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INTRODUCTION

Sarcoidosis is a granulomatous disease of unknown cause with a wide variety in disease expres-

sion. Most often pulmonary and lymphatic involvement is present, but eyes, skin, heart and 

nervous system are often involved as well. In rare cases the liver, central nervous system or 

bones may be affected. Symptoms depend on organ involvement, disease duration, ethnic-

ity and activity of the granulomatous process. Diagnosis is established based on clinical and 

radiological findings and preferably histological evidence of non-necrotizing granulomas with 

exclusion of other known causes of granuloma formation. The clinical course of sarcoidosis 

shows wide variability, ranging from self-limiting to chronic and life-threatening. Sarcoidosis 

is a rare disease: incidence in The Netherlands is estimated to be 20 per 100,000 inhabitants 

and prevalence 50 per 100,000 inhabitants. Mainly patients in the age of 20 to 40 are first 

affected [1].

 

Disease etiology

Although the cause remains uncertain, it is assumed that sarcoidosis results from environmental 

exposure of a genetically susceptible host. The trigger is thought to be an antigen of yet unknown 

identity that is processed by antigen presenting cells (APCs) and presented to T lymphocytes. 

Upon release of stimulatory molecules, e.g. interleukin-2 (IL-2), tumor necrosis factor (TNF) and 

interferon-gamma (IFN-γ), activation and proliferation of T lymphocytes and monocytes occurs. 

Also other cells, such as B cells, are recruited. Granulomas are formed, consisting of epithelioid 

cells, giant cells and lymphocytes. TNF plays a pivotal role in this process of granuloma formation 

[1,2]. Chapter 2 goes into more detail on the sarcoidosis etiology.

Pharmacological treatment

Since the cause of sarcoidosis is not known, curative pharmacotherapy is not available. How-

ever, immunosuppressive agents may control the symptoms of the disease. Main indications 

for pharmacological treatment are danger of organ failure and unacceptable loss of quality of 

life [3]. In approximately half of the patients with sarcoidosis the disease is not self-limiting and 

pharmacological treatment is required [4].

First- and second-line pharmacological treatment

Corticosteroids are considered to be first-line therapy, but their long-term use is hampered by 

side effects, such as osteoporosis, diabetes and weight gain. The optimal dose and duration of 

corticosteroid treatment remains a matter of debate. In case of insufficient effect, relapse or 

severe side effects, second-line therapy with cytotoxic agents is indicated. Most often a step-up 

approach is used because of the slow onset of effect of the cytotoxic agents: the cytotoxic agent 

is added to the corticosteroid treatment scheme and the corticosteroid is then later tapered. 

Most often cytotoxic agents such as methotrexate, azathioprine and leflunomide are chosen [5]. 
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In some specific cases, agents that reduce inflammation by lowering TNF production (apremilast, 

pentoxyfilline and hydroxychloroquine) are also prescribed. However, these agents are used less 

often because of an unfavorable benefit-risk ratio. Available evidence on treatment of sarcoidosis 

with these non-targeted TNF inhibitors is described in more detail in chapter 2.

Third-line pharmacological treatment: specifically targeting TNF

There is a subgroup of patients where first- and second-line pharmacological treatment is inef-

fective or where side effects leading to discontinuation occur. This group of patients is estimated 

to comprise approximately 10% of all sarcoidosis patients and is referred to as patients with 

refractory sarcoidosis [4]. For these patients agents specifically inhibiting TNF are a third-line 

treatment option. Refractory sarcoidosis requiring anti-TNF therapy is a rare disease. As in most 

rare diseases, studies in this population are characterized by small sample sizes and single arm 

designs. Other factors that have impeded high-quality research in severe sarcoidosis are the 

heterogeneous clinical presentation and absence of a consensus on endpoints for evaluating out-

comes. Guidelines on the anti-TNF treatment of sarcoidosis are based on limited clinical data and 

data obtained from other immune-mediated inflammatory diseases such as rheumatoid arthritis 

and Crohn’s disease. Of the immune-mediated inflammatory diseases, Crohn’s disease shows the 

highest resemblance to sarcoidosis: it is also a systemic, inflammatory disorder of unknown cause 

characterized by non-necrotizing granuloma formation. The peak onset is around the same age, 

between 20 to 40 years, and it is also a highly debilitating disease [6].

The anti-TNF agent that has been studied most thoroughly in refractory sarcoidosis is inflix-

imab, a monoclonal antibody. However, conflicting results on efficacy of infliximab have been 

reported [7-10]. For adalimumab, another monoclonal TNF inhibitor, there is less clinical data 

[11,12]. Etanercept was found to be ineffective in sarcoidosis, as in other granulomatous disorders 

[13]. Recently, golimumab was also deemed ineffective in sarcoidosis [14]. Available evidence on 

the benefits and risks of anti-TNF agents in sarcoidosis and the presumed mechanism of action 

is presented in more detail in chapter 2.

Towards precision medicine

Currently, it is unknown what the optimal pharmacological treatment for each individual patient 

is in the treatment of severe sarcoidosis. In other words, there is a need for insights to apply pre-

cision medicine in these patients. The term precision medicine has been described extensively 

over the last few years. Jameson et al. [15] proposed the following definition: “We define precision 

medicine as treatments targeted to the needs of individual patients on the basis of genetic, bio-

marker, phenotypic, or psychosocial characteristics that distinguish a given patient from other 

patients with similar clinical presentations. Inherent in this definition is the goal of improving 

clinical outcomes for individual patients and minimizing unnecessary side effects for those less 

likely to have a response to a particular treatment”.
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Consensus on how to evaluate the response to pharmacological treatment in sarcoidosis is 

lacking. Various endpoints have been applied across clinical studies. Both in pulmonary and in 

extrapulmonary sarcoidosis several endpoints for the use in clinical practice have been proposed. 

But none of them has made its way into general clinical practice [16,17]. In chapter 3 we study 

the effectiveness of infliximab in refractory sarcoidosis in a prospective, single arm study. We 

included inflammatory biomarkers and propose a composite score to evaluate response in the 

patient population of refractory sarcoidosis.

Previous studies have demonstrated that the risk of relapse is high after discontinuation of 

infliximab. Therefore, many patients are treated with infliximab for years. Very limited data are 

available on the benefit of infliximab in long-term treatment. In chapter 4 we further address 

this issue.

In clinical practice adalimumab has been used as an alternative to infliximab in patients who 

initially responded to infliximab but became intolerant, typically because of loss of response 

and infusion reactions because of antibodies against infliximab. But no clinical data on whether 

adalimumab is an effective and safe alternative in these patients is available. Chapter 5 describes 

efficacy and safety of adalimumab in this patient population.

Response to infliximab has shown great variability, in sarcoidosis and in other immune-medi-

ated inflammatory diseases as well. Therefore, there is a clinical need for biomarkers that predict 

response. Genetics has been postulated as a possible factor influencing response to biologicals 

specifically targeting TNF. In chapter 6 we tested whether genetic variations in TNF, TNF receptors 

and Fcγ-receptors that have been associated with response to infliximab in rheumatoid arthritis 

and inflammatory bowel disease are associated with response to infliximab in severe sarcoidosis. 

We also tested genetic variants in HLA-DRB1 that have been linked with the occurrence of two 

different sarcoidosis phenotypes.

Finally, in chapter 7 we developed a population pharmacokinetic model using NONMEM to 

describe the pharmacokinetics of infliximab and to study whether the infliximab concentration 

could serve as a predictor of response.

OBJECTIVE

The objective of this thesis was to study effectiveness of infliximab and adalimumab in severe sar-

coidosis and to assess whether pharmacogenetics, inflammatory biomarkers, pharmacokinetics 

and infliximab exposure can aid in more precision based anti-TNF treatment in severe sarcoidosis.
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OUTLINE OF THE THESIS

Chapter 2 provides an overview of the current knowledge on anti-TNF therapeutics in sarcoidosis.

Chapter 3 describes the short-term treatment outcomes of the first prospective, single arm study 

of infliximab in sarcoidosis with severe and active disease.

Chapter 4 describes the effect of infliximab in long-term treatment in severe sarcoidosis.

In Chapter 5 the effect of adalimumab was studied in sarcoidosis patients who responded to 

infliximab but became intolerant and where the switch to adalimumab was made.

Chapter 6 shows data on genetic variations in TNF, TNFRSF1A, TNFRSF1B, FCGR2A, FCGR3A and 

tags for HLA-DRB*0301 and HLA-DRB*1501 in relation to the response to infliximab treatment.

In chapter 7 a population pharmacokinetic model describing the pharmacokinetic characteristics 

of infliximab in patients with severe sarcoidosis is developed.

Chapter 8 summarizes the results of this thesis; it is followed by a general discussion, a section 

on future perspectives and concluding remarks.
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ABSTRACT

Sarcoidosis is a systemic disease with an incidence of 1 to 40 per 100,000 persons per year. It 

predominantly affects people in the age of 20 to 40 years old. Disease course varies from mild 

self-limiting to chronic debilitating and life-threatening disease. Since the cause of sarcoidosis 

is unknown, curative therapy is not available. Immunosuppressive drugs may, however, control 

the symptoms of the disease. The hallmark of sarcoidosis is the formation of granulomas that 

are most commonly found in lungs and lymph nodes. As TNF plays an important role in both 

formation and maintenance of these granulomas, as well as in the immune response, anti-TNF 

biologicals such as infliximab and adalimumab are considered a last resort therapeutic option. 

Clinical effectiveness, however, varies considerably and data showing which patients would ben-

efit most from this expensive therapy are scarce. This review summarizes current knowledge on 

anti-TNF therapeutics in sarcoidosis, and describes insights into prediction of response, outcome 

measures and antibody development.
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INTRODUCTION

Sarcoidosis is a multisystem granulomatous disorder of unknown etiology that can present in 

many clinical phenotypes, ranging from asymptomatic and self-limiting to severe and life-threat-

ening disease [1-4]. Pulmonary involvement is seen in approximately 90% of cases, but often 

other organs such as lymph nodes, eyes and skin are involved [2,5-7]. Diagnosis is established 

favorably on histological evidence of non-caseating epithelioid cell granulomas in the involved 

organs together with exclusion of other causes for granulomatous disease [2,8,9].

Sarcoidosis has an incidence of 1 to 40 per 100,000 persons per year and most often affects 

patients aged 20 to 40 years old [2,10]. It occurs in both sexes, although slightly more often in 

women than in men [11-13]. Spontaneous resolution of the disease occurs in approximately two-

thirds of patients. In 10 to 30% of patients, the disease is chronic with progressive organ failure 

[2,14]. Sarcoidosis is found in people from all genetic backgrounds, although there are striking dif-

ferences in incidence and severity across ethnicities. For instance, prevalence of sarcoidosis is higher 

in African-Americans and they are also often found to have more severe disease than Caucasians 

[13,15-17]. Furthermore, localization of the disease varies between different genetic backgrounds: 

Japanese have a relatively higher risk of developing ocular and cardiac sarcoidosis [12], whereas 

the acute form of sarcoidosis with a good prognosis, also known as Löfgren’s syndrome, is more 

often found in Caucasians [18,19]. Mortality in sarcoidosis is higher than in the general population. 

In western countries most cases of death are due to respiratory complications [20,21]. However, 

in Japanese patients mortality is most often due to cardiac involvement [22,23]. Mortality rates at 

national level have been described in the United States and Japan between 1972 and 1991, with 

an age-adjusted mortality rate of 1.6-2.1 per million in the United States and 0.1-0.2 per million 

population in Japan [20,21]. Overall, mortality in sarcoidosis ranges from 1 to 5% of patients [2,24].

Immunologically, sarcoidosis is believed to start with the interaction between an antigen-pre-

senting cell and an unknown antigen. This antigen is presented to naive CD4+ lymphocytes (Th0) 

and alveolar macrophages and both cell types are activated. Further activation and proliferation 

of these cells occurs upon release of stimulatory molecules, for example, interleukin 2 (IL-2), tumor 

necrosis factor (TNF) and interferon-gamma (IFN-γ), by both cell types [25-28]. In chronic disease 

only alveolar macrophages may be activated, resulting in lower numbers of helper T cells and 

eventually leading to fibrosis [29-31]. It is believed that due to the ongoing presence of the anti-

gen, ultimately non-caseating granulomas are formed. In both manifestations of sarcoidosis, TNF 

plays a critical role, both during immune response and in the formation of granulomas [2,29,30] 

(Figure 1). Granulomas are pathological entities that comprise macrophages and T lymphocytes 

and can cause organ damage, ultimately leading to dysfunction [1]. These granulomas are also 

found in infectious diseases such as tuberculosis, and are a protective mechanism against infec-

tions [32,33]. However, in sarcoidosis an infectious cause has not been found so far. Therefore, it 

remains unclear whether incessant granuloma formation is a response to an (ongoing) uniden-

tified infectious trigger or a derailed autonomous immunopathological process [30,34].
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Figure 1. Role of TNF in granuloma formation in sarcoidosis.
An unknown antigen activates naive T cells and alveolar macrophages. These cells produce TNF and other 
chemokine ligands, resulting in activation and proliferation of T lymphocytes and recruitment and aggre-
gation of monocytes. Ongoing presentation of the antigen ultimately leads to formation of non-caseating 
granulomas. AM: alveolar macrophage; Th0: naive CD4+ T lymphocyte; Th1: T helper 1 cell.

Although there may be an unidentified environmental trigger, genetic predisposition may also 

play a role. A genetic component to the disease has been described by means of familial cluster-

ing [35,36]. In fact, genetic studies have shown that sarcoidosis disease susceptibility is caused by 

a combination of genes that have been previously found to be associated with a wide variety of 

immune-mediated inflammatory diseases (IMIDs) [37]. At present, the disease is conceptualized 

as a complex disease caused by an environmental trigger in a genetically susceptible individual 

[38]. This trigger, however, remains elusive. Because the lungs, skin and eyes are most often 

involved in sarcoidosis, it is thought that the cause might be airborne [1].

Because of the unknown etiology of sarcoidosis, therapy is not directed towards the cause of 

the disease. Instead, current aim of sarcoidosis treatment is inhibiting the activity of the immune 

system in this disease. Therapeutic curing of the disease is not thought possible, so treatment is 

directed towards reducing inflammatory symptoms [39].

In the majority of patients, treatment is not needed due to the remissive nature of the disease 

[1,2,14]. When treatment is indicated, generally, the first step in therapy is corticosteroids [40,41]. 

Local therapy with corticosteroids can be attempted in sarcoidosis with skin or eye localization 

[2]. Inhaled corticosteroids may improve bronchial hyperreactivity, but are not known to reduce 

pulmonary granuloma formation [42,43]. Severe pulmonary sarcoidosis or involvement of heart 
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and (central) nervous system can only be treated by systemic therapy [2]. When the effect of 

systemic therapy with corticosteroids is insufficient or has significant side effects, such as obesity 

or diabetes, a second-line therapeutic is indicated [44]. Methotrexate is commonly seen as the 

first drug of choice in second-line therapy. Other options include azathioprine, leflunomide or 

hydroxychloroquine. Only if second-line therapy fails or one of the available drugs is contra-in-

dicated, for example, methotrexate in case of severe liver function impairment, TNF blocking 

biologicals are considered as a last resort treatment option [44,45]. However, due to the rarity 

of the disease and limited availability of data from clinical trials, currently no guidelines on how 

and when to prescribe anti-TNF therapy exist. Furthermore, none of the anti-TNF therapeutics is 

officially registered for use in sarcoidosis.

Hence, this review focuses on the current knowledge on anti-TNF therapeutics in sarcoidosis. 

We will highlight the different drugs and their effectiveness.

Rationale for inhibiting TNF in sarcoidosis

In general, the cytokine TNF (formerly also known as TNF-α) is a homotrimeric protein that plays 

an important role in the pro-inflammatory cascade. Its name ‘tumor necrosis factor’ refers to its 

tumoricidal effect when injected in mice [46]. It is produced by both immune and nonimmune 

cell types, including macrophages, T cells, granulocytes, fibroblasts and smooth muscle cells [47]. 

When binding to its receptor, TNF initiates cell proliferation or apoptosis [48].

Apart from the key role in the immunological response, TNF is also a crucial factor in the 

formation of granulomas. In vivo experiments with mice give evidence for the latter critical role. 

Intratracheal injection of TNF in mice induced the formation of epithelioid granulomas composed 

of macrophages, occasional giant cells and neutrophils [49]. Also, in genetic studies, TNF has been 

associated with the development of granulomas in mice: TNF knockout mice appeared to be less 

prone to develop granulomas than control mice [50,51].

In sarcoidosis, the role of TNF has become clear by multiple studies. Foremost, increased 

levels of TNF were detected in bronchial alveolar lavage (BAL) fluid of sarcoidosis patients. It is 

believed that this excess TNF is produced by macrophages [30]. In addition, in vitro experiments 

with BAL from pulmonary sarcoidosis patients showed that macrophages in this BAL were more 

prone to produce TNF, both spontaneously and when induced by lipopolysaccharides (LPS) [26-

28]. Furthermore, TNF release by BAL obtained alveolar macrophages showed that high levels of 

spontaneous TNF release at the time of diagnosis correlated with a significantly higher risk for 

disease progression [52].

In addition to the increased levels of TNF in BAL, upregulated concentrations of TNF are also 

found in the blood of sarcoidosis patients [53]. Plasma concentrations of TNF in patients with 

sarcoidosis were 42% higher than in healthy control subjects [54].

Also, genetic studies have been performed on the association between polymorphisms in 

the TNF gene and susceptibility to sarcoidosis. Different phenotypic presentations of sarcoidosis 

have been reported to associate with TNF polymorphisms [55-57]. For instance, carriership of the 
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TNF -308A allele is associated with enhanced production of TNF, higher susceptibility to sarcoid-

osis and a persistent disease phenotype [58,59]. However, these results should be interpreted 

with caution, because they might be significantly influenced by the strong linkage between 

TNF and the nearby-situated HLA-DRB1 gene [59]. Alleles of HLA-DRB1 are strongly related with 

susceptibility and disease development in sarcoidosis [60]. Therefore, the reported association 

between TNF -308A and sarcoidosis could be caused by linkage to variation in HLA-DRB1.

All in all, we conclude that TNF is a critical factor in sarcoidosis, both for the immune response 

and the formation of granulomas. Inhibiting the effect of TNF by immunomodulatory therapy is 

therefore a logical proposition.

ANTI-TNF THERAPEUTICS IN SARCOIDOSIS
 

In sarcoidosis, two different types of anti-TNF drugs are used. First of all, there are the immuno-

modulatory drugs with an inhibitory effect on TNF-production: thalidomide, pentoxifylline and 

apremilast. They do not directly target TNF production, but are aimed at enzymes such as phos-

phodiesterase 4 (PDE4) or cyclic adenosine monophosphate (cAMP). In doing so they also inhibit 

production of other cytokines such as IL-6, IL-12 and IFN-γ. These non-targeted anti-TNF drugs have 

been studied in different manifestations of sarcoidosis with variable results. So far, prescription of 

these drugs in clinical practice is very uncommon, likely due to the limited positive data and clini-

cal experience together with an unfavorable risk/benefit ratio. The second type of anti-TNF drugs 

works through targeted inhibition. These drugs are derived from living cells using recombinant DNA 

technology and are therefore called biologicals. They are designed to specifically suppress response 

to TNF. The anti-TNF biologicals that have been studied for treatment of sarcoidosis are infliximab, 

adalimumab and etanercept. They are currently not considered first-line therapy in sarcoidosis, but 

usually they are given when more than one of the other treatment options have failed. 

The next section will discuss clinical effectiveness of the non-targeted inhibitors of TNF pro-

duction and of the anti-TNF biologicals in sarcoidosis (Table 1), followed by a discussion on the 

molecular differences between these anti-TNF biologicals that might account for differences in 

clinical response.

Non-targeted inhibition of TNF production

This paragraph highlights the three immunomodulatory drugs with a non-targeted inhibitory 

effect on TNF production: thalidomide, pentoxifylline and apremilast.

Thalidomide

Thalidomide is an immunomodulating drug that reduces TNF production and excretion by alveo-

lar macrophages [61,62], NK cells and T lymphocytes [63]. Thalidomide was originally introduced 

as a sedative, but its use has been limited due to its well-known teratogenic properties. The 
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mechanism of thalidomide in sarcoidosis is unknown and no randomized controlled trials (RCTs) 

on this subject have been published in sarcoidosis. Nevertheless, evidence for positive results for 

thalidomide derive from pilot trials and case series. First of all, in an open-label dose-escalation 

trial with a selected group of patients with chronic cutaneous sarcoidosis all patients (n=14) expe-

rienced subjective response after four months of treatment. Objectively, the blinded photograph 

scoring showed improvement in ten out of twelve evaluable patients as well [64]. Additionally, in 

a case series with patients with cutaneous sarcoidosis, two out of twelve patients had complete 

regression of all cutaneous lesions after treatment with thalidomide. In six patients the lesions 

had decreased but without complete regression and two other patients showed no regression 

but only worsening. Common side effects were somnolence and numbness [65]. In pulmonary 

sarcoidosis, two studies investigating thalidomide have been conducted. The first study was an 

open-label trial in ten patients with corticosteroid-dependent pulmonary sarcoidosis. Response 

was evaluated after 24 weeks of treatment with 200 mg thalidomide per day. After twelve weeks 

of treatment, baseline corticosteroid dose was reduced by 50% as part of the study protocol. No 

significant changes in spirometry as measured by forced vital capacity (FVC), quality of life as 

measured by the Short Form-36 and dyspnea as measured by the Translational Dyspnea Index 

were found in this study. Remarkably, nine out of the ten patients required dose reduction of 

thalidomide due to sedation and paresthesia, although no severe side effects were reported 

[66]. A second study, however, did demonstrate a favorable effect of thalidomide in patients with 

pulmonary and cutaneous sarcoidosis (n=19). Patients initially received a dose of 200 mg/day, 

the same as in the afore-mentioned study, but with dose reduction after two weeks of treatment 

to 100 mg/day and further reduction at week twelve. After six months of treatment, skin lesions 

were resolved in 67% of patients. In addition, soluble angiotensin I converting enzyme (sACE) 

levels decreased significantly during treatment, especially in the first three months, reaching 

levels within the normal range in 74% of patients at that time point. Moreover, radiology showed 

improvement after six months of treatment. However, spirometry showed no significant changes, 

although the diffusing capacity of the lungs for carbon monoxide (DLCO) showed a trend towards 

improvement. Response on cutaneous lesions, an increase in DLCO and a larger reduction in sACE 

were inversely correlated with disease duration. The authors suggested their more complete 

and systemic evaluation of the pulmonary effect as a plausible cause for the discrepancy in 

efficacy between the two studies. Apart from the earlier mentioned side effects of somnolence 

and numbness, 42% of patients developed peripheral neuropathy in this study [63]. Neverthe-

less, in pulmonary sarcoidosis low doses of thalidomide are often not effective for parenchymal 

involvement and side effects appear to be dose dependent [66]. Therefore, thalidomide is not 

prescribed very frequently. However, in selected cutaneous and refractory sarcoidosis patients 

with internal organ involvement the addition of thalidomide to the prescription regimen may 

be worthwhile to consider [67].
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Pentoxifylline & apremilast

Alternative immunomodulatory drugs with a non-targeted inhibitory effect on TNF production 

are pentoxifylline and apremilast. These phosphodiesterase inhibitors reduce TNF release by 

alveolar macrophages as well. Competitive inhibition of phosphodiesterase type 4 raises intra-

cellular cAMP, leading to down regulation of TNF production [68-70]. The effect of pentoxifylline 

was investigated in two studies. In the first study in patients with pulmonary sarcoidosis, pent-

oxifylline treatment improved DLCO and arterial oxygen tension (PaO2) on exercise, especially in 

steroid-naive patients [71]. In patients who were already on systemic corticosteroid treatment, 

combination therapy with pentoxifylline resulted in the tapering of the daily dosage of predni-

sone [71]. Secondly, an RCT in patients with pulmonary sarcoidosis (n=27) reported a significant 

steroid-sparing effect after eight and ten months of therapy. The mean prednisone dose in the 

pentoxifylline group of 15 mg/day was reduced to 0.5 mg/day after ten months of therapy. This 

reduction was larger than that observed in the placebo group (16 to 9 mg/day) [72], indicating 

that adding pentoxifylline has a steroid-sparing effect.

Table 1. Anti-TNF drugs in sarcoidosis therapy.

Drug Indication most often 
prescribed for

Half-life Adverse effects Drug Class Administration route + dosea Studies performed in 
sarcoidosis

Current status for indication in 
sarcoidosis*

Thalidomide Multiple myelomab 5.5-7.3 h Neutropenia, 
leukopenia, 
constipation,
somnolence, 
numbness

Immunomodulatory 
agent

Oral, 100 or 200 mg/day Baughman et al. [1]
Nguyen et al. [2]
Judson et al. [3]
Fazzi et al. [4]

Cutaneous
Pulmonaryc

Pentoxifylline Intermittent claudication 
in peripheral artery disease

0.4-0.8 h Nausea, dizziness Phosphodiesterase 
inhibitor

Oral, 25 mg/kg/day Zabel et al. [5]
Park et al. [6]

Pulmonary

Apremilast Ankylosing spondylitis, 
Ps and PsA

8.2 h Headache, nausea, 
upper respiratory 
infection

Phosphodiesterase 
inhibitor

Oral, 20 mg/day Baughman et al. [7] Cutaneous

Etanercept RA 70 h Infections Fusion protein Subcutaneously, 25 mg twice 
weekly

Utz et al. [8]
Baughman et al. [9]

-

Infliximab RA and IBD 8-9.5 days Infections, 
tuberculosis

mAb Intravenously,
5 mg/kg bodyweight with 
interval of 4 weeks

Rossman et al. [10]
Baughman et al. [11]
Van Rijswijk. [12]
Judson et al. [13]
Hostettler et al. [14]
Russell et al. [15]

Severe pulmonary and 
extrapulmonary sarcoidosis 
patients refractory to first- and 
second-line treatment

Adalimumab RA and IBD 14 days Infections mAb Subcutaneously,
80 mg/week

Pariser et al. [16]
Erckens et al. [17]
Sweiss et al. [18]

Cutaneous
Non-infectious uveitis
Refractory pulmonary

a Maintenance dose
* Based on data from randomized controlled trials and large cohort studies
b Due to its teratogenic properties thalidomide should be prescribed with caution

c Conflicting study results 
IBD: inflammatory bowel disease; mAb: monoclonal antibody; Ps: psoriasis; PsA: psoriatic arthritis; RA: 
rheumatoid arthritis.
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patients refractory to first- and 
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Adalimumab RA and IBD 14 days Infections mAb Subcutaneously,
80 mg/week

Pariser et al. [16]
Erckens et al. [17]
Sweiss et al. [18]
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b Due to its teratogenic properties thalidomide should be prescribed with caution

c Conflicting study results 
IBD: inflammatory bowel disease; mAb: monoclonal antibody; Ps: psoriasis; PsA: psoriatic arthritis; RA: 
rheumatoid arthritis.

Finally, the effect of apremilast was evaluated in a single study. The study comprised fifteen 

patients with chronic cutaneous sarcoidosis, mainly black women. Response to apremilast was 

determined by Sarcoidosis Activity and Severity Index (SASI) and comparison of photographs 

of the index lesions before and after twelve weeks of treatment. Both SASI and photographic 

score showed statistically significant improvement after therapy. However, skin lesions worsened 

significantly in three patients within three months after cessation of apremilast treatment [73]. 

So, pentoxifylline showed some steroid-sparing effect and apremilast showed improvement in 

chronic cutaneous sarcoidosis, but both were studied in only a small number of patients.

In conclusion, there is little evidence for a beneficial effect of non-targeted inhibitory TNF 

drugs in sarcoidosis and these agents are used infrequently. However, there might be some niche 

indication such as refractory severe skin sarcoidosis.
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Targeted inhibition of TNF: biologicals

In addition to non-targeted inhibition, drugs that inhibit TNF in a targeted way have been evalu-

ated in sarcoidosis. These drugs are derived from living cells using recombinant DNA technology 

and are therefore referred to as biologicals. In this section we will focus on infliximab, adalimumab 

and etanercept.

Infliximab

Infliximab is a chimeric monoclonal antibody, comprising murine variable parts and human 

constant IgG1 regions (Figure 2). The elimination half-life of infliximab is 8 to 9.5 days [74]. It 

is administered intravenously. The effect of infliximab in sarcoidosis has been tested in several 

RCTs. The very first published RCT (n=19) showed improvements of lung function upon treatment 

with infliximab [75]. Initially, the treatment arm received infliximab 5 mg/kg at weeks 0 and 2. At 

week 6, major endpoints were measured. Thereafter, all patients received open-label infusion of 

infliximab at week 6 and 14 and were followed up until week 38. After six weeks of treatment, 

the change in the infliximab arm in % predicted mean vital capacity (VC) was 5.1 versus 2.2 in 

the placebo arm. However, this difference was not statistically significant. After 22 weeks of inflix-

imab treatment, the mean change in forced vital capacity (FVC) predicted was 6% [67,75]. In line 

with this study, a second double-blinded RCT in a larger cohort (n=126) of sarcoidosis patients, 

revealed increase in lung function as well [76]. Baughman et al. [76] compared two different 

drug regimens, infliximab 3 mg/kg and infliximab 5 mg/kg, and placebo. All patients received 

infusions at week 0, 2, 6, 12, 18 and 24. Patients with pulmonary and extrapulmonary sarcoidosis 

were both enrolled in the study. The mean increase from baseline in FVC in the infliximab arm 

was 2.5% predicted versus no change in the placebo group [76]. Although the increase in FVC 

was statistically significant between the two groups, the question arises whether an increase of 

2.5% predicted in FVC might be clinically significant. Based on a post hoc analysis, the authors sug-

gested, however, that patients with a lower FVC were more prone to have a larger improvement 

in FVC on infliximab treatment [67,76]. The latter could also explain the difference in change in 

FVC predicted between the studies by Rossman et al. [75] and Baughman et al. [76]: the patients 

in the first study had a lower mean FVC at baseline (59.63 vs 68.6% predicted). In patients with 

extrapulmonary involvement, the total score of extrapulmonary sarcoidosis severity expressed as 

ePOST, was decreased by more than 40% in the treatment group and differed significantly from 

the placebo group [77]. Another point of discussion deriving from this second RCT was whether 

a high prednisone dose might interfere with improvements in FVC [78]. An additional stratified 

analysis showed that infliximab treatment combined with a prednisone dose above 15-20 mg/day 

was associated with less improvement in FVC over a treatment period of 24 weeks compared to 

combined treatment with a lower dose of prednisone. It was suggested that corticosteroids may 

induce TNF suppression and that infliximab may therefore not be of additional significant benefit.
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Figure 2. Anti-TNF biologicals used in sarcoidosis with an immunoglobulin G1 constant Fc fragment and 
a variable antigen-binding site. TNFR2: TNF receptor 2.

