathy (BHL); stage II, BHL and parenchymal abnormalities;
stage III, parenchymal abnormalities without BHL; and stage IV, advanced lung
fibrosis.1,51
HRCT makes it possible to view the lung structure in detail and detect abnormal
changes of the lung parenchyma at earlier stages than with chest radiographs.46,47,52‐54
Furthermore, HRCT is more valuable in making a specific diagnosis compared with chest
radiography.55 A HRCT scoring system, adapted from one previously described by
Oberstein et al.56, demonstrated to have a good agreement in intra‐ and inter‐reader
reproducibility and moreover, appeared to predict the presence of respiratory
functional impairment in sarcoidosis.55
In sarcoidosis, PET can be of added value in patients with unexplained persistent
disabling symptoms, especially in those without serological signs of inflammatory
activity (Figure 1.3), in patients with radiological signs of fibrosis, and in the detection
of active cardiac sarcoidosis.41,57‐62 Furthermore, PET is useful in the assessment of the
extent of disease with specific organ involvement to uncover a suitable location for
biopsy (for diagnosis) or to explain persistent symptoms.41,57‐62
MR imaging can be useful for assessment of extrapulmonary sarcoidosis.62 Its value
in cardiac sarcoidosis and neurosarcoidosis has been demonstrated.62‐66 In cardiac
sarcoidosis, the combined use of PET and cardiac MR imaging may provide optimal
detection of the disease by differentiating between patients with active granulomatous
inflammation and those with fibrous lesions.62 Furthermore, MR imaging can also be
helpful when assessing bone marrow and muscular sarcoidosis involvement.62

Biopsy
In the presence of a compatible clinicoradiographic picture, the establishment of
granulomas by biopsy can ascertain the diagnosis sarcoidosis.1 A biopsy is not required
in all cases.6 A presumptive diagnosis without tissue biopsy can also be made in some
special situations, which include the presence of bilateral hilar adenopathy on the chest
radiograph of an asymptomatic patient, the presentation with a classic Löfgren’s
syndrome, and Heerfordt syndrome (uveitis, parotiditis, and fever).1,6
A typical clinicoradiographic picture can be combined with the results of BAL fluid
analysis to establish the diagnosis of sarcoidosis, without the need for histological
confirmation by biopsy.1 Furthermore, BAL is also useful in the differential diagnosis of
interstitial lung diseases.67 In sarcoidosis, the majority of patients have an increased
number of lymphocytes and a normal amount of eosinophils and neutrophils in BAL
fluid.67,68 Furthermore, in most patients an increased CD4/CD8 ratio can be found,
which has a high specificity (92–94%), but low sensitivity (55–59%).1 Since the CD4/CD8
21
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ratio in BAL can also be normal or decreased, it is of limited diagnostic value in the
individual patient.67,68

a

Figure 1.3

b

A 42‐year‐old woman with a 2‐year history of biopsy‐proven sarcoidosis had been suffering
from disabling symptoms, such as fatigue, exercise intolerance and muscle weakness for more
18
than a year, without abnormal inflammatory serum parameters. A F‐FDG PET scan was
performed. a. The whole‐body PET scan showed very high metabolic activity in the spleen and
less intense activity in the liver (black). Abnormalities were also seen in the lungs as well as in
the para‐aortic, para‐iliacal and inguinal lymph nodes. Normal physiological glucose uptake was
seen in the brain and bladder. b. CT scan showed multiple hypodense lesions in the liver and
especially in the spleen.

Therapeutic options
Most sarcoidosis patients show spontaneous resolution of the disease and do not
require systemic therapy.34,51 However, for patients with a severe disease course and
poor prognosis a timely implementation of a potent individual treatment regimen is
important to avoid or slow down the development of complications and to alleviate the
disease burden.51 Individual series of cases of sarcoidosis have found that the need for
systemic therapy ranges from 20 to 70% of patients.34,69‐71 Of those patients who have
commenced therapy, at least half appear to require systemic treatment for more than
2 years.33,34,70
Factors which are associated with a good prognosis without the need for systemic
therapy are the presence of hilar adenopathy alone, the presence of Löfgren’s
syndrome and the absence of needing systemic therapy within the first 6 months of
22
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diagnosis.34 While these patients in general do well, approximately 10% will need long‐
term systemic therapy.33,34,70 Patients with adverse prognostic factors (Table 1.1) are
more likely to become chronic, requiring long‐term treatment.1,33‐38 However, the
majority of these patients can be maintained on a relatively low‐dose
immunosuppression regimen.34,72 A subset of patients require more aggressive
treatment.34 In a survey of sarcoidosis clinics across the world, this represented
approximately 10% of all patients who were still being seen 5 years after their original
diagnosis.34,73
The published data on the different treatment options in sarcoidosis are limited
and the treatment remains therefore mostly empiric.34,74 In particular, there have been
only a few high quality placebo controlled, double blind studies of the classical drugs
used to treat sarcoidosis.74 One of the difficulties has been the lack of standardized
validated follow‐up measures to assess response to therapy.74 However,
recommendations for clinical evaluation of the outcome measurements have recently
been established.74,75
Several pharmacological options exist for patients who require therapy. However,
none of these drugs are curative. In cutaneous sarcoidosis, topical treatment can be
sufficient to control the disease.6 Nonsteroidal anti‐inflammatory drugs (NSAIDs) can be
effective for symptom relief in patients with arthralgia/arthritis.76,77 Furthermore, the
antioxidant quercetin is shown to have beneficial effects in sarcoidosis.22 This flavonoid
offers protection against ROS‐induced oxidative damage and has anti‐inflammatory
capacities by a reducing effect on among others TNF‐α.22
The decision on whether to start systemic immunosuppressive treatment or not
should be based on the patient’s symptomatology, including those that affect quality of
life, as well as the extent of compromised organ function.6,34,74,78 Although several
immunosuppressive drugs are available, there is a lack of standardized management
strategies for sarcoidosis.78

First‐line therapy: glucocorticosteroids
In general, glucocorticosteroids are considered the first‐line therapy for acute and
chronic pulmonary and extrapulmonary sarcoidosis.74,78,79 Glucocorticosteroid therapy
has been the standard therapy for over 50 years.74 Prolonged glucocorticosteroid use is
associated with significant side‐effects, such as weight gain/obesity, diabetes mellitus
or osteoporosis, making glucocorticosteroids undesirable for chronic disease
management.78,80 Tapering to the lowest effective dose is an ultimate treatment goal
and alternative glucocorticosteroid‐sparing treatment agents are needed.6,34,74,78
Furthermore, in steroid‐refractory cases, second‐line nonsteroidal drugs, which are
referred to as disease‐modifying antisarcoid drugs (DMASDs), and third‐line therapies,
offer alternative strategies.6,34,74,78
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Second‐line therapy: disease‐modifying antisarcoid drugs
Several agents have been used as DMASDs in both pulmonary and extrapulmonary
sarcoidosis. Table 1.2 summarizes the most important second‐ and third‐line
therapeutic agents. Knowledge of second‐line agents in sarcoidosis is based on only a
few placebo controlled, double blind, randomized trials, but mainly is derived from
retrospective clinical trials and case reports.74,78

Table 1.2

Overview of second‐line and third‐line agents for the treatment of sarcoidosis.

Second‐line therapeutic agents
Methotrexate (MTX)
Azathioprine (AZA)
Leflunomide (LEF)
Mycophenolate mofetil (MMF)
Pentoxifylline (POF)
Thalidomide
Cyclosporine A
Cyclophosphamide
(Hydroxy)chloroquine ((H)CQ)

81‐112

Third‐line therapeutic agents
TNF‐α inhibitors
Infliximab
Adalimumab
New experimental treatment modalities
Rituximab (RTX)
Vasoactive intestinal peptide (VIP)
Apremilast
Armodafinil (in fatigue)
Methylphenidate (in fatigue)
Intravenous immunoglobulins (in SFN)
ARA 290 (in SFN)

SFN, small fiber neuropathy; TNF‐α, tumor necrosis factor‐alpha.

Methotrexate
Methotrexate (MTX) has been the most widely studied second‐line therapeutic agent
for sarcoidosis.74 The efficacy of MTX has been demonstrated in pulmonary sarcoidosis,
but also in cutaneous, ocular, musculoskeletal, liver, and neurological sarcoidosis.82‐
84,113‐118
MTX is often considered the first‐choice DMASD used for patients with
sarcoidosis, with 80% of physicians reporting MTX as their preferred second‐line option
(Figure 1.4).34,119
Initially, the anti‐inflammatory effects of MTX were ascribed to its inhibition of
cellular proliferation through the inhibition of the enzyme folate reductase, the
cytostatic mechanism of action in the treatment of cancer.120,121 However, current
evidence has shown that its anti‐inflammatory action differs from its cytostatic
activity.120 A proposed mechanism of action of MTX is the reduction of intracellular
glutathione levels by an oxidant‐associated mechanism, which leads to inhibition of
macrophage recruitment and function.121 A third mechanism is the inhibition of the
synthesis of the potentially toxic compounds spermine and spermidine
(transmethylation products).121 However, the most likely explanation of the anti‐
inflammatory actions of MTX is the stimulation of adenosine release.120,121 Adenosine
suppresses the inflammatory functions of neutrophils, macrophage/monocytes,
dendritic cells and lymphocytes.120,121
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Figure 1.4
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Results of a Delphi analysis, showing which agent is preferred as the next agent chosen to add
to or to replace glucocorticosteroids for sarcoidosis patients experiencing an inadequate
34,119
response to glucocorticosteroid use. Data taken from Schutt et al.

Many of the typical side‐effects of MTX are due to its antifolate properties,
including leucocytopenia, anaemia, stomatitis, and alopecia.120 Administration of folic
acid reduces gastrointestinal and hepatic toxicity without affecting efficacy.122,123
Adenosine release may also help explain the MTX induced hepatic toxicity, since
adenosine, acting at A1 and A2B receptors, stimulates hepatic steatosis and adenosine,
acting at A2A receptors, plays an important role in the development of hepatic
fibrosis.120 MTX can also lead to pulmonary toxicity; unexplained cough should lead to
evaluation for MTX toxicity (Figure 1.5).74 However, the frequency of life threatening
interstitial lung disease from MTX is only 1%.74,124
Azathioprine
Azathioprine (AZA) has been reported as effective in treating pulmonary and
extrapulmonary sarcoidosis.74 The reports usually have been case series. Compared to
MTX, AZA demonstrates a similar efficacy in pulmonary and extrapulmonary
sarcoidosis.78,82 Both drugs have been shown to be effective steroid‐sparing agents in
pulmonary sarcoidosis, but more infections were reported with AZA.82
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Figure 1.5

High‐resolution computed tomography study showing the consequences of pulmonary toxicity
caused by methotrexate. There is an irregular reticular pattern with areas of confluent
opacities, small cystic changes and a few traction bronchiectasis. These abnormalities are
predominantly located in the dorsal and basal part of both lungs. Although on this slice there is
some extension of disease in the anterior part of the left lung.

AZA inhibits nucleotide synthesis by feedback inhibition in the early stages of
purine metabolism and it prevents T cell and B cell proliferation.125 AZA is metabolized
by the enzyme thiopurine S‐methyltransferase (TPMT) to 6‐mercaptopurine.74 AZA is
associated with nausea and leucocytopenia.74 Furthermore, it can lead to severe
hepatotoxicity.74,126 Patients with low or deficient TPMT levels are at higher risk of
developing drug‐related toxicity.127 Heterozygous individuals with intermediate
enzymatic activity comprise 5–15% of patients, while approximately 0.3% are
homozygous, with very low or absent enzymatic activity.128 Therefore, measuring TPMT
before initiating AZA therapy is recommended.127
Leflunomide
Leflunomide (LEF) is used as an alternative or in addition to MTX.74,78 However, there
are no studies directly comparing the effectiveness and side‐effects of LEF and MTX.
LEF has been reported as effective in two observational case series.88,89 A complete or
partial response for cutaneous, ocular, and sinonasal involvement was seen, but LEF
was less effective for neurological and musculoskeletal manifestations.78
LEF inhibits the enzyme dihydroorotase in the pyrimidine synthesis.78 Major
toxicities are similar to MTX.74,78 There is no difference in hepatic or haematologic
changes during long‐term monitoring in patients treated with both LEF and MTX
compared with patients who were treated with MTX alone.74 Worrisome side‐effects
reported for LEF include severe weight loss and peripheral neuropathy.78,88,89
Pulmonary toxicity has been reported with LEF, but at a lower rate than that reported
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with MTX.78,124 A recently reported safety issue with LEF is silent fibrosis.78 Patients with
rheumatoid arthritis who received concomitant LEF and MTX for more than 6 months
had an increased risk of silent liver fibrosis.78,129
Mycophenolate mofetil
Mycophenolate mofetil (MMF) is an inosine monophosphate dehydrogenase inhibitor
that has an antiproliferative effect on lymphocytes and profoundly attenuates the
production of autoantibodies by B cells.78 A recent study, which evaluated MMF as a
steroid‐sparing agent in 10 patients with chronic pulmonary sarcoidosis, found
significantly reduced daily glucocorticosteroid doses.78,90 Furthermore, in four patients
a reduction of pulmonary symptoms and radiological signs and improvements in
pulmonary function were seen; whereas, the other six patients’ diseases remained
stable.90 MMF might also have a role in neurosarcoidosis affecting the central nervous
system.130 Combining MMF with systemic glucocorticosteroids did not cause any severe
side‐effects.90,130 Adding MMF to glucocorticosteroids may be a viable and safe
treatment option in chronic pulmonary and central nervous system sarcoidosis, but
additional studies are necessary.
Pentoxifylline
Pentoxifylline (POF), a methylxanthine derivative, inhibits phosphodiesterase resulting
in reduction of inflammation by inhibition of a number of pro‐inflammatory cytokines,
including TNF‐α.74 Some studies reported POF to be an effective therapeutic option in
acute pulmonary sarcoidosis, with improvement of DLCO and a trend for the drug to be
steroid‐sparing.91,92 The drug is associated with significant gastrointestinal toxicity,
which limits its use in treatment of chronic sarcoidosis.35,74
Thalidomide
Thalidomide is a synthetic derivate of glutamic acid and has several molecular targets.
The most important function in sarcoidosis is the inhibition of TNF‐α production.125 It
was first reported as an effective treatment in chronic cutaneous sarcoidosis.131 In
pulmonary sarcoidosis, thalidomide has been proven effective in improving pulmonary
function, whereas in some cases the drug was steroid‐sparing.93,94 Recent in vitro
research showed inhibitory effects of thalidomide on lung fibroblasts, which needs
further investigation in vivo.132 Thalidomide has severe teratogenic effects. Side‐effects
include peripheral neuropathy, hypersomnulance, and an increased risk for deep
venous thrombosis and pulmonary embolism.94
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Cyclosporine A
Cyclosporine is a fungal peptide that suppresses T cell activation.125 In some case
reports it was thought to be effective for refractory disease.74,133 However, a double
blind, randomized trial of chronic pulmonary sarcoidosis found no significant benefit
from adding cyclosporine A to glucocorticosteroids therapy in terms of pulmonary
function or steroid‐sparing potency.95 The drug is associated with major side‐effects,
including hypertension, renal dysfunction, increased risk for opportunistic infections,
and malignancy.95 Therefore, cyclosporine A is rarely used to treat sarcoidosis.74
Cyclophosphamide
Cyclophosphamide is metabolized in the liver into active alkylating metabolites, which
inhibit lymphocyte number and function with suppression of both cellular and humoral
immunity.78,125 In sarcoidois, cyclophosphamide is typically used for cardiac sarcoidosis
or neurosarcoidosis.78,134‐136 Adverse events are generally mild, mainly consisting of
gastrointestinal symptoms.78 However, major side‐effects, like hemorrhagic cystitis,
recurrent pneumonia, and liver test abnormalities, require cyclophosphamide
discontinuation.137 It also possesses the risk of ovarian failure in women of reproductive
age.78
Chloroquine and hydroxychloroquine
The antimalarial agents, chloroquine (CQ) and hydroxychloroquine (HCQ), have
demonstrated efficacy in sarcoidosis, most likely as a result of their immunomodulatory
properties.74,78 CQ has been used for both cutaneous and pulmonary sarcoidosis,
whereas HCQ is mostly effective for cutaneous sarcoidosis.74,78,96,138,139 CQ is associated
with significant gastrointestinal and ocular toxicity, which is dose dependent.74,140 HCQ
has been preferred, but monitoring for ocular toxicity is still necessary.74,141

Third‐line therapy: TNF‐α inhibitors and new experimental treatment
modalities
For some patients with sarcoidosis, glucocorticosteroids and DMASDs may not control
disease.74 In certain patients, excessive production of TNF‐α by alveolar macrophages
retrieved by BAL has been reported.142 Several biological agents which specifically
inhibit TNF‐α have become available and have demonstrated efficacy in sarcoidosis,
especially in patients refractory to other treatments.74,78 Furthermore, some new
experimental treatment modalities can form alternative third‐line therapeutic options
(Table 1.2).74,78
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TNF‐α inhibitors
TNF‐α inhibitors might be a valuable treatment option for patients with pulmonary
and/or extrapulmonary sarcoidosis refractory to conventional therapy, on the condition
that they are used with caution.78 Infliximab is a biological chimeric monoclonal
antibody that binds to free TNF‐α, blocking its interaction with the TNF‐receptor, and
sometimes to cell surface TNF‐α.125 Two double blind, placebo controlled trials of
infliximab in patients with chronic pulmonary sarcoidosis showed a significant
improvement of FVC98,99 and in one study improvement in chest radiographs.98 Judson
et al.143 used an extrapulmonary physician organ severity tool for evaluation of specific
organ involvement in sarcoidosis. Although the sample size was low, their results
suggest that infliximab may be beneficial in extrapulmonary sarcoidosis. A recent
retrospective study investigated the sustainability of infliximab response in pulmonary
and extrapulmonary sarcoidosis for up to 85 months and concluded that infliximab has
the capacity to maintain improvements in sarcoidosis over time, based on the finding
that 58,5% of the organs evaluated achieved improvement.97
Adalimumab is a recombinant fully human monoclonal antibody against TNF‐α.74
Prospective observational studies have shown effectiveness of adalimumab in treating
refractory posterior uveitis100, in decreasing total sarcoidosis disease activity as
measured by PET101, and in improving radiological abnormalities.102 Adalimumab also
has a positive effect on cognition and fatigue in sarcoidosis.144 Furthermore, a recent
study has shown adalimumab to be a possible effective and relatively safe treatment in
cutaneous sarcoidosis.145
Etanercept is a TNF‐receptor antagonist.74 It has been reported effective in some
cases of refractory sarcoidosis, but in an open label trial of pulmonary sarcoidosis
etanercept alone was associated with treatment failure in 12 of 17 cases.103
Furthermore, the drug failed in a double blind, placebo controlled trial of patients with
refractory sarcoidosis uveitis.146 These results are in line with observations in Crohn’s
disease.147
For all TNF‐α inhibitors similar toxicities have been reported.148 These include
allergic reaction to the agents, which is most likely to occur with infliximab since this
agent is a chimeric antibody.74 The concurrent use of MTX or other cytotoxic drugs has
been advised to reduce the risk of antibody formation directed against infliximab.149
There is a marked increased risk for reactivation of tuberculosis and increased severity
of tuberculosis course associated with the use of TNF‐α inhibitors.78 Prior to starting
anti‐TNF‐α therapy, screening for latent tuberculosis, using interferon‐gamma release
assays (IGRAs), is recommended.74,78,150 Furthermore, there have been several reports
of sarcoidosis like reactions during the use of TNF‐α inhibitors in other diseases.
Fortunately, the prognosis is good, with complete resolution of the event after
discontinuation in most cases.74,78,151,152
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New experimental treatment modalities
Rituximab (RTX), a chimeric monoclonal antibody that targets CD‐20 cells and
considerably reduces the number of mature B lymphocytes in the circulation.74,78 It has
been reported as effective for refractory sarcoidosis in case reports.104‐106,153,154 The
drug has significant toxicity, including increased risk for viral infections.74,106
Inhaled vasoactive intestinal peptide (VIP) is reported to be associated with
significant changes in the release of several cytokines by alveolar macrophages
retrieved by BAL.107 There was not a change in the FVC.107 This study was small with a
short follow‐up time.74 The drug was well tolerated, but due to a large number of
treatments per day its application may be limited.74
A new phosphodiesterase inhibitor, apremilast, has been reported as effective for
chronic cutaneous sarcoidosis.74,78,108 It has not yet been reported in the treatment of
pulmonary sarcoidosis.
Sarcoidosis can be accompanied by devastating fatigue and by serious symptoms
caused by small fiber neuropathy (SFN). These features do not always respond to the
treatment options discussed above. Reduction in sarcoidosis‐associated fatigue was
demonstrated in patients treated with the neurostimulant methylphenidate and the
central nervous system stimulant armodafinil.29,109,110 In SFN, standard treatment
options, such as antidepressants, anticonvulsants, topical anesthetics, and opioids, are
only effective for symptom relieve in 30–60% of patients.78,111 Intravenous
immunoglobulins seem to be promising, but require further study.78,111 A novel therapy
is ARA 290, a nonhaematopoietic erythropoietin analogue designed to activate the
innate repair receptor, with potent anti‐inflammatory and tissue protective
properties.111,112 Recently, the efficacy of ARA 290 was shown in a pilot study in patients
with sarcoidosis suffering from SFN.112

Scope and aims of this thesis
In current clinical practice, there is a lack of standardized management strategies for
sarcoidosis, despite the availability of several immunosuppressive therapeutic options.
Evidence‐based recommendations for the optimized use of the consecutive first‐,
second‐, and third‐line therapies are lacking. Sarcoidosis is a disease which can present
to any one of a variety of organ specialists, which explains that therapeutic decisions
are highly dependent on the individual specialist’s expertise. Inexperience among
physicians can lead to suboptimal application of pharmacotherapeutic possibilities.
Optimization of therapeutic options is important to avoid unnecessary exposure of
patients to consecutive pharmacological agents. Furthermore, in view of the promising
results of biological agents for refractory sarcoidosis patients, a trend seems to be
emerging amongst the healthcare providers towards a low threshold for switching from
second‐line to third‐line agents. However, the drawbacks of using biological agents on a
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large scale are potential major side‐effects and considerable costs. It is important to
improve the use of less expensive, but effective DMASDs, in order to keep the
healthcare system affordable and accessible to all. Biologicals should only be started for
the correct indication and under experienced supervision. Since sarcoidosis is not one
disease, but rather a mixed group of conditions, individualized therapy is inevitable
guided by appropriate diagnostic procedures to assess the extent of the disease.
Optimal use of pharmacotherapeutic options can serve to help pursue personalized
medicine for the individual patient.
The aim of the studies presented in this thesis was to improve the
pharmacotherapeutic management of sarcoidosis patients. Several aspects in terms of
amelioration of treatment were investigated, with emphasis on the meaning of body
composition profiling in sarcoidosis, the desirable handling of liver test abnormalities,
the development of practical recommendations for the use of MTX and TNF‐α
inhibitors, and the exploration of possible factors identifying responders to TNF‐α
inhibitors.
Chapter 2 provides an overview of the extent, distribution and consistency of organ
involvement detected by PET in 158 sarcoidosis patients with persistent disabling
symptoms. Chapter 3 reports on the prevalence of cachexia and muscle atrophy in 423
Dutch sarcoidosis patients, and the association of these body composition profiles with
sarcoidosis disease activity and severity. Chapter 4 describes the presence and severity
of liver test abnormalities in 837 patients with confirmed sarcoidosis. Additionally, the
association between severity of liver test abnormalities and histopathological
abnormalities in hepatic sarcoidosis was evaluated. Chapter 5 provides an overview of
therapeutic options for sarcoidosis liver involvement, and combines these data into
recommendations for the optimal therapeutic approach of hepatic sarcoidosis. Chapter
6 presents the development of practical recommendations, on behalf of the World
Association of Sarcoidosis and Other Granulomatous Disorders (WASOG), for the use of
MTX in sarcoidosis by integrating the evidence obtained through a systematic literature
review and the expert opinions of 113 sarcoidologists worldwide. Chapter 7 describes
the development of practical recommendations for the use of the TNF‐α inhibitors
infliximab and adalimumab in sarcoidosis by combining the evidence from both a
systematic literature search and the opinions of the world’s leading sarcoidosis experts.
Chapter 8 assesses the association between the presence of the TNF‐α G‐308A
polymorphism and the response to TNF‐α inhibitors amongst 111 patients with
refractory sarcoidosis. Chapter 9 summarizes the findings presented in this thesis and
argues their implications. Finally, directions for future research are discussed.
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Abstract
Background
Sarcoidosis is characterized by a wide range of disease manifestations. In the management and
follow‐up of sarcoidosis patients, knowledge of extent of disease, activity and severity is crucial.
The aim of this study was to assess the extent, distribution and consistency of inflammatory
18
organ involvement using F‐FDG PET/CT (PET) in sarcoidosis patients with persistent disabling
symptoms.
Methods
Retrospectively, sarcoidosis patients who underwent a PET between 2005 and 2011 (n=158) were
included. Clinical data were gathered from medical records and PET scans were evaluated.
Positive findings were classified as thoracic and/or extrathoracic.
Results
Of the studied PET positive sarcoidosis patients (n=118/158; 75%), 93% had intrathoracic activity
(79% mediastinal and 64% pulmonary activity, respectively) and 75% displayed extrathoracic
activity (mainly peripheral lymph nodes, bone/bone marrow, and spleen). Hepatic positivity was
always accompanied by splenic activity, whereas the majority of patients with parotid gland,
splenic or bone/bone marrow activity showed lymph node activity. A substantial number of
patients with PET positive pulmonary findings (86%) had signs of respiratory functional
impairment. No obvious association between hepatic, splenic or bone/bone marrow activity and
their corresponding laboratory abnormalities suggestive of specific organ involvement, was
found.
Conclusion
The majority of studied patients appeared to have PET positive findings (75%), of which a high
proportion (75%) displayed extrathoracic activity. Hence, PET can be especially useful in the
assessment of extent, distribution and consistency of inflammatory activity in sarcoidosis to
provide an explanation for persistent disabling symptoms and/or to provide a suitable location
for biopsy.
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Introduction
Sarcoidosis is a multisystemic disease characterized by inflammatory activity with
formation of noncaseating granulomas in various organ systems.1,2 Although the lungs
are most commonly affected, no organ is immune to sarcoidosis.3 Sarcoidosis activity
can lead to a wide range of disease severity, varying from minimal involvement to
derangement of organ physiology with functional impairment, such as pulmonary
fibrosis or devastating extrapulmonary complications.1,2,4‐6 Since practically every organ
can be involved, patients may present with a wide variety of clinical signs and
symptoms.1,2 Since the clinical course of sarcoidosis is extremely variable, careful
assessment of disease extension, severity and activity by organ, with emphasis on vital
target organs, is warranted.2,7 The assessment of inflammatory disease activity is
helpful to monitor the course of the disease and guide therapeutic strategies and also
in defining endpoints of various disease manifestations for clinical trials.2,4,8
An objective system for specific organ assessment to estimate sarcoidosis disease
activity, cause and extent, is still lacking. In general, there is no single test or marker
available to evaluate specific organ involvement. Each of the currently available
markers has its shortcomings and assessment of specific organ involvement may be
beyond the scope of the diagnostic tools used.9 A correct estimation of the incidence of
organ involvement is therefore, hampered by the difficulty of a reliable confirmation of
disease activity for each separate organ. In the ACCESS (A Case Control Etiologic Study
of Sarcoidosis) research group study, organ involvement was determined by using an
assessment system based on findings from history, physical examination, and
laboratory testing.3,10 In recent years, fluorine18‐fluoro‐deoxyglucose positron emission
tomography/computed tomography (18F‐FDG PET/CT or PET) has been shown to be a
sensitive method to assess inflammatory activity and the extent of disease in
sarcoidosis.11‐21
The aim of this retrospective study was to assess the extent, distribution and
consistency of organ involvement detected by PET in sarcoidosis patients with
persistent disabling symptoms.

Methods
Study population
The material and methods used in this study have been previously described by our
group.18,19,22 Between June 2005 and September 2011 a PET was performed in 191/608
sarcoidosis patients referred to the former ild (interstitial lung disease) care team, a
tertiary referral centre of the Department of Respiratory Medicine of the Maastricht
University Medical Centre+ (MUMC+) in the Netherlands. The indication for the PET
was the presence of unexplained disease related disabling symptoms that persisted for
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at least 1 year. Persistent disabling symptoms were defined as the presence of more
than one symptom that had substantial influence on quality of life, and that could not
be explained with the results of routine investigations, including lung function tests or
chest radiograph. These symptoms included fatigue (fatigue assessment scale (FAS)
≥22),23 symptoms compatible with small fiber neuropathy (SFN; SFN screenings list
(SFNSL) score ≥11),24 arthralgia and/or muscle pain, dyspnea (medical research council
(MRC) dyspnea scale ≥3), exercise intolerance or cough. Lung function testing and
laboratory tests were performed within an interval of less than two weeks of the PET
scanning. In the routine workup, all patients completed the FAS23 and the SFNSL.24
Sarcoidosis was proven by the presence of noncaseating granulomas on biopsy
according with a compatible clinical picture. Moreover, other causes of granulomatous
disease were excluded, according with the consensus statement on sarcoidosis of the
American Thoracic Society (ATS)/European Respiratory Society (ERS)/ World
Association of Sarcoidosis and Other Granulomatous Disorders (WASOG).1 Exclusion
criteria consisted of other diseases that are able to cause PET positive findings.
Therefore, five patients with common variable immunodeficiency, five patients with
malignancy and one patient with both rheumatoid arthritis and amyloidosis were
excluded. Due to an inappropriate interval between PET scanning and obtaining blood
samples, another 22 patients were excluded. Finally, 158 patients were included.
Inflammatory activity was considered to be present in case the PET demonstrated
positive findings. Relevant clinical data were gathered retrospectively. This study was
approved by the Medical Ethics Board of the MUMC+ (METC 11‐4‐116) and all patients
signed an informed consent.

Laboratory tests
Serum levels of angiotensin‐converting enzyme (ACE), soluble‐interleukin2‐receptor
(sIL2R), C‐reactive protein (CRP), alanine aminotransferase (ALT), and alkaline
phosphatase (ALP) were determined as described previously.22 Serum liver test
abnormalities were defined as being present, if the level of the upper limit of normal
times 1.5 was exceeded by ALT (>60 U/l for men and >52.5 U/l for women) and/or ALP
(>187.5 U/l for both men and women). Haemoglobin (Hb) level, white blood cell (WBC)
count and thrombocyte count were determined on a Sysmex XE‐5000 (Sysmex,
Hamburg, Germany), according to the manufacturer’s instructions. Lower reference
values for Hb were 7.3 mmol/l for the female population and 8.2 mmol/l for the male
population; 3.5x109/l for WBC and 150x109/l for thrombocyte count.

Pulmonary function tests
Forced expiratory volume in 1 second (FEV1) and the forced vital capacity (FVC) were
measured with a pneumotachograph (Masterlab, Jaeger). The diffusing capacity for
carbon monoxide (DLCO) was measured by the single‐breath method (Masterlab,
Jaeger, Würzburg, Germany).25 Values were expressed as a percentage of predicted
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values.25 Respiratory functional impairment (RFI) was defined as present if FEV1 was
<80%, FVC was <80%, or DLCO was <80%.25
18

F‐FDG PET/CT

A 18F‐FDG PET/CT scan was performed. Patients were scanned using a Gemini® PET/CT
(Philips Medical Systems) scanner with time‐of‐flight capability, together with a 64‐slice
Brilliance CT scanner. This scanner has a transverse and axial field of view of
respectively 57.6 and 18 cm. The transverse spatial resolution is around 5 mm. Patients
were fasting for at least 6 hours before the examination. In all patients, blood glucose
was measured to ensure that the blood glucose was below 10 mmol/l. 18F‐FDG (GE
Health, Eindhoven, The Netherlands) was injected intravenously and followed by
physiologic saline (10 ml). The injected total activity of FDG depended on the weight of
the patient. Mean injected dose was 200 MBq. After a resting period of 45 minutes
(time needed for uptake of FDG), PET and CT images were acquired from the head to
the feet. A low dose CT scan was performed without intravenous contrast and used for
attenuation correction of the PET images. Typical values were 120 kVp; 30mAs; volume
computed dose index, and 1.8 mGy. The PET images were acquired in 5‐minute bed
positions. The complete PET data set was reconstructed iteratively, with a
reconstruction increment of 5 mm to provide isotropic voxel.
All PET scans were evaluated blinded and independently by two experienced
nuclear physicians (MvK and SV). The inter‐observer agreement concerning the PET
scores was excellent (weighted kappa varied from 0.912‐1.000).18 Findings were scored
as either positive or negative. PET findings were described as positive if increased FDG‐
uptake was seen in the mediastinum, lung parenchyma or on extrathoracic sites
including peripheral lymph nodes, spleen, liver, bone/bone marrow, parotid glands,
nasopharynx, skin, muscle, and myelum. Positive findings were classified as thoracic
and/or extrathoracic. Positive thoracic PET findings were subdivided as PET positive
findings in the pulmonary parenchyma and/or mediastinal lymph nodes.

Statistical procedure
Statistical analyses were performed using SPSS, version 16.0 for Windows (SPSS Inc.,
Chicago, Illinois, USA). Results are presented as means (±SD) for normally distributed
continuous variables and as absolute numbers and percentages for nominal or ordinal
variables. Differences between groups in demographic and clinical characteristics were
tested for statistical significance using the Student’s t‐test iteratively for independent
samples in case of continuous variables or Pearson’s Chi‐squared test in case of
nominal or ordinal variables. A p value of ≤0.05 was considered to indicate statistical
significance.
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Results
Demographic and clinical characteristics
In Figure 2.1 the enrolment and outcome of interpretation of the PET scans of the
studied sarcoidosis sample are shown. A summary of the demographic and clinical
characteristics of the 158 studied patients, subdivided in patients with PET negative
(n=40: 25%) and PET positive (n=118: 75%) findings, is shown in Table 2.1. The total
group consisted of 146 Caucasians, eight were of African‐American origin and four of
Asian origin. Reported disabling symptoms consisted of fatigue (81%; FAS≥22),
symptoms compatible with SFN (72%; SFNSL score ≥11), arthralgia and/or muscle pain
(58%), dyspnea (48%; MRC dyspnea scale ≥3), exercise intolerance (38%), and/or cough
(20%). The FAS score of the total studied population was 30.4 ±7.8 and the SFNSL 24.9
±14.8, without significant differences between PET positive and PET negative patients
(data not shown). Mean sIL2R level in PET positive patients was significantly higher
compared with PET negative patients (p<0.001), whereas ACE and CRP did not
significantly differ between the two groups.

Figure 2.1

Enrolment, exclusion and outcome of interpretation of the PET scans of the studied Dutch
sarcoidosis sample. *A total of 33 PET scans, obtained from 33 patients, were excluded due to
comorbity (n=11) or an inappropriate interval between PET scanning and obtaining blood
18
samples (n=22). PET, F‐FDG PET/CT.

At inclusion 41 patient (25.9%) were on pharmacological treatment: 10 of these
patients (24.4%) used prednisone alone (median dose 15 mg daily (range 10–40 mg)),
18 patients (43.9%) used methotrexate (MTX) alone (median dose 10 mg a week (range
7.5–12.5 mg)), and 13 patients (31.7%) used a prednisone and MTX combination (all
patients 10 mg prednisone daily and median dose MTX 10 mg a week (range 10–12.5
mg)).
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a

28 (70.0%)
57.7 ±11.7
10/18
6.8 ±9.8
19/3/1/4/1
0
0
0
0
101.7 ±20.6
82.0 ±17.5
21.4 ±16.6
2541 ±2900
5.4 ±4.9

no treatment

total PET positive
population
118
47.1 ±11.5
48/70
5.7 ±6.8
22/31/27/7/31
110 (93.2 %)
88 (74.6%)
30 (25.4%)
8 (6.8%)
91.2 ±22.7**
71.2 ±19.4**
21.8 ±16.2
4541 ± 2877*
15.0 ±41.3
29 (24.6%)
48.7 ±11.4
12/17
7.5 ±7.3
3/6/7/0/13
26/110 (23.6%)
20/88 (22.7%)
8/30 (26.7%)
3/8 (37.5%)
77.0 ±19.1
60.8 ±19.6
22.0 ±13.2
4627 ±3081
9.3 ±9.7

PET positive patients
treatment
no
treatment
89 (75.4%)
46.6 ±11.5
36/53
4.9 ±6.6
19/25/20/7/18
84/110 (76.3%)
68/88 (77.3%)
22/30 (73.3%)
5/8 (62.5%)
95.5 ±22.1
74.3 ±18.3
21.7 ±17.0
4510 ±2822
16.9 ±47.7

*p<0.001 PET positive versus PET negative. **p<0.05 PET positive versus PET negative. Data are presented as means ±SD; absolute numbers or percentages if
appropriate. +, positive; % of predicted, percentage of predicted values; ACE, serum angiotensin‐converting enzyme; CRP, C‐reactive protein; DLCO, diffusion capacity for
carbon monoxide; FVC, forced vital capacity; PET, 18F‐FDG PET/CT; sIL2R, soluble‐IL2‐receptor; y, years.

PET negative patients
total PET negative
treatment
population
40
12 (30.0%)
48.7 ±12.3
51.0 ±14.0
16/24
6/6
6.0 ±8.5
4.3 ±4.0
26/3/4/5/2
7/0/3/1/1
0
0
0
0
0
0
0
0
100.0 ±21.5
96.5 ±23.9
78.6 ±16.6
70.7 ±11.1
20.9.4 ±19.0
19.8 ±25.1
2525 ±2951
2490 ±3203
6.4 ±8.2
8.5 ±12.7

Summary of demographic and clinical characteristics of the studied sarcoidosis patients divided according to the absence (n=40) and presence (n=118) of
a
PET abnormalities and subdivided in a treatment and no treatment group.

Number
Age (y)
Sex (female/male)
Time since diagnosis (y)
Chest radiograph stage 0/I/II/III/IV
Thoracic PET+
Extrathoracic PET+
Solitary thoracic PET+
Solitary extrathoracic PET+
FVC (% of predicted)
DLCO (% of predicted)
ACE (9‐25 U/l; n=144)
sIL2R (240‐3154 pg/ml; n=139)
CRP (2‐9 µg/ml; n=139)

Table 2.1

Extent of sarcoidosis assessed by F‐FDG PET/CT
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Distribution of organ involvement in PET positive patients
Of the PET positive patients (n=118, 69% female and mean age 47.1 ±11.5 years), 93%
demonstrated thoracic involvement, whereas 75% showed one or more positive
extrathoracic localizations (Table 2.1). In 30 patients (25%) the PET activity was limited
to the thorax, and in eight patients (7%) this activity was limited to extrathoracic
localizations. In almost one fifth of patients (21; 18%) one single organ was positive,
whereas in 38 (32%) two organs, in 22 (19%) three organs, in 14 (12%) four organs, and
in 23 (20%) five or more organs, respectively, with PET activity were found. One of
these patients had eight organs involved, as depicted in Figure 2.2.

Figure 2.2
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Example of a 45‐year‐old male patient with a history of 8 years of sarcoidosis. Multiple signs of
18
inflammatory activity were seen on F‐FDG PET/CT in the parotid glands, nasopharynx, and in
cervical, mediastinal and hilar lymph nodes. Extensive lymphadenopathy was observed in the
18
abdominal and inguinal region. Lung, liver and spleen showed locations with increased F‐FDG
uptake, which could also be seen in the muscles and bone/bone marrow.
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The distribution of specific organ involvement is shown in Table 2.2. Thoracic
lesions were seen most frequently (PET positive mediastinal lymph nodes in 79% and
pulmonary PET positive findings in 64% of the patients, respectively), followed by
extrathoracic lesions consisting of peripheral lymph nodes (51%), bone/bone marrow
(35%), spleen (22%), and parotid gland (19%). Nasopharyngeal, muscle, liver, skin, and
neurological activity were seen in a small number of the PET positive scans.
In Table 2.2, the distribution of organ involvement assessed by PET is compared
with the data reported by the ACCESS study.3,10 Ocular inflammation is not detectable
using a PET scan. Due to normal renal uptake and excretion of 18F‐FDG, detection of
renal involvement is less reliable and therefore not mentioned in our
results. Furthermore, for the evaluation of cardiac PET activity, the use of a cardiac
protocol, consisting of among others dietary preparation of the patient, is necessary.
Hence this was not performed routinely, establishment of the incidence of cardiac PET
activity was not possible.
Table 2.2

Number and percentage of sarcoidosis patients with specified organ involvement according to
PET findings (n=118) and comparison with results from the ACCESS research group, in which
organ involvement was determined using an assessment system based on findings from history,
3,10
physical examination, and laboratory testing (n=736).

Organ involvement
Mediastinal lymph node(s)
Lung
a
Extrathoracic lymph node(s)
b
Bone/Bone marrow
Splenic
c
Parotid gland
d
ENT
Muscle
Liver
Skin
e
Neurologic
Eye
Renal
Cardiac

PET positive population
(n=118)
Number
Percent
93
78.8
76
64.4
60
50.8
41
34.7
26
22.0
22
18.6
15
12.7
14
11.9
10
8.5
4
3.4
3
2.5
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

3,10

ACCESS study 2001
(n=736)
Number
Percent
n.a.
n.a.
699
95.0
112
15.2
33
4.4
49
6.7
29
3.9
22
3.0
3
0.4
85
11.5
117
15.9
34
4.6
87
11.8
5
0.7
17
2.3

a

Involvement of aortal, liver, abdominal, iliacal, inguinal, cervical, axillary or popliteal lymph nodes.
Involvement of bone and bone marrow in present study, involvement of bone, joints and/or bone marrow
10 c
Involvement of parotid gland in present study, involvement of parotid and/or salivary
in ACCESS study.
10 d
Nasopharyngeal involvement in the present study, nasopharyngeal and/or ear
glands in ACCESS study.
10 e
involvement in ACCESS study.
Involvement of myelum in the present study, involvement of cranial nerve,
10
brain, leptomeningeal and/or peripheral nerve in ACCESS study. ACCESS, A Case Control Etiologic Study of
18
Sarcoidosis; n.a., not applicable; PET, F‐FDG PET/CT.
b
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Associations of PET positivity between various organs
In Table 2.3, the distribution of PET positivity between various organs is shown. All
patients with hepatic PET positive findings demonstrated splenic and pulmonary PET
positivity, and PET positive findings in the mediastinal lymph nodes were present in the
majority of these patients (80%). Every organ (system) assessed, demonstrated in
majority of cases the concurrent presence of peripheral and/or mediastinal lymph node
activity, with especially high percentages for the parotid gland (100%), spleen (85%)
and bone/bone marrow (81%). In these cases, pulmonary PET positivity was less often
concurrently present (60‐80%). Furthermore, pulmonary PET positivity and mediastinal
lymph node PET positivity appeared to be concurrently present in 78% of cases.

