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General introduction

General introduction

Sarcoidosis is a multisystem inflammatory disorder of unknown etiology. The disease is
characterized by the formation of non-caseating granulomas in various organ systems,
mainly the lungs and lymphatic system.™?

Epidemiology

The incidence of sarcoidosis is approximately 1-40 per 100 000 persons. Sarcoidosis
occurs in both women and men, with a slight predominance in women. It can affect
people of all ages, but predominantly between 25-45 years.® Sarcoidosis occurs all
over the world, but the incidence and prevalence of sarcoidosis in general as well as of
different sarcoidosis manifestations differs in various countries due to genetic and
environmental differences.” For example, cardiac sarcoidosis is more common in
Japan,s’6 while Lofgren syndrome (an acute variant with fever, arthralgia, erythema
nodosum, and bilateral hilar lymphadenopathy) is more common in Scandinavian
countries.””

The natural history and prognosis of sarcoidosis are highly variable." Within 3 years of
diagnosis, more than 50% of patients have achieved remission, and after a decade,
approximately one-third of patients have persistent disease, leading to a significant
burden on their lives." Several patient characteristics, like African-American descent,
advanced pulmonary disease, extrapulmonary involvement, uveitis, hypercalcemia, and
lupus pernio are associated with a chronic course of sarcoidosis."" Moreover, genetic
variants (HLA-DRB1*14 and *15) tend to increase the risk of a more progressive course
of the disease and of non-resolving disease.’

Pathogenesis

The exact cause of sarcoidosis is still unknown, but is likely to depend on both genetic
and environmental factors, probably antigen-driven. It involves an interaction
between a putative triggering antigen, probably inhaled, and a genetically susceptible
host (specific HLA-genotypes) resulting in an exaggerated T-cell-mediated immune
response.’” Different antigens/environmental factors have been identified, such as

13-20

infection (mycobacterial, Propionibacterium acnes), insecticides, pesticides,

organic/wood/metal dust, and mold.*"**

Hallmark features of sarcoidosis are well-developed granulomas, consisting of
macrophages (fusing to form multinucleated giant cells) and epithelioid cells
surrounded by lymphocytes, especially CD4+ T-helper (Th) cells.”> Macrophages play a

fundamental role, for instance as antigen-presenting cells (APCs). The antigen is




Chapter 1

ingested by the APC, inserted in the antigen-binding groove of a major
histocompatibility complex (MHC) class Il molecule, and transported to the surface for
presentation to the T-cells (see figure 1.1).24 The interaction between macrophages and
T-cells is essential for T-cell activation.'® Activation of antigen-specific CD4+ T-cells by
MHC class |l restricted APCs leads to a type 1 helper (Th1) differentiation of CD4+ T-
cells. Thl-cells then release increased amounts of interferon-gamma (IFN-y) and
interleukin-2 (IL-2). IL2 acts as a local growth factor for T-lymphocytes. IFN-y enhances
the accessory and cytotoxic functions of T-cells and regulates the secretion of other

lymphokines (IL-12, IL-18, and tumour necrosis factor-alpha [TNF-a]), which in turn will

10,22

induce IFN-y production and enhance T-cell toxicity. Moreover, IFN-y amplifies the

activation of alveolar macrophages, leading to increased release of nuclear factor (NF)-
kB-dependent proinflammatory cytokines, such as several interleukins and TNF-a.”
TNF-a0 is an important granuloma-promoting factor in sarcoidosis. This immune
response induces granuloma formation and maintenance.

Figure 1.1 A schematic representation of granuloma formation in sarcoidosis.

Th=T-helper; Ag=antigen; HLA=human leukocyte antigen; IFN-y=interferon-gamma;
IL=interleukin; TCR=T-cell receptor; TNF=tumour necrosis factor (adapted from Baughman).26
Hypothetical model of the pathogenesis of sarcoidosis, an antigen-induced, antigen-specific,
Th1l-mediated granulomatous inflammation with production of Th1 cytokines (IFN-y, IL-2). The
efficiency of antigen processing, antigen presentation, and cytokine release is probably under
genetic control; evidence strongly supports a role for macrophage HLA and butyrophilin-like 2
(BTNL2) alleles in sarcoidosis susceptibility and phenotype. Granuloma formation is set in
motion by activated macrophages and T-cells along with other effector cells (e.g. fibroblasts)
under the regulatory influence of local cytokine production. Removal of the antigen allows
transforming growth factor beta (TGF-B) to downregulate the immune response. Alveolar
macrophages activated in the context of a predominant Th2 response appear to stimulate
fibroblast proliferation and collagen production, leading to progressive fibrosis.?

10



General introduction

Neurosarcoidosis

The clinical presentation of sarcoidosis is highly variable and its course unpredictable.
Clinical manifestations vary, depending on the organs involved. All organs can be
affected, but the most commonly affected organs are the lymphatic system and the
lungs.” Involvement of the nervous system, neurosarcoidosis, is present in
approximately 5-15% of patients with sarcoidosis.””’ However, autopsy studies have
found granulomatous inflammation of the nervous system in up to 25% of patients.28 It
is a rare and serious sarcoidosis manifestation, which often requires treatment.
Neurosarcoidosis has a heterogeneous clinical presentation, including cranial and
peripheral neuropathy, meningitis, hydrocephalus, cerebral lesions, and spinal cord
disease (see figures 1.2 and 1.3).”°

Figure 1.2  36-year-old male, presenting with numbness in both arms and cervical pain. The MRI showed a
cervical myelitis (C3-C5). A chest X-ray showed bilateral mediastinal lymphadenopathy, and the
diagnosis of sarcoidosis was confirmed with endobronchial ultrasound fine-needle aspiration
(EBUS-FNA).

The range of clinical manifestations and the fact that neurosarcoidosis can be the first
presenting symptom of sarcoidosis make it hard to diagnose this disorder. Previous
literature has predominantly reported on retrospective studies. Since neurosarcoidosis
is a rare, complex, and serious manifestation of sarcoidosis, more research into this
disease entity is warranted (see also chapters 2 and 5).

11
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Figure 1.3  23-year-old male, presenting with epilepsy. The MRI showed an intracerebral lesion. A PET-CT
demonstrated mediastinal lymph node and pulmonary involvement compatible with
sarcoidosis. The diagnosis of sarcoidosis was confirmed with endobronchial ultrasound fine-
needle aspiration (EBUS-FNA).

Non-specific symptoms

Apart from organ-related symptoms, sarcoidosis patients often suffer from a variety of
nonspecific, non-organ-related, disabling symptoms that cannot be explained by
granulomatous inflammation of an organ, such as fatigue, symptoms associated with
small fiber neuropathy (SFN), and cognitive failure.

Fatigue is the most frequently reported and devastating non-specific symptom, with a

reported prevalence ranging from 50 to 90%.%%!

Although it is globally recognized as a
disabling symptom, no organic substrate has been found for sarcoidosis-associated
fatigue. Its etiology is poorly understood and is likely to be multifactorial.** In order to
objectify fatigue in sarcoidosis patients, the fatigue assessment scale (FAS) has been
developed. The FAS has been shown to be an easy-to-use, reliable, and valid scale for
the assessment of fatigue, and it has good psychometric properties.aa’34

Another substantial problem in sarcoidosis patients is SFN, with an estimated
prevalence of 40-60%.% Symptoms associated with SFN are disabling and probably
underrecognized, causing patients to feel misunderstood and imposing limitations on
daily life activities. It is a generalized sensory nerve disorder with structural and
functional abnormalities of small fibers. It is characterized histopathologically by
degeneration of small fiber nerve endings, selectively involving thin myelinated Ad- and

unmyelinated C-fibers.>® Small fibers are associated with thermal and nociceptive

12
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sensations (somatic) and autonomic function, resulting in symptoms of neuropathic
pain and autonomic dysfunction.*>’ A screening tool for SFN-associated symptoms has
been developed for patients with sarcoidosis, called the SFN screening list (SFNSL),38
which was intended as a first attempt to achieve early identification of patients with
symptoms related to SFN (see also chapter 6).

Everyday cognitive failure, including concentration problems, memory loss, and
decreased perception, was found in 35% of patients in a general sarcoidosis
population.®® Cognitive failure can lead to difficulties in managing the disease and can
adversely affect the treatment.* Everyday cognitive failure and depressive symptoms
are the most important predictors of high levels of fatigue,* whereas other variables
(time since diagnosis, sex, age, and social support) appeared not to predict fatigue.

All these non-specific symptoms account for many problems in the daily lives of
sarcoidosis patients, leading to a high burden of disease and an important impact on
their quality of life (QoL).**?

Treatment

Neurosarcoidosis

The general purpose of systemic sarcoidosis treatment is to prevent end-organ damage.
Decisions on whether to start systemic immunosuppressive treatment depend on the
severity of the disease, e.g. the involvement and function of organs, or, in selected
cases, on its impact on QoL. No curative treatment exists, only suppression of the
disease. There are three lines of therapy for sarcoidosis. Corticosteroids are still the
first-line treatment. For patients intolerant to corticosteroids, methotrexate (MTX) or
azathioprine are well-established second-line options. Third-line treatment consists of
anti-TNF antibodies, and is reserved for patients non-responsive to first- or second-line
treatment.*

Although some patients require no systemic treatment, treatment is almost always
warranted in neurosarcoidosis. The intensity of treatment depends on the severity of
the neurosarcoidosis manifestations. For example, a facial nerve paralysis can mostly
be treated with prednisone monotherapy or no treatment at all, while for spinal cord
disease one will choose a second-line (MTX, azathioprine, mycophenolate mofetil
(MMF)) or third-line (TNF-a inhibitors; infliximab and adalimumab or more recently
biosimilars) agent earlier on in the treatment of this manifestation. Limited data is
available on the best treatment for neurosarcoidosis, and is mainly based on expert
opinion and small retrospective studies. No randomized controlled trials have been
performed comparing treatments for neurosarcoidosis. MTX seems to significantly

13
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increase the survival time without relapse, compared to MMF, and is therefore
preferred.”” In another study, most patients treated with a TNF-a inhibitor, infliximab,
responded with partial or complete remission."® Further studies are needed to evaluate
the prognosis and optimal treatment strategy (see also chapter 5).

Small fiber neuropathy

Currently, there is no curative treatment for SFN. Symptomatic treatment for
neuropathic pain can be initiated, but unfortunately these drugs often provide only
partial relief from pain, have no effect on autonomic dysfunction and are associated
with (sometimes severe) side effects in a high proportion of patients. Some data

739 \Whether these very

suggest effectiveness of immunoglobulins and TNF-a inhibition.
expensive treatments should be initiated as treatment for SFN is unclear and currently
being investigated. Cibinetide® (ARA290) seems a promising new drug to relieve pain
and increase corneal and skin nerve-fiber density in sarcoidosis-associated SEN.>3
Further clinical trials are needed before this drug can be authorized (see also

chapter 6).

Fatigue

Despite effective treatment of their sarcoidosis with immunosuppressive agents, many
patients continue to experience fatigue even after contributing factors (e.g. vitamin D
deficiency, hypothyroidism, or obstructive sleep apnea) have been treated. Recent
studies have demonstrated the effectiveness of various neurostimulants, including
methylphenidate, for the treatment of sarcoidosis-associated fatigue, and these and
other agents may be useful adjuncts to its treatment.” Moreover, it has been shown
that muscle impairment is associated with fatigue and functional limitations.*">
Symptoms of fatigue induce exercise limitation and lead to physical inactivity, resulting
in general deconditioning.43 Several studies have reported that a physical training

. . . . 32,56-58
program can reduce fatigue and improve exercise capacity.

Scopes and aims of the studies

The aims of the studies presented in this thesis were to outline the manifestations of
neurosarcoidosis and the burden and/or impact of this disorder, such as cognitive
impairment. In addition, they assessed the burden of sarcoidosis, focusing on fatigue
and SFN-associated symptoms reported by the patients themselves. The third study
determined the minimal important difference on the SFNSL instrument, which makes it
possible to follow-up the SFN-related complaints experienced by patients. Finally,

14
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predictors of the QoL of patients and their partners (mainly concerning non-specific,
non-organ-related complaints) were studied.

Chapter 2 provides an overview of the current literature regarding neurosarcoidosis.
Clinical characteristics and various ancillary investigations are outlined, and treatment
options and prognosis are discussed.

Chapter 3 describes the neurosarcoidosis manifestations in a large cohort of
neurosarcoidosis patients in the Netherlands (obtained from the Amsterdam University
Medical Centre, the ILD Center of Excellence, St. Antonius Hospital Nieuwegein, and the
neurosarcoidosis registry). In addition, race and gender differences were studied and
treatment options are described.

Chapter 4 discusses the high cognitive failure rate in neurosarcoidosis patients
compared to the general sarcoidosis population. Many patients in the sample we
studied experienced cognitive failure in their everyday lives.

Chapter 5 provides an overview of current literature regarding the management of
neurosarcoidosis, including SFN, mainly focusing on diagnosing and treating
neurosarcoidosis and SFN in sarcoidosis.

Chapter 6 summarizes the current literature regarding SFN, describing its
pathophysiology and symptoms. The problems faced in diagnosing SFN are discussed,
including the different diagnostic tests available. Various treatment options are
presented.

Chapter 7 describes the determination of the minimal important difference (MID) on
the SFNSL instrument. The MID is the smallest change in a score that a patient
perceives to be important. For evaluative purposes, interpretability was assessed by the
change in scores.

Chapter 8 describes the burden of sarcoidosis symptoms from a patient’s perspective.
This study was conducted in Denmark, Germany, and the Netherlands. Organ-related as
well as non-specific, non-organ-related symptoms were assessed, as were treatment
options.

Chapter 9 describes the QoL in sarcoidosis patients and their partners, as well as
predictors of the QoL of patients and partners.

Chapter 10 provides a summary and general discussion of the findings reported on in
this thesis. Additionally, the implications of the study outcomes for clinical practice and
suggestions for future research are briefly discussed.
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Chapter 2

Abstract

Purpose of review

Neurosarcoidosis occurs in 5% of patients with sarcoidosis and can be difficult to
diagnose. In this review we discuss the most recent advances in our understanding of
the disease, describing clinical characteristics, the diagnostic process, treatment and
prognosis.

Recent findings

Clinical presentation is heterogeneous with most patients presenting with cranial nerve
palsy, headache and sensory abnormalities. Patients are classified according to
probability of the diagnosis according to the Zajicek criteria. In these criteria
histopathological confirmation of non-caseating granulomas in affected tissue outside
the nervous system is key. Radiological abnormalities on neuroimaging are non-specific.
No biomarkers have been described that adequately identify patients with sarcoidosis.
However, soluble interleukin-2 receptor is a relatively novel biomarker and may be
useful. In addition to HRCT scan, "®F-FDG PET-CT scanning can identify occult locations
of disease activity and aid in obtaining histological evidence of the disease. Despite the
use of new therapies, still a third of the patients remain stable, deteriorate or die.

Summary

Diagnosing and treating patients with neurosarcoidosis remains a challenge. Long-term
prospective studies evaluating patients suspected of neurosarcoidosis are needed to
assess sensitivity and specificity of ancillary investigations and the diagnostic criteria.
Furthermore, future studies are needed to evaluate the prognosis and the optimal
treatment strategy.



Many faces of neurosarcoidosis

Introduction

Sarcoidosis is a multisystem disorder, caused by an exaggerated immune response to
an unknown antigen in genetic predisposed individuals." It is characterized by
granulomatous inflammation that can affect every organ system. Involvement of the
nervous system is called neurosarcoidosis. Because of the heterogeneous clinical
presentation and low sensitivity of ancillary investigations, the diagnosis of
neurosarcoidosis can be difficult.

International literature concerning neurosarcoidosis predominantly consists of
retrospective studies and no randomized controlled trials have been performed to
assess treatment strategies.z** In this review we give an overview of the most recent
advances in our understanding of the disease, clinical characteristics, the diagnostic
process, treatment and prognosis.

Epidemiology and risk factors

Sarcoidosis is estimated to occur in 10-65 per 100 000 persons in whom the nervous

I . . 1,2%*,3
system is involved in approximately 5%.

However, in autopsy studies
granulomatous inflammation of the nervous system is seen in up to 25% of patients.”*
Neurosarcoidosis affects women slightly more frequently than men (55% vs. 45%) as
was reported in a recent meta-analysis including 1088 patients with neurosarcoidosis,
with a mean age at presentation of 43 years.z** The cause of sarcoidosis has not yet
been elucidated. Studies show that sarcoidosis occurs in families, with an increased risk
of first-degree and second-degree relatives.” Several alleles in the human leukocyte
antigen (HLA) region are associated with sarcoidosis, supporting the hypothesis that
sarcoidosis manifests after exposure to so-far unidentified antigens.® In addition, HLA
typing of patients with sarcoidosis may identify patients with an increased risk for
extra-pulmonary manifestations, but the clinical utility remains unknown.” Only one
study reported specific genetic risk factors for neurosarcoidosis.® In this imputation-
based fine-mapping study of the chromosomal region 1525 in African-Americans with
neurosarcoidosis, the investigators found ZNF592 to be highly associated in patients
with neurosarcoidosis compared to healthy controls. However, when comparing
neurosarcoidosis cases against sarcoidosis cases without neurological involvement,
they found no association.
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Clinical characteristics

In 69% of patients with neurosarcoidosis, neurological involvement is the first
presenting symptom. A neurological presentation without systemic involvement is seen
in 52% of patients.z** During the disease course, systemic involvement consists of
pulmonary sarcoidosis in 67%, ophthalmological sarcoidosis in 25% and skin and joint
involvement both in 21%.>" Sarcoidosis stays confined to the nervous system in 22% of
the cases.”” Most patients present with more than one neurological symptom and up
to half develop additional neurological symptoms during the disease course.”