Apart from the RCTs, a retrospective study also described the effect of infliximab in sarcoidosis. 

In a cohort of 48 patients treated with six infusions of 5 mg/kg, infliximab showed a significant 

improvement of vital capacity (VC) and forced expiratory volume in one second (FEV1) in patients 

with a pulmonary treatment indication (7.6 and 7.9% predicted, respectively) after 18 weeks. 

Furthermore, in this study disease activity was not only evaluated by lung function parame-

ters, but also by 18F-fluorodeoxyglucose by positron emission tomography (18F-FDG PET) scan. 

In the pulmonary parenchyma, the maximum standardized uptake value (SUVmax) significantly 

decreased by -2.7 as well as a significant decrease of -2.3 in the mediastinum. Interestingly, this 

study was the first to assess the positive effect of infliximab on quality of life [79]. Furthermore, 

two cohort studies on long-term treatment with infliximab in sarcoidosis patients who failed to 

respond to conventional therapy showed beneficial results for both patients with pulmonary and 

extrapulmonary sarcoidosis [80,81].

Finally, a substantial number of case reports and case series have reported positive treatment 

results of infliximab in extrapulmonary sarcoidosis, such as cardiac, neurological, osseous and 

ocular localizations [82-86].

Currently, infliximab is often administered at a dose of 5 mg/kg bodyweight every four 

weeks. This scheme is based on very limited data from sarcoidosis trials and on clinical expe-

rience. However, this treatment regimen has not been studied in an RCT or a large number of 

patients, leaving the optimal dosing regimen of infliximab in sarcoidosis still matter of debate.
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In summary, there is evidence for a significant improvement of FVC in sarcoidosis patients 

treated with infliximab. However, the clinical relevance of this improvement is still unclear and 

infliximab is still not licensed for treatment of sarcoidosis. Recent studies show a clinically relevant 

effect in a subgroup of patients with more severe disease.

Adalimumab

An alternative targeted TNF inhibitor is adalimumab. Adalimumab is a fully human monoclo-

nal antibody containing human constant IgG1 regions (Figure 2). While the variable regions of 

infliximab are murine, in adalimumab these regions are human. Adalimumab has an elimination 

half-life of approximately two weeks [87]. It is administered subcutaneously.

In sarcoidosis, the effect of adalimumab has been evaluated in three different study pop-

ulations: cutaneous sarcoidosis, sarcoidosis patients with uveitis and refractory sarcoidosis. In 

cutaneous sarcoidosis a double-blinded RCT (n=16) showed positive results for the treatment 

group that received a loading dose of adalimumab of 80 mg subcutaneously, followed by a 

weekly dose of 40 mg. After 12 weeks, the target lesion area significantly decreased with an aver-

age of 32% versus an increase of 54% in the placebo arm [88]. Also, in sarcoidosis patients with 

refractory chronic noninfectious uveitis (n=26) treatment with adalimumab brought a reduction 

in disease activity. In 85% of patients, intraocular inflammatory signs as scored by an ophthal-

mologist improved after six months. In addition, biomarkers decreased significantly: mean sACE 

decreased from 19 to 14 U/L and mean soluble interleukin-2 receptor (sIL-2R) decreased from 

2803 to 1888 pg/mL. After 12 months of treatment, mean sIL-2R of 2188 pg/mL was still signifi-

cantly lower than at baseline, even though mean sACE of 15 U/L was not [89]. Third, in patients 

with refractory sarcoidosis the effect of a dose of 40 mg adalimumab subcutaneously every other 

week was evaluated by a prospective observational study (n=10). Although median SUVmax and 

mean standardized uptake values (SUVmean) were significantly reduced after 24 weeks of treat-

ment (14.1 to 7.0 and 6.5 to 2.9, respectively), no changes were seen in pulmonary function tests 

or sACE [90]. The latter may be attributed to the fact that a lower dose of adalimumab was used 

compared to the afore-mentioned studies. Nevertheless, the authors suggest that adalimumab 

may have prevented further deterioration of lung function. Recently, an open-label study on 

the effect of adalimumab was performed in African-American women with refractory pulmo-

nary sarcoidosis (n=11). After 24 weeks of treatment, nine patients showed a clinically significant 

response on reduction of concomitant immunosuppressive therapy, improvement of FVC and/

or 6-minute walk test distance. Response was still present after 54 weeks in 8 out of 10 patients 

remaining in the study. Overall health status, reflected by the physician’s and patient’s global 

assessment score, showed improvement at weeks 24 and 54 compared to baseline [91].

A number of case reports described the use of adalimumab in different localizations of sar-

coidosis such as osseous, ocular and bone marrow and also showed good treatment results 

[86,92,93].
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In summary, current evidence for the effectiveness of adalimumab in sarcoidosis is limited. It 

is not licensed for the treatment of sarcoidosis. All the same, adalimumab shows beneficial effect 

in treatment of sarcoidosis.

Etanercept

The last targeted inhibitor of TNF is etanercept. Etanercept is a recombinant dimeric fusion protein 

of the human TNF receptor (TNFR) p75 (TNFR2) and the constant fragment of immunoglobulin 

(Ig) G1 (Figure 2). The drug contains the extracellular ligand-binding region of the receptor [94]. 

It is linked to the Fc-region of an IgG1 molecule, creating a synthetic TNFR with an elimination 

half-life of approximately four days. Etanercept is administered subcutaneously.

Etanercept has proven to be effective in treatment of rheumatoid arthritis [95,96]. However, 

administration of etanercept was found to be safe but not effective in patients with moder-

ate-to-severe Crohn’s disease [47,97]. Its use in pulmonary sarcoidosis was studied by Utz et al. 

[98] in a prospective open-label phase-2 treatment trial. Seventeen patients with pulmonary 

sarcoidosis Scadding stage II (bilateral hilar adenopathy with parenchymal infiltration) and III 

(parenchymal infiltration without hilar adenopathy) were included, but the study was termi-

nated early because of excessive treatment failures. With two-thirds of patients not responding 

and some showing worsening of lung function, etanercept was not found to be effective in this 

study group [98]. Subsequently, a study in patients with refractory ocular sarcoidosis treated with 

etanercept showed neither significant improvement according to an ophthalmologist nor sig-

nificant reduction in corticosteroid dosage [99]. Therefore, in sarcoidosis etanercept is regarded 

as an ineffective drug.

Biologicals against TNF in sarcoidosis: molecular differences

Although anti-TNF biologicals have shown effect both in sarcoidosis and in other IMIDs, the precise 

mechanism of action of these drugs remains unknown. Currently, it is believed that anti-TNF biolog-

icals exert their effect by blocking pathways mediated by the TNF receptor (TNFR) or by inhibiting 

binding between the TNFR and membrane-bound TNF (tmTNF) [100]. Infliximab, adalimumab and 

etanercept differ in affinity to the different forms of TNF that exist: soluble TNF (sTNF) and tmTNF.

TNF is synthesized as a membrane-integrated protein, tmTNF. It can be cleaved by metallo-

protease TNF-converting enzyme, resulting in sTNF [101]. Infliximab, adalimumab and etanercept 

are all specific antibodies for sTNF, but differ in binding capacities to tmTNF and their effect 

on cells expressing tmTNF [74,87,94,102]. Both forms of TNF, tmTNF and sTNF, can activate TNF 

signaling when binding to TNFRs [103,104]. Two types of TNFR exist: TNFR1 and TNFR2. Soluble 

TNF preferably binds to TNFR1 whereas tmTNF prefers TNFR2 [47,100]. TNFR1 is constitutively 

expressed on virtually all nucleated cell types. TNFR2 is highly inducible [105] and its expression 

is restricted to certain cell types, including T cells [104] and monocytes [106]. Increasing evidence 

suggests that not only sTNF and TNFR1 but also tmTNF and TNFR2 are involved in the inflamma-

tory response [101,104].
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Cellular studies with material derived from sarcoidosis patients are lacking, hence the mecha-

nism of action of anti-TNF biologicals in sarcoidosis is unclear. However, studies using cell cultures 

derived from patients with Crohn’s disease, another granulomatous disease, and from healthy 

volunteers, give insight into the effect of biologicals against TNF at a cellular level and explain 

some of the differences in clinical efficacy. Scallon et al. [107] showed that tmTNF expressing 

cells are capable of binding more infliximab per cell than etanercept. It is suggested that the 

low binding efficiency between tmTNF and etanercept decreases the influence of etanercept 

on TNF-induced cellular processes [107]. Furthermore, efficient binding between TNF and TNFR 

might not be completely inhibited. Both infliximab and etanercept are capable of inducing E-se-

lectin expression on human T cells, but only infliximab is able to induce cellular apoptosis [108]. 

Regarding monocytes, both adalimumab and infliximab induce caspase-dependent apoptosis 

while etanercept treated cells survive [109].

Moreover, infliximab but not etanercept was able to induce apoptosis and activate caspase 

3 in lamina propria cells of patients with Crohn’s disease [110]. Etanercept has been studied in 

patients with Crohn’s disease, but was found to be insufficiently effective [47,111].

The ineffectiveness of etanercept treatment in sarcoidosis and in Crohn’s disease, both gran-

ulomatous diseases, may be caused by the inability of etanercept to induce cellular apoptosis 

due to incomplete inhibition of tmTNF. Another potential explanation for the difference in effec-

tiveness between agents might be the observation that etanercept and infliximab differently 

affect expression of certain immune-related genes in human leukocytes (IFNG, IL1B, IL2Ra) [112]. 

Finally, administration routes differ between agents: infliximab is administered intravenously 

whereas adalimumab and etanercept are given subcutaneously. The latter leads to lower and 

postponed peak concentrations [113,114] but the clinical significance of the variation in con-

centration remains unknown.

In conclusion, etanercept was found to be insufficiently effective in granulomatous disease, 

while infliximab and adalimumab have shown to be of benefit in sarcoidosis patients. This dif-

ference may potentially be explained by three factors. First, the lower affinity of etanercept for 

tmTNF, second, etanercept being unable to induce cellular apoptosis and last, variation in expres-

sion of certain immune-related genes.

Adverse effects of anti-TNF biologicals

Besides the beneficial effects of anti-TNF therapeutics, also adverse effects have been reported, 

that are typical for the targeted inhibitors, the so called biologicals. The most frequently reported 

side effects in treatment with anti-TNF biologicals are infections [74,87]. In sarcoidosis, most com-

monly reported adverse effects in infliximab treatment are (upper respiratory tract) infections, 

coughing and dyspnea [75,76]. In patients treated with adalimumab most frequently reported 

events were: headache, upper respiratory tract infections and pneumonia, although only a small 

number of patients has been studied [88]. Serious adverse events that were reported were pneu-

monia requiring hospitalization and malignancy [75,76,88] (Table 2). From their use in other 
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treatment indications, we know that anti-TNF drugs might be associated with malignancies 

[115-117]. In sarcoidosis, seven cases of malignancy have been reported during or after anti-TNF 

biological treatment [76,98,118-120]. Larger studies are needed to determine whether a causal 

relation between anti-TNF treatment and malignancy in sarcoidosis exists. The use of anti-TNF 

biologicals has also been associated with tuberculosis [74,121]. Therefore, all patients should be 

screened for latent or current tuberculosis infection before treatment initiation. However, the 

tuberculin skin test that is used most often to screen for latent tuberculosis yields low sensitivity 

due to T cell anergy in patients with sarcoidosis. The interferon-gamma release assay (IGRA) may 

be a more accurate method to detect latent tuberculosis, although this suggestion is only based 

on the results of one small study [122].

Other adverse effects of anti-TNF biologicals are infusion reactions and anaphylactic reac-

tions. Both have been reported for all three anti-TNF biologicals [74,87,94]. Based on research in 

other IMIDs, it is believed that these reactions are caused by antibodies of isotype IgG towards 

the specific biological [123]. For sarcoidosis, however, no specific data on the development of 

antibodies against anti-TNF therapeutics are available. Nevertheless, it is generally believed that 

the presence of antibodies against infliximab reduces therapy efficacy due to increased infliximab 

clearance or neutralization of its activity [124-127]. Support for this view may be found in studies 

in patients with other autoimmune diseases such as rheumatoid arthritis and Crohn’s disease, 

indicating that low- dose methotrexate or another immunosuppressant is preferably added 

to anti-TNF therapy to reduce antibody-to-antibody formation [128-130]. However, recently 

it is under debate whether antibody formation against anti-TNF therapy is clinically relevant 

[131,132]. Nevertheless, further research in the field of antibody development is necessary. So 

far, clinical implications for sarcoidosis remain unclear.

Table 2. Most common adverse effects of infliximab and adalimumab in sarcoidosis reported in 
randomized controlled trials.

Agent and adverse effect Treatment 
group,
frequency (%)

Placebo 
group,
frequency (%)

Reference

Infliximab
Infections
Upper respiratory tract infection
Coughing
Dyspnea
Pneumonia
Malignancy

9/13 (69.2)
22/91 (24.2)
12/91 (13.2)
15/91 (16.5)
2/91 (2.2) 
2/91 (2.2)

3/6 (50.0)
8/44 (18.2)
4/44 (9.1)
5/44 (11.4)
0/44 (0.0)
0/44 (0.0)

[10]
[11]
[11]
[11]
[11]
[11]

Adalimumab
Headache
Infections (mostly upper respiratory tract infection) 
Pneumonia

7/10 (70.0)
5/10 (50)
1/10 (10)

0/6 (0.0)
3/6 (50)
0/6 (0.0)

[16] 
[16]
[16]
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Another extremely rare and unexpected adverse effect of anti-TNF biologicals is the development 

of sarcoid-like granulomatosis. Based on one case series (n=10) and several other case reports 

[133], a causal link between anti-TNF biologicals and the development of granulomatosis in some 

patients has been suggested [133,134]. The mechanism behind this paradoxical effect remains 

unknown, but is hypothesized to be related to a lower clearance of the antigen, infection or 

changes in cytokine environment, all caused by anti-TNF biologicals [134].

Last, the risk of disease relapse after cessation of anti-TNF biologicals remains an important 

point of discussion. A relapse rate of 74% has been described in patients that were successfully 

treated with corticosteroids [135]. Cessation of infliximab therapy may also lead to significant 

relapse and some patients develop symptoms similar to their pre-infliximab treatment status 

[136]. A study on the incidence of relapse after cessation of infliximab treatment in sarcoidosis in 

a cohort of 47 patients revealed that 29 patients (62%) relapsed after a mean time of 7.8 months 

with a mean follow-up time of 36.6 months. In 25% of these patients, relapse occurred within the 

first four months after treatment discontinuation. Risk factors for relapse were a SUVmax score of 

the mediastinum ≥ 6.0 on 18F-FDG PET scan or a sIL-2R concentration of ≥ 4000 pg/mL, both at 

initiation of infliximab therapy, indicating highly active inflammatory disease [137]. These high 

relapse rates after both corticosteroid and infliximab treatment illustrate the need for parameters 

that can predict the risk of disease relapse after tapering treatment in sarcoidosis.

In conclusion, apart from their beneficial effects, anti-TNF biologicals have also shown poten-

tially severe side effects, including infections and infusion reactions. Moreover, patients should 

be closely monitored for possible development of antibodies during treatment and return of 

disease activity after treatment cessation.

CONCLUSIONS

As a result of the key role of TNF in both the immune response and the formation and mainte-

nance of granulomas in sarcoidosis, inhibiting TNF has become an important target for treatment 

of the disease, especially when first- and second-line therapeutics have not been sufficiently 

effective. Non-targeted inhibitors of TNF production, such as thalidomide, pentoxifylline and 

apremilast, may have some potential in niche indications. Targeted inhibitors such as infliximab 

and adalimumab, however, are more promising in severe and refractory cases of disease, probably 

related to their targeted blocking of both sTNF and tmTNF and thereby specific inhibition of the 

biological activity of TNF. Guidelines on how and when to prescribe these expensive drugs and 

identification of putative responsive patients are not available yet. Promising tools to predict 

response are 18F-FDG PET and biomarkers such as sIL-2R. Further research is needed to understand 

the decisive biological factors in treatment response to anti-TNF therapy and what is the best 

parameter or combination of parameters to predict treatment-related improvement of disease 

outcome.



Anti-TNF therapeutics for the treatment of sarcoidosis

31

2

FUTURE PERSPECTIVES

Now that anti-TNF therapy in sarcoidosis has been shown to cause a favorable response in sar-

coidosis patients, a number of new issues arise.

The most important topic is the prediction of who will benefit most from this relatively 

expensive therapy. Theoretically, TNF blocking therapy will likely have most effect in patients 

with immunologically active disease and evidence of inflammation, because of its target being 

an important cytokine of the active immune system. So, when no disease activity is detectable 

and evidence of granulomatous inflammation is available, it may (in our opinion) be unlikely that 

inhibiting TNF will lead to a substantial clinical benefit.

Subsequently, it is not to be expected that anti-TNF therapy will alleviate symptoms in cases 

with so-called chronic post-inflammatory fatigue after sarcoidosis [138]. Clinically, post hoc anal-

yses by Baughman et al. [67,76] and Rossman et al. [75] indicate that patients with significant 

disease severity respond better to therapy than patients with moderate or mild disease severity 

as measured by FVC. This supports the assumption that anti-TNF therapeutics are of most benefit 

in more active, severe disease. However, hard evidence to support this assumption is currently 

lacking.

Nonetheless, in clinical practice it is no sinecure to distinguish active from inactive inflamma-

tory disease and no gold standard on this subject exists. Serum biomarkers have been frequently 

studied at diagnosis and at different stages of the disease. Both sACE and sIL-2R are known to be 

informative, however, they need to be further studied to understand the changes in biomark-

ers during disease development and response to therapy [45,139]. Furthermore, 18F-FDG PET is 

increasingly applied in the follow-up of sarcoidosis patients. Currently, it is regarded as the most 

sensitive tool to identify sarcoidosis disease activity [90,140-142]. In addition to the aforemen-

tioned study by van Rijswijk et al. [79], Keijsers et al. [141] also reported a correlation between 

change of the SUVmax value of the lung parenchyma and the change in VC in twelve patients 

after 24 weeks of infliximab treatment, indicating that 18F-FDG uptake in sarcoidosis represents 

active disease [143]. However, large studies on the potential of 18F-FDG PET as a tool to predict a 

patient’s response to infliximab therapy have not been performed [141]. 

Not only biomarkers may be useful in detection of disease activity and subsequently in pre-

diction of effectiveness of anti-TNF biologicals, also genetics may contribute. Recently, a positive 

association between response to infliximab and adalimumab in sarcoidosis and the presence of 

TNF -308GG genotype was reported [59]. Remarkably, the same polymorphism was also studied 

in rheumatoid arthritis and yielded similar results [144,145]. As described before, the TNF -308A 

allele is associated with enhanced production of TNF and variation in phenotypic presentation of 

the disease [55-59]. Thus, the TNF -308 polymorphism potentially plays an important role in the 

etiology of sarcoidosis. But, again, these results should be interpreted with caution because the 

TNF gene is located closely to and in strong linkage with the HLA-DRB1 gene [60]. The described 

association could therefore be caused by the relation between the HLA-DRB1 gene and suscep-
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tibility to sarcoidosis. More research is needed on this matter to assess TNF genotyping utility in 

predicting response to anti-TNF biologicals. Additionally, research on other genetics variations 

in association with response to this treatment can be of great value.

In future studies, the use of 18F-FDG PET in the prediction of response to anti-TNF biologi-

cals should be further investigated. Additionally, more data on TNF G-308A and HLA-DRB1 could 

enlighten whether these genes in fact are of clinical use in predicting response to anti-TNF bio-

logicals.

Another problem encountered in predicting individual response to anti-TNF therapy is the 

lack of a universal end-point in sarcoidosis treatment. Due to the many different phenotypes and 

degrees of severity of the disease, numerous different parameters have been used to describe 

response to therapy. In several studies, discrepancy between objective and subjective parameters 

is present [143]. For instance, up to 70% of patients experience fatigue also after disease biomark-

ers such as sIL-2R and sACE have returned to physiological, normal levels after anti-TNF treatment 

[146]. In addition, lung function parameters may not improve upon initiation of therapy when 

tissue is dysfunctional due to persistent fibrosis and not due to an inflammatory component. 

Therefore, therapeutic effectiveness in sarcoidosis patients is hard to evaluate. In future, interven-

tion studies should include not only evaluation from a clinical point of view, but also comprise 

patient reported outcomes such as quality of life [147].

Finally, a new anti-TNF biological was registered: golimumab. Golimumab has high affinity for 

both sTNF and tmTNF [102]. So far, this biological is available for treatment in rheumatoid arthritis 

and psoriatic arthritis. Recently, a study in chronic sarcoidosis patients with pulmonary and/or 

cutaneous involvement has been conducted (clinicaltrials.gov trial number NCT00955279). Even 

though study results are to be awaited, golimumab might be added to the range of anti-TNF 

biologicals for sarcoidosis in the near future.

In conclusion, prediction of patients’ response to anti-TNF biologicals remains a challenge at 

this moment. Future studies should shed light on the potential role of 18F-FDG PET in predicting 

response to anti-TNF biological treatment and also on finding universal parameters to evaluate 

therapy response accurately in all sarcoidosis patients.
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ABSTRACT

Inconclusive evidence for the efficacy of infliximab in sarcoidosis hinders the global use of this 

potentially beneficial drug. To study infliximab efficacy in a clinical setting, we performed a pro-

spective open-label trial in patients refractory to conventional treatment.

Patients (n=56) received eight infusions of 5 mg/kg infliximab. Pulmonary function, disease 

activity measured by 18F-fluorodeoxyglucose (18F-FDG) by positron emission tomography (PET) 

and quality of life were part of the clinical work-up. Infliximab levels were measured before every 

infusion.

After 26 weeks of infliximab, mean improvement in forced vital capacity (FVC) was 6.6% 

predicted (p=0.0007), whereas in the six months before start, lung function decreased. Maximum 

standardized uptake value (SUVmax) of pulmonary parenchyma on 18F-FDG PET scan decreased 

by 3.93 (p<0.0001). High SUVmax of pulmonary parenchyma at baseline predicted FVC improve-

ment (R=0.62, p=0.0004). An overall beneficial response was seen in 79% of patients and partial 

response in 17% of patients. No correlation between infliximab trough level (mean 18.0 µg/mL) 

and initial response was found.

In conclusion, infliximab causes significant improvement in FVC in refractory 18F-FDG PET 

positive sarcoidosis. Especially in pulmonary disease, high 18F-FDG PET SUVmax values at treat-

ment initiation predict clinically relevant lung function improvement. These results suggest that 

inclusion of 18F-FDG PET is useful in therapeutic decision-making in complex sarcoidosis.
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INTRODUCTION

Sarcoidosis is a systemic disease with a wide variety of symptoms and is histologically character-

ized by the formation of non-caseating granulomas [1]. Although the disease is often self-limiting, 

it can also follow a chronic course in a subgroup of patients [2,3]. Self-limiting disease does not 

necessitate treatment, but severe disease with organ failure or unacceptable loss of quality of 

life requires therapeutic intervention. When immunosuppressive treatment is indicated, corti-

costeroids remain first-choice therapy [4,5]. Even though corticosteroids are generally effective, 

continued use is known to have severe side effects such as diabetes mellitus, osteoporosis or 

obesity [6]. Therefore, second-line therapy usually involves agents with steroid-sparing capacity, 

such as methotrexate or azathioprine [7-10]. 

Because some patients are refractory to these agents or develop considerable side effects, 

biologicals targeted against tumor necrosis factor (TNF) have been introduced as a third-line 

treatment option [11]. The chimeric monoclonal anti-TNF drug infliximab (Remicade; Centocor, 

Inc., Malverna, PA, USA) has been extensively investigated and is widely used for treatment of 

immune-mediated inflammatory diseases such as Crohn’s disease, rheumatoid arthritis and 

psoriasis [12-14], but a knowledge gap remains in the field of sarcoidosis treatment. Current 

recommendations are mostly derived from extrapolations from other chronic inflammatory dis-

eases or based on experience and eminence-based medicine. In sarcoidosis, infliximab has shown 

positive results in retrospective series of several manifestations of sarcoidosis [15,16], but the one 

large randomized controlled trial (RCT) investigating infliximab treatment in sarcoidosis only 

revealed a small improvement in pulmonary function and extrapulmonary symptoms after 24 

weeks of treatment [17,18]. Critics doubt whether this small improvement of 2.5% in forced vital 

capacity (FVC) is clinically relevant [19,20]. Because this is the only prospective study on inflix-

imab in sarcoidosis, more evidence is needed to determine efficacy and assess which patients 

will benefit most. Unfortunately, pharmaceutical companies are hesitant to further invest in the 

field of orphan diseases, especially when a drug has already been approved for other treatment 

indications [21]. Furthermore, as positive effects have been described, it is considered unethical 

to perform another RCT in this category of patients with severe disease and organ failure. In this 

unfortunate situation, in absence of phase III RCT trials, the use of infliximab in refractory sar-

coidosis is still not endorsed by health care insurance companies in many countries and remains 

off-label globally [22].

A key question remains: how to select the patients who will benefit most from this expensive 

therapy. Patients with high activity on 18F-fluorodeoxyglucose (18F-FDG) by positron emission 

tomography (PET) were often shown to relapse after infliximab therapy was discontinued [23], 

possibly suggesting a good initial response in those patients. 

Besides patient selection, knowledge on interindividual variance in response is derived from 

the use of infliximab in rheumatic diseases and gastroenterology. In these diseases it is known 

that formation of antibodies against infliximab can result in decreased levels of infliximab and 
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diminished drug efficacy. Additionally, antibodies against infliximab can sometimes cause aller-

gic reactions [12,24-26]. It is not known whether formation of antibodies against infliximab and 

associated low trough levels play a role in the treatment effect in the case of sarcoidosis. 

The aim of this trial was to for the first time study the effect of infliximab in a prospective 

clinical setting, and to investigate whether sarcoidosis phenotype, inflammatory activity, inflix-

imab trough levels or formation of antibodies against infliximab are related to the initial response 

rate after 26 weeks.

METHODS

Study subjects

All sarcoidosis patients in whom infliximab therapy was initiated at St Antonius Hospital (Nieu-

wegein, The Netherlands), between January 2011 and April 2013, were invited to participate in 

this prospective, open-label cohort study. St Antonius Hospital Nieuwegein is a national tertiary 

referral center for sarcoidosis. Only patients with severe sarcoidosis, unresponsive to first- and 

second-line treatment, or who have experienced severe side effects from these agents (e.g. wors-

ening diabetes, psychological deterioration or liver function disorders) were eligible for inclusion 

in the study. The diagnosis of sarcoidosis was made according to American Thoracic Society/

European Respiratory Society criteria [1]. The treating physician judged disease severity at the 

moment of initiation based on loss of function (e.g. lung function or cardiac function), impaired 

quality of life and disease activity on 18F-FDG PET. Exclusion criteria were vaccination with live 

or bacterial vaccines within the previous three months, active or untreated latent tuberculosis, 

serious infections in the last two months, serious right ventricular heart failure, active hepatitis, 

history of allergic reactions to monoclonal antibodies or their fragments, opportunistic infections 

within the last six months, HIV, transplantation, known malignancy, pregnancy or breastfeeding.

The institutional review board of St Antonius Hospital Nieuwegein (registration number LTME/R-

10.13A, acronym INFLIXIMAB) and the ethics committee approved the study and patients gave 

written informed consent

Treatment

Patients received infliximab intravenously following a standard protocol starting with 5 mg/kg 

bodyweight at weeks 0 and 2 and then every 4 weeks during a period of six months. Dosing of 

prednisone could be tapered according to judgement of the treating physician.

Functional response

Organ function was assessed by functional evaluation of the index organ (e.g. for patients with 

pulmonary sarcoidosis we used FVC, forced expiratory volume in one second (FEV1) and diffusing 

capacity of the lung for carbon monoxide corrected for hemoglobin (DLCOc)). Small fiber neurop-
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athy was tested using the small fiber neuropathy screening list (SFNSL) and clinical judgement 

by the treating neurologist [27]. As the minimal important difference for change in FVC has not 

been elucidated in sarcoidosis, we also reported mean change in % predicted and percentage 

of patients with an increase of ≥ 5% predicted and ≥ 10% predicted [28].

Inflammatory response

Parameters in the inflammation category included the biomarkers soluble interleukin-2 receptor 

(sIL-2R), angiotensin-converting enzyme (ACE) and 18F-FDG PET maximum standardized uptake 

value (SUVmax) of the pulmonary parenchyma and, if applicable, other index localization of 

sarcoidosis. 18F-FDG PET imaging was performed using a Philips Gemini TF-64 combined PET/

CT device (Philips Medical systems, Eindhoven, The Netherlands). The SUVmax was calculated in 

the mediastinal/hilar region, in the lung parenchyma and in the target organ when appropriate. 

Regions of interest (ROIs) were drawn over the visually affected part of the organ to measure the 

SUVmax. ROI was drawn at the same lesion/area at baseline and follow-up scan. ROI drawing was 

performed using the automatic ROI drawing tool in the Hermes Diagnostics program (Hermes 

Medical Solutions, Stockholm, Sweden). Blood glucose level was measured before injecting FDG 

in all patients. FDG was administered when the plasma glucose level was < 7 mmol/L.

Quality of life

Finally, quality of life was measured using two questionnaires: a patient Global Assessment (PGA) 

score, ranging from 0 (best imaginable health status) to 100 (worst imaginable health status) on 

a visual analogue scale and physical functioning on short form (SF)-36. An improvement of 10 

points was considered clinically relevant.