Respiratory functional impairment, laboratory abnormalities and PET
results
Patients with PET positive lung parenchyma (n=76, 64% of PET positive patients)
demonstrated a substantial higher percentage of RFI compared with patients without
PET activity in the lungs: 86% versus 58%, respectively (p=0.003; Table 2.4).
Furthermore, impaired lung function (FVC and DLCO) was associated with PET positivity
(p<0.05; Table 2.1).
Hepatic PET activity was established in 10 of the 118 PET positive patients (9%;
Table 2.2). However, in none of these patients serological liver test abnormalities could
be observed. Furthermore, the serological albumin levels were normal in all patients
with liver PET activity. However, in 13.4% of the PET positive patients without hepatic
PET activity liver test abnormalities were found (elevated ALP in 5.3% and ALT in 13.0%
of patients). Signs of decreased haematopoiesis were present in two of 41 patients with
bone/bone marrow PET activity (4.9%). One young female had a slight anaemia (Hb 6.8
mmol/l) and a minor leucocytopenia (WBC count 3.2x109/l). Another young female had
a Hb level of 5.9 mmol/l. Two PET positive patients without bone/bone marrow activity
(2.6%) demonstrated signs of decreased haematopoiesis. No patients with splenic PET
activity demonstrated thrombocytopenia.

Discussion
The extent, distribution and consistency of inflammatory organ involvement assessed
by PET in the studied sarcoidosis patients with persistent disabling symptoms appeared
to be remarkably high. The majority of patients displayed PET positive findings (75%), of
which, besides intrathoracic positivity (93%), a high proportion (75%) had extrathoracic
activity (mainly peripheral lymph nodes, bone marrow and spleen). Hence, PET can be
especially useful in assessment of extent and distribution of inflammatory activity in
sarcoidosis.
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0/17
(0%)
59/59
(100%)

17/17
(100%)
59/59
(100%)

0/17
(0%)
1/59
(1.7%)

1/76
(1.3%)
4/93
(4.3%)
4/4
(100%)
4/60
(6.7%)
0/10
(0%)
0/26
(0%)
0/3
(0%)
2/14
(14.3%)
0/22
(0%)
1/41
(2.4%)
3/15
(20.0%)
4/102
(3.9%)

Skin+

6/17
(35.3%)
33/59
(55.9%)

39/76
(51.3%)
51/93
(54.8%)
4/4
(100%)
60/60
(100%)
7/10
(70.0%)
20/26
(76.9%)
1/3
(33.3%)
9/14
(64.3%)
14/22
(63.3%)
25/41
(61.0%)
11/15
(73.3%)
60/102
(58.8%)

Extrathora‐
cic LN+a

2/17
(11.8%)
8/59
(13.6%)

10/76
(13.2%)
8/93
(8.6%)
0/4
(0%)
7/60
(11.7%)
10/10
(100%)
10/26
(38.5%)
0/3
(0%)
1/14
(7.1%)
4/22
(18.2%)
5/41
(12.2%)
4/15
(26.7%)
8/102
(7.8%)

Liver+

6/17
(35.3%)
16/59
(27.1)

22/76
(28.9%)
20/93
(21.5%)
0/4
(0%)
20/60
(33.3%)
10/10
(100%)
26/26
(100%)
1/3
(33.3%)
2/14
(14.3%)
7/22
(31.8%)
17/41
(41.5%)
5/15
(33.3%)
22/102
(21.6%)
2/17
(11.8%)
0/59
(0%)

2/76
(2.6%)
1/93
(1.1%)
0/4
(0%)
1/60
(1.7%)
0/10
(0%)
1/26
(3.8%)
3/3
(100%)
1/14
(7.1%)
0/22
(0%)
2/41
(4.9%)
0/15
(0%)
2/102
(2.0%)
2/17
(11.8%)
3/59
(5.1%)

5/76
(6.6%)
9/93
(9.7%)
2/4
(50.0%)
9/60
(15.0%)
1/10
(10.0%)
2/26
(7.7%)
1/3
(33.3%)
14/14
(100%)
3/22
(13.6%)
6/41
(14.6%)
3/15
(20.0%)
11/102
(10.8%)

Splenic+ Neurologic Muscle+
+b

b

5/17
(29.4%)
23/59
(39.0%)

27/76
(35.5%)
30/93
(32.3%)
1/4
(25.0%)
25/60
(41.7%)
5/10
(50.0%)
17/26
(65.4)
2/3
(66.7%)
6/14
(42.9%)
11/22
(50.0%)
41/41
(100%)
4/15
(26.7%)
33/102
(32.4%)
0/17
(0%)
9/59
(15.3%)

9/76
(11.8%)
15/93
(16.1%)
3/4
(75.0%)
11/60
(18.3%)
4/10
(40.0%)
5/26
(19.2%)
0/3
(0%)
3/14
(21.4%)
5/22
(22.7%)
4/41
(9.8%)
15/15
(100%)
15/102
(14.7%)

ENT+c

Involvement of myelum.

0/17
(0%)
15/59
(35.4%)

15/76
(19.7%)
22/93
(23.7%)
0/4
(0%)
14/60
(23.3%)
4/10
(40.0%)
7/26
(26.9%)
0/3
(0%)
3/14
(21.4%)
22/22
(100%)
11/41
(26.8%)
5/15
(33.3%)
22/102
(21.6%)

Parotid Bone/Bone
gland+
marrow+

Involvement of aortal, liver, abdominal, iliacal, inguinal, cervical, axillary or popliteal lymph nodes.
18
PET positive; –, PET negative; LN, lymph node; PET, F‐FDG PET/CT.

a

59/76
(77.6%)
93/93
(100%)
4/4
(100%)
51/60
(85.0%)
8/10
(80.0%)
20/26
(76.9%)
1/3
(33.3%)
9/14
(64.3%)
22/22
(100%)
30/41
(73.2%)
15/15
(100%)
93/102
(91.2%)

76/76
(100%)
59/93
(63.4%)
1/4
(25.0%)
39/60
(65.0%)
10/10
(100%)
22/26
(84.6%)
2/3
(66.7%)
5/14
(35.7%)
15/22
(68.2%)
27/41
(65.9%)
9/15
(60.0%)
65/102
(63.7%)

Lung+
(n=76)
Mediastinal LN+
(n=93)
Skin+
(n=4)
Extrathoracic LN+a
(n=60)
Liver+
(n=10)
Splenic+
(n=26)
Neurologic+b
(n=3)
Muscle+
(n=14)
Parotid gland+
(n=22)
Bone/Bone marrow+
(n=41)
ENT+c
(n=15)
Mediastinal and/or
extrathoracic LN+
(n=102)
Lungs+/mediastinal
LN– (n=17)
Lungs+/mediastinal
LN+ (n=59)

Mediasti‐
nal LN+

Lung+

c

17/17
(100%)
0/59
(0%)

0/17
(0%)
59/59
(100%)

Lungs+/
Lungs+/
mediastinal mediastinal
LN+
LN–
17/76
59/76
(22.4%)
(77.6%)
0/93
59/93
(0%)
(63.4%)
0/4
1/4
(0%)
(25.0%)
6/60
33/60
(10.0%)
(55.0%)
2/10
8/10
(20.0%)
(80.0%)
6/26
16/26
(23.1%)
(61.5%)
2/3
0/3
(66.7%)
(0.%)
2/14
3/14
(14.3%)
(21.4%)
0/22
15/22
(0%)
(68.2%)
5/41
23/41
(12.2%)
(56.1%)
0/15
9/15
(0%)
(60.0%)
6/102
59/102
(5.9%)
(57.8%)

Nasopharyngeal involvement. +,

6/17
(35.3%)
59/59
(100%)

Mediastinal
and/or extra‐
thoracic LN+
65/76
(85.5%)
93/93
(100%)
4/4
(100%)
60/60
(100%)
8/10
(80.0%)
22/26
(84.6%)
2/3
(66.7%)
11/14
(78.6%)
22/22
(100%)
33/41
(80.5%)
15/15
(100%)
102/102
(100%)

Number and percentage of sarcoidosis patients with specified organ involvement according to positive PET findings (n=118).

Organ involvement

Table 2.3

Extent of sarcoidosis assessed by F‐FDG PET/CT
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Table 2.4

Respiratory functional impairment in the studied sarcoidosis patients subdivided according to
the presence and absence of pulmonary involvement determined by PET (total PET positive
group n=118, total PET negative group n=40).

Total number of patients (%)
RFI (n/n measured)
Impairment
No impairment
p value between groups
RFI not measured

PET positive patients
PET positive lungs
PET negative lungs
76/118 (64.4%)
42/118 (35.6%)
57/66 (86.4%)
9/66 (13.6%)
10/76 (13.2%)

18/31 (58.1%)
13/31 (41.9%)
p1=0.003
11/42 (26.2%)

PET negative patients
40/158 (25.3%)
18/35 (51.4%)
17/35 (48.6%)
p2=0.005
5/40 (12.5%)

p1=PET positive lungs versus PET negative lungs. p2=PET positive patients versus PET negative patients. PET,
18
F‐FDG PET/CT; RFI, respiratory functional impairment; RFI was defined as DLCO <80%, FVC <80%, or FEV1
25
<80% (percentage of predicted).

Distribution of organ involvement
In accordance with earlier results of our group in a smaller population (89 PET positive
patients), in the present study in 75% extrathoracic positivity was found.18 Comparing
the number of PET positive lesions with the reported organ involvement in the ACCESS
study,3,10 demonstrated that assessment by PET established a higher rate of
involvement of the various organs: peripheral lymph nodes (51% and 15%,
respectively), bone/bone marrow (35% and 4%, respectively), spleen (22% and 7%,
respectively), and parotid gland (19% and 4%, respectively) (Table 2.2). These findings
confirm that PET is a sensitive method to assess sarcoidosis activity and organ
involvement, especially when compared to anamnestic findings, physical examination
and laboratory testing. This is in accordance with recent publications.11‐21 Nevertheless,
hepatic and cutaneous involvement were less frequently detected by PET compared to
the ACCESS study. A possible explanation could be the higher percentage of black
subjects in the ACCESS study population (44%) compared with the present study (5%).
Black subjects more likely display hepatic and cutaneous involvement due to
sarcoidosis.3 Furthermore, PET is not a suitable technique to detect cutaneous activity,
since FDG‐uptake in small cutaneous or subcutaneous sarcoid infiltrations can be below
the detection limit, especially when anatomic structures with physiologic or pathologic
tracer accumulation are superimposed.12 Moreover, cutaneous lesions are usually
visible during physical examination and, therefore, PET is usually not performed to
assess disease activity in patients with obvious cutaneous manifestations.

Respiratory functional impairment, laboratory abnormalities and PET
results
PET positivity of the lung parenchyma was associated with RFI, which is in accordance
with findings of previous studies.19 Previously, it was shown that the severity of liver
test abnormalities appeared to be related to the degree of fibrosis and extensiveness of
50
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granulomatous inflammation detected by liver biopsy in hepatic sarcoidosis.26 In
contrast, PET positivity of the liver parenchyma was not associated with liver test
abnormalities. This means that liver test abnormalities are not necessarily present in
case of hepatic PET positivity. Signs of decreased haematopoiesis were present in only
two patients with bone/bone marrow PET activity (4.9%) and thrombocytopenia was
found in none of the patients with splenic PET activity. The study of Mostard et al.,
using partly the same population, also showed that bone/bone marrow PET activity is
not obviously related to decreased haematopoiesis.22 These findings demonstrate that
in only a small minority of the patients with extrathoracic PET activity, associated
laboratory abnormalities suggestive of specific organ involvement, were present.
Hence, PET may be of additional value when assessing the extent of disease to provide
an explanation for disabling extrathoracic symptoms.

Value of PET in sarcoidosis
PET has been shown to be a sensitive method to assess inflammatory activity and the
extent of disease in sarcoidosis.11‐21 However, due to costs and radiation exposure, PET
scan should not routinely be performed in the diagnostic work‐up of sarcoidosis
patients.4,27 Recent findings have shown that in specific situations or patient
populations PET can be very helpful in disease management and monitoring, even
when signs of objective functional organ impairment are absent.14,18,28
First of all, PET appears especially helpful in patients with unexplained persistent
disabling symptoms in the absence of serological signs of inflammatory activity.16,18
Mostard et al. showed that 20% of patients with persistent disabling symptoms and PET
positivity did not have signs of serological inflammatory activity.18
In accordance with previous studies, in most of the studied patients pulmonary PET
activity was found.11,16,18 The severity of pulmonary involvement, assessed by high‐
resolution computed tomography (HRCT) and pulmonary function tests, was found to
be associated with PET activity in sarcoidosis.19 In patients with radiological signs of
fibrosis on chest radiograph or HRCT, PET can be of additional value to detect the
presence of ongoing inflammatory activity between the fibrotic elements.19
Furthermore, the value of PET to detect cardiac sarcoidosis disease activity is a
major subject of recent studies. Detection of cardiac sarcoidosis is important, since it is
a major cause of serious morbidity and mortality in sarcoidosis.29 PET with cardiac
protocol is considered to be a sensitive test for detecting active sarcoid lesions and
their response to treatment.20,28,30
In addition, PET can have an important role in assessing the extent of organ
involvement in an individual patient. Besides the assessment of sarcoidosis activity,
depicting disease extent and severity is of great clinical relevance. Evaluation of the
extent of disease can be helpful to explain persistent disabling (mainly extrathoracic)
symptoms.20 Moreover, PET can uncover a suitable location for biopsy to obtain
histological evidence for the diagnosis.11,20
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In conclusion, the majority of studied patients appeared to have PET positive
findings (75%), of which, besides intrathoracic positivity (93%), a high proportion (75%)
displayed extrathoracic activity. Hence, PET can be especially useful in the assessment
of extent, distribution and consistency of inflammatory activity in sarcoidosis to provide
an explanation for persistent disabling symptoms and/or to provide a suitable location
for biopsy.
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Abstract
Background
Muscle atrophy is a common problem in many chronic inflammatory diseases. It may occur as
part of a generalized wasting process (cachexia) or be hidden due to preservation of fat mass
(sarcopenia, sarcopenic obesity). The aim of this study was to assess the prevalence of cachexia
and muscle atrophy in sarcoidosis and their association with disease activity and severity.
Methods
A cross‐sectional study was performed in 423 sarcoidosis patients. Fat‐free mass was assessed as
an indirect measure of muscle mass by bioelectrical impedance analysis. Patients were stratified
based on body mass index (BMI) and fat‐free mass index (FFMI). Muscle atrophy was defined as
2
2
th
FFMI <15 kg/m for women and <17 kg/m for men corresponding to <10 percentile of current
reference values; cachexia as BMI <20 combined with muscle atrophy. Multivariate linear
regression models were used to adjust for potential confounders.
Results
Of the patients examined, 58% were categorized as overweight (37%) or obese (21%), whereas
7% were underweight. Muscle atrophy was present in 25% and cachexia in 5%. Patients with
muscle atrophy showed significantly worse lung function (DLCO, FEV1, FVC, all p values <0.01)
and impaired exercise capacity (VO2max, p<0.001). The associations were most pronounced in
patients with cachexia. Associations remained significant after adjustment for potential
confounders.
Conclusion
Muscle atrophy was present in 25% of sarcoidosis patients and was associated with more severe
pulmonary disease. Prospective studies with longitudinal design are needed to assess the
association between muscle atrophy and disease severity in sarcoidosis.
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Introduction
Sarcoidosis is a multisystemic disease characterized by inflammatory activity with
formation of noncaseating granulomas in various organ systems.1,2 The etiology is
unknown, but immunological, genetic and environmental factors and oxidative stress
appear to play a role.2‐4 The lungs are most commonly affected, but in 50% of cases
extrapulmonary sites can be involved as well.5 In severe sarcoidosis, the release of
inflammatory mediators causes derangement of organ physiology and finally functional
impairment and related symptoms. The disease stabilizes or improves in many cases
over the first 2 years, but may worsen and become chronic in others.1
Since practically every organ can be involved, patients may present with a wide
variety of clinical signs and symptoms.1,2 In addition, patients can also suffer from
generic disease symptoms, such as fatigue and exercise intolerance, with substantial
impact on the quality of life of patients and their families.1,6‐14 An important
determinant of these symptoms in other chronic inflammatory diseases (e.g. chronic
obstructive pulmonary disease (COPD) and rheumatoid arthritis (RA)) is skeletal muscle
weakness resulting from muscle atrophy,15‐20 but a detailed profile of body composition
in relation to physical functioning is not yet available for sarcoidosis.
Muscle atrophy may occur as part of a generalized wasting process (cachexia) or be
hidden due to preservation of fat mass (often referred to as sarcopenia, sarcopenic
obesity). According to a recent consensus statement, cachexia is defined as a complex
metabolic syndrome associated with underlying illness and characterized by loss of
muscle mass with or without loss of fat mass, with the prominent clinical feature of
weight loss of at least 5% during the previous 12 months or a body mass index (BMI)
<20 kg/m.21 While the disease burden of cachexia is well established, the exact cause
and underlying mechanisms of muscle atrophy are still poorly understood, but are likely
to be multifactorial.17 Putative triggers of muscle wasting are inflammation, oxidative
stress, hypoxemia, inactivity, ageing, smoking and endogenous or exogenous
glucocorticosteroids.17,20,22,23 In contrast to other chronic lung diseases, smoking is not a
cause of sarcoidosis, and is even associated with disease protection.24,25 Moreover, a
low prevalence of smoking is observed among sarcoidosis patients.25 Other possible
triggers may converge during the clinical course of sarcoidosis. It is especially since
inflammation is the most important characteristic of sarcoidosis, with oxidative stress
being one of the etiological factors and glucocorticosteroids being the first‐line
treatment option, that considerable impact on muscle mass status is highly likely.1,2
Moreover, hypoxemia and inactivity have been found to be problems in severe
sarcoidosis as well.11,26 Sarcoidosis patients are relatively young, so the contribution of
age‐associated muscle mass loss is small.1,5
The aim of this study was to investigate the prevalence of different body
composition profiles in patients with sarcoidosis and to assess the association of muscle
atrophy and cachexia with disease activity and severity.
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Methods
Study population
A cross‐sectional study was performed among 423 consecutive chronic refractory
Caucasian sarcoidosis patients who were referred to the former ild (interstitial lung
disease) care team, a tertiary referral centre of the Department of Respiratory
Medicine of the Maastricht University Medical Centre+ (MUMC+), between 1 January
2004 and 31 December 2009. The diagnosis of sarcoidosis was based on consistent
clinical features and bronchoalveolar lavage fluid analysis, according to the guidelines
of the World Association of Sarcoidosis and Other Granulomatous Disorders (WASOG),1
with biopsy‐proven noncaseating epithelioid cell granulomas confirming sarcoidosis in
74%. Other causes of granulomatous disease were excluded. Six of the patients
suffered from glucocorticosteroid‐induced diabetes. None of the other patients had
relevant medical history or comorbidity. All investigations used in this study were
performed during the first visit to the outpatient clinic of the referral centre, and the
questionnaire was completed the same day. Other relevant clinical data were obtained
from medical records. The study was approved by the Medical Ethics Board of the
MUMC+ (METC 11‐4‐116) and all participants gave their written informed consent.

Body composition
Body height was measured to the nearest 0.5 cm while the subjects were standing and
barefoot. Body weight was measured with the patients wearing indoor clothing and
without shoes on a calibrated beam scale to the nearest 0.1 kg (model 708, Seca,
Hamburg, Germany). Body weight was adjusted for body height by calculating the BMI
as weight (kg)/height (m)2.
Fat‐free mass (FFM) was assessed as an indirect measure of muscle mass by single‐
frequency bioelectrical impedance analysis (BIA; RJL Systems, Detroit, MI, USA) in the
supine position with arms and legs abducted and not touching the body.27 Patients
were in non‐fasting condition, but at least 2 hours after their last meal. FFM was
calculated from height2/resistance and body weight using the Lukaski formula.28 In
order to assess the degree of functional tissue depletion, FFM was adjusted for body
size by calculating the FFM index (FFMI, FFM/height2 (kg/m2)).27 BIA has been
extensively validated in COPD and other chronic wasting conditions. FFM correlated
well with deuterium dilution as a reference technique.29
Muscle atrophy was defined as FFMI <15 kg/m2 for women and <17 kg/m2 for men
corresponding to <10th percentile of current reference values established in a large
Caucasian group of healthy subjects.30 Patients were stratified based on BMI and FFMI
into six defined categories: cachexia, defined as BMI <20 combined with muscle
atrophy according to the definition proposed by Evans et al.21; underweight, defined as
BMI <20 combined with normal muscle mass; hidden muscle atrophy, defined as BMI
20–<25 combined with muscle atrophy; normal body composition, defined as BMI 20–
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<25 combined with normal muscle mass; overweight, defined as BMI 25–<30; and
obesity, defined as BMI ≥30.

Questionnaire
Fatigue was measured with the 10‐item fatigue assessment scale (FAS), which indicates
both physical and psychological fatigue. Each item has a five‐point rating scale, and FAS
scores range from 10 to 50. FAS scores <22 indicate non‐fatigued persons, scores of 22–
34 indicate fatigued persons and scores of ≥35 indicate extremely fatigued persons.31
The psychometric properties of the FAS have been found to be good in sarcoidosis.31,32

Chest radiography
The chest radiographs were scored by an experienced thoracic radiologist, blinded to
the patient’s clinical history. Chest X‐ray radiographic abnormalities were classified
according to the Scadding radiographic staging system.1 Five stages of radiographic
abnormality were distinguished: stage 0 (normal chest radiograph), stage I (bilateral
hilar lymphadenopathy (BHL)), stage II (BHL and parenchymal abnormalities), stage III
(parenchymal abnormalities without BHL) and stage IV (end‐stage lung fibrosis).

Laboratory tests
The inflammatory markers angiotensin‐converting enzyme (ACE), soluble‐interleukin2‐
receptor (sIL2R) and C‐reactive protein (CRP) were used to assess sarcoidosis
inflammatory activity.33‐36 Serum ACE was measured by a colorimetric method (cat. no.
FU 116, Fujirebio Inc.).33 Serum levels of sIL2R were determined using an IMMULITE
Automated Analyzer.33 The CRP concentration was measured by a turbidimetric
method on a SYNCHRON LX (Beckman Coulter Inc., Fullerton, CA, USA).33

Pulmonary function
The diffusing capacity for carbon monoxide (DLCO) was measured using the single‐
breath method (Masterlab, Jaeger, Würzburg, Germany). Forced expiratory volume in 1
second (FEV1) and forced vital capacity (FVC) were measured with a pneumo‐
tachograph (Masterlab, Jaeger, Würzburg, Germany).37 Pulmonary function tests were
performed according to the standards of the European Community of Coal and Steel.37
Values were expressed as a percentage of predicted values.

Exercise capacity and muscle strength
Patients performed a symptom‐limited incremental maximal exercise test (10 W/min)
on an electronically braked cycle ergometer (Cornival 400, Lode, Groningen, The
Netherlands) from which maximal oxygen uptake (VO2max) was determined.26 This
exercise test was performed according to the American Thoracic Society’s standards.38
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The 6‐minute walk distance (6MWD) was used to assess functional exercise capacity
and was performed according to the American Thoracic Society guidelines.11,13,39‐41
Values were expressed as a percentage of predicted values.
A global impression of muscle strength was obtained by measuring the maximal
isometric handgrip force (HGF) of the dominant hand (in kilograms) with the Jamar
dynamometer (Jamar, Sammons Preston, Chicago, USA), which is a valid and reliable
instrument.42,43 Maximal inspiratory pressure (PI,max) was assessed by measuring
maximal respiratory mouth pressures using the method of Black and Hyatt.44 All tests
were performed as reported previously.11

Statistical analysis
Results are presented as means (±SD) for normally distributed continuous variables and
as frequencies and percentages for nominal or ordinal variables. The distribution of
characteristics and outcome measures of patients with and without muscle atrophy
were compared using the Student’s t‐test or one‐way ANOVA test for normally
distributed continuous variables and the non‐parametric tests Mann‐Whitney U or
Kruskal‐Wallis H for non‐normally distributed variables. Pearson’s Chi‐squared test was
used to assess differences in nominal and ordinal variables. Multivariate linear
regression models were used to adjust for potential confounders. A p value ≤0.05 was
considered to represent a statistically significant relationship. SPSS‐pc version 16.0
(SPSS Inc., Chicago, Illinois, USA) was used for analysis.

Results
Patient characteristics are summarized in Table 3.1. Twenty‐five percent (107/423) of
the patients examined showed muscle atrophy. The time since diagnosis varied from 6
months to 37 years prior to the first visit, with a mean value of 4.3 (±5.8) and a median
of 2.0 years. The mean age of the total study group was 43 (±11) years, 46% were
female and 10.6% smoked. Fifty‐three percent of patients were on pharmacological
treatment during data collection: 153 patients used prednisone alone (dose 2.5–60 mg
daily, mean dose 11 mg daily); 15 patients methotrexate (MTX) alone (dose 5–15 mg
weekly, mean dose 9.0 mg weekly); 29 patients the combination of prednisone (5–30
mg daily, mean dose 13 mg daily) plus MTX (2.5–15 mg weekly, mean dose 10 mg
weekly); and 21 patients were on tumor necrosis factor‐alpha (TNF‐α) inhibitor therapy
with or without other therapeutics (prednisone or MTX). In patients with muscle
athrophy, the presence of extrathoracic sarcoidosis involvement did not differ
significantly from patients with normal muscle mass.
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Table 3.1

Summary of patient characteristics.

Variable
Demographics
Number of patients (%)
d
Female/male (%)
c
Age (y)
c
Time since diagnosis (y)
d
Smoking (%)
d
Extrathoracic involvement (%)
Body composition
2 c
BMI (kg/m )
c
Female/male
2 c
FFMI (kg/m )
c
Female/male
d
Pharmacological treatment (%)
d
Prednisone use (%)
d
Methotrexate use (%)
d
TNF‐α inhibitor use (%)
a

Muscle atrophy
(FFMI <15f/17m)

Normal muscle mass
(FFMI ≥15f/17m)

Total

107 (25.3%)
45.3/54.7
41.7 ±12.0
4.5 ±5.4
11.2
75 (70.1%)

316 (74.7%)
47.7/52.3
43.9 ±10.8
4.2 ±6.0
10.4
238 (75.3%)

423 (100%)
45.9/54.1
43.3 ±11.1
4.3 ±5.8
10.6
313 (74.0%)

27.7 ±5.0
28.0 ±5.8/27.5 ±4.1
18.3 ±2.0
b
17.0 ±1.4/19.4 ±1.6
52.5
46.5
13.3
4.4

26.6 ±5.1
26.9 ±5.7/26.3 ±4.5
17.4 ±2.3
b
16.2 ±1.9/18.5 ±2.2
53.4
47.0
13
5.0

a

23.1 ±3.6
23.6 ±3.7/22.6 ±3.4
a
14.9 ±1.3
b
14.0 ±0.9/15.8 ±1.0
56.1
48.6
12.1
6.5

b

Significant difference between the muscle atrophy and normal muscle mass groups, p<0.05. Significant
c
difference between women and men, p<0.001. All values are expressed as mean ±SD and were tested with
d
one‐way ANOVA. All values are expressed as frequencies and/or percentages and were tested with
Pearson’s Chi‐squared test. BMI, body mass index; f, female; FFMI, fat‐free mass index; m, male; TNF‐α,
tumor necrosis factor‐alpha; y, years.

The mean BMI was 26.6 (±5.1) kg/m2, indicating some excess weight. No significant
difference was found between men and women. Mean FFMI was 17.4 (±2.3) kg/m2 for
the total group and was, as expected, significantly lower in women compared to men
(p<0.001); both could, however, be categorized as normal. Apart from BMI and FFMI,
patient characteristics did not differ between the muscle atrophy and normal muscle
mass groups.
Figure 3.1 shows an overview of the prevalence of the different body composition
profiles. Fifty‐eight percent of the patients examined were categorized as overweight
(37%) or obese (21%), whereas 7% showed a BMI below normal and 35% a normal BMI.
Of the 107 patients with muscle atrophy, 22 (20%) were overweight or obese, whereas
21 (20%) had a BMI <20 (cachexia, 5% of the total population). The majority (n=64,
60%) of patients with muscle atrophy were found to have a normal BMI (hidden muscle
atrophy, 15% of the total population). A total of 82 patients (19%) had a completely
normal body composition (normal BMI and normal FFMI).
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Figure 3.1

Body composition profiles in a sarcoidosis sample.
th
Stratification of FFMI according to <10 percentile of current reference values established in a
30
large Caucasian group of healthy subjects. BMI, body mass index; FFMI, fat‐free mass index.

Table 3.2 presents disease parameters for patients with and without muscle
atrophy. Fatigue, assessed by the FAS, did not differ between the two groups. The
distribution of chest radiograph stages was significantly different in the two groups
(p=0.024), with chest radiograph stage IV being more prevalent in muscle atrophic
patients (34%) compared to chest radiograph stages 0–III (24%). Despite a clear
tendency towards higher values of sIL2R in muscle atrophy, sIL2R did not differ
significantly between the two groups. This was also true for a subgroup of untreated
patients, for whom no difference in sIL2R could be established between the two muscle
mass groups (data not shown). The levels of sIL2R were not normally distributed and
the range was wide (160–9684 U/ml). The mean values of the other inflammatory
parameters ACE and CRP were similar in both groups. The muscle atrophic patients had
significantly lower values on lung function test results (DLCO p<0.001, FEV1 p=0.005,
FVC p<0.001) and for exercise capacity (VO2max p<0.001). A tendency towards lower
values of 6MWD, expressed as a percentage of predicted value, was observed in the
patients with muscle atrophy, but this tendency did not reach significance (p=0.165).
The muscle strength parameters PI,max and HGF of the dominant hand did not differ
significantly between the two muscle mass groups, despite a tendency towards lower
values of both tests in the muscle atrophy group.
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Table 3.2

Distribution of disease parameters for groups of sarcoidosis patients with and without muscle
atrophy.

Variable
Number of patients (%)
a
FAS score
n
Chest radiograph stage
b
0/I/II/III/IV (%)
Inflammatory markers
a
ACE (U/l)
n
c
sIL2R (U/ml)
n
c
CRP (mg/l)
n
Lung function
a
DLCO (% of predicted)
n
a
FEV1 (% of predicted)
n
a
FVC (% of predicted)
n
Exercise capacity
a
VO2max (% of predicted)
n
a
6MWD (% of predicted)
n
Muscle strength
HGF dominant hand (% of
a
predicted)
n
a
PI,max (% of predicted)
n

Muscle atrophy
(FFMI <15f/17m)
107 (25.3%)
31.1 ±7.1
97
49.5/2.8/20.6/6.5/
20.6*

Normal muscle mass
Total
(FFMI ≥15f/17m)
316 (74.7%)
423 (100%)
29.9 ±9.0
30.2 ±8.5
295
392
41.5/9.8/22.8/12.3/ 43.5/8.0/22.2/10.9/
13.6
15.4

p value
‐
0.229
0.024

23.2 ±16.0
105
1852 ±2297
86
8.4 ±8.3
107

22.0 ±11.0
314
1391 ±1613
237
10.5 ±18.8
313

22.3 ±12.4
419
1514 ±1828
323
10.0 ±16.8
420

0.410

76.5 ±19.1*
107
83.3 ±24.9*
106
92.0 ±21.8*
106

83.6 ±16.8
313
90.3 ±21.3
312
99.9 ±19.2
313

81.8 ±17.7
420
88.5 ±22.4
418
97.9 ±20.1
419

<0.001

62.3 ±19.7*
42
64.5 ±16.2
51

81.6 ±23.7
136
68.0 ±14.9
140

77.0 ±24.2
178
67.1 ±15.3
191

<0.001

87.5 ±16.7
23
84.6 ±26.0
100

94.9 ±25.9
90
87.9 ±30.1
293

93.4 ±24.4
113
87.0 ±29.1
393

0.193

0.440
0.617

0.005
<0.001

0.165

0.325
a

* Significant difference between the muscle atrophy and normal muscle mass groups, p<0.05. All values are
b
expressed as mean ±SD and were tested with one‐way ANOVA. All values are expressed as frequencies
c
and/or percentages and were tested with Pearson’s Chi‐squared test. All values are expressed as mean ±SD
and were tested with Mann‐Whitney U test. ACE, angiotensin‐converting enzyme; CRP, C‐reactive protein;
37
31
DLCO, diffusing capacity for carbon monoxide; f, female; FAS, fatigue assessment scale; FEV1, forced
37
37
42,43
m,
expiratory volume in 1 s; FFMI, fat‐free mass index; FVC, forced vital capacity; HGF, handgrip force;
13,40,41
11,44
male; 6MWD, 6 minute walk distance;
PI,max, maximal inspiratory pressure;
sIL2R, soluble‐IL2‐
26,38
receptor; VO2max, maximal oxygen uptake.

Table 3.3 shows the between‐group differences in mean values of lung function
and exercise capacity parameters, with 95% confidence intervals, before and after
adjustment for potential confounders such as gender, age, time since diagnosis,
pharmacological treatment status and smoking, based on multivariate regression
models. After adjustment, the differences between the groups with and without muscle
atrophy remained statistically significant.
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Table 3.3

Differences in mean values of lung function and exercise capacity parameters with 95%
confidence intervals, before and after adjustment for potential confounders, between patients
a
with FFMI <15/17 and patients with FFMI ≥15/17.
b

DLCO%
FFMI <15/17
vs. ≥15/17
FEV1%
FFMI
FVC%
FFMI
VO2max%
FFMI

Univariate
95% CI of b
p value
Lower
Upper

b

Multivariate
95% CI of b
p value
Lower
Upper

‐7.074

<0.001*

‐10.912

‐3.235

‐6.695

0.001*

‐10.473

‐2.916

‐7.021

0.005*

‐11.935

‐2.107

‐6.425

0,007*

‐11.057

‐1,792

‐7.841

<0.001*

‐12.230

‐3.452

‐6.967

0.001*

‐11.098

‐2.835

‐19.242

<0.001*

‐27.204

‐11.279

‐17.155

<0.001*

‐24.241

‐10.069

a

* p<0.05. Results from multivariate linear regression models, with adjustment for gender, age, time since
diagnosis, pharmacological treatment status and smoking. b, unstandardized regression coefficient; DLCO%,
37
diffusing capacity for carbon monoxide, percentage of predicted; FEV1%, forced expiratory volume in 1 s,
37
37
percentage of predicted; FVC%, forced vital capacity, percentage of predicted; VO2max%, maximal oxygen
26,38
uptake, percentage of predicted.

Since muscle atrophy was associated with significantly worse disease
characteristics, and since it was especially frequent in patients with BMI <25, an
additional analysis was performed to investigate a potential difference in risk profile
between the cachectic subgroup and the hidden muscle atrophy group. Patients with
cachexia demonstrated significantly more impaired lung function and VO2max test
results compared to hidden muscle atrophic patients (p<0.05), as depicted in Figure 3.2.
Furthermore, significantly higher values of ACE were detected in patients with cachexia,
whereas the other inflammatory parameters were similar for both groups (data not
shown).
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Figure 3.2

Mean lung function, exercise capacity and muscle strength parameters in cachexia and hidden
muscle atrophy.
*p<0.05 (one‐way ANOVA). Cachexia, BMI <20 and FFMI <15 (f) or <17 (m). Hidden muscle
atrophy, BMI 20–<25 and FFMI <15 (f) or <17 (m). DLCO, diffusing capacity for carbon
37
37
37
monoxide; f, female; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; m,
13,40,41
26,38
VO2max, maximal oxygen uptake;
PI,max,
male; 6MWD, 6 minute walk distance;
11,44
maximal inspiratory pressure.

Discussion
This is the first study to demonstrate that muscle atrophy is a substantial problem in
sarcoidosis. In our sample of patients with sarcoidosis ‐ a large Dutch cohort ‐ 25% had
muscle atrophy, defined as FFMI <15 for women and <17 for men. Five percent of
patients had cachexia, defined as BMI <20 combined with the presence of muscle
atrophy. Muscle atrophy in sarcoidosis was associated with worse lung function and
more impaired exercise capacity (as indicated by VO2max). These associations were
strongest in patients with cachexia.
Sarcoidosis is an intriguing inflammatory disease.2 Sarcoidosis patients tend to be
relatively young, non‐smokers and have only mild or no comorbidity potentially
affecting or aggravating muscle atrophy.1,5 Furthermore, the presence of extrathoracic
sarcoidosis involvement did not differ between the two muscle mass groups.
Nevertheless, we found muscle atrophy in sarcoidosis to be clearly more common
(25%) than in a study of a large healthy Caucasian European population aged 35–54
years (10%), which used the same defining criteria as those used in our study.30 On the
other hand, the prevalence was in agreement with studies showing muscle atrophy
percentages of 18–26% in COPD15,45 and of 20% in RA.18 In more severe stages of COPD,
percentages of muscle atrophy up to 36–40% have been found.16,46 In line with this, we
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found muscle atrophy in 34% of the more severe pulmonary sarcoidosis patients with
chest X‐ray stage IV and more severe respiratory functional impairment (RFI).
Muscle atrophy was associated with significantly impaired lung function and
cardiopulmonary exercise test results, expressed as VO2max, which is in agreement
with findings in COPD.15,16 However, muscle strength and 6MWD only showed a non‐
significant trend towards lower values in muscle atrophy. The inclusion of leg muscle
measurements, besides PI,max and HGF, would be preferable to assess muscle
strength. Marcellis et al.11 found a trend towards lower levels of FFMI in sarcoidosis
patients with reduced leg muscle strength. Another explanation for the non‐significant
association between muscle mass and strength may be the negative effect of systemic
glucocorticosteroid treatment on muscle strength.47,48 Moreover, studies in patients
with COPD have clearly established that the 6MWD is not only determined by muscle
mass, but also by RFI, fatigue and muscle strength.11,13,49,50
Fatigue in sarcoidosis has a complex and multifaceted etiology, with systemic
inflammation, clinical and psychological factors playing a role.27,51,52 Some studies found
that patients with peripheral muscle strength impairment were more fatigued than
patients with normal muscle strength.11,53 The present study showed that fatigue,
assessed by the FAS, did not differ between groups stratified according to muscle mass
status. However, examining the association between fatigue and muscle mass is
difficult, since BIA is only capable of assessing overall FFM, instead of distinguishing
appendicular FFM. Furthermore, the FAS examines a subjectively experienced level of
fatigue. Studies in patients with COPD have used a more objective tool for the
assessment of leg muscle fatigue, by measure electrical activity of the quadriceps, and
found that muscle fatigue was linked to the oxidative capacity of the muscle rather
than to muscle mass.54,55 An important role for oxidative stress and antioxidant capacity
in the disease genesis has also been demonstrated in sarcoidosis.3,56 Future research
into muscle fatigue is warranted to assess the influence of other possible etiological
factors, such as decreased oxidative muscle capacity.
The prevalence of cachexia in our study was found to be 5%. Of the more severe
pulmonary sarcoidosis patients with chest X‐ray stage IV and more RFI, 14% had
cachexia. In COPD, cachexia is described to occur in 11–28% of patients.16,45,46 Many
COPD studies were performed in older patient populations with advanced stages of
COPD, who had relevant comorbidities and smoking history, whereas the relatively
young patient population with sarcoidosis has little or no comorbidity. This might at
least partly explain the higher prevalence found in COPD. Just as in COPD,17,57 an
increased whole body protein turnover in sarcoidosis is associated with increased
resting energy expenditure (REE), leading to an energy imbalance enhancing cachexia.27
This effect might explain the high prevalence of cachexia in advanced sarcoidosis cases
with chest X‐ray stage IV.
Cachectic patients in our study showed more impaired lung function and VO2max
compared to those with hidden muscle atrophy. Since cachectic patients are
characterized not only by muscle atrophy but also by a low BMI, physicians are more
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likely to be alarmed, whereas patients with hidden muscle atrophy are less likely to be
noticed based on their physical appearance. Nevertheless, these patients also had
worse lung function and VO2max, although to a lesser extent than cachectic patients.
Since the proportion of patients with hidden muscle atrophy is large, it is important for
physicians to be aware of this (see Figure 3.3).

a

b

Figure 3.3

c

Example of a sarcoidosis patient with hidden muscle atrophy.
2
A 32‐year‐old man with a history of sarcoidosis of 5 years has a BMI of 21.9 kg/m and a FFMI of
2
14.9 kg/m , indicating hidden muscle atrophy. ACE is 27 U/l, sIL2R 5053 U/ml and CRP 11 mg/l;
elevated sIL2R indicating inflammatory activity. DLCO is 69%, FEV1 52% and FVC 62% of
predicted, indicating severe respiratory functional impairment. a. Chest radiograph shows only
mild abnormalities consisting of bilateral hilar lymphadenopathy without parenchymal
involvement (stage I). b. PET image of the total body shows inflammatory activity indicated by
increased FGD uptake in multiple lymph nodes and to a lesser extent in pulmonary parenchyma
bilaterally. c. PET image at thoracic level shows mildly increased FDG uptake in the pulmonary
parenchyma bilaterally and extensive uptake in axillary and mediastinal lymph nodes. ACE,
angiotensin‐converting enzyme; BMI, body mass index; CRP, C‐reactive protein; DLCO, diffusing
37 18
FDG, fluorine18‐fluorodeoxyglucose; FEV1, forced expiratory
capacity for carbon monoxide;
37
37
18
volume in 1 s; FFMI, fat‐free mass index; FVC, forced vital capacity; PET, F‐FDG positron
emission tomography/computed tomography; sIL2R, soluble‐IL2‐receptor.
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The use of exogenous glucocorticosteroids, the most frequently used
pharmacological therapeutic option in sarcoidosis, can induce an iatrogenic
hypercortisolemic state, contributing to muscle wasting.58 Hypercortisolemia, the result
of endogenous glucocorticosteroid production and consistent with stress during illness
including sarcoidosis, represents a persistent catabolic stimulus leading to reduced
protein synthesis and increased loss of muscle mass.59 This seems, however, to be a less
important factor in sarcoidosis, since decreased baseline adreno‐corticotropic hormone
(ACTH)/cortisol levels as a consequence of the sarcoidosis itself have been
demonstrated.60 An inappropriate low response to exercise‐associated interleukin‐6 (IL‐
6) increase has also been found, reflecting either a dysfunctional IL‐6 induced
stimulation of the hypothalamic–pituitary–adrenal axis or an adaptation of this axis to
the chronically elevated IL‐6 concentrations in sarcoidosis.61
The exact mechanism underlying the transition from flares of inflammation to
muscle atrophy remains unresolved.62 In both COPD and sarcoidosis, a systemic
inflammatory response, reflected by elevated levels of TNF‐α, presumably contributes
to muscle wasting.63,64 Our study, however, found similar degrees of inflammation for
both muscle mass groups. The cachectic patients had significantly higher values of ACE
compared to the hidden muscle atrophic patients, whereas sIL2R and CRP were similar.
The upregulation of transient systemic inflammation may only appear during acute
flares of disease activity, as has been shown for acute exacerbations in COPD.62,65
Muscle nuclear factor‐kappa B (NF‐kB) activation is thought to play a role as well.62 It is
likely that flares of systemic inflammatory activity associated with NF‐kB activation also
contribute to muscle wasting in sarcoidosis.3,27,66,67 Moreover, as the inflammatory
markers were measured in different conditions in terms of disease duration and
activity, an association between inflammation and muscle atrophy may have been
missed. Furthermore, the inflammatory capacity of visceral fat is considerably greater
than that of subcutaneous fat.68,69 Since in sarcopenic obesity, visceral fat increases
while subcutaneous fat declines, the contribution of fat‐associated inflammatory
activity can be expected especially in advanced age groups.68,69 Since BIA is not able to
establish the precise bodily distribution of fat mass, we could not control for fat mass
localization as a possible influencer of systemic inflammation.