The clinical presentation is heterogeneous and the three most frequently described
presenting symptoms in a meta-analysis including 1088 patients were cranial nerve
palsy (55%), headache (32%), and sensory abnormalities (29%). Neurological symptoms
consistent with spinal cord involvement were found in 18%, peripheral neuropathy in
17%, aseptic meningitis in 16%, myopathy in 15%, and neuro-endocrine involvement
in 9%.

Cranial neuropathy

Cranial neuropathy can be caused by direct granulomatous infiltration, increased
intracranial pressure, or basilar aseptic meningitis.10 In one study evaluating cranial
nerve involvement in 305 patients, 44% of patients had involvement of more than one
cranial nerve.’” Cranial nerve palsy mainly consisted of facial nerve (24%) and optical
nerve palsy (21%). It tends to be unilateral, but especially optical, vestibulocochlear,
facial, and trigeminal nerve palsy can manifest biIateraIIy.ll*

Aseptic meningitis

Neurosarcoidosis is an important cause of non-infectious meningitis and can manifest

1012 Symptoms include headache, nuchal rigidity,

with sub-acute or chronic symptoms.
or cranial nerve palsy. Hydrocephalus occurs in 9% of patients and is a life-threatening
complication.z** It can be communicating or noncommunicating, resulting from either
abnormal arachnoid villi absorption, subependymal inflammation, or granulomatous

. 13-15
obstruction.

Cerebral involvement and mass lesions

A variety of cerebral lesions can be observed in patients with neurosarcoidosis, varying

from dural mass lesions mimicking meningioma’s to multiple or singular parenchymal

16,17

nodular lesions. Symptoms include focal symptoms and seizures. Seizures are

described in 14% of 965 patients.z** Hypothalamic-pituitary involvement was found in
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9% of 1034 patients.z** In a multicenter study of 24 patients with neurosarcoidosis with
pituitary involvement, the most common hormonal abnormalities were gonadotropin
deficiency (88%), TSH deficiency (63%), and hyperprolactinemia (50%)."®

Spinal cord involvement

Common presenting symptoms of spinal cord sarcoidosis are paraparesis, paresthesia,

19,20*

and bowel, bladder, and sexual dysfunction. The majority of patients with spinal

cord involvement present with insidious chronic symptoms for more than 2 months.””"

Peripheral neuropathy

Peripheral nerve involvement in neurosarcoidosis is heterogeneous. It includes
mononeuropathy, multiple mononeuropathy and sensory, sensorimotor, or motor

polyneuropathies.zzl’22

In addition, radiculopathy and polyradiculopathy have been
described.” 1t is hypothesized that peripheral neuropathy may occur because of
granulomatous involvement of the nerve directly or in close proximity of blood vessels,
ultimately leading to localized vasculitis and epineurium and/or perineurinum
involvement.”* Small fiber neuropathy is rather common in sarcoidosis as well and is
considered an epiphenomenon as there is no granulomatous inflammation of the small
fibers. This syndrome is not specific for sarcoidosis and is observed in multiple

disorders.

Diagnosis

Two sets of diagnostic criteria have been established: the Zajicek criteria and the
WASOG criteria.”’>*?°
Marangoni et al. and Tavee et al. (Table 2.1). The World Association of Sarcoidosis and
Other Granulomatous Disorders (WASOG) updated their criteria in 2014 (Table 2.2). A

certain (or ‘definite’) diagnosis can only be established by biopsy of affected nervous

The Zajicek criteria were established in 1999 and modified by

system tissue. Frequently, this is either not possible or considered too invasive as for

instance stereotactic brain biopsy has been associated with morbidity in 3.5% and

17,27,28 . . .
Therefore, the diagnostic process is commonly

steered towards performing biopsy outside the central nervous system.***

mortality in 0.7% of patients.

The essence of both sets of criteria is a clinical presentation suggestive for
neurosarcoidosis, characteristic abnormalities in cerebrospinal fluid (CSF), or on MRI,
evidence of noncaseating granulomas, and no evidence of alternative diagnoses.
Sensitivity and specificity of both criteria are unknown. Recent published articles mostly
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* The main disadvantage of the WASOG criteria is the

exclusion of peripheral nerve involvement.

use the Zajicek criteria

Table 2.1 Modified Zajicek criteria.

A clinical presentation suggestive of neurosarcoidosis in which all other diagnoses have been excluded

definite neurosarcoidosis positive nervous system histology

probable neurosarcoidosis signs of inflammation in the central or peripheral nervous system on
MRI or CSF (elevated protein, cells, immunoglobulin G indices, or the
presence of oligoclonal bands) compatible with neurosarcoidosis; and
positive histology for a systemic lesion or positive results for at least
two of the following tests: ®r DG PET, gallium scan, chest HRCT,
serum ACE

possible neurosarcoidosis above criteria are not met

ACE=angiotensin-converting enzyme; CSF=cerebrospinal fluid; FDG-PET=fluordoexyglucose positron emission
tomography; HRCT=high resolution computed tomography. Data from Tavee et al. and Zajicek et al."”**

Table 2.2 WASOG criteria.

highly probable neurosarcoidosis: when clinical signs consistent with granulomatous inflammation of

at least 90% likelihood the meninges, brain, ventricular (CSF) system, cranial nerves, pituitary
gland, spinal cord, cerebral vasculature or nerve routs alongside
imaging characteristics of disease (predominantly MRI gadolineum
enhancement) or a cerebrospinal fluid exam demonstrating
inflammation

probable neurosarcoidosis: isolated facial palsy with negative MRI-brain or clinical syndrome

a 50-89% likelihood consistent with granulomatous inflammation of meninges, brain,
ventricular (CSF) system, cranial nerves, pituitary gland, spinal cord,
cerebral vasculature or nerve routs but without characteristic MRI or
CSF findings

possible neurosarcoidosis: seizure or cognitive decline with negative MRI.

less then 50% likelihood

CSF=cerebrospinal fluid. Biopsy of that organ demonstrating granulomatous inflammation of no alternate
cause implies highly probable involvement; another organ has demonstrated granulomatous inflammation of
no alternate cause; alternative causes for the clinical manifestation have been reasonable excluded. Based on
Judson et al.”

Ancillary investigations

Various serological biomarkers, predominantly ACE and soluble interleukin-2 receptor
(slL2r), are associated with sarcoidosis, but none have been established to be
sufficiently accurate to diagnose patients with neurosarcoidosis, although some might
have a role in following disease activity." In the meta-analysis, serum ACE was elevated
in only 35% of 674 patients neurosarcoidosis.”” The value of genotype-corrected ACE
has not been evaluated in neurosarcoidosis, but in systemic sarcoidosis it does not

1,29

improve the diagnostic accuracy considerably.””” Serum sIL2r has been considered a
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promising biomarker in sarcoidosis." Serum sIL2r was more frequently elevated in
patients with sarcoidosis and extra-pulmonary involvement compared to healthy

30,31
However, a study

controls and has been shown to predict e DG avidity.
evaluating serum slL2r in neurosarcoidosis showed no differences between patients
with neurosarcoidosis and those with tuberculous, bacterial or viral meningitis, multiple
sclerosis, cerebral vasculitis, and healthy controls.>* CSF examination can be useful to
exclude infections and carcinomatous meningitis. Pleiocytosis was found in 58% of 730,
elevated CSF protein in 63% of 729, and normal CSF in 27% of 332 patients.z** CSF ACE
is considered to have a too low sensitivity for the diagnosis of neurosarcoidosis and not
to be associated with disease activity.17’33* Recently, a study was published evaluating
the value of CSF slL2r and showed that levels above 150 pg/ml identified patients with
untreated neurosarcoidosis with a sensitivity of 63% and a specificity of 93% compared
to non-infectious neurological diseases.*” However, in another study with patients with
clinically isolated neurosarcoidosis CSF sIL2r was elevated in only 46%.>

Gadolineum enhanced MRI is the first choice imaging modality to assess central
nervous system involvement of sarcoidosis and evaluate disease activity.”
Abnormalities suggestive for neurosarcoidosis includes leptomeningeal enhancement,
tumour-like lesions, cranial nerve enhancement, and hydrocephalus (Figure 2.1).35*
Spinal cord lesions are most frequently localized intramedullary in 81% of the cases and
the majority extends over three or more spinal segments.”” In the meta-analysis,
abnormalities suggestive for neurosarcoidosis on cranial MRI were seen in 78% of 362

patients and on spinal MRl in 48% of 185 patients.z**
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Figure 2.1  Abnormalities suggestive of neurosarcoidosis on neuroimaging. Abnormalities on magnetic
resonance imaging (MRI) brain and spinal cord in patients with neurosarcoidosis consisting of
gadolineum enhancement of a spinal cord lesion (A), leptomeningeal enhancement (B),
gadolineum enhancement of dural lesions (C), and gadolineum enhancement of the right facial
nerve (D).

In patients suspected of neurosarcoidosis and no prior history of sarcoidosis, an
extensive systemic work-up should be performed to obtain a biopsy location outside
the nervous system to achieve histopathological confirmation (Figure 2.2).17'36 The
systemic work-up should include a high-resolution CT-scan (HRCT) and if negative or
when biopsy is negative, a ®E_FDG PET-CT should be considered. *®F-FDG PET-CT can
reveal occult sites of disease activity outside the central nervous system, even when
serological markers are normal or when other imaging modalities are normal.”’ In our
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tertiary referral center, we have evaluated the clinical utility of BF-FDG PET-CT in
patients suspected of neurosarcoidosis and 24 of 110 patients (22%) showed
abnormalities suggestive for sarcoidosis and this led to a biopsy confirmation in 12 of
20 patients (59%; data not yet published). BF-FDG PET-CT should preferably be
performed before treatment with immunosuppressive therapy as this can lower the
sensitivity.as'39

Figure 2.2  Abnormalities suggestive of neurosarcoidosis on systemic imaging. Abnormalities suggestive of
sarcoidosis on systemic imaging consisting of hilar lymphadenopathy on chest X-ray (A), hilar
and mediastinal lymphadenopathy on chest CT-scan (B), and hilar and mediastinal FDG activity
on **F-FDG PET-CT (C and D).

Differential diagnosis and mimics

The exclusion of other differential diagnoses is essential. Diagnoses to consider are
tuberculosis, Behcet’s disease, Sjogren’s disease, granulomatosis with polyangiitis and
eosinophilic granulomatosis with polyangiitis, central nervous system vasculitis,
multiple sclerosis, neuromyelitis optica and malignancies, among others.’?®

As patients are being diagnosed according to probability and confidence of the
diagnosis can be strengthened over time, they may initially be diagnosed with diseases
mimicking neurosarcoidosis, which can present with similar histopathological ﬁndings.40
Examples include IgG4-related disease and a sarcoid-like reaction due to malignancies
or medication use. IgG4-related disease can present with a chronic meningitis, cranial
nerve palsy, or pituitary involvement.”* In 2012, consensus was reached that

. . . 42,43
granulomatous inflammation excluded 1gG4-related disease.

However, recently two
patients presenting with IgG4-related lymphadenopathy together with granulomas
were described, underlining that in the appropriate clinical context granulomas should
not exclude IgG4-related disease.*® Sarcoid-like reactions are described as a
noncaseating granulomatous inflammation, without further evidence for sarcoidosis, in

association with malignancies — most notably a lymphoma or malignancy of the breast
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. . . 45 . .
— or certain medication.” Tumour necrosis factor alpha (TNF-a) antagonists can
paradoxically cause a sarcoid-like reaction, as well as a variety of neurological

L. . . 46-49
symptoms, mimicking neurosarcoidosis.

Treatment

Since neurosarcoidosis is a rare disease, no randomized, double-blind, placebo-
controlled trials have been performed. Treatment options are based on expert opinion
and are derived from evidence in the treatment of pulmonary sarcoidosis.”®*
Corticosteroids are the mainstay of treatment in neurosarcoidosis. In a meta-analysis,
83% of 655 patients were treated with corticosteroids during the course of the disease,
although spontaneous remissions do occur and 15% of 655 patients did not receive any
treatment.”” The optimal initial dose of corticosteroids in neurosarcoidosis varies and
depends on disease severity with more aggressive therapy in patients with more severe

. 17,19,53
disease.

In patients with diabetes or obesitas, the dosage of prednisone should be
low and tapered as soon as possible. In these patients second-line treatment should be
considered early as steroid sparing agent. Prednisolone side-effects can be significant
and are undesirable.> Corticosteroid tapering is essential, even though symptoms may

24,55,56%*
reoccur at lower dosages.

Reported treatment response to corticosteroids varies
widely with progression of disease ranging from 24 to 71%.2" Although the short-term
effect of corticosteroids has been well established, there are limited data beyond
2 years to indicate whether oral steroids have a disease modifying effect on the long-
term.”’ Second-line treatment is recommended in case of severe disease at
presentation, refractory, or relapsing disease during corticosteroid treatment, when
prolonged treatment with corticosteroids is expected or a primary contra-indication for

. . . 51,53,58,59
corticosteroids  exists.

Most second-line therapies (most importantly
methotrexate and azathioprine) need 3-6 months before a clinical response might be
expected.” In the meta-analysis, methotrexate was reported as the most frequently
used second-line treatment (16% of 655 cases), followed by azathioprine in 8%.”"
Overall, second-line therapy was used in 27% of 539 patients.z** One study reported a
response rate of 61% in patients treated with methotrexate and corticosteroids, after
corticosteroids monotherapy failed.® Moreover, the side effects of methotrexate are
less severe compared to other second-line treatments.® In pulmonary sarcoidosis, in
addition to methotrexate, azathioprine is commonly used and is reported to have a
similar treatment response and adverse events, except for a higher rate of infection
compared to methotrexate.®’ In a recent retrospective study comparing the efficacy of
methotrexate and mycophenolate mofetil (MMF) in neurosarcoidosis, a higher relapse
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rate was observed in patients receiving MMF (11/14 [79%]) compared to methotrexate
(15/32 [47%)]). Furthermore, the authors reported a significantly shorter time to relapse
in the MMF group (11 months MMF versus 28 months methotrexate treatment).ss**

Third-line treatment consists of TNF-a antagonists and cyclophosphamide. In the meta-
analysis, third-line treatment was started in 9% of 539 patients.z** Increasingly, patients
are being treated with TNF-a antagonists.z** A randomized controlled trial conducted in
patients with chronic steroid-resistant pulmonary sarcoidosis showed a decrease in
extra-pulmonary involvement after 24-weeks of treatment.®” In a retrospective study
18 patients with biopsy proven neurosarcoidosis were treated with infliximab, of whom
16 patients did not respond to at least one immunosuppressant drug in addition to
corticosteroids (including 11 patients after cyclophosphamide treatment). At 6 months
after initiation of infliximab treatment, 33% had a complete remission, 56% a partial
remission, and stable disease was observed in 11%.5*" Other case reports and case
series also reported beneficial effects of TNF-a antagonists in refractory

. . . 64-78
neurosarcoidosis, not responding to other agents.

When treating patients with
long-term infliximab, anti-infliximab antibodies formation can lead to treatment
failure.”” Therefore, concomitant methotrexate treatment is strongly recommended as
this has been shown to be efficient in reducing immunogenicity in a dose-dependent
manner.?®! Recently, responsiveness to TNF-a antagonists has been associated with
the TNF-a. G-308A polymorphism.®* Cyclophosphamide is recommended as a third-line
treatment option in severe disease, refractory to other cytotoxic agents because of a
similar reported treatment response and its high toxicity.s'g’83 There is widespread
recognition that new therapeutic options should be developed for sarcoidosis. A better
insight into the advantages and disadvantages of second-line and third-line treatment is
important. The long-term effects of immunosuppressive agents, the optimal starting
and maintenance dosages, and the best interval and discontinuation regimens should
be elucidated. Identified associations of polymorphisms with treatment response
suggest a step towards personalized medicine.®? Future research should focus on the
role for pharmacogenetics and phenotypic predictors of treatment response and

toxicity.84 Neurosurgical intervention may be needed for obstructive hydrocephalus.”’85

In our cohort study we described this treatment in 3 of 52 patients (6%).9* Furthermore,
especially in extramedullary involvement spinal decompressive surgery can be
indicated.®® Cranial mass lesions have been described to respond to radiation therapy,
although this is not recommended as standard treatment.”® Symptomatic treatment

consists of anti-epileptic medication and hormonal substitution among others.””
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Prognosis

In the meta-analysis outcome could be assessed in 415 patients and showed complete
remission in 27%, incomplete remission in 32%, stable disease in 24%, and
deterioration in 6%.>" Mortality was reported in 42 of 826 patients (5%). Despite the
increased usage of second-line and third-line therapy, still a third of the patients remain
stable, deteriorate or die.””” Our experience suggests that neurosarcoidosis is a chronic
disease with 71% of 52 patients having residual symptoms at the end of follow-up,
leading to functional impairment in 29%.% Neurological involvement in conjunction
with lung involvement is associated with an increased mortality (hazard ratio=4.18; 95%
confidence interval 1.44-12.1).> Patients with neurosarcoidosis more often have a

chronic disease course compared to other forms of sarcoidosis (odds ratio=19.24).*’

Conclusion

Diagnosing and treating patients with neurosarcoidosis remains a challenge. Recent
advances have mainly been made by combining all the available data to shed light on
the prevalence of neurosarcoidosis and its manifestations. Currently, a national
neurosarcoidosis registry in the Netherlands is being conducted to prospectively
describe the various manifestations of neurosarcoidosis. Furthermore, recent studies
have described the use of CSF sIL2r and *F-FDG PET-CT, which may be useful in the
diagnostic process. Long-term prospective studies evaluating patients suspected of
neurosarcoidosis are needed to assess sensitivity and specificity of ancillary
investigations and the diagnostic criteria. Furthermore, future studies are needed to
evaluate the prognosis and the optimal treatment strategy.
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Abstract

Background

Neurosarcoidosis is a rare disease. We investigated the prevalence of different
manifestations of neurosarcoidosis and the influence of race or gender in the
Netherlands, as well as the treatment strategies for neurosarcoidosis patients.