Composite overall response

In addition we reported the response rate as a composite of three categories: organ function, 

inflammation and quality of life. Improvement in a category was scored only when one of 

the parameters improved significantly without deterioration of the others. For the functional 

response in pulmonary sarcoidosis we used an improvement in FVC of ≥ 5% predicted. A decrease 

in biomarkers or SUVmax > 40% of baseline was considered a relevant improvement. Changes 

within the normal range of sIL-2R, ACE and SUVmax on 18F-FDG PET scan were not taken into 

account when gauging response. Change in SUVmax of the target organ was regarded as superior 

to change in inflammatory biomarkers. Clinically relevant improvement in two or three categories 

was considered good or excellent response, in one category as partial response and in none of 

the categories as nonresponse.

Infliximab trough levels and antibodies against infliximab

Infliximab trough levels were measured using an ELISA (Sanquin, The Netherlands) [29]. This ELISA 

only detects infliximab that is able to bind TNF. It does not detect immune complexes consisting 
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of infliximab and TNF or infliximab bound to neutralizing antibodies against infliximab. The pres-

ence of antibodies against infliximab was determined using radioimmunoassay [30].

Analysis

Changes of values before and after six months of treatment were compared with two-tailed 

paired t-tests. Pearson’s correlation coefficients (R) between parameters were calculated with 

linear regression. Statistical analysis was performed using SPSS for Windows (version 22.0; IBM, 

Armonk, NY, USA). Graphs were created using GraphPad Prism 5.0. p < 0.05 was considered sig-

nificant.

RESULTS

Study Subjects

Between January 2011 and April 2013, infliximab was initiated in a total of 58 active refractory 

sarcoidosis patients, two of whom were not included in this study (Figure 1). 56 patients were 

included in the study, 64.3% of whom were male and 87.5% Caucasian (Table 1). The most 

common treatment indication was pulmonary sarcoidosis (60.7%); other common indications 

were cutaneous sarcoidosis and small fiber neuropathy. The vast majority of patients suffered 

from chronic sarcoidosis, with a mean disease duration at initiation of 6.8 years and the use of at 

least two immunosuppressant drugs prior to infliximab initiation in 92.9% of patients. Further-

more, patients had signs of high disease activity, with a mean SUVmax of 6.6 on 18F-FDG PET in 

the pulmonary parenchyma, a high sIL-2R of 8824 pg/mL (normal value < 3000 pg/mL) and a high 

ACE of 89.7 U/L (normal value < 68 U/L) at start of therapy. Baseline SUVmax on 18F-FDG PET did 

not correlate with Scadding stage 0-III vs Scadding stage IV (6.3 vs 6.8; p=0.76).

Organ function

Of the total study population, 52 (93%) patients had decreased pulmonary function (one or 

more pulmonary function test (PFT) parameters < 80% predicted). In patients with a pulmonary 

treatment indication, FVC increased by 6.64% predicted (p=0.0007), FEV1 increased by 5.80% 

predicted (p<0.0001) and DLCOc increased by 4.12% predicted (p=0.001) after six months of 

infliximab treatment (Table 2). An improvement of ≥ 5% predicted FVC and FEV1 was seen in 71% 

and 64% of patients, respectively. In 46% of patients this increase even exceeded 10% predicted 

(Figure 2A).

Notably, even in patients with an extrapulmonary treatment indication, mean FVC and FEV1 

increased significantly, by 3.88% predicted (p=0.027) and 3.54% predicted (p=0.034), respectively. 

Moreover, an increase of ≥ 5% predicted was seen in 37% of these patients for each of these 

parameters (Figure 2A).
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Figure 1. Flowchart of patient inclusion.
Two patients were excluded from the study protocol, one due to incapability to give informed consent 
based on mental retardation and one because his cold agglutinin disease would not permit routine sam-
pling at every visit.

Table 1. Baseline characteristics of study subjects.

Subjects, n
Male

56
36 (64.3)

Caucasian 49 (87.5)

Age at initiation of infliximab therapy, years 
Disease duration at initiation of infliximab therapy, years
Diagnosis of sarcoidosis
        Biopsy
        Bronchoalveolar lavage
        Clinical

48.7 ± 10.1
6.8 ± 7.1

52 (92.9)
3 (5.4)
1 (1.8)

Smoking status
        Never-smokers
        Current smokers
        Former smokers

27 (48.2)
4 (7.1)

25 (44.6)

Scadding stage
        0
        I
        II
        III
        IV

5 (8.9)
6 (10.7)

16 (28.6)
14 (25.0)
15 (26.8)
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Table 1. Continued

Main treatment indication
        Pulmonary
        Cardiac
        Small fiber neuropathy
        Cutaneous
        Central nervous system
        Sinus
        Myositis
        Vocal cord paralysis
        Ossal
        Hypercalcemia

34 (60.7)
2 (3.6)

8 (14.3)
4 (7.2)
3 (5.4)
1 (1.8)
1 (1.8)
1 (1.8)
1 (1.8)
1 (1.8)

Tertiary referral 52 (92.9)

Medication use prior to initiation of infliximab
        Corticosteroids
        Methotrexate
        Azathioprine
        Leflunomide
        Plaquenil
        Anti-TNF treatment
        None

54 (96.4)
51 (91.1)
6 (10.7)
1 (1.8)

8 (14.3)
13 (23.2)

0 (0)

Use of ≥ 2 different drugs prior to infliximab 52 (92.2)

Concomitant medication
        Corticosteroids
        Methotrexate
        Azathioprine
        Leflunomide
        None

24 (42.9)
46 (82.1)

4 (7.1)
1 (1.8)
0 (0)

Pulmonary function parameters
        FVC, L (% predicted)
        FEV1, L (% predicted)
        DLCOc, L (% predicted)
        6-MWD, m (% predicted)

3.32 (78.8)
2.30 (66.8) 
6.01 (59.8)

460.4 (62.2)

Disease activity and severity measurements
        SUVmax lung parenchyma
        SUVmax mediastinum
        SUVmax total (including index localization)
        ACE, U/L
        ACE Z-score
        sIL-2R, pg/mL

6.6 ± 5.3
5.7 ± 3.2
9.0 ± 5.2

89.7 ± 49.7
4.3 ± 4.8

8824 ± 8503

Data are presented as n (%) or mean ± SD unless otherwise stated. TNF: tumor necrosis factor; FVC: 
forced vital capacity, FEV1: forced expiratory volume in one second; DLCOc: diffusing capacity for carbon 
monoxide corrected for hemoglobin; 6MWD: 6-minute walking distance; SUVmax: maximum standardized 
uptake value on 18F-fluorodeoxyglucose by positron emission tomography; ACE: angiotensin-converting 
enzyme; sIL-2R: soluble interleukin-2 receptor.



Infliximab in FDG PET-positive sarcoidosis

49

3

Prior to initiation of infliximab, stable or deteriorating pulmonary function was seen in the 

total cohort (Figure 2B). Using repeated measurement ANOVA, FVC after 26 weeks of treatment 

was found to be significantly higher than at initiation of treatment and than at six months before 

treatment (p<0.0001 and p=0.007, respectively). Baseline pulmonary function tests did not pre-

dict outcome (data not shown).

All four patients with cutaneous sarcoidosis had marked improvement or total resolution of 

skin lesions confirmed by photograph and clinical comparison. Patients with small fiber neurop-

athy had subjective improvement of symptoms.

Table 2. Baseline disease parameters and change after 26 weeks of infliximab treatment in patients with 
pulmonary treatment indication.

Baseline Change after infliximab treatment

Subjects, n                         28

Pulmonary function parameters
        FVC, % predicted
        FEV1, % predicted
        DLCOc, % predicted
        6MWD, % predicted

73.6
55.8
56.6
61.0

+6.6
+5.8
+4.1
+4.2

Disease activity and severity measurements
        SUVmax lung parenchyma
        SUVmax mediastinum
        SUVmax index localization
        ACE, U/L
        ACE Z-score
        sIL-2R, pg/mL

9.0 ± 5.0
5.9 ± 3.3
9.8 ± 5.3
86.2 ± 46.3
3.7 ± 3.9
7631 ± 4259

-5.3 ± 5.6
-2.7 ± 3.8
-5.5 ± 5.6
-21.8 ± 43.3
-1.78 ± 3.33
-3955 ± 3883

Data are presented as mean or mean ± SD unless otherwise stated. FVC: forced vital capacity; FEV1: 
forced expiratory volume in one second; DLCOc: diffusing capacity for carbon monoxide corrected for 
hemoglobin; 6MWD: 6-minute walking distance; SUVmax: maximum standardized uptake value on 
18F-fluorodeoxyglucose by positron emission tomography; ACE: angiotensin-converting enzyme; sIL-2R: 
soluble interleukin-2 receptor.

Inflammatory activity

The number of patients in whom serum sIL-2R exceeded the upper limit of normal (3000 pg/mL) 

was 47 (84%). Due to use of ACE-inhibitors, ACE levels were only usable in 49 patients, 30 (61%) 

of whom had levels > 68 U/L. When measuring disease activity by means of 18F-FDG PET scan 

before and after 26 weeks of treatment we found a decrease in SUVmax of mediastinum and 

lung parenchyma of 2.97 (p<0.0001) and 3.93 (p<0.0001), respectively. Moreover, the SUVmax 

of lungs and index localization (e.g. heart) decreased significantly by 5.76 (p<0.0001) (Figure 3).

Both serum markers ACE and sIL-2R decreased significantly by 28.2 U/L (p=0.0003) and 4269.4 

pg/mL (p<0.0001), respectively. Interestingly, ACE was higher in patients with an extrapulmonary 

treatment indication (97.8 and 86.2 U/L, respectively).
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Figure 2. Pulmonary response in sarcoidosis.
a) Change in pulmonary function after 26 weeks of infliximab therapy in patients with a pulmonary treat-
ment indication (change in % predicted), b) mean forced vital capacity (FVC) six months before initiation 
and during 26 weeks of infliximab therapy in the total cohort (% predicted). Bars represent SEM. FEV1: 
forced expiratory volume in one second; DLCOc: diffusing capacity of the lung for carbon monoxide cor-
rected for hemoglobin; IFX: infliximab.

Figure 3. 18F-fluorodeoxyglucose (FDG) by positron emission tomography (PET) activity during treatment.
a) Maximum standardized uptake value (SUVmax) on 18F-FDG PET scan of the target organ at initiation and 
after 26 weeks of infliximab treatment, b) example of an 18F-FDG PET scan in a patient with pulmonary 
sarcoidosis i) before and ii) after 26 weeks of infliximab treatment.

Furthermore, we found significant correlations between the change in pulmonary function and 

level of disease activity, indicating that pulmonary function improved for the majority of patients 

with the highest disease activity. In patients with a pulmonary treatment indication, improvement 

in FVC following treatment correlated best with SUVmax of the pulmonary parenchyma before 

treatment initiation, having a correlation coefficient of 0.62 (p=0.0004) (Figure 4). Linear regression 

analysis, including the parameters SUVmax of the parenchyma and FVC at treatment initiation, 

predicted that FVC would improve by 1.1% per unit SUVmax of the parenchyma at start of therapy. 

Consequently, a SUVmax of 10 in the parenchyma at initiation predicts an FVC increase of 11% 
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predicted. Baseline sIL-2R correlated with improvement in DLCOc (R=0.50, p=0.007), while ACE at 

baseline correlated with improvement in FEV1 in patients with an extrapulmonary treatment indi-

cation in particular (R=0.51, p=0.04). When comparing patients with deterioration of lung function 

measured by FVC (Figure 2A) to the other patients, SUVmax of the pulmonary parenchyma and 

sIL-2R at baseline were found to be significantly different. No significant correlation with ACE, pul-

monary function tests, age, sex, Scadding stage, ethnicity or disease duration was found.

Prednisone was used concurrently in 19 patients at start of infliximab therapy. The mean 

daily dose decreased by 8.8 mg after 26 weeks of therapy (p=0.001). The dose of concomitant 

immunosuppressive drugs was increased in none of the patients.

Figure 4. 18F-fluorodeoxyglucose (FDG) by positron emission tomography (PET) activity and improvement 
in pulmonary function.
Correlation between high activity of pulmonary parenchyma on 18F-FDG PET scan (maximum standard-
ized uptake value (SUVmax)) at baseline and improvement in forced vital capacity (FVC) in patients with a 
pulmonary treatment indication (R=0.62, p=0.0004).

Quality of life

Mean PGA score on a visual analogue scale at treatment initiation was 61.0 out of 100 (being 

worst imaginary health status) and showed a clinically significant decrease of -14.6 after 26 weeks 

of treatment (p<0.0001). The mean physical functioning score on the SF-36 was 40.6 out of 100 

and increased by 8.2 (p=0.009) after 26 weeks of treatment.

Composite overall response rate

When evaluating response after 26 weeks of treatment as a composite of three categories (organ 

function, inflammatory activity and quality of life) we found a very high response rate (Figure 5). 
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An excellent or good response was seen in 79% of patients, indicating clinically relevant improve-

ment in at least two out of three categories. 17% of patients had a partial response, indicating 

improvement in one category. 4% of patients did not respond. When dividing response into the 

three categories, we found that 69% responded on the functional category, 79% on the inflam-

mation category and 67% on the quality-of-life category. Patient characteristics, such as age, race, 

sex and disease duration did not predict overall response.

Figure 5. Response after 26 weeks of infliximab therapy.
Response was measured in a) organ function, b) inflammation, c) quality of life; d) composite overall 
response. Excellent responders showed marked improvement in all three categories; good responders in 
two categories; and partial responders in one category. Nonresponders showed no marked improvement 
on any of the three categories.

Infliximab trough levels and antibodies against infliximab

Infliximab trough levels showed high interindividual variation, but intraindividual variation was 

low throughout the 26 weeks of treatment. Trough levels were high: the mean trough level was 

18.0 µg/mL. No significant correlation between trough level and response was found. Patients 

with excellent or good response had a mean trough level of 18.5 mg/mL, partial responders a 

mean trough level of 17.4 mg/mL and nonresponders a mean trough level of 27.5 mg/mL.

Three patients showed continuously undetectable trough levels of infliximab. Two of these 

patients had an allergic reaction within 26 weeks of treatment. The other patient developed an 

allergic reaction after one year of treatment. Corresponding with low levels of infliximab, high 

levels of antibodies against infliximab were present in all three patients. All of these patients 

received concomitant immunosuppressive therapy during infliximab treatment: one patient 
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received prednisone 20 mg/day, one patient methotrexate 7.5 mg/week and one patient was 

on prednisone 10 mg/day and methotrexate 7.5 mg/week.

Side effects and discontinuation of therapy

Severe side effects were pneumonia, requiring hospitalization and discontinuation of therapy in 

three patients, one of whom was hospitalized in the intensive care unit after two infusions and 

one other who was hospitalized after three infusions and eventually passed away of respiratory 

failure. One patient was hospitalized with severe progressive disease after three infusions. Ther-

apy was then discontinued and the patient died several months later at home of respiratory 

failure. Another patient, known to have peritoneal dialysis, initially responded well, but developed 

peritonitis, requiring discontinuation of treatment. In another patient, therapy was discontinued 

due to severe gastrointestinal complaints.

Allergic reactions along with antibody formation occurred in two patients within 26 weeks 

of treatment, one of whom discontinued infliximab treatment within 26 weeks. Both patients 

eventually successfully switched to adalimumab.

One patient did not want to continue infliximab therapy for undisclosed reasons.

Five patients had mild infections of the upper or lower respiratory system that did not require 

hospitalization. Other side effects were mild, such as headache (n=2), dizziness (n=1), edema 

(n=3) and joint pain (n=2). The majority of patients had no side effects (n=34).

DISCUSSION

In this prospective open-label trial of infliximab in active sarcoidosis patients refractory to 

conventional treatment, and including 18F-FDG PET in the clinical work-up, we found a mean 

improvement of 6.6% predicted in FVC and a very high overall response rate. 

The only large RCT performed in this field only showed a small improvement of 2.5% predicted 

in FVC, and no treatment benefit on other major secondary clinical endpoints [17]. Importantly, 

only patients with stable disease were eligible for participation in the RCT. In contrast, the high 

response rate in our study might be attributable to the high disease activity measured by 18F-FDG 

PET in this cohort. This could be explained by the fact that infliximab, being an anti-inflammatory 

drug, probably finds more of its target in patients with higher inflammatory activity compared 

with those with lower or no sign of inflammatory activity on 18F-FDG PET.

Besides high activity on 18F-FDG PET, patients included in our study also had high serum levels 

of the disease activity markers ACE and sIL-2R. At initiation of infliximab therapy, mean levels of ACE 

and sIL-2R were 89.7 U/L and 8824 pg/mL, respectively (with upper limit of normal for reference 

values 68 U/L and 3000 pg/mL, respectively). These values are clearly higher than ACE at initiation 

of the large RCT of 47.4 U/L [18], or described in a recent retrospective cohort of 20.7 U/L (upper 

limit of normal 25 U/L in this study) [31]. In the latter study, mean sIL-2R at start of therapy was 3073 
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pg/mL. In our study, the serum biomarkers ACE and sIL-2R were also found to decrease dramatically 

after 26 weeks of treatment and correlated with improvement in pulmonary function. Although the 

findings in our study might suggest that they could serve as less expensive surrogates for 18F-FDG 

PET, the value of these markers in sarcoidosis is still under debate [32]. Interpretation based on one 

measurement is more difficult due to high interpatient variability. Moreover, ACE and sIL-2R are less 

sensitive for detecting activity, and, most importantly, reflect systemic activity, whereas 18F-FDG 

PET can reveal specific organ involvement such as cardiac sarcoidosis [33,34]. In our view, ACE and 

sIL-2R are especially valuable for follow-up in individual patients.

Another explanation for the high improvement in FVC and high response rate found in our 

study compared to the only large RCT could be the difference in interval between infusions (4 

vs 6 weeks). Infliximab levels were higher in our study than in the RCT (18.0 vs 7.5 mg/mL) and 

also higher than those reported in other immune-mediated inflammatory diseases [35-37]. Con-

sequently, it will be of interest to study whether a lower dose would achieve the same results in 

patients with active disease. The only RCT on infliximab in sarcoidosis did not show a difference 

between the groups treated with 3 and 5 mg/kg [17]; however, overall improvement was much 

lower in this RCT than in our study. A different dosing regimen could possibly further minimize 

toxicity and, moreover, could serve to reduce the unfortunately considerable costs of treatment 

with biologicals such as infliximab. Low trough levels were observed in just three patients during 

the first 26 weeks of treatment. It remains possible that low trough levels due to the presence 

of antibodies against infliximab will occur more frequently after long-term treatment. Further-

more, concurrent use of methotrexate may have contributed to prevention of antibodies against 

infliximab formation in some patients, even though two out of the three patients with antibodies 

against infliximab also received methotrexate.

In our clinic it is standard procedure to screen patients awaiting infliximab therapy for dis-

ease activity by measuring serum activity markers ACE and sIL-2R and performing 18F-FDG PET. 

Though 18F-FDG PET may be considered an expensive diagnostic tool, the value of being able to 

identify those patients with severe active sarcoidosis outweighs the costs, as treatment with the 

biological drug infliximab is over ten times more expensive than performing 18F-FDG PET. The use 

of 18F-FDG PET is a valuable tool in identifying those patients for whom treatment with infliximab 

is expected to have beneficial effect.

A limitation of this study is the absence of a control group. Because of the large number of 

infliximab-treated patients described in case reports and case series, anti-TNF agents are incorpo-

rated into reviews guiding treatment of sarcoidosis [6,19,28,38]. Therefore, it is regarded unethical 

to perform an RCT whereby infliximab treatment is withheld from patients who are appointed 

to the placebo arm. To compare treatment results with conventional therapy, data from the time 

period prior to initiation of infliximab treatment have been used in data analysis as the best 

alternative to a placebo-controlled trial in the evaluation of treatment for rare diseases [39]. 

Previous studies have focused mainly on response of functional parameters rather than 

parameters regarding inflammatory activity or quality of life [17,31]. Reduction of inflammation, 
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by infliximab, can be of clinical importance in possibly preventing future organ damage. Quality 

of life is an increasingly important, but under-reported outcome measure in sarcoidosis [40], 

which we therefore did include in the composite score. The combination of function, inflam-

mation and quality of life (on a visual analogue scale) resembles the three categories also used 

in rheumatology in the disease activity score-28 [41,42]. A limitation of our composite overall 

response score is that deterioration in one category, when another category is improving, is not 

taken into account. Therefore, this composite overall response should be interpreted with cau-

tion and the response to the individual categories depicted in Figure 5A-C should be regarded 

as leading. Furthermore, it has not yet been validated and future studies should reveal its value 

in clinical research.

Another possible limitation of the study is the high activity on 18F-FDG PET and biomarkers 

in most patients in the study. Hereby we were able to show better results compared to the large 

RCT [17]. However, the observed correlation between 18F-FDG PET and pulmonary improvement 

could hypothetically have been even stronger when patients without disease activity would 

have been included.

The pharmaceutical industry has shown no interest in obtaining registration of approval by 

the US Food and Drug Administration and European Medicines Agency for infliximab in sarcoid-

osis. This leaves physicians unable to prescribe the drug, unless this is done off-label based on 

evidence for efficacy mainly from observational data, with the additional consequence of low 

pharmacovigilance [21]. Furthermore, global financial endorsement by health insurance com-

panies is unlikely to be granted without substantial evidence of effect. Our selection criteria and 

findings may convince health insurance companies to endorse infliximab therapy as treatment 

option for sarcoidosis. As trials investigating newer biologicals in sarcoidosis were unsuccessful 

[43], infliximab remains the best option for the group with severe refractory sarcoidosis.

In conclusion, infliximab therapy is very effective in selected patients with refractory disease 

and evidence of persistent disease activity. Patient selection for this indication should therefore 

ideally be based on both disease severity and inflammatory activity on 18F-FDG PET. In addition, 

we have found that with the current fixed dosing regimen, levels of infliximab are high, suggest-

ing room for dose reduction and associated cost reduction, e.g. by a flexible dosing regimen 

based on infliximab levels.
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ABSTRACT

Background: When sarcoidosis patients are unresponsive to conventional first- and second-line 

treatment, infliximab is considered an important next treatment option. Although long-term 

treatment is used in clinical practice, no prospective data on long-term treatment response are 

available.

Methods: This prospective observational cohort study included severe sarcoidosis patients 

treated with 5 mg/kg infliximab intravenously at week 0, 2 and every four weeks thereafter. Organ 

function and inflammatory biomarkers were evaluated every six and three months, respectively, 

for up to two years. In case of clinical stability and low levels of inflammatory parameters, the 

dosing interval was lengthened based upon the physician’s judgement. The study was registered 

in the Dutch Trial Register under number NTR3895 (www.trialregister.nl).

Results: Infliximab was initiated in 56 patients and was continued for at least one year in 37 

patients (66%) and for at least two years in 26 patients (46%). Pulmonary function tests showed 

greatest improvement after six months and inflammatory biomarkers after three months of 

treatment. In patients where the dosing interval was lengthened (n=14), organ function and 

inflammatory biomarkers remained stable.

Conclusions: The positive effect of six months treatment with infliximab in severe refractory sar-

coidosis can be maintained for at least two years under prolonged treatment. Furthermore, data 

show that the dosing interval between infusions can be safely lengthened in selected patients 

with clinical stability and low inflammatory markers.
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INTRODUCTION

Sarcoidosis is a multi-organ disease, characterized by non-caseating granuloma formation. The 

etiology of the disease remains unclear, but studies support a role for both genetic involvement 

and environmental factors [1]. The disease can be self-limiting, but in a significant subgroup of 

patients the disease follows a chronic course [2,3]. Corticosteroid therapy is usually considered 

to be first-line therapy in sarcoidosis, but prolonged use can cause serious side effects [4]. Sec-

ond-line therapy usually involves cytotoxic and immunomodulatory agents such as methotrexate 

and azathioprine [5-9]. However, some patients are refractory to these agents or may suffer from 

serious side effects. In these patients biological tumor necrosis factor (TNF) inhibitors have been 

introduced as third-line therapy [10-13]. Infliximab, a biological drug, specifically targets TNF and 

inhibits it from acting as a key messenger molecule in the inflammatory process. We have previ-

ously shown that infliximab is effective in severe sarcoidosis after six months of treatment [12]. 

Unfortunately, infliximab does not cure sarcoidosis: in a study by Vorselaars et al. [14] it was shown 

that 62% of patients relapsed after discontinuation of therapy, with a median time to relapse of 

11 months. Therefore, patients are mostly treated with infliximab for a long period of time.

To date, data on long-term efficacy of infliximab in sarcoidosis is scarce: only two small retro-

spective studies have provided data on clinical follow-up of patients over one year of infliximab 

therapy [15,16]. Data on maintenance of the effect during infliximab treatment and reaction to 

change of dosing regimens in sarcoidosis have never been published.

According to empirically based practice, infliximab treatment may be slowly tapered by 

lengthening the dosing interval between infusions from four to six or eight weeks in patients 

with stable clinical and inflammatory parameters [17]. However, no data on the effect of this 

treatment modification is currently available.

This is the first prospective study to evaluate results of two years of follow-up of a well-de-

scribed cohort of patients with severe sarcoidosis treated with infliximab.

METHODS

Study subjects

All sarcoidosis patients who started infliximab treatment at St Antonius Hospital (Nieuwegein, The 

Netherlands) as part of routine patient care between January 2011 and April 2013 were invited 

to participate in this study. The basic study design has been reported previously [12]. Patients 

were found eligible for infliximab treatment in case of severe sarcoidosis refractory to first- and 

second-line treatment or suffering from severe side effects from first- and second-line agents. 

Diagnosis of sarcoidosis was made according to American Thoracic Society/European Respiratory 

Society criteria [1]. Exclusion criteria were vaccination with live or bacterial vaccines within the 

previous three months, active or untreated latent tuberculosis, serious infections in the last two 
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months, serious right ventricular heart failure, active hepatitis, history of allergic reactions to 

monoclonal antibodies or their fragments, opportunistic infections within the last six months, HIV, 

transplantation, known malignancy, pregnancy or breastfeeding. The hospital’s medical research 

ethics committee (VCMO) approved the study (registration/trial number LTME/R-10.13A, acronym 

INFLIXIMAB) and patients gave written informed consent. The study was registered in the Dutch 

Trial Register under number NTR3895 (Dutch Trial Register; www.trialregister.nl).

Treatment

Patients received infliximab intravenously following a standard protocol starting with 5 mg/kg 

bodyweight at weeks 0, 2 and then every four weeks. According to the local treatment protocol, 

in case of clinical stability and low inflammatory biomarkers compared to baseline, the dosing 

interval was prolonged to six and later eight weeks based upon the physician’s judgement after 

at least six months of treatment. Patient follow-up continued up to two years after treatment 

initiation. Functional evaluation of the index organ was assessed every six months. Forced vital 

capacity (FVC) and diffusing capacity of the lung for carbon monoxide corrected for hemoglobin 

(DLCOc) were evaluated in pulmonary sarcoidosis. The small fiber neuropathy short list (SFN-SL) 

questionnaire and assessment by an experienced neurologist were used in small fiber neuropathy 

(SFN). Assessment by the neurologist was used in sarcoidosis of the central nervous system. Left 

ventricular ejection fraction on transthoracic echocardiogram, myocardial uptake on 18F-fluoro-

deoxyglucose by positron emission tomography (18F-FDG PET) scan and the assessment by an 

experienced cardiologist were used in cardiac sarcoidosis. Cutaneous sarcoidosis was evaluated 

by visual examination of the lesions. Osseous sarcoidosis and myositis were evaluated by activity 

on 18F-FDG PET scan.

Inflammatory biomarkers soluble interleukin-2 receptor (sIL-2R) and angiotensin-converting 

enzyme (ACE) were measured every three months. The initial treatment results after the first six 

months of treatment have been previously described [12]. 

Pulmonary function testing and inflammatory serum markers

Pulmonary function tests were performed using the Master Screen Body system (Jaeger ms-pft 

analysis unit, Würtzburg, Germany). Quantification of sIL-2R levels (levels > 3000 pg/mL considered 

elevated) was performed in serum with enzyme immunoassays according to the manufacturer’s 

instructions (Diaclone; Sanquin, Amsterdam, The Netherlands). ACE was measured in lithium 

heparin plasma using the Bühlmann ACE kinetic test (Siemens Healthcare Diagnostics, Breda, 

The Netherlands) on a Cobas 6000 platform (Roche Diagnostics). sIL-2R levels from patients with 

kidney dysfunction were excluded from analysis [18], and ACE values of patients using ACE-in-

hibitors were also excluded.
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Antibodies against infliximab and infliximab trough serum levels

Antibodies against infliximab were determined as part of routine care when the treating physi-

cian suspected presence of antibodies against infliximab. These antibodies were measured using 

radioimmunoassay by Sanquin, The Netherlands [19].

Serum samples for determining infliximab concentrations were drawn just before infusion of 

every new dose during the first six months and thereafter every three months. Infliximab trough 

serum levels were measured using an ELISA (Sanquin, The Netherlands) [20]. This ELISA only 

detects infliximab that is able to bind to TNF. It does not detect immune complexes consisting of 

infliximab and TNF or infliximab bound to neutralizing antibodies against infliximab.

Statistics 

Changes before and after treatment were compared using two-tailed paired t-tests. Groups were 

compared using two-tailed independent sample t-tests. Statistical analyses were performed using 

SPSS for Windows (version 24.0 IBM, Armonk, NY, USA). Graphs were created using Graphpad 

Prism 6.05 (GraphPad Software, La Jolla, CA, USA). p < 0.05 was considered significant.

RESULTS

Patients

A total of the 56 patients started on infliximab therapy of which 37 patients (66%) continued inflix-

imab for at least one year and 26 patients (46%) for at least two years (Figure 1). A total of 30/56 

(54%) patients discontinued infliximab for the following reasons: 14/56 (25%) due to adverse 

events (including eight infections and four infusion reactions), 8/56 (14%) due to disease pro-

gression, 7/56 (13%) due to disease remission and 1/56 (2%) for undisclosed reasons. Treatment 

discontinuation occurred most often during the first six months of treatment (Figure 2). Baseline 

characteristics of patients treated at least one year (n=37) are shown in Table 1. 