Limitations of the study
A limitation of this cross‐sectional study was that patients were included at different
time points after diagnosis, so disease conditions varied at inclusion. Furthermore, our
study involved a first attempt to assess body composition profiles in sarcoidosis. FFM
was assessed as an indirect measure of muscle mass by BIA, a suitable and easy to
perform screening instrument. It has been recommended, however, to use a
combination of more reliable (deuterium dilution) or specific measuring techniques
such as dual energy X‐ray absorptiometry (DEXA), magnetic resonance imaging (MRI) or
computerized tomography (CT) for more extensive analysis in patients at high risk for
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muscle atrophy.70‐73 Since DEXA, MRI and CT provide regional assessment of three or
even four compartments, it can establish the bodily distribution of muscle and fat mass
in more detail, which is not possible by BIA assessment.71‐73

Directions for future studies
Prospective longitudinal follow‐up studies with uniform measuring conditions at
diagnosis and during the course of the disease will be necessary to assess the relations
between body composition and systemic inflammation and disease severity in
sarcoidosis. A useful approach would be to examine the value of screening for
malnutrition using questionnaires, in order to select patients at high risk for muscle
atrophy. Another interesting topic of research could be to investigate the effect of
pharmacological anti‐inflammatory therapeutics on body composition. In addition, the
effect on muscle maintenance of a multidisciplinary rehabilitation program, consisting
of dietary intervention combined with physical training, needs to be established, along
with the potentially different responses between cachectic and non‐cachectic patients.
In conclusion, the present study found muscle atrophy and cachexia to be frequent
problems in sarcoidosis. Muscle atrophy is associated with worse lung function and
exercise capacity compared to normal muscle status, whereas the cachectic patients
were the group with the most severe pulmonary disease. Inflammatory status did not
discriminate for muscle atrophy. Prospective studies with longitudinal design are
needed to investigate the prevalence of cachexia and muscle atrophy and their
association with disease activity and severity.
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Abstract
Background
Sarcoidosis is a multisystemic inflammatory granulomatous disease. The prevalence of hepatic
involvement is not clear. The aim of this study was to establish the presence and severity of liver
test abnormalities in sarcoidosis.
Methods
Retrospectively, patients with confirmed sarcoidosis (n=837) presenting with the liver test
abnormalities (alkaline phosphatase, γ‐glutamyl transferase, alanine aminotransferase or
aspartate aminotransferase >1.5 times the upper limit of normal (ULN)) who were classified
according to severity into mild (zero liver tests ≥3 times the ULN), moderate (one or two liver
tests ≥3 times the ULN) and severe (three or four liver tests ≥3 times the ULN) were evaluated.
Moreover, the relationship between severity of liver tests and histology was examined.
Results
Liver test abnormalities were found in 204 of 837 patients with chronic sarcoidosis (24.4%),
among which 127 (15.2%) were suspected of having hepatic sarcoidosis (79 of 127 males, 111
Caucasian, eight African‐American). In 22 of 127 patients (17.3%), a liver biopsy was obtained; 21
were compatible with hepatic sarcoidosis. In these 21 patients, severity of liver test abnormalities
was significantly associated with extensiveness of granulomatous inflammation (ρ=0.58, p=0.006)
and degree of fibrosis (ρ=0.64, p=0.002). These results remained in the multiple regression
analysis when controlled for treatment status, sex, genetics, ethnicity and age.
Conclusion
Liver test abnormalities were present in 24% of the studied patients; in 15% highly because of
hepatic involvement of sarcoidosis. Moderate and severe liver test abnormalities seemed to be
associated with more advanced histopathological disease. Therefore, in the management of
sarcoidosis, for patients with moderate or severe liver test abnormalities a liver biopsy is
recommended.
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Introduction
Sarcoidosis is a multisystemic inflammatory granulomatous disease of unknown
etiology.1 Typical for sarcoidosis is the presence of non‐necrotizing granulomas,
affecting lung and lymph nodes in more than 90% of the cases, but it can involve almost
every organ system.2‐5 The prevalence of sarcoidosis is estimated at 1 to 40 cases per
100 000, with an age‐adjusted annual incidence in the USA of 35.5 per 100 000 for
African‐Americans and 10.9 per 100 000 for Caucasians.1
Extrapulmonary sites, including the liver, are involved in 50% of cases.4,6,7 Hepatic
sarcoidosis mostly affects young individuals between 20 and 40 years old, and is twice
as common in African‐Americans as in Caucasians.6‐12 Hepatic sarcoidosis is usually
asymptomatic.4,8,13 Only 5–30% of the patients present with atypical clinical signs and
symptoms such as nausea, vomiting, abdominal pain in de right upper quadrant, a
painful liver during palpation and/or hepatomegaly.3,8,10‐12,14‐21 In a minority of patients,
hepatic sarcoidosis can be a serious and rapid progressive disease with the occurrence
of complications as cirrhosis, portal hypertension, chronic cholestasis and Budd‐Chiari
syndrome.3,4,8,10,13,14,17,21‐24 Because symptomatic hepatic sarcoidosis is uncommon,
studies to investigate the natural history and the diagnostic approach are scarce.
Diagnosis of hepatic sarcoidosis is established when clinicoradiological findings are
supported by a compatible histological picture of a biopsy obtained from another organ
and/or the liver, after the exclusion of other causes of hepatic granulomas.1 Guidelines
with recommendations for the assessment of hepatic involvement in patients with
sarcoidosis presenting with liver test abnormalities are not yet available. Moreover,
diagnosis is considered to be a clinical challenge, because of the wide spectrum of
disease presentation and course with the absence of specific symptoms, signs and
radiological findings.3,8,10‐12,14‐21,25 Furthermore, liver test abnormalities can be found in
hepatic sarcoidosis; however, the clinical relevance of the severity of these
abnormalities is uncertain.10‐12,16,18,19,26 Therefore, the aim of this study was to establish
the presence and severity of the liver test abnormalities in a Dutch sarcoidosis
population and additionally, to evaluate the relationship between severity of liver test
abnormalities and histopathological abnormalities in hepatic sarcoidosis.

Methods
Study design and selection of patients
In this retrospective study, we analysed the data of patients with the established
diagnosis sarcoidosis (n=837) who, between 2000 and 2009, visited the ild care centre
(interstitial lung diseases including sarcoidosis management and research) of the
Maastricht University Medical Centre+ (MUMC+), a tertiary referral centre for the
Netherlands.
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Of the studied sarcoidosis patients, in 570 (68.1%) a biopsy was obtained: 269 of
the lung; 112 of the skin; 145 of a lymph node; 44 of other organs of which 22 of the
liver. In patients with typical features of the Löfgren’s syndrome and characteristic
features of the bronchoalveolar lavage fluid analysis results, no biopsy was obtained.
This policy is consistent with the World Association of Sarcoidosis and Other
Granulomatous Diseases guidelines.1,27
Liver involvement was suspected if one of the following liver tests exceeded the
level of the upper limit of normal (ULN) 1.5 times: alanine aminotransferase more than
67.5 U/l for men and more than 52.5 U/l for women, aspartate aminotransferase more
than 52.5 U/l for men and more than 45 U/l for women, alkaline phosphatase (ALP)
more than 210 U/l for both men and women, γ‐glutamyl transferase more than 75 U/l
for men and more than 60 U/l for women. All available histological liver biopsies from
the histopathologic department of the MUMC+ were examined to cross‐check and
supplement the list of patients suspected of hepatic sarcoidosis.
Patients with liver test abnormalities that were attributable to drug use (n=12) or
other (liver) diseases (n=10) were excluded.

Collection of clinical data
For each patient suspected of hepatic sarcoidosis, we reviewed Mirador, the electronic
database of MUMC+, in detail to gather the following items: general information, data
concerning the diagnostic process (laboratory abnormalities, radiological findings, liver
biopsies) and treatment status. Because of the absence of a standard grading system,
we classified the liver test abnormalities according to severity into mild (zero liver tests
≥3 times the ULN), moderate (one or two liver tests ≥3 times the ULN) and severe
(three or four liver tests ≥3 times the ULN). Ultrasonographic findings were defined
positive (i.e. suggestive for hepatic sarcoidosis) in the presence of hyperechogenic or
hypoechogenic spots.13 Treatment status was established for the distinction between
patients treated and patients not treated during the liver biopsy. All data were
recorded within 6 months from the time the liver biopsy was performed. For missing
follow‐up data we contacted the medical practitioners of the secondary care centre
where the patient had been treated originally.

Histopathologic examination
Histological examination was performed on formalin‐fixed paraffin‐embedded material.
A panel of histochemical stains was used: haematoxylin and eosin (H/E), Sirius red,
reticulin, Periodic Acid‐Schiff diastase reaction and Ziehl Nielsen. The aim of these
stains was to evaluate the architecture of the liver, the presence and degree of
inflammation, steatosis and fibrosis and the distribution of the granulomas. In the
granulomas we looked for necrosis, Schaumann’s bodies and asteroid bodies. An
immunohistochemical analysis was restricted to a cytokeratin 7‐stain in order to
evaluate the presence of bile ducts, and their possible loss (ductopenia). Polarization of
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the liver biopsy was conducted to detect birefringent material. According to a
classification modified from Kahi et al.,17 the extent of granulomatous inflammation
was graded. Based on the percentage of liver sample occupied by granulomas the liver
biopsies were classified into three groups: 0–25, 26–50, more than 50%. The degree of
inflammation was subtyped into mild (no or minimal periportal inflammation),
moderate (periportal and minimal lobular inflammation) and severe (periportal and
lobular inflammation).28 Fibrosis was classified according to the classification proprosed
by Desmet et al.28: grade 1 (periportal fibrous expansion without septa formation),
grade 2 (porto‐portal septa with intact architecture), grade 3 (portocentral septa with
architectural distortion) and grade 4 (cirrhosis). The level of steatosis was determined
according to the classification proposed by Kleiner et al.29: stage 0, less than 5%; stage
1, more than 5–33%; stage 2, more than 33–66% and stage 3, more than 66% of
parenchyma involved by steatosis.

Statistical analysis
For univariate normally distributed variates means and SDs were used. For non‐
normally distributed variates score minima and maxima were given. For univariate
nominal or ordinal variables frequencies and percentages were used. To examine and
test associations between ordinal diagnostic scales (liver test abnormalities and
histopathology), log‐likelihood chi‐squares (XL2) and Spearman’s rank‐correlation
coefficient (Spearman’s ρ) were used. Despite the low statistical power, an attempt was
made to use multiple regression analysis to adjust this relationship for other
confounding variables (treatment status, age, sex, genetics and ethnicity). Forward
selection was used to find a final regression model containing only statistically
significant effects. A p value less than 0.05 was considered to represent a statistically
significant relationship. SPSS‐pc version 16.0 (SPSS Inc., Chicago, Illinois, USA) was used
for analysis.

Results
Selection process
A total of 837 patients with a confirmed diagnosis of sarcoidosis visited the ild care
centre of the MUMC+ (Figure 4.1). Liver test abnormalities were present in 204 patients
(24.4%). Among these, 77 patients were excluded: 55 because of minimal liver test
abnormalities (<1.5 times ULN), 12 because of suspected medication induced liver test
abnormalities (among others methotrexate, azathioprine and antibiotics), two because
of development of colorectal carcinoma with hepatic metastases during sarcoidosis
disease course, five because of other liver diseases (viral hepatitis, alcohol induced liver
damage and cholelithiasis) and three patients because of liver test abnormalities as a
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consequence of pulmonary hypertension due to pulmonary sarcoidosis with resultant
cardiac congestion. The remaining 127 patients were included with the suspected
diagnosis of hepatic sarcoidosis. In 22 out of 127 patients with liver test abnormalities
(17.3%) a liver biopsy was performed. Twenty‐one out of 22 biopsies showed
granulomas compatible with hepatic sarcoidosis. These 21 biopsies were used for the
comparison between severity of liver test abnormalities and histological findings. One
liver biopsy was small and fragmented and showed no granulomas, possibly because of
a sampling error.
Ild care centre
837 sarcoidosis patients

204 patients (24.4%) with LT abn

Exclusion: 77 patients
55: LT abn <1.5 × ULN
12: Medication induced LT abn
7: LT abn due to other liver diseases
3: LT abn due to other causes

127 patients (15.2%) suspected of hepatic sarcoidosis

22 patients: with liver biopsy
21 biopsies: granulomas
1 biopsy: no granulomas

Figure 4.1

105 patients: without liver biopsy
LT abn suggestive for hepatic
sarcoidosis

Flow diagram inclusion and exclusion of patients. LT abn, liver test abnormalities; ULN, upper
limit of normal.

Baseline characteristics
Finally, 127 patients (79 men, 48 women) were suspected of hepatic sarcoidosis.
Baseline characteristics are summarized in Table 4.1. The prevalence of suspected
symptomatic liver involvement in patients with the confirmed diagnosis sarcoidosis in
this group of patients was estimated at 1:7 (15.2%). Mean age of patients with
suspected symptomatic hepatic sarcoidosis was 50.5 years (±11.39). Familial
involvement was reported in 7.9% of patients and African‐American descent in 6.3%.
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Liver test abnormalities were in 43.3% cases of cholestatic origin, in 22.8%
parenchymatous and in 33.9% combined.
Table 4.1 Baseline characteristics of patients suspected of hepatic sarcoidosis (n=127).
Baseline characteristics
a
Age (years)
b
Sex
Male
Female
b
Race
Caucasian
African‐American
Other
a
Average disease duration (years)
b
Familial involvement
b
Smoking
b,c
Liver test abnormalities
Mild
Moderate
Severe
b
Liver test abnormalities
Cholestatic
Parenchymatous
Combined
a

50.5 (±11.39, 28–83)
79/127 (62.2%)
48/127 (37.8%)
111/126
8/126
7/126
7.93
10/126
15/124

(88.1%)
(6.3%)
(5.6%)
(±5.45, 1–29)
(7.9%)
(12.1%)

36/127 (28.3%)
85/127 (67.0%)
6/127 (4.7%)
55/127 (43.3%)
29/127 (22.8%)
43/127 (33.9%)
b

c

Data are presented as means ±SD with range. Data are presented as absolute numbers with percentages.
Liver test abnormalities on the basis of severity: mild, 1.5 x ULN < LTs ≥3 x ULN; moderate, 1 or 2 LTs ≥3 x
ULN; severe, 3 or 4 LTs ≥3 x ULN. LT abn, liver test abnormalities; ULN, upper limit of normal.

Histopathological findings
In 17.3% (22 of 127 patients) a liver biopsy was obtained, of which 21 were compatible
with hepatic sarcoidosis. Baseline characteristics and the results of histopathological
assessment for this subpopulation are summarized in Table 4.2. The percentage of
biopsy area occupied by granulomas was estimated to be less than 50% in 71% of the
liver biopsies, with granulomas located predominantly mixed portal and
parenchymatous (Figure 4.2a and 4.2b). Inflammation was present in all cases, often
periportal, but involving the liver parenchyma to a variable degree in 12 patients (57%).
In one patient asteroid bodies were found in giant cells situated in granulomas, as
illustrated in Figure 4.2c. Ductopenia was present in 33% of cases. Birefringent material
was made visible during polarization in a total of six granulomas (Figure 4.2d). Fibrosis
grade 3 was noted in five biopsies (24%).
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Table 4.2

Baseline characteristics and histopathological findings (n=21).

Baseline characteristics
a
Mean age (years)
b
Sex

Male
Female
Caucasian
African‐American
Mild
Moderate
Severe

b

Race

b,c

Liver test abnormalities

Histological features
b
Area of liver samples occupied by granulomas

Non‐necrotizing granulomas
b
Location granulomas

0–25%
26–50%
>50%

b

Portal
Parenchymatous
Mixed

b

Asteroid bodies
b
Schaumann’s bodies
b
Ductopenia
b
Sinusoidal dilatation
d
Birefringent material on polarization
b
Cholestatic changes
b,e
Degree of inflammation

Mild
Moderate
Severe
Stage 0
Stage 1
Stage 2
Stage 3
Stage 4
Stage 0: <5%
Stage 1: 5–33%
Stage 2: 34–66%
Stage 3: >66%

b,f

Degree of fibrosis

b

Degree of steatosis

a

b

48(±13, 28–73)
12 (57%)
9 (43%)
19 (90%)
2 (10%)
5 (24%)
12 (57%)
4 (19%)
10 (48%)
5 (24%)
6 (29%)
21(100%)
4 (19%)
4 (19%)
13 (62%)
1 (5%)
0 (0%)
7 (33%)
5 (24%)
6 granulomas
4 (19%)
9 (43%)
10 (48%)
2 (10%)
5 (24%)
9 (43%)
2 (10%)
5 (24%)
0 (0%)
12 (57%)
6 (29%)
2 (10%)
1 (5%)
c

Data are presented as means ±SD with range. Data are presented as absolute numbers with percentages.
Liver test abnormalities on the basis of severity: mild, 1.5 x ULN < LTs ≥3 x ULN; moderate, 1 or 2 LTs ≥3 x
d
ULN; severe, 3 or 4 LTs ≥3 x ULN. Using a polarizing microscope revealed birefringent material, that is, the
e
presence of foreign body material. Degree of inflammation: mild, no or minimal periportal inflammation;
28 f
moderate, periportal and minimal lobular inflammation; severe, periportal and lobular inflammation.
Degree of fibrosis: stage 0, no fibrosis; stage 1, periportal fibrous expansion without septa formation; grade 2,
porto‐portal septa with intact architecture; grade 3, portocentral septa with architectured distortion; grade 4,
28
cirrhosis. LT, liver test; ULN, upper limit of normal.

For the 21 available liver biopsies, we examined the association between the three
main outcome histopathological features and the severity of liver test abnormalities.
Severity of liver test abnormalities was significantly and positively associated with the
percentage of biopsy area occupied by granulomas (Spearman’s ρ=0.58, p=0.006) and
degree of fibrosis (Spearman’s ρ=0.64, p=0.002). After control for the possible
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confounding variables treatment status, sex, genetics, ethnicity and age by multiple
regression analysis, severity of liver tests was still significantly associated with
extensiveness of granulomatous inflammation (moderate vs. mild beta=0.53, p=0.02;
severe vs. mild beta=0.66, p=0.005) and degree of fibrosis (beta=0.22, p=0.24 and
beta=0.87, p<0.001, Table 4.3). Sex appeared to be significantly associated with extent
of granulomatous inflammation as well (beta=0.39, p=0.04): in females more advanced
stages of granulomatous inflammation can be observed. After statistical correction for
possible confounders, severity of liver test abnormalities appeared not to be associated
with degree of inflammation, but with age and race.

b

a

c

Figure 4.2

d

Liver biopsy sections from patients diagnosed with hepatic sarcoidosis. a. Granulomas located
in portal fields and liver parenchyma (H/E, magnification 10x). b. Non‐necrotizing granuloma
consisting of epithelioid histiocytes and giant cells surrounded by a rim of lymphocytes (H/E,
magnification 20x). c. Asteroid body in a giant cell (H/E, magnification 40x). d. Birefringent
material during polarization, pointing towards foreign exogenous material as a possible cause
for granuloma formation (H/E, magnification 63x). H/E, haematoxylin and eosin.

When the liver biopsy was performed, four patients were pharmacologically
treated: two patients with prednisone because of extrahepatic sarcoidosis activity and
two patients because of suspected hepatic sarcoidosis (one patient used prednisone
and one ursodeoxycholic acid). In multiple regression analysis, treatment status did not
appear to disturb the association between liver tests and histology.
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Table 4.3 Results of the three final regression analysis models (n=21).
b

SE

β

1. Area of liver sample occupied by granulomas; variance explained = 0.50
Constant
0.73
0.32
‐
c
Severity LT abn
Moderate vs. mild
0.91
0.36
0.53
Severe vs. mild
1.43
0.45
0.66
Sex
Female vs. male
0.67
0.30
0.39
a
2. Degree of inflammation; variance explained = 0.62
Constant
0.03
0.36
‐
Age
0.03
0.01
0.66
Ethnicity
Afr‐Am vs. Cauc
0.85
0.32
0.39
b
3. Degree of fibrosis, variance explained = 0.59
Constant
0.60
0.34
‐
c
Severity LT abn
Moderate vs. mild
0.48
0.40
0.22
Severe vs. mild
2.40
0.50
0.87

p value

95% CI of b
Lower
Upper

0.04

0.05

1.41

0.02*
0.005*

0.15
0.48

1.66
2.38

0.04*

0.04

1.29

0.95
<0.001*

–0.73
0.02

0.78
0.05

0.02*

0.18

1.53

0.09

–0.10

1.30

0.24
<0.001*

–0.36
1.34

1.32
3.46

a

* Statistically significant at p<0.05. Degree of inflammation: mild, no or minimal periportal inflammation;
28
moderate, periportal and minimal lobular inflammation; severe, periportal and lobular inflammation.
b
Degree of fibrosis: stage 0, no fibrosis; stage 1, periportal fibrous expansion without septa formation; grade
2, porto‐portal septa with intact architecture; grade 3, portocentral septa with architectured distortion; grade
28 c
4, cirrhosis. Liver test abnormalities on the basis of severity: mild, 1.5 x ULN < LTs ≥3 x ULN; moderate, 1 or
2 LTs ≥3 x ULN; severe, 3 or 4 LTs ≥3 x ULN. b, unstandardized regression coefficient; CI, confidence interval;
LT abn, liver test abnormalities; SE, standard error for b; ULN, upper limit of normal; β, standardized
regression coefficient.

Radiological findings
Liver ultrasound evaluation in 13 patients with histological confirmed hepatic
sarcoidosis, revealed positive results in six cases (sensitivity 46.2%).

Discussion
To the best of our knowledge, this was the first study demonstrating that severity of
liver test abnormalities was significantly related with the degree of fibrosis and
extensiveness of the granulomatous inflammation in sarcoidosis. Diagnosis of hepatic
sarcoidosis is difficult, as diagnostic criteria are lacking and guidelines with
recommendations for diagnosis and follow‐up of patients suspected of hepatic
sarcoidosis are not available. However, because hepatic sarcoidosis can be a serious
and rapid progressive disease, a correct diagnosis without delay is important.
There has been conflicting evidence to both support and refute the rationale that
liver test abnormalities are associated with the extent of the severity of liver
involvement. In patients with asymptomatic hepatic sarcoidosis, Lebacq and Heller26
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found ALP to be more reliable than ɣ‐glutamyl transferase in predicting sarcoid liver
involvement. Baughman et al.30 found higher levels of various liver tests, especially ALP,
in patients with liver sarcoidosis. In patients with abnormal liver tests, hepatic
granulomas were more often seen compared to patients with normal liver tests.19 In
contrast, others did not find this relationship.11 However, liver parameters were not
classified according to severity and the study group was small in the latter study
(n=15).12 In 20 patients with advanced inflammatory changes, higher levels of ALP,
transaminases and fibrosis around hepatic granulomas in the liver were reported.
However, this study did not grade liver tests and remained descriptive.10
Every physician managing patients with sarcoidosis should be alert about the
possibility of the development of hepatobiliary disorders. On the bases of the results of
the present study, we made a first attempt for a diagnostic algorithm in the diagnosis
and follow‐up of patients with sarcoidosis presenting with liver test abnormalities
(Figure 4.3). In patients with liver test abnormalities above 1.5 times the ULN for more
than 3 months, a careful follow‐up is recommended. Unfortunately, studies with
arguments for follow‐up of liver tests in patients with different degrees of liver test
abnormalities are lacking.
For the classification of severity of liver test abnormalities in our study we found no
distinction between cholestatic and parenchymatous liver tests.
Confirmed diagnosis sarcoidosis + LT abn
LT abn present ≥3 months

Consider ultrasound liver:
Negative finding:
Not possible to exclude hepatic
sarcoidosis
Positive finding:
Suggestive for hepatic sarcoidosis,
as granulomas were histologically
demonstrated extrahepatic

Mild LT abn
LT <3 × ULN

Figure 4.3

Exclude other causes LT abn:
Autoimmune liver disease
Extrahepatic biliary disease
Viral infection
Storage disease
Alcohol and nonalcohol liver disease
Drug‐induced liver disease

Moderate LT abn
1 or 2 LT ≥3 × ULN

Severe LT abn
3 or 4 LT ≥3 × ULN

Low clinical relevance

Important clinical relevance

Important clinical relevance

Follow‐up LT
1 × /3–6 months
No indication LB

Estimate liver synthesis capacity
Follow‐up LT 1 × /3–6 months
Consider LB

Estimate liver synthesis capacity
Indication LB
Follow‐up LT 1 × /3 months

Diagnostic algorithm sarcoidosis patients with liver test abnormalities. LB, liver biopsy; LT, liver
tests; LT abn, liver test abnormalities.
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Although liver biopsy might be useful in diagnosing hepatic sarcoidosis, there are
some major disadvantages. First of all, percutaneous liver biopsy is an invasive
procedure with the risk of major complications (among others haemorrhage,
perforation of gall‐bladder or colon, pneumothorax and biliary peritonitis) estimated to
occur in 0.09%–3.1% of cases.31‐33 Moreover, liver biopsy might be accompanied with a
lot of anxiety and postbiopsy discomfort.31 Furthermore, as a biopsy specimen
represents as few as 1 in 50.000 of the total mass of the liver,34 sampling error may be a
possible consequence. However, Hercules and Bethlem11 demonstrated that false‐
negative results in liver biopsy were unlikely.
Whether radiological examination might be an alternative for detection of hepatic
sarcoidosis is not clear. In the present study, a sensitivity of 46.2% was found for liver
ultrasound. This implicates that it is not useful in the exclusion of hepatic sarcoidosis in
the case of an absence of hyperechogenic or hypoechogenic spots. Positive findings of
liver ultrasound were suggestive for hepatic sarcoidosis, especially when signs of
extrahepatic granulomas consistent with sarcoidosis were found. In line with the
previous studies in which a sensitivity of 53‐59.2% for conventional liver ultrasound in
the detection of general hepatic lesions was shown, it appeared of limited value in the
confirmation of hepatic sarcoidosis.35,36
In sarcoidosis patients with severe liver test abnormalities during a minimum of
3 months, advanced stages of fibrosis must be suspected. In addition, in patients with
moderate liver test abnormalities during a minimum of 3 months, advanced stages of
fibrosis cannot be excluded. A liver biopsy to assess the disease severity to guide a
more or less aggressive pharmacological approach is recommended. The occurrence of
hepatic complications because of advanced stages of fibrosis (stage 3 and 4) in our
study was estimated at almost 25%, which is in accordance with the finding of bridging
fibrosis and cirrhosis in 8‐26% of cases in previous studies.4,14,17 If liver test
abnormalities progress to advanced stages, it is recommended to adjust the diagnostic
approach according to Figure 4.3.
One of the major limitations of this study is the small number of liver biopsies.
Prospective studies are warranted to establish liver sarcoidosis in a respectable number
of patients.
Furthermore, although the studied patient population was gathered in a tertiary
referral centre, the severity mainly refers to the chronicity of the sarcoidosis patients.
Hence this study appears to be representative for chronic Dutch sarcoidosis patients.
However, conclusions must be interpreted with caution.
In conclusion, in the studied Dutch chronic sarcoidosis population liver test
abnormalities were present in 24% of patients; in 15% highly likely because of hepatic
involvement of sarcoidosis. Severity of liver test abnormalities appeared to be related
to the degree of fibrosis and extensiveness of granulomatous inflammation in hepatic
sarcoidosis. In the management of sarcoidosis patients presenting with severe liver test
abnormalities, a liver biopsy is strongly recommended, whereas, in patients with
moderate liver test abnormalities a liver biopsy should be considered.
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Abstract
Purpose of review
Surveillance of hepatic involvement in sarcoidosis has not been standardized. Therefore,
management of hepatic involvement is a clinical challenge. This review analyses published data
on the pharmacological treatment of hepatic sarcoidosis.
Recent findings
Only 5–30% of patients with hepatic sarcoidosis display symptoms. Occasionally, hepatic
sarcoidosis has a rapid progressive course with serious complications, stressing an appropriate
and carefully timed therapeutic approach. Because symptomatic hepatic involvement is
uncommon, therapeutic studies are scarce. Answers to the questions when to initiate which
treatment are lacking. Case reports describe beneficial effects of glucocorticosteroids and the
augmentation of cytotoxic and anti‐tumor necrosis factor‐alpha (TNF‐α) therapy. However,
because of small sample sizes, no meaningful conclusions could be drawn. In symptomatic
hepatic sarcoidosis patients, it is recommended to start to treat the sarcoidosis with
glucocorticosteroids, preceded by ursodeoxycholic acid when signs of cholestasis are present.
Furthermore, antioxidants can be considered. In refractory cases or when glucocorticosteroids
weaning is impossible, cytotoxic drugs or TNF‐α inhibitor therapy should be started.
Summary
This review illustrates the importance of an appropriate therapeutic approach of sarcoidosis
patients with hepatic involvement. It emphasizes the need for future studies to evaluate
treatment options to avoid disease progression and hepatic complications.
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Introduction
Sarcoidosis is a systemic inflammatory granulomatous disease of unknown etiology that
is characterized by a highly variable pattern of disease presentation, involving more
than one organ of the body, and by a wide range of disease severity.1 The lung is the
most commonly affected organ. The degree of impairment ranges from minimal
disease to life‐threatening fibrosis with the risk of pulmonary hypertension.2 In many
cases, lung involvement stabilizes or improves over the first 2 years, but may worsen
and become chronic.3 Devastating extrapulmonary complications may become
apparent.4
Estimates of liver involvement in sarcoidosis vary from 11 to 80% of cases, with
lower rates based on symptomatic disease, whereas higher rates reported in studies
performing random liver biopsies.5‐10 In one study of 736 newly diagnosed sarcoidosis
patients, liver disease was more frequent in women and African‐Americans.11 However,
in a retrospective review of over 1400 patients, liver disease was more common in
men.12 Most individuals with liver disease present asymptomatically with evidence of
hepatomegaly, increased liver tests, or computed tomography (CT) scan
abnormalities.6,10,13‐15 Nonspecific symptoms, including abdominal pain, fever, and
weight loss are common in sarcoidosis liver disease, although patients may also present
with pruritis, jaundice and chronic cholestasis. Cirrhosis, portal hypertension, Budd‐
Chiari syndrome, and variceal bleeding occur rarely. In cases of known sarcoidosis, a
probable diagnosis of liver disease may be established on the basis of increased alkaline
phosphatase, or transaminases, or CT findings with characteristic nodules consisting of
low‐attenuating lesions of varied but usually small size.14‐16 Occasionally, a liver biopsy
may be obtained, although this is usually not necessary to confirm liver sarcoidosis.14
Ultrasound may be obtained to assess portal hypertension and to exclude other causes
of liver disease. In general, a diagnosis of hepatic sarcoidosis must be confirmed and
other causes of liver disease must be excluded.14
Because symptomatic hepatic sarcoidosis is uncommon, studies investigating
course, progression, and response to treatment of this sarcoidosis manifestation are
limited. Hence, management of sarcoidosis patients with liver involvement is mainly
empirical. A protocol with recommendations for when treatment should be initiated,
drug choice, dosage, and appropriate duration of the therapy does not exist. Therefore,
the purpose of this review is to analyse published data on the effectiveness of
pharmacological treatment and to combine these data into recommendations for the
therapeutic approach of hepatic sarcoidosis.

Methods
A computerized search of the literature from 1965 until 2012 was performed using the
search terms ‘sarcoidosis’, ‘liver’ or ‘hepatic’, and ‘therapy’ or ‘treatment’.
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Unfortunately, few hits were identified. Reference lists of relevant studies were
checked to identify additional research not found by database search.

Selection criteria
Studies included for evaluation met the following criteria: the objective was to evaluate
the effect of pharmacological treatment on disease course, progression, and
complications; the population consisted of sarcoidosis patients with (among others)
liver involvement; and the study was published in English.

Results
Most hepatic sarcoidosis patients do not require therapy as spontaneous remission is
seen in the majority of cases.14,17 However, as mentioned previously, in some patients
hepatic sarcoidosis can be a rapid progressive disease with the occurrence of
complications in which timely implemented therapy might lead to preservation of liver
function and restriction or avoidance of hepatic complications.5,6,10,12,13,18‐22 In a
retrospective study by Cremers et al.23 liver test abnormalities were present in 204 of
the 837 (24.4%) studied patients, among which 127 (15.2%) were suspected of having
hepatic sarcoidosis. Moderate and severe liver test abnormalities seemed to be
associated with more advanced histopathological disease.12,18,23,24 For patients with
moderate or severe liver test abnormalities, a liver biopsy may be useful.

Pathogenesis
Sarcoidosis appears to be a multifactorial disease in which immunological, genetic,
environmental, and oxidative stress factors play a role.1,2,5,25 Several immunological
factors are involved in granuloma formation: after contact with antigenic material,
predominant T helper 1 (Th1) cytokines and chemokines are released leading to the
expression of, among others, tumor necrosis factor‐alpha (TNF‐α), facilitating
granuloma formation.20,22 The formed granuloma can resolve spontaneously, but may
persist and lead to a chronic inflammatory status.20,22 Genetic factors are likely to be
involved in the pathogenesis.26‐29 The nature of the antigens that stimulate the Th1
response are thought to be possibly infectious, although there is no definite evidence
for specific micro‐organisms.8,20,22,30 Oxidative stress, caused by reactive oxygen species
(ROS) and low endogenous antioxidant levels, is suggested to be involved in initiating
and mediating the inflammatory process in sarcoidosis.25,31,32 ROS are able to promote
inflammation by activating transcription factors that induce pro‐inflammatory cytokines
and chemokines.25,32‐34
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Pharmacological treatment
First, the sarcoidosis should be treated adequately. In general, that is enough to ensure
the liver test abnormalities improve as well. Pharmacological treatment options when
progressive granulomatous liver disease is present, include antioxidants,
ursodeoxycholic acid (UDCA), and glucocorticosteroids.22,25,35 Glucocorticosteroids are
considered first‐line treatment option.22 In case of steroid‐resistant sarcoidosis (disease
progression during glucocorticosteroid treatment), second‐line treatment options
involve azathioprine (AZA), methotrexate (MTX), cyclosporine, cyclophosphamide,
pentoxifylline (POF), thalidomide, or TNF‐α inhibitors. Second‐line agents can be used
as steroid‐sparing treatment as well.36
Antioxidants
Recent studies suggest a beneficial effect of the antioxidant quercetin in patients with
sarcoidosis of the lungs.32 It has been suggested that ROS play a crucial role in the
chronic inflammation causing fibrosis in interstitial lung diseases, by the indirect
evidence that two antioxidants are protective.37 We noticed an improvement of liver
test abnormalities with glutathione 600 mg 3 times a day, but these observations
should be tested in a larger cohort of patients.
Ursodeoxycholic acid
Hepatic sarcoidosis can be associated with chronic cholestasis. The mechanism of UDCA
in cholestasis includes inhibition of intestinal absorption and increasing biliary secretion
of cholic and chenodeoxycholic acids, and immune response modulation with
decreased cytokine and immunoglobulin production.38‐40 UDCA also decreases human
leukocyte antigen (HLA) class I antigen on hepatic surfaces and HLA class II antigen on
cell membranes of biliary duct epithelial cells.38,41‐43 Some case reports showed a
beneficial effect of UDCA in sarcoidosis (Table 5.1).5,6,38,41,44‐54 No improvement was
seen histologically, but because of absence of progression of liver disease, UDCA may
delay complications. UDCA should be administered at 10 mg/kg per day (300 mg orally
twice daily).17 Reported side‐effects are shown in Table 5.2.20,55
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Glucocorticosteroids
The mechanism by which glucocorticosteroids lead to suppression of the
granulomatous inflammation is not completely understood. Steroids might have an
anti‐inflammatory effect on T cells, macrophages, and granulocytes, and might enhance
transforming growth factor‐beta (TGF‐β) expression by T cells.22 Glucocorticosteroids
are the first‐choice in the treatment of pulmonary sarcoidosis.5,36,56 Only a few case
reports described the use of steroids in hepatic sarcoidosis.5 Improvements in clinical
symptoms, normalization of liver tests, and reduction of hepatomegaly have been
demonstrated.7,10 However, serial biopsies demonstrate that corticosteroids rarely lead
to total resolution of hepatic sarcoidosis and do not prevent hepatic progression.5,7,36 In
line with this, Kennedy et al.6 showed that treatment with glucocorticosteroids may
improve liver tests without benefit to liver histology. In this study, 67% of patients
showed clinical response after steroid therapy, with one‐third showing complete
response. Maddrey et al.24 reported that patients with cirrhosis from sarcoidosis had
little response to glucocorticosteroids. On the other hand, patients with biliary
obstruction due to porta hepatis adenopathy may have total resolution of their
hyperbilirubinemia with steroid therapy.57,58 Dosage of prednisone is usually 20–40
mg/day for the first 4–6 weeks. Dose reduction can be achieved by 5–10 mg
decrements every 4–8 weeks. The maintenance dose is the lowest effective dose.17,36,59
Relapse can occur after discontinuation of steroids.17,36
Because of the significant toxic side‐effects (Table 5.2), the use of
glucocorticosteroids cannot be justified in asymptomatic patients or patients with mild
disease that may spontaneously remit.20,36 Although steroids usually are the first‐choice
therapy, up to a third of patients may not respond. When no response to
glucocorticosteroids is noted, cytotoxic agents are a good alternative.60
Azathioprine
AZA is a purine analogue and is hydrolysed in the blood to 6‐mercaptopurine by the
enzyme thiopurine S‐methyltransferase (TPMT).22,61 AZA inhibits nucleotide synthesis
by feedback inhibition in the early stages of purine metabolism and it prevents T cell
and B cell proliferation.22 The experience with AZA as treatment option in hepatic
sarcoidosis is limited. Kennedy et al.6 reported normalization of liver tests in two
patients and Malhotra et al.45 reported one patient with improvement in symptoms and
liver tests after treatment (Table 5.1). AZA dosage is 50–150 mg/day, starting at a
relatively low dose.62 Blood counts must be checked before increasing the dose.62
Possible toxicity is shown in Table 5.2. Long‐term monitoring of complete blood count
and hepatic function should be done every 2 months.62 Because of genetic mutations,
in up to 6 in 1000 people TPMT deficiency is present, with potentially life‐threatening
bone marrow toxicity when treated with conventional doses of AZA. Measuring TPMT
enzyme activity should be considered in all patients starting on AZA.61,63
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AZA can cause an acute hepatitis, which usually responds to withdrawal of the
drug, but may also require glucocorticosteroid therapy. Therefore, acute worsening of
liver tests in a hepatic sarcoidosis patient on AZA should lead to withdrawal of the drug.
Methotrexate
MTX is a folic acid analogue inhibiting dihydrofolate reductase, which leads to the
depletion of tetrahydrofolate and inhibition of thymidylate synthesis, a step that is
required for DNA replication in actively dividing cells.64 MTX suppresses TNF, interleukin
(IL)‐6, and IL‐8 release from macrophages, ROS and TNF release from neutrophils, and it
suppresses lymphocyte proliferation.64
Four cases of successful treatment of hepatic sarcoidosis with MTX have been
described (Table 5.1).6,46 Relapses are frequent after discontinuation, which suggests
that MTX suppresses but does not cure the disease.36 MTX has to be administered once
a week at an initial dosage of 10 mg with a maximum dose of 15 mg.22 Toxic side‐effects
are listed in Table 5.2. Because of bone marrow and renal toxicity risks, a complete
blood count with renal function tests should be performed every 1–3 months.22,62
Furthermore, MTX has the potential for hepatic toxicity with the development of severe
cirrhosis in about 14% of sarcoidosis patients.22,55 Toxicity of MTX can be reduced by
the use of folic acid.22
In using MTX for rheumatoid arthritis or psoriasis, liver test monitoring is
recommended every 1–3 months to control for MTX toxicity. Patients with persistent
transaminase elevation should be considered for drug withdrawal or liver biopsy.55 In
sarcoidosis, liver test abnormalities may be due to the underlying sarcoidosis or MTX. In
a study of 100 liver biopsies performed on sarcoidosis patients undergoing MTX
treatment, 47 had granulomatous disease due to sarcoidosis and 14 had changes
consistent with MTX toxicity.55 Transaminase levels were higher for those with hepatic
sarcoidosis than those with MTX toxicity.55 For sarcoidosis patients being treated with
MTX, serial liver test monitoring is recommended. A rise in transaminase levels should
lead to either MTX withdrawal or a liver biopsy to evaluate for MTX toxicity.65
Figure 5.1 demonstrates an fluorine18‐fluorodeoxyglucose positron emission
tomography (18F‐FGD PET) scan before and after MTX therapy. The marked reduction of
uptake associated with treatment supports the effectiveness of MTX in treating this
patient’s liver and extrahepatic disease. Besides the assessment of inflammation, serial
PET scanning has recently been demonstrated to be useful in follow‐up.66‐69
Chlorambucil
Chlorambucil has been reported by one group as useful in treating hepatic
sarcoidosis.43 Given the increased malignancy risk of chlorambucil compared with other
cytotoxic agents, it has been replaced by other agents.
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a

Figure 5.1

b

18

F‐FGD PET scans of a patient with mainly liver and splenic sarcoidosis involvement. The scans
are before (a) and after (b) 6 months of treatment with methotrexate 12.5 mg once a week, 5
mg folic acid once a week and 10 mg prednisone once a day orally. Enhanced activity (nodules)
was seen in liver, spleen, and porta hepatis lymph nodes prior to therapy. The liver, spleen, and
lymph node lesions have significantly less activity after therapy.