Methods

Multicentre observational cohort study of patients with neurosarcoidosis in two tertiary
referral centres; the ILD Center of Excellence of the St. Antonius Hospital, Nieuwegein
and the Amsterdam University Medical Centre (UMC), the Netherlands, from 2015 till
2017, as well as participants of the Dutch Neurosarcoidosis Registry between June 2014
and December 2017.

Results

A total of 194 patients were included, 27 of whom were in the Dutch Neurosarcoidosis
Registry, 70 treated at the ILD Center of Excellence and 97 treated at the Amsterdam
UMC. Of the 194 patients included, 54% were female. The most common
neurosarcoidosis manifestations were chronic meningitis (41%), cranial nerve
dysfunction (39%), myelopathy (28%) and cerebral parenchymal disease (26%). Age,
gender and race did not differ for the various manifestations, except for peripheral
polyneuropathy, which was more prevalent in men than in women (21% versus 10%).
Most neurosarcoidosis patients were treated with prednisone (89%), methotrexate
(46%) or infliximab (21%). A total of 102 patients (53%) received second- or third-line
treatment.

Conclusion

In a large cohort of neurosarcoidosis patients, chronic meningitis, cranial nerve
dysfunction, spinal cord involvement and cerebral parenchymal disease were the most
common manifestations. Age, race and gender did not influence the clinical
presentation, except for peripheral polyneuropathy (men>women). Over half of the
patients required multiple immunosuppressive treatments.
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Introduction

Sarcoidosis is a multisystem inflammatory disorder of unknown aetiology in genetically
predisposed individuals." The hallmark of sarcoidosis is granulomatous inflammation
in the organs involved.* The natural history and prognosis of sarcoidosis are highly
variable and its course is often unpredictable.”” Sarcoidosis most often affects the
lungs and lymph nodes, though any other organ system can be involved.?

Involvement of the nervous system, or neurosarcoidosis, is detected in 5% of cases
during Iife,g'12 although autopsy studies have shown neurologic involvement in
25-50%."%" Currently, the classification by Marangoni et al.,” including definite,
probable and possible neurosarcoidosis is used. Neurosarcoidosis can involve any part
of the nervous system, causing a variety of neurological symptoms. A meta-analysis
showed that the most common manifestations of neurosarcoidosis were cranial nerve

16,17 . - . ' .
Since neurologic involvement is the first presenting

dysfunctions and myelopathy.
symptom in 50-70% of the neurosarcoidosis patients, and 52% of the patients have
18-22 . erps

it can be difficult to

diagnose. This might explain why previous studies reported variable prevalence of
3,19,23-26

isolated neurosarcoidosis without systemic involvement,

different manifestations.
The influence of race on the epidemiology of sarcoidosis is generally recognized. The
incidence of sarcoidosis in patients of African descent is high compared to that in
Caucasians.”” Moreover, they often present with more severe organ involvement, a
worse prognosis and higher mortality rates than Caucasians.”” ™ It has also been
acknowledged that the prevalence of various organ manifestations differs between
different ethic subgroups, e.g. cutaneous and ocular sarcoidosis is more common in
patients of African descent than in Caucasians, while hypercalcemia is more common in
Caucasians.™ In terms of gender differences, pulmonary and cardiac sarcoidosis is more
common in men, whereas more peripheral lymph node involvement, cutaneous, ocular

. . . . 10,30
and liver sarcoidosis are seen more often in women.

To the best of our knowledge,
racial and gender differences have so far not been studied specifically in
neurosarcoidosis.

The aim of this study was to assess the prevalence of different manifestations of
neurosarcoidosis and examine whether they vary with race and/or gender. In addition,

the treatment strategies used for neurosarcoidosis patients were studied.
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Methods

Study design

In this multicentre study, all neurosarcoidosis patients evaluated and/or treated
between 2015 and 2018 were included. Furthermore, patients participating in the
Dutch Neurosarcoidosis Registry between June 2014 and 2018 were included. All
patients with neurosarcoidosis in the Netherlands had been invited to join the Dutch
Neurosarcoidosis Registry, an online registration study.31 Curavista (a certified eHealth
platform) provided the online platform for this study and maintained the website. The
present study was performed in accordance with the Declaration of Helsinki and its
amendments. The patient registry and study protocol have been approved by the
Medical Ethical Committee of the St. Antonius Hospital Nieuwegein. Digital or written
informed consent was obtained from all patients.

Study sample

The overall study sample was comprised of patients from the ILD Center of Excellence
of the St. Antonius Hospital Nieuwegein, and the Amsterdam University Medical Centre
(UMC), the Netherlands, and the online Dutch Neurosarcoidosis Registry. We carefully
checked for overlap in registrations between the different sources.

At the ILD Center of Excellence and the Amsterdam UMC, patients were identified by
their treating physician and data were extracted from medical records, de-identified
and collected in a database. Patients in the Dutch Neurosarcoidosis Registry had either
been identified and entered by their physician with their consent or joined the online
registry of their own accord. Data in the registry were self-reported by patients.
Additional medical data were requested from their treating physician(s) and data were
checked to see if the diagnosis of neurosarcoidosis had been confirmed. Curavista
(a certified eHealth platform) collected the data online and exported de-identified data
to a database. All patients participating in the Dutch Neurosarcoidosis Registry had
sufficient command of Dutch and had access to the internet.

Multiple diagnostic criteria have been proposed for neurosarcoidosis. In this
population, neurosarcoidosis was diagnosed according to the classification system by
Zajicek, later modified by Marangoni, which labels patients as definite, probable or
possible neurosarcoidosis.”>** Definite neurosarcoidosis was diagnosed in case of a
clinical presentation suggestive of neurosarcoidosis with exclusion of other possible
diagnoses and the presence of positive nervous system histology. Probable
neurosarcoidosis was diagnosed in case of a clinical presentation suggestive of
neurosarcoidosis with MRI, CSF, and/or EMG/NCS findings typical of granulomatous
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inflammation of the nervous system and after rigorous exclusion of other causes and
evidence for systemic sarcoidosis. Possible neurosarcoidosis was diagnosed in case of a
clinical presentation suggestive of neurosarcoidosis with exclusion of alternative
diagnosis where the above criteria are not met.

Patients with solely small fiber neuropathy (SFN) without granuloma formation in the
affected tissue due to sarcoidosis were not considered to have neurosarcoidosis,32 and
were excluded from this study (n=50, Dutch neurosarcoidosis registry). Myopathy was
also excluded from this analysis.

Data collection and definition of phenotypes

Demographic and clinical data were extracted from medical records. Onset of
sarcoidosis and neurosarcoidosis and their various manifestations were also recorded.
In order to determine associations between the various manifestations (systemic and
neurosarcoidosis manifestations), we categorized neurosarcoidosis manifestations into
3 subgroups depending on anatomic location and severity; group 1: peripheral
polyneuropathy; group 2: spinal cord manifestations (myelitis and polyradiculitis); and
group 3: cerebral parenchymal lesions, neuro-endocrine, and brainstem involvement,
cerebral infarction, chronic aseptic meningitis, hydrocephalus and cranial nerve
manifestations.

Statistical analysis

All statistical analyses were performed using SPSS version 24. Data are presented as the
means and range for continuous variables and as the number and percentage for
categorical variables. In the analysis concerning race, we only compared Caucasians and
patients of African descent, since other races were underrepresented and groups were
therefore too small to analyse.

Differences between genders and races were analysed using the Chi-square test for
dichotomous variables and the Mann-Whitney-U test for continuous variables.
Differences between the various neurosarcoidosis groups were analysed using the Chi-
square test for dichotomous variables and Kruskal-Wallis tests for continuous variables.
A p-value of <0.05 was considered statistically significant.

Results

From the data sources 194 patients with neurosarcoidosis were identified:
27 participated in the Dutch Neurosarcoidosis Registry, 70 were recruited by the ILD
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Center of Excellence and 97 patients by the Amsterdam UMC. Demographic data are
summarized in Table 3.1. Twelve patients (6%) were classified as definite
neurosarcoidosis, 153 patients (79%) as probable neurosarcoidosis and 29 patients
(15%) as possible neurosarcoidosis. Ten patients (5%) had an isolated neurosarcoidosis
without systemic manifestations.

Table 3.1 Summary of the overall characteristics of the Dutch neurosarcoidosis sample studied,
subdivided by gender.

Characteristic Female Male Total sample  p-value*
(n=104) (n=90) (n=194)
age at diagnosis of sarcoidosis (mean; range) 44.5 (13-80) 43.1 (20-79) 43.8 (13-80) 0.443
age at diagnosis of neurosarcoidosis (mean; range)  45.9 (15-80) 46.1 (20-79) 46 (15-80) 0.939
race 0.846
Caucasian 72 (69.2) 58 (64.4) 130 (67)
African descent 22 (21.2) 19 (21.1) 41 (21.1)
diagnostic classification of neurosarcoidosis® 0.277
definite 9(8.7) 3(3.3) 12 (6.2)
probable 81(77.9) 72 (80) 153 (78.9)
possible 14 (13.5) 15 (16.7) 29 (14.9)
neurosarcoidosis manifestations
cranial nerve dysfunction 46 (44.2) 30(33.3) 76 (39.2) 0.121
NI/NI/NI/NIV/NV/NVI 2/12/1/0/9/3  0/7/4/1/7/5 2/19/5/1/16/8
NVII/NVIH/NIX/NX/NXI/NXII 27/7/4/1/0/0 14/9/1/1/0/1 41/16/5/2/0/1
chronic aseptic meningitis 43 (41.3) 38 (42.2) 80 (41.2) 0.894
spinal cord disease / myelitis 27 (26) 28 (31.1) 55 (28.4) 0.427
polyradiculitis 1(0.5) 0(0) 1(0.5) 0.351
cerebral parenchymal disease 31(29.8) 19 (21.1) 50 (25.8) 0.168
neuro-endocrine 13 (12.5) 8(8.9) 21 (10.8) 0.421
brain stem 6 (5.8) 5(5.6) 11 (5.7) 0.951
hydrocephalus 12 (11.5) 8(8.9) 20 (10.3) 0.547
cerebral infarction 5(4.8) 9(10) 14 (7.2) 0.162
peripheral polyneuropathy 10 (9.6) 19 (21.1) 29 (14.9) 0.025

*p-value for difference between men and women; *Diagnostic classification according to Zajicek, as modified
by Marangoniﬁ"22

The most common manifestations of neurosarcoidosis were chronic meningitis (41%),
cranial nerve dysfunction (39%), spinal cord involvement (28%) and cerebral
parenchymal disease (26%; Table 3.1). Cerebral parenchymal disease varied from white
matter lesions (48%) to intracerebral lesions with mass effect (30%) and intracerebral
nodules (24%). Multiple neurosarcoidosis manifestations occurred simultaneously in
109 patients (56%).

Treatment for neurosarcoidosis had been initiated in 181 patients (93%), of whom
173 patients (89%) with prednisone. Second-line treatment had been given to
121 patients (62%), 89 of whom had been treated with methotrexate (46%), 24 patients
with azathioprine (12%), five patients with mycophenolate mofetil (3%), two patients
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with cyclophosphamide (1%) and one patient with cyclosporine (0.5%). Third-line
treatment had been started in 44 patients (23%), 40 of whom had been treated with
infliximab (21%) and four with adalimumab (2%). Of the 13 patients (7%) for whom no
treatment had been initiated, six had shown spontaneous regression, while one had
stable disease for years, three had no symptoms and three refused treatments. Patients
with a facial nerve palsy as the only manifestation of neurosarcoidosis had mostly
received prednisone (6 out of 7 cases). In 11 out of 20 cases with a hydrocephalus
neurosurgical intervention was necessary (55%).

A mortality rate of 2.1% was found in this cohort (four patients). The cause of death
was neurosarcoidosis in two patients (hydrocephalus and cerebral lesions,
respectively), infection due to immunosuppression in one patient and unknown cause
in one patient.

No gender differences were found for the various neurosarcoidosis manifestations,
except for peripheral polyneuropathy, which appeared to be more prevalent in men
than in women (21.1% versus 9.6%, p=0.025; Table 3.1). We found no significant
differences between the two races regarding the various neurosarcoidosis
manifestations (Table 3.2).

Table 3.2 Various neurosarcoidosis manifestations subdivided by race.

Neurosarcoidosis manifestation Caucasian African descent p-value*
(n=130) (n=41)
cranial nerve dysfunction 51(39.2) 18 (43.9) 0.595
NI/NII/NHI/NIV/NV/NVI 2/13/4/1/8/6 0/4/1/0/3/1
NVII/NVII/NIX/NX/NXI/NXII 26/13/3/2/0/1 9/1/1/0/0/0
chronic aseptic meningitis 50 (38.4) 20 (48.8) 0.241
spinal cord disease / myelitis 39 (30) 10 (24.4) 0.489
cerebral parenchymal disease 35 (26.9) 11 (26.8) 0.991
neuro-endocrine 12 (9.2) 5(12.2) 0.580
brain stem 7 (5.4) 2(4.9) 0.899
hydrocephalus 14 (10.8) 5(12.2) 0.800
cerebral infarction 9(6.9) 4(9.8) 0.551
peripheral neuropathy 21 (16.2) 6 (14.6) 0.816

*p-value for difference between neurosarcoidosis patients of Caucasian and African descent.

Various categories of neurosarcoidosis

The total neurosarcoidosis sample was subdivided according to the various
manifestations. Group 1 (peripheral polyneuropathy) comprised of 29 patients,
10 women and 19 men (p=0.025). Group 2 (spinal cord manifestations [myelitis and
polyradiculitis]) comprised of 56 patients, 28 women and 28 men (not significant).
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Group 3 (cerebral parenchymal lesions, neuro-endocrine, cerebral infarction and
brainstem involvement, chronic aseptic meningitis, hydrocephalus and cranial nerve
manifestations) comprised of 155 patients, 90 women and 65 men (p=0.012). No
significant differences between these groups were found regarding age at time of
diagnosis of sarcoidosis. Age at time of diagnosis of neurosarcoidosis was significantly
different (p=0.001); patients in group 3 were younger than patients in group 1 and 2
(44 years versus 51 and 48 years, respectively).

Thirty-nine patients presented with neurosarcoidosis manifestations from more than
one category (Figure 3.1). There were seven patients with neurosarcoidosis
manifestations from all three categories.

e .

Group 2 ™

Group 3

Figure 3.1  Venn diagram of manifestations from different neurosarcoidosis categories (Group 1:
polyneuropathy, Group 2: spinal cord involvement and Group 3: cerebral involvement).

Group 1: polyneuropathy

Hypercalcaemia was seen more frequently in patients with group 1 manifestations than
in the other two groups (14% vs. 2%, p=0.006). Patients with polyneuropathy had less
cerebral involvement (7% vs. 29%, p=0.01). Regarding treatment, patients with
polyneuropathy were more often treated with methotrexate than patients in groups 2
and 3 (69 % vs. 42%, p=0.007; Table 3.3).

Group 2: spinal cord disease

Peripheral lymph node involvement was observed more frequently (93% vs. 79%,
p=0.02) in this subgroup compared to group 1 and 3. No neuro-endocrine or
cerebrovascular involvement was observed in patients with spinal cord manifestations
(p=0.002 and p=0.015, respectively). Cranial nerve dysfunction and chronic aseptic
meningitis were also less common among patients with manifestations in this group
(19.6% vs. 47.1%, p<0.001 and 27.7% vs. 47.8%, p=0.011, respectively). By contrast,
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there was more brainstem involvement (11.1% vs. 3.6%, p=0.045). Infliximab had been
started in a relatively high proportion of patients with manifestations in this group
compared to the other categories, although this difference was not significant (29% vs.
17%, p=0.07; Table 3.3).

Group 3: cerebral parenchymal lesions, neuro-endocrine, and brainstem involvement,
cerebral infarction, chronic aseptic meningitis, hydrocephalus and cranial nerve
manifestations

No differences in systemic manifestations were observed between group 3 patients and
the rest (group 1 and 2).

Patients with manifestations in this group had less frequently received treatment with
methotrexate (42% vs. 62%, p=0.03) compared to the other groups (Table 3.3).
Adalimumab was only given to patients in this group (n=4).