Long-term evaluation of functional response

At baseline, mean FVC in patients with a pulmonary treatment indication (n=21) was 72.9% 

predicted. Mean change in FVC from baseline was +8.1% predicted after six months of treat-

ment and remained stable whilst continuing treatment for two years. The change in FVC from 

baseline was highly variable between patients and ranged between -20 (after one year) and 

+25% predicted (after 18 months, Figure 3A). During follow-up the number of patients with > 5% 

predicted improvement in FVC decreased slightly. After six months of treatment, 17/21 patients 

(81%) showed improvement in FVC of ≥ 5% predicted. After one year of treatment improvement 

in FVC of 5% predicted or more was present in 15/21 patients (71%) and in 11/14 patients (79%) 

after two years of treatment.
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Figure 1. Percent of patients continuing infliximab treatment. 
Arrows indicate evaluation of treatment response according to treatment protocol.

Figure 2. Reasons for discontinuation of infliximab treatment. 
Patients were initially treated for six months. Every six months a decision regarding treatment continuation/
discontinuation was made based upon treatment response and adverse events. Treatment discontinuation 
because of remission was evaluated every six months.
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Table 1. Baseline characteristics of patients treated with infliximab for at least one year.

Subjects, n
Demographics
Age, yrs
Male sex
Caucasian

37

47 (range 29-68)
23 (62.2)
33 (89.2)

Diagnosis biopsy proven
Disease duration, yrs
Medication use prior to initiation of infliximab
Corticosteroids
Methotrexate
Azathioprine
Leflunomide
Plaquenil
Anti-TNF treatment
None
Use of ≥ 2 different drugs prior to infliximab

35 (94.6)
6.4 ± 6.3

35 (94.6)
33 (89.2)
4 (10.8)
1 (2.7)

5 (13.5)
10 (27.0)

0 (0.0)
33 (89.2)

Treatment indication, n (%)
Pulmonary
Extrapulmonary
Small fiber neuropathy
Cutaneous
Cardiac
Central nervous system
Hypercalcemia
Myositis
Ossal

21 (56.8)
16 (43.2)
7 (18.9)
3 (8.1)
2 (5.4)
1 (2.7)
1 (2.7)
1 (2.7)
1 (2.7)

Baseline values
FVC, % predicted
DLCOc, % predicted
sIL-2R, pg/mL
ACE, U/L
SUVmax

79.6 ± 17.3
59.8 ± 15.0

8721 ± 5559
93 ± 48
9.7 ± 5.0

Data are presented as n (%) or mean ± SD unless otherwise stated. TNF: tumor necrosis factor; FVC: 
forced vital capacity; DLCOc: diffusing capacity for carbon monoxide corrected for hemoglobin; sIL-
2R: soluble interleukin-2 receptor; ACE: angiotensin-converting enzyme; SUVmax total: maximum 
standardized uptake value on 18F-fluorodeoxyglucose by positron emission tomography scan.

Mean DLCOc at baseline in patients with a pulmonary treatment indication was 52.0% pre-

dicted. Compared to baseline the median change in DLCOc remained similar between +5.8 (after 

six months) and +8.0% predicted (after two years) throughout the treatment period. Change in 

DLCOc was highly variable between patients, ranging from -15 (after two years) to +22% pre-

dicted (also after two years, Figure 3B). After six months of treatment, DLCOc improvement of ≥ 

5% predicted occurred in 13/21 patients (62%). After one year of treatment this was again 13/21 

patients (62%) and after two years of treatment in 10/14 patients (71%).

In all three patients with cutaneous sarcoidosis skin lesions the response was maintained 

during follow-up. Four out of seven patients with SFN showed a clinical response after twelve 

months of treatment and all four patients maintained clinical response according to the judge-

ment of the physician.
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Inflammatory biomarker change during long-term treatment

In the first three months of treatment the mean level of inflammatory biomarker sIL-2R decreased 

significantly to near normal levels (< 3000 pg/mL) from 8721 pg/mL (n=34) to 4584 pg/mL 

(p<0.001, n=31). After three months sIL-2R levels remained stable for up to two years (Figure 3C). 

sIL-2R levels were elevated (> 3000 pg/mL) at baseline in 31/34 patients (91%), which persisted 

in 17/23 patients (74%) after two years of treatment. 

Mean ACE at baseline was 93 U/L (n=31) and decreased significantly to 56 U/L (p<0.001, 

n=27) after three months and continued to decrease ultimately to 50 U/L (n=23) after two years 

of treatment (Figure 3D). At baseline ACE corrected for genotype was elevated in 19/31 patients 

(61%) which decreased to 7/23 patients (30%) after two years of treatment.

Figure 3. Course of pulmonary function tests forced vital capacity (FVC, panel A) and diffusing capacity 
of carbon monoxide corrected for hemoglobin (DLCOc, panel B) in patients with a pulmonary treatment 
indication. Course of inflammatory biomarkers soluble interleukin-2 receptor (sIL-2R, panel C) and angio-
tensin-converting enzyme (ACE, panel D) in all patients over two years of follow-up after initiation of 
infliximab therapy. Grey dashed lines represent patients positive for antibodies against infliximab.
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Development of antibodies against infliximab

Seventeen patients were tested for the presence of antibodies against infliximab. Three of these 

patients (18%) were tested positive. All three patients were prescribed concomitant immunosup-

pressive drugs: two patients received methotrexate 7.5 mg/week and one patient prednisone 20 

mg/day. Eventually, all three patients discontinued infliximab treatment: two patients discontin-

ued treatment because of infusion reactions and loss of response and one patient because of a 

suspected aspergillum infection. FVC and DLCOc deteriorated in two patients and were stable in 

one patient. The three patients showed increasing sIL-2R levels and increasing ACE levels in two 

patients, the third patient used an ACE-inhibitor (Figure 3 grey dashed lines).

Lengthening the dosing interval

According to the local treatment protocol lengthening the dosing interval between infliximab 

infusions from four to six weeks or more is considered an option in patients with clinical stability 

and low levels of inflammatory parameters compared to baseline after at least six months of 

treatment. In 14/38 patients (37%) the dosing interval was prolonged to six weeks. For none 

of the patients for whom the dosing interval was lengthened was this decision reversed. The 

mean infliximab treatment duration at the time the dosing interval was lengthened was 12.5 

months (range 6.2-18.4 months) and the mean follow-up after lengthening the dosing interval 

was 9.9 months (range 4.4-17.8 months) (Table 2). A total of 6/14 (43%) patients started infliximab 

because of extrapulmonary disease. All patients had reduced FVC and/or DLCOc of less than 80% 

predicted at baseline. All patients but one had responded to treatment after the first six months. 

The patient who did not respond was treated because of myositis.

Patients for whom the dosing interval was lengthened, showed significantly lower total 

maximum standardized uptake value (SUVmax) on 18F-FDG PET scan after the first six months of 

infliximab treatment compared to patients for whom the dosing interval remained four weeks 

(2.3 vs 4.0, p=0.033). Total SUVmax and sIL-2R at baseline and sIL-2R after six months of infliximab 

treatment did not differ significantly between the two groups.

FVC and levels for inflammatory biomarkers just prior to lengthening the dosing interval 

were similar compared to values approximately six months later. DLCOc did show a statistically 

significant increase: mean DLCOc increased from 62 to 65% predicted (p=0.02, Figure 4 and Table 

2). Organ function in patients with an extrapulmonary treatment indication remained stable.

In six of the 14 patients for whom dosing interval between infusions was lengthened to six 

weeks, the dosing interval was further lengthened thereafter to eight weeks, but follow-up time 

was insufficient to evaluate functional and inflammatory parameters.
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Table 2. Characteristics of patients for whom the dosing interval between infusions was lengthened.

Characteristic Baseline values at the 
time of start lengthening 
the dosing interval

Six months after 
lengthening the dosing 
interval

Treatment duration at the time dosing 
interval was lengthened, months
Follow-up after lengthening the dosing 
interval, months

12.5 ± 4.0

9.9 ± 4.2

Baseline values
FVC, % predicted
DLCOc, % predicted
sIL-2R, pg/mL
ACE, U/L

90.8 ± 15.3*
62.3 ± 15.2**
3758 ± 1623**
45 ± 16***

91.4 ± 15.4*
64.7 ± 15.2**
3659 ± 1567**
42 ± 19***

Values stated as mean ± SD. FVC: forced vital capacity; DLCOc: diffusing capacity for carbon monoxide 
corrected for hemoglobin; sIL-2R: soluble interleukin-2 receptor; ACE: angiotensin-converting enzyme; * 
n=13; ** n=12; *** n=8.

Figure 4. Pulmonary function tests forced vital capacity (FVC, panel A) and diffusing capacity of carbon 
monoxide corrected for hemoglobin (DLCOc, panel B) and inflammatory biomarkers soluble interleukin-2 
receptor (sIL-2R, panel C) and angiotensin-converting enzyme (ACE, panel D) prior to and six months in all 
patients after lengthening the dosing interval. 
No significant differences in FVC, sIL-2R and ACE were found between values at the start of interval length-
ening compared to values six months later. DLCOc did change significantly, but this change was thought 
to be not clinically relevant. Paired t-test was used for statistical comparison.
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In 13 patients for whom the dosing interval between infusions was lengthened the infliximab 

trough serum concentration was measured. In total, 34 samples were available with a range of 1 to 

6 samples per patient. The mean infliximab trough concentration per patient was 9 μg/mL (Figure 

5). The lowest concentration measured was 2 μg/mL. This level was measured in two patients. For 

both these patients pulmonary function and inflammatory biomarkers had not deteriorated six 

months after lengthening the dosing interval from four to six weeks.

Figure 5. Infliximab trough serum concentration after lengthening the dosing interval between infliximab 
infusions from four to six weeks with mean and standard deviation. 
Every dot represents the mean infliximab trough serum concentration in one patient.

DISCUSSION

Patients with severe sarcoidosis who are treated with infliximab often receive long-term therapy 

because of high relapse rates after discontinuation of therapy. Yet there is scant information on 

long-term efficacy and effect of dosing modifications of infliximab in sarcoidosis. This prospec-

tive, observational study in a well-described infliximab treated cohort with two years of detailed 

follow-up shows that the largest clinical improvement, measured by pulmonary function, occurs 

during the first six months of treatment. And the largest improvement in inflammatory biomark-

ers, which were measured more frequently, occurs during the first three months of infliximab 

treatment. This response is maintained during treatment prolongation for two years. Moreover, 

clinical and inflammatory parameters remain stable in patients for whom the dosing interval is 

lengthened in case of clinical stability and low inflammatory parameters compared to baseline.

Currently, there is no evidence-based protocol for the assessment of response to inflix-

imab therapy in sarcoidosis. Previously, we have shown that decrease in sIL-2R after six months 

correlates with response after six months of treatment [21]. Here, we show that sIL-2R already 
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significantly decreases after three months of treatment. Therefore, it appears that evaluation 

of response to infliximab in sarcoidosis can be based on the change of this biomarker at three 

months of treatment, although this warrants further research.

When the dosing interval between infusions was lengthened from four to six weeks in 

selected patients with clinical stability and low inflammatory markers compared to baseline, 

pulmonary function and inflammatory biomarkers were found to remain stable. These findings 

support local sarcoidosis treatment protocols that in patients with clinical stability and low inflam-

matory parameters lengthening the dosing interval is a safe clinical practice [17]. Lengthening 

time between infusions reduces the number of visits patients have to make to their clinic and 

saves drug costs. 

In the patients who remained clinically stable, including low sIL-2R levels, upon lengthening 

the dosing interval we observed infliximab trough concentrations as low as 2 μg/mL. This obser-

vation could either indicate that these subjects have finally entered a spontaneous remission 

state of their disease or only need small amounts of infliximab to maintain disease control. Several 

studies on inflammatory bowel disease suggest an added value of therapeutic drug monitoring of 

infliximab in current practice with evidence indicating a therapeutic window ranging from 3 to 7 

μg/mL [22,23]. In future research in sarcoidosis patients tapering infliximab treatment, measuring 

infliximab serum concentration could provide an interesting new parameter.

CONCLUSIONS

The positive effect of six months treatment with infliximab in severe refractory sarcoidosis can 

be maintained for at least two years under prolonged treatment. Furthermore, data show that 

the dosing interval between infusions can be safely lengthened in selected patients with clinical 

stability and low inflammatory markers.
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ABSTRACT

Background: Tumor necrosis factor-alpha (TNF-α) inhibitors are regarded as the third-line ther-

apy in sarcoidosis, the first choice generally being infliximab. To date, data regarding response 

to adalimumab in sarcoidosis patients intolerant to infliximab are lacking.

The objective of this retrospective observational study was to establish if adalimumab could 

achieve stabilization or improvement of the disease in refractory sarcoidosis patients who devel-

oped intolerance to infliximab.

Methods: Sarcoidosis patients referred to St Antonius Interstitial Lung Diseases Center of Excel-

lence, Nieuwegein, The Netherlands, between January 2008 and April 2015 who switched from 

infliximab to adalimumab were included. Changes in organ function, inflammatory biomarker 

levels, and adverse events were retrieved from medical records.

Results: Out of 142 infliximab treated patients, 18 (13%) had to discontinue treatment due to 

antibody formation or severe adverse events and switched to adalimumab therapy. Organ func-

tion improved in seven patients (39%), was stable in six patients (33%), and worsened in five 

patients (28%) after twelve months of treatment or after six months if evaluation after twelve 

months was not available (n=4). In none of the patients biomarker levels of soluble interleukin-2 

receptor (sIL-2R) deteriorated. Median decrease in sIL-2R was 3614 pg/mL. The most frequently 

reported adverse event was infection (n=10).

Conclusions: Adalimumab is an effective alternative for patients intolerant to infliximab. The 

switch to adalimumab achieved clinical improvement in 39% and stabilization in 33% of the 

patients intolerant to infliximab. Further research is needed to develop guidelines on how to use 

adalimumab for sarcoidosis in terms of dosing regimen. 
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INTRODUCTION

Sarcoidosis is a systemic disease characterized by the formation of non-necrotizing granulomas. 

In 30 - 60% of patients, the disease is self-limiting and no systemic treatment is required [1]. In case 

of treatment failure or serious adverse events with the first-line treatment with glucocorticoste-

roids, second-line agents are methotrexate (MTX) and azathioprine [2-9]. Finally, third-line therapy 

consists of monoclonal antibodies targeted specifically at tumor necrosis factor-alpha (TNF-α), 

a key cytokine in sarcoidosis [10-12]. Of these anti-TNF-α agents, the most extensively studied 

and most often used in therapy is infliximab [13-17]. However, patients may develop antibodies 

against infliximab, especially because of its chimeric nature. In diseases other than sarcoidosis 

it has been shown that patients who tested positive for antibodies against infliximab have an 

increased risk of allergic reaction and a 3-fold higher risk of loss of clinical response [18-21]. In sar-

coidosis, patients who become intolerant to infliximab because of an allergic reaction, antibody 

formation against infliximab, or other serious adverse events can switch to adalimumab, a fully 

human monoclonal antibody, which was reported effective in one small randomized controlled 

trial and some observational studies [22-26]. To date, data regarding response to adalimumab in 

patients previously treated with infliximab are lacking.

The objective of this retrospective observational study was to establish whether adalimumab 

could achieve improvement or stabilization of the disease in refractory sarcoidosis patients who 

developed intolerance to infliximab.

METHODS

Study design and study subjects

All refractory sarcoidosis patients referred to the St Antonius Interstitial Lung Diseases Center 

of Excellence, Nieuwegein, The Netherlands, between January 2008 and April 2015 who were 

treated with adalimumab after previous treatment with infliximab were examined. The Interstitial 

Lung Diseases Center of Excellence is a national tertiary referral center for sarcoidosis. Sarcoidosis 

was diagnosed according to the American Thoracic Society/European Respiratory Society criteria 

[27]. All patients had biopsy-proven sarcoidosis. Only refractory sarcoidosis patients, who were 

unresponsive to first- and second-line therapy or who had adverse events from these agents 

and with signs of disease activity, impaired organ function, or severely diminished quality of 

life were considered for treatment with TNF-α inhibitors as part of routine patient care. Failure 

of therapy was determined by a pulmonologist, neurologist, or ophthalmologist, and defined 

as either clinical or symptomatic progression of disease despite conventional therapy. Medical 

records were reviewed for demographic data, relevant clinical data, organ involvement, effect 

of infliximab treatment, and adverse events during the treatment with adalimumab. The study 

was performed in accordance with the Declaration of Helsinki and its amendments. The study 
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was approved by the local institutional review board of St Antonius Hospital Nieuwegein, The 

Netherlands, with registration number LTME/Z-12.33 and acronym ORATS.

Clinical response rate

Response to both TNF-α inhibitors was evaluated. To assess functional response, both the organ of 

treatment indication and every other organ with documented sarcoid involvement were graded 

in a systematic manner before the start and after one year of TNF-α inhibitor treatment with inflix-

imab. Additionally, baseline characteristics and the effect of adalimumab after twelve months of 

treatment, or after six months if evaluation after twelve months was not available, were graded 

until at least one year after the switch or until discontinuation of adalimumab. We carefully doc-

umented whether a patient improved, stabilized or deteriorated.

In case of uveitis, response was classified by an experienced ophthalmologist. In case of 

hypercalcemia, normalization in serum calcium levels was regarded as improvement. In patients 

with severely impaired quality of life we used the score on the physical functioning component 

of the 36-item short form health survey. An increase ≥ 10 points was regarded as improvement, 

any change < 10 points as stable and a decrease ≤ 10 points as deterioration [28]. In pulmonary 

sarcoidosis, the change in forced vital capacity (FVC) was used to determine functional response. 

Improvement of FVC was defined as an increase of FVC of ≥ 5% predicted compared to baseline, 

as stable when change was < 5% predicted and as deteriorated when it decreased by ≥ 5% 

predicted [16]. Improvement was scored only when one of the parameters improved without 

deterioration of the others.

Inflammatory response was classified using the biomarker soluble interleukin-2 receptor 

(sIL-2R) [29-31]. Improvement was defined as a decrease of the sIL-2R level of ≥ 40% of baseline, as 

stable when change was < 40% of baseline and as deteriorated when it increased by ≥ 40% [16].

Pulmonary function testing and radiology

Pulmonary function tests were performed using the Master Screen Body system (Jaeger ms-pft 

analysis unit, Würtzburg, Germany). All chest radiographs were graded at inclusion by a single 

observer. Radiographic abnormalities were classified in five stages (0 to IV) [27].

Antibodies against infliximab

Antibodies against infliximab were measured using radioimmunoassay by Sanquin, The Nether-

lands [32]. This assay only detects antibodies against infliximab that are not bound to infliximab. 

Antibodies against infliximab were measured in patients with clinical loss of response and in 

patients with severe adverse events or symptoms of an allergic reaction.

Inflammatory serum marker

Quantification of sIL-2R levels (levels > 3000 pg/mL considered elevated) was performed in serum 

with enzyme immunoassays according to the manufacturer’s instructions (until April 2009: Mile-
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nia; AMDS Benelux Malden, The Netherlands; from April 2009: Diaclone; Sanquin, Amsterdam, The 

Netherlands). Method comparison was performed to convert the results of the Milenia immuno-

assay from U/mL to pg/mL.

Graphs

Graphs were created using Graphpad Prism 6.01 (Graphpad Software, La Jolla, CA USA).

RESULTS

Study population

Out of the 142 sarcoidosis patients treated with infliximab in our cohort, 18 patients (13%) devel-

oped intolerance to infliximab or experienced clinical loss of response together with measurable 

antibodies against infliximab. No patients with clinical loss of response without measurable anti-

bodies against infliximab switched to adalimumab during the study period (Figure 1).

Figure 1. Flow chart of patient inclusion. 
Patients initially treated with infliximab who switched to adalimumab were included.

Baseline characteristics of the 18 patients included are summarized in Table 1. Three patients 

were of African-American ethnicity (#9, 10, 11), all other patients were Caucasians. Most patients 

(61%, n=11) were former smokers, two patients were current smokers (#1 and 6), and five patients 
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had never smoked. Previous immunosuppressive therapy consisted of at least three other drugs 

in 83% (n=15) of patients. All patients were either infliximab responders (n=16), or treatment 

duration was too short (i.e. less than six months) to achieve response (three and four months 

after baseline (patient #15 and 6, respectively); n=2). Follow-up after 12 months of treatment was 

available for 14 patients; for four patients it was only available after six months.

In 15 patients (83%), the initial dose of adalimumab in week 0 was 120 mg, followed by a dose of 

80 mg in week 1 and a dose of 40 mg every week thereafter. In three patients, this was 80 mg in 

week 0 and 40 mg every week thereafter. At the start of adalimumab treatment, most patients 

(83%) received concomitant immunosuppressive therapy. Eight patients (44%) received MTX 

(median dose 7.5 mg per week), seven patients (39%) prednisone (median dose 10 mg daily) and 

one patient (6%) azathioprine (100 mg daily). In most patients (n=13) this concomitant medica-

Table 1. Baseline characteristics of the refractory sarcoidosis patients intolerant to infliximab who switched 
to adalimumab.

Patient (n=18) Age (yrs) Sex Scadding Stage Disease duration (yrs) Previous immuno-suppressive 
medication besides IFX

Time interval between stopping 
IFX and starting ADA (mo)

Allergic reaction and/or disease progression with presence of antibodies against IFX

1 36.3 M II 10.4 pred, MTX 15.0

2 57.8 M IV 10.9 pred, MTX 15.0

3 42.4 M IV 8.0 pred, MTX 1.3 

4 64.3 F II 2.4 pred, AZA, MTX 0.9 

5 61.5 F II 9.3 pred, MTX, PLAQ 5.1 

6 50.7 M IV 8.4 pred, MTX 1.4 

7 65.3 F IV 11.2 MTX 1.4 

8 56.6 F II 11.0 pred, MTX, PLAQ 7.0 

9 31.2 F II 3.0 pred, MTX 1.5 

10 49.0 F II 16.7 pred 10.5 

11 30.4 F I 5.5 pred, MTX 8.0 

12 40.0 F II 9.3 pred, PLAQ 2.0 

Allergic reaction or adverse effects without presence of antibodies against IFX

13 35.2 F IV 4.4 pred, MTX 11.2 

14 44.6 M 0 5.0 pred, MTX, PLAQ 19.2 

15 39.4 F II 3.8 pred, MTX 11.3 

16 33.0 M IV 6.3 pred, MTX 2.1 

17 62.6 M II 4.4 pred, AZA, MTX 2.2 

18 76.6 M 0 7.2 pred 15.6 

Median (range) 46.8 (30.4-76.6) 8M/10F 7.6 (2.4-16.7) 6.0 (0.9-19.2)

yrs: years; mo: months; IFX: infliximab; pred: prednisone; MTX: methotrexate; PLAQ: plaquenil; AZA: 
azathioprine; F: female; M: male.
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azathioprine; F: female; M: male.

tion was already part of the patients’ regimen to prevent antibody formation. Only in one patient 

concomitant therapy was changed during adalimumab treatment: patient #3 was also started 

on azathioprine 200 mg/day after six months, next to prednisone 20 mg/day which he received 

since the start of the adalimumab treatment. No other additional medication and also no other 

interventions were initiated during the study period with regard to end points used in this study.

Response

The courses of FVC and of sIL-2R during adalimumab treatment are shown in Figure 2 and Figure 

3, respectively. The treatment indications and responses to adalimumab treatment are shown in 

Table 2. Seven patients (39%) showed improvement of organ function after six or twelve months 

of therapy, six patients (33%) remained stable and organ function declined in five patients (28%). 

In two of these latter patients, organ function deteriorated while sIL-2R decreased (Table 3). 
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Among the patients with chest X-ray stage IV (n=6), pulmonary function improved in three 

patients, was stable in two patients and deteriorated in one patient. Inflammatory biomarker 

sIL-2R deteriorated in none of the patients, remained stable in seven patients (39%) and improved 

in 11 patients (61%). In five of the seven patients with stable sIL-2R levels, sIL-2R was reduced by 

30 - 40%, which is however just below our cut-off. Median decrease in sIL-2R was 3614 pg/mL. 

Normalization of sIL-2R (< 3000 pg/mL) occurred in five patients (28%).

Figure 2. Course of the forced vital capacity (FVC) during adalimumab treatment.
A) In all patients (n=18), B) change compared to baseline in patients with a pulmonary treatment indication 
(n=12). The dotted lines represent improvement and deterioration of 5% predicted from baseline. Patients 
#11, 12, 16 and 18 were evaluated after six months, the other patients after twelve months.

Figure 3. Course of soluble interleukin-2 receptor (sIL-2R) levels during adalimumab treatment. 
Data from patients with kidney dysfunction (n=3) are not included; they all improved according to the 
defined criteria of improvement.
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Table 2. Organ function and inflammation response to adalimumab.

Patient Treatment indication Organ function (change in FVC 
after 12 monthsa, expressed as 

% predicted)
(stable = change 
< 5% predicted)

Inflammation 
(change in sIL-2R after 12 

monthsa, expressed as pg/mL)
(stable = change < 40%)

Allergic reaction and/or disease progression with presence of antibodies against IFX

1 Pulmonary S (+2) S (-39%)

2 Pulmonary I (+5) I (-55%)

3 Pulmonary D (-14) I (-58%)

4 Pulmonary D (-11) S (-9%)

5 Severely impaired QoL S S (-37%)

6 Pulmonary S (+2) I (-75%)

7 Pulmonary S (+2) I (-48%)

8 Pulmonary S (+3) I (-80%)

9 Uveitis I S (+7%)

10 Pulmonary D (-7) S (-30%)

11 Hypercalcemia I I (-80%)b

12 Pulmonary S (+4) I (-62%)

Allergic reaction or adverse effects without presence of antibodies against IFX

13 Pulmonary I (+13) S (-32%)

14 Severely impaired QoL I I (-46%)

15 Pulmonary D (-7) S (-38%)

16 Pulmonary I (+7) I (-52%)

17 Hypercalcemia I I (-80%)b

18 Uveitis D I (-51%)b

a patients #11, 12, 16 and 18 were evaluated after six months of treatment.
b patients with kidney dysfunction.
FVC: forced vital capacity; sIL-2R: soluble interleukin-2 receptor; IFX: infliximab; QoL: quality of life; I: 
improved; S: stable; D: deteriorated.

Table 3. Cross table of response with regard to organ function and inflammation.

Organ function

Inflammation Improved 5 4 2

Stable 2 2 3

Deteriorated 0 0 0
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Adverse events and treatment discontinuation

Severe adverse events occurred in four patients (22%). One of these patients discontinued adali-

mumab due to a lupus-like reaction. Most reported adverse events in this study were infections, 

with three severe and seven mild infections in seven patients (39% of patients). Seven patients 

reported no adverse events. Adverse events are described in Table 4.

Table 4. Reported adverse events during treatment with adalimumab.

Adverse event n

Severe adverse events
Neutropenia and candidiasis requiring ICU admittance
Pneumonia requiring hospitalization, antibiotic treatment, 
and temporarily discontinuation of adalimumab
Lupus-like reaction (discontinuation of treatment)

1
2

1

Other adverse events
Mild infection
Injection site reaction
Headache
Nausea
Pyrosis
Rash
Arthritis
Edema
Weight loss

7 (in 5 patients)
2
2
2
1
1
1
1
1

DISCUSSION

This study found clinical improvement in 39% and stabilization in 33% of refractory sarcoidosis 

patients treated with adalimumab after becoming intolerant to infliximab. Inflammation, mea-

sured by change in sIL-2R, did not increase in any of the patients treated with adalimumab.

Our response rate is in line with the findings of Baughman et al. [33], who reported that 

48.1% of patients improved, 14.8% was stable and 37.0% worsened on adalimumab treatment. 

Baughman et al. [34] also postulated adalimumab as an alternative to infliximab, especially for 

patients who develop significant allergic reactions to infliximab. Our study is the first to provide 

data to support this statement. Previous observational and randomized controlled studies have 

provided evidence for effectiveness of adalimumab and infliximab in sarcoidosis [13,16,22,25]. 

No study has compared adalimumab with infliximab for sarcoidosis. Our study design was inap-

propriate to perform such a comparison, which would require a randomized study. However, in 

view of the low numbers of patients requiring third-line therapy in sarcoidosis, pharmaceutical 

companies are not interested in acquiring market authorization of the drug for sarcoidosis and 

will not invest in these studies. As a result, current clinical practice, with infliximab as the most 

often used third-line agent, will likely not change. This makes the results of this study especially 

relevant, as they show that adalimumab is a viable option for patients intolerant to infliximab.
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Inflammatory biomarker and organ response

We describe a decrease of > 40% of inflammatory biomarker sIL-2R in 61% of patients and addi-

tionally a decrease of 30 - 40% in 28% of patients. Median decrease in sIL-2R was 3614 pg/mL. 

Since high levels of sIL-2R have been associated with worse long-term clinical outcome, these 

findings are promising [11]. A previous study on the effect of MTX on sIL-2R in sarcoidosis showed 

a correlation between change in sIL-2R and lung function improvement [35].

With regards to organ function, most patients in this study improved (39%, n=7) and, addi-

tionally, six patients (33%) remained stable. The main objective of initiating treatment with 

adalimumab after the development of intolerance to infliximab was to achieve stabilization or 

improvement of the disease. Currently, for these patients, adalimumab is the only alternative 

anti-TNF agent, since no other agents specifically targeted at TNF with known efficacy in sarcoid-

osis are available: in sarcoidosis two other anti-TNF agents have been studied, etanercept and 

golimumab, but were found to be insufficiently effective [36,37].

Two patients improved in terms of inflammatory activity measured by sIL-2R, while their 

organ function decreased. One of these patients (#3) suffered from pneumonia, explaining the 

deterioration in pulmonary function. In the other patient, no other cause of the deterioration of 

organ function was found.

Adalimumab, being an anti-inflammatory drug, is not expected to affect pulmonary fibrosis. 

Mostard et al. [38] found a high inflammatory activity on 18F-fluorodeoxyglucose by positron 

emission tomography (18F-FDG PET) scan in patients with fibrotic changes on high-resolution 

computed tomography (HRCT) scan, assuming that anti-TNF-α treatment is an option even in 

these severe cases with fibrosis. In several other studies patients with stage IV pulmonary sar-

coidosis responded to anti-TNF-α treatment with infliximab [13,15,16]. In our study in five out of 

the six patients (83%) with fibrotic changes (stage IV) FVC indeed improved (n=3) or remained 

stable (n=2).

Concomitant use of MTX has been reported to reduce immunogenicity in adalimumab treat-

ment in rheumatoid arthritis. A study by Krieckaert et al. [39], showed that patients using MTX 

less often developed antibodies against adalimumab. Another study showed that concomitant 

use of MTX plays an important role in pharmacokinetics of adalimumab in rheumatoid arthritis. 