Cyclosporine
Cyclosporine is a fungal peptide that suppresses T cell activation.22 Casavilla et al.48
showed cyclosporine to be effective for the prevention of allograft rejection and
sarcoidosis recurrence in patients who underwent liver transplantation (Table 5.1).
Because of the unknown effectiveness, the major adverse effects and an increased
malignancy risk, cyclosporine should be restricted to the most serious cases (Table
5.2).22 Recommended dosage is 25–200 mg/day.
Cyclophosphamide
Cyclophosphamide is metabolized in the liver into active alkylating metabolites, which
inhibit lymphocyte proliferation with consequent anti‐inflammatory effects.22 Das et
al.49 showed one case report with improvement in liver test abnormalities after therapy
with glucocorticosteroids in combination with cyclophosphamide (Table 5.1). Dosage is
50–150 mg/day.62 Use of intermittent, intravenous bolus cyclophosphamide at 500–
1500 mg every 2–4 weeks has also been reported as useful for refractory sarcoidosis
with less toxicity than daily oral dosing.70,71 Cyclophosphamide is associated with,
among others, bone marrow suppression, bladder carcinoma, and hepatotoxicity (Table
5.2).62
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Thalidomide
Thalidomide is a synthetic derivate of glutamic acid and has several molecular targets.72
The most important function in sarcoidosis is the inhibition of TNF‐α production.22
Nguyen et al.50 showed effectiveness of thalidomide in a patient with cutaneous and
hepatic sarcoidosis (Table 5.1). Because of major side‐effects, its use is limited to a
second‐ or third‐line therapy (Table 5.2). Recommended dosage is 50–200 mg/day.22
Pentoxifylline
POF is a methylxanthine derivative that inhibits a number of pro‐inflammatory
cytokines including TNF‐α. There is evidence supportive of a potential role for POF in
sarcoidosis.60,73 In addition, POF may have hepatoprotective effects. Zein et al.74
demonstrated that POF improves nonalcoholic steatohepatitis (NASH) and reduces
progression of liver fibrosis in NASH.
Infliximab
Infliximab is a biological chimeric ‘humanized’ monoclonal antibody that binds to free
TNF‐α, blocking its interaction with the TNF‐receptor, and sometimes to cell surface
TNF‐α.22
Two double‐blinded randomized controlled trials are available, which evaluate the
use of infliximab in chronic sarcoidosis. The study of Baughman et al.75 showed a small
benefit of infliximab on forced vital capacity and chest radiograph scores after 24
weeks. Judson et al.54 used an extrapulmonary physician organ severity tool for
evaluation of specific organ involvement in sarcoidosis. Although the sample size was
low, their results suggest that infliximab may be beneficial in extrapulmonary
sarcoidosis including liver involvement.
In Table 5.1, an overview of reports on the treatment of hepatic sarcoidosis with
infliximab is shown. Ulbricht et al.51 showed remission of hepatic granulomas and other
clinical features of sarcoidosis during treatment with prednisone and infliximab. Doty et
al.52 reported improvement of 10 patients resistant to conventional therapy, including
one with hepatic sarcoidosis. Saleh et al.53 showed improvement of three patients with
hepatic sarcoidosis. However, in one patient, symptoms recurred 2 months after the
sixth injection.
The induction treatment is 5 mg/kg at weeks 0, 2, and 6, and then maintenance of
5 mg/kg every 4 weeks.36 The main risk of infliximab is reactivation of tuberculosis,
which could be mistaken as worsening of sarcoidosis (Table 5.2).36 Infliximab can
generate antimurine antibody immune reactions that limit its use and require MTX
comedication.76,77
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Adalimumab
Adalimumab is a recombinant fully human monoclonal antibody against TNF‐α.78 No
information is available about its effectiveness in hepatic sarcoidosis. Adalimumab has
also been associated with reactivation of tuberculosis (Table 5.2).36

Transplantation
Organ transplantation can be the final treatment option in complicated hepatic
sarcoidosis.6,79 Liver transplantation because of sarcoidosis accounts for 0.01% of total
liver transplantations.17 Rates of graft and patient survival were equivalent between
hepatic sarcoidosis and other causes of liver failure.79,80 However, recurrence of disease
in the allograft has been documented in a few case reports.79,81,82

Discussion
Data are scarce and there are no controlled trials evaluating liver involvement in
sarcoidosis specifically. There are similarities with NASH or non‐alcoholic fatty liver
disease (NAFLD).83 Like in sarcoidosis, cytokines including TNF‐α are believed to play an
important role in hepatocellular damage, inflammation, and fibrogenesis in NASH.84,85
As there are no controlled trials, recommendations in sarcoidosis are based on clinical
experience, retrospective case series, and both NASH and NAFLD treatment
recommendations, including lifestyle interventions.60,83,84
The first advice is to assess sarcoidosis in general to determine whether there is a
need for therapeutic intervention. The majority of patients with hepatic sarcoidosis do
not require therapy. These include patients with asymptomatic disease and mildly
elevated liver tests, no evidence of cholestasis (normal bilirubin), and normal liver
synthetic function (e.g., prothrombin time (PT)), or without hepatomegaly noted on
physical examination and/or without radiographic abnormalities. These individuals
should be followed using liver function tests to determine whether they develop
evidence of cholestasis or abnormal PT, which would be considered reasons for starting
systemic therapy. Liver test abnormalities may resolve spontaneously over time or with
treatment aimed at other organ involvement (e.g., lung disease).
On the basis of information gathered from the literature, a therapeutic approach of
patients with hepatic sarcoidosis is proposed (see Figure 5.2). Hepatic sarcoidosis can
be subdivided into symptomatic and asymptomatic disease. In asymptomatic disease
(absence of clinical signs and symptoms and absence of cholestasis with a low risk of
developing hepatic complications), no treatment is needed, but a regular follow‐up of
liver tests (every 3–6 months) is recommended. As previous studies showed that
severity of liver test abnormalities is associated with severity of histopathological
disease, worsening of liver test abnormalities or abnormal synthetic liver function is an
important reason to start pharmacological therapy. 23
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Figure 5.2

a

Decision flowchart. Where prednisone is indicated, an equivalent dose of glucocortico‐steroids
b
(i.e., methylprednisolone) could also be used. Cytostatic drug, including azathioprine,
c
methotrexate, and leflunomide. Anti‐TNF‐α treatment. GT, glutamyl trans‐ferase; INR,
international normalized ratio; LT, liver test; TNF‐α, tumor necrosis factor‐alpha; ULN, upper
limit of normal.

In symptomatic liver involvement (presence of clinical signs and symptoms or
presence of cholestasis characteristics with a high risk of developing hepatic
complications), pharmacological treatment is recommended.40,74,86,87 In cases of
jaundice, cholestasis, or pruritis, UDCA must be considered as first treatment option. In
absence of response or when non‐cholestasis symptoms are present, prednisone
should be considered (20–40 mg/day). Dosage must be tapered off when stable disease
or recovery is seen, after which regular follow‐up of liver tests is recommended.
Cytotoxic drugs or TNF‐α inhibitors can be considered in cases of disease worsening or
impossibility of tapering off glucocorticosteroids. Finally, liver transplantation can be
the only therapeutic option in cases of liver failure.

103

Chapter 5

Conclusion
The cornerstone of sarcoidosis disease management involves careful baseline
assessment of disease distribution and severity by organ, with emphasis on vital target
organs. Because the clinical course can be unpredictable, regular monitoring for signs of
disease progression in known organs of involvement and disease development in other
organs is necessary. Because hepatic sarcoidosis can be rapidly progressive with the
occurrence of serious complications, an appropriate therapeutic approach is important.
However, therapeutic studies are rare. It is recommended to treat symptomatic hepatic
sarcoidosis with glucocorticosteroids, preceded by UDCA when cholestasis is present.
Furthermore, antioxidants can be considered. Cytotoxic drugs or TNF‐α inhibitor
therapy should be started when disease worsening or impossibility of weaning from
glucocorticosteroids is present. Future randomized controlled studies are really
necessary to assess the effect of treatment on disease progression and complications.
Moreover, there is need for a more individualized process that addresses each
individual’s requirements with no redundancy of investigation and, probably more
importantly, no unnecessary treatment with its risk of adverse events.
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Chapter 6

Abstract
Background
Although glucocorticosteroids are considered the first‐line treatment in sarcoidosis, refractory
cases require alternatives, such as methotrexate (MTX). The aim of this study was to develop, on
behalf of the World Association of Sarcoidosis and Other Granulomatous Disorders (WASOG),
multinational evidence‐based recommendations for the use of MTX in sarcoidosis for routine
clinical practice.
Methods
A systematic literature search was conducted and combined with the opinions of sarcoidosis
experts worldwide to formulate the recommendations. An online survey concerning 10 clinical
questions was sent through the WASOG newsletter to sarcoidosis experts. Agreement about the
recommendations among the world’s leading sarcoidologists was evaluated.
Results
A total of 237 articles were identified, 43 of which were included. Randomized controlled trial
evidence supporting the use of MTX in sarcoidosis was limited. Forty‐five per cent (113 of 250) of
the sarcoidosis experts contacted completed the survey (Europe 55%, North America 26%, and
Asia 12%). Ten recommendations were formulated concerning the indications for use, starting
dose, folic acid, work‐up, contraindications, monitoring, administration options in case of adverse
gastrointestinal effects, hepatotoxicity, long‐term safety and use during pregnancy and breast
feeding.
Conclusion
Ten multinational evidence‐based recommendations for the use of MTX in sarcoidosis were
developed, which are supported by the world’s foremost sarcoidosis experts.
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Introduction
Sarcoidosis is a multisystemic disease of unknown cause, characterized by
inflammatory activity with noncaseating granulomas commonly developing in the
lungs, but in other organ systems as well.1‐3 In severe sarcoidosis, the release of
inflammatory mediators causes derangement of organ physiology and ultimately
functional impairment and related symptoms. The disease stabilizes or improves in
many cases over the first 2 years, but may worsen and become chronic in others.1 As
virtually any organ can be involved, patients may present with a wide variety of clinical
signs and symptoms,1,2 and may first present to any one of a variety of organ
specialists. As high‐quality care and patients’ expectations may not be covered by an
individual specialist’s expertise, recommendations for practical use can be expected to
provide added value to optimize expertise in the field of sarcoidosis treatment.
Traditionally, glucocorticosteroids are considered the first‐line treatment option in
serious systemic sarcoidosis, but alternative treatment options have expanded
tremendously.4,5 Refractory cases, with steroid resistance or steroid‐induced adverse
effects, require alternatives to glucocorticosteroids,6,7 for which we propose to
introduce the term disease‐modifying antisarcoid drugs (DMASDs). One option to be
considered is that of potentiators of glucocorticosteroids, such as methotrexate (MTX)
and azathioprine (AZA). Other DMASDs that may also play a role in controlling chronic
granulomatous inflammation include leflunomide, mycophenolate mofetil, (hydroxy)
chloroquine, cyclosporine, cyclophosphamide and pentoxifylline.6‐9 If traditional
cytotoxic DMASDs fail, new immunomodulating biological treatment modalities, such
as tumor necrosis factor‐alpha (TNF‐α) inhibitors, are available, providing elegant
therapeutic options for refractory sarcoidosis patients.10,11 In view of these promising
results, a trend seems to be emerging amongst the healthcare providers towards a low
threshold for switching from other second‐line treatment options to biologicals.
However, one of the drawbacks of using biologicals is their considerable costs.12 It is
important to optimize the utilization of less expensive, but effective disease‐modifying
therapeutics for granulomatous inflammation, in order to keep the healthcare system
affordable and accessible to all.
MTX is often considered the first‐choice DMASD used for patients with sarcoidosis,
with 80% of physicians reporting MTX as their preferred second‐line option.13,14 MTX
has proved to be a cornerstone therapeutic agent in a large group of immune‐mediated
diseases, such as rheumatoid arthritis (RA) and polymyositis.15,16 The anti‐inflammatory
action of MTX can be attributed to the release of adenosine which elicits its effect via
adenosine A2A receptors.17 This action differs from the mode of action of steroids in
inflammation.18 Unfortunately, evidence for the use of MTX in sarcoidosis is limited,
and evidence‐based recommendations for its use in clinical practice are lacking.
On behalf of the World Association of Sarcoidosis and Other Granulomatous
Disorders (WASOG), we aimed to develop practical recommendations for the use of
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MTX in sarcoidosis by integrating the evidence obtained through a systematic literature
review and the opinions of sarcoidosis experts worldwide.

Methods
The new recommendations for the use of MTX in sarcoidosis on behalf of the WASOG
were developed in four phases. First, we conducted a review of scientific evidence to
create an evidence report on the use of MTX in sarcoidosis. The second phase
comprised an evaluation of the experience with MTX amongst sarcoidosis experts
around the world by means of an online web‐based questionnaire. In the third phase,
evidence obtained during phases 1 and 2 was combined to design 10 multinational
recommendations. Finally, the recommendations were submitted to the world’s
leading sarcoidosis experts to assess whether they agreed with them and to evaluate
how the recommendations would influence clinical practice.

Systematic review of the literature
The literature search was carried out by five experienced sarcoidologists (M.D., H.S.,
R.B., D.V. and N.S.) from three countries, one rheumatologist (T.J.), and one internal
medicine resident and PhD student (J.C.). The computerized literature search for MTX
relied predominantly on PubMed (articles from December 1968 to 28 March 2013).
Reference lists of relevant review studies were checked to identify additional studies
not found by the database search.
The terms ‘sarcoidosis’ and ‘methotrexate’ were entered as MeSH terms and free
text. The search was limited to original research involving humans and published in
English. Review articles were excluded from the systematic search, but were examined
later to find other references. Data specifically relating to sarcoidosis were
supplemented with data obtained from important studies on other inflammatory
diseases, with specific emphasis on rheumatic disorders, in view of the wide availability
of evidence in this field.

Establishing expert opinion of sarcoidologists worldwide
In view of the lack of sufficient high‐quality studies on the use of MTX in sarcoidosis,
the available evidence was supplemented with the expert opinion obtained from
sarcoidologists worldwide. An online questionnaire was sent by e‐mail through the
WASOG newsletter to 250 experts around the world. The questionnaire addressed the
following aspects: indications for use, starting dose, prescription of folic acid to reduce
MTX toxicity, work‐up prior to the start of MTX, contraindications, monitoring during
use, administration options in case of adverse effects, hepatotoxicity, long‐term safety,
and use during pregnancy and breast feeding. Questions concerning the experts’ clinical
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experience, specialty, the continent where they worked and the type of hospital were
added as well. Experience with MTX in the treatment of sarcoidosis was assessed by the
frequency of prescription: respondents prescribing MTX to more than five patients a
year were defined as experienced and experts treating less than five patients a year
with MTX as less experienced. Differences in response between experienced and less
experienced specialists were examined using the Pearson’s chi‐squared test. When
recapitulating the expert opinion based on the answers, the opinions of experienced
sarcoidologists were given greater weight than those of less experienced respondents.

Establishing World Association of Sarcoidosis and Other Granulomatous
Disorders recommendations
The above‐mentioned investigators (J.C., M.D., T.J., R.B., H.S., D.V. and N.S.) combined
the information gathered during phases 1 and 2 to formulate the 10 WASOG
recommendations. Proposals were discussed via e‐mail, phone and videoconference to
finalize each of the recommendations.
The level of evidence for each recommendation was determined from the
methodological quality of available studies in sarcoidosis, according to the levels of
evidence of the Oxford Centre for Evidence‐Based Medicine.19 The grade of
recommendation for each item was defined according to the Oxford Level of
Evidence.19 The authors focussed on formulating the recommendations in such a way
so as to ensure their practical value to clinicians with less MTX prescription experience
in sarcoidosis.

Evaluation of experts’ agreement
During the last phase of this study, the proposed set of recommendations was
evaluated by 17 of the world’s leading sarcoidologists, who answered three questions
for every recommendation. Experts were asked to indicate whether they agreed with
the recommendation; their level of agreement was measured on a 10‐point visual
analogue scale (1, no agreement to 10, full agreement);20 and the potential impact
amongst the participants was assessed using three statements: ‘This recommendation
will change my practice’; ‘I’m already working in accordance with this recommendation’
and ‘I will not change my practice with regard to this aspect’.
The total set of recommendations was also evaluated using these three questions,
plus two additional queries: ‘Do you think that these recommendations should be
implemented in general clinical practice?’ and ‘Would you encourage your fellow
physicians to implement these recommendations?’.
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Results
The results of every phase were combined to develop the recommendations, which will
be discussed subsequently.

Findings of the literature review
The literature search identified 237 citations of potential interest. We screened each
title and abstract for relevance resulting in the exclusion of 194 articles, as MTX had
been used for non‐sarcoidosis conditions (40 articles) or MTX had not been used as a
pharmacological treatment option but in a different context (78 articles). Review
articles were excluded as well (76 articles). After this exclusion process, 43 articles were
retrieved and considered further for full review. Checking the references in review
articles yielded no additional original studies. Included were one randomized controlled
trial (RCT), 10 case series involving more than 10 patients and 32 case reports involving
fewer than 10 patients, examining the effectiveness of MTX in sarcoidosis. Study
characteristics and results for each included article are summarized in Appendix 1.
Summarizing the available studies, it can be said that RCT evidence supporting the use
of MTX in sarcoidosis was very limited, as only one RCT was available21 and most of the
published data were observational case series.22‐63 A Cochrane review for DMASDs in
pulmonary sarcoidosis found no data on MTX available for meta‐analysis.7

Findings regarding expert opinion
A total of 113 of 250 (45%) experts completed the questionnaire. Characteristics of the
respondents are presented in Table 6.1. The questionnaire was completed mainly by
pulmonologists, rheumatologists and neurologists, working in countries all over the
world (55% Europe, 26% North America, and 12% Asia). Almost 60% of respondents
could be classified as experienced with regard to MTX prescription for sarcoidosis.
Eleven per cent of the respondents did not prescribe MTX at all in sarcoidosis patients,
70% of them quoting fear of toxicity as their reason for not doing so. Other reasons
were ‘too little experience’ (42%) and ‘no indication for MTX as sarcoidosis cases were
not severe enough’ (25%) (multiple options could be selected). The number of
respondents experienced in MTX prescription for sarcoidosis was significantly higher in
specialized sarcoidosis clinics and university hospitals than in general hospitals
(p=0.001) (data not shown).
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Table 6.1

Summary of characteristics of sarcoidosis experts who participated in this study.

Number of respondents
Pulmonologist/rheumatologist/neurologist/other
Type of hospital: general/university/sarcoidosis clinic
Continent: Europe/North America/Asia/other
Working experience: 0–10/10–20/>20 years
Average number of sarcoidosis patients treated with methotrexate:
none/1–5/5–25/>25 a year

113/250 (45.2%)
87.6/5.3/4.4/2.7%
21.2/56.6/22.1%
54.9/25.7/12.4/7.1%
24.8/31.0/44.2%
10.6/31.0/37.2/21.2%

Table 6.2 summarizes the results of the online questionnaire for each
recommendation. Glucocorticosteroid monotherapy was by far the most commonly
prescribed first‐line treatment option, although MTX monotherapy was sometimes
used as first‐line therapy. Experienced respondents were significantly more likely to
prescribe steroid/MTX combination therapy as the first‐choice treatment option than
the less experienced respondents (p=0.003). Furthermore, experienced respondents
were significantly more likely to use the parenteral administration mode of MTX in
cases complicated by gastrointestinal side‐effects (including mucositis), whereas less
experienced specialists were more likely to split the oral MTX dose as an alternative
option (p=0.005). Hepatic disease was significantly more often quoted as a
contraindication for starting MTX by experienced participants (p=0.013). No other
significant differences between experienced and less experienced respondents were
found. A small subgroup of sarcoidosis experts (n=14) reported a 10% discontinuation
rate of MTX, with the most important reported reasons for discontinuation including
gastrointestinal (30% of cases), liver (27%) and haematological (17%) toxicity (data not
shown). The results of the questionnaire were processed to formulate the
recommendations.
Table 6.2

Expert opinion amongst sarcoidologists, based on questionnaire answers, for each
a
recommendation and level of methotrexate experience.

Number of respondents
Recommendation 1
First‐choice treatment option
(often/sometimes/never in %)
‐ Steroid monotherapy
‐ MTX monotherapy
‐ Steroid/MTX combination
therapy
Recommendation 2
Starting dosage of MTX
‐ 0–5 mg weekly
‐ 5–10 mg weekly
‐ 10–15 mg weekly
‐ >15 mg weekly

MTX prescription to
1–5 patients a year
35 (34.7%)

MTX prescription to
>5 patients a year
66 (65.3%)

Total

p value

101 (100%)

‐

97.1/2.9/0%
0/38.2/61.8%
0/61.8/38.2%

81.8/16.7/1.5%
1.5/57.6/40.9%
18.2/66.7/15.2%

87.0/12.0/1.0%
1.0/51.0/48.0%
12.0/65.0/23.0%

0.098
0.123
0.003*

4 (12.1%)
20 (60.6%)
8 (24.2%)
1 (3.0%)

10 (15.4%)
34 (52.3%)
21 (32.3%)
0 (0%)

14 (14.3%)
54 (55.1%)
29 (29.6%)
1 (1.0%)

0.409
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MTX prescription to
1–5 patients a year

MTX prescription to
>5 patients a year

Total

p value

Maintenance dosage of MTX
‐ 0–5 mg weekly
‐ 5–10 mg weekly
‐ 10–15 mg weekly
‐ >15 mg weekly

2 (6.1%)
12 (36.4%)
16 (48.5%)
3 (9.1%)

0 (0%)
14 (21.5%)
42 (64.6%)
9 (13.8%)

2 (2.0%)
26 (26.5%)
58 (59.2%)
12 (12.2%)

0.068

Recommendation 3
Mean folic acid dosage
‐ 1 mg daily
‐ 5 mg once weekly
‐ 5 mg twice weekly
‐ 5 mg thrice weekly
‐ Depending on MTX dosage

7 (21.9%)
19 (59.4%)
2 (6.3%)
1 (3.1%)
3 (9.4%)

22 (33.8%)
18 (27.7%)
7 (10.8%)
6 (9.2%)
12 (18.5%)

29 (29.9%)
27 (38.1%)
9 (9.3%)
7 (7.2%)
15 (15.5%)

0.052

Recommendation 4
Work‐up before start of MTX
‐ AST
‐ ALT
‐ ALP and bilirubin
‐ CBC
‐ Creatinine

30 (85.7%)
31 (88.6%)
25 (71.4%)
33 (94.3%)
27 (77.1%)

62 (93.9%)
63 (95.5%)
59 (89.4%)
65 (98.5%)
55 (83.3%)

92 (91.1%)
94 (93.1%)
84 (83.2%)
98 (97.0%)
82 (81.2%)

0.167
0.195
0.022*
0.237
0.449

23 (65.7%)
28 (80.0%)
13 (37.1%)
28 (80.0%)
27 (77.1%)
16 (45.7%)
28 (80.0%)
19 (54.3%)

48 (72.7%)
63 (95.5%)
13 (19.7%)
52 (78.8%)
45 (68.2%)
33 (50.0%)
53 (80.3%)
34 (51.5%)

71 (70.3%)
91 (90.1%)
26 (25.7%)
80 (79.2%)
72 (71.3%)
49 (48.5%)
81 (80.2%)
53 (52.5%)

0.463
0.013*
0.056
0.886
0.344
0.682
0.971
0.791

Contraindicating creatinine
clearance
‐ Stage 2 (GFR 60–89)
‐ Stage 3 (GFR 30–59)
‐ Stage 4–5 (GFR <29)

2 (8.7%)
11 (47.8%)
10 (43.5%)

3 (6.3%)
19 (39.6%)
26 (54.2%)

5 (7.0%)
30 (42.3%)
36 (50.7%)

0.427

Contraindicating WBC level
9
‐ <2.0 x 10 /l
9
‐ <1.5 x 10 /l
9
‐ <1.0 x 10 /l

23 (92.0%)
1 (4.0%)
1 (4.0%)

32 (72.7%)
10 (22.7%)
2 (4.5%)

55 (79.7%)
11 (15.9%)
3 (4.3%)

0.119

Contraindicating platelet count
number
9
‐ <200 x 10 /l
9
‐ <100 x 10 /l
9
‐ <50 x 10 /l

3 (12.0%)
14 (56.0%)
8 (32.0%)

5 (11.4%)
28 (63.6%)
11 (25.0%)

8 (11.6%)
42 (60.9%)
19 (27.5%)

0.802

Recommendation 5
Contraindications
‐ Renal disease
‐ Hepatic disease
‐ Pulmonary disease
‐ Leucocytopenia
‐ Thrombocytopenia
‐ Anaemia
‐ Infection acute/chronic
‐ Alcohol/drugs use (current or
past)
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MTX prescription to
1–5 patients a year

MTX prescription to
>5 patients a year

Total

p value

Contraindicating anaemia level
‐ <6 mmol/l
‐ <5 mmol/l
‐ <4 mmol/l

8 (44.4%)
7 (38.9%)
3 (16.7%)

17 (45.9%)
14 (37.8%)
6 (16.2%)

25 (45.5%)
21 (38.2%)
9 (16.4%)

0.995

Recommendation 6
Blood monitoring interval after
start of MTX
‐ Once after 2–3 weeks
‐ Every 2–3 weeks
‐ Every 1–1.5 months
‐ Every 2–3 months

12 (38.7%)
13 (41.9%)
5 (16.1%)
1 (3.2%)

21 (32.3%)
24 (36.9%)
15 (23.1%)
5 (7.7%)

33 (34.4%)
37 (38.5%)
20 (20.8%)
6 (6.3%)

0.672

Blood monitoring interval after
stable MTX dose
‐ Every month
‐ Every 2 months
‐ Every 3 months
‐ Every 6 months

13 (41.9%)
6 (19.4%)
11 (35.5%)
1 (3.2%)

15 (23.1%)
15 (23.1%)
32 (49.2%)
3 (4.6%)

28 (29.2%)
21 (21.9%)
43 (44.8%)
4 (4.2%)

0.299

Recommendation 7
Alternative administration
modes in case of MTX‐induced
gastrointestinal side‐effects
‐ Parenteral administration
‐ Splitting oral dose
‐ Both
‐ None

0 (0%)
14 (45.2%)
8 (25.8%)
9 (29.0%)

13 (20.0%)
11 (16.9%)
19 (29.2%)
22 (33.8%)

13 (13.5%)
25 (26.0%)
27 (28.1%)
31 (32.3%)

0.005*

Recommendation 8
First action when LT >4 x ULN
‐ Check for alcohol/NSAID
‐ Increase folic acid dosage
‐ Decrease MTX dosage
‐ Parenteral MTX
‐ Discontinue MTX
‐ Start UDCA/antioxidants

18/35 (51.4%)
4/35 (11.4%)
7/35 (20.0%)
1/35 (2.9%)
25/35 (71.4%)
7/35 (20.0%)

29/66 (43.9%)
6/66 (9.1%)
20/66 (30.3%)
1/66 (1.5%)
49/66 (74.2%)
5/66 (7.6%)

47/101 (46.5%)
10/101 (9.9%)
27/101 (26.7%)
2/101 (2.0%)
74/101 (73.3%)
12/101 (11.9%)

0.473
0.708
0.266
0.645
0.761
0.066

Level of LT abnormalities
requiring MTX discontinuation
‐ >2 x ULN
‐ >3 x ULN
‐ >4 x ULN
‐ No discontinuation

9 (29.0%)
15 (48.4%)
7 (22.6%)
0 (0%)

20 (30.8%)
30 (46.2%)
14 (21.5%)
1 (1.5%)

29 (30.2%)
45 (46.9%)
21 (21.9%)
1 (1.0%)

0.912

Recommendation 9
Long‐term MTX use
‐ Unaltered continuation
‐ Discontinuation
After 1 year
After 2 years
After >2 years

19/31 (61.3%)
12/31 (38.7%)
4/12 (33.3%)
6/12 (50.0%)
2/12 (16.7%)

44/65 (67.7%)
21/65 (32.3%)
5/21 (23.8%)
11/21 (52.4%)
5/21 (23.8%)

63/96 (65.6%)
33/96 (34.4%)
9/33 (27.3%)
17/33 (51.5%)
7/33 (21.2%)

0.537
0.800
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MTX prescription to
1–5 patients a year

MTX prescription to
>5 patients a year

Total

p value

Recommendation 10
Establishing pregnancy wish
‐ In women
‐ In men

29/31 (93.5%)
18/31 (58.1%)

64/65 (98.5%)
46/65 (70.8%)

93/96 (96.9%)
64/96 (66.7%)

0.196
0.217

Discontinuation of MTX if
pregnancy wish
‐ In women
‐ In men

29/31 (93.5%)
22/31 (71.0%)

64/65 (98.5%)
45/65 (69.2%)

93/96 (96.9%)
67/96 (69.8%)

0.196
0.862

a

Values are expressed as frequencies and/or percentages, and were tested with Pearson’s chi‐squared test. *
p<0.05, significant difference between the experienced and less experienced respondents. ALP, alkaline
phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBC, complete blood count;
GFR, glomerular filtration rate expressed as ml/min and normalized to an average surface area (size) of 1.73
2
m ; LT, liver tests; MTX, methotrexate; NSAID, nonsteroidal anti‐inflammatory drug; UDCA, ursodeoxycholic
acid; ULN, upper limit of normal; WBC, white blood cell.

Recommendations
The 10 key WASOG recommendations are listed in Table 6.3, with the corresponding
level of evidence and grade of recommendation. The mean level of agreement for the
total set of recommendations amongst the 17 leading sarcoidologists was 8.7 (range
8.0–10). The percentage of sarcoidologists who indicated that they would change their
clinical practice in accordance with each of the recommendations is shown in Table 6.4.
Twelve per cent of the sarcoidologists reported that the total set of recommendations
would change their clinical practice; the other experts reported that they were already
working according to the recommendations. All sarcoidologists were in favour of
implementing these recommendations in general clinical practice and would encourage
fellow physicians to use these recommendations.
Recommendation 1
The indications for MTX in sarcoidosis consist of its use as a second‐line treatment
option in steroid‐refractory cases, in the presence of steroid‐associated adverse effects
or as a steroid‐sparing agent; or as a first‐line treatment option as a MTX/steroid
combination therapy or monotherapy in exceptional situations.
The evidence to support MTX as a steroid‐sparing agent or alternative agent is
scarce. One small (n=24) but high‐quality RCT showed that sarcoidosis patients without
previous treatment who took MTX 10 mg weekly required significantly lower doses of
glucocorticosteroids than patients taking placebo, after 12 months of treatment
(median 8.3 mg daily (0.83–21.7) and 16 mg daily, respectively, p<0.001); at 6 months,
there was no significant difference between the groups. 21 A recent retrospective cohort
study comparing the DMASDs MTX and AZA in sarcoidosis showed a significant steroid‐
sparing potency, without a difference between the two groups.22 The steroid‐sparing
potency of MTX was also found in several case series.24,26,28,46,51,52,54,56,57,63 Moreover,
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MTX has been proven effective and is recommended as a steroid‐sparing agent in other
inflammatory diseases, such as RA, giant‐cell arteritis and polymyalgia rheumatica, and
can also be considered in systemic lupus erythematosus or (juvenile)
dermatomyositis.64
Table 6.3 Multinational recommendations for the use of methotrexate in sarcoidosis.
Recommendation

1

The indications for MTX in sarcoidosis consist of its use as a
second‐line treatment option in steroid‐refractory cases, in the
presence of steroid‐associated adverse effects or as a steroid‐
sparing agent; or as a first‐line treatment option as a MTX/steroid
combination therapy or monotherapy in exceptional situations.
2 The recommended initial dosage of oral MTX is 5–15mg weekly.
3 Prescription of folic acid with MTX therapy is recommended, at
least 5 mg weekly or 1 mg daily.
4 The preadministration work‐up for patients starting MTX should
include aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), bilirubin,
complete blood count (CBC), creatinine, and when indicated,
serology for HIV, hepatitis B/C and IGRA test for Mycobacterium
tuberculosis infection.
5 Before starting MTX, some contraindications should be
considered: significant renal disease, significant hepatic disease
other than sarcoidosis, bone marrow depression and acute or
chronic infection.
6 When starting MTX or increasing the dose, ALT with or without
AST, creatinine and CBC should be monitored every 3–6 weeks
until a stable dose is reached, and every 1–3 months thereafter;
after stabilization the monitoring interval can be extended to
every 6 months.
7 In case of MTX‐induced gastrointestinal side‐effects, including
mucositis, splitting the oral dose should be considered, provided
the total MTX dose is ingested within a 12‐h period. Parenteral
administration or an alternative immunosuppressive drug should
be considered in case of persistent intolerance.
8 Caution is warranted if there is a confirmed increase in ALT/AST. If
there are no other causes, it should lead to either MTX dose
reduction or withdrawal, liver biopsy to evaluate for MTX toxicity
or additional folic acid supplementation; consider an alternative
immunosuppressive drug after normalization.
9 Based on its acceptable safety profile, MTX is appropriate for
long‐term use.
10 MTX should not be used by men or women for at least 3 months
before planned pregnancy, and should not be used during
pregnancy or breast feeding (absolute contraindication).

Grade of
Level of
19
recommen
evidence
19
dation
2b
B

Agreement
mean
a
(±SD)
8.9 (±1.1)

4

C

4
5

C
b
B

9.0 (±1.6)
9.6 (±1.1)

5

D

9.1 (±1.1)

5

D

9.3 (±1.2)

5

D

8.9 (±1.3)

5

D

8.3 (±2.0)

4

C

9.0 (±1.4)

5

C

5

D

b

9.3 (±1.1)
9.5 (±0.9)

a

The level of agreement was measured on a 10‐point visual analogue scale (1, no agreement; 10, full
b
agreement). Upgraded level of recommendation based on evidence derived from rheumatoid arthritis
studies. ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBC,
complete blood count; IGRA, interferon‐gamma release assay; MTX, methotrexate.
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Table 6.4

Evaluation of recommendations, with the percentage of sarcoidologists who indicated that each
of the recommendations would change their clinical practice or not.