Table 3.3 Treatment for different groups of neurosarcoidosis manifestations.

Group 1 (n=29) Group 2 (n=56) Group 3 (n=155)

prednisone 26 (90) 51(91) 140 (90)
methotrexate 20 (69) 30 (54) 65 (42)
azathioprine 4 (14) 5(9) 21 (14)
mycophenolate mofetil 0(0) 3(5) 4(3)

cyclosporine 0(0) 0(0) 1(0.6)
cyclophosphamide 0(0) 1(2) 1(0.6)
infliximab 7 (24) 16 (29) 32 (21)
adalimumab 0(0) 0(0) 4(3)

Discussion

This study has been one of the few neurosarcoidosis cohort studies so far, and was
performed in two Dutch national expertise centres and a national neurosarcoidosis
database. Both expertise centres showed similar results in terms of prevalence of the
manifestations. The most common neurosarcoidosis manifestations were chronic
aseptic meningitis (42%), cranial nerve dysfunction (39%), spinal cord involvement
(28%) and cerebral parenchymal disease (26%). Strikingly, much overlap was found in
manifestations, with 56% of patients having two or more manifestations
simultaneously. Over 90% of patients needed treatment.

The clinical presentation of neurosarcoidosis is known to be heterogeneous.18 The
disorder is hard to recognize due to its heterogeneity and rarity. We also found this
diversity of clinical presentations in our Dutch cohort of neurosarcoidosis patients. We
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report a higher prevalence of meningitis, viz. 41%, versus 16% reported in a meta-
analysis.” This could probably be explained by the fact that both centres in our study
are tertiary referral centres (inclusion bias). The Amsterdam UMC is also a referral
centre for inflammatory and infectious meningitis. We also found more spinal cord
involvement (28% versus 18%).° These manifestations are found in severely affected
neurosarcoidosis patients, which is the main reason for referral. By contrast, we found
less cranial nerve involvement (39% versus 55%),9 with the facial, optic, trigeminal and
vestibulocochlear nerves as the most commonly involved nerves. It is highly likely that
these differences can be explained by the small sample sizes and mainly retrospective
design of these previous studies,’ and by the tertiary setting of our neurosarcoidosis
population. A comparison between our results and those reported from other referral

16,24,33 .
The prevalence of peripheral

centres showed that results were similar.
polyneuropathy in our study was comparable to that reported in a large meta-analysis.9
Race and gender distributions in our total cohort of neurosarcoidosis patients were also
similar to those found in previous studies.’

Manifestations of sarcoidosis are known to differ between races and genders.m’n"”o’?""40
Men with sarcoidosis tend to have higher rates of cardiac and pulmonary involvement,
whereas women have a higher prevalence of peripheral lymph node involvement,

10,30,34-38
Furthermore,

cutaneous, musculoskeletal, liver, spleen and ocular involvement.
hypercalcaemia tends to be more prevalent in men.*® In the Dutch neurosarcoidosis
sample studied, the prevalence of various neurosarcoidosis manifestations did not
differ between genders, except for peripheral polyneuropathy which was more
common in men than in women (21.1% versus 9.6%). This finding is in line with other

. . 4145
auto-immune polyneuropathies,

in contrast to diabetic polyneuropathy, where no
gender differences were found.*® The explanation for this finding remains unclear.

As regards race, the ACCESS study, a large case-control study of sarcoidosis, found that
patients of African descent were more likely to have cutaneous involvement, as well as
erythema nodosum, extrathoracic lymph node, ocular, liver and bone marrow
involvement, while Caucasians were more likely to develop hypercalcemia and spleen

3% ha self-reported organ involvement registry, Baughman et al. did not

involvement.
find differences in the prevalence of neurosarcoidosis in general between genders or
races.” In our neurosarcoidosis sample, patients of African descent appeared to be
overrepresented (21%) in comparison with the general Dutch population (4%). This
might be explained by the fact that the population in urban areas of the Netherlands
(the west of the country [including Amsterdam]) and to a lesser extent the centre (e.g.
Nieuwegein) includes more people of non-Dutch origin, causing bias in the racial
distribution in our cohort. Moreover, patients of African descent have a higher risk of

developing a more chronic severe course of sarcoidosis. However, no differences
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between races were found in our neurosarcoidosis sample regarding the prevalence of
the various neurosarcoidosis manifestations.

Differences between races and genders regarding the various manifestations of
sarcoidosis need to be considered in the management of this disorder. One of the main
difficulties in accurately identifying patients at risk of progressive major organ damage
and death is the heterogeneity of its presentation. Thus, the optimal risk stratification
strategy in the general sarcoidosis population continues to be unclear.”’ The
identification of patients at higher risk of eventual major organ involvement, in order to
initiate timely treatment to prevent progression, remains a clinical challenge. The
integration of clinical symptoms, results of functional and imaging examinations, and
observed disease behaviour in the definition of severe sarcoidosis seems to be the most
comprehensive approach suggested to date.”® Studies in the United States found
sarcoidosis mortality to be related to both race and gender, perhaps reflecting genetic
factors. African-American individuals and women had a worse prognosis, with a higher
prevalence of extra-pulmonary organ involvement and prolonged disease duration, and

27-29,49

a higher rate of sarcoidosis-related hospitalizations. Sarcoidosis patients of

African descent also had a higher mortality rate than Caucasians and were treated

1029 1n a large neurosarcoidosis study by Joubert et al. (n=234), no

more often.
differences in mortality rates were found between various ethnicities.”® The mortality
difference between Caucasians and patients of African descent with sarcoidosis is thus
explained by other sarcoidosis manifestations than neurosarcoidosis, for instance
pulmonary hypertension and cardiac and more advanced pulmonary sarcoidosis.'>*"

The majority of patients in the studied Dutch neurosarcoidosis sample needed
treatment (93%). This underlines that treatment is mandatory for neurosarcoidosis, and
in many cases second- or third-line treatment is required (53%). Considering this, plus
the high relapse rate necessitating long-term treatment for neurosarcoidosis and the

16,33,50,51 . .
second- or third-line agents (methotrexate,

many side-effects of corticosteroids,
azathioprine, or TNF-a inhibitors) are preferable as the first-choice treatment in
selected neurosarcoidosis cases, especially in patients with comorbidities such as
obesity or diabetes. Based on clinical experience with other sarcoidosis manifestations
and previous studies, second-line treatment with azathioprine and methotrexate can
be regarded as safe and effective.”> TNF-a inhibitors have shown efficacy and safety for

23,53-60
Moreover, lower relapse rates

16,33

both sarcoidosis in general and neurosarcoidosis.
of neurosarcoidosis have been described with infliximab and methotrexate, as well
as high relapse rates of sarcoidosis and neurosarcoidosis after discontinuation of
infliximab. Thus, the decision to discontinue should be made very carefully and long-

23,53,54,61,62

term continuation should be considered. Previously, treatment with TNF-a

inhibitors led to high health care costs. The expiring of the patent of Remicade®
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(Infliximab) and the availability of biosimilars (Inflectra®) with similar efficacy have now
reduced the costs.*

Our study had several limitations. Despite significant advances in diagnostics of
neurosarcoidosis made in the last two decades, no consensus has been achieved about
its classification. We used the most widely used modified Zajicek criteria. Follow-up of
neurosarcoidosis is difficult, since no sensitive and specific biomarker is available so far.
Disease assessment is often based on symptoms and neurologic examination,
sometimes combined with follow-up cerebral or spinal MRI’s (when applicable), making
it hard to assess whether the disease is truly in remission. Another limitation could be a
selection bias, since most of our patients were diagnosed and treated in tertiary
expertise centres. However, patients with suspected neurosarcoidosis are usually
referred to such expertise centres because of the complexity of diagnosing and treating
this rare disease entity. Another limitation is the observational nature of our study,
with some missing values and no structured monitoring and follow-up. Since
neurosarcoidosis is a rare sarcoidosis manifestation, however, it is difficult to perform
studies with another study design.

Conclusion

Chronic aseptic meningitis, cranial nerve dysfunction, spinal cord involvement and
cerebral parenchymal disease appeared to be the most common neurosarcoidosis
manifestations, without racial or gender differences. Treatment was mandatory in the
majority of patients, >50% of whom required second- or third-line treatment. The
current risk stratification strategy to identify severe neurosarcoidosis patients involves
a multidisciplinary approach integrating symptoms, functional tests and imaging
findings. Future studies are warranted to enhance our understanding of the diversity of
neurosarcoidosis, the determinants of morbidity, severity and mortality, as well as
optimal treatment regimens, in order to determine the best treatment to improve the
quality of life of patients suffering from this rare form of sarcoidosis.
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Background

Cognitive failure is associated with memory and concentration problems. Previously, a
prevalence of one third was found in a general sarcoidosis population. The aim of this
study was to assess if neurosarcoidosis patients are at higher risk for developing
everyday cognitive failure using the Cognitive Failure Questionnaire (CFQ) and to
determine what factors were associated with cognitive failure.

Methods

A cross-sectional web-based survey was conducted from April to May 2017 in a national
sample of neurosarcoidosis patients. The survey asked about complaints and included 3
questionnaires (Fatigue Assessment Scale [FAS], Small Fiber Neuropathy Screening List
[SFNSL] and CFQ). Data were compared to a general sarcoidosis population.

Results

Of the 152 patients who completed the survey, 131 had neurosarcoidosis. The mean
CFQ score was significantly higher in the neurosarcoidosis (45.6+20.7) compared to the
general sarcoidosis population (36.2+15.9; p<0.0001). High CFQ scores (>43) were
found in 55.7% and 33.9%, respectively (p<0.0001). The FAS score (OR 21.4) and SFNSL
score (OR 4.3) were the strongest positive predictors of a high CFQ score.

Conclusion

Cognitive failure is a significant problem in neurosarcoidosis. More than half of the
patients reported cognitive deficits, compared to one third of a general sarcoidosis
population. Fatigue and small fiber neuropathy play a role in cognitive failure.



Cognitive failure in neurosarcoidosis

Introduction

Cognitive failure is a cognitive error occurring during the performance of a task that a
person would normally execute successfully in everyday life. Cognitive failure is
characterized by concentration problems, memory loss and decreased perception. It is
associated with various disease entities, such as chronic obstructive pulmonary disease,
obstructive sleep apnoea, chronic heart failure, rheumatoid arthritis, primary Sjogren
syndrome, multiple sclerosis and sarcoidosis. Factors associated with a higher
prevalence of cognitive failure in these different disease entities include fatigue,
depression, pain due to small fiber neuropathy (SFN), microangiopathy, inflammatory
molecules such as tumour necrosis factor-alpha (TNF-a), cerebrovascular disease and

. . 1,37
chronic hypoxia.

Sarcoidosis is a multisystem inflammatory disorder of unknown aetiology in genetically
predisposed individuals, affecting 1-40 per 100 000 persons.g’9 The natural history and
prognosis of sarcoidosis are highly variable and its course is often unpredictable.

10,11

Clinical manifestations vary, depending on the organs involved. Involvement of the

nervous system, neurosarcoidosis, is present in approximately 5% of the cases and has
a heterogeneous clinical presentation, from chronic meningitis to myelopathy.lz'13

Apart from organ-related symptoms, patients may suffer from a variety of nonspecific
disabling symptoms that cannot be explained by granulomatous inflammation of an
organ, such as fatigue and small fiber neuropathy (SFN)."* Both have a high prevalence.
Fatigue occurs in 50-85% of sarcoidosis patients™"> and SFN in 40-60%.'*"’ In addition,
Elfferich et al. found everyday cognitive failure in 35% of the cases they studied in a
general sarcoidosis population.’ Cognitive failure has a great impact on the lives of

sarcoidosis patients, since they are mostly young.

Broadbent et al. developed the Cognitive Failure Questionnaire (CFQ), a self-report
questionnaire assessing failures in everyday errors of attention, perception, memory
and motor function.” In general, the CFQ appears to be a reliable and brief measure
useful in clinical practice.

We hypothesized that everyday cognitive functioning may be even more impaired in
patients with neurosarcoidosis. The aim of this study was therefore to examine the
prevalence of everyday cognitive failure using the CFQ in patients suffering from
neurosarcoidosis compared to a general sarcoidosis population. We also studied what
factors were associated with cognitive failure.
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Methods

Study design

A cross-sectional web-based anonymous survey was conducted from April to May 2017
among a national sample of neurosarcoidosis patients (Group 1). The recruitment
procedure aimed to compose a representative sample of neurosarcoidosis patients in
the Netherlands. Data from the study by Elfferich et al., performed in a general
sarcoidosis population (n=343) served as a control group for comparisons of the scores
on the cognitive failure questionnaire [CFQ], the small fiber neuropathy screening list
[SFNSL], and the fatigue assessment scale [FAS].:L This latter population was subdivided
in those without neurosarcoidosis (Group I, n=330) and those with neurosarcoidosis
(Group 1, n=13).

This study was performed in accordance with the Declaration of Helsinki and its
amendments. The Medical Ethics Committee of the St. Antonius Hospital Nieuwegein,
The Netherlands, decided that, under the Dutch act on medical research involving
human subjects, approval of this study by a Medical Ethics Committee was not
necessary.

Study sample and procedure

The overall study sample (group 1) comprised patients from our online Dutch
Neurosarcoidosis Registry and neurosarcoidosis patients from the Dutch Sarcoidosis
Society. The diagnosis of neurosarcoidosis was confirmed for each of the patients by a
neurologist, using the Zajicek or Marangoni (modified Zajicek) criteria, labelling patients

19

. - . .18, ops
as possible, probable or definite neurosarcoidosis. SFN was classified as

‘paraneurosarcoidosis’, since the hallmark of sarcoidosis (granuloma formation) is not

found in the small fibers.?*®

Patients suffering solely from SFN were therefore
excluded from this study.

All patients included in the Dutch Neurosarcoidosis Registry have agreed to participate
in online research studies. Patients from the Dutch Sarcoidosis Society (Sarcoidose.nl)
were recruited without incentives, since the survey was anonymous. There was no
overlap in registrations between the two sources. All patients had sufficient command

of Dutch and had access to the internet.

A survey was developed using the online questionnaire tool Surveymonkey
(www.surveymonkey.com). The survey included self-reported complaints, sarcoidosis
manifestations, demographics (gender, age, duration of sarcoidosis), use of medication,
daily impairments and a set of questionnaires validated for sarcoidosis, the CFQ,2 the
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SENSL** and the FAS.” An invitation to complete the electronic survey was sent by
email to all the patients in our online Dutch Neurosarcoidosis Registry. Additional
patients were recruited by means of an advertisement on the website of the Dutch
Sarcoidosis Society (sarcoidose.nl), providing a link to the electronic survey. Of the
153 patients who started the survey, 152 (99%) completed it.

Questionnaires

In the sarcoidosis population, so far no questionnaires regarding evaluation of cognitive
failure are validated. Broadbent et al. developed the CFQ to evaluate cognitive failure,
which appears to be a brief and reliable questionnaire that is useful in clinical practice
(see Appendix). Since this questionnaire was previously used to evaluate cognitive
failure in the general sarcoidosis population, we decided to also use the CFQ in the
neurosarcoidosis population.” The CFQ is a self-report questionnaire consisting of 25
items assessing deficits regarding attention, perception, memory and motor functioning
in everyday life. The total CFQ score is calculated by summation of all answers and
scores range from 0-100. A higher total score indicates more subjective cognitive
failure. A high CFQ score is defined as a score 243 (mean of the controls plus one
standard deviation).2

The FAS is a 10-item self-report fatigue questionnaire. In addition to the total fatigue
score, the FAS yields a mental fatigue score and a physical fatigue score (see Appendix).
The response scale is a five-point scale (1 never to 5 always); scores on the FAS can
range from 10 to 50. A score >22 indicates fatigue and a score >34 indicates extreme
fatigue. The reliability and validity of the FAS have been shown to be good in
sarcoidosis patients.25

The SFNSL is a 21-item self-administered questionnaire to screen for symptoms related
to small fiber neuropathy (SFN; see Appendix). The response scale is a five-point scale
(0 never to 4 always); scores on the SFNSL can range from 0 to 84. The cut-off score of
the SFNSL is 11: a score below 11 indicates no or few symptoms related to SFN, while a
score of 11-48 indicates probable or highly probable SFN and a score above 48 is
indicative of SFN.**

Statistical analysis

All statistical analyses were performed using SPSS version 24 for Mac. Standard
descriptive statistics were computed. The chi-square test and Student t-test were used
to test for statistically significant differences between two groups of neurosarcoidosis
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patients (i.e. those with CFQ <43 and those with CFQ >43). Chi-square tests were also
performed to assess the prevalence (%) of cognitive failure (CFQ) in patients with
neurosarcoidosis compared to a general sarcoidosis population. ANOVA was used for
comparison between the general sarcoidosis population and the neurosarcoidosis
population. Pearson correlations were calculated to evaluate the association between
the CFQ scores and fatigue (FAS scores) as well as symptoms suggestive of SFN (SFNSL
scores). Multivariate logistic regression analyses were used to assess the influence of
the FAS scores and SFNSL scores on the CFQ scores, after adjustment for age, sex,
treatment, depressive symptoms and sleeping disturbances. Because of the large
number of correlations examined, a probability value of less than 0.01 was considered
to be statistically significant.