They found that the median adalimumab concentration in patients who received concomitant 

MTX was higher compared to patients who received no concomitant MTX (7.4 µg/mL versus 4.1 

µg/mL, respectively). Moreover, in the group of patients who received concomitant MTX, more 

patients were good responders. The median MTX dose in these good responders was 25 mg/

week [40]. In our population a lower dose of MTX was used (median 7.5 mg/week). This might 

explain why we did not find a beneficial effect of concomitant MTX use in our population (data 

not shown). Moreover, the sample size of this study was rather small.

Three patients had kidney dysfunction and associated high levels of sIL-2R, as previously 

described [41]. Their kidney function did not change during therapy. In all three patients, sIL-2R 

decreased by > 40%.
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Adverse events

Most reported adverse events in this study were infections. Other studies have shown variable 

rates of infection during adalimumab treatment, ranging from none [24,42] to multiple infections 

(five infections in ten treated patients) [25], similar to what was found in our study. Interestingly, 

the infection rate during adalimumab treatment in our population was higher than the rate during 

infliximab treatment described recently (13 infections in 56 sarcoidosis patients (23%) over a period 

of six months) [16]. A possible explanation for this difference between adalimumab and infliximab 

could be that no standardized control of laboratory signs of infection (CRP, leucocyte count) was 

performed before each administration of adalimumab, whereas during treatment with infliximab, 

CRP and leucocyte count are determined before every infliximab infusion. In case of increased 

inflammatory parameters, infliximab infusion is often postponed and antibiotic prophylaxis is given.

One patient had a lupus-like reaction after the dose was increased to 80 mg/week. The skin 

lesions disappeared after treatment was discontinued. Lupus-like reaction to anti-TNF-α therapy 

has been described before in other treatment indications, most often with etanercept and inflix-

imab, but also with adalimumab. The pathogenic mechanism behind this adverse event remains 

unknown and no knowledge on the relation with the dosage is available [43].

Limitations of the present study are the small number of patients and the retrospective study 

design. In sarcoidosis, different adalimumab dosing regimens have been described (most often 

40 mg every other week and 40 mg/week) [22-26]. In our study population in most patients an 

induction regimen of 120 mg at week 0 and 80 mg at week 1 was used. This regimen is com-

parable to the regimen studied and approved of by the FDA and EMA (160 mg at week 0, 80 

mg at week 2) [44]. The maintenance regimen used in our study was high, 40 mg every week, 

compared to other diseases such as Crohn’s disease. This high maintenance regimen has been 

studied in sarcoidosis before [24] and a study using the Delphi method showed that most experts 

in the field recommend this maintenance dosing regimen [17]. This regimen is also in line with 

maintenance dosing regimen of infliximab that is used in sarcoidosis: infliximab is also dosed in 

a higher fashion in sarcoidosis (5 mg/kg every 4 weeks) compared to Crohn’s disease (5 mg/kg 

every 8 weeks). Interestingly, normalization of sIL-2R (< 3000 pg/mL) was only achieved in 28% 

of patients. Perhaps the maintenance dose of 40 mg/week was insufficient or treatment duration 

was too short. Therefore, future studies should focus on finding the optimal dosing regimen of 

adalimumab in sarcoidosis.

CONCLUSIONS

Adalimumab is an effective alternative for sarcoidosis patients intolerant to infliximab. The switch 

to adalimumab achieved clinical improvement in 39% and stabilization in 33% of patients intol-

erant to infliximab. Further research is needed to develop guidelines on how to use adalimumab 

to treat sarcoidosis, in terms of dosing regimen.
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ABSTRACT

Background: Sarcoidosis is a systemic, granulomatous disease with a variable and sometimes 

chronic, progressive clinical course. The anti-tumor necrosis factor (TNF) agent infliximab can be 

an effective treatment option in severe sarcoidosis, but response is highly variable. In autoimmune 

diseases, genetic variation in TNF, TNF receptors, Fcγ-receptors and HLA has been associated with 

response to infliximab therapy. We tested whether genetic variations associated with change in 

clinical response parameters in a cohort of severe sarcoidosis patients treated with infliximab.

Methods: Patients (n=106) were genotyped for TNFRSF1A rs1800693, TNFRSF1B T196G, FCGR2A 

G131A, FCGR3A C-158A and HLA tag SNPs rs2040410A and rs3135388T to capture HLA-DRB1*0301 

and HLA-DRB1*1501, respectively. Pulmonary function tests and inflammatory biomarkers were 

evaluated at baseline and after six months of treatment. Change from baseline of pulmonary 

function tests and inflammatory biomarkers soluble interleukin-2 receptor (sIL-2R) and angio-

tensin-converting enzyme (ACE) were compared between carriers and non-carriers of a genetic 

variation.

Results: The mean improvement in the diffusing capacity of the lung for carbon monoxide cor-

rected for hemoglobin (DLCOc) was lower in carriers of the TNFRSF1A rs1800693 G allele (GG+GA) 

than in non-carriers (AA) (0.5 vs 6.1% predicted, p=0.001). Furthermore, reduction in sIL-2R and 

ACE was lower in TNFRSF1A rs1800693 G allele carriers than in non-carriers (2473 vs 6273 pg/

mL, p=0.004 and 16 vs 38 U/L, p=0.03, respectively). Regarding TNFRSF1B T196G, carriers of the 

T allele had a mean decrease in ACE of 25 U/L versus an increase of 15 U/L in non-carriers of the 

T allele (p=0.02). Finally, HLA-DRB*0301 negative patients (tag SNP rs2040410 GG) showed a 

significantly higher reduction in sIL-2R compared to HLA-DRB1*0301 positive patients (tag SNP 

rs2040410 carriers of the A allele) (3996 versus 2283 pg/mL, p=0.03).

Conclusions: Genetic variants in the genes TNFRSF1A rs1800693, TNFRSF1B T196G and HLA-

DRB1*0301 tag SNP associate with changes in clinical and inflammatory parameters in patients 

with severe sarcoidosis patients treated with infliximab. These findings require further confirma-

tion in other studies.
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INTRODUCTION

Sarcoidosis is a systemic, granulomatous disease with a variable and sometimes chronic, pro-

gressive clinical course. Virtually any organ can be affected, but pulmonary involvement is most 

common and found in approximately 95% of the patients. Although the etiology of sarcoidosis 

remains unknown, tumor necrosis factor (TNF) has been found to play an important role in gran-

uloma formation. Macrophages in bronchoalveolar lavage of patients with sarcoidosis excrete 

higher amounts of TNF compared to healthy controls. Additionally, patients with a high level 

of TNF release are at greater risk of disease progression compared to patients with normal TNF 

release [1]. Systemic therapy is indicated in patients in whom organ function is threatened by the 

disease. In patients who are refractory to both corticosteroids and second-line therapeutic agents, 

such as methotrexate or azathioprine, agents specifically targeting TNF are an effective third-line 

treatment option [2]. Multiple agents specifically targeting TNF are available, but in sarcoidosis 

the anti-TNF agent that has been most extensively studied is infliximab. Unfortunately, not all 

patients respond to infliximab therapy and treatment is not only costly but can also potentially 

have side effects [3]. Therefore, finding markers that predict the response to infliximab is of the 

utmost importance. In sarcoidosis, patients with a higher inflammatory activity as measured by 
18F-fluordeoxyglucose by positron emission tomography (18F-FDG PET) of the pulmonary paren-

chyma were found to have a significantly larger improvement in pulmonary function during 

infliximab treatment compared to patients with lower inflammatory activity [4]. 

Genetics has also been postulated as a possible factor influencing response to biologicals 

specifically targeting TNF. In sarcoidosis the only study that has been performed on pharmaco-

genetics reported an association between the TNF gene situated in the HLA class II region and 

response. Response rate to infliximab or adalimumab was higher in patients without the minor 

allele A at TNF -308 compared with patients carrying the A allele [5]. However, this finding has 

not been investigated in another study and therefore has not been replicated. 

Several other genetic variations have been associated with the response to anti-TNF agents 

in other immune-mediated inflammatory diseases, but these genetic variations have not been 

investigated for sarcoidosis [6-10]. The aim of this study was to test whether genetic variations 

in TNF, TNF receptors (TNFR), i.e. TNFR1 and TNFR2, and Fcγ-receptors that have been studied 

in other immune-mediated inflammatory diseases or, in the case of TNFR1, are hypothesized to 

influence the response to infliximab because of functional impact are associated with change 

in clinical response parameters in a cohort of severe sarcoidosis patients treated with infliximab. 

We also tested two genetic variants in HLA-DRB1 that have been linked with two different phe-

notypes of sarcoidosis.
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METHODS

Study population

All sarcoidosis patients treated with infliximab at St Antonius Hospital Interstitial Lung Diseases 

Center of Excellence, Nieuwegein, The Netherlands, between March 2005 and March 2016 were 

included. St Antonius Hospital is a national tertiary referral center for sarcoidosis. Only patients 

with severe sarcoidosis, unresponsive to first- and second-line treatment, or who have experi-

enced severe side effects from these agents (e.g. worsening diabetes, psychological deterioration 

or liver function disorders) were eligible for infliximab treatment. The diagnosis was made accord-

ing to the American Thoracic Society/European Respiratory Society criteria [11]. The treating 

physician judged disease severity at the moment of initiation based on loss of function (e.g. lung 

function or cardiac function), impaired quality of life and disease activity on 18F-FDG PET scan. 

Exclusion criteria for infliximab treatment were vaccination with live or bacterial vaccines within 

the previous three months, active or untreated latent tuberculosis, serious infections in the last 

two months, heart failure unrelated to sarcoidosis, active hepatitis, history of allergic reactions to 

monoclonal antibodies and their fragments, opportunistic infections within the last six months, 

HIV, transplantation, known malignancy, pregnancy or breastfeeding. Additional exclusion crite-

ria were treatment duration with infliximab for less than six months, no DNA available, treatment 

with Inflectra® or previous anti-TNF treatment at the Academic Hospital of Maastricht. 

Patients were part of a study cohort that has been described previously [4] or part of the 

Interstitial Lung Disease Biobank Study of the St Antonius Hospital Interstitial Lung Diseases 

Center of Excellence, Nieuwegein, The Netherlands. Protocols were approved by the institutional 

medical ethics research committee of the St Antonius Hospital Nieuwegein (registration number 

R-10.13A and R05-08A, respectively). All patients provided written informed consent. 

Patients received infliximab (Remicade®) 5 mg/kg at week 0, 2 and every four weeks or every 

six weeks thereafter. Patients who started treatment before 2009 were treated with a dosing 

interval of six weeks and other patients with a dosing interval of four weeks. Evaluation of the 

treatment response was performed after six months, including pulmonary function and inflam-

matory biomarkers.

Response was also scored as improved, stable or deteriorated after one year of treatment in 

patients who continued treatment for one year or more as previously described by Wijnen et al. [5].

Evaluation of treatment response

Pulmonary function was evaluated by measuring forced vital capacity (FVC), forced expiratory 

volume in one second (FEV1) and diffusing capacity of the lung for carbon monoxide corrected 

for hemoglobin (DLCOc). Pulmonary function tests were performed using the Master Screen 

Body system (Jaeger ms-pft analysis unit, Würtzburg, Germany). Pulmonary involvement was 

defined as pulmonary parenchymal abnormalities on high resolution computed tomography 

(HRCT) scan.
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The inflammatory biomarkers soluble interleukin-2 receptor (sIL-2R) and angiotensin-con-

verting enzyme (ACE) were used to evaluate inflammatory disease activity. Quantification of 

sIL-2R levels was performed in serum with enzyme immunoassays according to the manufactur-

er’s instructions (until April 2009: Milenia; AMDS Benelux Malden, The Netherlands; from April 

2009: Diaclone; Sanquin, Amsterdam, The Netherlands). Method comparison was performed to 

convert the results of the Milenia immunoassay from U/mL to pg/mL. Levels of sIL-2R > 3000 pg/

mL were considered elevated. Angiotensin-converting enzyme (ACE) was measured in lithium 

heparin plasma using the Bühlmann ACE kinetic test (Siemens Healthcare Diagnostics, Breda, 

The Netherlands) on a Cobas 6000 platform (Roche Diagnostics).

For comparison with the previously reported association between TNF -308 and response 

[5], the change in organ function of all organs involved was evaluated after one year. The patient 

was scored as improved if the function of the organ that was the major indication for treatment 

showed an increase of 10% or more without deterioration of other organs involved. The patient 

was scored as stable if organ function did not change with 10% or more and no other organs 

involved deteriorated. The patient had deteriorated if any of the organs involved deteriorated 

by 10% or more in organ function. Pulmonary involvement was evaluated by FVC, FEV1 and 

DLCOc. Uveitis was evaluated by an experienced ophthalmologist and small fiber neuropathy 

was evaluated using the Small Fiber Neuropathy Screening List (SFNSL) and fatigue by CIS score 

[12]. The inflammatory biomarkers sIL-2R and ACE were also taken into account.

Study data were collected and managed using the Research Electronic Data Capture 

(REDCap) tools hosted at St Antonius Hospital. The REDCap is a secure, web-based application 

designed to support data capture for research studies [13].

Genotyping

Genomic DNA was extracted from peripheral blood. Taqman single nucleotide polymorphism 

(SNP) genotyping assays and an ABI 7500Fast analyzer (Applied Biosystems, Foster City, CA) 

were used to genotype TNF G-308A (rs1800629), FCGR2A G131A (rs1801274), FCGR3A C-158A 

(rs396991), TNFRSF1A (rs1800693), TNFRSF1B T196G (rs1061622) and rs3135388. Rs2040410 was 

genotyped by a restriction fragment length polymorphism (RFLP) assay. Tag SNP rs2040410A 

and rs3135388T were used to capture HLA-DRB1*0301 and HLA-DRB1*1501, respectively [14].

Statistical analysis

Continuous variables were expressed as mean ± SD. Categorical variables were expressed as 

frequencies and percentages. Chi-square table was used to compare the observed number of 

each genotype with the expected number for a population in Hardy-Weinberg equilibrium (p 

> 0.05). Independent-samples t-test was used to compare change from baseline and baseline 

values of pulmonary function tests and inflammatory biomarkers between carriers and non-car-

riers of a genetic variation. Logistic regression was conducted to test the association between 

genetic variation TNF G-308A and response (improved versus stable or deteriorated). Statistical 
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analysis was performed using SPSS for Windows (version 21.0; IBM, Armonk, NY, USA). Graphs 

were created using GraphPad Prism 7.02 (GraphPad Software, La Jolla, CA, USA). p < 0.05 was 

considered significant.

RESULTS

A total of 157 patients were treated with infliximab between March 2005 and March 2016. In 18 

patients the biosimilar Inflectra® was initiated, in three patients infliximab treatment was initiated 

in another hospital. DNA was not available in 13 patients and one patient had been included 

in the Wijnen study [5] and was therefore excluded. In 16 patients treatment was discontinued 

before completion of six months because of adverse events (n=12), disease progression (n=2) and 

undisclosed reasons (n=2). Ultimately, 106 patients treated with Remicade® were found eligible 

and were included in this study. Baseline pulmonary function tests were impaired, especially 

DLCOc, and inflammatory biomarkers sIL-2R and ACE were high (Table 1). All genetic variants 

were in Hardy-Weinberg equilibrium (Table 2).

Genotype and change in parameters after six months of treatment

In patients with TNFRSF1A rs1800693 AA genotype mean improvement in DLCOc after six months 

of treatment was significantly higher than in carriers of the G allele carrier (AG+GG) (6.1 vs 0.5% 

predicted, p=0.001). In the subgroup of patients with pulmonary involvement (n=87) similar dif-

ferences were observed (6.2 vs 1.6% predicted, p=0.008, Figure 1,Table 3). In the total population 

of patients, patients with the TNFRSF1A rs1800693 AA genotype showed a larger mean decrease 

in both sIL-2R (6273 vs 2473 pg/mL, p=0.004) and ACE (38 vs 16 U/L, p=0.03), compared with 

carriers of the G allele (AG+GG).
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Table 1. Baseline characteristics of the study subjects.

Characteristic All patients

Subjects, n 106

Male
Age, years
Disease duration at initiation of infliximab, years

65 (62)
48.5 ± 9.2
5.9 ± 6.0

Diagnosis of sarcoidosis
Biopsy
Bronchoalveolar lavage
Clinical

98 (93)
6 (6)
2 (2)

Previous medication
Prednisone
Methotrexate
Azathioprine
Leflunomide
Hydroxychloroquine
Infliximab
Adalimumab
Golimumab
Etanercept
Mycophenolate mofetil

99 (93)
87 (82)
8 (8)
2 (2)
13 (12)
17 (16)
3 (3)
2 (2)
1 (1)
1 (1)

Pulmonary function tests
FVC, % predicted
FEV1, % predicted
DLCOc, % predicted

81.7 ± 19.1
71.3 ± 23.0
64.9 ± 18.5

Pulmonary involvement 87 (82)

Inflammatory biomarkers
ACE, U/L
sIL-2R, pg/mL

82.2 ± 45.2
7156 ± 6706

Interval
4 weeks
6 weeks

85 (80)
21 (20)

Co-medication
Prednisone
Methotrexate
Azathioprine
Leflunomide
Hydroxychloroquine
None

26 (25)
79 (75)
3 (3)
2 (2)
2 (2)
7 (7)

Data are presented as n (%) or mean ± SD, unless stated otherwise. FVC: forced vital capacity; FEV1: 
forced expiratory volume in one second; DLCOc: diffusing capacity for carbon monoxide corrected for 
hemoglobin; ACE: angiotensin-converting enzyme; sIL-2R: soluble interleukin-2 receptor.
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Table 2. Genotype frequencies.

SNP (allele) dbSNP Genotype Frequency, n (%) Hardy-Weinberg equilibrium

TNF G-308A GG
GA
AA

78 (74)
23 (22)
5 (5)

0.07

FCGR2A G131A GG
GA
AA

27 (26)
59 (56)
20 (19)

0.22

FCGR3A C-158A CC
CA
AA

13 (12)
44 (42)
49 (46)

0.53

TNFRSF1A rs1800693 AA
AG
GG

32 (30)
50 (47)
24 (23)

0.60

TNFRSF1B T196G TT
TG
GG

68 (64)
33 (31)
5 (5)

0.70

rs2040410 
(A tags HLA-DRB*0301)

GG
GA
AA

88 (83)
17 (16)
1 (1)

0.86

rs3135388 
(T tags HLA-DRB*1501)

CC
CT
TT

69 (65)
35 (33)
2 (2)

0.30

Table 3. Overview of genotype associated with the response to infliximab in severe sarcoidosis.

Gene SNP/rs 
number

Genotype 
associated 
with higher 
response to 
infliximab

Genotype 
associated 
with lower 
response to 
infliximab

Change in 
response 
parameter

p-value Mean change 
in response 
parameter

In all patients (n=106)

TNFRSF1A rs1800693 AA AG+GG DLCOc 0.001 +6.1 vs +0.5% 
predicted

TNFRSF1A rs1800693 AA AG+GG sIL-2R 0.004 -6273 vs
-2473 pg/mL

TNFRSF1A rs1800693 AA AG+GG ACE 0.03 -38 vs -16 U/L

TNFRSF1B T196G TT+TG GG ACE 0.02 -25 vs +15 U/L

HLA-DRB1*0301 rs2040410 GG GA+AA sIL-2R 0.03 -3996 vs 
-2283 pg/mL

In patients with pulmonary involvement according to HRCT (n=87)

TNFRSF1A rs1800693 AA AG+GG DLCOc 0.008 +6.2 vs +1.6% 
predicted

SNP: single nucleotide polymorphism; DLCOc: diffusing capacity of the lung for carbon monoxide corrected 
for hemoglobin; ACE: angiotensin-converting enzyme; sIL-2R: soluble interleukin-2 receptor.
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Figure 1. Change in DLCOc, sIL-2R and ACE according to TNFRSF1A rs1800693 genotype after six months 
of infliximab treatment. 
A) change in DLCOc in all patients, B) change in DLCOc in patients with pulmonary involvement, C) change 
in sIL-2R in all patients, D) change in ACE in all patients. DLCOc: diffusing capacity of the lung for carbon 
monoxide corrected for hemoglobin; % pred: % predicted; sIL-2R: soluble interleukin-2 receptor; ACE: 
angiotensin-converting enzyme. Grey bars represent mean ± SD.

Baseline DLCOc, sIL-2R and ACE were significantly different between patients with the TNFRSF1A 

rs1800639 AA genotype compared to carriers of the G allele: the mean baseline DLCOc was sig-

nificantly lower in patients with the TNFRSF1A rs1800693 AA genotype compared with carriers 

of the G allele (AG+GG) (59.0 vs 67.5% predicted, p=0.04). The mean baseline values of sIL-2R and 

ACE were higher in patients with the TNFRSF1A rs1800693 AA genotype compared to carriers of 

the G allele (AG+GG) (sIL-2R 10529 vs 5545 pg/mL, p=0.007 and ACE 103.8 vs 72.3 U/L, p=0.008). 

In the subgroup of patients with pulmonary involvement (n=87) the mean baseline DLCOc was 

lower in patients with the AA genotype compared to G allele carrier patients, but this difference 

was not statistically significant (58.3 vs 63.3% predicted, p=0.21, Figure 2).
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Figure 2. Baseline DLCOc, sIL-2R and ACE according to TNFRSF1A rs1800693 genotype.
A) baseline DLCOc in all patients, B) baseline DLCOc in patients with pulmonary involvement, C) baseline 
sIL-2R in all patients, D) baseline ACE in all patients. DLCOc: diffusing capacity of the lung for carbon 
monoxide corrected for hemoglobin; % pred: % predicted; sIL-2R: soluble interleukin-2 receptor; ACE: 
angiotensin-converting enzyme. Grey bars represent mean ± SD.

Regarding TNFRSF1B T196G, the change in ACE was significantly different between patients with 

the GG genotype compared to carriers of the T allele (TG+TT): patients with the GG genotype 

showed a mean increase in ACE of 15 U/L whereas carriers of the T allele showed a mean decrease 

in ACE of 25 U/L after six months of infliximab treatment (p=0.02, Table 3, Figure 3). Finally, HLA-

DRB1*0301 negative patients (tag SNP rs2040410 GG) showed a significantly higher reduction in 

sIL-2R compared to HLA-DRB1*0301 positive patients (tag SNP rs2040410 GA+AA) (3996 versus 

2283 pg/mL, p=0.03, Table 3, Figure 3). 

No statistically significant effect of TNF G-308A, FCGR2A C131T, FCGR3A G-158T and HLA-

DRB1*1501 tag SNP rs3135388 were found in treatment outcome after six months of infliximab 

treatment.
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Figure 3. Change in ACE and sIL-2R according to TNFRSF1B T196G genotype and HLA-DRB1*0301 tag SNP 
rs21040410 genotype after six months of infliximab treatment. 
A) change in ACE according to TNFRSF1B T196G genotype, B) change in sIL-2R according to HLA-DRB*0301 
tag SNP rs21040410 genotype, where tag SNP rs2040410A was used to capture HLA-DRB1*0301. sIL-2R: 
soluble interleukin-2 receptor; ACE: angiotensin-converting enzyme. Grey bars represent mean ± SD.

TNF G-308A genotype and response score after one year of treatment

In 71 patients infliximab treatment was continued for one year or more. No association between 

TNF -308 GG genotype and response (improved versus stable/deteriorated) was found (p=0.63, 

OR 1.31 95% CI 0.44 - 3.95).

DISCUSSION

Response to anti-TNF therapy in sarcoidosis shows great variability between patients. The cause 

of this variability is unknown and it is therefore difficult to predict a patient’s response. We studied 

genetic variations located in several genes that have previously been associated with response to 

anti-TNF agents in other immune-mediated inflammatory diseases or are hypothesized to influ-

ence the response to infliximab because of functional impact. To our knowledge this is the first 

study to investigate the influence of genetic variations in TNFRSF1A, TNFRSF1B, FCGR2A, FCGR3A 

and HLA-DRB1 on response to infliximab in severe sarcoidosis.

We found that the TNFRSF1A rs1800693 genotype associates with the change in pulmonary 

function and inflammatory biomarkers after six months of infliximab therapy: patients with the 

TNFRSF1A rs1800693 AA genotype had a better outcome but also a more severe disease activity 

at baseline compared to carriers of the G allele. The gene TNFRSF1A codes for the TNF receptor 1 

(TNFR1). This is one of the main receptors that exerts the pro-inflammatory response and apop-

tosis-related signaling of TNF [15,16]. In rheumatoid arthritis and inflammatory bowel disease 

several genetic variations in TNFRSF1A have been studied as predictors of response to infliximab. 

But the majority of studies did not detect an association between these genetic variations in 

TNFRSF1A and response to infliximab and the interest in this gene has declined [17-21]. Recently, 
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a genome-wide association study (GWAS) reported the genetic variant rs1800693 in TNFRSF1A to 

be associated with multiple sclerosis, where presence of the G allele increased the risk for disease 

[22]. Whether there is an association between this particular genetic variation in TNFRSF1A and 

the response to infliximab has not been studied before in immune-mediated inflammatory dis-

eases. Rs1800693 is located in the sixth intron of the TNFRSF1A gene, proximal to exon 6/intron 

6 splice site. The effect of this genetic variation on a cellular level has been studied in vitro by 

Gregory et al. [23]. In a minigene splicing assay the G allele resulted in skipping of the exon 6. In 

primary human immune cells the presence of the G allele correlated with increased expression of 

an isoform of TNFR1 lacking exon 6 (Δ6-TNFR1) [23]. No Δ6-TNFR1 was observed at the surface of 

transfected cells. Instead, a higher level of Δ6-TNFR1 was detected in TNFR1-transfected HEK293T 

supernatants. Therefore, in patients carrying the G allele, expression of TNFR1 on the cell surface 

may be lower and the level of soluble TNFR1 may be higher. Moreover, Gregory et al. [23] showed 

that soluble Δ6-TNFR1 can bind TNF and thereby neutralize the ability of TNF to signal through 

membrane-bound TNFR1. In our cohort, the patients carrying the G allele, which is the allele 

that results in the formation of Δ6-TNFR1, was associated with less improvement in DLCOc and 

a lower decrease in sIL-2R and ACE. We hypothesize that this is caused by a lower expression of 

membrane-bound TNFR1 in patients carrying the G allele, resulting in less binding places for TNF 

to signal through. Furthermore, expression of soluble TNFR1 (consisting of TNFR1 and Δ6-TNFR1) 

that can neutralize TNF may be higher in these patients. Therefore, sarcoidosis may not be as TNF-

driven in G allele carrier patients as in patients with the AA genotype and therefore inhibiting TNF 

with infliximab has less effect. Future studies are needed to explore the potential implications of 

these findings. In sarcoidosis, no studies on differential expression of membrane-bound TNFR1 

or soluble TNFR1 in relation to TNFRSF1A rs1800693 genotype have been reported. 

In our study, TNFRSF1B T196G was found to associate with the change in ACE. In T allele 

carrier patients the mean decrease in ACE was 25 U/L, while in patients with the GG genotype a 

mean increase in ACE of 15 U/L was observed. The genetic variation TNFRSF1B T196G has previ-

ously been associated with response to infliximab in candidate gene studies in Crohn’s disease 

and rheumatoid arthritis, but contradictory results have been reported. Some studies described 

a better outcome in patients carrying the T allele, similar to what was found in our study [24]. 

However, other studies found an opposite effect [19] or did not detect an association [18,20,25]. 

Because the minor allele frequency in TNFRSF1B T196G is low, many studies are underpowered. 

In our study the group with the GG genotype consisted of only five patients. Larger studies are 

needed to determine the influence of this genetic variation on the treatment with infliximab.

We also studied two tag SNPs of HLA-DRB1 that have previously been associated with the 

disease course of sarcoidosis: HLA-DRB1*0301 has been associated with a good prognosis and 

resolving disease, whereas HLA-DRB1*1501 was overrepresented in the group with persistent 

disease [26,27]. In our study, patients carrying the HLA-DRB1*0301 tag SNP rs2040410A allele, 

that has been associated with a resolving form of the disease, showed a smaller decrease in sIL-2R 

compared to patients not carrying this allele. We did not find an explanation for this finding.
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We were not able to replicate the association of TNF G-308A with response after one year 

that was previously published by Wijnen et al. [5]. In rheumatoid arthritis and inflammatory bowel 

disease this genetic variation has been studied extensively with both positive and negative out-

come [7,8]. Although we used the same response criteria, we could not replicate the previously 

published association. A possible explanation for our different result is that in our population the 

treatment effect was evaluated after six months of treatment and in case of disease progression 

treatment was discontinued. Therefore, the study population after one year of treatment com-

prises a differently selected group of patients compared to the patient population evaluated by 

Wijnen et al. [5] where treatment was only evaluated after one year.

To our knowledge, this is the first study to investigate multiple genetics variations in patients 

with severe sarcoidosis treated with infliximab. Our findings, if confirmed in other studies, may aid 

in selecting severe sarcoidosis patients who are most likely to respond to infliximab treatment. 

CONCLUSION

Genetic variants TNFRSF1A rs1800693, TNFRSF1B T196G and absence of HLA-DRB*0301 associate 

with changes in clinical and inflammatory parameters in patients with severe sarcoidosis. These 

findings, if confirmed in other studies, may assist in selecting severe sarcoidosis patients who are 

most likely to respond to infliximab treatment.
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ABSTRACT

Aims: Sarcoidosis is a multi-organ disease characterized by inflammation and non-caseating 

granulomas. In severe sarcoidosis, infliximab is an effective off-label third-line therapeutic. The 

aim of this study was to describe the pharmacokinetics and exposure-response relationship of 

infliximab in severe sarcoidosis.

Methods: Sarcoidosis patients treated with infliximab (n=68) 5 mg/kg at week 0, 2 and every four 

weeks thereafter, were studied for two years. Serum samples were collected at every dose just 

before and one hour after the end of infusion during the first six months and thereafter every 

three months. Response on clinical and inflammatory parameters and a composite response 

score were determined after six months of treatment. A pharmacokinetic model was developed 

using NONMEM.