Recommendation

The recommendation
will change my practice
(%)
1. Indications for use
5.9
2. Starting dosage
0
3. Folic acid
11.8
4. Preadministration work‐up
5.9
5. Contraindications
11.8
6. Monitoring
0
7. Adverse effects and
17.6
administration
8. Hepatotoxicity
0
9. Long‐term safety
0
10. Pregnancy
0

Already working
according to this
recommendation (%)
94.1
88.2
88.2
88.2
88.2
94.1
64.7

I will not change my
practice in this respect
(%)
0
11.8
0
5.9
0
5.9
17.6

94.1
100
100

5.9
0
0

Several case series are available for pulmonary and extrapulmonary sarcoidosis,
and showed a 60–80% response to MTX in steroid‐refractory cases or in the presence of
steroid‐associated adverse effects.22‐63 MTX appeared to take 6 months to be effective.
The previously described retrospective cohort study comparing MTX and AZA found a
positive effect of MTX on lung function.22 Lower and Baughman28 showed that 33 of 50
patients using MTX for 2 years saw their vital capacity improve by more than 15% or
showed improvement in other organs. Vucinic24 showed an improvement in forced
expiratory volume in 1 second (FEV1) in 80% and in diffusing capacity for carbon
monoxide (DLCO) in 65% of 91 sarcoidosis patients using MTX for 6 months. The only
available RCT did not find a significant effect of MTX on lung function (vital capacity),
symptoms or adverse events compared to placebo. However, the study may not have
been adequately powered to demonstrate the true effect of MTX because of the small
number of patients enrolled in the study.21
Some exceptional manifestations of sarcoidosis might respond better to
nonsteroidal drugs. In these cases, MTX/steroid combination or MTX monotherapy can
be considered as the first‐line treatment option. However, this recommendation is
mostly based on expert opinion rather than evidence. Experienced sarcoidologists in
particular seemed to consider MTX as a first‐choice therapy in such cases (Table 6.2).
For example, first‐line systemic MTX therapy, whether or not combined with
glucocorticosteroids, has been reported as beneficial in uveitis after topical steroid
application failed.23,26 MTX has been proposed as a first‐choice immunosuppressant in
neurosarcoidosis.65 An MTX/glucocorticosteroid combination has been reported to be
beneficial as a first‐line treatment option in neurosarcoidosis,27,36,40,46,61 as many
neurosarcoidosis manifestations are usually chronic and MTX appears to show
increased efficacy at lower levels of morbidity.27 Another indication is cardiac
involvement, in which a first‐line MTX/glucocorticosteroid combination therapy should
be considered to avoid aneurysm formation because of high doses of
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glucocorticosteroids.66 Starting MTX with low‐dosed glucocorticosteroids might also be
beneficial for patients suffering from diabetes or overweight whose steroid dose should
be kept as low as possible, as the required cumulative glucocorticosteroids dose with
MTX is several milligrams lower than without MTX.21
Recommendation 2
The recommended initial dosage of oral MTX is 5–15 mg weekly.
The single available RCT demonstrated that an initial oral MTX dosage of 10 mg
weekly had steroid‐sparing efficacy,21 whereas case series showing effectiveness of
MTX used dosages of 5–20 mg weekly.22‐63 The safety profile of MTX in these cases was
acceptable (see Appendix 1). Most research experience has been in the initial dosage
range of 10–15 mg weekly. Eighty‐five per cent of sarcoidologists reported using
starting dosages of 5–15 mg weekly (Table 6.2). A lower initial MTX dosage is advisable
in case of suspected bone marrow involvement in the sarcoidosis process, as evidenced
by cytopenia.67,68
Studies comparing different MTX dosages in sarcoidosis are not available, and there
is a need for future studies to compare higher and lower dosages of MTX to provide the
best treatment effect with acceptable safety profile. Studies comparing different dose‐
escalation methods are not available for sarcoidosis either, but in RA the results of
three RCTs directly comparing different dosages of oral MTX showed dose‐dependent
efficacy and toxicity.64,69‐71 The higher starting doses (12.5–25 mg weekly) were clearly
more effective in RA patients than the lower doses (5–15 mg weekly), but were
accompanied by more adverse effects.69,70 Rapid dose escalation by 5 mg monthly was
associated not only with higher effectiveness, but also with more adverse events, in
comparison with escalation of 5 mg every 3 months.71 Table 6.2 shows that 86% of the
sarcoidologists recommended a maintenance dosage of MTX for sarcoidosis of 5–15 mg
weekly, but 12% reported that higher dosages of up to 20 mg weekly may be warranted
in individual cases. As the treatment effect and safety profile for higher dosages of MTX
in sarcoidosis have not been determined, increasing the dose of MTX for sarcoidosis
beyond 20 mg weekly is probably not advisable without appropriate safety studies.
Evidence regarding the best escalation method in sarcoidosis is not available, but in the
case of insufficient response and an acceptable safety profile we recommend
considering escalation after 8 weeks to 10‐15 mg weekly with a maximum of 20 mg
weekly in individual cases.
Recommendation 3
Prescription of folic acid with MTX therapy is recommended, at least 5 mg weekly or 1
mg daily.
No studies on the prescription of folic acid with MTX therapy for sarcoidosis are
available. A meta‐analysis of nine studies in RA, including 788 patients, suggested that
folic acid supplementation reduces the gastrointestinal and liver toxicity of MTX,
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without reducing its efficacy.64,72 High dosages of folic acid (>5 mg weekly) led to a
significant reduction in gastrointestinal side‐effects (odds ratio (OR) 0.42; 95%
confidence interval (CI) 0.21–0.85),73‐76 whereas dosages of less than 5 mg weekly
showed only a trend towards reducing gastrointestinal side‐effects.74 After further
stratification, however, the protective effect of folic acid on gastrointestinal toxicity
proved only significant in the studies that used MTX at weekly doses of less than
10 mg.74,75 The studies analysing hepatotoxicity showed a significant protective effect of
1 mg folic acid daily or 7 mg weekly (OR 0.17; 95% CI 0.09–0.32).73,75,76 The effect of
folic acid supplementation on haematological adverse effects could not be accurately
assessed because of a low incidence of events in the samples studied.77 Almost 70% of
the sarcoidologists recommended prescribing folic acid at 1 mg daily or 5 mg weekly,
whereas 17% reported prescribing higher dosages.
At least 5 mg folic acid weekly is recommended for RA, taking into account the
potential need for higher dosages if MTX is given in higher doses.64 Similar prophylaxis
is recommended in sarcoidosis, as data on the prescription of folic acid or data
supporting the need for higher dosages to provide adequate prophylaxis in sarcoidosis
are not yet available.
Recommendation 4
The preadministration work‐up for patients starting MTX should include aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),
bilirubin, complete blood count (CBC), creatinine, and when indicated, serology for HIV,
hepatitis B/C and interferon‐gamma release assay (IGRA) test for Mycobacterium
tuberculosis infection.
The work‐up information needed to decide whether to start a patient with
sarcoidosis on MTX can be extrapolated from data on MTX‐induced toxicity. Studies
investigating the risk factors for severe toxicity in sarcoidosis are lacking, but data on
RA suggested that an estimated creatinine clearance less than 79 ml/min increases the
risk of severe pulmonary toxicity.64,78 Furthermore, lung abnormalities on radiograph,
but not pulmonary function tests, proved predictive of MTX‐induced pneumonitis.64,79‐81
Exacerbation of hepatic disease was an additional risk in obesity, diabetes and
viral/alcoholic hepatitis.64,82‐85
Recommendations in Europe and the USA about the preadministration work‐up for
arthritis patients all suggest CBC, creatinine, AST, ALT with or without bilirubin and
ALP.86,87 Hepatitis B/C serology, serology for HIV and chest radiographs have also been
suggested as part of the pretreatment work‐up.64,87,88 Table 6.2 shows that 83–99% of
the sarcoidosis experts reported AST, ALT, ALP, bilirubin, CBC and creatinine to be part
of their preadministration work‐up. A chest radiograph is usually available in sarcoidosis
patients, as the lungs are commonly involved in the sarcoidosis process.1,2 An additional
chest radiograph as part of the preadministration work‐up does not offer added value,
and we therefore do not recommend routine chest radiographs. Only in cases with
suspected pulmonary infection, established during clinical evaluation before the start of
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MTX, an additional chest radiograph is recommended to determine a change in the
features (based on expert opinion).
Sarcoidosis and tuberculosis (TB) have comparable clinical and histopathological
features, both being granulomatous diseases frequently affecting the lungs. A well
known feature is the increased risk of reactivating a latent TB infection or worsening of
an active TB infection caused by immunosuppressive TNF‐α inhibitors.89 Therefore,
screening for TB is recommended before starting TNF‐α inhibitors. However, no
evidence is available on the screening methods for TB in patients on MTX. One
retrospective study concluded that MTX treatment was probably not associated with an
increased incidence of TB in rheumatic diseases.90 Recommendations in RA stated that
screening should therefore be similar to that in the general population.91 However,
some case reports showed the occurrence of active TB in patients on long‐term MTX
treatment.92 Furthermore, the American College of Rheumatology (ACR) recommended
that MTX should not be initiated in the presence of active TB or latent TB infection prior
to starting preventive therapy.87 Combining the available evidence, we recommend
excluding mycobacterial infection in selected sarcoidosis cases using an IGRA test such
as QuantiFERON‐TB Gold In‐Tube (QFT‐GIT) assay or T‐SPOT.TB assay, which seem to be
accurate methods given the presence of anergy to tuberculin in sarcoidosis, prior to
initiating further immunosuppressive treatment with MTX.93,94
The evidence available for RA was combined with the expert opinion among
sarcoidologists and processed into recommendation 4. Contraindications that should be
considered before the start of MTX in sarcoidosis are discussed in more detail at
recommendation 5.
Recommendation 5
Before starting MTX, some contraindications should be considered: significant renal
disease, significant hepatic disease other than sarcoidosis, bone marrow depression and
acute or chronic infection.
There is no evidence regarding any contraindications that should be considered
before the start of MTX in sarcoidosis. Contraindications that should be considered
according to rheumatology experts include significant renal disease with glomerular
filtration rate (GFR) less than 30 ml/min, hepatic disorders, leucocytopenia less than 3.0
x 109/l, thrombocytopenia less than 50 x 109/l, inadequate contraception, pregnancy,
history of drug or alcohol abuse, acute or chronic infection and pulmonary disease.87
Renal and hepatic diseases, leucocytopenia, thrombocytopenia and infections were
considered contraindications by 70–96% of the sarcoidologists in our survey, whereas
pulmonary disease, anaemia and a history of alcohol/drugs use were less often
mentioned (20–52%) (Table 6.2). In addition, GFR less than 30 ml/min was considered a
contraindication by 54%, white blood cell (WBC) count of less than 2.0 x 109/l by 73%,
platelet count of less than 100 x 109/l by 64% and haemoglobin (Hb) level of less than
5–6 mmol/l by 84% (Table 6.2). In general, sarcoidologists seem to take a more cautious
approach than the rheumatology guidelines.
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MTX is considered contraindicated by significant renal disease, as MTX is mainly
cleared by the kidney.95 Kidney involvement from sarcoidosis is rare, having been
reported in 7–22% of sarcoidosis patients at autopsy, but sometimes leads to kidney
failure.96 Furthermore, renal failure can also be the consequence of hypercalcaemia and
hypercalciuria, which are both frequent manifestations of sarcoidosis.96 In these cases,
AZA is recommended as the first‐choice glucocorticosteroid‐sparing immunomodulator
(based on expert opinion).
Involvement of the liver often occurs in sarcoidosis, with liver biopsy demonstrating
granulomatous disease in half of the patients.97‐101 Liver test abnormalities are seen in
one‐fourth to one half of sarcoidosis patients before the start of MTX; these can be the
result of sarcoidosis or other liver diseases.47,97 Treatment with MTX is not
contraindicated when liver test abnormalities are the consequence of sarcoidosis
involvement.98 Treatment of inflammatory sarcoidosis activity can actually lead to
improvement of liver tests.98 A study of baseline liver test abnormalities in
rheumatology patients found that values were only mildly elevated and were rarely a
contraindication for starting MTX.86 Liver test abnormalities at baseline are more
common in sarcoidosis, because of liver disease from the sarcoidosis itself.47,97 In
patients with severe liver test abnormalities prior to starting MTX, one should consider
a liver biopsy or radiological examination to distinguish between sarcoidosis and other
liver diseases.97 Acute and chronic hepatitis B and C infections are considered to
represent contraindications.87
Rheumatology guidelines consider pulmonary diseases, especially interstitial lung
diseases of unknown cause, to represent contraindications,87 as pre‐existing lung
disease may be a risk factor for the development of MTX‐induced pneumonitis.79 In
sarcoidosis, however, the main reasons for MTX prescription are pulmonary disease
and respiratory functional impairment, which can be successfully treated with MTX. The
presence of pulmonary disease in sarcoidosis as such is therefore not considered a
contraindication to treatment with MTX, which is also reflected in the very low
percentage of sarcoidologists (20%) considering pulmonary disease a contraindication
(Table 6.2). Figure 6.1 shows an example of substantial improvement of parenchymal
pulmonary lesions from sarcoidosis after treatment with MTX.102 In cases of suspected
or confirmed other pulmonary disease, such as acute or chronic infections, however,
MTX should be considered contraindicated (based on expert opinion).
Recommendation 6
When starting MTX or increasing the dose, ALT with or without AST, creatinine and CBC
should be monitored every 3–6 weeks until a stable dose is reached, and every 1–3
months thereafter; after stabilization the monitoring interval can be extended to every 6
months.
No studies evaluating the frequency of monitoring have been done for sarcoidosis,
and the recommended frequency of monitoring in RA is largely based on expert
opinion.87 The limited available evidence suggests an optimal interval to detect liver
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test abnormalities of 30–60 days and a decreasing incidence of MTX‐induced liver
damage in the first months of therapy.64 A total of 60% of the sarcoidosis experts
suggested a monitoring interval of 2–6 weeks, whereas 95% suggested an interval of 1–
3 months after a stable dosage has been reached (Table 6.2).

a

Figure 6.1

b

High‐resolution computed tomography (HRCT) studies from a 36‐year‐old man with a history of
5 years of biopsy‐proven sarcoidosis. Because of respiratory functional impairment, he had
been previously treated with prednisone, starting at 40 mg daily. This was tapered off because
of side‐effects to 20 mg daily. No improvement was achieved, so treatment with methotrexate
(MTX) was started. a. HRCT before treatment with MTX, showing multiple intraparenchymal
nodules, focal pleural thickening, septal and nonseptal lines, and thickening or irregularity of
102
the bronchovascular bundle. b. HRCT after 6 months of treatment with 12.5 mg MTX weekly
and 5 mg folic acid once a week orally, together with 10 mg prednisone daily, showing
substantial improvement.

AST and ALT have been reported to correlate with the histological grades of liver
disease in RA.64,103‐107 Creatinine should also be monitored, as renal dysfunction is
associated with increased risk of pulmonary toxicity. A CBC is required to monitor bone
marrow toxicity.64,78 A baseline WBC count at the time of starting or increasing the
dosage of MTX may be helpful to determine the follow‐up interval for CBC: if baseline
WBC count is low, a follow‐up CBC should be performed at shorter intervals than with
higher WBC count at baseline.
The 2008 ACR guidelines suggest monitoring every 1–3 months, with more
frequent assessments initially.87 As evidence regarding monitoring frequency in
sarcoidosis is lacking, we have combined the recommendations extrapolated from RA
with expert opinion to recommend a monitoring frequency of 3–6 weeks until a stable
dose is reached and every 1–3 months thereafter. After stabilization, the monitoring
interval can be extended to 6 months. Despite the observations that MTX
hepatotoxicity is rarer in RA than in sarcoidosis, which can probably be explained by the
underlying liver disease from the sarcoidosis itself,28,83,84,101,107,108 we recommend a
similar frequency pattern of liver testing in sarcoidosis. Severe liver disease as a result
of MTX in sarcoidosis is rare.101
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Recommendation 7
In case of MTX‐induced gastrointestinal side‐effects, including mucositis, splitting the
oral dose should be considered, provided the total MTX dose is ingested within a 12‐h
period. Parenteral administration or an alternative immunosuppressive drug should be
considered in case of persistent intolerance.
No studies are available comparing different administration modes in sarcoidosis.
Recommendations for RA patients indicate a preference for the oral route when
starting MTX treatment.64,109 The bioavailability of MTX at higher oral doses (25–35 mg
weekly) is decreased in RA patients, most probably because of limited absorption from
the gastrointestinal tract, and can be improved by splitting the oral dose.110,111 No
studies are available investigating the effectiveness of splitting the oral dose in terms of
reducing the gastrointestinal side‐effects. Almost half of the sarcoidosis experts in our
survey, however, reported using splitting of the oral dose with ingestion of the total
dose within a 12‐h period as an alternative administration option in case of MTX‐
induced gastrointestinal side‐effects (Table 6.2); they reported regularly observing the
disappearance of inconvenient symptoms.
Retrospective studies in RA suggest higher efficacy and less gastrointestinal toxicity
with parenteral versus oral administration of MTX, which can be explained by a higher
bioavailability of the parenteral form.112‐114 The efficacy and safety of routes of
administration were evaluated in open‐label studies, which found a significant
reduction in disease activity scores following the switch from oral to parenteral
administration.109,115,116 This leads to a recommendation for RA patients to switch to
subcutaneous or intramuscular administration in case of gastrointestinal side‐effects,
poor compliance or inadequate effectiveness.109 The variable bioavailability of high oral
MTX dosages forms another argument to consider changing to parenteral
administration.114 Almost half of the sarcoidologists in our survey reported prescribing
parenteral MTX as an alternative administration route in case of MTX‐induced
gastrointestinal side‐effects (Table 6.2).
As evidence regarding the best administration routes of MTX in sarcoidosis is
lacking, evidence extrapolated from RA, combined with expert opinion, resulted in the
recommendation to split the oral dose, changing to parenteral administration routes or
considering an alternative immunosuppressive drug in case of gastrointestinal
intolerance.
Recommendation 8
Caution is warranted if there is a confirmed increase in ALT/AST. If there are no other
causes, it should lead to either MTX dose reduction or withdrawal, liver biopsy to
evaluate for MTX toxicity or additional folic acid supplementation; consider an
alternative immunosuppressive drug after normalization.
Sarcoidosis commonly affects the liver97,99‐101 and liver test abnormalities during
MTX use may thus be due to the underlying sarcoidosis, but also due to MTX use or
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some other cause.101 Studies among RA patients have found a relatively low rate of
MTX hepatotoxicity, with a reported 3–5% incidence of advanced pathological changes
on liver biopsy.83,84,107,108 Studies found that only patients with persistently elevated
transaminase levels or decreased albumin levels had a toxic reaction to MTX.103‐107
Therefore, RA guidelines rely on the use of serial liver function testing to identify
patients with a toxic reaction to MTX.64 Studies amongst sarcoidosis patients found a
9% incidence rate of MTX‐associated toxic effects established by liver biopsy after 1
year of MTX therapy and a 14% incidence rate after 2 years of therapy.28,101 However,
no sarcoidosis patients were reported to have severe liver disease as a result of MTX
therapy.101 The higher incidence of hepatotoxicity in sarcoidosis compared to RA may
be because of the underlying liver disease from the sarcoidosis itself.28,101 As half of the
patients showed changes in their liver biopsy results that were attributed to
sarcoidosis, the associated inflammatory and fibrotic changes may overlap with the
changes seen in toxic reactions to MTX and could therefore have led to overestimation
of MTX toxicity.101 In sarcoidosis, the ALP level at the time of biopsy28,101 and the
number of times the AST was elevated in the year before the biopsy101 correlated with
the severity of the toxic effect of MTX. However, patients with hepatic sarcoidosis
showed higher levels of various liver tests as well.28,101 Therefore, the absolute liver test
results or the number of abnormal tests are not clinically useful for predicting either
liver sarcoid involvement or MTX hepatotoxicity.28,101 Nevertheless, as serial liver
testing is a noninvasive safe way to trace liver disease including MTX toxicity, it is
recommended for sarcoidosis patients on MTX therapy. Baughman et al.101 also claimed
an important role for liver biopsy in screening for toxic reactions.
Studies investigating how to deal with the liver test abnormalities in sarcoidosis
patients using MTX, or the level of liver test abnormalities at which MTX should be
discontinued, have been scarce. Forty‐six per cent of the sarcoidologists in our survey
reported discontinuing MTX when liver test results exceeded the level of 3 times the
upper limit of normal (ULN), whereas the remaining experts reported that they
discontinued MTX at liver test results more than 2 times the ULN or more than 4 times
the ULN (Table 6.2). Studies in RA recommended MTX withdrawal if there is a
confirmed increase in ALT/AST of more than 3 times the ULN.64 The majority of
sarcoidologists reported discontinuing or decreasing the dosage of MTX when liver test
results exceed the level of 4 times the ULN, after checking for other causes of liver test
abnormalities, such as alcohol or nonsteroidal anti‐inflammatory drugs use (Table 6.2).
Checking for other causes is important, as, for example, RA patients on MTX treatment
who are heavy drinkers are more likely to show advanced changes on liver biopsy.108
Rheumatology experts emphasize that other causal factors, including nonsteroidal anti‐
inflammatory drugs, obesity with nonalcoholic steatohepatitis and alcohol, should be
considered in case of persistently elevated liver tests after discontinuation of MTX.64
Only 10% of the sarcoidosis experts reported that they first increased the dosage of
folic acid to decrease the hepatotoxic effects of MTX (Table 6.2). However, no literature
is available on the value of raising the folic acid dosage when liver test abnormalities
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increase during MTX use. Expert opinion, however, suggests some beneficial effects.
Furthermore, the sarcoidologists did not agree with the recommendation by
rheumatology experts to reinstitute MTX at a lower dose following normalization of
liver tests,64 but suggested considering an alternative immunosuppressive drug after
normalization.
As there is no definite evidence regarding how to deal with an increase in liver test
abnormalities during MTX treatment of sarcoidosis patients, we combined
recommendations extrapolated from RA with sarcoidosis expert opinion to formulate
recommendation 8.
Recommendation 9
Based on its acceptable safety profile, MTX is appropriate for long‐term use.
There have been no studies with long‐term follow‐up data to conclusively
determine the long‐term safety profile of MTX for sarcoidosis patients. Adverse effects
because of MTX are listed in Appendix 1. As described above, gastrointestinal and liver
toxicity were most frequently reported by the sarcoidologists as the reason to
discontinue MTX, which was necessary in 10% of cases. However, Baughman et al. and
Vucinic reported lower discontinuation rates of 0–4%.23,24 Sixty‐eight per cent of the
experienced sarcoidologists reported continuing MTX unaltered in the long term (Table
6.2). Compared with AZA, MTX has comparable side‐effects in sarcoidosis patients,
except for a higher infection rate during AZA use.22 Leflunomide has been proposed to
have a more favourable safety profile compared with MTX,117,118 but studies directly
comparing MTX and leflunomide are lacking.
A large 6‐year study found that RA patients on MTX had a lower mortality rate and
reduced cardiovascular mortality.64,119 Furthermore, discontinuation of MTX because of
toxicity in RA patients is unusual120 and MTX is less frequently discontinued than other
disease‐modifying antirheumatic drugs.64,121 Long‐term MTX use by RA patients was not
associated with an increased risk of serious infections.64,122 Whether MTX in RA patients
is associated with a low risk of developing lymphoma has not been fully
elucidated.64,123,124
Despite the limited available evidence, the overall safety profile of MTX in the short
term seems to be acceptable. As studies to determine the long‐term safety profile of
MTX in sarcoidosis patients are lacking, we surmise that the safety profile will be
reasonably similar to that found for RA patients.
Recommendation 10
MTX should not be used by men or women for at least 3 months before planned
pregnancy, and should not be used during pregnancy or breast feeding (absolute
contraindication).
No studies are available assessing the outcome of continued MTX therapy before or
during pregnancy in sarcoidosis patients. A total of 99% of the experts in our survey
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asked female patients whether they had a pregnancy wish, and 71% did so with male
patients. A total of 99% discontinued MTX if female patients wanted to become
pregnant and 70% did the same for male patients (Table 6.2).
Six studies amongst RA patients assessed the outcome of continued MTX therapy
before or during pregnancy (n=101): they reported 24% miscarriages and 6% congenital
malformations,64,125‐130 whereas lower percentages of miscarriages and congenital
malformations were found in healthy women not using MTX.131 No studies amongst RA
patients have evaluated the effect of MTX use by men on pregnancy or fertility.
Nevertheless, the recommendation for both male and female RA patients is to
discontinue MTX at least 3 months before planned pregnancy.64 For sarcoidosis
patients, similar incompatibility of MTX with planned or actual pregnancy and breast
feeding is indisputable, so MTX should be discontinued by both men and women at
least 3 months before planned pregnancy, and should not be used during pregnancy or
breast feeding.

Conclusion
Ten multinational WASOG recommendations for the practical use of MTX in sarcoidosis
were developed by integrating evidence from both a systematic literature search and
the expert opinions of sarcoidologists worldwide, and were shown by an evaluation
study to be supported by all leading sarcoidosis experts.
This is the first study addressing evidence‐based recommendations for the
optimized use of MTX in sarcoidosis. A unique feature was the involvement of 113
sarcoidosis experts from all over the world in the development of the
recommendations, which allowed approaches to frequently encountered issues on the
use of MTX in sarcoidosis in daily practice to be collected. The broad range of
participants, involving all the leading international sarcoidosis experts, should enhance
the implementation of these recommendations in sarcoidosis practice worldwide.
Our systematic literature search showed that RCT evidence supporting the use of
MTX in sarcoidosis was very limited. Most of the published data were derived from
observational case series, some of them including a large number of patients but most
including only a small sample. A Cochrane review on DMASDs in pulmonary sarcoidosis
found no data on MTX available for meta‐analysis.7 Furthermore, no long‐term follow‐
up data were available, which is actually crucial in determining the long‐term benefits,
given the recurring nature of sarcoidosis. For most aspects, little or no evidence was
found specifically relating to sarcoidosis, which limits the strength of the proposed
recommendations. On the other hand, evidence on these aspects in RA was available
from several RCTs and high‐quality cohort studies. We extrapolated evidence from
these studies to help develop the recommendations for MTX in sarcoidosis, especially
where data for sarcoidosis were lacking. As the clinical problems encountered in
sarcoidosis show many similarities with those in RA, lessons learned from the use of
MTX in RA are extremely valuable. Nevertheless, certain scenarios and clinical
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challenges are unique to sarcoidosis, and should be considered separate from the
evidence gained amongst RA patients. It is especially in these cases, therefore, that the
expert opinion of sarcoidologists from all over the world was important. Moreover, the
world’s leading sarcoidosis experts reported a high level of agreement with the
proposed recommendations, which strengthens their value.
Optimization of treatment with MTX and other glucocorticosteroid‐sparing
immunomodulators in sarcoidosis is important to avoid overprescription of more
expensive treatment modalities, such as TNF‐α inhibitors. Optimized utilization of less
expensive, but effective treatment modalities is important to keep the healthcare
system affordable. MTX has proved to be the cornerstone of therapy in many immune‐
mediated diseases,15,16 and a survey found that 80% of physicians reported MTX to be
their preferred second‐line treatment option for sarcoidosis.13,14 Therefore, the
proposed evidence‐based recommendations may serve to help optimize the
prescription of MTX in clinical practice. We think these recommendations will be useful
for both experienced and less experienced MTX prescribers.
As studies investigating the use of MTX in sarcoidosis have been scarce, there is a
need for RCTs looking into the effect of MTX on various well defined outcome measures
in sarcoidosis with a reasonable duration of follow‐up. In addition, side‐effects and
safety must be well documented. When patients fail to respond to MTX or develop
severe toxicity symptoms necessitating MTX withdrawal, alternative treatment options
such as AZA22, leflunomide118 or biologicals10 should be considered. However, specific
guidelines for these treatment modalities are currently lacking. Future research should
focus on establishing useful recommendations in clinical practice for these therapeutics
as well.
In conclusion, we developed multinational WASOG recommendations for the use of
MTX amongst sarcoidosis patients in routine clinical practice, by combining a systematic
literature search with expert opinion, with the aim of promoting both evidence‐based
and patient‐based medicine.

Mobile application
A mobile application (app) was developed for smartphone or tablet with the recommendations and useful
clinical sarcoidosis cases. The app ‘MTX in sarcoidosis’ can be downloaded for free from the Apple Store or
Google Play Store (Appendix 2).
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Abstract
Background
In severe refractory sarcoidosis cases not responding to conventional immunosuppressive
treatment, the third‐line tumor necrosis factor‐alpha (TNF‐α) inhibitors infliximab and
adalimumab might be an alternative. However, appropriate studies to guide the clinician are
lacking. The aim of this study was to establish practical recommendations for the use of TNF‐α
inhibitors in the management of refractory sarcoidosis patients.
Methods
Based on a literature search and the opinion of sarcoidosis experts worldwide, the
recommendations were established. Studies conducted in sarcoidosis were supplemented with
data obtained from relevant studies in other inflammatory diseases. A Delphi method of polling,
using an online survey addressing 12 clinical questions, was performed amongst 20 of the world’s
leading sarcoidologists to investigate consensus in case of inadequate data to determine an
objective answer.
Results
Of the 256 papers found, 101 were included. Randomized controlled trial studies about the use
of TNF‐α inhibitors in sarcoidosis are limited. Ninety‐five percent (19 of 20) of the sarcoidologists
contacted, completed the questionnaire (Europe 68%, North America 32%). Nine
recommendations were formulated concerning general aspects of TNF‐α inhibitor use; Specific
sarcoidosis related items, including indications, starting and maintenance dosage, interval of
treatment, treatment duration, and discontinuation regimen of infliximab and adalimumab, were
addressed.
Conclusion
Based on earlier studies and consensus amongst world’s leading sarcoidologists, practical
recommendations for the use of TNF‐α inhibitors in sarcoidosis were established. These
recommendations, with emphasis on indications, dosage and discontinuation regimens, have
been developed to support the clinician in the management of refractory sarcoidosis patients.
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Introduction
Sarcoidosis is a multiorgan disease of unknown cause, characterized by inflammatory
activity with formation of noncaseating granulomas in various organ systems.1 It
primarily affects the lungs, but virtually any organ system can be involved.1 The
presentation and the course of sarcoidosis are highly variable.1,2 Sarcoidosis activity can
lead to a wide range of disease severity, varying from an acute disease course with
minimal involvement to chronic disease with derangement of organ physiology and
functional impairment.1‐3 Therefore, especially in severe sarcoidosis cases, a timely
implementation of a potent individual treatment regimen is important.1 Since
sarcoidosis patients can present to any one of a variety of organ specialists, the
therapeutic strategy followed is dependent on the experience of an individual
specialist.
When systemic immunosuppressive therapy is indicated, glucocorticosteroids are
in general considered the first‐line therapy.4‐6 However, prolonged use is associated
with significant side‐effects, making glucocorticosteroids undesirable for chronic
disease management.5,7 In steroid‐refractory cases and in the presence of steroid‐
associated side‐effects, second‐line disease‐modifying antisarcoid drugs (DMASDs),
with usually steroid‐sparing potency, are available.4,5,8,9 Methotrexate (MTX) is
considered the first‐choice DMASD.10,11 Optimized use of these drugs should be
pursued.10 Nevertheless, in some sarcoidosis patients the available first‐ and second‐
line therapeutics do not provide the optimal result. The potent pro‐inflammatory tumor
necrosis factor‐alpha (TNF‐α) plays a critical role in the immunopathogenesis of
sarcoidosis.2,12‐15 In refractory sarcoidosis cases, biological TNF‐α inhibitors have been
introduced as third‐line treatment option.4,5
The TNF‐α inhibitors infliximab and adalimumab have been widely used for the
treatment of inflammatory diseases, such as rheumatoid arthritis and Crohn’s
disease.16‐18 Until now, only a few studies in sarcoidosis were conducted, demonstrating
promising results.12,19‐22 Hence the costs are considerable and substantial side‐effects
are reported, optimal use of these agents in sarcoidosis is important.23‐25 In general,
sarcoidosis patients are treated by pulmonologists, who usually have less experience
with the use of TNF‐α inhibitors. Further complicating the use, evidence‐based
recommendations for infliximab and adalimumab therapy in sarcoidosis clinical practice
are lacking.
The aim of this study was to establish practical recommendations for the use of
TNF‐α inhibitors in the management of refractory sarcoidosis patients by integrating
the evidence obtained through a systematic literature review and the results of a
Delphi study amongst sarcoidosis experts worldwide.
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Methods
The methods used in this study have been described previously by our group.10 The
recommendations for the use of TNF‐α inhibitors in sarcoidosis were developed in
three phases.

Systematic review of the literature
The computerized literature search relied predominantly on PubMed (articles from
1989 to October 2013). The terms ‘sarcoidosis’ and ‘anti‐TNF’, ‘anti‐TNF‐alpha’, ‘TNF‐
alpha inhibitors’, ‘infliximab’ or ‘adalimumab’ were entered as MeSH terms and free
text. Only original research published in English was reviewed. Review papers were
used to identify additional studies missed by the database search. Data specifically
relating to sarcoidosis were supplemented with the data obtained from relevant studies
in other inflammatory diseases, with specific emphasis on rheumatic disorders and
inflammatory bowel disease (IBD).

Delphi study amongst sarcoidologists worldwide
As sufficient high‐quality studies on the use of infliximab and adalimumab in sarcoidosis
are scarce, a Delphi method of polling was used to investigate consensus in situations
where there are inadequate data to determine an objective answer. An online web‐
based questionnaire was sent by e‐mail to 20 of the world’s leading sarcoidosis experts.
The questionnaire addressed some aspects specifically related to sarcoidosis, including
indications for use, starting and maintenance dosage, interval of treatment, treatment
duration, and discontinuation regimen of infliximab and adalimumab, and general
aspects, including work‐up and contra‐indications prior to the start of the TNF‐α
inhibitors, use during pregnancy and breast feeding, prevention of antidrug antibody
formation, management of infusion reactions, monitoring during use, vaccination and
traveling. Questions concerning the experts’ clinical experience with both infliximab
and adalimumab were addressed as well. Consensus was considered to be achieved
when at least 70% of respondents agreed to an answer.26

Establishing the recommendations
The information gathered during phases 1 and 2 was combined to formulate the
recommendations. They were divided into recommendations for the use of TNF‐α
inhibitors specifically targeting sarcoidosis and for general use. Proposals were
discussed via e‐mail, phone and videoconference to reach agreement and finalize each
of the recommendations.
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Results
Findings of the literature review
The literature search identified 256 citations of potential interest. We screened each
title and abstract for relevance resulting in the exclusion of 93 papers, as the TNF‐α
inhibitors had been used for non‐sarcoidosis conditions (24 papers) or the TNF‐α
inhibitors had been used in a different context (69 papers). Sixty‐two studies were
review papers, whereas 101 original papers were retrieved and considered further for
full review. Checking the references in review papers yielded no additional original
studies. Included were four randomized controlled trials (RCTs), two discontinuation
studies, one polymorphism study, 12 case series involving 10 or more patients and 82
case reports involving fewer than 10 patients, examining the effectiveness of TNF‐α
inhibitor treatment in sarcoidosis. Study characteristics and results for the most
relevant studies are presented in Appendix 3. Summarizing the available studies, it can
be concluded that the number of RCTs supporting the use of TNF‐α inhibitors in
sarcoidosis is limited and most of the published data were observational case series.

Findings of Delphi study
A total of 19 of 20 (95%) of the world’s leading sarcoidologists completed the
questionnaire. Characteristics of the respondents are presented in Table 7.1. Most
experts are working as pulmonologists or rheumatologists in countries in Europe (68%
of respondents) and North America (32%). All sarcoidologists have experience with
TNF‐α inhibitors in the management of refractory sarcoidosis patients, 77% of them
prescribing TNF‐α inhibitors to five or more sarcoidosis patients a year. Experts
reported to prescribe infliximab as an immunosuppressant in 7.2% (mean, range 0–
25%) and adalimumab in 4.2% (mean, range 0–25%) of their total sarcoidosis
population treated.
Table 7.1

Summary of characteristics of sarcoidosis experts who participated in this study.

Number of respondents
Pulmonologist/rheumatologist/internist
Continent: Europe/North America
Working experience: 0–10/10–20/>20 years
Average number of sarcoidosis patients treated with TNF‐α inhibitor:
none/1–5/5–25/>25 a year

19/20 (95.0%)
84.2/10.5/5.3%
68.4/31.6%
26.3/31.6/42.1%
0/26.3/42.1/31.6%

TNF‐α, tumor necrosis factor‐alpha.
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Specific sarcoidosis related items gathered from the experts are summarized in
Table 7.2. Seventeen sarcoidologists (89%) had experience with infliximab prescription
and 17 experts (89%) with adalimumab. The majority of experienced experts (83%)
used an infliximab dosage of 5 mg/kg. All reported to use the 0–2–6 weeks induction
regimen and 77% used a maintenance dosing frequency of every 4 or 6 weeks, with a
predominance for the 4 weeks interval. The mean response rate for infliximab,
reported by the experts, administered every 4 weeks was 78% (range 70–85%), and
administered every 6 weeks 68% (range 65–75%).
Table 7.2

Expert opinion amongst sarcoidologists, based on questionnaire answers, for recommen‐
dations specifically targeting sarcoidosis.

Dosing
Infliximab
Dosage
‐ 5 mg/kg body weight
‐ 3 mg/kg body weight
‐ Depending on response

15/18 (83.3%)
2/18 (11.1%)
1/18 (5.6%)

Induction regimen
‐ Week 0, 2, 6

18/18 (100%)

Maintenance regimen
‐ Every 4 weeks
‐ Every 6 weeks
‐ Every 8 weeks
‐ Depending on response

Treatment duration
When stable disease before
considering discontinuation
‐ 2 years
‐ 1 years
‐ 6 months
‐ No minimum duration
‐ Other
Discontinuation
Infliximab
‐ Prolonging interval between
2 doses to 5 weeks, 6 weeks,
8 weeks, and 12 weeks,
all during 3 doses, and
stop thereafter
‐ Decreasing dosage without
interval change
‐ Other
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7/17 (41.2%)
6/17 (35.3%)
3/17 (17.6%)
1/17 (5.9%)

1/19 (5.3%)
4/19 (21.1%)
8/19 (42.1%)
5/19 (26.3%)
1/19 (5.3%)

12/17 (70.6%)

3/17 (17.6%)
2/17 (11.7%)

Adalimumab
Induction regimen
Week 0
‐ 120mg 2/17 (11.8%)
‐ 80 mg 6/17 (35.3%)
‐ 40 mg 9/17 (52.9%)
Week 1
‐ 120 mg
‐ 80 mg
‐ 40 mg
‐ 0 mg

1/17 (5.9%)
3/17 (17.6%)
10/17 (58.8%)
3/17 (17.6%)

Week 2
‐ 80 mg
‐ 40 mg

2/17 (11.8%)
15/17 (88.2%)

Maintenance
regimen
‐ 40 mg every 12/17 (70.6%)
week
4/17 (23.5%)
‐ 40 mg every
2 weeks
1/17 (5.9%)
‐ Depending on
response

When primary effectiveness before
considering discontinuation
‐ 6 months
‐ 3 months
‐ Other

Adalimumab
‐ Prolonging interval between 2 doses
to once every 10 days, once every
2 weeks, all during 3 months, and
stop thereafter
‐ Prolonging interval between 2 doses
to once every 2 weeks during
3 months, and stop thereafter
‐ Decreasing dosage without interval
change
‐ Stop at once
‐ Other

13/18 (72.2%)
2/18 (11.1%)
3/18 (16.7%)

5/17 (29.4%)

7/17 (41.2%)

2/17 (11.8%)
1/17 (5.9%)
2/17 (11.8%)
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The induction regimen for adalimumab dosing used by the experienced experts was
very divers. However, a preference seemed to be present for a dosage of 40–80 mg in
week 0, 40 mg in week 1 and 40 mg in week 2. The majority (71%) of the respondents
reported to use a maintenance schedule of adalimumab of 40 mg once every week,
whereas most remaining experts used the 40 mg every other week regimen. The mean
reported response rate for adalimumab used in a frequency once every week was
63.8% (range 50–75%), whereas the mean response rate for an administration
frequency of once every 2 weeks was 46.7% (range 30–60%). With regard to the
discontinuation regimen of infliximab, the majority of experts (71%) agreed with the
gradual prolongation of the dosing interval, while continuing the dosage unchanged.
Seventy‐one percent applied gradual prolongation of the interval when discontinuing
adalimumab, using either a one‐ or two‐step tapering regimen.
Table 7.3

Expert opinion amongst sarcoidologists, based on questionnaire answers, for the general
recommendations.

Pre‐administration work‐up
‐ IGRA test
‐ Chest radiograph
‐ Treatment TB after positive
screening
‐ Hepatitis B serology
‐ Hepatitis C serology
‐ HIV serology
‐ Malignancy screening
Contraindications
‐ TB infection
‐ Opportunistic infection
‐ Serious bacterial infection or
treated with antibiotics
‐ Upper airway infection
‐ Non‐healing ulcer of the skin
‐ Active fungus infection
‐ Active Herpes Zoster infection
‐ Hepatitis B
‐ Hepatitis C
‐ Heart failure NYHA class III/IV
‐ Malignancy ≤5 years ago
‐ Malignancy at present
Contraindication in (planned)
pregnancy
‐ In women
‐ In men
Prevention of antidrug antibody
formation
‐ Use of MTX
‐ Use of GC

19/19 (100%)
19/19 (100%)
14/19 (73.7%)
16/19 (84.2%)
12/19 (63.2%)
7/19 (36.8%)
7/19 (36.8%)
16/19 (84.2%)
18/19 (94.7%)
19/19 (100%)
11/19 (57.9%)
8/19 (42.1%)
19/19 (100%)
18/19 (94.7%)
15/19 (78.9%)
13/19 (68.4%)
15/19 (78.9%)
15/19 (78.9%)
19/19 (100%)

Vaccination
‐ Vaccines made of live, attenuated
microorganisms discouraged
‐ Influenza vaccination
‐ Pneumococcal vaccination
‐ Hepatitis B vaccination

Treatment infusion reaction
‐ Mild: decreasing infusion velocity
‐ Hydrocortisone, paracetamol/
acetaminophen, clemastine, and
when indicated adrenaline
‐ Permanent discontinuation
TNF‐α inhibitor
‐ Premedication for next infusion
‐ Maintenance dosage of GC

17/18 (94.4%)
12/18 (66.7%)
8/18 (44.4%)
5/18 (27.8%)

14/18 (77.7%)
10/18 (55.6%)

12/18 (66.7%)
11/18 (61.1%)
2/18 (11.1%)

Monitoring
18/19 (94.7%)
10/19 (52.6%)

‐ Every 1–3 months after start
‐ Every 3–6 months thereafter
Traveling abroad

18/18 (100%)
15/18 (83.3%)

17/18 (94.4%)
9/18 (50.0%)

‐ Discouraged to countries without
medical/sanitary supplies

16/18 (88.9%)

GC, glucocorticosteroids; IGRA, interferon‐gamma release assay; MTX, methotrexate; NYHA, New York Heart
Association; TB, mycobacterium tuberculosis; TNF‐α, tumor necrosis factor‐alpha.
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Table 7.3 indicates the questionnaire answers concerning the general items. There
was at least 70% agreement amongst experts for most issues in general clinical
practice. However, less agreement was found regarding the use of preventive
vaccinations, the method of treatment of infusion reactions, and on the consideration
of planned pregnancy being a contraindication for TNF‐α inhibitor therapy in men. To
prevent antidrug antibody formation, MTX was more frequently used compared with
glucocorticosteroids.

Discussion
Based on earlier studies and the results of a Delphi study amongst the world’s leading
sarcoidologists, practical recommendations for the use of TNF‐α inhibitors in
sarcoidosis were established. These recommendations are summarized in Table 7.4 and
7.5 and have been developed to support the clinician in the management of refractory
sarcoidosis patients.

Recommendations with an approach specific for sarcoidosis
Effectiveness
In Crohn’s disease and rheumatoid arthritis, both infliximab and adalimumab have been
proven efficacious in inducing short‐term clinical remission.27‐32 Timely introduction of
TNF‐α inhibitor treatment can lead to a greater likelihood of control of symptoms and
prevention of serious organ damage resulting in a more favorable outcome.27‐29,33 The
short‐term efficacy of TNF‐α inhibitor treatment in severe refractory sarcoidosis cases
has been proven (Appendix 3).12,19‐22,34‐77 Also in these cases, timely implementation of
an effective therapeutic regimen, if necessary consisting of TNF‐α inhibitors, should be
pursued to obtain low disease activity and a better outcome. Effectiveness of infliximab
and adalimumab in maintaining long‐term clinical remission has been shown in Crohn’s
disease and rheumatoid arthritis.27,28,32,78 One study in sarcoidosis showed maintained
efficacy with prolonged infliximab treatment (mean treatment duration 46 months).79
However, another study found only 10 of 25 patients with sarcoid eyes involvement
successfully maintained on long‐term TNF‐α inhibitor treatment.42 Future studies are
necessary to establish if TNF‐α inhibitors are effective by bridging in active disease in
order to aim for long‐term remission in sarcoidosis as well.
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Table 7.4

Recommendations for the use of TNF‐α inhibitors specifically targeting sarcoidosis.

a

Recommendation
Dosage
‐ Infliximab:
Intravenous infusion of a dosage of 5 mg/kg at week 0, 2, 6 and every 4 weeks thereafter is recommended;
consider other maintenance dosages depending on disease activity.
‐ Adalimumab:
Subcutaneous administration at a dosage of 80–160 mg at week 0, 40 mg at week 1, and 40 mg once every
week thereafter, is recommended; consider other maintenance dosages depending on disease activity.
Discontinuation
In case of severe uncontrolled side‐effects; primary ineffectiveness during 3–6 months of treatment;
secondary ineffectiveness due to antibody formation; or stable disease during treatment with a TNF‐α
inhibitor for at least 6–12 months, discontinuation should be considered.
‐ Infliximab:
When discontinuing infliximab because of stable sarcoidosis, gradually prolonging the interval between 2
doses to 5 weeks (during 3 doses), 6 weeks (during 3 doses), 8 weeks (during 3 doses), 12 weeks (during 3
doses) and stop thereafter, while continuing the dosage unchanged, is recommended.
‐ Adalimumab:
When discontinuing adalimumab because of stable sarcoidosis, prolonging the interval between 2 doses to
once in every 10 days (during 3 months), once in every 2 weeks (during 3 months), and stop thereafter, while
continuing the dosage unchanged, is recommended.
a

All recommendations apply to general situations; for every individual case, patient and disease
characteristics should be taken into account. TNF‐α, tumor necrosis factor‐alpha.
Table 7.5

General recommendations for the use of TNF‐α inhibitors.