Results

A total of 152 patients (99%) completed the survey. Neurosarcoidosis had been
established in 131 patients (86.2%), 12 patients did not have neurosarcoidosis, and in
9 cases the diagnosis remained unclear. Finally, therefore, 131 patients suffering from
neurosarcoidosis were included in this study. The studied population is approximately
25% of the estimated total neurosarcoidosis population in the Netherlands. The various
neurosarcoidosis manifestations in the studied population were cranial nerve palsy
(45.1%), spinal cord involvement (29.4%), chronic meningitis (26.5%), cerebral
involvement (20.6%), peripheral neuropathy (15.7%), myelitis (9.8%), neuro-endocrine
involvement (9.8%), hydrocephalus (6.9%), brainstem involvement (4.9%), and cerebral
vascular involvement (3.9%). Almost half of the population had multiple manifestations
(45%). Demographic and clinical data are summarized in Table 4.1.

The mean CFQ score in the neurosarcoidosis sample we studied was 45.6+20.7. There
were no significant differences between the subgroup with a high CFQ score and the
subgroup with a normal CFQ score as regards sex, age, time since diagnosis, or
medication use. Pain, pulmonary symptoms (cough and dyspnea), self-reported
depressive symptoms and self-reported sleeping disturbances were more prevalent in
the group with a high CFQ score (see Table 4.1).
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Table 4.1 Summary of the characteristics of the studied neurosarcoidosis population subdivided into
those with normal Cognitive Failure Questionnaire (CFQ) scores and those with high CFQ scores.

Total CFQ <43 CFQ =43 p-valuest
patients n (%) 131 58 (44.3) 73 (55.7) -
sex (male:female), n (%) 67(51.1):64 (48.9) 27(46.6):31(53.4) 40 (54.8):33(45.2) 0.349
age, years (range) 51.9+10.4 (21-75) 52.8+11(21-75) 51.4+10.0(28-74) 0.444

time since diagnosis, years (range) 8.7 +7.2(0-35) 8.0 £6.7 (0-35) 9.3+7.6(1-35) 0.292
symptoms

pain, n (%) 92 (70.2) 32 (55.2) 60 (82.2) 0.001
cough and dyspnea, n (%) 30 (22.9) 5(8.6) 25 (34.2) 0.001
ocular, n (%) 57 (43.5) 21(36.2) 36 (49.3) 0.133
cardiac, n (%) 9(6.9) 4(6.9) 5(6.8) 0.992
skin, n (%) 48 (33.6) 15 (25.9) 31 (42.5) 0.048
joint, n (%) 89 (67.9) 33 (56.9) 56 (76.7) 0.016
hypercalcemia, n (%) 9(6.9) 2(3.4) 7(9.6) 0.168
kidney stones, n (%) 3(2.3) 0(0) 3(4.1) 0.118
medication use

never, n (%) 26 (24.4) 12 (20.7) 14 (19.2) 0.829
first line treatment, n (%) 99 (75.6) 43 (74.1) 56 (76.7) 0.733
(prednisone or dexamethasone)

second line treatment, n (%), 50 (38.2) 20 (34.5) 30 (41.1) 0.439

(methotrexate, azathioprine,
mycofenolate mofetyl)
third line treatment, n (%) (anti- 22 (16.8) 10 (17.2) 12 (16.4) 0.903
TNF-a: adalimumab, infliximab)
psychological variables

self-reported
depressive symptoms 33 (25.2) 8(13.8) 25 (34.2) 0.007
sleeping disturbances 70 (53.4) 18 (31) 52(71.2) <0.0001
questionnaires
CFQ score 45.6 £ 20.7 27.0+10.9 60.3+13.4 <0.0001
FAS total score 34.8+8.0 30.2+7.8 38.5+6.3 <0.0001*
FAS-score <22, n (%) 10 (7.6) 9 (15.5) 1(1.4)
FAS-score 22-34, n (%) 51 (38.9) 33 (56.9) 18 (24.7)
FAS-score >34, n (%) 70 (53.4) 16 (27.6) 54 (74)
FAS mental score 15.8+4.4 13.5+4.0 17.6 +3.9 <0.0001
FAS physical score 19.0+4.1 16.7+4.1 20.8+2.9 <0.0001
SFNSL score 39.7+21.3 29.0+18.9 48.3+19.3 <0.0001*
SFNSL score <11, n (%) 11 (8.4) 10 (17.2) 1(1.4)
SFNSL score 11-48, n(%) 69 (52.7) 38 (65.5) 31 (42.5)
SFNSL score >48, n (%) 51 (38.9) 10 (17.2) 41 (56.2)

Data are expressed as means + SD, n=absolute number or percentages. #p-value CFQ <43 vs CFQ 243,
*p-value for total and subscores. TNF-a=tumour necrosis factor-alpha, CFQ=Cognitive Failure Questionnaire,
FAS=Fatigue Assessment Scale, SFNSL=Small Fiber Neuropathy Screening List.
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The prevalence of a high CFQ score in the neurosarcoidosis sample (55.7%) was
significantly higher than in the general sarcoidosis population studied by Elfferich
(n=330, 33.9%, p<0.0001; see Table 4.2) and comparable with the results in a subgroup
of neurosarcoidosis patients (n=13) in the study by Elfferich et al. (55.7% versus
53.8%)."

Almost all neurosarcoidosis patients in our study reported fatigue (n=121; 92.4%),
53.4% of whom experienced extreme fatigue (see Table 4.1). Fatigue was more
prevalent in neurosarcoidosis patients with a high CFQ score (98.6% vs. 84.5%,
respectively; p<0.0001). The average FAS scores were also higher in neurosarcoidosis
with a high CFQ score (38.5 vs. 30.2, respectively; p<0.0001) The overall FAS scores, as
well as the FAS scores in the high CFQ score subgroup, were significantly higher in the
neurosarcoidosis population compared to the general sarcoidosis population (see
Table 4.2). Symptoms suggestive of SFN (SFNSL score >11) were significantly more
prevalent in the neurosarcoidosis patients with a high CFQ score (98.6% vs 82.8%,
respectively; p<0.0001). Comparison with the data of the general sarcoidosis
population showed that the SFNSL scores in our study sample were comparable to
those in the general sarcoidosis population and the high CFQ score subgroup (see
Table 4.2).

Table 4.2 Scores on the Cognitive Failure Questionnaire (CFQ), Fatigue Assessment Scale (FAS), Small
Fiber Neuropathy Screening List (SFNSL), gender and age of the neurosarcoidosis sample
studied (Group 1) and a general sarcoidosis patient population without neurosarcoidosis

(Group I1)."

Group | Group Il p value
patients n 131 330
gender: female % 48.9 44.8 NS
age, years (range) 52.0+£10.4 (21-75) 48.6+0.9 (25-79) NS
FAS score total group 34.8+8.0 29.2+8.4 0.01
FAS total score in CFQ 243 38.5%+6.3 304+12.1 0.001
SFNSL score total group 39.7+213 42.4+16.8 NS
SFNSL score in CFQ 243 48.3+19.3 48.2+16.8 NS
CFQ score 45.6 £ 20.7 36.2+15.9 <0.0001
CFQ score > 43, n (%) 73 (55.7) 112 (33.9) <0.0001

Data are expressed as means = SD, absolute number (n) or percentages (%). NS=not significant.

No statistically significant differences were found between the neurosarcoidosis sample
we studied (Group |) and the subgroup of neurosarcoidosis patients included in the
study by Elfferich et al. (Group Ill)! as regards overall FAS, SENSL and CFQ scores (data
not shown). The average disease duration in our sample showed no statistically
significant difference compared to the population of Elfferich. Disease duration did not
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influence everyday cognitive failure in sarcoidosis in this latter population and the
population of the present study.

Correlation of FAS, SFNSL and CFQ

In our neurosarcoidosis population, both FAS and SFNSL scores correlated significantly
with the CFQ. The FAS scores showed the strongest correlation with the CFQ (R=0.65;
see Table 4.3). Patients with extreme fatigue (>34) appeared to be more at risk of
developing cognitive failure than patients with a fatigue score >22 (R=0.46 vs. R=0.27
respectively; p<0.0001). Patients suffering from SFN related symptoms reported high
CFQ scores (R=0.40, p<0.0001).

Fatigue (OR 13.2) and symptoms suggestive of SFN (OR 5.5) were the strongest
predictors of a high CFQ score. The OR of the SFNSL decreased after correction for sex,
age, treatment, depressive symptoms and sleeping disturbances (OR 4.3, p<0.0001,
Cl 2.7-11.3), while the OR of the FAS increased (OR 21.4, p=0.011, Cl 2.0-225.2) (see
Table 4.4).

Table 4.3 Correlation of the scores on the Fatigue Assessment Scale (FAS) and Small Fiber Neuropathy
(SFN) Screening List (SFNSL) with the Cognitive Failure Questionnaire (CFQ).

CFQ scores FAS scores: total FAS scores: mental  FAS scores: physical SFNSL scores
correlation (R=) 0.65 0.60 0.64 0.53
significance (p-value) <0.0001 <0.0001 <0.0001 <0.0001
CFQ scores FAS scores >22: FAS scores >34: SFNSL scores >48:
fatigue extreme fatigue highly likely SFN
correlation (R=) 0.27 0.46 0.40
significance (p-value) 0.002 <0.0001 <0.0001

Table 4.4 Multivariate logistic regression Fatigue Assessment Scale (FAS) and Small Fiber Neuropathy
Screening List (SFNSL) scores on the Cognitive Failure Questionnaire (CFQ) scores.

OR 95% ClI p-value

SFNSL 43 2-113 <0.0001
sleeping disturbances 3.9 1.7-8.6 0.001
FAS 21.4 2-225.2 0.011
age 0.34 0.1-0.8 0.016
gender 0.4 0.2-1 0.048

sleeping disturbances 5.3 2.4-12 <0.0001

OR=0dds ratio, 95% CI=95% confidence interval.
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Discussion

To the best of our knowledge, this was the first study to examine everyday cognitive
functioning in patients suffering from neurosarcoidosis and to compare this with a
general sarcoidosis population using the cognitive failure questionnaire (CFQ). We
found that everyday cognitive failure was a significant problem in the neurosarcoidosis
population. More than half of the patients in our sample reported cognitive deficits,
compared to one-third of a general sarcoidosis population studied by Elfferich and co-
workers.! Fatigue and symptoms of SFN were the most important predictors of
cognitive failure.

Previously, it was demonstrated by Elfferich et al. that everyday cognitive failure is a
substantial problem in sarcoidosis patients.” In this latter study, no relation was found
between the CFQ scores and inflammatory parameters, lung function test results, chest
X-ray stages, sleeping problems nor dyspnea. Moreover, no differences regarding these
mentioned clinical data were shown between those patients with a high or normal CFQ
score. In line with the latter study, the strongest predictor of cognitive failure in
neurosarcoidosis was fatigue. Fatigue has been reported in 50-85% of chronic

11,15 . . . . 1
and is also associated with poorer cognitive performance.

sarcoidosis patients
Almost all our neurosarcoidosis patients experienced fatigue (FAS>22), a higher
proportion than in the general sarcoidosis population (80.6%) studied by Elfferich et
al..’ Among the patients with cognitive failure, the neurosarcoidosis patients
experienced more fatigue than sarcoidosis patients presenting with other
manifestations. Fatigue in neurosarcoidosis patients has previously been described to
affect cognitive control.”® In a study comparing non-fatigued and fatigued participants,
the fatigued participants had compromised executive control.”” Studies in colorectal
and breast cancer also found fatigue to be associated with perceived cognitive

. 28,29
failure.

Moreover, fatigue negatively affects cognitive performance, in particular
response inhibition. It may induce over-activation of the visual cortex, which is related
to impaired cognitive performance.’® We did not find a difference between mental or
physical fatigue: both were equally associated with cognitive failure in neurosarcoidosis

patients.

SFN was also a predictor of cognitive failure, although to a lesser extent. The reported

16,17 . .
and has been associated with poorer

prevalence of SFN varies from 40 to 60%,
cognitive performance in a general sarcoidosis population.1 SFN was even more
prevalent in the neurosarcoidosis patient population we studied (91.6%). One of the

main symptoms of SFN is neuropathic pain. Previous studies have reported an
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association between chronic pain and cognitive deficits, including attention, working
memory and executive function.>** A study of primary Sjégren’s patients with SFN
found a correlation between the intensity of pain and the performance of executive
functions.® Hendriks et al. found that everyday cognitive failure, and symptoms
suggestive of SFN, appeared to be significant predictors of fatigue.>> Moreover, they
also found that cognitive failure and depression are the most important predictors of
high levels of fatigue.33 The study of Bosse-Henck et al. also determined depression,
anxiety, muscle pain and severity of dyspnea were predictors of the development of
severe fatigue.34 In line with this, we found a higher prevalence of depressive
symptoms but also sleeping disturbances in neurosarcoidosis patients with cognitive
failure correlating with the higher prevalence of fatigue. Moreover, sleeping
disturbances are also associated with fatigue, depressive symptoms, anxiety, and

35,36
dyspnea.

Cognition seems to be - at least partly - a consequence of fatigue and SFN in
(neuro)sarcoidosis or due to a common underlying mechanism explaining the strong
correlation between cognition, fatigue and SFN. In a pilot study by our group, standard
neuropsychological tests were used to assess the cognitive domains of memory
sensorimotor speed, information processing speed and cognitive flexibility. Only a small
number of sarcoidosis patients (n=27; 63% female; age 47.2+10.8 years) were tested
and compared with healthy controls. They found that cognitive failure did not imply
cognitive impairment.33 Thus, subjective cognitive failure was not associated with
cognitive impairment. The latter study exemplifies the difficulties of the diagnostic
classification of cognitive deficits in patients suffering from sarcoidosis without major
morphological lesions, and emphasizes the necessity for further research in this field.
Insight into cognitive functioning is of great importance to optimise the self-
management skills of patients with sarcoidosis. Indeed, cognitive deficits may lead to
difficulties in managing their disease and negatively affect their treatment. Although
cognitive dysfunction is a core feature of (neuro)sarcoidosis, most currently available
treatments do not address cognition.1 Although treatment should first focus on treating
sarcoidosis and its activity,1 alternatives could be considered if this is not effective.

The hallmark of sarcoidosis is granulomatous inflammation, which is predominantly a T-
helper 1 immune response mediated by lymphocytes, macrophages and cytokines such
as tumour necrosis factor alpha (TNF-a) and interleukins (IL).>’ It has been suggested
that alterations in these immunological parameters can affect psychomotor functions.
Research in mice has shown that TNF-a is essential for the normal functioning of
memory and learning and that overexpression of TNF-a leads to cognitive failure, so
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38,39 .
Previous

TNF-a seems to have both neuroprotective and neurodegenerative effects.
research has demonstrated that TNF-a inhibition in a sarcoidosis population was the
only treatment achieving improvement of CFQ score.’ Thus, overexpression of TNF-a in
the pathogenesis of fatigue and cognitive failure could explain the favourable effect of

TNF-a inhibitors in sarcoidosis patients on cognition and fatigue."

The management of sarcoidosis patients with fatigue and low energy levels should
focus on the increased burden of concomitant symptoms. Since fatigue usually has a
multifactorial cause, risk factors should also be examined and treated in

... 143334
combination.

Future research involving more comprehensive neuropsychological
batteries is warranted to investigate psychological functioning and fatigue in
sarcoidosis. In addition, further research should give more attention to possible
mediating or confounding pathways and associations between everyday cognitive

functioning, fatigue and SFN-related symptoms.

Limitations of this study

Our study was a cross-sectional study, in which the neuropsychological assessment of
cognitive dysfunctions was restricted to a rather general and subjective screening
instrument, the CFQ. It provides an impression of the prevalence and related factors.
Labelling oneself as absent-minded or forgetful depends upon the perceived
discrepancy between the subject’s everyday memory functioning and her or his
everyday memory demands. Self-reported cognitive changes or decline do not
necessarily reflect actual cognitive decline, since subjective failure was not associated
with cognitive impairment.33 Beliefs about cognitive changes are strongly influenced by
self-efficacy beliefs, personality, vitality, the experience of daily functioning and coping
styles. Nevertheless, it seems unlikely that the favourable effect on cognitive
functioning reported by patients treated with TNF-a-inhibitors is attributable to the use
of a subjective screening instrument." Despite being subjective, therefore, this is the
first sign that everyday cognitive failure is a major problem in neurosarcoidosis
patients.

Response bias cannot be excluded due to the recruitment procedure, e.g. voluntary
participation. Nevertheless, the response rate was high (99%). The sample we studied is
approximately 25% of the estimated total neurosarcoidosis population in the
Netherlands, and therefore a rather representative reflection of this population.

Since neurosarcoidosis is a rare disorder with a great diversity of manifestations (with
overlapping manifestations in 45% of cases), phenotyping aiming to perform statistical
analysis would not have been valid or feasible due to the rather small sample sizes for
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each of the manifestations, unfortunately. However, it might be interesting to consider
whether central neurological manifestations for instance expose more cognitive failure
than peripheral ones.