Results: Population pharmacokinetic estimates (typical value (relative standard error)) in the 

final covariate model were clearance (CL) 0.276 L/day (3.2%), volume of central compartment 

(V1) 3.16 L (1.6%), intercompartmental clearance (Q) 0.177 L/day (21%) and volume of peripheral 

compartment (V2) 1.49 L (11%). Interindividual variability for CL, V1 and V2 were 23.5%, 10.9% 

and 75.4%, respectively. Covariate analyses showed that V1 increased with baseline body surface 

area and CL increased with positive antibodies toward infliximab (ATI) status, low baseline serum 

albumin and high body weight. No association with inflammatory activity or genotype and no 

exposure-response relationship were found.

Conclusions: Baseline body surface area, body weight, serum albumin and ATI status were found 

to influence the pharmacokinetics of infliximab in severe sarcoidosis. No exposure-response 

relationship was found, indicating overdosing in the current treatment protocol.
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INTRODUCTION

Sarcoidosis is a multi-organ disease characterized by inflammation and non-caseating granu-

lomas. Virtually any organ can be affected but in most patients (> 95%) the lungs are involved 

[1]. The etiology of sarcoidosis remains unclear, but studies have shown an increased secretion 

of tumor necrosis factor (TNF) by alveolar macrophages [2]. Systemic treatment is indicated 

when the disease is threatening organ function or severely deteriorates quality of life. First-line 

treatment consists of corticosteroids, and second-line treatment consists of cytotoxic and immu-

nomodulatory agents such as methotrexate (MTX) or azathioprine (AZA). However, some patients 

are refractory to these agents or may suffer from serious side effects [3,4]. In these patients inflix-

imab is an effective, off-label third-line therapeutic according to international guidelines and 

one of the final treatment options in these severely ill patients [5,6]. Infliximab is a recombinant 

chimeric IgG monoclonal antibody specifically targeting soluble and membrane-bound TNF. 

Infliximab is approved for the use in inflammatory diseases such as rheumatoid arthritis, Crohn’s 

disease, ulcerative colitis, ankylosing spondylitis, psoriatic arthritis and psoriasis [7]. Although 

the mechanism of action of infliximab across these different inflammatory diseases is similar, the 

optimal treatment protocol with infliximab varies by disease. This is illustrated by the difference 

in approved dosing regimens: in rheumatoid arthritis the approved maintenance dose is 3 mg/kg 

every eight weeks, whereas in ankylosing spondylitis, 5 mg/kg every six weeks is approved and 

in inflammatory bowel diseases 5 mg/kg every eight weeks [7]. In sarcoidosis the recommended 

maintenance dosing regimen is 5 mg/kg every four weeks. This intensive dosing regimen in 

sarcoidosis is primarily based on expert opinion [5].

Across different diseases differential drug disposition of infliximab has been associated with 

several factors: body weight has been associated with both volume of distribution and clear-

ance. Body weight differs across different patient populations treated with infliximab: median 

body weight in sarcoidosis patients is greater than in populations with ankylosing spondyli-

tis, rheumatoid arthritis and inflammatory bowel diseases [8-17]. Moreover, pre-treatment CRP 

has been associated with infliximab concentration and exposure in rheumatoid arthritis and 

ulcerative colitis, and pre-infusion CRP with infliximab elimination in rheumatoid arthritis and 

Crohn’s disease, most likely because CRP is regarded as a surrogate for TNF burden [8-12]. But, in 

sarcoidosis inflammatory activity is best described by serum soluble interleukin-2 receptor (sIL-

2R), angiotensin-converting enzyme (ACE) and standardized maximum uptake value (SUVmax) 

on 18F-fluorodexoyglucose positron emission tomography (18F-FDG PET) scan rather than by CRP 

[18-22].

Clearly, sarcoidosis patients treated with infliximab differ from other infliximab treated 

populations, and factors affecting the pharmacokinetics and effect of infliximab may also differ. 

But the pharmacokinetics of infliximab and the relation with effect have never been studied in 

sarcoidosis. Knowledge on factors that influence the pharmacokinetics of infliximab can help to 

optimize and rationalize the infliximab dosing regimen in severe sarcoidosis.
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Therefore, the aim of this study was to describe the pharmacokinetics and exposure-response 

relationship of infliximab in severe sarcoidosis, and to assess the influence of parameters known 

to influence infliximab pharmacokinetics in other inflammatory diseases tailored to sarcoidosis.

METHODS

Ethics

This study was approved by the institutional medical research ethics committee of St Antonius 

Hospital Nieuwegein and was carried out in concordance with ICH Guidelines for Good Clinical 

Practice. Written informed consent was obtained from all individual participants in the study. The 

study was registered at www.trialregister.nl with identifier number NTR3895.

Study population

This prospective, single-center study of infliximab-treated sarcoidosis patients was conducted 

between January 2011 and September 2014 at the Interstitial Lung Diseases Centre of Excellence, 

Department of Pulmonology at St Antonius Hospital Nieuwegein. The design of the study has 

been reported previously [6]. Briefly, all sarcoidosis patients who were treated with infliximab 

(Remicade®) therapy at St Antonius Hospital (Nieuwegein, The Netherlands) between January 

2011 and April 2013 were invited to participate in this prospective, open-label, cohort study. 

Both patients starting infliximab treatment and patients who were already receiving infliximab 

treatment were eligible. All patients had an established diagnosis of sarcoidosis, according to 

American Thoracic Society/European Respiratory Society criteria [1] and were unresponsive to 

corticosteroids and second-line treatment, most often MTX or AZA, or experienced severe side 

effects from these agents (e.g. worsening diabetes, psychological deterioration or liver function 

disorders).

Treatment administration and blood sampling

Patients received 5 mg/kg bodyweight of infliximab as a two hour intravenous infusion at weeks 

0 and 2 and every four weeks thereafter. The interval between infusions was fixed at four weeks 

during the first six months of treatment, unless patients suffered from infection, resulting in 

postponing infliximab administration. Infusion duration and interval between infusions after 

six months could be prolonged according to judgement of the treating physician (e.g. infusion 

duration could be lengthened because of suspicion of allergic reaction or the interval could be 

prolonged because of an infection or because of treatment tapering).

Blood samples were collected to measure infliximab serum concentration. Infliximab concen-

trations were determined both in predose serum samples and in samples collected one hour after 

the end of the infusion. During the first six months of treatment blood samples were drawn at 

every dose, thereafter every three months. Additionally, during the first six months patients were 
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asked twice to provide a serum sample two weeks after infliximab administration. In patients who 

were clinically suspected of having developed antibodies toward infliximab (ATIs) (e.g. allergic 

reaction, loss of response), ATIs were determined using radio-immunoassay. Patient follow-up 

lasted up to two years.

Analytical methods

Infliximab serum concentrations were measured using a validated enzyme-linked immunosor-

bent assay (ELISA) (Sanquin, The Netherlands) [10]. The lower limit of quantification was 0.48 μg/

mL at a 1:500 dilution. The intra-assay precision, expressed as a coefficient of variation, ranged 

from 10.1% to 16.9%, whereas the interassay precision ranged from 11.3% to 19.4%. In samples 

collected one hour after the end of the infusion a dilution of 1:10,000 was used. Sera exceeding 

200 μg/mL were further diluted.

ATIs were determined in predose samples by Sanquin Diagnostics, Amsterdam, The Neth-

erlands, using radioimmunoassay [23]. Patients were classified as ATI positive when ATIs were 

detected in any sample analyzed for ATIs.

A total of 27 erroneous data points were excluded from the analysis. Data were deemed 

erroneous if the trough concentration was greater than the one hour post-dose concentration, 

when time of infusion end preceded time of infusion start or when sampling time post infusion 

preceded time of infusion stop (most probably due to switch between pre- and post dose blood 

collection sample tubes or a recording error).

Covariate data

Patient files were reviewed by investigators and predefined relevant covariates to be investigated 

were recorded. Data were treated as continuous, categorical or binominal data. The baseline 

covariate value was defined as the last recorded value prior to initiation of infliximab treatment. 

If a baseline covariate value was missing, the median value was imputed in case of a continuous 

covariate and for a categorical or binominal covariate, the value with the highest proportion of 

patients was imputed. Demographic covariates were age, sex, race (i.e. Caucasian, black, other), 

body weight (BW), body mass index (BMI), lean body weight (LBW) and body surface area (BSA). 

LBW was calculated as described by Janmahasatian et al. [24] and BSA was calculated using the 

Dubois formula. Inflammatory biomarkers were sIL-2R, ACE, CRP and SUVmax on 18F-FDG PET 

scan of the lung, the hilar and mediastinal region and, if applicable, the index organ other than 

the lungs. Additional covariates were serum albumin, use of low dose concomitant immunomod-

ulators (MTX, AZA, leflunomide and/or corticosteroids) during the study period and ATI status. 

Additionally, patients were genotyped for TNF G-308A (rs1800629) and FCGR3A V-158F (rs396991). 

Genomic deoxyribonucleic acid was extracted from peripheral blood of each individual using a 

standard method. Pre-designed taqman single nucleotide polymorphism genotyping assays and 

an ABI 7500Fast analyzer (Applied Biosystems, Foster City, CA) were used to genotype TNF G-308A 

(rs1800629) and FCGR3A V-158F (rs396991). Genotypes were tested as categorical and binom-
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inal (e.g. carrier ship) covariates. An interoccasional variability term was also included to assess 

any potential variability in the pharmacokinetic properties of infliximab between the induction 

period (represented by infliximab concentration data in weeks 0 to 6) and the maintenance period 

(after week 6 to study end).

ACE levels were not taken into account in patients who were using an ACE inhibitor. The same 

applied for sIL-2R levels in patients with kidney dysfunction (eGFR < 60 mL/min) [25]. SUVmax 

values were only available in patient who started infliximab during the study period, not in 

patients who were already on infliximab when the study started.

Pharmacokinetic analysis

Software

Infliximab concentration-time data were analyzed using NONMEM (version 7.3; ICON Development 

Solutions, Ellicott City, MD, USA) with Pirana, PsN and R/Xpose as modelling environment [26].

Data below the quantification limit

Only 2.4% (28/1181) of infliximab concentrations were below the quantification limit (BQL) (0.48 

μg/mL). BQL concentrations were replaced by 0.5 BQL (0.24 μg/mL). Data were screened for 

consecutive BQL levels within one dosing interval but none were observed.

Data records

In all patients previous infliximab treatment was recorded. In patients previously treated with 

infliximab at St Antonius Hospital Nieuwegein dosing records of infliximab as of April 2009 were 

included in the pharmacokinetic analysis.

After six months of treatment blood samples were drawn only every three months and there-

fore time of start and stop of infusion was missing in the infusions in between. Time of infusion 

start for these infusions was set at 11:00 am and infusion rate was adopted based on previous 

infusion rates for that particular patient.

Population pharmacokinetic model development

Pharmacokinetic data were described using the first-order conditional estimation method with 

interaction (FOCE-I) in NONMEM. One-, two- and three-compartment models with zero-order 

infusion and first-order distribution and elimination were tested during structural model devel-

opment. Interindividual variability (IIV) of the pharmacokinetic parameters was explored by 

stepwise addition of IIV to parameters. Individual values of the pharmacokinetic parameters 

were described using exponential models: 

𝑃𝑃" = 	𝜃𝜃 ∗ exp(𝜂𝜂") 

where Pi is the individual subject parameter in the ith patient, θ is the estimate of the population 

mean or typical value of the parameter and ηi is the individual specific random effect for the 
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ith patient, which is drawn from a distribution with a mean of zero and variance of ω2. Residual 

variability was estimated by proportional, additive or combined error models. The combined 

error model was tested assuming two different sources of error and assuming one source of 

residual error [27].

Only a model that converged with a successful covariance step was considered for further 

analysis. Goodness of fit for a model was assessed using plots of observed infliximab concentra-

tions (DV) versus population-predicted (PRED) and individual-predicted concentrations (IPRED) 

(i.e. DV vs PRED and DV vs IPRED, respectively). The residual error components of models were 

assessed via scatter plots of conditional weighted residuals (CWRES) versus PRED and CWRES 

versus time after dose. Smooth nonparametric trend curves (locally weighted scatter plot 

smoother (LOESS)) were included in the graphs as appropriate. The best model was determined 

by visual comparison of goodness of fit and by comparing objective function value (OFV).

Covariate analysis

Potential covariates were assessed using linear, piece-wise linear, exponential and power equa-

tions for continuous covariates and a linear equation for categorical covariates on systemic 

clearance (CL) and volume of the central compartment (V1). First, covariates were added using 

a stepwise forward-inclusion procedure with a p-value of less than 0.05, which corresponds to a 

difference in OFV > 3.84. Then, a stepwise backward-deletion procedure was used with a stricter 

criterion of p < 0.005: only covariates associated with an increase in OFV of at least 7.88 were 

retained in the model. This stricter criterion was used because of multiple comparisons that were 

performed during the forward inclusion procedure [28].

The effect of covariates was assessed on all parameters, but because covariates on intercom-

partmental clearance (Q) and volume of the peripheral compartment (V2) frequently resulted in 

an unsuccessful covariance step, ultimately covariates were assessed only on CL and V1.

Population pharmacokinetic model evaluation

The internal validity of the population pharmacokinetics and models was assessed by the boot-

strap re-sampling method using 2000 replicates. Non-parametric 95% confidence intervals (95% 

CIs) were obtained from the bootstrap replicates. Parameters obtained with the bootstrap repli-

cates were compared with the estimates obtained from the original dataset.

Pharmacodynamics

Only patients who started infliximab treatment at the time of study start were included in this 

pharmacodynamic analysis. The area under the infliximab concentration-time curve (AUC) from 

treatment initiation to six months of treatment, which was when treatment response was evalu-

ated, was computed using NONMEM for each patient. Clinical and inflammatory parameters and 

a composite response score were evaluated at baseline and after six months in patients. Clinical 

parameters were pulmonary function tests, i.e. forced vital capacity (FVC) and diffusing capacity 
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of the lung for carbon monoxide corrected for hemoglobin (DLCOc). Inflammatory parameters 

were ACE, sIL-2R, CRP and SUVmax on 18F-FDG PET scan of the pulmonary parenchyma and, if 

applicable, the index organ other than the lungs. The composite clinical response score, which 

included organ function, inflammatory biomarkers and quality of life, was previously described 

[6]. Visual examination of scatterplots, and univariate and multivariate linear regression were 

used to test whether AUC correlated with pharmacodynamic parameters, except for the response 

score, which was tested using ordinal regression. Linear and ordinal regression were performed 

using SPSS for Windows (version 24; IBM, Armonk, NY, USA).

RESULTS

Patients

Data from 68 evaluable patients was used for the pharmacokinetic analysis. Most patients (n=55, 

81%) were included at the time of infliximab initiation; the other 13 patients were already receiv-

ing infliximab at the time of study start. Median body weight was 84 kg (range 56 to 140) (Table 

1). Median follow-up time was 14.7 months (range 0.5 - 26.4). A total of 1,181 serum samples 

were available for the pharmacokinetic analysis. Median infliximab trough level was 17.9 μg/mL 

(n=589) and median top level was 150.5 μg/mL (n=511). Median level two weeks after infliximab 

infusion was 41.8 μg/mL (n=81). ATIs were detected in pre-infusion serum samples of six patients, 

18 patients were tested negative and in 44 patients ATIs were not measured because there was 

no clinical suspicion for presence of ATIs.

Structural pharmacokinetic model

The pharmacokinetics of infliximab was best described by a two-compartment model with a 

combined proportional and additive error model assuming one source of variation. Stepwise 

addition of IIV on parameters CL, V1 and V2 resulted in a significant improvement in model fit 

and OFV. The pharmacokinetic parameters are summarized in Table 2. The η-shrinkage for CL was 

2.1%, for V1 8.1% and for V2 21% and ε-shrinkage was 7.0%.
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Table 1. Summary of patient characteristics of the study subjects at baseline.

Patient characteristics

Subjects 68

Demographic characteristics at study start
Age at study start (years)
Male sex
Body weight (kg)
Body mass index (kg/m2)
Lean body weight (kg)
Body surface area (m2)

48.4 [29.1-67.6]
44 (63)
84 [56-140]
27.3 [18.9-44.2]
60.9 [37.0-83.4]
2.01 [1.57-2.54]

Ethnicity
Caucasian
Black
Other

60 (88)
6 (9)
2 (3)

New or ongoing
New
Ongoing

55 (81)
13 (19)

Disease duration at study start (years) 4.3 [0.7-32.6]

Medication prior to infliximab
Corticosteroids
Methotrexate
Azathioprine
Leflunomide
Plaquenil
Infliximab
Adalimumab
None
Use of ≥ 2 different drugs prior to infliximab

66 (97)
58 (85)
7 (10)
1 (1)
9 (13)
15 (22)
2 (3)
0 (0)
59 (87)

Concomitant immunosuppressive medication
Corticosteroids
Methotrexate
Azathioprine
Leflunomide
None

22 (32)
56 (82)
3 (4)
1 (1)
0 (0)

Inflammatory biomarkers
sIL-2R (pg/mL)
ACE (U/L)
SUVmax total (incl index localization)
SUVmax pulmonary parenchyma
SUVmax mediastinum
CRP (mg/L)

5366 [899-40200]†

82 [6-237]‡

8.2 [1.7-22.1]
5.6 [0.6-19.3]
5.5 [1.7-16.1]
4.5 [0.5-43]

Albumin (g/L) 43.6 [26.3-50.1]

Genotype frequencies, n
TNF G-308A (rs1800629) GG/AG/AA
FCGR3A V-158F (rs396991) AA/CA/CC

48/16/3§

37/24/6§

Data are expressed as median [range] or n (%), unless stated otherwise. sIL-2R: soluble interleukin-2 
receptor; ACE: angiotensin-converting enzyme; SUVmax: maximum standardized uptake value on 
18F-fluorodexoyglucose positron emission tomography (18F-FDG PET) scan. 
† n=62; ‡ n=58; § for one patient no DNA sample was available.
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Table 2. Parameter estimates for the infliximab population pharmacokinetic model.

Parameter Base model
Estimate %RSE

Final model
Estimate %RSE

Bootstrap*
Median 95% CI

CL (L/day)
V1 (L)
Q (L/day)
V2 (L)

0.304 
3.18 
0.189 
1.50

5.1
2.4
43
14

0.276 
3.16 
0.177 
1.49

3.2
1.6
21
11

0.278
3.15 
0.194 
1.55

0.257, 0.324
2.89, 3.26
0.101, 2.90
1.20, 2.87

IIV
IIV on CL (%)
IIV on V1 (%)
IIV on Q (%)
IIV on V2 (%)

33.6 
18.3 
-
76.9 

26
21
-
47

23.5
10.9
-
75.4

19
22
-
48

22.3
10.8
-
72.7 

18.2, 27.2
8.2, 13.0
-
24.1, 113

Residual variability
Proportional (%)
Additional (µg/mL)

14.6 
0.936 

5.2
25

14.7 
0.936 

4.6
23

14.7
0.902

13.2, 16.5
0.398, 1.41

Covariates
ATI on CL
BW on CL 
ALB on CL 
BSA on V1

-
-
-
-

-
-
-
-

0.814
0.00661
-0.975
0.663

38
27
27
10

0.825
0.00654
-0.968
0.669

0.180, 2.20
0.00315, 0.0104
-1.67, -0.454
0.514, 0.826

*Calculated from 2000 bootstrap data sets; convergence rate 91.5%
RSE: relative standard error; CL: systemic clearance; V1: volume of central compartment; Q: 
intercompartmental clearance; V2: volume of peripheral compartment; IIV: interindividual variability; 
ATI: antibodies toward infliximab status; BW: baseline body weight (in kg); ALB: baseline serum albumin 
concentration (in g/L); BSA: baseline body surface area (in m2).

Covariate model

Covariates that were included in the stepwise addition procedure were ATI status, baseline BW, 

baseline serum albumin and baseline sIL-2R on clearance and baseline BSA on central volume. 

After backward elimination, the covariates included in the final model were baseline serum albu-

min, ATI status and baseline BW on clearance, and baseline BSA on central volume. Some of the 

IIV of the population parameters was explained by inclusion of the covariates, as indicated by a 

reduction from 33.6% and 18.3% in the base model to 23.5% and 10.9% in the final model for CL 

and V1, respectively. The final model was: 

𝐶𝐶𝐶𝐶 = 0.276 ∗ (1 + 0.814 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴) ∗ 𝑒𝑒4.44556∗(789:;) ∗ <
𝐴𝐴𝐶𝐶𝐴𝐴
43.6
?
94.@AB

 

𝑉𝑉1 = 3.16 ∗ D1 + 0.663 ∗ (𝐴𝐴𝐵𝐵𝐴𝐴 − 2.00)G 

𝑄𝑄 = 0.177 

𝑉𝑉2 = 1.49 

 

𝐶𝐶𝐶𝐶 = 0.276 ∗ (1 + 0.814 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴) ∗ 𝑒𝑒4.44556∗(789:;) ∗ <
𝐴𝐴𝐶𝐶𝐴𝐴
43.6
?
94.@AB

 

𝑉𝑉1 = 3.16 ∗ D1 + 0.663 ∗ (𝐴𝐴𝐵𝐵𝐴𝐴 − 2.00)G 

𝑄𝑄 = 0.177 

𝑉𝑉2 = 1.49 

 

𝐶𝐶𝐶𝐶 = 0.276 ∗ (1 + 0.814 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴) ∗ 𝑒𝑒4.44556∗(789:;) ∗ <
𝐴𝐴𝐶𝐶𝐴𝐴
43.6
?
94.@AB

 

𝑉𝑉1 = 3.16 ∗ D1 + 0.663 ∗ (𝐴𝐴𝐵𝐵𝐴𝐴 − 2.00)G 

𝑄𝑄 = 0.177 

𝑉𝑉2 = 1.49 

 

𝐶𝐶𝐶𝐶 = 0.276 ∗ (1 + 0.814 ∗ 𝐴𝐴𝐴𝐴𝐴𝐴) ∗ 𝑒𝑒4.44556∗(789:;) ∗ <
𝐴𝐴𝐶𝐶𝐴𝐴
43.6
?
94.@AB

 

𝑉𝑉1 = 3.16 ∗ D1 + 0.663 ∗ (𝐴𝐴𝐵𝐵𝐴𝐴 − 2.00)G 

𝑄𝑄 = 0.177 

𝑉𝑉2 = 1.49 

 

where ATI status = 1 for patients who tested positive and 0 for patients who tested negative or 

who were not clinically suspected for presence of ATIs, BW is body weight at baseline, ALB is 

serum albumin at baseline and BSA is BSA at baseline.
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Goodness of fit plots show that the final model adequately described the observed values 

(Figure 1). Observed values > 200 μg/mL were slightly underpredicted by the model. No system-

atic bias was found in CWRES and the mean ± SD of the CWRES was close to zero -0.03 (±0.99), 

approximating a normal distribution. The terminal half-life for infliximab was about 14 days and 

the residual error plots showed no systematic deviation over time (Figure 1). 

Figure 1. Goodness of fit plots for the final model. 
Dashed grey lines represent the locally weighted smoothing of the data. CWRES: conditional weighted 
residuals, time in days after dose.
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The condition number of the final model was 19.8, suggesting that the model was not ill-con-

ditioned as a value greater than 1000 indicates an ill-conditioned model.

Parameter estimates for the final model, including 95% CIs obtained by a bootstrap resam-

pling technique are summarized in Table 2. A great interindividual variation in V2 of 75.4% was 

observed with a large relative standard error of 48%. However, when IIV on V2 was removed from 

the model, the OFV increased by 50 points and therefore the IIV on V2 was retained in the model. 

One patient had an exceptionally high estimated V2 of 26.1 L, compared to the estimated popu-

lation mean of 1.49 L. This patient initially had normal trough infliximab serum levels compared 

to other patients, but trough levels decreased to undetectable levels. ATIs were assessed and 

detected. Treatment was continued and trough levels increased back to initial levels. The patient 

was again tested for ATIs and test results were negative.

The median values obtained by the bootstrap resampling technique were in good agree-

ment with the point estimates. The significance of the included covariates was further supported 

by the bootstrap analysis as none of the 95% CIs for the covariate effects included 0.

Effect of BSA and BW

Baseline BSA was a significant covariate of V1, described by a linear relationship, and was the 

most significant covariate. Baseline BW was a significant covariate of CL. This relationship was 

best described using an exponential functional form. Figure 2A, panel I displays a scatterplot of 

the empirical Bayesian estimates (EBEs) of V1 versus BSA; panel II displays a scatterplot comparing 

the random effect (ETA) of V1 for the base model and panel III for the final model, illustrating the 

reduction in IIV from the base to final model as a result of the inclusion op BSA as a covariate. 

Figure 2B provides plots for the relationship between BW and CL.

Effect of serum albumin concentration

A lower baseline serum albumin concentration was associated with a higher infliximab CL (Figure 

2C panel I). This relationship was best described by a centered covariate with a power factor. 

Figure 2C, panels II and III display the association between the random effect of CL (ETA1) with 

baseline serum for the base model and the final model, respectively.

Effect of antibodies toward infliximab status

A total of six patients were tested positive for ATI during the study period. Mean CL was 81% 

higher in these patients compared with those who were non-positive or not tested. Figure 2D 

panel I displays a box plot of CL versus ATI status in the base model. The relationship between 

ETA1 and ATI status for the base model and final model is depicted in Figure 2D, panel II and III, 

respectively. The addition of ATI status as a covariate appears to have corrected the difference in 

clearance between the two groups in the final model.
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Figure 2. Empirical Bayesian Estimates (EBEs) of parameters (panels I) and ETAs (panels II) in the base model 
and ETAs (panels III) in the final model. 
(A) V1 and ETA2(V1) versus baseline body surface area (BSA), (B) CL and ETA1(CL) versus baseline body 
weight (BW), (C) CL and ETA1(CL) versus baseline serum albumin, (D) CL, and ETA1(CL) versus antibody 
toward infliximab (ATI) status. V1: volume of central compartment; CL: systemic clearance; ETA: random 
effect; non-pos: non-positive; pos: positive. BSA in m2, BW in kg, serum albumin in g/L.
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Pharmacodynamics

In 47 patients clinical and inflammatory parameters were evaluated after six months of treatment 

(Table 3). A weak but statistically significant correlation between AUC and change in FVC was 

observed (scatter plots, p=0.035, R=0.311). A high AUC was associated with a low response on 

FVC (Figure 3). When SUVmax of the pulmonary parenchyma at baseline was added as an inde-

pendent variable in a multivariate regression analysis, no significant association between AUC 

and change in FVC was found (p=0.133). No significant correlation between AUC and change in 

DLCOc, change in inflammatory parameters or response score was found.

Table 3. Patient characteristics in 47 patients in pharmacodynamic analysis before and after the first six 
months of treatment.

Patient characteristic

Pulmonary function
Change in FVC (% pred)
Change in DLCOc (% pred)

5.6 [-17 to 19]
3.5 [-9.2 to 14]

Inflammatory parameters
Change in sIL-2R (pg/mL)
Change in ACE (U/L)
Change in CRP (mg/L)
Change in SUVmax (incl index organ)

-3264 [-15530 to 5423]
-21 [-150 to 63]
-2 [-18 to16]
-4.7 [-20 to 3.3]

Response score
0
1
2
3

3 (6)
8 (17)
18 (38)
18 (38)

Data are presented as median [range] or n (%). FVC: forced vital capacity; % pred: % predicted; DLCOc: 
diffusing capacity of the lung for carbon monoxide corrected for hemoglobin, sIL-2R: soluble interleu-
kin-2 receptor; ACE: angiotensin-converting enzyme; SUVmax: maximum standardized uptake value on 
18F-fluorodexoyglucose positron emission tomography (18F-FDG PET) scan. Response score is a composite 
clinical score which includes organ function, inflammatory biomarkers and quality of life, as previously 
described [59].
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Figure 3. Infliximab area-under-the-curve (AUC) during the first six months of treatment and change in 
forced vital capacity (FVC) after six months of infliximab treatment.
Correlation between high AUC and low response on FVC (p=0.035, R=0.311).

DISCUSSION

This is the first study on the pharmacokinetics and pharmacodynamics of infliximab in severe 

sarcoidosis patients and uses long-term clinical data. In our study infliximab concentrations were 

satisfactorily described by a two-compartment model. The factors baseline BW, ATI status and 

baseline serum albumin concentration were found to have a significant effect on infliximab clear-

ance. The factor baseline BSA has a significant effect on central volume. IIV on intercompartmental 

clearance was not included in the final model because shrinkage was observed. This has been 

described before in infliximab pharmacokinetic modelling [11,16]. The final population pharma-

cokinetic model described the observed concentration-time profiles of infliximab reasonably 

well. The goodness of fit plots for the final model showed a slight bias toward underprediction 

for a low percentage of observed serum infliximab concentrations with values > 200 μg/mL. We 

could not identify an exact cause for this. Nevertheless, bootstrap analysis showed that the final 

model adequately and accurately estimated the pharmacokinetic parameters and had reasonable 

predictability.

The present study found that serum albumin was an influential covariate of clearance in sar-

coidosis. High baseline serum albumin levels were associated with low infliximab clearance, and 

low baseline serum albumin levels were associated with high infliximab clearance. Serum albumin 
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levels in our study populations ranged from 26.3 to 50.1 g/L, resulting in a decrease in infliximab 

CL by 47% from 0.45 to 0.24 L/day for a patient with median body weight and non-positive ATI 

status. A significant effect of serum albumin on infliximab clearance has also been reported in 

patients with inflammatory bowel disease [28-30]. Albumin is an endogenous protein that, like 

therapeutic IgGs such as infliximab, is protected from catabolism by binding to the Brambell 

receptor, FcRn, resulting in antibody salvage and recirculation [31]. A high serum baseline albu-

min may be the result of a low clearance of albumin and antibodies by efficient FcRn-mediated 

protein salvage. Baseline serum albumin concentration being a significant covariate suggests 

that albumin homeostasis can be regarded as a surrogate marker for that of therapeutic IgGs in 

our sarcoidosis population. 