Recommendation
1 Before starting TNF‐α inhibitors, active or latent TB infection (positive IGRA test), serious opportunistic
infections, serious bacterial infections, infections treated with antibiotics, upper airway infections with
fever, active fungus infection, active herpes zoster infection, hepatitis B/C infection, heart failure NYHA
class III/IV, malignancy ≤5 years ago in medical history, and malignancy at present, should be excluded.
2 TNF‐α inhibitors should not be used by women for at least 2–3 months before planned pregnancy; a
recommendation for the use by men is not possible because of lack of evidence. TNF‐α inhibitors should
not be used during pregnancy or breast feeding; in individual cases, use during pregnancy can be
considered.
a
3 Before every administration of the TNF‐α inhibitor, a current infection should be excluded.
4 Elective surgeries or interventions and dentist visits should be planned in consultation with the treating
physician.
5 To prevent antidrug antibody formation, TNF‐α inhibitors should be combined with low doses
methotrexate and/or glucocorticosteroids.
6 Mild infusion reactions occurring during treatment with a TNF‐α inhibitor should be treated by
decreasing the infusion velocity; serious infusion reactions with hydrocortisone, paracetamol/
acetaminophen, clemastine, and when indicated adrenaline; permanent discontinuation of the TNF‐α
inhibitor should be considered. To prevent future infusion reactions, premedication for the next infusion
is recommended.
7 After the start of TNF‐α inhibitors, regular monitoring is recommended every 1–3 months and once the
dosage is stable every 3–6 months.
8 The use of vaccines made of live, attenuated microorganisms is discouraged, but vaccines made of killed
microorganisms can be used safely during anti‐TNF‐α therapy; preventive influenza, pneumococcal, and
hepatitis B vaccinations before or during TNF‐α inhibitors can be considered.
9 In general, traveling to countries without decent medical and sanitary supplies or for which
administration of vaccines made of live, attenuated microorganisms is necessary, is discouraged. When
traveling to countries without sufficient medical supplies, the patient should take antibiotics along.
During travel, adalimumab should be transported and preserved in a cooled environment.
a

In case of an infection, the TNF‐α inhibitor should at least temporarily be discontinued until all signs of the
infection have disappeared. IGRA, interferon‐gamma release assay; NYHA, New York Heart Association; TB,
mycobacterium tuberculosis; TNF‐α, tumor necrosis factor‐alpha.
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Indications
The indications for TNF‐α inhibitor treatment in sarcoidosis consist of its use as a third‐
line treatment option in refractory cases with inadequate response to or in the
presence of unacceptable side‐effects from first‐line glucocorticosteroids and second‐
line DMASDs.80 Infliximab is the most widely studied TNF‐α inhibitor in sarcoidosis. It is
shown to be effective in pulmonary sarcoidosis,12,20,35‐38,79 but its use has also been
described
for
skin,19,36,38,39,47,49,79
neurological,19,39,45,48,51‐55,57,60,61,64,66‐68,70,79
19,38,39,75,79
19,76,77,79
19,39,79
liver,
kidney,
muscle,
bone,19,38,39,74,79
and
eye
19,36,38,42,58,59,65,69,79
50
46,63
(uveitis)
involvement, hypercalcaemia, small fiber neuropathy,
and extreme devastating fatigue.43 Its value in cardiac sarcoidosis is also shown in case
reports.19,35,56,62,69
The use of adalimumab has especially been shown for eye involvement (consisting
of uveitis, choroidal involvement, papillitis and macula edema).22,71 Beneficial effects
have been described for patients with symptomatic lung,22 skin,21 bone,74 and bone
marrow73 involvement and sarcoidosis associated fatigue.22,43,72
To date, etanercept is not used in sarcoidosis disease management. In an open
label trial of pulmonary sarcoidosis, etanercept was associated with treatment failure.81
Furthermore, the drug failed in an RCT investigating patients with refractory sarcoidosis
uveitis.82 These results are in line with observations in Crohn’s disease.83
Cardiac sarcoidosis
Initial observations suggested that inhibition of TNF‐α may favorably modify the course
of heart failure.84 However, based on the subsequent findings, heart failure New York
Heart Association (NYHA) class III and IV is currently considered a contraindication for
the use of TNF‐α inhibitors,30,31 which is supported by almost 80% of the participating
sarcoidosis experts. Chung et al.85 evaluated the efficacy and safety of infliximab in 150
patients with stable NYHA class III or IV heart failure and showed that TNF‐α inhibition
adversely affected the clinical condition of these patients. Mann et al.86 ruled out a
positive effect of etanercept on death or hospitalization due to chronic heart failure
(NYHA class II‐IV). Furthermore, the occurrence of symptomatic cardiac arrhythmias
associated with the use of infliximab has been reported.87,88
What to do with TNF‐α inhibitors in patients with cardiac sarcoidosis, either with or
without consequent heart failure? In the presence of active cardiac sarcoidosis without
signs of heart failure class III or IV and without responsiveness to conventional
treatment, we recommend considering infliximab. In case reports, infliximab is
demonstrated to have beneficial effects in cardiac sarcoidosis.19,35,56,62,69 Furthermore,
84% of sarcoidosis experts stated to use TNF‐α inhibitors in selected cases of cardiac
involvement. In the presence of active cardiac sarcoidosis with heart failure NYHA class
III or IV, more caution is warranted. The decision to either implement or refrain from
TNF‐α inhibitors should be based on the patients’ individual circumstances. If cardiac
sarcoidosis activity is the only cause for heart failure, infliximab can be considered (for
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instance young sarcoidosis patient without relevant comorbidity or co‐medication). If
besides cardiac sarcoidosis activity other causes for heart failure are present, infliximab
should be considered contraindicated.
Dosing
No guidelines are available concerning dosing of infliximab or adalimumab in
sarcoidosis. Only one randomized controlled trial compared different dosages of
intravenous infliximab in sarcoidosis (placebo vs. 3 mg/kg body weight vs. 5 mg/kg,
n=138).12 No significant difference in the change from baseline in the percentage of
predicted forced vital capacity (FVC%) between the 3 mg/kg and 5 mg/kg group was
found, whereas the combined infliximab group had a significant increase in the FVC%
compared with no change in placebo‐treated patients (p=0.038). Other studies and
case series used either dosages of 5 mg/kg or 3 mg/kg, but a preference for infliximab 5
mg/kg seemed to be present (Appendix 3).20,34‐39,41‐43,45‐47,49‐70,74‐77,89,90 The majority of
sarcoidosis experts reported using an infliximab dosage of 5 mg/kg. Guidelines and
consensus statements recommend an infliximab dosage of 5 mg/kg in IBD, ankylosing
spondylitis, psoriatric arthritis and psoriasis, and of 3 mg/kg in rheumatoid arthritis.91
Combining the available evidence, infliximab infusion using a dosage of 5 mg/kg is
recommended in sarcoidosis.
The induction regimen most frequently used in sarcoidosis literature consisted of
infliximab administration in week 0, 2 and 6, which was also supported by all
sarcoidosis experts (Appendix 3).12,19,20,34,36,37,39,42,43,47,50‐58,60‐70,89 Guidelines and
consensus statements in IBD, rheumatoid arthritis, ankylosing spondylitis, psoriatric
arthritis and psoriasis, all recommended a 0–2–6‐weeks induction regimen.91
Maintenance dosages used in the literature varied from every 4 to 8 weeks (Appendix
3), whereas three fourth of experts used a dosing frequency of every 4 or 6 weeks
.12,19,20,34‐39,41‐43,45‐70,74‐77,89,90 A predominance for the 4 weeks interval was present. The
mean reported response rate for infliximab administered every 4 weeks was higher
when compared to the 6 weeks interval. In IBD and rheumatoid arthritis, a
maintenance dosing every 8 weeks is advised, whereas in ankylosing spondylitis,
psoriatric arthritis and psoriasis maintenance treatment every 6–8 weeks is
recommended.91 Given the better reported results in sarcoidosis when using the 4
weeks maintenance interval, an infliximab induction regime at week 0, 2, 6, followed by
maintenance dosing every 4 weeks is recommended.3
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The induction regimen used in week 0 until 2 for subcutaneous adalimumab was
very diverse, but most sarcoidosis experts were in favor of weekly dosing of relatively
low dosages. In Crohn’s disease a loading dose of 160/80 mg was advised at week
0/week 2 to achieve early disease control, whereas in rheumatic inflammatory diseases
a loading dose was not advised.18,29,32 Results in Crohn’s disease show that initiating
TNF‐α inhibitors early in the disease course at sufficient dosage levels, might prevent
serious organ damage and result in a more favorable outcome.33,92 Following the
experience in Crohn’s disease, loading dosages of 80–160 mg at week 0, with at least 40
mg at week 1 and 2, respectively, should be considered in sarcoidosis.
The number of sarcoidosis studies using an adalimumab maintenance dosage of 40
mg every week versus every other week is equal (Appendix 3).21,22,34,40‐43,72‐74
Experienced sarcoidosis experts were more likely to use the weekly dosing interval. The
mean reported response rate was in favor of the weekly administration compared to
the every other week administration. This was also reported in an expert review on
TNF‐α inhibitor use in sarcoidosis.80 Guidelines in Crohn’s disease, recommending the
40 mg every other week maintenance therapy regimen, are difficult to compare with
sarcoidosis, given the higher induction dosages used.29 In accordance with infliximab
practice and given the opinion of experienced sarcoidologists, we suggest using an
adalimumab maintenance dosage of 40 mg once a week in sarcoidosis. To create a
better evidence‐based foundation for dosing recommendations, future research is
necessary.
Discontinuation
In case of supposedly primary ineffectiveness, TNF‐α inhibitors should be continued for
at least 3–6 months before discontinuation can be considered, which is supported by
more than 80% of sarcoidosis experts. In rheumatic inflammatory diseases and IBD,
response is most frequently seen in the first month of treatment, but it can also be
achieved after longer treatment duration.29,32 In primary non‐responding patients,
adjustment of dosage or administration interval or a biological agent with another
mode of action should be considered.91 In rheumatoid arthritis, it is shown that these
patients are less likely to respond to a second TNF‐α inhibitor.32 In case of secondary
ineffectiveness, switch from one TNF‐α inhibitor to another or a biological agent from
another class can be successful.32 In sarcoidosis, promising results have been shown for
rituximab, a chimeric monoclonal antibody that targets CD‐20 cells with reduction of
circulating mature B lymphocytes.93,94
An issue clinicians are struggling with is in which sarcoidosis patients and after what
treatment duration, maintenance of clinical remission is likely when tapering off TNF‐α
inhibitors. Studies in rheumatoid arthritis have been investigating this issue aiming
‘biological free remission’ (BFR), i.e. sustainability of remission after a biological agent is
discontinued.95,96 The first difficulty is the identification of patients with stabilization of
sarcoidosis disease, i.e. patients who might be possible candidates for sustained BFR
after tapering down TNF‐α inhibitor treatment. To identify these patients, a definition
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of response is needed.97 Since sarcoidosis is a disease which can affect almost every
organ system and which has a fluctuating disease course, defining exact response
criteria is difficult. Wijnen et al.34 made a first attempt how to define treatment
response in sarcoidosis and assessed possible predictors of response. Other studies did
not use standardized criteria, but determined treatment effect based on evaluation by
the treating physician. Prospective studies are needed to establish criteria for the
identification of responders and non‐responders when evaluating pharmacological
treatment. Another question is: which period is long enough before successful
withdrawal of TNF‐α inhibitors is reasonable and which indicators can be used to
establish this period? Vorselaars et al.89 showed that the majority of sarcoidosis
patients (29 of 47 patients, 62%) relapsed after discontinuation of infliximab after a
mean treatment duration of 8.5 months with a median time to relapse of 11.1 months.
Panselinas et al.98 showed deterioration in 12 of 14 patients (86%) after discontinuation
of infliximab after a mean treatment duration of 4.4 months. These results suggest that
successful discontinuation only is probable after stable disease has been reached. Sixty‐
three percent of sarcoidosis experts reported that stable disease has to be present for
at least 6 to 12 months of treatment before they considered discontinuation. In
rheumatoid arthritis, recommendations suggest that a discontinuation attempt should
be considered in case of low disease activity or remission for at least 6 months.99 Future
research is necessary to establish in which sarcoidosis patients and after what optimal
TNF‐α inhibitor treatment duration, sustained BFR can be achieved.
In sarcoidosis or other chronic inflammatory diseases, no recommendations are
available for the best stepwise discontinuation regimen of TNF‐α inhibitors. When
discontinuing infliximab in stable sarcoidosis disease, we recommend, based on the
expert opinion, gradually prolonging of the interval between 2 doses to 5 weeks (during
3 doses), 6 weeks (during 3 doses), 8 weeks (during 3 doses), 12 weeks (during 3 doses)
and stop thereafter, while continuing the dosage unchanged. When discontinuing
adalimumab, prolonging the interval between 2 doses to once in every 10 days (during
3 months), once in every 2 weeks (during 3 months), and stop thereafter, while
continuing the dosage unchanged, is recommended. There is a risk of relapse after
discontinuation, often necessitating reinstitution of treatment.80 When TNF‐α inhibitor
treatment is resumed, the risk of antidrug antibody formation is possibly higher, with
consequent higher risk for loss of response and allergic reactions during infusion.80 A
careful tapering method might trace a threatening relapse while gradually prolonging
the interval. Prompt reinstitution of the original dosing regimen can avoid the
occurrence of a relapse in most cases.
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General recommendations
The general recommendations are based on guidelines and consensus statements
in other chronic inflammatory diseases, mainly IBD and rheumatoid
arthritis.18,30‐33,78,92,100 The recommendations presented do not differ from the general
attitude towards the use of TNF‐α inhibitors and are according to the clinical practice
already followed by the participating experts.
Infection prevention
Every patient should be screened for the possibility of (latent) TB.31,32,92,101 The use of
live attenuated vaccines is contraindicated during TNF‐α inhibitor treatment, according
to available guidelines.18,30‐33,92 Discussion exists on the use of preventive vaccinations
in patients on TNF‐α inhibitors. Two third of sarcoidosis experts stated to prescribe
yearly influenza vaccination (killed vaccine) in patients treated with TNF‐α inhibitors.
However, only 44% indicated that they routinely administer pneumococcal vaccinations
(killed vaccine) and 28% reported the completion of hepatitis B series (killed vaccine) in
patients at risk. Rheumatology and IBD guidelines recommended annual influenza
vaccination and periodic pneumococcal vaccination for all patients receiving biological
agents.30‐33,92 The immune response to influenza and pneumococcal vaccinations in
patients receiving biologic therapies may be attenuated, although serological
protection is adequate in most cases.30‐32 The completion of hepatitis B vaccination
series was also recommended in case of risk factors, such as a history of intravenous
drug abuse or in healthcare professionals.30‐32 Some recently updated guidelines also
advise vaccination for human papillomavirus (recombinant vaccine) before or during
biological therapy and herpes zoster vaccination (live vaccine) before starting a TNF‐α
inhibitor, based on age and risk.30,32,100
Other issues
Regular monitoring every 1–3 months after the start of TNF‐α inhibitors is
recommended; and once the use is stable every 3–6 months. Given the risk of rare
instances of pancytopenia, aplastic anaemia or abnormal liver transaminases during
TNF‐α inhibitor use, monitoring of complete blood count and liver transaminases is
recommended.30,32 The frequency should be established by the patient’s concomitant
drugs use, conditions and risk factors. To prevent antidrug antibody formation during
TNF‐α inhibitor treatment, concomitant immunosuppressive therapy (MTX,
azathioprine or glucocorticosteroids) is recommended.91 A recent study in RA shows
that adalimumab levels are influenced by concomitant MTX use: patients on
adalimumab monotherapy had a median adalimumab level of 4.1 μg/mL (IQR 1.3‐7.7),
whereas patients concomitantly taking MTX had a median level of 7.4 μg/mL (IQR 5.3–
10.6, p<0.001).102 A better clinical response was present for patients using both
adalimumab and MTX.102 A possible explanation is that patients with concomitant MTX
are less prone to antibody formation.102
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Conclusion
Based on earlier studies and the results of a Delphi study amongst world’s leading
sarcoidologists, practical recommendations for the use of TNF‐α inhibitors in
sarcoidosis were established. These recommendations with emphasis on indications,
dosage and discontinuation regimens have been developed to support the clinician in
the management of refractory sarcoidosis patients.
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Abstract
Background
Responsiveness to tumor necrosis factor‐alpha (TNF‐α) inhibitors has been associated with the
TNF‐α G‐308A polymorphism in rheumatoid arthritis. The aim of this study was to examine the
association between the presence of this polymorphism and the response to TNF‐α inhibitors in
patients with refractory sarcoidosis.
Methods
Patients (n=111) who started TNF‐α inhibitor treatment (76 infliximab, 35 adalimumab) were
followed for at least 1 year. Main symptoms in these patients were fatigue (n=100, 90.1%), small
fiber neuropathy (n=91; 82.0%), pulmonary involvement (n=69; 62.2%), and/or uveitis (n=31;
27.9%). Patients were additionally genotyped for the presence of the TNF‐α G‐308A
polymorphism. Treatment response was assessed using clinical outcome measures and
questionnaires.
Results
Three‐quarters (n=83; 74.8%) of the patients responded well. Of the patients without the variant
A‐allele 93.6% (73/78; p<0.001) improved, while 30.3% (10/33) of variant A‐allele carriers
responded favorably to TNF‐α inhibitors. For patients with the GG‐genotype, the probability of
improving compared with remaining stable or deteriorating was three times higher (risk
ratio=3.09; 95% confidence interval 1.84‐5.20).
Conclusion
Sarcoidosis patients without the TNF‐α ‐308A variant allele (GG‐genotype) had a three‐fold
higher response to TNF‐α inhibitors (adalimumab or infliximab). Further research is needed to
evaluate the value of genotyping for the TNF‐α G‐308A polymorphism in order to tailor TNF‐α
inhibitor treatment.
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Introduction
Sarcoidosis is a multisystem disease characterized by inflammatory activity with the
formation of noncaseating granulomas that commonly affect the lungs, although other
organ systems can also be involved.1,2 Clinical presentation and outcome vary greatly
and therapeutic options range from no treatment to a variety of pharmacological
agents.2
Although the exact etiology is still unknown, tumor necrosis factor‐alpha (TNF‐α) is
known to play a crucial role in the granuloma formation.2 The production of this
cytokine by alveolar macrophages is substantially elevated, and TNF‐α elevation has
been shown to correlate with sarcoid disease activity and progression.3 In severe
sarcoidosis, the release of inflammatory mediators causes derangement of organ
physiology and ultimately irreversible organ damage.1 Timely implementation of an
appropriate potent individual treatment regimen is especially important for patients
with a severe disease course and poor prognosis.4,5
Glucocorticosteroids are traditionally considered first‐line treatment, but their
long‐term use can be impaired by failure or intolerance, with serious adverse effects
such as weight gain/obesity, diabetes or osteoporosis.6,7 In case of intolerable side‐
effects or steroid resistance, second‐line treatment options should be considered, such
as methotrexate (MTX), azathioprine or leflunomide, but these therapies may also be
subject to failure or intolerance.8‐10 Another option to consider is TNF‐α inhibitors,
which inhibit the potent pro‐inflammatory TNF‐α, often a predominant problem in
patients with refractory sarcoidosis, and these have shown promising results.11‐14
However, a drawback of TNF‐α inhibitors is considerable treatment costs.15 Therefore,
the ideal situation would involve identification of patients likely to respond to TNF‐α
inhibitors before starting treatment.
When considering the natural course of sarcoidosis, polymorphisms seem to make
an important contribution to the clinical phenotype.16 Genetic analysis has previously
revealed a number of polymorphisms in genes coding for TNF‐α, with potential
functional consequences.17 The presence of the TNF‐α‐ 308A variant allele, which has
been associated with variations in TNF‐α production, proved to be associated with a
favorable prognosis.16‐18 In rheumatoid arthritis, the TNF‐α G‐308A polymorphism has
been studied in relation to TNF‐α inhibitors. Patients without the TNF‐α ‐308A variant
allele were found to be better responders.19,20 However, studies assessing such an
association in sarcoidosis are currently lacking.
The aim of the present study was to assess the association between the presence
of the TNF‐α G‐308A polymorphism and the response to TNF‐α inhibitors among
patients with refractory sarcoidosis.
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Methods
Study population
Dutch Caucasian patients with refractory sarcoidosis (n=118) with various
manifestations despite conventional treatment were started on TNF‐α inhibitors during
a 4‐year period (2007‐2011) and followed for at least 1 year. Patients were diagnosed
with sarcoidosis in accordance with the guidelines of the World Association of
Sarcoidosis and Other Granulomatous diseases, as previously reported.1,18
All patients were given prednisone as a first‐line treatment. When this treatment
failed or when serious side‐effects occurred, a combination of prednisone and MTX was
given. Finally, TNF‐α inhibitor treatment was started if combination treatment did not
achieve clinical improvement. Failure of therapy was determined by a pulmonologist,
neurologist and/or ophthalmologist and defined as either clinical or symptomatic
progression of disease despite conventional therapy.
If treatment was discontinued within 1 year, patients were regarded as drop‐outs.
Of the initial 118 patients, seven discontinued treatment within 1 year, leaving 111 for
the analyses. Pulmonary and extrapulmonary (i.e. ocular, cutaneous, lymphatic,
musculoskeletal, and neurologic) data were collected. Patients were treated with
infliximab (n=76) or adalimumab (n=35).
The study was performed in accordance with the Declaration of Helsinki and its
amendments. Written informed consent for participation was obtained from all
patients and the protocol was approved by the Medical Ethics Board of Maastricht
University Medical Centre+, Maastricht, The Netherlands (METC 11‐4‐116).

Clinical response rate
Responses to TNF‐α inhibitors were defined. A patient’s individual clinical response was
graded 1 year after starting TNF‐α inhibitors, based on documented objective data.
Each organ with documented sarcoid involvement or symptoms or inflammation was
graded in a systematic manner before and after 1 year of TNF‐α inhibitor treatment, as
described below. We carefully documented whether a patient improved, was stable or
deteriorated.
Improvement was defined as an increase or decrease in at least one of the
parameters, values or scores of ≥10% of the original value. Any change, whether an
increase or a reduction, of <10% was regarded as stable disease and a decrease or
increase, when appropriate, of ≥10% as deterioration.

Evaluation of pulmonary involvement
All chest radiographs were graded, at inclusion and after 1 year of treatment, by a
single observer, who was blinded to the genetic test results. Radiographic abnormalities
were classified into five stages (0 to IV), as described previously.18
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Forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1), and
diffusing capacity for carbon monoxide (DLCO) were measured.18 Values were
expressed as a percentage of the predicted values. The cut‐off value for DLCO, FEV1
and FVC was <80% of predicted (≥80% was considered normal).21 Respiratory functional
impairment (RFI) was defined as DLCO <80%, FVC <80% or FEV1 <80%. Patients without
RFI were those for whom all three indices were normal.22 Patients with pulmonary
sarcoidosis should have RFI and/or abnormal chest radiographs (Stage II or higher;
Figure 8.1).

a
Figure 8.1

b
An example of a patient with respiratory functional impairment with substantial improvement
after 1 year of treatment with infliximab. The original value of the diffusing capacity for carbon
monoxide improved by ≥10% from 67% to 78% of predicted, while the forced vital capacity
changed from 77% to 83%, and the forced expiratory volume in one second from 90% to 92%.
a. High‐resolution computed tomography (HRCT) scan before treatment with infliximab; b.
HRCT scan after treatment with infliximab showing a decrease of the parenchymal lesions.

Evaluation of uveitis
All patients with eye problems due to sarcoidosis were evaluated by the same
ophthalmologist, who was blinded to the genetic test results. The patients were
screened for the presence of uveitis, as described previously.23 In addition, fluorescein
angiography or optical coherence tomography was performed to detect the presence
of vasculitis, papillitis, or macular edema, as described previously (Figure 8.2).23
The overall outcome of intraocular inflammatory signs was scored as improvement
if at least one of the inflammatory signs scored showed complete clearance or if at least
one of the inflammatory signs scored improved in the absence of deterioration of other
inflammatory signs. It was scored as stabilization if all inflammatory signs remained
unchanged, and as deterioration if at least one of the inflammatory signs increased.23
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a

b

Figure 8.2

a. Optical coherence tomography scan in a patient with uveitis before treatment with
adalimumab; and b. after 1 year of treatment with adalimumab, showing reduction of macular
edema.

Evaluation of small fiber neuropathy
The presence of small fiber neuropathy (SFN) symptoms was assessed using the small
fiber neuropathy screenings list (SFNSL). It is a practical, brief and easy to use tool to
screen for the presence of SFN‐related symptoms with high scores indicating more
severe SFN‐related symptoms.24
Temperature threshold testing was used to support the presence of SFN. This test
was used to assess the function of small caliber sensory fibers by measuring
temperature sensation thresholds, as described previously.25

Evaluation of fatigue
One of the most important patient‐reported outcome measures is fatigue, which was
assessed by means of the fatigue assessment scale (FAS). The FAS contains 10 specific
fatigue questions that have been validated for sarcoidosis patients, with high scores
indicating more fatigue. The minimal clinically important difference has been
established, and a change of ≥4 points or 10% change in FAS score was found to be
clinically significant.26
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Evaluation of inflammation
Serum levels of angiotensin‐converting enzyme (ACE, reference interval: 9–25 U/l;
measured by a colorimetric method (cat. no. FU 116; Fujirebio Inc., Tokyo, Japan)) and
soluble‐interleukin2‐receptor (sIL2R, levels considered elevated if >3154 pg/ml;
analysed in commercially available Diaclone ELISA kits (Sanquin, Amsterdam, The
Netherlands)) were measured according to manufacturer’s instructions.

Other manifestations
Neurosarcoidosis was evaluated by a neurologist based on the results of magnetic
resonance imaging scans (Figure 8.3). Photographs of skin lesions prior to and after
treatment were used as the main outcome measures for skin lesions.

a
Figure 8.3

b

c

Sagittal T2 weighted magnetic resonance images. a. Before treatment showing an extensive
spinal cord lesion; b. After 1 year of treatment with infliximab, with only a minor lesion left; c.
After 3 years, showing complete remission of the spinal cord lesion.

Evaluation of response rates
The overall response rate was calculated by scoring improvement, stable disease or
deterioration of disease manifestations of sarcoidosis. Response was defined as
improvement of at least one of the following if it was the main reason for treatment:
RFI, SFN symptoms, uveitis, skin lesions or neurosarcoidosis, without deterioration of
any other disease manifestation. Stable was defined as no improvement or no
deterioration of at least the major reason for treatment without deterioration of any
other disease manifestation. Deterioration was defined as deterioration of at least the
major disease manifestation.
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Genotyping
DNA was obtained using venous EDTA anti‐coagulated blood and isolated, according to
the manufacturer’s instructions. All patients were genotyped for the TNF‐α G‐308A
promoter polymorphism using a real‐time PCR Fluorescence Resonance Energy Transfer
assay (TIB MOLBIOL, Berlin, Germany), as described previously.18 The person who
performed the analyses was blinded to the clinical data and response to therapy.

Statistical analysis
Statistical analyses were performed with SPSS 20.0 (SPSS Inc., Chicago, IL, USA) for
Windows. Cross tables were used to compare the percentages of patients with
response according to each genotype. Relative risk (RR) with 95% confidence interval
(CI) was calculated to evaluate strength of association. Multivariate logistic regression
analyses were used to adjust for relevant baseline differences between genotype
groups. The Chi‐square test was used to test for statistically significant differences
between groups and to calculate deviations from the Hardy‐Weinberg equilibrium. A p
value of <0.05 (two‐sided) was considered to indicate statistical significance.

Results
Characteristics of patients in our sarcoidosis sample and the main reasons for initiating
TNF‐α inhibitors are summarized in Table 8.1.
Patients suffered from one or more disabling problems: 91 (82.0%) out of 111
suffered from SFN (SFNSL >11), with 38 (34.2%) having severe symptoms (SFNSL >37);
69 (62.2%) out of 111 suffered from pulmonary sarcoidosis (Figure 8.1); 31 (27.9%) out
of 111 from uveitis; six (5.4%) out of 111 from skin lesions; one (0.9%) out of 111 from
spinal cord involvement; and one (0.9%) out of 111 from kidney failure. In addition, the
majority of the patients (100 (90.1%) out of 111) also suffered from fatigue (FAS ≥22),
with 59 (59.0%) out of 100 having severe fatigue (FAS >34).
Responders were identified based on the following criteria: in 39 (56.5%) out of the
69 patients with RFI at least one lung function test parameter improved by more than
10%. Of the 31 patients with eye involvement, 23 (74.2%) improved substantially
according to the criteria used by the ophthalmologist (Figure 8.2). Neurological
symptoms improved in 49 (53.8%) out of 91 patients, in 17 of whom this appeared to
be the only improving primary endpoint. All six patients with skin lesions responded, as
well as the patient suffering from neurosarcoidosis (spinal cord involvement; Figure 8.3)
and the patient with kidney problems. Signs of activity and inflammation improved in
75 (67.6%) out of 111 patients, and fatigue improved in 60 (60.0%) out of 100 patients.
None of the responders showed deterioration in any of the other manifestations of
sarcoidosis that were present.
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Table 8.1

Characteristics of the study population.

Number
Age (y)
Female/male
CXR stage: 0+I/II+III/IV
FEV1 % predicted
FVC % predicted
DLCO % predicted
RFI
ACE U/l
sIL2R pg/ml
FAS
Fatigue reported
SFNSL
SFN symptoms
Eye involvement
Adalimumab
mg/dose sc
dose interval, weeks
Infliximab
mg/dose intravenously
dose interval, weeks
Co‐medication
no prednisone, no MTX
prednisone alone
mg/day, orally ±range
prednisone + MTX
pred mg/day, orally
MTX mg/week, orally
MTX alone
mg/week, orally

a

Total population
111
45.0 ±10.6
46/65
54/43/14
85.7 ±24.2
96.6 ±19.2
77.1 ±17.2
69 (62.2)
20.7 ±12.9
3073 ±3120
33.0 ±8.5
100 (90.1)
32.5 ±19.3
91 (82.0)
31 (27.9)
35
45.9 ±15.5
1
76
404.1 ±25.5
4.5 ±0.6

Lung involvement
69
44.5 ±10.8
30/39
21/34/14*
75.2 ±22.7*
88.6 ±17.7*
68.3 ±12.9*
69 (100)
21.5 ±14.2
3530 ±3645
33.5 ±8.4
63 (91.3)
32.0 ±20.0
54 (78.3)
16 (23.2)*
23
47.2 ±17.2
1
46
404.5 ±28.1
4.5 ±0.5

SFN symptoms
32
46.6 ±9.8
10/22
24/8/0
104.5 ±12.1
110.6 ±13.1
92.2 ±11.8
0 (0)
19.0 ±10.1
2337 ±1460
33.6 ±17.9
29 (90.6)
37.6 ±18.0
32 (100)
5 (15.6)
5
48.0 ±17.9
1
27
403.7 ±19.2
4.6 ±0.6

Eye involvement
10
43.0 ±11.6
6/4
9/1/0
105.4 ±13.4
111.7 ±12.9
95.8 ±11.3
0 (0)
20.0 ±9.6
1719 ±1190
27.6 ±8.1
8 (80.0)
18.8 ±9.1**
5 (50.0)
10 (100)
7
40.0 ±0.0
1
3
400.0 ±0.0
4.0 ±0.0

40
14
14.3 ±10.7
28
9.3 ±5.2
9.1 ±2.9
29
7.5 ±1.4

15
10
15.4 ±11.7
19
8.6 ±3.7
9.6 ±3.1
18
7.5 ±0.8

16
1
15.0 ±0.0
7
12.9 ±8.1
7.9 ±1.0
8
7.5 ±5.5

9
3
8.8 ±8.8
2
5.0 ±0.0
8.5 ±5.3
3
7.5 ±0.0

* p<0.001 lung involvement versus SFN and eye involvement. ** p<0.01 eye involvement versus lung
a
involvement and SFN. All values presented are absolute numbers with percentages in parentheses if
applicable and means ±SD if appropriate. ACE, angiotensin‐converting enzyme (reference range: 9.0–25.0
U/l); CXR, chest radiograph; DLCO, carbon monoxide diffusing capacity; FAS, fatigue assessment scale; FEV1,
forced expiratory volume in 1 second; FVC, forced vital capacity; MTX, methotrexate, RFI, respiratory
functional impairment defined as DLCO <80%, FVC <80% or FEV1 <80% (percentage of predicted); sc,
subcutaneous; SFN, small fiber neuropathy; SFNSL, small fiber neuropathy screenings list; sIL2R, soluble‐
interleukin2‐receptor (reference range: <3154 pg/ml); y, years.

Overall, 83 (74.8%) of the 111 included patients with refractory sarcoidosis had a
positive response. Improvement was achieved in 119 (59.8%) of the 199 organs
assessed. The choice of TNF‐α inhibitor had no influence on outcome, as both infliximab
and adalimumab resulted in 25% non‐responders. Allele frequencies were 84.2% for
the G‐allele and 15.8% for the A‐allele. The frequency distribution is in agreement with
the Hardy‐Weinberg equilibrium. There were no significant differences in TNF‐α G‐308A
polymorphism distribution between the various disease manifestations.
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Of the patients without the A‐allele, 73 (93.6%) out of 78 (p<0.001) had a positive
response to TNF‐α inhibitors, compared with 10 (30.3%) out of the 33 patients with the
variant A‐allele. For patients possessing the GG‐genotype, the probability of improving
was three times higher than that of remaining stable or deteriorating (RR=3.09; 95% CI
1.84–5.20), as shown in Table 8.2.
Table 8.2

Disease course in relation to TNF‐α G‐308A polymorphism.

TNF‐308

Total

Improved

GG

78

GA

31

AA

2

a

Stabilized/worsened

RR (95% CI)

73 (93.6)

5 (6.4)

3.09 (1.84–5.20)

9 (29.0)

22 (71.0)

1 (50.0)

1 (50.0)

1

p value

<0.001

a

Absolute numbers with percentages or range in parentheses. 95% CI, 95% confidence interval; RR, relative
risk; TNF‐308, TNF‐α G‐308A genotype; GG, wild type; GA, heterozygote; AA, homozygote variant.

The different genotype groups (GG 70.3%, GA 27.9%, and AA 1.8%) were similar
with respect to distribution of therapy (infliximab versus adalimumab) and co‐
medication, but the group with the GG‐genotype had a higher mean age and
proportion of female patients (Table 8.3). Multivariate logistic regression analysis to
adjust for baseline differences in age and gender between the genotype groups
resulted in an adjusted odds ratio of 39.7 (95% CI 11.1–142.3), which was slightly higher
than the unadjusted odds ratio of 33.6 (95% CI 10.4–108.3).
Table 8.3

Demographic and medication characteristics of the sarcoidosis sample according to genotype.

Gender
Age at diagnosis
Therapy
Co‐medication

a

female
male
year ±SD
infliximab (n=76)
adalimumab (n=35)
none
prednisone
prednisone + MTX
MTX

GG
n=78
35 (44.9)
43 (55.1)
45.7±10.3
52 (66.7)
26 (33.3)
27 (34.6)
10 (12.8)
20 (25.6)
21 (27.0)

GA/AA
n=33
11 (33.3)
22 (66.7)
42.6±10.8
24 (72.7)
9 (27.3)
13 (39.5)
4 (12.1)
8 (24.2)
8 (24.2)

a

p value
0.30
0.15
0.66
0.97

Absolute numbers, percentages in parentheses and mean ±SD if appropriate. GG, TNF‐α G‐308A wild type;
GA, heterozygote; AA, homozygote variant; MTX, methotrexate; n, number; SD, standard deviation.
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Nine (8.1%) patients formed antibodies against infliximab and were switched to
adalimumab (n=4) or had to discontinue the TNF‐α inhibitor treatment (n=5). None of
the patients developed antibodies against adalimumab. Adverse events were seen in 14
(12.6%) out of 111 patients treated with TNF‐α inhibitors. Documented adverse events
were minor infections (n=11), sepsis (n=1), and the occurrence of herpes zoster
infection (n=5). Two patients suffered from an infusion reaction, after the fifth and
eighth infliximab administrations, respectively. However, after adjustment of the
infusion time no further problems emerged and the treatment was continued.

Discussion
To the best of our knowledge, this is the first study to demonstrate an association
between the TNF‐α G‐308A polymorphism and responsiveness to TNF‐α inhibitor
treatment in sarcoidosis. Efficacy of TNF‐α inhibitors was found in 75% of our sample of
patients with refractory sarcoidosis who had failed to respond to conventional
treatment. TNF‐α inhibitor treatment was well tolerated. Patients without the TNF‐α ‐
308A variant allele (GG‐genotype) responded better to TNF‐α inhibitors (93.6% versus
only 30.3%), having a three‐fold higher probability of improving compared with variant
allele carriers (RR 3.09, 95% CI 1.84–5.20). This suggests that this variant allele (GA/AA‐
genotypes) negatively affects TNF‐α inhibitor treatment response. However, since the
study population was relatively small, the associations should be interpreted with some
caution.
It is well known that the clinical course and prognosis of sarcoidosis varies
considerably, and research suggests that polymorphisms coding for TNF‐α production
might play a role.16,17 The TNF‐α ‐308A variant allele is associated with higher TNF‐α
production, and several studies have found the variant allele to be more frequently
observed in patients with Löfgren’s syndrome, who often showed spontaneous
remission.16,17,27 The presence of the TNF‐α ‐308A variant allele has been found to have
a more favorable impact on clinical outcome.18 By contrast, the GG‐genotype has been
associated with an unfavorable prognosis, with a significantly higher risk of developing
persistent sarcoidosis and progression to more severe pulmonary involvement.18
In the present study, sarcoidosis patients with the TNF‐α G‐308A GG‐genotype
appeared to be more likely to be TNF‐α inhibitor responders. The GA‐ or AA‐genotype
was found in 29.7% of our 111 patients, whereas in other studies these genotypes were
found in about 35–40% of general sarcoidosis populations and/or healthy
controls.17,18,27 The slightly lower frequency of the AA‐ and GA‐genotypes in our study
population could be the result of selection bias, as more severe sarcoidosis cases tend
to undergo TNF‐α inhibitor therapy. The GG‐genotype is more likely to be present in
these cases, since this genotype has been associated with a more unfavorable
sarcoidosis prognosis.18
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The association between the TNF‐α G‐308A polymorphism and TNF‐α inhibitor
therapy has been more extensively studied in rheumatoid arthritis. In line with our
results, rheumatoid arthritis patients with the GG‐genotype had a better overall
response rate.19,20,28 There have been no previous studies in sarcoidosis demonstrating
this association. It was previously shown that patients with a severe disease course
were more likely to respond to TNF‐α inhibitor treatment.11,29 It is tempting to
speculate that these patients most likely did not possess the variant A‐allele. Since GG‐
genotype carriers are more likely to have an unfavorable outcome and to achieve a
good response to TNF‐α inhibitor treatment, the decision whether or not to start TNF‐α
inhibitors in these patients seems rather easy. In contrast, patients suffering from
sarcoidosis with the variant A‐allele are more likely to have a favorable prognosis with
spontaneous resolution of the disease. In the present study, approximately 70% (23 out
of 33) of these patients did not respond to TNF‐α inhibitors. Nevertheless, a
considerable proportion of the variant allele carriers showed stabilization of disease.
Although stabilization was not considered a ‘response’ in the present study, in specific
cases it might be regarded as a desirable aim. To date, too little evidence is available to
decide whether these patients should not be given TNF‐α inhibitor treatment.
The results of our study are in line with other case series demonstrating an efficacy
of infliximab in 64–100% of sarcoidosis patients treated.12,30,31 In the present study,
uveitis demonstrated the best response rate (74%), followed by RFI (57%), and SFN
(54%). These response rates are in line with previous research.11,23,29,31,32 It is probable
that the higher response rate for uveitis is influenced by the shorter time between
diagnosis and initiating TNF‐α inhibitors (4.5 ±4.3 years for uveitis, compared with 6.3
±5.6 years for SFN and 6.8 ±5.6 years for RFI, p=0.05). These results suggest that
initiating TNF‐α inhibitors early in the course of the disease might prevent serious organ
damage and result in a more favorable outcome. This is in agreement with results in
Crohn’s disease.33,34
The TNF‐α inhibitors adalimumab and infliximab were both generally well tolerated
in our study, in agreement with data from other studies.35,36 Adverse events were
observed in 12.6% of patients and a 4.5% discontinuation rate due to antibody
formation was seen during at least 1 year of TNF‐α inhibitor treatment. Outcome or
adverse effects did not differ between infliximab and adalimumab, similar to findings
for other chronic inflammatory diseases.34,37,38
Refractory uveitis is a registered indication for adalimumab treatment in The
Netherlands, whereas patients with pulmonary and/or neurological symptoms have
mainly been treated with infliximab. The choice between adalimumab and infliximab
was, therefore, mainly based on insurance reimbursement issues.
Despite the overall efficacy of TNF‐α inhibitors, there are limitations to the use of
TNF‐α inhibitor treatment for every sarcoidosis patient. In addition to the side‐effects,
another drawback of TNF‐α inhibitors is the considerable treatment cost.15 It is,
therefore, important to tailor treatment. The present study provides a step forward in
identifying sarcoidosis patients who might be at risk of developing a more severe
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manifestation of the disease and in selecting those most likely to have a good response
to TNF‐α inhibitor treatment. It might help to start an appropriate individual treatment
regimen and, thus, avoid irreversible damage at an early stage.7 It is useful to know
beforehand whether a patient is highly likely to respond to TNF‐α inhibitor treatment,
as this can be of great clinical and economic benefit. A better understanding may help
achieve personalized, cost‐effective treatment regimens. However, to date, too little
evidence is available to decide whether TNF‐α inhibitors should be withheld from
sarcoidosis patients carrying the variant A‐allele. For these patients there might be
better alternative options. Prospective randomized controlled trials, with a sufficiently
large study population, are needed to address the effect of TNF‐α inhibitors in patients
with the variant A‐allele, compared with placebo and/or conventional therapy.
In conclusion, our results show that sarcoidosis patients without the TNF‐α ‐308A
variant allele (GG‐genotype) had a three‐fold higher response to TNF‐α inhibitor
treatment than A‐allele carriers. We also found that TNF‐α inhibitors were efficacious in
the treatment of refractory sarcoidosis (75% response rate) and were well tolerated.
Further research is needed to evaluate whether individualized treatment can be
improved by basing decisions on the TNF‐α G‐308A polymorphism of sarcoidosis
patients in whom conventional therapy has failed or proved intolerable.
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Summary
Clinical presentation and course of sarcoidosis are both highly variable, depending on
several disease and patient characteristics.1‐3 Most sarcoidosis patients show
spontaneous resolution, but in patients with a severe disease course and poor
prognosis a timely implementation of an appropriate customized individual
pharmacological treatment regimen is important to avoid or slow down the
development of complications and to alleviate the disease burden.4,5 Despite the
availability of several immunosuppressive therapeutic options in sarcoidosis,
standardized management strategies are lacking. The published data on the different
pharmacological therapeutics are limited and the treatment therefore remains
predominantly empiric.4,6
The aim of the studies presented in this thesis was to contribute in the optimization
and improvement of pharmacotherapeutic options in sarcoidosis. Several aspects in
terms of amelioration of treatment were investigated, with emphasis on the meaning
of body composition profiling, the desirable handling of liver test abnormalities, and
the development of practical recommendations for the optimal use of methotrexate
(MTX) and tumor necrosis factor‐alpha (TNF‐α) inhibitors in sarcoidosis. Furthermore,
possible factors identifying responders to TNF‐α inhibitors were explored. Four studies
included data from sarcoidosis patients who were referred to a tertiary referral centre
in the Netherlands. Two studies evaluated the experience with therapeutic agents
amongst sarcoidosis experts worldwide by means of online web‐based questionnaires,
and combined these data with evidence from the literature. A general overview of the
findings from this thesis is subsequently presented.