Conclusion

Sarcoidosis patients, especially neurosarcoidosis patients, are at increased risk for
developing everyday cognitive failure. More than half of the patients reported cognitive
deficits, compared to one-third of a general sarcoidosis population. Cognitive problems
in a relatively young patient population have a great impact on daily functioning and
can lead to problems at work and in social life, leading to decreased quality of life.
Fatigue and symptoms suggestive of small fiber neuropathy were the most important
predictors of cognitive failure. Our study points towards the necessity to integrate the
growing body of knowledge about neuropsychological deficits in sarcoidosis in the
management of this disease, especially for those patients suffering from
neurosarcoidosis. Further studies, including imaging and biomarkers, in furthering our
understanding of cognitive failure in sarcoidosis are needed to determine the
relationship between cognition, fatigue, sleepiness and small fiber neuropathy in
sarcoidosis, and whether they might have a common pathogenesis.
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Abstract

Purpose of review

Sarcoidosis is a complex disease with many faces, and the clinical manifestation and
course of neurosarcoidosis are particularly variable. Although neurosarcoidosis occurs
in up to ten percent of sarcoidosis patients, it can lead to significant morbidity and
some mortality.

Recent findings

Three criteria are usually required for a diagnosis of (neuro)sarcoidosis: clinical and
radiologic manifestations, noncaseating granulomas, and no evidence of alternative
disease. Recent guidelines have helped to clarify criteria for diagnosing
neurosarcoidosis. No firm guidelines exist on whether, when, and how treatment
should be started. Treatment depends on the presentation and distribution,
extensiveness and severity of neurosarcoidosis. As regards evidence-based treatment,
only a few randomized controlled trials have been done. Hence, several aspects of
(neuro)sarcoidosis management are not fully addressed by the current literature.

Significant advances have been made in the potential and accuracy of diagnostics for
neurosarcoidosis. Treatment should be approached within the context of the patient’s
anticipated clinical course, avoidance of adverse drug effects, and, if necessary, from
the perspective of the comprehensive management of a chronic disease. A
multidisciplinary approach to the management of sarcoidosis is strongly recommended.



Management of neurosarcoidosis

Introduction

Sarcoidosis is a multisystem inflammatory disorder characterized by the formation of
non-caseating granulomas in various organ systems, mainly the lungs and the lymphatic
system. Although the pathogenesis of sarcoidosis has not been fully elucidated,
environmental and genetic factors may contribute substantially to its pathogenesis,
leading to an exaggerated granulomatous reaction. Sarcoidosis occurs throughout the
world, affecting all races and ages.' The clinical manifestation, natural history, and
prognosis of sarcoidosis are highly variable. It can occur at almost any site in the body
and most patients report disabling impairments, especially those with chronic disease.’
Neurosarcoidosis (NS) occurs in 5-10% of patients with sarcoidosis, rates which are not

> The clinical manifestations of NS are also

influenced by race or gender.3'
heterogeneous, as granulomas can affect any part of the nervous system, such as the
meninges, brain, cranial nerves, spinal cord and peripheral nerves.””” Cranial
neuropathy is the most common manifestation, with facial nerves being most
commonly affected, and is seen in 50%-70% of cases of NS.&7"

The epidemiological assessment of sarcoidosis and its manifestations is problematic,
due to the lack of consistent case definitions, lack of sensitivity and specificity of
diagnostic tests, variable diagnostic intensity and variable diagnostic methods. Here we

discuss the diagnostic approach and treatment of neurosarcoidosis.

Diagnostic approach to neurosarcoidosis

Although the diagnosis of sarcoidosis is a complex procedure and can be difficult for
clinicians, the potential and accuracy of diagnostics for sarcoidosis, especially to assess
organ involvement, have been improved in recent decades. However, there is still no
single diagnostic test for sarcoidosis. The finding of granuloma in a single organ is not
specific for this disease, since many other conditions can cause granulomas. According
to the joint statement of the American Thoracic Society, the European Respiratory
Society, and the World Association of Sarcoidosis and Other Granulomatous Disorders
(WASOG), three criteria are usually required for a diagnosis of sarcoidosis: typical
clinical and radiologic manifestations, non-caseating granulomas, and no evidence of
alternative disease.® In case of suspected sarcoidosis, the diagnostic procedures aim to
accomplish the following goals: (1) provide histological confirmation of the disease; (2)
evaluate the extent and severity of organ involvement; (3) assess whether the disease
is stable or likely to progress; and (4) determine if the patient will benefit from
treatment.
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The presence of specific clinical features, especially multi-organ involvement, can
enhance the diagnostic certainty. The WASOG recently developed criteria for
categorizing sarcoidosis organ involvement as “highly probable”, “at least probable”, or
“possible.” The WASOG instrument provides a structured system for identifying the
clinico-radiologic findings in patients with sarcoidosis and may standardize organ
involvement reporting for patients with sarcoidosis.” Bickett et al. developed the
Sarcoidosis Diagnostic Score (SDS) to summarize the clinical features of patients with
possible sarcoidosis.”® For each organ, it allocates points if the organ has a positive
biopsy (5 points), if one or more features are consistent with highly probable organ
involvement (3 points), or at least probable organ involvement (2 points). The resulting
SDS was found to have high sensitivity and specificity.’ This score can be used to
support the clinical diagnosis of sarcoidosis referred to in Figure 5.1. Confirmation by
other studies may establish the value of this scoring system.

Patients with suspected NS require a careful assessment of the systemic manifestations
and neurologic evaluation. Since sarcoidosis is a multi-organ disease, a diagnosis of
neurosarcoidosis does not rest merely on neurologic features. Table 5.1 lists the routine
testing recommended for suspected NS patients as part of their initial evaluation; chest
imaging is part of this evaluation. The chest radiographic finding of bilateral hilar
adenopathy with right paratracheal involvement makes sarcoidosis highly probable.ll'12
Recently, it was shown that high resolution computed tomography (HRCT) was
superior, and therefore preferable, to chest radiography for evaluating the features,
pattern and distribution of the parenchymal lesions and mediastinal lymph nodes, as
well as for assessing the stage and activity of the disease and aiding the detection of
subtle parenchymal lesions which are liable to be missed on conventional imaging.13
Characteristic findings are nodular infiltrates with bronchovascular and subpleural
distribution, thickened interlobular septa, architectural distortion, and conglomerate
masses originating from the coalescence of nodules in the perihilar, peribroncho-
vascular, or subpleural regions."* FDG PET/CT (fluorodeoxyglucose positron emission
tomography/computed tomography) can be useful in cases in which other imaging
modalities have been unsuccessful in detecting sarcoidosis activity. FDG PET-CT is
mainly used for the detection of extraneural localizations and the identification of
1% The brain can be included in whole body PET/CT
examinations with only marginal increases in examination time and radiation dose (due

extraneural biopsy sites.

to the extended field of low-dose CT scanning).20 The intense physiologic uptake in the
brain limits accurate evaluation of brain lesions. However, the FDG PET findings may
provide the first suggestion of a diagnosis of sarcoidosis involving only neurologic
symptomes.
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Depending on the part of the brain involved, a sarcoidosis lesion can be hypo- or
hypermetabolic. In contrast, spinal cord lesions appear as hypermetabolic because the
basal metabolism of the spinal cord is one-third that of the cerebral gray matter. Its
capability to depict metabolic changes also enables FDG PET to be used to monitor
therapy before morphologic changes are detected with conventional imaging.”* Novel
PET strategies, in order to overcome the limitations of FDG, have recently been
introduced, including imaging of somatostatin receptors or C-X-C motif chemokine
receptor (CXCR4), which are overexpressed on the cell surface of activated
macrophages.zz’23 Given the specific nature of their signal, these tracers might be used
in cardiac and neurosarcoidosis, since these organs have an intense physiologic uptake
of FDG. It might thereby be possible to directly assess the extent of inflammatory
activity, localize sites of activity, and monitor response to therapy. Further studies are
needed to evaluate this new PET strategy for NS.

Table 5.1 Recommended tests for initial evaluation of sarcoidosis.

type of evaluation
history (occupational and environmental exposure, symptoms)
physical examination
chest imaging: HRCT or PET-CT
pulmonary function tests: spirometry and carbon monoxide diffusion capacity (respiratory symptoms)
laboratory diagnostics
peripheral blood counts: white blood cells, red blood cells, platelets
serum chemistries: calcium, liver enzymes, creatinine, blood urea nitrogen, ACE and sll2r
electrocardiography
routine ophthalmologic examination
tuberculin skin test or Quantiferon GOLD

HRCT=high resolution computer tomography; PET-CT=positron emission tomography—computer tomography;
ACE=angiotensin converting enzyme; slL2r=soluble interleukin 2 receptor.

In patients for whom extra-neural tissue is needed to identify granulomas,
bronchoscopy can provide multiple options for diagnosing sarcoidosis. These include
bronchoalveolar lavage (BAL), endobronchial biopsy, transbronchial lung biopsy (TBLB),
cryobiopsy, and endobronchial ultrasound fine-needle aspiration (EBUS-FNA). These
tests are complementary and the combination of tests is superior to performing any

25 \While bronchoscopy is often performed in patients with pulmonary

single test.
disease, a recent study among patients presenting with manifestations of suspected
cardiac sarcoidosis without a prior history of lung disease demonstrated that lung and
mediastinal lymph node biopsies confirmed extracardiac sarcoidosis in 58% of patients,
and BAL cellular analyses were suggestive of extracardiac sarcoidosis in 67% of patients,

even those without abnormalities on preliminary HRCT.?® Hence, the use of
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bronchoscopy in patients with extra-pulmonary disease, even with normal CT scans,
can be helpful in diagnosing sarcoidosis.”**’

Diagnostic criteria for neurologic involvement in sarcoidosis patients have been
developed by neurologists and general sarcoidosis experts.w'9 The Neurosarcoidosis
Consortium Consensus Group, an expert panel of physicians experienced in the
management of patients with sarcoidosis and/or neurosarcoidosis, engaged in an
iterative process to define NS, and developed a practical clinical diagnostics approach
for patients with suspected NS. The resulting consensus clinical definition of NS aimed
to enhance the clinical care of patients with suspected NS and to encourage
standardization of research initiatives to address this disease manifestation. The
authors identified criteria indicating possible, probable or definite neurologic
involvement (see Table 5.2).

Table 5.2 Diagnostic criteria for neurosarcoidosis (central and peripheral nervous system involvement).7

possible

1. the clinical presentation and diagnostic evaluation suggest neurosarcoidosis, as defined by the clinical
manifestations and MRI, CSF and/or EMG/NCS findings typical of granulomatous inflammation of the
nervous system and after rigorous exclusion of other causes.

2. there is no pathological confirmation of granulomatous disease.

probable

1. the clinical presentation and diagnostic evaluation suggest neurosarcoidosis, as defined by the clinical
manifestations and MRI, CSF and/or EMG/NCS findings typical of granulomatous inflammation of the
nervous system and after rigorous exclusion of other causes.

2. there is pathological confirmation of systemic granulomatous disease consistent with sarcoidosis.

definite

1. the clinical presentation and diagnostic evaluation suggest neurosarcoidosis, as defined by the clinical
manifestations, MRI, CSF and/or EMG/NCS findings typical of granulomatous inflammation of the
nervous system, after rigorous exclusion of other causes.

2. the nervous system abnormality is consistent with neurosarcoidosis.
type a. Extraneural sarcoidosis is evident
type b. No extraneural sarcoidosis is evident (isolated neurosarcoidosis).

MRI=magnetic resonance imaging; CSF=cerebrospinal fluid; EMG=electromyography; NCS=nerve conduction
studies.

Gadolinium-enhanced MRI is the modality of choice for the diagnosis of NS. The
abnormalities seen at MRI include periventricular white matter lesions, meningitis or
meningoencephalitis, solid parenchymal enhancing lesions, cranial neuritis and
myelopathy.zg'29 Since bone sarcoidosis often involves the spine, patients undergoing
MRI scanning for back pain or radiculopathy may be found to have an infiltrative
lesion.*® Such an MRI pattern is often confused with malignancy and in some cases a

bone biopsy may be required to confirm sarcoidosis.>
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Figure 5.1  Approach to diagnosis of neurosarcoidosis.

Figure 5.1 illustrates the approach to diagnosing NS. In Table 5.3 the various
manifestations of neurosarcoidosis including myelitis (see Figure 5.2) are summarized.
For a patient with neurologic signs and symptoms consistent with NS, the next step is to
check for extra-neural disease. If there is evidence of such disease based on a biopsy
showing granuloma, the patient most likely has NS. If the patient has not had a biopsy
or the biopsy was negative for granuloma, the extra-neural features are then evaluated.
If the patient’s clinical presentation is consistent with sarcoidosis and other causes have
been excluded, the patient is assumed to have NS. If there are insufficient clinical
features to support the diagnosis, the patient is said to have possible NS. Isolated NS is
diagnosed in a patient who presents with only neural symptoms, a biopsy which
demonstrates granulomas, and no clinical features of extra-neural sarcoidosis. Patients
who present with neurologic disease should always be evaluated for extra-neural
sarcoidosis.

75



Chapter 5

Table 5.3

Summary of various neurosarcoidosis manifestations.

7*%,32,33

Neurosarcoidosis manifestation

Prevalence Comments

cranial nerve palsy 31-55%  facial and optic nerves are the most commonly affected;
uni- or bilateral involvement

chronic aseptic meningitis 16-37%  subacute or chronic lymphocytic meningitis; dural
involvement including pachymeningitis, dural mass
mimicking meningioma

spinal cord disease / myelitis 18-23%  subpial intramedullary lesions, typically longitudinally-
extensive; myelitis predilection cervicothoracic

cerebral parenchymal disease 21% small cortical or periventricular white matter lesions;
mimicking MS or micro-ischemic lesions, larger solitary
aggregates of granulomas can masquerade as neoplasms.

neuro-endocrine (hypothalamo- 6-9% hormonal disturbances including hypothyreoidism,

pituitary) involvement hypogonadism, panhypopituitarism, syndrome of
inappropriate antidiuretic hormone (SIADH)

hydrocephalus 9-10% communicating and non-communicating hydrocephalus;
combination with leptomeningeal enhancement along the
skull base

cerebral infarction 6% stroke can be due to in situ thrombosis, compression of a
large vessel by a granulomatous mass, sinovenous
thrombosis and intracerebral haemorrhage

peripheral nervous system 17% large fiber involvement: most commonly axonal distal

sensorimotor polyneuropathy or asymmetric
polyradiculoneuropathy (non-length dependent
distribution)

MS=multiple sclerosis

Figure 5.2  36-year-old male, presenting with numbness in both arms and cervical pain. MRI showed a
cervical myelitis (C3-C5, arrows). Bilateral mediastinal lymphadenopathy was seen on a chest X-
ray and the diagnosis sarcoidosis was confirmed with an endobronchial ultrasound fine-needle

aspiration (EBUS-FNA).
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Non-organ-related sarcoidosis-associated symptoms

There are several consequences of sarcoidosis, including fatigue, cognitive failure and
small fiber neuropathy (SFN), which are not directly related to granulomatous

involvement.”** Sarcoidosis-associated fatigue is reported in more than half of

35,36

patients. It is commonly associated with other non-organ-related problems,

including SFN and cognitive failure.*”>*"

40-42

Questionnaires can be helpful in objectifying

these complaints.
43,44

A multidisciplinary approach including psychological counselling is
recommended.

SFN, which is found in many conditions,45'46*

was originally described for sarcoidosis by
Hoitsma et al. in 2002.%” There is no diagnostic gold standard for SFN. Nerve conduction
studies (NCS) are performed as the first diagnostic test to exclude large-fiber disorders.
Skin biopsies with quantitative counting of the nerve fibers have been proposed. The
fewer the nerve fibers, the greater the likelihood of SEN.* However, the disease can be
patchy, leading to sampling errors and false negative findings. The disease is also
invasive.

An SFN screening tool has been developed for patients with sarcoidosis, called the SFN
Screening List (SFNSL).42 This screening tool can distinguish between patients who are
very likely to have SFN-associated symptoms and those without such symptoms. A
substantial percentage of patients have intermediate scores (between highly likely and
unlikely SFN), and these patients require additional tests to confirm the diagnosis of
SFN. Despite its limitations, the SFNSL has proved useful in assessing response to
therapy.®

An interesting new test for SFN is corneal confocal microscopy. Photographs are taken
of the cornea and a quantitative assessment of nerve fibers is made. A correlation has
been established between the severity of neuropathy and progressive corneal nerve

. 49,50
degeneration.

Unfortunately, this technique is not widely available, and has not yet
been validated against other measures of SFN. The changes demonstrated during

treatment for SEN did not correlate with other markers of SEN.>*

Treatment of neurosarcoidosis

Treatment is almost always warranted in NS. Treatment strategies are mainly based on
expert opinion and small retrospective studies. So far, no randomized controlled trials
have been performed.6 The intensity of treatment depends on the severity of the NS
manifestations. For example, a facial nerve paralysis can most often be treated with
only a few weeks of prednisone monotherapy, and rarely recurs,”” while in the case of
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spinal cord disease a second-line (methotrexate [MTX], azathioprine, mycophenolate
mofetil [MMF]) or third-line (tumour necrosis factor [TNF]-a inhibitors; infliximab or

3334 |imited data are

adalimumab) agent is initiated earlier on in the treatment.
available on the optimal treatment options for NS.

Treatment of sarcoidosis has commonly been empirical. However, an increasing
number of studies have been published which provide a level of confidence regarding
general therapeutic recommendations.” These recommendations have to be
modified for NS. Figure 5.3 shows a proposed stepwise approach to the treatment of

NS other than that involving the seventh cranial nerve alone.