During the forward inclusion procedure, an association between covariate inflammatory 

biomarker sIL-2R and infliximab clearance was found, with high baseline sIL-2R being associated 

with high clearance. Interleukin-2 is a pro-inflammatory cytokine secreted by activated T lympho-

cytes. It is thought to play a key role in sarcoidosis as it stimulates proliferation of T lymphocytes 

by binding to the IL-2R. This receptor can be released in a soluble form, sIL-2R, which has been 

proposed as a marker for sarcoidosis disease activity [32-35]. In rheumatoid arthritis and inflam-

matory bowel disease inflammatory biomarker CRP has been associated with infliximab trough 

concentrations and infliximab clearance, likely due to effect on target-mediated drug disposition, 

a mechanism of elimination frequently reported for monoclonal antibodies [8-12]. Because CRP 

is not regarded as an adequate biomarker to reflect inflammatory disease activity in sarcoidosis 

we included biomarkers that do represent inflammatory activity in sarcoidosis (sIL-2R, ACE and 

SUVmax on 18F-FDG PET scan) as potential indirect markers for TNF burden in our population. 

Although, the association between baseline sIL-2R and CL was not maintained when the back-

ward elimination procedure was performed, this finding suggests that TNF burden at baseline 

may also play a role in clearance of infliximab in sarcoidosis.

Additionally, Ternant et al. [12] reported infliximab pharmacokinetics to be influenced by 

the FCGR3A gene, which encodes FcγRIIIA, a receptor for the Fc portion of IgG that is expressed 

on macrophages and natural killer cells. The single nucleotide polymorphism FCGR3A -158V/F, 

which results in a different receptor affinity for human IgG, has been associated with infliximab 

clearance and also response to infliximab treatment. Homozygous V/V patients have a higher 

affinity for human IgG, eliminating infliximab faster and being more sensitive to treatment in 

Crohn’s disease [36-38]. However, in our study we could not replicate the association between the 

single nucleotide polymorphism FCGR3A -158V/F and infliximab pharmacokinetics in sarcoidosis 

patients. Response to infliximab in sarcoidosis has been associated with the single nucleotide 

polymorphism TNF -308 G/A [39]. This functional SNP is located in the promotor region of the 

gene and has been related to differential gene expression [40,41]. Variability in this SNP as a 

predictor for infliximab pharmacokinetics has not been studied before. We hypothesized that a 

higher TNF expression could potentially result in a higher infliximab clearance. However, we did 

not find a significant correlation with infliximab pharmacokinetics.
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In patients positive for ATIs mean CL was higher compared to patients who tested negative 

for ATIs or in whom ATIs were not assessed because there was no clinical suspicion of develop-

ment of ATIs. Mean CL in ATI positive patients was 81% higher compared to the other patients. 

The bootstrap analysis showed a wide 95% confidence interval for this covariate effect. Likely 

this is due to the small number of patients positive for ATIs.

Systemic infliximab clearance in sarcoidosis was comparable to earlier reported values in 

ankylosing spondylitis and rheumatoid arthritis, and slightly lower compared to Crohn’s dis-

ease and ulcerative colitis [15-17,28,29,42-44]. A potential explanation for this finding is that in 

inflammatory bowel disease, infliximab also disappears from the circulation through intestinal 

protein loss [45], resulting in a larger estimated clearance value. Another potential explanation 

could be a different TNF burden and therefore a difference in target-mediated clearance [11,46].

We found a large variability in V2 compared with CL and V1, possibly because of the lack of mul-

tiple measurements during the distribution phase. This phenomenon has been reported previously 

[28]. BW and BSA being covariates on CL and V1, respectively, has also been reported before [15-17].

In rheumatoid arthritis and Crohn’s disease the addition of low dose concomitant immuno-

suppressive medication has been previously reported to influence infliximab clearance [11,28]. 

In our study all patients received low dose concomitant immunosuppressive medication during 

the study period. Therefore, we were not able to study this as a covariate.

The pharmacodynamic analysis showed a significant association between AUC of infliximab 

and change in FVC, with a worse outcome in patients with a higher AUC. In a previous analysis 

on this study population, we described a predictive relationship between baseline SUVmax of 

the lung and change in FVC [6]. When the baseline SUVmax value of the lung was added to the 

correlation between AUC and change in FVC, the relationship between these variables was no 

longer statistically significant. A potential explanation for this finding may be that patients with 

a low SUVmax of the lung at baseline have little inflammation, and therefore do not have much 

room for improvement. This low inflammation burden means low TNF levels and because inflix-

imab is only detected when not bound to TNF, will result in higher levels of unbound and thus 

detectable infliximab.

Median infliximab trough concentrations were higher compared to earlier reports on other 

inflammatory diseases. This is not surprising, because the interval between infliximab doses in 

sarcoidosis treatment is shorter compared to other treatment indications. No therapeutic window 

for infliximab trough levels is known in sarcoidosis. However, taking into account the absence 

of an exposure-response relationship found in our study, these trough levels are considered 

supratherapeutic, indicating overdosing in the current treatment protocol. The developed 

pharmacokinetic model is essential in finding the optimal infliximab dosing regimen in severe 

sarcoidosis.

In conclusion, baseline BSA, BW, serum albumin and ATI status were found to influence the 

pharmacokinetics of infliximab pharmacokinetics in severe sarcoidosis. No exposure-response 

relationship was found, indicating overdosing in the current treatment protocol.
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SUMMARY

The objective of this thesis was to investigate the effectiveness of anti-tumor necrosis factor 

(TNF) agents infliximab and adalimumab in severe sarcoidosis and to assess whether pharma-

cogenetics, inflammatory biomarkers and pharmacokinetics and pharmacodynamics can aid in 

more precision based anti-TNF treatment in severe sarcoidosis.

In chapter 2 we provide an overview of the current knowledge of anti-TNF therapeutics in sar-

coidosis, especially highlighting the differences in effectiveness. TNF is a critical factor in the 

development and progression of sarcoidosis. It plays a pivotal role in the formation of granulomas. 

Therefore, inhibiting the effect of TNF by immunomodulatory therapy is a rational proposition. 

There are two types of anti-TNF agents used in sarcoidosis. First, there are the non-targeted 

immunomodulatory drugs with an inhibitory effect on TNF production. Examples are thalido-

mide, pentoxifylline and apremilast. They are not regularly prescribed in clinical practice because 

of an unfavorable risk/benefit ratio. The second type is the group of targeted anti-TNF biologi-

cals, specifically inhibiting TNF, such as infliximab, adalimumab and etanercept. These drugs are 

given when first- and second-line treatment options have failed. Infl iximab and adalimumab have 

shown to be of benefit in sarcoidosis patients; etanercept was found to be insuffi ciently effec-

tive. This difference may be explained by the lower affinity of etanercept for membrane-bound 

TNF, etanercept being unable to induce cellular apoptosis and variation in expression of certain 

immune-related genes. Apart from their beneficial effects, severe side effects have been reported, 

including infections and infusion reactions. Moreover, patients have to be closely monitored for 

possible development of antibodies against infliximab during treatment and return of disease 

activity after treatment cessation. There is a clinical need for evidence based guidelines describing 

when and how to prescribe anti-TNF therapeutics in sarcoidosis and for identification of putative 

responsive patients.

Chapter 3 reports on a prospective, single arm study in 56 patients with severe sarcoid-

osis, refractory to first- and second-line treatment, who were treated with infliximab in a dosing 

regimen of 5 mg/kg at week 0, 2 and every four weeks thereafter. After six months of treatment, 

response was evaluated for three domains: organ function, inflammatory biomarkers and quality 

of life. Also, infliximab trough levels in serum were measured. Mean improvement in forced vital 

capacity (FVC) was 6.6% predicted (p=0.0007), whereas in the six months before start of treat-

ment, lung function deteriorated. Maximum standardized uptake value (SUVmax) of pulmonary 

parenchyma on 18F-fluorodeoxyglucose by positron emission tomography (18F-FDG PET) scan 

decreased by 3.93 (p<0.0001). High SUVmax of pulmonary parenchyma at baseline predicted FVC 

improvement (R=0.62, p=0.0004). Mean patient global assessment score on a visual analogue 

scale showed a clinically significant decrease of -14.6 after six months of treatment. Mean physical 

functioning score on the Short-form 36 increased by 8.2 after six months of treatment. The mean 

infliximab trough serum level was 18 μg/mL and no correlation between infliximab trough serum 
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level and response was found. This first prospective open label study showed that infliximab is 

effective in selected patients with refractory disease and evidence of persistent disease activity.

In Chapter 4 effectiveness of infliximab in long-term treatment was evaluated. A total of 37 

patients continued treatment for at least one year and 26 patients further continued infliximab 

treatment for at least two years. Organ function and inflammatory biomarkers were evaluated 

every six and three months, respectively, for up to two years. After the first six months of treat-

ment the mean improvement in FVC was 8% predicted and the mean improvement in diffusing 

capacity of the lung for carbon monoxide corrected for hemoglobin (DLCOc) was 6% predicted. 

Pulmonary function tests remained stable during the rest of the study period. The mean levels 

of the inflammatory biomarker soluble interleukin-2 receptor (sIL-2R) decreased from 8721 to 

4584 pg/mL in the first three months of treatment and remained rather stable during the rest 

of the study period. Mean angiotensin-converting enzyme (ACE) also decreased during the first 

three months of infliximab treatment from 93 to 56 U/L and remained stable during the rest of 

the study period. We observed that the positive effect of six months treatment with infliximab 

in severe refractory sarcoidosis can be maintained for at least two years under prolonged treat-

ment. In case of clinical stability and low levels for inflammatory parameters, the dosing interval 

was lengthened based upon physician’s judgement. In patients where the dosing interval was 

lengthened (n=14), organ function and inflammatory biomarkers remained stable. These data 

show that the dosing interval between infusions can be safely lengthened in selected patients 

with clinical stability and low levels of inflammatory markers.

Chapter 5 investigates whether adalimumab could achieve stabilization or improvement of 

the disease in patients who initially responded to infliximab therapy but had become intolerant to 

infliximab, typically because of loss of response and infusion reactions because of the formation 

of antibodies against infliximab. A total of 18 patients switched to adalimumab because of intol-

erance to infliximab. Organ function improved in seven patients (39%), was stable in six patients 

(33%) and worsened in five patients (28%) after twelve months of treatment or after six months, 

if evaluation after twelve months was not available (n=4). In none of the patients biomarker levels 

of sIL-2R increased. The most reported adverse event was infection (n=10). The findings show that 

72% of the patients showed at least a stable disease pattern when they switched from infliximab 

to adalimumab. Therefore, adalimumab appears to be a suitable alternative in patients who have 

developed intolerance to infliximab.

In Chapter 6 we investigated whether variants in the genes encoding TNF, TNF receptors, 

Fcγ-receptors and HLA genotypes were associated with change in clinical and inflammatory 

parameters in severe sarcoidosis patients treated with infliximab. We found that the mean 

improvement of DLCOc was lower in carriers of the TNFRSF1A rs1800693 G allele (GG+GA) than 

in non-carriers (AA) (0.5 vs 6.1% predicted, p=0.001). Furthermore, reduction in sIL-2R and ACE 

was lower in TNFRSF1A rs1800693 G allele carriers than in non-carriers (2473 vs 6273 pg/mL, 

p=0.004 and 16 vs 38 U/L, p=0.03, respectively). Regarding TNFRSF1B T196G, carriers of the T 

allele had a mean decrease in ACE of 25 U/L versus an increase of 15 U/L in non-carriers of the 
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T allele (p=0.02). Finally, HLA-DRB*0301 negative patients (tag SNP rs2040410 GG) showed a 

significantly higher reduction in sIL-2R compared to HLA-DRB1*0301 positive patients (tag SNP 

rs2040410 carriers of the A allele) (3996 versus 2283 pg/mL, p=0.03). These findings require fur-

ther confirmation in other studies.

In Chapter 7 we present a population pharmacokinetic model of infliximab in severe sarcoid-

osis. In 68 patients peak concentrations, concentrations two weeks after dose administration and 

trough concentrations were used to develop a two-compartment population pharmacokinetic 

model using NONMEM. Population pharmacokinetic estimates (typical value (relative standard 

error)) in the final covariate model were clearance (CL) 0.276 L/day (3.2%), volume of central 

compartment (V1) 3.16 L (1.6%), intercompartmental clearance (Q) 0.177 L/day (21%) and volume 

of peripheral compartment (V2) 1.49 L (11%). These population estimates of the pharmacoki-

netic parameters were comparable to earlier published population pharmacokinetic models in 

rheumatoid arthritis and ankylosing spondylitis. The population estimate for the clearance of 

infliximab in sarcoidosis was slightly lower compared to population estimates for the clearance 

in inflammatory bowel disease. Covariate analyses showed that V1 increased with baseline body 

surface area and CL increased with positive antibodies against infliximab status, low baseline 

serum albumin and high body weight. No association with inflammatory activity or genotype 

and no exposure-response relationship were found.

GENERAL DISCUSSION

Sarcoidosis is a granulomatous disease of unknown cause with a wide heterogeneity in organ 

manifestation, severity and clinical course. Pulmonary involvement is present in 90% of the 

patients, but lymph nodes, eyes and skin are often involved as well. Therefore, multiple special-

ists may be involved in care for sarcoidosis patients [1].

Although the exact etiology of sarcoidosis remains unknown, in vitro research has shown 

that TNF plays a pivotal role in the formation and maintenance of granulomas. This has fueled the 

hypothesis that anti-TNF agents could be of benefit in the treatment of sarcoidosis [2].

Because most sarcoidosis patients show self-limiting disease or can adequately be treated 

with first- or second-line medications, only a small number of patients require therapy with 

anti-TNF agents. Case reports and retrospective series have reported benefit in various mani-

festations of sarcoidosis, including pulmonary, cutaneous, and ocular manifestations. However, 

only one prospective study in a (relatively) large group of patients has been performed [3]. Thus 

current recommendations for the treatment of sarcoidosis are mainly based on expert opin-

ion and ‘eminence’-based medicine and often derived from extrapolations from other chronic 

immune-mediated inflammatory diseases. More insight is needed in the details of anti-TNF ther-

apy in sarcoidosis - especially prospective studies and studies on long-term treatment outcome 

- to determine effectiveness and assess which patients will benefit most. Research on how to 
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individualize infliximab treatment in sarcoidosis is far behind compared to other immune-medi-

ated inflammatory diseases such as rheumatoid arthritis, Crohn’s disease and ulcerative colitis, 

especially in the areas of pharmacogenetics, pharmacokinetics and pharmacodynamics.

Effectiveness of infliximab in refractory sarcoidosis

Retrospective case series and case reports on infliximab in sarcoidosis have reported a benefit, but 

the largest randomized controlled trial by Baughman et al. [3] only found a small improvement 

in pulmonary function with unclear clinical relevance. This study included 90 patients in the 

treatment group and 44 patients in the placebo group. A mean increase in FVC of 2.5% predicted 

in the treatment group and no change in the placebo group was reported. These findings differ 

from the results of our prospective, single arm study described in chapter 3. In our population 

FVC showed a mean improvement of 6.6% predicted after a six months treatment period with 

infliximab while in the six months prior to infliximab initiation FVC deteriorated. Likely, the dif-

ferent patient selection process causes this different treatment outcome, with a much higher 

disease activity in our population compared to the population in the study by Baughman et 

al. [3]. One of the inclusion criteria in the study by Baughman et al. [3] was that patients should 

be on a stable dose of prednisone before study entry. In a post hoc analysis infliximab therapy 

was more beneficial in patients with more severe disease. In our study, levels of inflammatory 

biomarkers, i.e. sIL-2R, ACE and activity on 18F-FDG PET scan, at baseline were relatively high. 

The only available biomarker in the previous study was ACE, which was within normal range. 

In our study, inflammatory activity of the pulmonary parenchyma measured by 18F-FDG PET 

scan at baseline correlated with pulmonary function improvement after six months of infliximab 

treatment. Because infliximab is an anti-inflammatory agent it will have the highest impact in 

patients with active inflammatory disease [4]. Our data further showed improvement in extrapul-

monary manifestations of sarcoidosis, reduction of inflammatory biomarkers sIL-2R and ACE and 

also reduction of activity measured with 18F-FDG PET scan. In quality of life questionnaires we 

observed an improvement on the visual analogue scale score and the physical functioning score 

of the short form-36. Our study demonstrated that infliximab is beneficial in sarcoidosis refractory 

to first- and second-line therapy treatment and should especially be considered in patients with 

evidence of active lung disease.

Above results concern short-term effectiveness of infliximab after six months of treatment. A 

recent study reported that discontinuation of infliximab after a mean duration of infliximab treat-

ment of 8.5 months resulted in relapse in the majority of patients and therefore physicians are 

hesitant to discontinue infliximab treatment in responding patients [5]. However, there remains 

a lack of well-documented evidence on whether response is maintained if infliximab infusions 

are continued. Small studies have reported benefit after more than six months of infliximab treat-

ment but none have reported multiple moments of follow-up to investigate whether response 

after six months is actually maintained or improvement continues or diminishes over time. Study 

results in chapter 4 show that response after six months is maintained for at least two years 
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when treatment is continued. Moreover, in patients who are treated for a longer period of time 

guidelines recommend to gradually withdraw the drug by increasing the interval between doses 

[6]. Our study showed that when lengthening the interval between infliximab doses from four to 

six weeks organ function and inflammatory biomarkers levels remain stable. This indicates that 

either these subjects have finally entered a spontaneous remission state of their disease or only 

need small amounts of infliximab to maintain disease control. This is the first study to provide 

clinical data to support the recommendation to taper infliximab. Whether the dosing interval 

can be further lengthened to eight weeks or longer and when or if infliximab can be safely dis-

continued requires further studies. 

Adalimumab in patients who have developed intolerance to infliximab

Chapter 4 demonstrates that some patients lose response to infliximab because they develop 

antibodies against infliximab. Besides loss of response, infusion reactions often occur in these 

patients. Thus patients develop intolerance to infliximab. In clinical practice these patients often 

switch to adalimumab [7]. Moreover, patients suffering from other side effects of infliximab that 

have been reported less frequently in adalimumab treatment, such as pericarditis, could switch. 

Usually the goal of treatment is improvement, but because these patients have been treated 

with another anti-TNF agent just prior to start of adalimumab, the objective of adalimumab 

treatment is to at least maintain stability. Our findings in chapter 5 show that 72% of patients at 

least remained stable when they switched from infliximab to adalimumab, making adalimumab 

a suitable alternative for infliximab in these patients.

Although the study design was not intended to compare effectiveness of adalimumab with 

that of infliximab, our results do not suggest adalimumab to be more effective than infliximab. 

This is in line with previous studies on adalimumab in sarcoidosis and current guidelines for 

clinical practice. They recommend the use of infliximab as the preferred specific anti-TNF agent 

in severe sarcoidosis.

Role of genetic variations in the effectiveness of infliximab in sarcoidosis

Response to infliximab has shown a great variability: in chapter 3 21% of patients showed a 

partial or no response. Preferably only patients who are likely to respond should be treated with 

infliximab because of potential side effects and high costs of the medication. Side effects of 

infliximab are infections, including tuberculosis, infusion reactions and further deterioration of 

cardiac failure. Also, infliximab is an expensive medication. Therefore, there is a need for studying 

factors that may predict the response.

In chapter 3 we reported a positive correlation between the SUVmax value at baseline on 
18F-FDG PET scan and improvement in pulmonary function upon infliximab treatment. In rheu-

matoid arthritis and inflammatory bowel disease many studies focused on which factors predict 

response. One of the areas of interest has been pharmacogenetics. Genes of interest included 

those encoding TNF, TNFR1, TNFR2, and Fcγ-receptor. In chapter 6 we investigated whether 
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genetic variations in these genes were associated with the response to infliximab in pulmonary 

function and inflammatory biomarkers. We found that carriers of the TNFRSF1A rs1800693 G 

allele had a significantly lower improvement in DLCOc and also a lower reduction in sIL-2R and 

ACE after six months compared with non-carriers (AA). Interestingly, this gene has been studied 

in inflammatory bowel disease and rheumatoid arthritis but interest subsided because of lack 

of association between TNFRSF1A genetic variants and response to infliximab [8], suggesting a 

difference in pathophysiology between sarcoidosis and other immune-mediated inflammatory 

diseases. Our findings require further confirmation in other studies. If replicated, our findings 

may aid in clinical decision-making in sarcoidosis.

Pharmacokinetics and exposure-response relationship of infliximab in sarcoidosis

Another area of research that is far behind in sarcoidosis compared to rheumatoid arthritis and 

inflammatory bowel disease is knowledge of the pharmacokinetics and pharmacodynamics of 

infliximab. Knowledge in this area could be of great assistance in optimizing infliximab treat-

ment: information on pharmacokinetics of infliximab could aid in determining the optimal dosing 

regimen in sarcoidosis. The currently recommended maintenance dosing regimen differs from 

registered dosing regimens for other immune-mediated inflammatory diseases: in rheumatoid 

arthritis the approved maintenance dose is 3 mg/kg every eight weeks, whereas in ankylosing 

spondylitis, 5 mg/kg every six weeks is approved and in inflammatory bowel disease 5 mg/kg 

every eight weeks [9]. In sarcoidosis the recommended maintenance dosing regimen is 5 mg/kg 

every four weeks [6]. This intensive dosing regimen in sarcoidosis is primarily based on expert 

opinion. Knowledge on the pharmacokinetic profile of infliximab in sarcoidosis patients could 

aid in designing a more evidence based and potentially personalized dosing regimen.

We studied pharmacokinetics in 68 patients during infliximab treatment with a maximum 

follow-up of two years. Peak (one hour after the end of infusion) and trough (just before the fol-

lowing dose) levels and levels two weeks after dosing were drawn throughout the study period. 

Using NONMEM we estimated parameters for distribution and clearance and we tested whether 

covariates influenced these parameters significantly. Significant covariates influencing clearance 

were body weight, antibodies against infliximab and serum albumin. The volume of the central 

compartment was significantly influenced by body surface area. Interestingly, during the forward 

inclusion step sIL-2R was found to be a significant covariate for clearance. Although this covari-

ate lost significance during the backward elimination procedure, it is an interesting finding. The 

influence of sIL-2R on clearance suggests an important role for target-mediated clearance of 

infliximab in sarcoidosis. This supports our hypothesis that in patients with more inflammation 

as indicated by serum biomarkers and  18F-FDG PET scan, more target for infliximab, i.e. TNF, is 

present. Estimates for volume of the central compartment, intercompartmental clearance and 

volume of the peripheral compartment were comparable to previous reports in rheumatoid 

arthritis. The population estimate for the clearance of infliximab in sarcoidosis was slightly lower 

compared to populations estimated for the clearance in inflammatory bowel disease. 
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We also studied whether exposure to infliximab was associated with response. We did find 

a statistically significant correlation between exposure to infliximab and change in FVC. A high 

exposure was associated with a lower response. When inflammation was taken into account by 

correcting for baseline SUVmax of the pulmonary parenchyma on the 18F-FDG PET scan, the rela-

tionship was no longer significant. A potential explanation for this finding may be that patients 

with a low SUVmax of the lung at baseline have little inflammation. This low inflammation burden 

means low TNF levels. Because infliximab is only detected in free form not bound to TNF a low 

inflammatory burden will result in a higher level of unbound and thus detectable infliximab.

The median infliximab trough concentration was 18 μg/mL, which is higher compared to 

earlier reports on rheumatoid arthritis and inflammatory bowel disease [10,11]. This is expected, 

because the interval between infliximab doses in sarcoidosis treatment is shorter compared to 

other treatment indications and the dose equal or higher than in these other immune-mediated 

inflammatory diseases. 

We were unable to determine a therapeutic window for infliximab in sarcoidosis. No associa-

tion between trough level and response score or exposure and response was found. This could be 

because the levels are supratherapeutic meaning that there might be room for dose reduction in 

clinical practice. Another explanation is that there simply is no therapeutic window for infliximab 

in sarcoidosis and blood levels of infliximab are not related to response. 

FUTURE PERSPECTIVES AND CONCLUDING REMARKS

This thesis has addressed multiple aspects of anti-TNF treatment in sarcoidosis with the aim to 

increase the evidence for recommendations to treat patients. We have identified new areas of 

interest that in the future may help in further optimizing and/or personalizing pharmacotherapy 

in severe sarcoidosis. 

Targeted anti-TNF agents have emerged as a completely new line of treatment in severe 

sarcoidosis. One of the hallmarks of sarcoidosis is the fact that it is an orphan disease. Traditionally, 

the introduction of new, clinically validated therapies for orphan diseases lags behind diseases 

with larger patient populations. The underlying reason is the low potential economic benefit for 

pharmaceutical companies and the challenge to run clinical trials with sufficient sample sizes. 

Considering this is a given fact, the sarcoidosis field should closely follow developments in other 

diseases with larger patient populations that closest resemble the presumed pathogenesis of 

sarcoidosis.

In the following sections several aspects that require further action based on findings in this 

thesis are discussed.
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Recommendations for daily practice

This thesis shows that infliximab therapy is effective in selected patients with severe refractory sar-

coidosis and evidence of persistent inflammatory activity. Patient selection should therefore ideally 

be based on criteria for both disease severity and inflammatory activity. Further we found that when 

infliximab treatment is continued, response is maintained. A previous study demonstrated that 

when infliximab is discontinued, the majority of patients experience disease relapse [5]. Our current 

recommendation therefore is to continue treatment when a patient shows a positive response. 

We also observed that already at three months after initiation of infliximab, the inflammatory 

biomarker sIL-2R significantly decreased. In clinical practice response is evaluated after six months 

of treatment. Our results suggest that whether a patient responds to infliximab treatment or not 

may already be obvious after three months of treatment. In patients unresponsive to infliximab 

this would save months of treatment and being at risk for adverse events without benefit. How-

ever, the optimal moment to evaluate response could differ between disease phenotypes and 

should be subject of further research. 

Furthermore, there is a great clinical need to know how long patients should be treated with 

infliximab and how discontinuation should occur. General opinion is to gradually withdraw the 

drug by increasing the interval between doses, but there are no clinical trials comparing relapse 

rate after discontinuation preceded by tapering with discontinuation without tapering [6].

In patients that responded to infliximab therapy but developed intolerance to infliximab, 

our results support and provide evidence for the recommendation to switch to adalimumab in 

these cases.

Optimizing treatment: room for dose reduction?

Importantly, our research did not reveal a significant exposure-response relationship for inflix-

imab in sarcoidosis on the basis of the currently used treatment protocol. Moreover, we found that 

when the dosing interval was lengthened and the infliximab trough concentration decreased to 

values as low as 2 μg/mL, the response was maintained and no deterioration was observed. Inter-

estingly, the mean trough concentration found in our population was 18 μg/mL. In inflammatory 

bowel disease currently a therapeutic window for the trough concentration of 3 to 7 μg/mL is 

being used in clinical practice for determining the optimal dose and dosing interval, especially 

in patients who do not respond or who lose response [12]. Recent new insights in inflammatory 

bowel disease have suggested that in order to achieve complete response on both clinical and 

biomarker endpoints target infliximab trough levels potentially should be higher, namely 6 to 10 

µg/mL. Others have suggested that there may not be one therapeutic window for infliximab for 

the entire population in inflammatory bowel disease patients, but that the concentration required 

for effect is specific for disease phenotype or pathophysiology. This would require disease strat-

ification [13-15]. Taken altogether, these findings suggest that the infliximab concentrations in 

sarcoidosis may be supratherapeutic and that in the current treatment protocol we are overdos-

ing. These findings justify lowering the infliximab dosing regimen in a controlled setting.
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But, how much should we lower the dose? The results presented in this thesis do not provide 

us with a target or ‘therapeutic window’ for infliximab in sarcoidosis. Future studies are needed 

to establish the minimal effective concentration in severe sarcoidosis treatment. The previously 

mentioned findings on target concentrations in inflammatory bowel disease seem an obvious 

starting point. 

Predicting response

In this thesis we evaluated potential therapeutic predictive factors in patients with severe, refrac-

tory sarcoidosis treated with infliximab. We demonstrated that inflammatory disease activity at 

baseline and several genetic variations associated with response. A higher disease activity as 

measured by  18F-FDG PET scan at baseline suggests more TNF and therefore more target for 

anti-TNF agents. The TNFRSF1A rs18000693 genotype was associated with change in clinical and 

inflammatory parameters. A genetic variation in TNFRSF1B and the absence of HLA-DRB*0301 

were also associated with differential changes in inflammatory biomarkers. 

These are promising biomarkers to help distinguish which patients will benefit most from 

infliximab treatment. Likely, not one single biomarker will be able to make the differentiation 

between responders and nonresponders, but rather a combination or panel of multiple biomark-

ers, clinical parameters and genotypes can really aid in predicting which patients are most likely 

to respond to infliximab. In the future, our findings may be included in such a panel.

Evaluating response: universal endpoint

Throughout this thesis several endpoints have been used to define response, including pulmo-

nary function tests and inflammatory biomarkers. A gold standard on endpoints in sarcoidosis 

is currently lacking. This lack of consensus on which outcome measure should be used in clinical 

trials impedes comparisons between clinical trials. It also hinders an optimal translation from 

clinical trials to every day practice. In a disease as complex and heterogeneous as sarcoidosis, it 

is improbable that a single parameter will give a complete image of the response to treatment. In 

chapter 3 we propose a composite of organ function, disease activity and quality of life evalua-

tion as a tool to evaluate response. This tool was inspired by the disease activity score-28 (DAS28) 

that is widely used in rheumatoid arthritis to monitor the disease course and to determine the 

response to treatment. Future studies are needed to validate the composite score we propose 

here.

Biosimilars

Biologicals such as infliximab and adalimumab are expensive. Recently, biosimilars, generic 

versions of biologicals, of infliximab have entered the market and are now widely used in vari-

ous patient populations. Regulatory approval has been obtained in the EU following European 

Medicine Agency guidance documents [16]. These guidance documents comprise a thorough 

comparison of the physicochemical characteristics of the biosimilar and the originator product 
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in combination with a limited clinical trial program to assess bioequivalence and absence of 

clinically relevant differences. Clinical comparison studies have not been performed for all treat-

ment indications: the approval may be extrapolated across different treatment indications. No 

bioequivalence or clinical comparison studies have been reported in sarcoidosis patients. Our 

population pharmacokinetic model with infliximab/Remicade® can be useful in future studies 

to assess bioequivalence and to compare pharmacokinetic profiles of biosimilars to those of the 

originator product, infliximab/Remicade®, in a rare disease such as sarcoidosis.

Alternatives for anti-TNF agents

Biologicals specifically targeting TNF have added a new line to the pharmacotherapeutic arsenal 

available for the treatment of sarcoidosis and have increased therapeutic options in patients 

with severe, chronic disease. In other immune-mediated inflammatory diseases progression has 

been made with the introduction of biologicals specifically targeting other messenger molecules 

involved in the disease pathology. Because sarcoidosis is a rare disease it is unlikely that medica-

tions will be developed by the pharmaceutical industry just for the sarcoidosis patient population. 