Overview of main findings
Chapter 1, the general introduction, presents a summary of the pathogenesis, clinical
presentation and diagnostic approach of sarcoidosis. Furthermore, it describes the
available first‐, second‐, and third‐line therapeutic options in sarcoidosis. Lastly, an
outline of the thesis is provided.
Chapter 2 provides an overview of the extent, distribution and consistency of organ
involvement detected by fluorine18‐fluorodeoxyglucose positron emission
tomography/computed tomography (18F‐FDG PET/CT or PET) in 158 sarcoidosis patients
with persistent disabling symptoms. Positive PET findings were classified as thoracic
and/or extrathoracic. The majority (93%) of sarcoidosis patients had intrathoracic
activity (79% mediastinal and 64% pulmonary activity, respectively) and 75% displayed
extrathoracic activity (mainly peripheral lymph nodes, bone/bone marrow, and spleen).
Hepatic positivity was always accompanied by splenic activity, whereas the majority of
patients with parotid gland, splenic or bone/bone marrow activity showed lymph node
activity. A substantial number of patients with PET positive pulmonary findings (86%)
had signs of respiratory functional impairment. No obvious association between
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hepatic, splenic or bone/bone marrow activity and their corresponding laboratory
abnormalities suggestive of specific organ involvement, was found. PET can be
especially useful in the assessment of extent, distribution and consistency of
inflammatory activity in sarcoidosis to provide an explanation for persistent disabling
symptoms and/or to provide a suitable location for biopsy.
Chapter 3 reports on the prevalence of muscle atrophy and cachexia in 423 Dutch
sarcoidosis patients, and the association of these body composition profiles with
sarcoidosis disease activity and severity. Fat‐free mass was assessed as an indirect
measure of muscle mass by bioelectrical impedance analysis. Patients were stratified
based on body mass index (BMI) and fat‐free mass index (FFMI). Muscle atrophy was
defined as FFMI <15 kg/m2 for women and <17 kg/m2 for men corresponding to <10th
percentile of current reference values; cachexia as BMI <20 combined with muscle
atrophy. Relevant clinical data were gathered retrospectively. Muscle atrophy was
present in 25% and cachexia in 5% of sarcoidosis patients. Patients with muscle atrophy
showed significantly worse lung function (diffusing capacity for carbon monoxide
(DLCO), forced expiratory volume in 1 second (FEV1), forced vital capacity (FVC), all p
values <0.01) and impaired exercise capacity (maximal oxygen uptake (VO2max),
p<0.001). The associations were most pronounced in patients with cachexia. These
results demonstrate that muscle atrophy and cachexia are substantial problems in
sarcoidosis.
Chapter 4 describes the presence and severity of liver test abnormalities in 837
patients with confirmed sarcoidosis. Additionally, the association between severity of
liver test abnormalities and histopathological abnormalities in hepatic sarcoidosis was
evaluated. Over a 9‐year period, relevant clinical data were gathered from medical
records. Liver test abnormalities (alkaline phosphatase, γ‐glutamyl transferase, alanine
aminotransferase (ALT) or aspartate aminotransferase >1.5 times the upper limit of
normal (ULN)) were classified according to severity into mild (zero liver tests ≥3 times
the ULN), moderate (one or two liver tests ≥3 times the ULN) and severe (three or four
liver tests ≥3 times the ULN). In 24% of the studied patients, liver test abnormalities
were present; in 15% highly likely because of hepatic involvement of sarcoidosis. In 22
of this latter group, a liver biopsy was obtained; 21 biopsies were compatible with
hepatic sarcoidosis. The presence and degree of inflammation, fibrosis, and the
distribution of granulomas in these liver biopsies were examined. Moderate and severe
liver test abnormalities were associated with more advanced histopathological disease.
In the management of hepatic sarcoidosis, for patients with moderate or severe liver
test abnormalities a liver biopsy is recommended.
Chapter 5 provides an overview of the knowledge available in the literature about
therapeutic options for sarcoidosis liver involvement, and combines these data into
recommendations for the optimal therapeutic approach in clinical practice. Only 5–30%
of patients with hepatic sarcoidosis display symptoms. Nevertheless, in some cases
hepatic sarcoidosis can have a rapid progressive course with serious complications,
which stresses the importance of an appropriate and carefully timed therapeutic
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approach. Because symptomatic hepatic sarcoidosis is uncommon, therapeutic studies
are scarce. Data regarding when to initiate which treatment regimen are lacking. Case
reports describe beneficial effects of glucocorticosteroids and the augmentation with
cytotoxic and/or TNF‐α inhibitor therapy. However, because of small sample sizes, no
meaningful conclusions can be drawn. In symptomatic hepatic sarcoidosis patients, it is
recommended to start pharmacotherapy with glucocorticosteroids, preceded by
ursodeoxycholic acid when signs of cholestasis disease are present. Furthermore,
antioxidants can be considered. In refractory cases or when glucocorticosteroid
weaning is impossible, cytotoxic drugs or TNF‐α inhibitors should be considered.
However, there is a need for future studies to assess the effect of treatment on disease
progression and complications in hepatic sarcoidosis.
Chapter 6 presents the development of practical recommendations, on behalf of
the World Association of Sarcoidosis and Other Granulomatous Disorders (WASOG), for
the use of methotrexate (MTX) in sarcoidosis by integrating the evidence obtained
through a systematic literature review and the opinions of sarcoidosis experts
worldwide. The literature search identified 237 papers, 43 of which were included.
Randomized controlled trial (RCT) evidence supporting the use of MTX in sarcoidosis
was limited. An online survey concerning 10 clinical questions was sent through the
WASOG newsletter to the experts. Forty‐five per cent (113 of 250) of the sarcoidosis
experts contacted, completed the survey (Europe 55%, North America 26%, and Asia
12%). Ten recommendations were formulated concerning the indications for use,
starting dose, folic acid, work‐up, contraindications, monitoring, administration options
in case of adverse gastrointestinal effects, hepatotoxicity, long‐term safety and use
during pregnancy and breast feeding. The mean level of agreement for the total set of
recommendations amongst the leading sarcoidologists was high (8.7, range 8.0–10).
Furthermore, a mobile application (app) was developed for smartphone or tablet with
these recommendations including some clinical sarcoidosis cases (Appendix 2). The app
‘MTX in sarcoidosis’ can be downloaded for free in the Apple Store or Google Play
Store.
Chapter 7 describes the development of practical recommendations for the use of
the TNF‐α inhibitors infliximab and adalimumab in the treatment of refractory
sarcoidosis. Evidence obtained from a literature search was combined with the results
of a Delphi method of polling amongst sarcoidosis experts worldwide. The literature
search identified 256 papers, 101 of which were included. RCTs about the use of TNF‐α
inhibitors in sarcoidosis are limited. Studies conducted in sarcoidosis were
supplemented with data obtained from relevant studies in other inflammatory
diseases. An online survey addressing 12 clinical questions was performed amongst 20
of the world’s leading sarcoidologists to investigate consensus in case of inadequate
data to determine an objective answer. Ninety‐five per cent (19 of 20) of the
sarcoidosis experts contacted completed the survey (Europe 68%, North America 32%).
Nine recommendations were formulated concerning general aspects of TNF‐α inhibitor
use. Furthermore, specific sarcoidosis related items, including indications, starting and
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maintenance dosage, interval of treatment, treatment duration, and discontinuation
regimen of infliximab and adalimumab, were also addressed. The recommendations
intend to support the clinician in the management of refractory sarcoidosis patients.
In sarcoidosis, the presence of the GG‐genotype of TNF‐α G‐308A polymorphism
has been associated with poor prognosis.7 Chapter 8 assesses the association between
the presence of the TNF‐α G‐308A polymorphism and the response to anti‐TNF‐α
therapy amongst 111 patients with refractory sarcoidosis. The included patients were
followed for at least 12 months after the initiation of infliximab (n=76) or adalimumab
(n=35). Main symptoms in these patients were small fiber neuropathy (82%),
pulmonary involvement (62%), uveitis (28%) and/or fatigue (90%). Patients were
genotyped for the presence of the TNF‐α G‐308A polymorphism. Treatment response
was assessed using clinical outcome measures and questionnaires. Of the total group of
patients receiving TNF‐α inhibitors, 75% responded well. Of the patients with the GG‐
genotype of TNF‐α G‐308A polymorphism 93.6% (73/78; p<0.001) improved, while only
30.3% (10/33) of the TNF‐α ‐308A variant allele carriers responded favorably to the
TNF‐α inhibitor. Sarcoidosis patients without the TNF‐α ‐308A variant allele (GG‐
genotype) had a three‐fold higher probability of response to TNF‐α inhibitors. Further
research is needed to evaluate the value of genotyping for the TNF‐α G‐308A
polymorphism in order to customize and tailor TNF‐α inhibitor treatment.

Highlights of this thesis
In conclusion, this thesis presents several aspects regarding optimization of
pharmacotherapeutic options in sarcoidosis. First of all, cachexia and muscle atrophy
are frequent problems in sarcoidosis and are associated with more severe pulmonary
disease. These findings indicate the importance of considering body composition
profiling in the management of sarcoidosis. Furthermore, in a substantial proportion
(24%) of sarcoidosis patients liver test abnormalities are present. In the majority, these
abnormalities are probably associated with hepatic sarcoidosis. However, other causes
should be excluded. When moderate or severe liver test abnormalities are present in
probable hepatic sarcoidosis, a liver biopsy should be considered, since advanced
histopathological disease is likely. The biopsy findings can be used in establishing an
adequate therapeutic strategy of hepatic sarcoidosis, for which recommendations are
presented in this thesis. Moreover, multinational recommendations for the use of MTX
and TNF‐α inhibitors are provided, based on findings from the literature combined with
the opinions of sarcoidosis experts worldwide. Finally, the finding that sarcoidosis
patients without the TNF‐α ‐308A variant allele (GG‐genotype) have a three‐fold higher
probability of response to TNF‐α inhibitors compared with TNF‐α ‐308A variant allele
carriers (GA‐ or AA‐genotype), indicates a possible role for genotyping for the TNF‐α G‐
308A polymorphism in order to tailor anti‐TNF‐α treatment. However, future research
is needed to evaluate possible factors identifying responders to TNF‐α inhibitors and to
assess the role for TNF‐α G‐308A genotyping in this process.
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General discussion
Optimization of the pharmacotherapeutic management of sarcoidosis is important and
of great clinical relevance. Since sarcoidosis can present to any one of a variety of
(organ) specialists, therapeutic decisions are dependent on the individual specialist’s
expertise. Application of pharmacotherapeutic options by inexperienced physicians can
be improved by guidance consisting of therapeutic recommendations. A key issue of
treatment must be the avoidance of unnecessary exposure of patients to consecutive
pharmacological agents. Furthermore, a multidisciplinary approach is crucial, in which
physicians develop a treatment regime after mutual consultation and in cooperation
with the patient. The role for the patient in disease management becomes increasingly
important. Pursuing personalized medicine is another major aspect in the optimization
of therapeutic options. The meaning and implications of the different aspects
presented in this thesis will be discussed subsequently.
18

F‐FDG PET/CT, body composition profiling and liver test abnormalities
in sarcoidosis disease management

PET can be very helpful in sarcoidosis disease management and monitoring in several
situations.8,9 One important function is the assessment of sarcoidosis activity, especially
when routine diagnostic methods do not provide an explanation for disease related
symptoms.10,11 Besides the assessment of sarcoidosis activity, depicting disease extent
and severity is of great clinical relevance, as illustrated in chapter 2.12 Evaluation of the
extent of disease can be helpful to explain persistent disabling (mainly extrathoracic)
symptoms.13 Furthermore, it can support in the decision whether pharmacological
therapy should be started and sometimes guide what drug regimen should be chosen.
As in other chronic diseases,14‐17 muscle atrophy and cachexia were shown to be
common problems in sarcoidosis (chapter 3).18 Therefore, considering body
composition profiling in the management of sarcoidosis is important. Future research is
necessary to assess the effect of a multidisciplinary rehabilitation program on muscle
maintenance. Considering body composition is furthermore important in
pharmacotherapeutic management. Drug dosing should among others be based on
body weight and composition. Cachexia and wasting of chronic disease, for example,
can lead to altered drugs pharmacokinetics and ‐dynamics.19
Liver test abnormalities are a frequently encountered problem in sarcoidosis, for
which guidance is presented in chapter 4, 5 and 6.20‐22 Liver test abnormalities in
sarcoidosis can be the result of hepatic sarcoidosis itself, another (liver) disease or drug
toxicity. The degree and type of liver test abnormalities cannot distinguish between
these different causes.23 When abnormal values are present before the start of therapy,
hepatic sarcoidosis is a likely cause.20,23,24 When they develop after the start of an agent
with potential hepatic adverse effects, liver test abnormalities are most likely the result
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of drug toxicity. Treatment with an anti‐inflammatory agent in hepatic sarcoidosis can
actually lead to improvement of liver test abnormalities.25,26

Glucocorticosteroids in sarcoidosis
In sarcoidosis clinical practice, glucocorticosteroids are the cornerstone therapeutic
agent.3,6,27,28 They have a positive short‐term effect on lung function and symptoms, but
their beneficial long‐term effect remains uncertain.29 Prolonged use is associated with
significant side‐effects, such as weight gain, diabetes mellitus, osteoporosis, or striae
distensae of the skin (Figure 9.1), making glucocorticosteroids undesirable for chronic
disease management.3,27,30 Another important issue is the presence of
glucocorticosteroid resistance, which complicates the treatment of several
inflammatory diseases (including chronic obstructive pulmonary disease, asthma,
rheumatoid arthritis and Crohn’s disease), while the risks of side‐effects persist.31,32 It is
not only a problem in severe, but also in mild disease, often leading to the prescription
of high steroid dosages without beneficial effect.31 Several molecular mechanisms of
resistance have been identified. One factor is genetic susceptibility to steroid resistance
due to different polymorphisms in different genes, a finding which can possibly
contribute towards personalized therapy.31,33,34 Furthermore, interference with the
steroid response by constitutive epithelial activation of pro‐inflammatory mediators,
including nuclear factor‐kappa B (NF‐kB), resulting in inhibition of glucocorticosteroid
receptor transcriptional activity, is another possible mechanism.31‐33 NF‐kB activation is
shown to be increased in sarcoidosis35‐37 and its suppression by glucocorticosteroids
seems less successful than the suppression of angiotensin‐converting enzyme activity,36
indicating that glucocorticosteroid resistance is likely to be an important problem in
sarcoidosis as well. When considering the limitations we are aware of nowadays,
registration approval would be questionable if glucocorticosteroids were to be
introduced at present.
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Figure 9.1

Extensive striae distensae of the skin in a young woman with sarcoidosis after 3 months of
treatment with glucocorticosteroids because of uveitis.

Methotrexate in sarcoidosis
In steroid‐refractory cases and in the presence of steroid‐associated side‐effects,
second‐line or disease‐modifying antisarcoid drugs (DMASDs), with usually steroid‐
sparing potency, are available.3,6,27,38,39 MTX is the central drug in the
pharmacotherapeutic management of rheumatoid arthritis and other immune
mediated inflammatory diseases.40,41 In pulmonary sarcoidosis, the glucocorticosteroid‐
sparing potency of MTX has been demonstrated (Figure 9.2).42 Sarcoidosis experts
consider MTX the first‐choice DMASD.43 Unfortunately, the evidence to support the use
of MTX in sarcoidosis is limited. Therefore, evidence extrapolated from studies in
rheumatic inflammatory diseases and the expert opinions of sarcoidologists worldwide
were used to help develop the MTX recommendations presented in chapter 6.22 The
broad range of participants should enhance the implementation of the
recommendations in sarcoidosis practice. Their value is further strengthened by the
high level of agreement amongst the world’s leading experts. Nevertheless, due to the
limited available high‐quality studies, the recommendations lack in strength.
Inexperience among individual specialists can lead to suboptimal use of MTX.
Especially at two specific points, progress can be made. Primarily, as discussed in
chapter 6, a substantial part of sarcoidosis experts (11%) did not prescribe MTX in
sarcoidosis. The predominant reason consisted of fear for toxicity (70%). However,
experienced respondents reported MTX discontinuation because of side‐effects in only
10% of the cases. Sarcoidosis case reports show even lower discontinuation rates.42,45
This finding is in line with rheumatoid arthritis studies, showing that withdrawals of
MTX due to toxicity are less common than for most other DMARDs.46
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Figure 9.2

Average prednisone dosage at various time intervals for patients with acute pulmonary
sarcoidosis receiving either placebo or methotrexate. There was a significant difference in the
42,44
average prednisone dose after 6 months of therapy. Adapted from Baughman et al.

A retrospective study performed in a large group of 607 sarcoidosis patients on MTX
treatment and with evaluable blood work (Sarcoidosis Clinic at the University of
Cincinnati Medical Centre, Cincinnati, Ohio, USA), investigated the occurrence of total
and severe leucocytopenia respectively (defined as white blood cell (WBC) count
<3.8*10^3/µl and <1.5*10^3/µl); and total and severe liver test abnormalities
respectively (ALT >1.5x the upper limit of normal (ULN) and >3x ULN). Leucocytopenia
was present in 11.9%, severe leucocytopenia in 0.2%, liver test abnormalities in 12.8%
and severe liver test abnormalities in 1.6% of these patients. The results show that the
occurrence of severe MTX‐induced bone marrow or liver toxicity was low (unpublished
data). In rheumatoid arthritis, long‐term MTX use is not associated with an increased
risk of serious infections.46‐48 Recently, a meta‐analysis in rheumatoid arthritis showed
that MTX was associated with a small increased risk of respiratory infections (RR 1.11,
95% CI 1.02‐1.21), without an increased risk of non‐infectious respiratory events or
pulmonary death compared to other DMASDs and biological agents, suggesting a lower
risk than previously believed.49 There is no strong evidence for the development of
malignancies during MTX use.46 A low risk of developing Epstein‐Barr virus‐related
lymphoma has been suggested following exposure to MTX.46,47,50,51 A recent study in
Japan indeed suggests that MTX is an independent risk factor for EBV‐related
lymphoproliferative disorders in rheumatoid arthritis patients, but further evidence still
is required.52 Based on an acceptable safety profile, it can be said that MTX is
appropriate for short‐ and long‐term use in most patients. Fear for MTX among
physicians often seems to be based on inexperience. The recommendations can serve
to provide more guidance to MTX therapy in sarcoidosis.
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When considering gastrointestinal MTX intolerance, a recently developed
questionnaire can be used to assess symptoms occurring before and after MTX
administration. Studies in several rheumatic inflammatory diseases show that besides
gastrointestinal symptoms after MTX, patients also experience these symptoms prior to
and when thinking of MTX intake. Therefore, patients on MTX should be closely
monitored for early detection of MTX intolerance, in order to intervene timely and
avoid discontinuation of an effective treatment.53,54 Less than 50% of experienced
sarcoidosis experts are aware of the possibilities of parenteral administration or
splitting of the oral dose in case of MTX‐induced gastrointestinal side‐effects. In
rheumatoid arthritis, parenteral administration is reported to have more efficacy,
which can be explained by a higher bioavailability.55,56 Splitting the oral dose can lead to
a higher efficacy of especially higher oral dosages, due to a limited absorption from the
gastrointestinal tract when the dosage is ingested at once.57,58 Both methods can lead
to less gastrointestinal toxicity, as illustrated in Figure 9.3. Before discontinuing MTX in
case of insufficient response or gastrointestinal side‐effects, it is important to consider
these aspects.

a
Figure 9.3

b
A 38‐year‐old woman had a 1‐year history of biopsy‐proven sarcoidosis. She had been
previously treated with oral prednisone, starting at 40 mg daily, because of respiratory
functional impairment, fatigue, exercise intolerance and signs of inflammatory activity (soluble‐
interleukin2‐receptor was 3117 pg/mL, normal range 0‐2500 pg/ml). However, no improvement
was achieved, so methotrexate (MTX) was started at 12.5 mg once a week orally, together with
folic acid 5 mg twice a week. Additionally, treatment with prednisone was tapered off to 7.5 mg
daily. Due to gastrointestinal side‐effects – mainly nausea – after MTX initiation, the
administration of MTX 12.5 mg once a week was changed from oral to subcutaneous. a. Chest
radiograph before treatment with subcutaneous MTX showed both lymphadenopathy and
multiple parenchymal infiltrates. b. Chest radiograph after 5 months of treatment with
subcutaneous MTX showed substantial improvement. Patient also reported significant clinical
improvement after treatment with subcutaneous MTX.
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TNF‐α inhibitors in sarcoidosis
In some sarcoidosis patients, the available first‐ and second‐line therapeutics do not
provide a solution, despite their optimized application. The potent pro‐inflammatory
TNF‐α plays a critical role in the immunopathogenesis of sarcoidosis by regulating and
sustaining granuloma formation.2,59‐61 In refractory cases, biological TNF‐α inhibitors
have therefore been introduced as third‐line treatment options.6,27 Studies
investigating the use of infliximab and adalimumab in sarcoidosis are limited, but have
shown good results with regard to short‐term efficacy.62‐76 Chapter 8 also shows the
effectiveness of infliximab and adalimumab in treating different disease manifestations
of refractory sarcoidosis (Figure 9.4).77 To date, etanercept has not been proven
effective in sarcoidosis disease management.78,79 Since the costs of TNF‐α inhibitors are
considerable and substantial side‐effects are reported, optimal use is important.80‐82
Sarcoidosis patients are in general treated by pulmonologists with usually less TNF‐α
inhibitor treatment experience. Moreover, evidence‐based recommendations for
infliximab and adalimumab therapy in sarcoidosis are lacking. Therefore,
recommendations are needed to support the clinician in the use of TNF‐α inhibitors,
which are presented in chapter 7.83 Given the limited available evidence in sarcoidosis,
a Delphi method of polling to investigate consensus amongst sarcoidosis experts
worldwide and data obtained from relevant studies in other inflammatory diseases
were used to supplement possible lacunas.

a

Figure 9.4

b

An example of a patient with skin manifestations. Photographs taken before (a), and after (b) 1
year of treatment with infliximab, showing a reduction of the intensity of the facial skin lesions.

As discussed in chapter 7, an approach specific for sarcoidosis is essential when
initiating TNF‐α inhibitor therapy. Experts in the field noticed that special attention
should be paid to starting and maintenance dosages, interval and duration of
treatment, and discontinuation regimens. The recommendations differ from regimens
used in other inflammatory diseases, but are solely based on eminence‐ and
experienced‐based medicine. Therefore, future RCTs are necessary to investigate
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aspects such as the long‐term effectiveness of TNF‐α inhibitors in sarcoidosis; their use
in different disease manifestations, including cardiac sarcoidosis; the comparison of
different starting dosages, maintenance dosages and treatment intervals of infliximab
and adalimumab respectively; and the optimal discontinuation regimen for infliximab
and adalimumab to achieve ‘biological free remission’ (BFR), i.e. sustainability of
remission after a biological agent is discontinued.
A difficult issue is discontinuation of TNF‐α inhibitor treatment in stable disease.
The first challenge is the identification of patients with stabilization of sarcoidosis
disease, i.e. patients who might be possible candidates for sustained BFR after tapering
down or stopping TNF‐α inhibitor treatment. To identify stable disease, exact defined
response criteria are necessary.84 Defining treatment response in sarcoidosis is difficult,
since organ involvement and disease course may well be unpredictable. In chapter 8,
we made a first attempt.77 Prospective studies are needed to establish criteria for the
identification of responders and non‐responders when evaluating pharmacological
treatment. Another difficulty is the establishment of the optimal period before
successful withdrawal of TNF‐α inhibitors is reasonable and of the indicators which can
be used to ascertain this period. Vorselaars et al.85 showed that the majority of
sarcoidosis patients (29/47, 62%) relapsed after discontinuation of infliximab after a
mean treatment duration of 8.5 months. Future research is necessary to establish in
which sarcoidosis patients and after what treatment duration, sustained BFR can be
achieved, if this is an achievable goal at all.

Pharmacogenetics in sarcoidosis
Pharmacogenetics may provide an objective explanation for the discrepancies observed
in response to pharmacotherapeutic agents amongst sarcoidosis patients.86 The genetic
characteristics of the patient might interact with a certain drug, affecting its
pharmacological action and ultimately leading to different treatment effects and
toxicity risks.86 The principles of pharmacogenetics can potentially be applied to
optimize pharmacological treatment. ‘Gene chips’ with a person’s polymorphic
genotype may be used, combined with characteristics of disease phenotype or
appearance in the individual patient, to personalize drug treatment.87,88 Choosing the
drug of most benefit for a particular patient would avoid unnecessary exposures to
potentially toxic drugs and would lead to more effective, cheaper and faster disease
control.86
Genetic analysis has previously revealed a number of polymorphisms in genes
coding for TNF‐α, with potential functional consequences.89 These polymorphisms
might play a role in the clinical and prognostic diversity of sarcoidosis. The variant A‐
allele of the TNF‐α G‐308A gene (GA‐ or AA‐genotype) is more frequently observed in
patients with Löfgren’s syndrome, an acute form of sarcoidosis with often spontaneous
remission.89‐93 The risk of progression to a more severe or persistent pulmonary disease
course was found to be higher in patients without the TNF‐α ‐308A variant allele (GG‐
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genotype).7 In addition to the TNF‐α G‐308A polymorphism, the TNF‐α G‐234A and LTA
NcoI A252G polymorphisms were also suggested to have a possible role in sarcoidosis
disease course.89,91,94 Furthermore, human leukocyte antigen (HLA)‐DRB1*03 has been
associated with a favorable prognosis.7,90 Because of the strong linkage between TNF‐α
G‐308A and HLA‐DRB1*03, genotyping of one simple and less expensive TNF‐α single
nucleotide polymorphism can be used to predict the prognosis of sarcoidosis in clinical
practice.7,90
The TNF‐α G‐308A polymorphism has been studied quite extensively in relation to
prediction of TNF‐α inhibitor treatment response in rheumatoid arthritis. Absence of
the TNF‐α ‐308A variant allele was found to be associated with better response,
suggesting a contribution of TNF‐α G‐308A polymorphism genotyping to the optimized
use and distribution of available pharmacological sources.95‐99 Chapter 8 of this thesis
also shows a possible role for TNF‐α G‐308A polymorphism genotyping when tailoring
TNF‐α inhibitor therapy in sarcoidosis.77 However, the exact implications need to be
evaluated, as well as other possible (genetic) factors identifying responders to TNF‐α
inhibitors.
In rheumatic inflammatory diseases, the value of polymorphism genotyping has
also been studied to predict response to other therapeutic agents. For MTX genetics,
studies have struggled to obtain consistent, replicable results.86 Several polymorphisms
and genetic patterns have been investigated. Evidence suggests for example a
favorable response in reduced folate carrier 1 (RFC1) G80A variant allele
carriers.86,100,101 A recent meta‐analysis showed that the odds of MTX efficacy increased
by 42% for those with the RFC1 80AA‐genotype compared to carriers of the wild type G
allele (AA‐ versus AG/GG‐genotype).102 Furthermore, many polymorphisms have been
described for the methylenetetrahydrofolate reductase (MTHFR) gene.87,103 Of these,
the C677T and A1298C polymorphisms have been associated with different toxicity or
response effects to MTX therapy.87,103‐105 HLA‐DRB1 shared epitope‐positive patients
seem to respond worse to MTX, especially carriers of the HLA‐DRB1*04 allele.86,106,107 In
sarcoidosis, the value of polymorphism genotyping when tailoring MTX treatment, but
also other agents, needs to be explored. In the most ideal situation, more insight into
the influence of genetic variables on drug effectiveness and toxicity could lead to a
more appropriate therapeutic choice, obviating a possibly unnecessary switch to other
potentially less effective second‐line alternatives or to more costly biologicals.86

Directions for future research
This thesis is an attempt to optimize pharmacotherapeutic options in sarcoidosis.
Future research should focus on several other aspects to further improve management
of sarcoidosis. Recommendations for MTX and TNF‐α inhibitors in sarcoidosis are
provided herein. Despite the fact that glucocorticosteroids are the first‐line treatment
option and are most commonly prescribed, guidelines for their use in sarcoidosis are
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not available. Furthermore, standardized management strategies for the use of other
DMASDs, such as azathioprine or leflunomide, are lacking. The first step for future
research should consist of the development of recommendations for the use of
glucocorticosteroids and DMASDs in sarcoidosis, based on available evidence and
combined with expert consensus if necessary, to supplement the guidance provided in
this thesis.
Glucocorticosteroid resistance is an important issue of research in other
inflammatory diseases. Until recently, therapy consisted of switching to alternative
anti‐inflammatory agents. However, many different molecular mechanisms of
glucocorticoid resistance have now been elucidated, which can lead to new therapeutic
strategies in the future, including the reversal of glucocorticoid resistance by blocking
its underlying mechanisms. In sarcoidosis, the issue of resistance and its management
needs to be evaluated.
In sarcoidosis, glucocorticosteroids and DMASDs are used for many years.
Nevertheless, the RCT evidence supporting their use is limited. Most data come from
observational case series. Treatment remains therefore predominantly empiric or is
based on expert opinion. 4,6 RCTs studying the effects of the different
immunosuppressive agents on exact defined outcome measures for various disease
manifestations and with a reasonable duration of follow‐up to establish both short‐ and
long‐term efficacy, are necessary. Using defined endpoints and response criteria
enables comparison of different DMASDs and comparison between different studies.
Prospective RCTs are needed to establish criteria for the identification of responders
and non‐responders and can contribute to the improvement of current treatment
strategies.
Recent studies support the use of new experimental treatment agents as
alternative third‐line therapy. Rituximab, inhaled vasoactive intestinal peptide and
apremilast have been investigated.108‐114 Abatacept en tocilizumab have been
successfully used in rheumatoid arthritis.115,116 Regarding their immunopharma‐
cological mode of action, one might consider them as promising in sarcoidosis as well.
Future research is necessary to further explore these possibilities. New insights into
sarcoidosis pathogenesis, can find other new possible drug targets. Fatigue and small
fiber neuropathy, which are devastating problems in sarcoidosis, do not always respond
to the ‘standard’ treatment strategies. New experimental treatment modalities have
shown promising results in case series and/or pilot studies.117‐120 Future research
specifically addressing management of these problems is important.
Potentially, the principles of pharmacogenetics can be applied to optimize
pharmacological treatment. This thesis made a first attempt to predict response to TNF‐
α inhibitors. As mentioned before, further research is needed to evaluate other
possible factors and genetic polymorphisms identifying responders to TNF‐α inhibitors
and to assess the role for TNF‐α G‐308A genotyping in this process. Also when tailoring
other therapeutic agents, the value of pharmacogenetics including polymorphism
genotyping needs to be explored. Furthermore, if specific patient and disease
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characteristics can possibly predict response to available therapy in sarcoidosis is
practically unknown. The existence and value of these clinical predictors of response
need to be explored. A better understanding of which patients will respond to therapy
or develop toxicity based on the genetic and phenotypic characteristics, can prevent an
unnecessary switch from one pharmacological agent to another. More insight could
lead to both cost reduction and safer, more effective control of the disease, or in other
words, help to pursue personalized medicine for the individual patient.
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Inleiding
Sarcoïdose is een multisysteemaandoening, waarvan de oorzaak niet bekend is. De
ziekte wordt gekenmerkt door ontstekingsactiviteit met de vorming van niet‐
verkazende granulomen. In de meeste gevallen zijn de longen aangedaan, maar vrijwel
ieder orgaansysteem kan betrokken zijn. Sarcoïdose is het resultaat van een proces dat
bestaat uit een immuunrespons tegen verschillende omgevingstriggers in een genetisch
vatbaar individu, waarbij ook oxidatieve stress een rol speelt. De ziekte presenteert zich
bij zowel mannen als vrouwen van alle rassen over de gehele wereld. Bij mensen van
het negroïde ras is het beloop over het algemeen ernstiger. Sarcoïdose kan individuen
van alle leeftijden treffen, maar komt het meeste voor tussen het 20e en 40e levensjaar.
Bij vrouwen bestaat een tweede piek na de menopauze. Patiënten kunnen zich met een
grote verscheidenheid aan klachten en klinische verschijnselen presenteren. Ook de
ernst van de ziekte is variabel, wisselend van minimale orgaan‐betrokkenheid tot
verstoring van de fysiologie leidend tot ernstige functionele beperkingen. Een
voorbeeld hiervan is het ontstaan van longfibrose ten gevolge van veelal langdurige
sarcoïdose ziekteactiviteit.
De meeste patiënten tonen spontane remissie zonder de noodzaak tot systemische
medicamenteuze behandeling. Echter, bij mensen met een ernstiger ziektebeloop en
slechte prognose is een tijdige implementatie van een geschikt individueel beleid
noodzakelijk om complicaties te voorkomen en de ziektelast te verlichten. Bij de
meerderheid van de patiënten bij wie behandeling gewenst is, is een lage dosering van
een immunosuppressief middel voldoende. Ongeveer 10% van alle patiënten behoeft
langdurige systemische therapie. Ondanks de beschikbaarheid van een verscheidenheid
aan immunosuppressieve therapeutische opties, is er een gebrek aan gestan‐
daardiseerde behandelstrategieën bij sarcoïdose. De gepubliceerde studies beschikbaar
voor de verschillende farmacologische middelen zijn beperkt. Behandeling blijft
daardoor vooral empirisch.
Het optimaliseren van farmacotherapeutische opties bij sarcoïdose is van groot
belang. Aangezien patiënten zich kunnen presenteren bij verschillende
(orgaan)specialisten, is het ingestelde behandelplan veelal afhankelijk van de ervaring
van een individuele specialist. Het toepassen van therapeutische opties door onervaren
artsen kan worden verbeterd middels begeleiding via richtlijnen of aanbevelingen.
Daarnaast geldt dat een multidisciplinaire benadering ‐ waar de patiënt centraal staat
en de artsen in goed onderling overleg samen met de patiënt een behandelplan
opstellen ‐ cruciaal is. De patiënt heeft een steeds belangrijker rol in het management.
In het behandelplan dient voorop te staan dat onnodige blootstelling van patiënten aan
opeenvolgende farmacologische middelen zoveel mogelijk wordt voorkomen. Gezien
de veelbelovende resultaten van studies naar het gebruik van biologicals bij
sarcoïdosepatiënten met refractaire klachten en ziektekenmerken, lijkt er onder
zorgverleners een trend te ontstaan met een lage drempel voor de switch van
tweedelijns naar de derdelijns tumor necrose factor‐alfa (TNF‐α) remmende middelen.
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Echter, het gebruik van TNF‐α remmers is niet zonder risico’s en brengt aanzienlijke
kosten met zich mee. Verbetering van het gebruik van effectieve en minder kostbare
tweedelijns middelen, oftewel disease‐modifying antisarcoid drugs (DMASDs), kan
bijdragen aan het betaalbaar en toegankelijk houden van het gezondheidszorgsysteem.
TNF‐α remmende therapie dient alleen te worden gestart op de juiste indicatie en
onder deskundige begeleiding. Aangezien sarcoïdose zich zo divers kan presenteren, zal
het optimaal gebruik maken van therapeutische opties voor de individuele patiënt
bijdragen aan het nastreven van zorg op maat.
Het doel van de studies die in dit proefschrift worden beschreven, is het bijdragen
aan het optimaliseren van farmacotherapie voor sarcoïdosepatiënten. Verschillende
aspecten van therapeutische opties bij sarcoïdose worden geëvalueerd. De nadruk ligt
op de betekenis van lichaamssamenstelling bij sarcoïdosepatiënten, de betekenis van
afwijkende levertesten, en de ontwikkeling van praktische aanbevelingen voor het
gebruik van methotrexaat (MTX) en TNF‐α remmers. Tevens wordt gezocht naar
factoren die het mogelijk maken om patiënten met een gunstige reactie op TNF‐α
remmers te identificeren. Vier studies maken gebruik van data afkomstig van
sarcoïdosepatiënten die worden behandeld in een tertiair verwijscentrum in
Nederland. Twee studies evalueren de ervaring van wereldwijde sarcoïdose‐experts
met therapeutische middelen door middel van een online vragenlijst en combineren
deze informatie met gegevens tot nu toe beschikbaar in de literatuur. Een algemeen
overzicht van de bevindingen gepresenteerd in dit proefschrift volgt hierna.