Figure 5.3  Proposed stepwise treatment for neurosarcoidosis. RCl=repository corticotropin injection.
*indicates drugs that have been reported specifically for neurosarcoidosis. tindicates therapies
which may be used for severe or progressive disease. See text for further details.

Initial therapy consists of glucocorticoids, usually oral prednisone. For a patient with
severe disease or disease progressing despite oral therapy, high-dose intravenous
methylprednisolone may be useful. High-dose oral prednisone has been shown to be as
effective as high dose intravenous steroids.”® Most of the prednisone recommendations
are based on retrospective studies, and the dosage of prednisone varies. Failure of
steroid monotherapy is common, due to severity of the disease or because of the
toxicity of the high-dose prednisone used in NS. In one study over 80% of patients went
on to second- and third-line therapy.52

The next step involves a steroid-sparing or second-line agent. MTX has been the most
widely used steroid-sparing agent for sarcoidosis.”’ In one of the few case series
examining the use of MTX specifically for NS, the response rate was 63%.>> More
recently, NS patients treated with MTX were successfully weaned down to prednisone
in half of cases and maintained on that regimen for years.”> Mycophenolate, another
steroid-sparing second-line agent, has a different toxicity profile than methotrexate and
may be more rapidly effective in treating NS.*® However, in one study, mycophenolate
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treatment was associated with a significantly higher relapse rate when prednisone was
withdrawn.>

The use of two other cytotoxic agents, azathioprine and leflunomide, is based on
studies of non-NS patients. In one large study, azathioprine was as effective as
methotrexate but associated with some more toxicity.” Leflunomide has been
reported to be an effective alternative to methotrexate with a different toxicity
profile.so'61
use in NS.%

The next step is the use of TNF-a inhibitors. Although not all TNF-a inhibitors have been

However, leflunomide can cause a peripheral neuropathy, which limits its

successful in sarcoidosis, the monoclonal anti-TNF-a antibody infliximab was found to
be superior to placebo in treating advanced pulmonary sarcoidosis.®>** A Delphi study
amongst the world’s leading sarcoidologists resulted in practical recommendations for
the use of TNF-a inhibitors in sarcoidosis, to support clinicians in the management of
patients with refractory sarcoidosis.” Based on expert experience and recent studies,
infliximab is now considered the main third-line treatment option in sarcoidosis. Two
recent papers reported on relatively large studies of infliximab for NS in the United

66%,67
States and France.

In both of these series, response to treatment was seen even
when other therapies had failed. Unfortunately, infections and other toxicities were
encountered in a significant number of cases,®®’ although these were similar to those
for second-line treatment options.” Treatment withdrawal was associated with a high

. 66*,67
rate of relapse of the disease.

Treatment with infliximab is expensive, creating a
barrier limiting universal access to this effective therapeutic agent. Recently, biosimilars
of infliximab have become available. In view of the working mechanism of the original
biological and that of the biosimilars, it is highly likely that the therapeutic effect of
both agents is comparable. Hence, inclusion of biosimilars in the treatment regime
could lower the costs of TNF-a inhibitors in sarcoidosis.”® The infliximab biosimilar
inflectra® proved to be effective in the treatment of refractory sarcoidosis, with a
safety profile comparable to that of the reference product infliximab.®"""

For patients for whom infliximab fails due to intolerance or lack of efficacy, or for whom
TNF-a inhibitors are contra-indicated, several other potential agents have been
reported. Adalimumab is usually reserved for patients who develop reactions to
infliximab, and the drug has been shown to be effective in that situation.”" Intravenous
cyclophosphamide was reported to be effective in the treatment of refractory NS,

52,72-74

although less so than infliximab. It may still be an alternative for refractory NS

patients. For patients for whom TNF-a inhibitors are contra-indicated, such as those
with malignancy or advanced congestive heart failure, rituximab has also been reported

75,76
to be useful.
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Treatment of sarcoidosis-associated small fiber neuropathy

Currently, there is no cure for SFN, and only symptomatic relief of complaints is
achieved.*® Unfortunately, symptomatic treatment for neuropathic pain often provides
only partial relief from pain, without effects on autonomic dysfunction, and is often
associated with (sometimes severe) side effects. Some data suggest some effectiveness

387178 \Whether these expensive treatments

of immunoglobulins and TNF-a inhibitors.
should be initiated as a causative treatment for SFN is unclear and is currently being
investigated. Cibinetide® (ARA290) seems a promising new drug to relieve pain and
increase corneal and skin nerve fiber density in sarcoidosis-associated SEN. 87980
However, a recent placebo-controlled trial demonstrated changes in corneal nerve
fibers, but not in symptoms.51 Further studies, including a wider dose range, are needed

to clarify the role of this drug.

Conclusion

As sarcoidosis is a multi-organ disorder that imposes a burden on patients’ lives,
patients may initially present to various organ specialists, depending on the presenting
symptoms. Therefore, a multidisciplinary approach is recommended for the
management of sarcoidosis, with considerable patient participation focusing on
somatic as well as psychosocial aspects of this erratic disorder. Neurosarcoidosis can be
extreme burdensome for patients and their families. Recent reports have helped to
clarify a diagnostic strategy for this disease entity. Treatment options, especially with
infliximab or biosimilars, may prove an effective way to control the disease.
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Abstract

Purpose of review
To discuss cause, clinical manifestations, diagnostics, and treatment of small fiber
neuropathy (SFN). The diagnosis is difficult and can be easily missed.

Recent findings

SFN causes high morbidity with disabling symptoms and impact on quality of life.
Patients may benefit from being diagnosed with SFN, even if no underlying cause is
identified and no specific treatment is yet available. Recently, genetic mutations as a
possible cause of SFN were identified. Clinical diagnostic criteria have been proposed,
but no gold standard exists, and each test has its limitations. The diagnosis requires a
combination of typical symptoms, abnormal neurologic findings, and absence of large
fiber involvement. Clinicians should be aware of overlapping symptoms of SFN and
fibromyalgia. Treatment is often difficult, even when the underlying cause is identified
and appropriately treated. Usually, only symptomatic relief of complaints is available.

Summary

Awareness of SFN and related symptoms is of great clinical relevance. Guidelines for
appropriate diagnostic workup using a stepwise approach involving a combination of
tests are warranted. Even if no treatment is available, patients may benefit from timely
recognition of SFN.
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Introduction

Peripheral neuropathies can be subdivided into large-fiber neuropathy and small fiber
neuropathy (SFN). When large fibers or (more commonly) a combination of large and
small fibers are involved, the term polyneuropathy is used, whereas isolated
involvement of small fibers is generally referred to as SFN. SFN is a generalized sensory
nerve disorder with structural and functional abnormalities of small fibers,
characterized histopathological by degeneration of small fiber nerve endings.

Due to lack of awareness among clinical physicians, the diagnosis of SFN is probably
highly underreported. In the Netherlands, a minimum estimated incidence of 12 per
100 000 population and a prevalence of 53 per 100 000 population have been reported,
but even this systematic assessment underestimated the incidence and prevalence.1
The diagnosis of SFN may be difficult because a diagnostic gold standard is lacking. The
diagnosis is mostly made on the basis of the presence of characteristic clinical features
in combination with abnormalities on neurophysiological tests and/or reduced
numbers of small fibers in skin biopsy. SFN is often idiopathic or it can be an
epiphenomenon in many diseases, including sarcoidosis. Treatment is often difficult,
even when the underlying cause is identified. Symptomatic treatment is available, but
its effectiveness is limited to a subgroup of patients with SFN. Here, we discuss the
cause, clinical manifestations, diagnostics, and treatment of SFN, with special emphasis
on SFN in patients with sarcoidosis.

Pathophysiology

The histopathology of SFN is characterized by denervation of the thin myelinated Aod-
and unmyelinated C-fibers.” As these fibers perceive thermal and nociceptive (somatic)
sensations and have autonomic function, denervation results in symptoms of
neuropathic pain and autonomic dysfunction.’ Morphologic changes within the axons
can also be found.* The exact pathophysiological mechanisms are often unknown and
depend on the underlying illnesses associated with SFN, such as metabolic, infectious,
inflammatory, and genetic diseases (Table 6.1). More recently, hereditary SFN has been
described with pathogenic mutations in sodium channels (Nav1.7 (mostly), Nav1.8 and
Nav1.9) which lead to hyperexcitability of dorsal root ganglions. These gain-of-function

. . . . 12,13,14*
mutations result in degeneration of small fibers.
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Table 6.1 Causes of small fiber neuropathy.

Primary Secondary
idiopathic small fiber neuropathy metabolic
diabetes mellitus®”*"*"
hereditary impaired glucose tolerance®”*"*1°
mutations in sodium channels (Nav1.7, Nav1.8, hypothyroidism>”*°
Nav1.9)2= vitamin B1, B6 and B12 deficiencys'gx'10

8%,15

hereditary sensory neuropathy hyperlipidemia18
Fabry’s disease™"’ infectious
familial amyloid polyneuropathy™ HIVZ>

202 hepatitis c’?

Lyme disease®®
toxic
neurotoxic drugs
alcohol®**
immune-mediated
rheumatic diseases
Celiac disease®”?®
Crohn’s disease®®

. ._10,29,30
sarcoidosis

ape 8%
vasculitis
fibromyalgia

. . 8%33
amyloidosis
monoclonal gammopathy of unknown significance
multiple Myeloma®
acute inflammatory demyelinating

. 7,34

polyradiculoneuropathy
chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP)®"*®
Parkinson’s disease®**’
amyotrophic lateral sclerosis (ALS)
Ehlers-Danlos™

Wilson's disease

7,8%,9,24

6,7,9,26,27

31%,32

7,8%,10

38,39

The pathophysiology depends on the underlying disease. In diabetes and impaired
glucose tolerance, the cause is multifactorial and includes hyperglycemia, oxidative
stress, ischemia, and hypoxia.“’42 In addition, direct neurotoxic effects (HIV,
chemotherapy, retroviral drugs, and alcohol) can lead to axon loss, resulting in
SFN‘22,23,42

In other diseases (immune-mediated diseases, sarcoidosis) inflammatory mediators,
such as interleukin beta (IL1-B), IL6 and IL8, and tumour necrosis factor alpha (TNF-a)
concentrations were found to be elevated in SFN patients, suggesting an important
role.22’23’41’43
thresholds and have been found in higher concentrations in distal skin biopsies of
patients with length-dependent SFN.”> Moreover, TNF-a inhibition has been reported
to reduce SFN symptoms in a patient with sarcoidosis.*® TNF-a also plays a role in other

IL1-B and TNF-a are also known to reduce mechanical nociceptive
44,45

immune-mediated neuropathies like acute inflammatory demyelinating polyradiculo-
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neuropathy,”” in which a positive correlation was found between serum levels of TNF-a
and the severity of neuropathy.

Establishing a caused-based diagnosis is important for patients with SFN, as the
underlying cause may need additional treatment and can influence prognosis. For
example, patients with diabetes need to be treated with oral antidiabetics or insulin to
alleviate and prevent other complications of the disease. However, despite a thorough
workup, the proportion of patients with idiopathic SFN remains substantial, ranging
from 23 up to 47%.>’

Symptoms

Symptoms of SFN can vary widely in terms of distribution, severity, and progression.
Usually, SFN is length-dependent, resulting in loss of function starting distally in the
lower extremities. However, in some cases, it can be nonlength-dependent, resulting in
a patchy distribution across the upper extremities, face, trunk, or other focal areas.’
Nonlength-dependent SFN seems to be more prevalent in autoimmune and
inflammatory diseases.” In addition, recent evidence suggests that SFN is a nonlength-
dependent distal axonopathy, even in patients with a length-dependent clinical
presentation.”® When small somatic fibers are affected, patients experience
neuropathic pain that can be burning, deep or electric shock-like but can also have a
pruritic component.49 Pain is usually continuous and stimulus-independent. However,
some patients complain of evoked pain, such as allodynia, leading to intolerance of
bedsheets and clothing or warm water.” Paraesthesia, hyperesthesia, numbness, and
diminished discrimination of heat and cold can also occur (Table 6.2). Patients report
that symptoms worsen during rest and at night, affecting sleep, and sometimes
resembling symptoms of Restless Legs Syndrome.2 The most frequent symptom of
autonomic dysfunction is probably vasomotor dysregulation, presenting with
fluctuating purple/blue discoloration of hands and feet.”” Other symptoms of
autonomic dysfunction are gastrointestinal and urinary complaints, abnormal sweating,
sicca symptoms, sexual dysfunction, arrhythmias, and (pre)syncope (see Table 6.2). It
has previously been identified as a strong predictor of morbidity and mortality.”>>*
Alternatively, symptoms, such as gait instability or weakness, suggest involvement of
large fibers. SFN has substantial effects on patients’ quality of life (QoL).>

Sarcoidosis patients with muscle and/or joint pain are often referred to a
rheumatologist. If no underlying rheumatic disorder is found, the symptoms are
generally associated with fibromyalgia, whereas SFN is not considered. As fibromyalgia
symptoms are partially similar to those of SFN, different diagnosis (fiboromyalgia or SFN)
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may be established, depending on the consulting clinician (rheumatologist or

neurologist). To date, functional deficits of small fibers, as commonly found in SFN,

have also been detected in patients with fibromyalgia.

3% Some patients with chronic

pain labelled as ‘fibromyalgia’ may in fact have unrecognized SFN.*

Table 6.2 Symptoms of small fiber neuropathy, fibromyalgia, and peripheral large fiber polyneuropathy.

SFN

Fibromyalgia Large fiber polyneuropathy*

neuropathic pain

paraesthesia

allodynia (sheet intolerance)

restless legs

abnormal warm and cold sensation thresholds
weakness -
impaired balance -
autonomic dysfunction

hypo- or hyperhidrosis

defecation disturbances: diarrhea or constipation
gastroparesis

micturition disturbances

sicca symptoms (dry eyes and/or dry mouth)
blurry vision; accommodation problems

hot flushes

orthostatic dizziness

sexual dysfunction

cardiac palpitations/(pre)syncope

general

fatigue +
waking up unrefreshed -
cognitive disturbances -
widespread musculoskeletal pain -
headache -
temporomandibular disorder -

+ o+ o+ o+ o+

o+ o+ o+ o+ A+ + o+

+ +

+
+
+

+ o+ o+ o+

+ o+ o+
.

+ o+ o+ o+

*Polyneuropathy often involves large and small fibers
fromlaz,so-sz

leading to combination of symptoms. Adapted

Diagnosis of small fiber neuropathy

The diagnosis of SFN is complicated by the lack of a gold standard. Various diseases that

should be considered in the differential diagnosis, include polyneuropathy (large fiber

neuropathy with or without SFN) and fibromyalgia (Table 6.2). Nerve conduction

studies (NCS) are performed as the first diagnostic test to exclude large-fiber disorders.

If NCS findings are normal, further diagnostic work-up is needed, although some argue

that a typical clinical picture and a known cause of SFN might be sufficient.
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7,57,58 ..
combining

Several diagnostic criteria have been proposed for diagnosing SFN,
clinical symptoms, abnormalities in neurological examinations, and abnormal
neurophysiological test results (discussed below) or skin biopsy. These criteria enable
possible, probable, or definite SFN to be diagnosed. Nevertheless, further studies are
warranted to confirm the usefulness of these criteria. No final set of well-defined SFN
criteria is as yet available. However, patients often benefit from a diagnosis of SFN,
even if no underlying cause is identified and no specific treatment is available.

Various diagnostic tests are available for the assessment of SFN, which have mostly

been validated in patients with diabetes and idiopathic SFN (Table 6.3).

Small fiber neuropathy screening list

An SFN screening tool has been developed for patients with sarcoidosis, called the SFN
screening list (SFNSL),®> which was intended as a first attempt to achieve early
identification of patients with symptoms related to SFN. The SFNSL consists of
21 questions (total score range 0-84). A score of less than 11 is considered indicative of
a normal temperature threshold testing (TTT), while a cut-off of more than 48 is
considered indicative of an abnormal TTT, indicating SFN. However, a substantial
proportion of patients and controls are found to be in the intermediate group
(score 11-48).

Skin wrinkling test

Skin wrinkling results from vasoconstriction controlled by the sympathetic nervous

62,85,86* .. . . . .
This is a simple test using warm water, a eutectic mixture of local

9,61

system.
anaesthetics or Neuropads.”

Quantitative sensory testing

Quantitative sensory testing is a frequently used technique involving exposure to
different types of mechanical and thermal stimuli. It includes TTT, which has the highest
sensitivity (Table 6.3), but mechanical detection thresholds, thermal and mechanical

64,69*

pain thresholds can also be tested in SFN. It is an easy, non-invasive but time

consuming method.
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Table 6.3 Diagnostic tests in small fiber neuropathy.