The sarcoidosis field should therefore closely follow progress in the field of other immune-medi-

ated inflammatory diseases, such as rheumatoid arthritis and inflammatory bowel disease. The 

search for specific drivers that play a key role in sarcoidosis, other than TNF, should continue. One 

should particularly focus on pathology-driving molecules that can be targeted by agents that are 

already available (e.g. canakinumab). Such agents that have been introduced in the treatment 

protocols for other immune-mediated inflammatory diseases and are expected to also be of 

benefit in sarcoidosis patients based on sarcoidosis pathology should then be clinically evalu-

ated in sarcoidosis (such as ‘study of efficacy, safety and tolerability of ACZ885 (Canakinumab) in 

patients with pulmonary sarcoidosis’, ClinicalTrials.gov Identifier: NCT02888080). Hopefully, this 

will lead to monoclonal antibodies with different molecular targets being available for severe 

sarcoidosis patients based on solid evidence. Together with the expansion of treatment options 

in severe sarcoidosis, also biomarkers should be developed that determine what is the dominant 

pathophysiological mechanism in a particular patient and subsequently which agent is most 

suitable for this patient, rather than using the trial-and-error approach.

CONCLUDING REMARKS

Ideally, in the future health care professionals dealing with sarcoidosis would be able to choose 

the optimal drug or drug class which will most likely be effective with the least side effects in 

each individual presenting with severe sarcoidosis. This choice would be based on several patient 

characteristics including clinical symptoms, radiological findings, disease activity, genotype and 

biomarkers indicating which immunological pathway(s) is/are most dysfunctional in this partic-

ular patient. The optimal dosing regimen will then be calculated based on patient characteristics 
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of each individual patient, such as body weight, body surface area and serum albumin levels. In 

addition, for each individual patient the dosing regimen would be further optimized using blood 

concentration measurements. The dose and/or dosing interval would then be adapted according 

to evidence based targets.

This thesis has taken a first step towards precision medicine in anti-TNF therapy in severe 

sarcoidosis. Hopefully, its findings will contribute to improvement of patient care in severe sar-

coidosis and inspire future researchers on the road to a broader understanding of this enigmatic 

and fascinating disorder and improvement of its treatment strategies.
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GERICHTE ANTI-TNF THERAPIE BIJ ERNSTIGE SARCOÏDOSE: 
RICHTING THERAPIE OP MAAT

Sarcoïdose

Sarcoïdose is een ziekte die gekenmerkt wordt door ontstekingen in verschillende delen van het 

lichaam. Deze ontstekingen kunnen overal in het lichaam voorkomen, maar komen het vaakst 

voor in de longen. Andere organen die vaak betrokken zijn bij de ziekte zijn de ogen, de huid en 

soms ook het hart en het zenuwstelsel. De symptomen van de ziekte kunnen zeer uiteenlopen en 

zijn afhankelijk van de organen waar de ontstekingen zich bevinden. Moeheid, koorts, benauwd- 

heid, droge hoest, gewichtsverlies en algehele malaise behoren tot de meest voorkomende uitin-

gen. De ziekte komt zowel bij mannen als bij vrouwen voor en ontwikkelt zich meestal in de 

leeftijd tussen de 20 en 40 jaar. Sarcoïdose is een zeldzame ziekte: in Nederland is de incidentie 

naar schatting 20 per 100.000 inwoners per jaar en de prevalentie wordt geschat op ongeveer 

50 per 100.000 inwoners.

Het stellen van de diagnose sarcoïdose gebeurt meestal op basis van een combinatie van 

bevindingen: symptomen, een radiologisch beeld, een biopt met daarin granulomen (ophopin-

gen van ontstekingscellen) en door het uitsluiten van andere oorzaken van granuloomvorming, 

zoals bepaalde infecties. In ongeveer de helft van de gevallen is er sprake van spontane ver-

betering en is behandeling met medicijnen niet nodig. Maar er is ook een groep patiënten met 

ernstigere ziekteverschijnselen. Bij deze patiënten kunnen de ontstekingen leiden tot orgaan-

schade en in sommige gevallen zelfs tot overlijden. Het is dus van belang dat deze patiënten wel 

behandeld worden. We weten niet precies hoe en waarom de ziekte ontstaat. Daarom is er geen 

genezende behandeling. De medicijnen die wel beschikbaar zijn kunnen de overreactie van het 

immuunsysteem onderdrukken, en daarmee de symptomen verminderen.

Behandeling van sarcoïdose met medicijnen

Een patiënt krijgt een behandeling met medicijnen indien de functie van een orgaan bedreigd 

wordt door sarcoïdose of als er sprake is van een sterke vermindering van de kwaliteit van leven. 

In eerste instantie wordt gestart met prednison, een corticosteroïd. Een van de nadelen van 

prednison is dat het bij langdurig gebruik veel bijwerkingen geeft, zoals gewichtstoename, 

suikerziekte en botontkalking. Als prednison onvoldoende effectief is of wanneer ernstige bij- 

werkingen optreden kan er overgestapt worden naar een tweedelijns middel. Het meest gebrui-

kte tweedelijns middel is methotrexaat, maar ook azathioprine en leflunomide worden gebruikt. 

Wanneer ook tweedelijns therapie onvoldoende effectief blijkt of ernstige bijwerkingen 

geeft, wordt overgestapt op derdelijns middelen. Deze derdelijns middelen zijn de anti-TNF bio-

logicals infliximab en adalimumab. Deze biotechnologische medicijnen behoren tot de groep 

van monoklonale antilichamen. Infliximab en adalimumab zijn specifiek gericht tegen tumor 

necrose factor alfa (TNF). TNF is een boodschappereiwit en betrokken bij de ontstekingsreactie. 

Het wordt geproduceerd door ontstekingscellen in twee vormen: als membraangebonden TNF, 
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waarbij het vastzit aan het oppervlak van de cel, of als vrij TNF. TNF bindt aan de TNF-receptor 

op andere ontstekingscellen. Het stimuleert deze cellen om zich te vermenigvuldigen en andere 

boodschappereiwitten te produceren die de ontstekingsreactie verder versterken. TNF speelt 

dus een zeer belangrijke rol in het creëren en op gang houden van de ontstekingsreactie bij 

sarcoïdose. Infliximab en adalimumab binden aan TNF en voorkomen hiermee dat TNF aan de 

TNF-receptor kan binden. Hierdoor kan TNF zijn signaal niet meer doorgeven. Op deze manier 

remmen infliximab en adalimumab de ontstekingsreactie.

Het meten van de respons

Om te bepalen of een patiënt met sarcoïdose goed reageert op bovengenoemde medicijnen 

kunnen verschillende metingen gedaan worden. 

Afhankelijk van welke organen betrokken zijn bij de ziekte wordt gemeten hoe goed de 

betrokken organen functioneren. Omdat bij meer dan 90% van de patiënten de longen betrokken 

zijn, wordt vaak de longfunctie gemeten.

Daarnaast wordt gekeken hoe actief de ontsteking is. Dit kan op meerdere manieren, bijvoor- 

beeld in het bloed en met behulp van een scan. In het bloed kunnen zogeheten biomarkers 

gemeten worden. Hoe hoger deze biomarkers, hoe hoger de ontstekingsactiviteit. De meest 

gebruikte biomarkers voor ziekteactiviteit bij sarcoïdose zijn inflammatoire biomarkers ‘angio-

tensine-converting enzyme’ (ACE) en ‘soluble interleukin-2 receptor’ (sIL-2R). Een andere methode 

is gebaseerd op het inspuiten van radioactief suiker waarna een scan de ontsteking in beeld 

kan brengen. Het betreft hier de zogenaamde 18F-FDG PET scan. Met deze methode kan naast 

de hoogte van de ziekteactiviteit ook in beeld worden gebracht waar de ziekteactiviteit in het 

lichaam zich bevindt.

Tot slot wordt gekeken naar de kwaliteit van leven. De kwaliteit van leven kan geëvalueerd 

worden met behulp van vragenlijsten. Uit eerder onderzoek is gebleken dat sarcoïdosepatiënten 

vooral op de gebieden fysiek functioneren en moeheid een verminderde kwaliteit van leven 

ervaren in vergelijking met mensen die geen sarcoïdose hebben. In medicijnenonderzoeken bij 

sarcoïdose is de invloed op de kwaliteit van leven tot nu toe weinig onderzocht.

Het doel van het onderzoek

Omdat sarcoïdose een zeldzame ziekte is en slechts 10% van de sarcoïdosepatiënten in aanmer- 

king komt voor behandeling met anti-TNF middelen is er maar weinig bekend over het effect van 

de derdelijns biologicals bij ernstige sarcoïdose. Ook zijn er nog weinig gegevens beschikbaar 

over het optimale doseerregime en welke patiënten het meest baat hebben bij behandeling 

met deze middelen. Het doel van het onderzoek was om het effect van de anti-TNF middelen 

infliximab en adalimumab bij patiënten met ernstige sarcoïdose te onderzoeken. Daarnaast is 

onderzoek gedaan naar factoren die mogelijk van invloed zijn op de mate van reactie van een 

patiënt op de behandeling. Factoren die zijn onderzocht zijn genetische variaties, inflammatoire 

biomarkers in het bloed, de 18F-FDG PET scan, de concentratie van het medicijn in het bloed en 
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de blootstelling van het lichaam aan deze anti-TNF middelen. Dit alles is gedaan om na te gaan 

of deze factoren uiteindelijk zouden kunnen helpen de behandeling preciezer af te stemmen 

op de individuele patiënt.

Hoofdstuk 1 is een inleidend hoofdstuk. Hoofdstuk 2 geeft een uitgebreid overzicht van de 

huidige kennis over anti-TNF middelen bij sarcoïdose. Bij sarcoïdose worden twee typen anti-TNF 

middelen gebruikt. 

Allereerst zijn er de niet-specifieke immuun-modulerende geneesmiddelen die de aanmaak 

van TNF remmen. Voorbeelden zijn thalidomide, pentoxifylline en apremilast. In de klinische prak-

tijk worden deze middelen echter niet vaak voorgeschreven omdat ze beperkt zijn onderzocht 

bij sarcoïdose. Daarnaast laten de gegevens die wel beschikbaar zijn een ongunstige balans 

tussen effectiviteit en veiligheid zien. De gepubliceerde studies beschrijven wisselende resul-

taten over de effectiviteit. Bovendien komen bijwerkingen, zoals slaperigheid en misselijkheid, 

bij veel patiënten voor. 

De tweede groep is die van de anti-TNF biologicals. Deze middelen zijn specifiek gericht 

tegen TNF. Voorbeelden zijn infliximab, adalimumab en etanercept. Bij sarcoïdose worden ze 

gegeven als eerste- en tweedelijns middelen onvoldoende werkzaam zijn gebleken. Studies met 

infliximab en adalimumab laten zien dat deze middelen effectief kunnen zijn bij patiënten met 

ernstige sarcoïdose. Etanercept heeft echter onvoldoende effectiviteit laten zien bij sarcoïdose. 

Dit verschil wordt mogelijk veroorzaakt doordat de binding van etanercept aan de membraange-

bonden vorm van TNF minder sterk is dan de binding van infliximab en adalimumab aan deze 

vorm van TNF. Ook hebben experimenten met cellen laten zien dat etanercept niet in staat is 

om celdood van ontstekingscellen te veroorzaken, terwijl infliximab en adalimumab daar wel 

toe in staat waren.

Naast de gunstige effecten van anti-TNF biologicals, zijn er ook diverse bijwerkingen gemeld, 

zoals infecties en allergische reacties. Symptomen van allergische reacties zijn onder andere 

koorts en daling van de bloeddruk. Deze allergische reacties kunnen worden veroorzaakt doordat 

het lichaam een afweerreactie ontwikkelt tegen de anti-TNF biological. Hierbij worden antilicha-

men tegen het medicijn geproduceerd. Deze antilichamen binden aan het medicijn waardoor 

het niet meer goed aan TNF kan binden en het medicijn zijn werking niet meer kan uitoefenen.

Omdat er maar weinig studies met veel patiënten zijn gedaan, zijn de huidige richtlijnen 

voor de behandeling van ernstige sarcoïdose met anti-TNF biologicals voornamelijk gebaseerd op 

ervaringen van sarcoïdose-experts. Niet alle patiënten met ernstige sarcoïdose hebben baat bij 

behandeling met anti-TNF biologicals. Daarom is er een sterke behoefte aan meer gegevens over 

de effectiviteit van anti-TNF biologicals bij ernstige sarcoïdose en naar factoren die de werking 

van deze medicijnen beïnvloeden.

In hoofdstuk 3 worden de resultaten beschreven van een prospectieve, observationele studie 

naar het effect van infliximab bij ernstige sarcoïdose. Er werden 56 patiënten geïncludeerd die 
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eerder onvoldoende reageerden op eerste- en tweedelijns middelen. Patiënten kregen via een 

infuus een dosis infliximab van 5 mg/kg bij de start van de behandeling, daarna na 2 weken en 

vervolgens elke 4 weken. Op basis van de inflammatoire biomarkers sIL-2R en ACE en ziekteactivi-

teit op de 18F-FDG PET scan hadden de meeste patiënten een hoge ziekteactiviteit bij de start van 

de behandeling met infliximab. Na 6 maanden werd het effect van infliximab op orgaanfunctie, 

ontstekingsactiviteit en kwaliteit van leven geëvalueerd. De longfunctieparameter ‘forced vital 

capacity’ (FVC) verbeterde gemiddeld met 6,6% van voorspeld (p=0,0007). De bloedwaarden van 

de inflammatoire biomarkers sIL-2R en ACE en ziekteactiviteit op de 18F-FDG PET scan daalden 

sterk, wat wijst op een afname van de ontstekingsactiviteit van sarcoïdose. Er werd een verband 

gevonden tussen de ziekteactiviteit gemeten in de longen met de 18F-FDG PET scan voor de start 

van de behandeling en de verbetering van de longfunctieparameter FVC na 6 maanden behan-

deling: hoe hoger de ziekteactiviteit voor de start van de behandeling met infliximab, hoe groter 

de verbetering in longfunctieparameter FVC na behandeling met infliximab (R=0,62; p=0,0004). 

Ook de kwaliteit van leven verbeterde: op de visuele analoge schaal (een schaal van 0 - 100) scoor- 

den patiënten 14,6 punten beter (p<0,0001) na 6 maanden behandeling met infliximab. Bij 79% 

van de patiënten werd een goed effect gevonden op minimaal twee van de drie geëvalueerde 

gebieden (orgaanfunctie, ontstekingsactiviteit, kwaliteit van leven). De gemiddelde infliximab-

concentratie in het bloed vlak voor de volgende dosis was 18 μg/mL. Dit is hoger dan bij andere 

ziekten die ook behandeld worden met infliximab. De infliximabconcentratie in het bloed was 

niet gerelateerd aan het therapeutisch effect van infliximab.

Deze studie laat zien dat infliximab een effectief middel is bij patiënten met ernstige 

sarcoïdose en dat het meten van de ziekteactiviteit met de 18F-FDG PET scan mogelijk van toe-

gevoegde waarde kan zijn bij het selecteren van patiënten voor deze behandeling.

Uit eerder onderzoek is bekend dat sarcoïdosepatiënten die binnen een jaar stoppen met de 

infliximabbehandeling, vaak terugkeer van de ziekteverschijnselen laten zien. Patiënten worden 

daarom meestal gedurende lange tijd behandeld. Er is echter maar weinig bekend over het lange 

termijn effect van infliximab bij sarcoïdose: blijft het werkzaam, neemt de werkzaamheid verder 

toe of neemt het af? Daarom wordt in hoofdstuk 4 het effect van infliximab bij langdurig gebruik 

onderzocht. Er werden 37 patiënten geïncludeerd die minimaal een jaar met infliximab waren 

behandeld. Van deze 37 patiënten gingen 26 patiënten door met de infliximab behandeling 

gedurende minimaal 2 jaar. Tijdens de studie werd de orgaanfunctie iedere 6 maanden gemeten. 

De ontstekingsactiviteit werd met behulp van bloedwaarden van de inflammatoire biomarkers 

sIL-2R en ACE iedere drie maanden bepaald. De verbetering in orgaanfunctie die na de eerste 

6 maanden van behandeling met infliximab werd gezien bleef in de periode daarna stabiel. De 

bloedwaarden van inflammatoire biomarkers waren na de eerste 3 maanden behandeling met 

infliximab sterk gedaald en ook deze bleven daarna stabiel. Dit betekent dus dat het behaalde 

resultaat van infliximabtherapie bij sarcoïdose gehandhaafd blijft bij het voortzetten van die 

therapie: het effect neemt niet verder toe en neemt ook niet af.
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Adalimumab is ook een biological die specifiek bindt aan TNF. Er zijn echter veel minder gegevens 

beschikbaar over de effectiviteit en veiligheid van adalimumab bij sarcoïdose dan over infliximab. 

Daarom wordt in de praktijk de voorkeur gegeven aan infliximab bij behandeling van sarcoïdose. 

Echter, ongeveer 10% van de patiënten met sarcoïdose die behandeld worden met infliximab 

krijgt een afweerreactie tegen het middel en ontwikkelt antilichamen tegen infliximab. Hier-

door is infliximab niet meer werkzaam en kan de ziekte weer actief worden. Daarnaast hebben 

sommige patiënten last van allergische reacties tijdens of na het toedienen van infliximab. Voor 

deze patiënten is dus een alternatief nodig. Meestal stappen deze patiënten over naar behan-

deling met adalimumab. De antistoffen tegen infliximab reageren namelijk niet op adalimumab. 

Ook patiënten die last hebben van ernstige bijwerkingen van infliximab die niet of minder vaak 

voorkomen bij adalimumab, kunnen overstappen. Over de effectiviteit en veiligheid van adali-

mumab in deze groep patiënten zijn echter geen gegevens beschikbaar. In hoofdstuk 5 wordt 

onderzocht of adalimumab stabilisatie of verbetering van sarcoïdose kan bewerkstelligen bij 

patiënten die aanvankelijk goed reageerden op infliximab maar die vanwege antilichamen tegen 

infliximab of vanwege bijwerkingen infliximab niet meer kunnen verdragen. Van 142 patiënten 

die behandeld werden met infliximab, stapten 18 patiënten (13%) over naar adalimumab. Na 

een jaar behandeling met adalimumab verbeterde de orgaanfunctie in 7 patiënten (39%), bleef 

stabiel in 6 patiënten (33%) en verslechterde in 5 patiënten (28%). De ziekteactiviteit, gemeten 

met behulp van de inflammatoire biomarker sIL-2R, nam bij geen van de patiënten toe tijdens 

de behandeling met adalimumab. De meest voorkomende bijwerking was een infectie (n=10). 

Deze studie laat zien dat bij 72% van de patiënten de ziekte stabiel bleef bij de overstap naar 

adalimumab bij patiënten die infliximab niet langer kunnen verdragen. Adalimumab is dus een 

geschikt alternatief voor infliximab bij patiënten die intolerant zijn geworden voor infliximab.

Helaas hebben niet alle patiënten baat bij infliximabtherapie: in hoofdstuk 3 zagen we dat 21% 

van de patiënten slechts gedeeltelijk of niet reageert op behandeling met infliximab. Bij voorkeur 

starten we de behandeling met infliximab alleen bij patiënten die goed zullen gaan reageren 

op dit middel. Infliximab kan ernstige bijwerkingen geven, zoals tuberculose, ernstige andere 

infecties en allergische reacties. Daarnaast is het een duur geneesmiddel. Het is dus van belang 

om te zoeken naar factoren die kunnen voorspellen of een patiënt gunstig zal reageren op inflixi- 

mab. Uit onderzoek naar het effect van infliximab bij andere auto-immuunziekten weten we dat 

variaties in het DNA (genetische variaties) van invloed kunnen zijn op het effect van infliximab. 

In hoofdstuk 6 wordt onderzocht of er een verband is tussen variaties in genen en het effect 

van infliximab bij sarcoïdose. Hiervoor zijn de genen die coderen voor TNF, de TNF-receptoren 

1 en 2 (TNFRSF1A en TNFRSF1B), Fcγ-receptoren en HLA onderzocht. In deze studie werd bij 106 

patiënten gevonden dat infliximab bij patiënten die drager waren van het TNFRSF1A rs1800693 

G-allel (patiënten met het GG- en GA-genotype) een minder grote invloed had op de longfunc-

tieparameter DLCOc (een maat voor de mate van gaswisseling in de long) en inflammatoire 

biomarkers in het bloed, dan bij patiënten die geen drager waren van het G-allel (patiënten met 
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het AA-genotype). Opvallend was dat patiënten met het TNFRSF1A rs1800693 GG- en GA-ge- 

notype ook een betere DLCOc en minder ziekteactiviteit op basis van inflammatoire biomarkers 

hadden voorafgaand aan de start van de infliximabbehandeling, dan patiënten met het AA-ge- 

notype. Het zou dus kunnen dat de minder gunstige uitkomst bij patiënten met het TNFRSF1A 

rs1800693 GG- of GA-genotype samenhangt met de waarneming dat de sarcoïdose minder ern-

stig is en de ziekteactiviteit lager is bij deze patiënten, dan bij patiënten met het AA-genotype.

Bij dragers van het TNFRSF1B T196G T-allel (TT- en TG-genotype) daalde de bloedwaarde van de 

inflammatoire biomarker ACE, terwijl bij patiënten met het GG-genotype ACE gemiddeld toenam. 

De afwezigheid van de genetische variatie HLA-DRB*0301 in het HLA-gebied liet een verband 

zien met een grotere daling van de sIL-2R concentraties vergeleken met HLA-DRB*0301-positieve 

patiënten.

Er werd geen verband gevonden tussen de genen die coderen voor TNF en Fcγ-receptoren 

en het effect van infliximab.

Concluderend, er werd in deze studie een verband gevonden tussen genetische variaties 

in TNFRSF1A, TNFRSF1B en HLA en de verandering in de longfunctieparameter DLCOc en inflam-

matoire parameters na behandeling met infliximab bij sarcoïdose. Verdere studies naar deze 

genetische variaties zijn nodig om deze bevindingen te bevestigen en de implicaties voor het 

kiezen van een optimale therapie vast te stellen.

In hoofdstuk 7 werd een populatie-farmacokinetisch model voor infliximab bij sarcoïdose 

ontworpen. Dit model beschrijft het verloop van de infliximabconcentratie in het bloed over 

de tijd. Bij 68 patiënten werd meerdere malen bloed afgenomen om de infliximabconcentratie 

te bepalen: topconcentraties (bloedafname 1 uur na het einde van de infliximabinfusie), twee 

weken na toediening van infliximab en de dalconcentraties (vlak voor toediening van de vol-

gende gift infliximab) werden gebruikt om een populatie-farmacokinetisch model met twee 

compartimenten te ontwikkelen. Hiervoor werd het computerprogramma NONMEM gebruikt. 

De geschatte waarden van de populatie farmacokinetische parameters (typische waarde (rela- 

tieve standaardafwijking)) waren als volgt: systemische klaring (CL) 0,276 L/dag (3,2%), volume 

van het centrale compartiment (V1) 3,16 L (1,6%), intercompartimentele klaring (Q) 0,177 L/dag 

(21%) en volume van het perifere compartiment (V2) 1,49 L (11%). Deze waarden zijn vergelijk-

baar met eerder beschreven populatie-farmacokinetische modellen voor infliximab bij andere 

auto-immuunaandoeningen. In een covariatenanalyse werd gevonden dat lichaamsopper-

vlakte, lichaamsgewicht, serum albumine en aanwezigheid van antistoffen tegen infliximab de 

populatie-farmacokinetische parameters (en daarmee het concentratieverloop) van infliximab 

beïnvloeden. Er werd geen verband gevonden tussen de infliximabconcentratie in het bloed of 

de mate van blootstelling aan infliximab en het therapeutisch effect. Een mogelijke verklaring 

hiervoor is dat de infliximabconcentratie in het bloed hoger is dan nodig. Nieuwe studies zijn van 

belang om vast te stellen welke infliximabconcentratie in het bloed nagestreefd dient te worden 

bij de behandeling van sarcoïdose met infliximab.
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TOEKOMSTPERSPECTIEVEN EN CONCLUSIES

In dit proefschrift zijn meerdere aspecten rondom de behandeling van sarcoïdose met anti-TNF 

middelen onderzocht met als doel om de behandelrichtlijnen voor deze patiëntengroep beter 

te onderbouwen. Daarnaast hebben we een aantal nieuwe factoren geïdentificeerd die in de 

toekomst mogelijk kunnen helpen bij het verder optimaliseren en het op maat instellen van de 

medicamenteuze behandeling van sarcoïdose.

Op basis van onze bevindingen kunnen een aantal aanbevelingen voor de dagelijkse praktijk 

gedaan worden:

Bij patiënten met ernstige sarcoïdose is er een verband tussen ziekteactiviteit bij de start 

van de behandeling met infliximab en de mate van verbetering van de longfunctie na de behan-

deling. Criteria voor het selecteren van sarcoïdosepatiënten voor behandeling met infliximab 

omvatten dus idealiter zowel de ernst van de ziekte als de inflammatoire activiteit.

Daarnaast is gevonden dat het effect van infliximab na 6 maanden behandeling behouden 

blijft bij het continueren van de behandeling. Het advies is dan ook om, indien een patiënt een 

goede respons laat zien, de behandeling met infliximab te continueren (indien het risico op 

reactivatie als te groot wordt ingeschat).

Voor patiënten die aanvankelijk goed reageren op infliximab maar die intolerant worden 

voor het middel, is adalimumab een goed alternatief.

Er zijn ook een aantal bevindingen die aanleiding zijn voor vervolgonderzoek:

In het onderzoek hebben we geen relatie gevonden tussen de concentratie infliximab 

in het bloed of de blootstelling aan infliximab en het therapeutisch effect. Bij een andere 

auto-immuunaandoening, inflammatoire darmziekten, is wel een verband gevonden tussen de 

infliximabconcentratie in het bloed en het waargenomen effect. Een mogelijke oorzaak voor dit 

verschil is dat bij sarcoïdose met het huidige doseerregime de infliximabconcentratie in het bloed 

hoger is dan nodig. Wat de optimale infliximabconcentratie in het bloed is bij sarcoïdose, is nog 

niet bekend. Hiernaar is verder onderzoek wenselijk.

Doel van het onderzoek was om factoren die het effect van anti-TNF middelen bij sarcoïdose 

beïnvloeden te identificeren om zo patiënten te selecteren die het meest baat hebben bij de 

behandeling. Er is een verband gevonden tussen een hogere ziekteactiviteit bij de start van inflixi- 

mabtherapie en de verbetering van de longfunctie. Daarnaast is het effect van infliximab groter 

bij patiënten met bepaalde genetische variaties dan bij patiënten zonder deze variaties. Dit zijn 

nieuwe inzichten die kunnen helpen onderscheid te maken tussen patiënten die waarschijnlijk 

wel en patiënten die waarschijnlijk niet zullen reageren op de behandeling met infliximab. Het 

is echter niet aannemelijk dat een enkele variabele dit onderscheid zal kunnen maken; waar- 

schijnlijker is dat een combinatie van meerdere variabelen zoals biomarkers, klinische parameters 

en genotypes zal kunnen helpen bij het voorspellen van het therapeutisch voordeel van het 

inzetten van infliximab bij sarcoïdose. 



Appendix

158

Sarcoïdose is een heterogene ziekte die op veel verschillende manieren tot uiting kan 

komen. Dit bemoeilijkt het vaststellen van een universele manier om het effect te beschrijven. In 

dit proefschrift zijn meerdere uitkomstmaten gebruikt om het effect van infliximab- en adalimu- 

mabtherapie vast te stellen. Een gouden standaard voor het meten van het effect van medicijnen 

bij sarcoïdose zou van grote waarde zijn. Het zou helpen om uitkomsten van klinische studies 

beter met elkaar te kunnen vergelijken en om de bevindingen van klinische studies op een juiste 

wijze te implementeren in de praktijk.

Sinds kort zijn van infliximab naast het originele product (Remicade®) zogenaamde ‘biosi- 

milars’ beschikbaar. Biosimilars zijn generieke versies van complexe medicijnen, zoals infliximab. 

Ze zijn gelijkwaardig aan een bestaand biologisch geneesmiddel. Over het algemeen zijn biosi- 

milars goedkoper dan het originele product. Geneesmiddelautoriteiten stellen hoge eisen aan 

de kwaliteit van biosimilars: om toegelaten te worden, worden ze uitgebreid getest in het labo-

ratorium en ook in patiënten die lijden aan ziekten waarvoor het originele product geregistreerd 

is. Omdat Remicade® niet geregistreerd is voor gebruik bij sarcoïdose, zullen de biosimilars in het 

traject voor registratie niet bij sarcoïdosepatiënten getest worden. Het populatie-farmacokinetiek 

model dat beschreven is in dit proefschrift, kan bruikbaar zijn in toekomstige studies om vast te 

stellen of een biosimilar zich op dezelfde manier gedraagt in het lichaam als het oorspronkelijke 

product.

Omdat sarcoïdose een zeldzame ziekte is en slechts 10% van de sarcoïdosepatiënten in 

aanmerking komt voor behandeling met anti-TNF biologicals, is het onwaarschijnlijk dat medi- 

cijnen ontwikkeld worden speciaal voor patiënten met ernstige sarcoïdose. Daarom is het van 

belang om de ontwikkelingen van de behandeling van andere auto-immuunziekten met een 

vergelijkbare (waarschijnlijke) oorzaak nauwgezet te volgen. Medicijnen die op basis van hun 

werkingsmechanisme waarschijnlijk ook een effect zullen hebben bij sarcoïdosepatiënten 

zouden onderzocht kunnen worden in klinische studies. Hopelijk leidt dit in de toekomst tot 

meer behandelopties voor patiënten met ernstige sarcoïdose. 

Het onderzoek beschreven in dit proefschrift vormt een eerste stap in de richting van therapie op 

maat. Hopelijk draagt het daarmee bij aan verbetering van de zorg voor patiënten met ernstige 

sarcoïdose en inspireert het onderzoekers in de zoektocht naar het beter begrijpen en beter 

kunnen behandelen van deze nog zo raadselachtige ziekte.
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