Overzicht bevindingen
In hoofdstuk 1 wordt als algemene inleiding een overzicht gegeven van de
pathogenese, klinische presentatie en diagnostiek van sarcoïdose. Speciale aandacht
gaat uit naar de beschikbare eerste‐, tweede‐ en derdelijns behandelopties bij
sarcoïdose. Tot slot wordt een overzicht van het proefschrift gepresenteerd.
In hoofdstuk 2 wordt de uitgebreidheid, verdeling en samenstelling van
orgaanbetrokkenheid, vastgesteld middels de fluorine18‐fluorodeoxyglucose positron
emissie tomografie/computertomografie (18F‐FDG PET/CT of PET) scan, bij 158
sarcoïdosepatiënten met onverklaarbare persisterende invaliderende symptomen
beschreven. PET‐positieve bevindingen werden ingedeeld als thoracaal en/of
extrathoracaal. De meerderheid (93%) van de sarcoïdosepatiënten had intrathoracale
activiteit (79% mediastinale en 64% pulmonale activiteit, respectievelijk) en 75%
toonde extrathoracale activiteit (hoofdzakelijk perifere lymfeklieren, bot/beenmerg en
milt). Lever PET‐positiviteit ging in alle gevallen samen met milt activiteit, terwijl de
meerderheid van de patiënten met activiteit van de glandula parotis, milt of
bot/beenmerg, lymfeklieractiviteit liet zien. Een aanzienlijk aantal patiënten met PET‐
positieve pulmonale bevindingen (86%) vertoonde tekenen van functionele respiratoire
beperkingen. Er werd geen duidelijke associatie gevonden tussen activiteit van lever,
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milt of bot/beenmerg en hun corresponderende laboratorium afwijkingen suggestief
voor specifieke orgaanbetrokkenheid. PET blijkt vooral van belang bij het vaststellen
van de uitgebreidheid, verdeling en samenstelling van ontstekingsactiviteit bij het
verklaren van persisterende invaliderende symptomen bij sarcoïdose en/of om een
geschikte plaats te vinden voor het verrichten van een biopt.
In hoofdstuk 3 wordt het onderzoek naar de prevalentie van spieratrofie en
cachexie bij 423 Nederlandse sarcoïdosepatiënten en de associatie van
lichaamssamenstelling met sarcoïdose ziekteactiviteit en ernst weergegeven. Vet‐vrije
massa werd gemeten als een indirecte maat voor spiermassa met behulp van bio‐
elektrische impedantie analyse. Patiënten werden ingedeeld in verschillende
categorieën op basis van de body mass index (BMI) en vet‐vrije massa index (VVMI).
Spieratrofie werd gedefinieerd als VVMI <15 kg/m2 voor vrouwen en <17 kg/m2 voor
mannen, overeenkomend met de tiende percentiel van huidige referentiewaarden;
cachexie als BMI <20 gecombineerd met spieratrofie. Relevante klinische data werden
retrospectief verzameld. Spieratrofie bleek aanwezig te zijn bij 25% en cachexie bij 5%
van de sarcoïdosepatiënten. Patiënten met spieratrofie toonden een significant
slechtere longfunctie (diffusiecapaciteit voor koolstofmonoxide (DLCO), geforceerd
expiratoir volume in 1 seconde (FEV1), geforceerde vitale capaciteit (FVC), alle p‐
waarden <0.001) en verminderde inspanningscapaciteit (maximale zuurstofopname‐
vermogen (VO2max), p<0.001). De associaties waren het meest uitgesproken bij
patiënten met cachexie. De resultaten laten zien dat spieratrofie en cachexie
aanzienlijke problemen vormen bij sarcoïdose.
Hoofdstuk 4 onderzoekt de aanwezigheid en ernst van levertestafwijkingen bij 837
patiënten met een bevestigde diagnose sarcoïdose. Verder wordt de associatie tussen
de ernst van levertestafwijkingen en histopathologische afwijkingen bij leversarcoïdose
geëvalueerd. Gedurende een periode van 9 jaar werden relevante klinische data uit
medische dossiers verzameld. Levertestafwijkingen (alkalische fosfatase, γ‐glutamyl
transferase, alanine aminotransferase of aspartaat aminotransferase >1.5 keer de
bovengrens van normaal (ULN)) werden ingedeeld op basis van ernst in mild (nul
levertesten ≥3 keer de ULN), matig (één of twee levertesten ≥3 keer de ULN) en ernstig
(drie of vier levertesten ≥3 keer de ULN). Bij 24% van de onderzochte
sarcoïdosepatiënten waren levertestafwijkingen aanwezig. Bij 15% was dit meest
waarschijnlijk het gevolg van betrokkenheid van de lever in het sarcoïdoseproces. Bij 22
van deze laatste groep was eerder een leverbiopt verricht, waarvan 21 biopten
compatibel bleken met leversarcoïdose. De aanwezigheid en mate van inflammatie,
fibrose, en verdeling van de granulomen in deze leverbiopten werden onderzocht. De
aanwezigheid van matige of ernstige levertestafwijkingen bleek geassocieerd met
vergevorderde histopathologische afwijkingen. Daarom wordt bij sarcoïdosepatiënten
met matige of ernstige levertestafwijkingen een leverbiopt aanbevolen.
Hoofdstuk 5 geeft een overzicht van de kennis beschikbaar in de literatuur omtrent
therapeutische opties voor sarcoïdosebetrokkenheid van de lever. Deze data zijn
samengevoegd in aanbevelingen voor de optimale therapeutische benadering in de
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klinische praktijk. Slechts 5–30% van de patiënten met leversarcoïdose tonen
symptomen. Echter, in sommige gevallen kan leversarcoïdose een progressief beloop
hebben met ernstige complicaties. Dit onderstreept het belang van een passende en
zorgvuldig getimede therapeutische benadering. Aangezien symptomatische
leversarcoïdose ongewoon is, zijn studies naar therapie schaars. Antwoorden op vragen
wanneer welke behandelstrategie moet worden gestart, zijn niet beschikbaar.
Casuïstiek beschrijvingen wijzen op gunstige effecten van glucocorticosteroïden,
immunomodulerende en TNF‐α remmende middelen. Vanwege de kleine onderzoeks‐
populaties kunnen op basis van deze studies geen goede conclusies worden getrokken.
Bij symptomatische leversarcoïdosepatiënten wordt aanbevolen om te starten met
glucocorticosteroïden, de gebruikelijk geadviseerde behandeling van sarcoïdose,
voorafgegaan door behandeling met ursodeoxycholzuur indien tekenen van cholestase
aanwezig zijn. Ook kunnen antioxidanten worden overwogen. In refractaire gevallen of
wanneer afbouw van glucocorticosteroïden niet mogelijk is, kunnen cytotoxische
middelen of TNF‐α remmende therapie worden overwogen. Toekomstig onderzoek is
noodzakelijk om het effect van behandeling op ziekteprogressie en complicaties bij
leversarcoïdose nader uit te zoeken.
In hoofdstuk 6 wordt de ontwikkeling van praktische aanbevelingen, geformuleerd
namens de World Association of Sarcoidosis and Other Granulomatous Disorders
(WASOG), voor het gebruik van MTX bij sarcoïdose gepresenteerd. Kennis verkregen via
een systematische literatuur review werd geïntegreerd met de expert opinion van
sarcoïdose‐experts wereldwijd. Literatuuronderzoek leverde 237 artikelen op, waarvan
43 werden geïncludeerd. Er bleek slechts een enkele gerandomiseerde gecontroleerde
studie naar het gebruik van MTX bij sarcoïdose beschikbaar. Een online vragenlijst
betreffende 10 klinische vragen werd verzonden via de WASOG nieuwsbrief naar de
experts. Vijfenveertig procent (113 van 250) van de gecontacteerde sarcoïdose‐experts
vulden de vragenlijst volledig in (Europa 55%, Noord‐Amerika 26% en Azië 12%). Tien
aanbevelingen werden geformuleerd betreffende de indicaties voor gebruik,
startdosering, foliumzuur, work‐up, contra‐indicaties, monitoren, toedieningsopties in
geval van gastro‐intestinale bijwerkingen, levertoxiciteit, veiligheid op de lange termijn
en gebruik tijdens zwangerschap en borstvoeding. Het gemiddelde niveau van
overeenstemming betreffende het totale aantal aanbevelingen onder de leidende
sarcoïdose‐experts bleek hoog (8.7, range 8.0–10). Tevens werd een mobiele applicatie
(app) ontwikkeld voor smartphone of tablet met deze aanbevelingen en nuttige
praktijkvoorbeelden (Appendix 2). De app ‘MTX in sarcoidosis’ is gratis te downloaden
via de Apple Store of Google Play Store.
Hoofdstuk 7 beschrijft de ontwikkeling van praktische aanbevelingen voor het
gebruik van de TNF‐α remmers infliximab en adalimumab om de clinicus te
ondersteunen bij de behandeling van refractaire sarcoïdose. Kennis verkregen via een
literatuuronderzoek werd gecombineerd met de resultaten van een Delphi studie onder
sarcoïdose‐experts wereldwijd. Literatuuronderzoek leverde 256 artikelen op, waarvan
101 werden geïncludeerd. Er bleken slechts enkele gerandomiseerde gecontroleerde
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studies naar het gebruik van TNF‐α remmers bij sarcoïdose beschikbaar. Informatie
werd aangevuld met kennis beschikbaar van studies verricht bij andere inflammatoire
aandoeningen. Een online vragenlijst betreffende 12 klinische vragen werd verzonden
naar de experts om consensus na te gaan wanneer onvoldoende data beschikbaar
bleken voor objectieve antwoorden. Vijfennegentig procent (19 van 20) van de
gecontacteerde sarcoïdose‐experts vulden de vragenlijst volledig in (Europa 68%,
Noord‐Amerika 32%). Negen aanbevelingen betreffende algemene aspecten rondom
het gebruik van TNF‐α remmers werden geformuleerd. Tevens werden aanbevelingen
gedaan betreffende items specifiek gerelateerd aan sarcoïdose, namelijk indicaties,
start‐ en onderhoudsdosering, interval van behandeling, behandelduur en de methode
van staken van infliximab en adalimumab.
De aanwezigheid van het GG‐genotype van het TNF‐α G‐308A polymorfisme is
geassocieerd met een slechte prognose bij sarcoïdose. In hoofdstuk 8 wordt de
associatie tussen de aanwezigheid van het TNF‐α G‐308A polymorfisme en de respons
op TNF‐α remmers bij 111 patiënten met refractaire sarcoïdose onderzocht. De
geïncludeerde patiënten werden gedurende minimaal 12 maanden vervolgd na de start
van infliximab (n=76) of adalimumab (n=35). De belangrijkste symptomen bij deze
patiënten bestonden uit dunne vezel neuropathie (82%), pulmonale betrokkenheid
(62%), uveïtis (28%) en/of moeheid (90%). De aanwezigheid van het TNF‐α G‐308A
polymorfisme werd met behulp van genotypering vastgesteld. Behandelrespons werd
vastgesteld op basis van klinische kenmerken en vragenlijsten. Van de totale groep
patiënten die TNF‐α remmende therapie kregen, verbeterden 75%. Van de patiënten
met het GG‐genotype van het TNF‐α G‐308A polymorfisme verbeterden 93.6% (73/78;
p<0.001), terwijl slechts 30.3% (10/33) van de TNF‐α ‐308A variant allel dragers gunstig
reageerden op de TNF‐α remmer. Sarcoïdosepatiënten zonder de TNF‐α ‐308A variant
allel (GG‐genotype) bleken een driemaal hogere waarschijnlijkheid van respons op TNF‐
α remmers te hebben. Toekomstig onderzoek is noodzakelijk om de waarde van TNF‐α
G‐308A polymorfisme genotypering bij het op maat aanpassen van TNF‐α remmende
therapie te evalueren.
De belangrijkste bevindingen beschreven in dit proefschrift, evenals de hieruit
voortvloeiende mogelijkheden voor toekomstig onderzoek, worden besproken in
hoofdstuk 9. Enkele aandachtspunten met betrekking tot het gebruik van MTX en TNF‐
α inhibitors worden toegelicht. Opvallend bij het gebruik van MTX is het voorkomen
van angst voor bijwerkingen bij een aanzienlijk deel van de artsen die sarcoïdose
behandelen. Meestal is dit het gevolg van gebrek aan ervaring met het middel. In geval
van gastro‐intestinale bijwerkingen of onvoldoende effectiviteit van MTX, kan het
toepassen van de parenterale toedieningsvorm uitkomst bieden. Een probleem waar
clinici vaak tegenaan lopen bij het voorschrijven van TNF‐α remmers bestaat uit de
overweging bij welke patiënten en na welke behandelperiode in geval van stabiele
ziekte staken of ‘taperen’ van farmacotherapie overwogen zou kunnen worden. Bij het
optimaliseren van farmacotherapie kan gebruik worden gemaakt van farmacogenetica.
‘Genetische chips’ met het individuele polymorfe genotype, gecombineerd met het
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fenotype oftewel de klinische presentatie, kunnen worden gebruikt bij het nastreven
van ‘personalized medicine’. Zo kan onnodige blootstelling aan potentieel schadelijke
middelen worden voorkomen. Bovendien kan effectiever, sneller en goedkoper
controle van ziekteactiviteit worden bereikt. In dit proefschrift werd hiertoe een eerste
aanzet gegeven bij het instellen van TNF‐α remmende therapie bij sarcoïdose door
gebruik te maken van het TNF‐α G‐308A polymorfisme. Toekomstig onderzoek is
noodzakelijk om de klinische waarde van farmacogenetica bij het op maat instellen van
therapeutische middelen na te gaan. Er zijn slechts weinig studies naar de verschillende
farmacotherapeutische opties bij sarcoïdose verricht en gestandaardiseerde
behandelstrategieën ontbreken. Dit maakt dat gerandomiseerde gecontroleerde
studies en het opstellen van aanbevelingen voor glucocortico‐steroïden en tweedelijns
middelen belangrijke onderwerpen voor toekomstig onderzoek zijn. Nader inzicht in
glucocorticosteroïd resistentie en nieuwe experimentele therapieën, zoals rituximab,
verdienen eveneens aandacht.

Conclusie
Dit proefschrift presenteert verschillende aspecten met als doel een bijdrage te leveren
aan het optimaliseren van farmacotherapeutische opties bij sarcoïdose. Cachexie en
spieratrofie blijken frequent voorkomende problemen te zijn bij sarcoïdose,
geassocieerd met ernstigere pulmonale betrokkenheid. Deze bevindingen geven aan
dat het bepalen van lichaamssamenstelling bij de behandeling van sarcoïdose van
belang is. Verder zijn bij een aanzienlijk deel van de sarcoïdosepatiënten
levertestafwijkingen aanwezig, bij de meerderheid waarschijnlijk ten gevolge van
leversarcoïdose. Wanneer matige of ernstige levertestafwijkingen aanwezig zijn bij een
patiënt die verdacht wordt van leversarcoïdose, moet een leverbiopt worden
overwogen vanwege de grote kans op vergevorderde histopathologische afwijkingen.
De informatie af te leiden uit biopsie kan worden gebruikt bij de implementatie van een
adequate behandelstrategie van leversarcoïdose. De aanbevelingen voor de
behandeling van leversarcoïdose worden in dit proefschrift gepresenteerd. Ook worden
internationale aanbevelingen voor het gebruik van MTX en TNF‐α remmers beschreven,
gebaseerd op bevindingen van de literatuur gecombineerd met de expert opinion van
sarcoïdose‐experts wereldwijd. Tot slot toont de bevinding dat sarcoïdosepatiënten
zonder TNF‐α ‐308A variant allel (GG‐genotype) een driemaal grotere waarschijnlijkheid
van respons op TNF‐α remmers hebben in vergelijking met TNF‐α ‐308A variant allel
dragers (GA‐ of AA‐genotype), een mogelijke rol voor TNF‐α G‐308A polymorfisme
genotypering bij het op maat instellen van TNF‐α remmende therapie. Verder
onderzoek is wenselijk naar methodes om responders op TNF‐α remmende therapie te
identificeren en naar de mogelijke rol die TNF‐α G‐308A genotypering hierbij zou
kunnen spelen.
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Baughman
3
et al. (2012)

Vorselaars
2
et al. (2013)

Authors

Case series

Baughman et
al. (2000)1

Authors

Eye (all patients),
lung, skin, liver,
neurologic, cardiac

329

365

MTX
dosage
10 mg
weekly
orally
increasing
to 15 mg
weekly

Monotherapy MTX (n=115); 10 mg
combination with prednisone weekly
40mg daily (n=101), AZA
orally
20mg daily, leflunomide 50–
150mg daily

Combi/
monotherapy
Combination with
prednisone

Combi/
monotherapy
Combination with
prednisone 40 mg
daily starting
dose

MTX
dosage
10 mg
weekly
orally

Folic acid
dosage

Folic acid
dosage
Start in case of
oral symptoms
or nausea

Disease resolution or stabilisation Use not
described

Significant GC‐sparing potency
5 mg weekly
without difference between MTX
and AZA, similar positive effect in
lung function, comparable side‐
effects except for a higher
infection rate in AZA (p=0.01)

Effect of therapy

Organ
involvement
Drop‐outs: 7 MTX/2
Lung (n=8 in MTX and
placebo (p>0.20).
n=6 in placebo group),
Reasons: non‐
skin (n=2 and 1), eye
compliance, pregnancy (n=2 and 2), liver (n=1
wish, pulmonary
and 1), testicular (n=0
embolism
and 1)

Drop‐outs (n)

Patients
Organ
responding (n) involvement
Not described 95 MTX/41 AZA lung,
15/5 neurological, 6/3
cardiac, 7/3 joints, 4/1
fatigue, 2/0 uveitis,
21/2 other

Patients
responding (n)
Significantly lower GC
dosage in second 6
months in MTX group
compared to placebo
(8 MTX/2 placebo); no
difference in lung
function, chest
radiograph stage,
symptoms or side‐
effects

Patients
treated (n)
145 MTX/ 55 AZA

Patients
treated (n)
Determining whether 16 MTX/ 8
MTX can be GC‐
placebo
sparing in acute
sarcoidosis in first
year of GC therapy

Study goal

Randomized controlled trials

MTX: gastro‐
intestinal 20%,
hepatic
functional decline
8%, infections
18%, headache
4%, malaise 8%,
withdrawal due
to side‐effects
16%
n=14 stopped
due to toxicity,
hepatotoxicity in
liver biopsy (6 of
12 patients)

Adverse effects
of MTX (n)

Adverse effects
of MTX (n)
Nausea (n=1),
respiratory
infections (n=?)
not related to
MTX

Overview of studies on the use of methotrexate in sarcoidosis

219

220
10

17

39

Not described

11

28

50

12

Dev et al.
(1999)6

Lower et al.
7
(1997)

Lower and
Baughman
(1995)8

Baughman and
9
Lower (1990)

9

13

Vucinic
4
(2002)

Zeitlin et al.
(2000)5

Patients
responding (n)
73 (approxi‐
mately)

Patients
treated (n)
91

Authors

Combination with GC (n=7)

Lung (n=12), skin
(n=7), liver (n=4),
central nervous
system (n=3)

Lung, skin, central
nervous system

12.5 mg
weekly
orally
Not
described

MTX
dosage
10 mg
weekly
orally

Monotherapy MTX (n=10),
previously treated with
prednisone (n=2)

10 mg
weekly
orally

Combination with GC (n=30), 10 mg
monotherapy MTX (n=20)
weekly
orally

Neurosarcoidosis
Combination with
including cranial nerve prednisone
involvement, seizures,
peripheral
neuropathy, lungs,
skin, eye, liver

Eye (panuveitits)

Combi/
monotherapy
Combination with GC (n=49),
monotherapy MTX (n=42),
previously treated with GC

Significant improvement in VC
(p<0.01), significant drop in
percentage of lymphocytes in BAL
(p<0.001)

>15% improvement in VC or
improvement of other organs
(33 of 50 patients), reduction in
prednisone dosage (25 of 30
patients treated with GC) after
6 months of treatment

Preserved or improved visual
acuity, decrease in daily GC
requirements
MRI or CSF improvement,
subjective improvement

Effect of therapy

Not described

Adverse effects
of MTX (n)
No patients
experienced side‐
effects causing
discontinuation
of MTX

Oral ulcers (n=1),
alopecia (n=1),
nausea (n=1)
Not described Neutropenia
(n=1),
hepatotoxicity
(n=1), severe
nausea leading to
discontinuation
(n=1)
Not standard, Mouth sores,
only when
nausea,
gastrointestinal neutropenia
side‐effects
(n=1), MTX‐
induced cough
(n=1),
hepatotoxicity
(n=6)
Not described None

1 mg daily

Folic acid
dosage
Improvement of chest radiograph, Not standard
improvement of lung function,
improvement of clinical signs and
symptoms of extrapulmonary
disease, reduction in/termination
of prednisone dosage (n=49)
after 6 months of treatment.
Improvement of sinonasal
Not described
Sinonasal, lungs, skin, Combination with GC and/or Not
described complaints
eye etc.
AZA and/or
(hydroxy)chloroquine after
monotherapy with GC

Organ
involvement
Lung, eye, skin, heart,
liver, spleen, bone
marrow, bones, lymph
nodes, neurologic,
parotid and thyroid
gland
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16

Patients
treated (n)
14

1 (comorbidity
sickle cell
disease)
Sakushima et al. 3
(2012)16

Combi/
monotherapy
Combination with
prednisone 20 mg daily

Spinal cord (n=2),
cerebrum (n=1)

3

Combination with
prednisone 25 mg daily,
erythrocytapheresis
Combination with GC

Lung, lymphadenopathy, Combination with GC
bone phalanges and
adjacent soft tissue
Oral
Combination with GC

Lung, mediastinum,
lymph nodes

1

2

Bouaziz et al.
(2012)14

Combi/
monotherapy
Combination with GC
(n=11), monotherapy MTX
after GC monotherapy
(n=3)

Skin (=16), lungs or
Monotherapy
hilar adenopathy
(n=13), eye (n=4), liver
(n=4), bone (n=1)

1

1

1

Delmonte et al.
(2012)15

12

Patients
Organ
responding (n) involvement
13
Lung (n=14), eye,
(n=6), liver (n=6), skin
(n=5)

Patients
Organ
responding (n) involvement
1
Lung, central skeleton

Alemdaroğlu et
al. (2013)13

Patients
treated (n)
Sakellariou et al. 1
(2013)12

Authors

Case reports

Veien and
Brodthagen
(1977)11

Lower and
Baughman
(1990)10

Authors

Not
described

Decrease in inflammatory
markers of CSF and serum

20 mg and Complete remission
15 mg
weekly orally
7.5 mg
Reduction in lung infiltrates and
weekly orally mediastinal lymph nodes

MTX
Effect of therapy
dosage
10 mg
Pain relief in skeleton,
weekly orally normalisation of inflammatory
markers
10 mg
Regression of lymph nodes, hand
weekly orally findings unchanged

MTX
Effect of therapy
dosage
10 mg
Improvement of symptoms
weekly orally (n=13), 15% improvement in VC
(n=5), of chest radiograph (n=6),
>50% reduction of skin lesions
(n=4), improvement of LT
abnormalities (n=2), decrease in
daily GC requirements (n=9)
25 mg
Clearance of skin lesions (n=12),
weekly orally clearance of uveitis (n=3)

Not described

5 mg weekly

Not described

Not described

Folic acid
dosage
7.5 mg weekly

Not described

Folic acid
dosage
Not described

None

None

None

None

Adverse effects
of MTX (n)
None

Nausea (n=10)
with
discontinuation in
2, transient LT
abnormalities
(n=2)

Adverse effects
of MTX (n)
One episode of
infection

Overview of studies on the use of methotrexate in sarcoidosis

221

222

Chong et al.
(2005)28

Bradley et al.
(2006)26
Kennedy et al.
(2006)27

Suárez
Zambrano and
Hutton (2008)24
Morgan et al.
(2008)25

Mannam et al.
(2009)22
Varron et al.
(2009)23

Bargagli et al.
(2011)17
Gautam et al.
(2011)18
Lambert et al.
(2011)19
Kimball et al.
(2010)20
Kalajian et al.
(2009)21

Authors

1

1

1

1

1

1

1

1

5

3

1

1

2

1

1

10

7

1

Skin

Liver, lung

Spinal cord

Osseous vertebral
sarcoidosis, skin, lung,
liver, spleen,
hypercalcaemia,
lymphadenopathy

Neurosarcoidosis:
intracerebral lesion

Neurosarcoidosis,
intrasellar lesion
Skin, bone marrow with
anaemia and
leucocytopenia
Lymphadenopathy,
chylous ascites
Spinal cord, skin,
lymphadenopathy

Lung, tenosynovitis

1

1

1

Patients
Organ
responding (n) involvement
0
Skin, bone,
hypercalciuria
1
Skin

Patients
treated (n)
2

MTX
dosage
10 mg
weekly orally
7.5 mg
weekly orally
15 mg
weekly orally
Not
described
17.5 mg
weekly orally

Monotherapy

Combination with
prednisone
Combination with
prednisone

Combination with
prednisolone 40 mg daily

Improvement/stabilisation of
estimated modified Rankin scale
for functional independence
Improving symptoms (motor
seizures and headache)

Improvement of skin lesions,
improvement of haematological
parameters, decrease in ACE
Complete remission

Complete regression of nodules
and tenosynovitis
Symptom‐free

Complete remission

No effects

Effect of therapy

Not
described

Not
described
Not
described

Not described

Not described

Not described

Not described

1 mg daily

Not described

Not described

Not described

Folic acid
dosage
Not described

Decrease in daily GC
Not described
requirements
Normalisation of LT
Not described
abnormalities, effect on lungs not
described
Partial resolution of lesions
Not described

10 mg
Skin abnormalities disappeared,
weekly orally disappearance of back pain.

Not
described
Combination with GC (1
20 mg and
mg/kg daily and 0.5 mg/kg 10 mg, resp.
daily, respectively)
weekly orally
Combination with
Not
prednisone 1 mg/kg/daily described

Combination with GC,
minimal debulking
Combination with
mycophenolate mofetil
2500 mg oral daily
Not described

Combination with
prednisone 40 mg daily
Monotherapy

Combi/
monotherapy
Combination with GC

Not described

None

Discontinuation
of MTX because
of intolerance,
not described
which side‐
effects
Unknown

None

None

None

Minor

None

None

None

Adverse effects
of MTX (n)
None
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1

1

1

1

1

Moin et al.
(2001)32

Scola et al.
(2001)33
Diri et al.
(1999)34

5

1

5

Kaye et al.
(1995)37

Henderson et al. 1
(1994)38

7

7

Gedalia et al.
(1997)36

1

1

Mañá et al.
(1999)35

1

3

3

Maust et al.
(2003)31

0

Skin, larynx

Lymphadenopathy hilar
and supraclavicular,
vertebrae, rib
Eye (n=6), lungs (n=4),
joints (n=4), bone (n=3),
skin (n=3),
lymphadenopathy (n=3),
kidney (n=1)
Musculoskeletal

Neurosarcoidosis,
muscle, lung
Myelopathy

Eyelid, skin

Monotherapy

Not described

Combination with
prednisone

Combination with
prednisone 25 mg daily

Combination with
prednisone
Combination with GC

Combination with
prednisone

Combi/
monotherapy
Combination with low
dose prednisone
Sinonasal, lung
Combination with
prednisolone 0.5‐1 mg/kg
daily
Sarcoid‐associated optic Combination with GC
neuropathy (n=3), lung
(n=2)

Patients
Organ
responding (n) involvement
1
Osseous sarcoidosis

2

Patients
treated (n)
1

Braun et al.
(2004)30

Gardner (2005)29

Authors
Resolution of osseous lesions

Effect of therapy

Not described

Not described

Folic acid
dosage
Not described

7.5–15 mg
Improvement of clinical
weekly orally symptoms, decrease in daily GC
requirements
10 mg
Improvement of cutaneous and
weekly orally laryngeal lesions

10–15
Improvement of clinical and
mg/m2
laboratory parameters, decrease
weekly orally in daily GC requirements

Not described

Not described

1 mg daily

Not described

Not described

Resolution of inflammatory
Not described
process of eyelid, decrease in
daily GC requirements
Complete remission of symptoms Not described

Improvement of clinical
symptoms, decrease in daily GC
requirements
15 mg
Improvement of clinical
weekly orally symptoms (pain)

Not
described
Not
described

Not
described

No effect. In one case MTX
discontinuation because of liver
toxicity
10 mg
Preserved or improved visual
weekly orally acuity, decrease in daily GC
requirements

MTX
dosage
15 mg
weekly orally
Not
described

None

None

None

None

Not described

None

Leucocytopenia
(n=1) with
normalization
after MTX dose
reduction
None

Liver toxicity
(n=1)

Adverse effects
of MTX (n)
Not described
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224

3

1

3

1

Webster et al.
(1989)42

Lacher
(1968)43

Skin, lung, heart

Skin

Neurosarcoidosis, liver,
skin, eye

Combination with topical
steroids. Previous
treatment with oral GC.
Combination with
prednisone

Combination with
prednisone

Combination with topical
steroid treatment

Combi/
monotherapy
Monotherapy

Not
described

Improvement of clinical
symptoms, decrease in daily GC
requirements

MTX
Effect of therapy
dosage
7.5 mg
Improvement of pulmonary
weekly orally function (FVC, chest radiograph
and arterial blood gases),
improvement of cutaneous
lesions
15 mg
Clear improvement of skin
weekly orally abnormalities (n=3), improved
pulmonary diffusion capacity
(n=2). Maximal effect after 6–9
months.
Improvement of neurological
25 mg
symptoms
weekly
intramus‐
cular
15–22.5 mg Improvement or disappearance of
weekly orally skin symptoms
None

Not described

None

None

Not described

Not described

Knee pain (n=1)

Adverse effects
of MTX (n)
Nausea, transient

Not described

Folic acid
dosage
Not described

ACE, angiotensin‐converting enzyme; AZA, azathioprine; BAL, bronchoalveolar lavage; CSF, cerebrospinal fluid; FVC, forced vital capacity; GC, glucocorticosteroids; LT, liver test; MR
imaging, magnetic resonance imaging; MTX, methotrexate; VC, vital capacity.

1

1

Soriano et al.
(1990)41

Skin (n=3), lungs (n=2)

3

3

Webster et al.
(1991)40

Suda et al.
(1994)39

Patients
Organ
responding (n) involvement
1
Lungs, eye, skin

Patients
treated (n)
1

Authors
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Mobile application ‘MTX in sarcoidosis’
Based on the expert opinions from the
world’s leading sarcoidologists combined
with evidence from the literature, a mobile
application (app) was developed for smart‐
phone or tablet with 10 recommendations on
how to use methotrexate in sarcoidosis
clinical practice.
The complete statement of the experts,
published in Current Opinion in Pulmonary
Medicine, can also be found. Useful links to
the latest scientific publications in this field,
along with clinical cases demonstrating the
effect of methotrexate, are available as well.
The app was developed on behalf of the
ild care foundation in cooperation with the
World Association of Sarcoidosis and Other
Granulomatous Disorders (WASOG). You can
download the app for free in the Apple Store
or Google Play Store.
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Drug

Judson et al. Infliximab
2
(2008)

Baughman et Infliximab
al. (2006)1

Authors

Patients
treated (n)
138
(46 infliximab
3 mg/kg,
47 infliximab
5 mg/kg,
45 placebo)

Outcome

Significantly higher increase in
FVC% from baseline to week 24
in infliximab group (3 and 5
mg/kg) compared to placebo
(p=0.038); no improvement in
dyspnea, 6MWD, skin
abnormalities (LuPGA);
patients with more severe
disease tended to benefit more
from infliximab
To assess the
138
Extrapulmonary organ
efficacy of
(62 combined severity was determined by a
infliximab in
infliximab 3
novel severity tool (ePOST)
extrapulmonary mg/kg or 5
with an adjustment for the
sarcoidosis,
mg/kg, 30
number of organs involved
multicentre
placebo)
(ePOSTadj). The change from
study
baseline to week 24 in ePOST
(secondary
as well as the improvement in
endpoint of
ePOSTadj was greater for the
study
combined infliximab group
Baughman et
compared with placebo
1
al. )
(p<0.05).

To assess the
efficacy of
infliximab in
pulmonary
sarcoidosis,
multicentre
study

Study goal

Randomized placebo controlled trials

2 in infliximab
3 mg/kg group,
2 in infliximab
5 mg/kg, 1 in
placebo group.
Reasons:
withdrawal of
consent, unable to
draw blood, lost to
follow‐up
2 in infliximab 3
mg/kg group,
because study drug
was not received

Drop‐outs (n)
Combination with
GC n=70,
immunomodu‐
lation n=10,
GC/immuno‐
modulation n=58.
No difference
between groups.

Combi/
monotherapy

17
See Baughman et
1
extrapulmo‐ al. No difference
nary organs, between groups.
among others
peripheral
lymph nodes,
skin, bone,
joints, liver,
eyes

Lungs, skin,
eye

Organ
involvement

3 or 5 mg/kg iv
at 0, 2, 6, 12,
18, and
24 weeks and
were followed
through week
52

3 or 5 mg/kg iv
at 0, 2, 6, 12,
18, and
24 weeks and
were followed
through week
52

Dosage

See Baughman et al.

1

Pneumonia n=4,
squamous cell carcinoma
n=1, epithelioid sarcoma
n=1. Infusion reactions
2.3%. Other side‐effects
not different for placebo
and infliximab groups.

Adverse effects
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Infliximab

Rossman et
3
al. (2006)

Pariser et al. Adalimu‐
(2013)4
mab

Drug

Authors

Patients
treated (n)
To assess the
19
safety,
(13 inflixi‐
tolerability and mab, 6
efficacy of
placebo at
infliximab in
weeks 0 and 2
and open‐
pulmonary
sarcoidosis,
label
multicentre
infliximab for
all subjects at
study
weeks 6 and
14)
To assess the
16 (10
effectiveness
adalimu‐mab,
and safety of
6 placebo)
adalimumab in
cutaneous
sarcoidosis

Study goal

Drop‐outs (n)

Improvement in target lesion
area (p=0.0063), target lesion
volume (p=0.0225), and
Dermatology Life Quality Index
score (p=0.0034); no significant
changes in
pulmonary function tests,
radiographic findings, or
laboratory studies

Monotherapy

Organ
Combi/
involvement monotherapy
Lungs
‐
(radiogra‐phic
stage II, III and
IV)

3 in adalimumab, 1 Skin
in placebo group.
Reasons: did not
receive allocation
treatment, unable
to be contact,
unable to arrange
transportation

At 6 weeks the mean relative None
change in VC ±SD compared to
baseline was 15.22 ±9.91% for
infliximab and 8.39 ±3.33% for
placebo (p=0.65)

Outcome
Decreased WBC and
elevated CK n=1,
pneumonia n=1, cellulitis,
acute renal failure,
pulmonary embolus with
consequent death n=1,
and visual field defect
n=1

Adverse effects

Adalimumab
Pneumonia (n=1), other
group 80 mg sc adverse effects mild.
at week 0 and
40 mg once a
week thereafter
during 12
weeks, both
groups 40 mg
once a week
during 12 weeks
thereafter

5mg/kg iv at 0,
2, 6 and 14
weeks

Dosage
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14

111 (76
inflixi‐
mab, 35
adalimu‐
mab)

Infliximab To assess the
relapse rate and
predict relapse
after
discontinuation
of infliximab

Infliximab To assess the
course of
sarcoidosis after
discontinua‐tion
of infliximab

Infliximab/ To assess
Adalimu‐ association TNF‐α
mab
G‐308A
polymorphism
and response to
TNF‐α inhibitors
after 1 year

Panselinas et
6
al. (2012)

Wijnen et al.
7
(2013)

Patients
followed
(n)
47

Vorselaars et
5
al. (2013)

Study goal

Drug

Authors

Predictive
factors
of relapse
Mediastinal
29 (62%) had relapse
after infliximab
SUVmax scores
discontinuation; mean ≥6.0 and serum
follow‐up time 36.6
sIL2R ≥4000
±22.6 months, median pg/mL at the start
of therapy
time to relapse 11.1
±2.57 months
‐
12 (86%) had
deteriorated as
compared with their
status at the time of
discontinuation, mean
follow‐up time 12
months, 50%
deteriorated within 3
months after
discontinuation
‐
83 (75%) responded
well; of patients
without the variant A‐
allele 93.6% (p<0.001)
improved, while 30.3%
of variant A‐allele
carriers improved

Outcome

Discontinuation and polymorphism studies

4.4 months

Lungs n=69,
At least 1 year
eyes n=31, SFN
n=91, skin n=6,
spinal cord n=1,
kidney n=1

CNS, skin

Mean
duration
treatment
Pulmonary
8.5 ±5.8
n=30, extrapul‐ months
monary
involvement
n=41

Organ
involvement

Combi/
monotherapy

Infliximab 5
mg/kg iv at 0, 2
and 6 weeks,
and every 4
weeks
thereafter/
Adalimumab 40
mg sc once a
week

Combination with
GC n=14, MTX
n=29, GC/MTX
n=28

Monotherapy
n=3, combination
with GC n=13,
immunomodulati
on =19,
GC/immunomodu
lation n=11
5 mg/kg iv at 0, Combination with
2 and 6 weeks, GC n=7, MTX n=2,
and every 6
GC/MTX n=2,
weeks
GC/AZA n=1,
thereafter
GC/cyclophospha
mide n=1

5 mg/kg iv at 0,
2 and 6 weeks,
and every 4
weeks
thereafter

Dosage

Minor infections
n=11, sepsis n=1,
herpes zoster
infection n=5,
antibody formation
infliximab n=9

Not described

Allergic reaction
n=3 in patients not
included

Adverse effects
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Patients
treated (n)

12

Orum et al.
(2012)10

Infliximab 12

14

Patients
responding
(n)
Infliximab 53 organs of 42 31 organs
patients

Drug

Hostettler et al. Infliximab 16 (treatment
9
for 12 months)
(2012)

Russell et al.
8
(2013)

Authors

Large case series
Combi/
monotherapy

Dosage

Effect of therapy

Lungs, skin,
lymph nodes,
CNS

Combination with
GC n=24, MTX
n=20, HCQ n=23,
etanercept n=1

Unknown, average
treatment duration
46.2 months, up to a
maximum of 85
months

Complete remission n=2;
discontinuation of other
therapeutic agents during
infliximab n=13; symptom and
clinical resolution or improvement;
small improvement in FVC, FEV1,
TLC (not significant)
Improvement of FVC 0–10% in 4/5
Predominant
Combination with 3 mg/kg iv in 4/6/8
pulmonary n=5, GC n=6,
weekly intervals
with predominant pulmonary
involvement; complete or partial
extrapul‐monary GC/immuno‐
n=11 (CNS, lupus modulator n=7
improvement in 10/11 with
pernio, heart)
extrapulmonary involvement
Lungs n=9, eyes Not described
3 mg/kg iv at 0, 2 and Increase in FEV1, FVC, DLCO and
n=2, skin n=2,
6 weeks, and every 8 TLC n=9; ACE and sIL2R in patients
esophagus n=1,
weeks thereafter
with raised values pretreatment
bone marrow
decreased to values within the
n=1, kidney n=1,
reference interval n=6; steroid‐
nose n=1
sparing effect on ocular sarcoidosis
n=2, effect on cutaneous
sarcoidosis n=2, all patients had
reduced organ involvement and
subjective improvement in
symptoms

Organ
involvement

After 4 years of therapy
symptomatic bradyarrhythmia 6h
after infliximab infusion, which
lead to temporary discontinuation
of infliximab n=1
None

Adverse events in 57%,
discontinuation because of toxicity
n=3

Adverse effects (n)
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10

Infliximab 10

Adalimu‐
mab

Doty et al.
(2005)13

Erckens et al.
(2012)14

26

12

Infliximab 12

Saleh et al.
(2006)12

26

11

Infliximab 12

Patients
responding (n)

Keijsers et al.
(2008)11

Patients
treated (n)

Drug

Authors

Dosage

Combination with 5 mg/kg iv at 0, 2
GC n=6, MTX n=2, and 6 weeks, and
HCQ n=2
every 8 weeks
thereafter

Combination with 3 mg/kg iv at
GC and/or MTX
weeks 2, 4,
6, 10 and 14, and
every 8 weeks
thereafter

Combination with 5 mg/kg iv at 0, 2,
GC n=9, MTX
6, 12, 18 and 24
n=10, HCQ n=1
weeks

Combi/
monotherapy

Eye (refractory Combination with 40 mg sc once a
posterior
oral GC n=26, MTX week
uveitis), lungs n=18

Lungs n=2, skin
n=3,
neurologic
n=2, eyes n=1,
bone n=1, liver
n=1, lymph
nodes n=2,
hypercalcae‐
mia n=1
Lupus pernios
n=5, skin non‐
lupus n=1,
bone n=1, CNS
n=1, liver n=1,
muscle n=1

Lungs, eyes,
muscle, skin

Organ
involvement

Adverse effects (n)

Improvement of eye disease in 22
(85%) and stabilization in 4 (15%);
improvement of ACE and CRP
(p<0.01); improvement of fatigue in
67% (p<0.01) and of DLCO in 88%
(p<0.01); tapering down of GC
(p<0.01) and MTX (p<0.05) after 6
and 12 months of treatment

Reduction of GC dose in 5 of 6,
improvement of symptoms n=9;
objective improvement on physical
examination, laboratory studies, or
imaging studies n=10

Development of solid mass at
injection side n=1, minor local
skin reactions n=4

Drug reaction n=1, oral
candidiasis n=1,
angioimmunoblastic lymphoma
n=1

Not described
ACE decreased with an average of
39% (p<0.01); sIL2R with 47%
(p<0.01); VC increased with 5,4%
(p<0.01); DLCO with 3.3% (p<0.05);
SUVmax decreased with 55% ±35
(p<0.01)
All 12 patients improved significantly; Mild allergic drug reaction
responsive to antihistamine n=1
lung function, skin lesions, MR
imaging, CT, vision, bone scan and
liver tests improved.

Effect of therapy
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Adalimu‐
mab

Infliximab/ 19 prescriptions 14
Adalimu‐
in 10 patients
mab
(8 infliximab,
8 adalimumab,
3 etanercept)

Infliximab/ 25
25 initial
Adalimu‐
(19 infliximab,
mab
6 adalimumab)

Banse et al.
16
(2013)

Baughman et
17
al. (2012)

Patients
responding (n)
9

Milman et al.
15
(2012)

Patients
treated (n)
10

Drug

Authors

238
Combi/
monotherapy

Dosage

Effect of therapy

Combination with 40 mg sc once in 2 FDG PET uptake decreased in
GC n=8, MTX n=7, weeks
9 (p=0.011) and increased in 1
AZA n=1
patient; SUVmax fell from median
14.1 to 7.0 (p<0.03), and mean SUV
fell from median 6.5 to 2.9 (p<0.02);
no effect on pulmonary function
tests, serum ACE and blood
lymphocyte concentrations; physical
component summary score of SF‐36
increased (p=0.07)
Articular
Monotherapy
Infliximab 5 mg/kg At 3 months, moderate or
sarcoidosis
n=10,
iv per 6 weeks,
satisfactory efficacy on DAS28 (14/19,
involvement
combination with adalimumab 40 mg 73.7%); after 1 year no significant
n=19,
MTX n=9, NSAID sc once in 2 weeks, effect on articular manifestations,
pulmonary
n=12, GC n=5
etanercept 50 mg DAS28 with ESR or CRP, global VAS
n=9, ocular n=2
sc once a week
score, extra‐articular involvement; no
impact on MTX or NSAID use; they
were significant GC‐sparing
(prednisone 6.3 before versus 3.2
mg/day after therapy)
Eyes
Monotherapy
Infliximab 3‐5
Initial response to TNF‐α inhibitor
n=1, combination mg/kg iv at week n=25, successful long‐term therapy
with MTX n=14,
0, 2 and every 4
(ongoing treatment or remission)
AZA n=10, LEF n=3 weeks thereafter, n=10 (7 infliximab, 3 adalimumab)
adalimumab 40 mg
sc once in
1–2 weeks

Organ
involvement
Intrathoracic
n=9,
extrathoracic
n=4

Anaphylaxis n=2, arthralgia and
rash n=7, infections n=2, toxicity
leading to discontinuation
infliximab n=8, adalimumab n=3

Mild infections n=2, toxiderma
n=1 with resolution after
discontinuation

Pneumonia n=1, vaginal
candidiasis n=1

Adverse effects (n)
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Infliximab
/
Adalimu‐
mab

122
(82 infliximab,
27 adalimumab,
13 etanercept)

74 (58 inflixi‐
mab, 13
adalimumab, 3
etanercept)

Patients
Patients
treated (n)
responding (n)
Infliximab 42
‐
/
(31 infliximab,
Adalimu‐ 11 adalimumab)
mab

Drug

Combi/
Dosage
monotherapy
Combination with Infliximab 5 mg/kg
GC and/or MTX
iv at 0, 2 and 6
weeks and every 4
weeks thereafter,
adali‐mumab 40
mg sc once a week
Not described Not described
Not described

Organ
involvement
Cognitive
failure, fatigue
None

Adverse effects (n)

Clinical status or one or more organs Adalimumab: infection n=2,
improved or reduction concurrent
reaction injection site n=3;
medications
infliximab: anaphylactic reaction
n=2, hypotension n=2, allergic
reactions n=5, gastrointestinal
bleeding n=3, alopecia n=1, skin
cancer n=2

Significant higher improvement in
CFQ and FAS compared to without
TNF‐α inhibitor (p<0.0001)

Effect of therapy

ePOST, extrapulmonary physician organ severity tool, a novel severity tool to examine the state of sarcoidosis extrapulmonary organ involvement in 17 extrapulmonary organs in which each
organ has to be scored on a scale from from 0 (not affected) to 6 (very severely affected); ePOSTadj score, ePOST score divided by the number of extrapulmonary organs involved; LuPGA, Lupus
Pernio Physician’s Global Assessment, semiquantitative rating scale representing the physician’s assessment of the patient’s lupus pernio status relative to baseline. ACE, angiotensin‐converting
enzyme; AZA, azathioprine; CFQ, cognitive failure questionnaire; CK, creatine kinase; CNS, central nervous system; CRP, C‐reactive protein; CT, computed tomography, DAS28, disease activity
score in 28 joints; DLCO, diffusing capacity for carbon monoxide; ESR, erythrocyte sedimentation rate; FAS, fatigue assessment scale; 18F‐FDG PET, fluorine18‐fluorodeoxyglucose positron
emission tomography; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; GC, glucocorticosteroids; HCQ, hydroxychloroquine; iv, intravenous; LEF, leflunomide; MR imaging,
magnetic resonance imaging, MTX, methotrexate; 6MWD, 6‐minute walk distance; n, number; NSAID, nonsteroidal anti‐inflammatory drug; sc, subcutaneous, SD, standard deviation; SF‐36, short
form‐36; SFN, small fiber neuropathy; sIL2R, soluble‐interleukin2‐receptor; SUVmax, maximum standardized uptake value of 18F‐fluorodeoxyglucose positron emission tomography; TLC, total
lung capacity; TNF‐α, tumor necrosis factor‐alpha; VAS, visual analog scale; VC, vital capacity; WBC, white blood cell.
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