Diagnostic test Sensitivity Specificity Limitation Sarcoidosis
SFNSL score <11 100% 31% only validated in sarcoidosis +
SFNSL score >48 19% 100%
Skin wrinklingsg"62 66-82% 67-75% training of staff necessary, no  no research
correlation with IENFD, poor available
NPV
QST (mainly TTT)7'63'67 57-93% 37-94% requires conscious integration  sensitivity TTT
TTT: 84%° TTT:94%° of patients, difficult to 69%;
distinguish between faked and abnormalities
true loss of sensation, central  feet vs. hands
and peripheral nervous system (54% vs. 38%),
abnormalities can lead to same  15% both®
deficit
LEP/CHEP/PREP®®727%"  64-94% 69-87% abnormal test not only small no research
fibers (entire nociceptive available
pathway), seasonal differences
in heat conductivity in CHEP
(less reliable outcome), limited
availability and needs well-
trained staff
Skin biopsy/IENFD”*"*” 33-90% 58-95% requires training, limited sensitivity of
Pure SFN: Pure SFN: availability/not generally 32.8% with age-
>90%7* >90%>7* distributed (only a few centers), dependent
unclear in case of patchy decrease (men
disease, time consuming <w0men)29
CCM/CNFD76*’77*'78’79 50-86% 52-84% not widely available, high 50% reduction in
acquisition costs, uncertainties corneal nerve
about age-related decline and  fibers in painful
racial differences in corneal SFN compared to
nerve measurements healthy
controls””
Autonomic function
CAFT low abnormal in only
12.5% of SSFN
pa'cien'cs80
QSART®**+# 59-80% - no research
Sudoscan®™** 65-78% 80-92% available on
QSART or
sudoscan. SSR
abnormal in
<10% of SSFN*
MIBG-scan no standardized methodology >50%
or normative values, involvement
discontinuation of some drugs  cardiac
is needed autonomic
dysfunction®
CAFT=cardiovascular autonomic testing; CCM=corneal confocal microscopy; CHEP=contact heat-evoked

potential; CNFD=corneal nerve-fiber density; IENFD=intraepidermal nerve fiber density; LEP=laser-evoked
potential; MIBG-scan=metaiodobenzylguanidine-scan; NPV=negative predictive value; PREP=pain-related evoked
potential; QSART=quantitative sudomotor axon reflex test; QST=quantitative sensory testing; SFNSL=small fiber
neuropathy screening list; SSFN=sarcoidosis small fiber neuropathy; TTT=temperature threshold test.
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Nociceptive-evoked potentials

Nociceptive-evoked potentials include laser-evoked potential (LEP), contact heat-
evoked potential (CHEP), and pain-related evoked potential (PREP). Both LEP and CHEP
result from selective activation of Ao-fibers and C-fibers, whereas PREP results from
activation of only Ad-fibers.” The amplitude potential correlates inversely with the

reported pain intensity.ss’70

Skin biopsy

A 3-mm punch biopsy is obtained from the distal part of the leg (10 cm above the
malleolus). This is a minimally invasive technique. Decreased intraepidermal nerve-fiber
density (IENFD) does not correlate with neuropathic pain.88 In addition to decreased
IENFD, axonal swelling - an early marker of SFN - or decreased sweat gland innervation
can be found in SFN.*">%

Corneal confocal microscopy

The cornea is innervated by Ad-fibers and C-fibers, originating from the ophthalmic
branch of the trigeminal nerve. Corneal confocal microscopy is a reproducible,

79,90%,91

noninvasive clinical technique detecting early nerve damage. Correlation has

been established between severity of neuropathy and progressive corneal nerve

. 79,92
degeneration.

Autonomic function tests

Autonomic dysregulation can contribute to fatal arrhythmias and unexplained sudden

death and involvement of small autonomic fibers predicts cardiovascular mortality.53’93

Different diagnostic modalities can be used, mainly to establish the severity of the

complaints. SFN involvement may be unrecognized in sarcoidosis patients with cardiac

symptomes.

1. Cardiovascular autonomic function test (CAFT): cardiovascular autonomic function
can be assessed using five tests (Ewing tests), establishing heart rate variability and
blood pressure in supine position, in upright position, during deep respiration,
during Valsalva maneuver, and while rapidly changing position from supine to
upright. CAFT is considered abnormal when at least two of these five tests are
abnormal.® It is easy to perform but has low sensitivity in SEN.5*®

2. Sudomotor and vasodilator function tests: the most commonly used sudomotor
function test is quantitative sudomotor axon reflex test (QSART). QSART evaluates

the volume and rate of sweat production (reflecting small C-fiber function). As it is
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a time-consuming technique, a new device called sudoscan was developed, which
is easy to perform and rapid. This technique has been used in various studies to
detect SFN in patients with diabetes and Fabry disease.® 34949

Sympathetic skin response (SSR), thermoregulatory sweat test (TST), skin
vasomotor reflex (SVR): these tests are not frequently used, due to difficulties of
assessment (TST), poor reproducibility (SSR), and low sensitivity and specificity (SSR
and SVR).64’69*'96'97

Metaiodobenzylguanidine (MIBG)-scintigraphy: this imaging technique may be a
promising new tool to study the heart’s innervation, currently mainly used in
clinical studies. Cardiac sympathetic dysfunction and related symptoms have been
reported in patients with SFN. When cardiac symptoms are present in SFN patients,
the myocardial sympathetic nervous system, and thus autonomic function® can be
assessed by iodine-123 MIBG (I-123 MIBG) scintigraphy (Figure 6.1). 1-123 MIBG is a
norepinephrine analog which has identical mechanisms of storage, uptake, and
release in neurons. MIBG scintigraphy can show reduced 1-123 MIBG uptake in the
myocardium, regional defects, or a higher washout of I-123 MIBG 5098997100102
Cardiac sympathetic dysfunction seems to be heterogeneous and dependent on
the presence or absence of SFN.%° 1-123 MIBG can unravel, so far unknown,
relationships between innervation, vascularization, and endothelial integrity. Other
diagnostic tools, such as MRI and CT, do not have this capacity. In some
symptomatic cases, both FDG PET and MRI can be normal, whereas 1-123 MIBG

scintigraphy is abnormal.*®

Thallium MIBG

Figure 6.1 Thallium versus MIBG scintigraphy of a sarcoidosis patient with collapses and palpitations

96

demonstrating impaired 1-123 metaiodobenzylguanidine uptake without myocardial perfusion
disturbances found by thallium scintigraphy. Part of this figure was previously published in ref®.
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Treatment

Treatment of SFN depends on the underlying disease, if identified. Symptoms are often
disabling and difficult to treat, even when the cause is identified and adequately
treated, leading to high morbidity and decreased QoL.>> Usually, only symptomatic
relief of complaints is achieved. Consensus guidelines for neuropathic pain have been
adapted for the treatment of pain in SFN.

Neuropathic pain

Symptomatic treatment prescribed for neuropathic pain includes antidepressants (TCAs
and selective serotonin norepinephrine reuptake inhibitors [SSNRIs]), anticonvulsants,
opioids, and topical drugs (Table 6.4). Unfortunately, these drugs often provide only
partial relief from pain, have no effect on autonomic dysfunction and are associated
with (sometimes severe) side effects in a high proportion of patients. Treatment of

neuropathic pain is mainly based on studies of large-fiber neuropathies, only one study

105

having examined SFN.”” This randomized controlled study with crossover design

involving 18 patients showed that gabapentin and tramadol significantly reduced pain
scores (p=0.001 and 0.018, respectively).
Amitriptyline is a TCA and is the first-line treatment for neuropathic pain, mainly based

on years of experience. However, unbiased supportive studies evaluating the effect of

106

amitriptyline are lacking, and the effect might be overestimated.” Gabapentin and

pregabalin have been shown to be effective in painful neuropathies in randomized

50,107-109

controlled studies. Overall, these drugs are well tolerated. Other anticonvulsant

drugs have been found to have little to no effect, apart from certain indications

(topiramate and lamotrigine)™***

112

or have low-quality evidence with high risk of bias
(carbamazepine).”* Of the SSNRIs, duloxetine has been found to be a more potent
inhibitor than venlafaxine, and is therefore preferred.42 Selective serotonin reuptake
inhibitors are not recommended, due to limited data on their efficacy. Tramadol and
oxycodone can reduce pain in diabetic painful neuropathies and can be used for

breakthrough pain.107

However, they should be avoided due to risk of addiction and
tolerance to their analgesic effect.

Topical treatment can be an option in localized neuropathic pain. Two drugs have been
registered for this indication, namely lidocaine 5% patchesm* and capsaicin 8%
patches. Capsaicin has proven to be effective in diabetic and HIV neuropathy, reducing
pain by 22.8-40%.'"
intensity."™ It can be a good alternative to oral drugs, with lesser side effects.

A retrospective study also found 75% reduction of pain
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Table 6.4 Medical treatment for small fiber neuropathy.

Drug Dosage Common side effect
recommendations

antidepressants

amitriptyline (TCA, first line) 20-150 mg anticholinergic effects, sedation, nausea,
weight gain, palpitations

nortriptyline (TCA, first line) 20-150 mg anticholinergic effects, sedation, nausea,
weight gain

desipramine (TCA, first line) 20-200 mg anticholinergic effects, sedation, nausea,
weight gain

duloxetine (SSNRI, first line) 30-120 mg nausea, sedation, dizziness, headache, weight
loss

venlafaxine (SSNRI, first line) 150-225 mg dizziness, headache, nausea, perspiration

anticonvulsants

gabapentin (first line) 300-3600 mg somnolence, dizziness, ataxia, edema, tremor

pregabalin (first line) 150-600 mg somnolence (less), dizziness, ataxia, edema,
tremor

topiramate (third line) 25-400 mg weight loss, sedation, diarrhea, nausea,
dizziness, paraesthesia

lamotrigine (third line) 25-400 mg headache, rash, dizziness, nausea, sedation,
tremor

carbamazepine (third line) 200-1200 mg dizziness, ataxia, nausea, vomiting, sedation,

rash, liver-enzymes elevation

opioids

tramadol (second line) 50-400 mg constipation, pruritus, dizziness, nausea,
vomiting, sedation, impaired concentration,
ataxia

oxycodon (third line) 10-100 mg constipation, pruritus, dizziness, nausea,
vomiting, sedation, impaired concentration,
ataxia, potential addiction abuse

topical

capsaicin 8% patch (second line) 3-4 times daily burning sensation, erythema, local edema

lidocaine 5% plaster (second line) 2 times daily burning sensation, erythema, local edema, rash

other

immunoglobulins (clinical trial stage) Loading dose 2g/kg, hypertension, headache, nausea, vomiting,
maintenance 0.75-1 diarrhea, rash, flu-like disease

g/kg every 3 weeks
infliximab (TNF-a inhibition) 3 mg/kg every 4-6 infections, fever, headache, dizziness,
weeks paraesthesias, tachycardia, bone marrow

depression, liver-enzymes elevation
cibinetide (ARA290, preclinical stage) 2 mg 3 times/week diarrhea
4 mg daily

TCA=tricyclic antidepressant; SSNRI=serotonin norepinephrine reuptake inhibitor; TNF-a=tumour necrosis
factor alpha. Adapted from™

Different diseases causing SFN may respond differently to these drugs. In HIV

neuropathy, amitriptyline, topical lidocaine, and pregabalin failed to relieve pain.“‘r"118

98



Small fiber neuropathy: a disabling and underrecognized syndrome

7

Only lamotrigine and capsaicin were found to be moderately effective.’” In

chemotherapy-induced neuropathy, no evidence was found for the efficacy of
amitriptyline, nortriptyline, or gabapentin.m'121
Immunoglobulins and TNF-a inhibition have been reported to be effective in patients

46,122-128

with SFN with various causes. Recently, a large retrospective cohort study of

sarcoidosis associated SFN found that immunoglobulins and TNF-a inhibition caused

improvement in 75 and 67% of cases, respectively.lzg*

Whether these very expensive
treatments should be initiated as causative treatment for SFN is unclear and currently
being investigated. Cibinetide (ARA290) seems a promising new drug to relieve pain

77*,130,131

and increase corneal and skin-nerve-fiber density in sarcoid and diabetic

neuropathy. Further clinical trials are needed before this drug can be registered.

Autonomic dysfunction

Treatment of autonomic neuropathy depends on the type of symptoms patients report.
In patients with cardiac autonomic neuropathy (arrhythmias), improvement can be

. . .11 132,133
obtained with carvedilol.

Treatment of postural orthostatic hypotension should
involve stopping or modifying medication that can cause or worsen orthostatic
hypotension and start nonpharmacological measures (increased salt intake, stockings,

134,135 136,137

etc.). Pharmacologic treatment can consist of midodrine or droxidopa.

Hyperhidrosis may respond to clonidine, amitriptyline, or botulin toxin."*®

Discussion

SFN is an underrecognized clinical condition that has been associated with substantial
burden on individuals’ QoL. Patients often feel misunderstood and are limited in daily
activities by their complaints. SFN can be caused by multiple underlying diseases, of
which diabetes mellitus is the most frequent (Table 6.1). Studies of the true incidence
and systematic reports on underlying causes of SFN have been scarce.”” Extensive
screening for underlying disease and the detection of heritability as a possible cause of
SFN has reduced the proportion of patients with idiopathic SFN to approximately half of
diagnosed patients.

A protocolled approach to diagnosing SFN is of great importance to rule out treatable
causes of SFN and differentiate it from large-fiber neuropathy and fibromyalgia
(Table 6.2). The diagnosis of SFN can be difficult and no gold standard is available.
Unlike in large-fiber neuropathy, NCS are generally normal in SFN.
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All diagnostic modalities summarized in this review have their limitations, although skin
biopsy is considered by some to be the ‘silver standard’. What is important, however, is
that a normal skin biopsy does not completely exclude SFN, possibly due to its
sometimes patchy distribution. Moreover, skin biopsy does not always correlated with

. 75,88
complaints.

Just as in diagnosing idiopathic pulmonary fibrosis, we consider
combining multiple diagnostic tests in a consecutive order to be the best option,
although the best combination and sequence of tests remain to be determined.
Diagnostic criteria have been suggested, and skin biopsy will not always be
necessary'57,58,64,72,76*,139

Treatment of SFN depends on the underlying illness, and is generally difficult.
Responses to treatment are poor-to-moderate, and many patients experience side
effects. The question remains for which patient treatment should be initiated, and at
what stage. Most importantly, a multidisciplinary approach is recommended and more

collaboration between centers of excellence is necessary.

Conclusion

SFN is a disabling generalized sensory nerve disorder with a widespread spectrum of
symptoms, affecting QoL. The disorder can accompany many different diseases. SFN is
difficult to diagnose, as a gold standard is still lacking. There is a need for additional
reliable, valid, and responsive tests to diagnose SFN, as well as a clinical diagnostic
guideline using a stepwise approach and a combination of tests. Treating the underlying
disease is only effective in some cases. In the majority of cases, the only option is
symptomatic treatment, which usually produces only partial pain relief. Identifying and
understanding the pathological basis of SFN will facilitate further studies on diagnostic
methods and novel treatment approaches. Prospective research is warranted to
improve the diagnostic process, treatment, and outcome.
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Abstract

Background

Previous studies found that 40-60% of the sarcoidosis patients suffer from small fiber
neuropathy (SFN), substantially affecting quality of life. SFN is difficult to diagnose, as a
gold standard is still lacking. The need for an easily administered screening instrument
to identify sarcoidosis-associated SFN symptoms led to the development of the SFN
Screening List (SFNSL). The usefulness of any questionnaire in clinical management and
research trials depends on its interpretability. Obtaining a clinically relevant change
score on a questionnaire requires that the smallest detectable change (SDC) and
minimal important difference (MID) are known. The aim of this study was to determine
the SDC and MID for the SFNSL in patients with sarcoidosis.

Methods

Patients with neurosarcoidosis and/or sarcoidosis-associated SFN symptoms (N=138)
included in the online Dutch Neurosarcoidosis Registry participated in a prospective,
longitudinal study. Anchor-based and distribution-based methods were used to
estimate the MID and SDC, respectively.

Results

The SFNSL was completed both at baseline and at 6-months’ follow-up by 89/138
patients. A marginal ROC curve (0.6) indicated cut-off values of 3.5 points, with 73%
sensitivity and 49% specificity for change. The SDC was 11.8 points.

Conclusion

The MID on the SFNSL is 3.5 points for a clinically relevant change over a 6-month
period. The MID can be used in the follow-up and management of SFN-associated
symptoms in patients with sarcoidosis, though with some caution as the SDC was found
to be higher.
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Introduction

Small fiber neuropathy (SFN) is a disabling generalized sensory nerve disorder with
structural and functional abnormalities of small fibers. It is characterized
histopathological by degeneration of small fiber nerve endings, selectively involving
thin myelinated Ad- and unmyelinated C-fibers." Small fibers are associated with
thermal and nociceptive sensations (somatic) and autonomic function, resulting in
symptoms of neuropathic pain and autonomic dysfunction.”> The widespread spectrum
of symptoms is associated with substantial negative effect on patients’ quality of life
(QoL).*”

To date, SFN has been difficult to diagnose, as a gold standard is still lacking. The
diagnosis is based on the presence of characteristic clinical features in combination
with abnormalities on neurophysiological tests and/or reduced numbers of small fibers
in skin biopsy.>®®

SFN can be an epiphenomenon in many diseases,9 including sarcoidosis. Sarcoidosis is a
multisystem disorder that represents a burden on patients’ lives. The clinical
manifestation, natural history, and prognosis of sarcoidosis are highly variable, and its
course is often unpredictable.10 In addition to specific organ-related symptoms with
functional impairments, sarcoidosis patients have disabling non-specific symptoms,
including fatigue, physical impairments, everyday cognitive failure, and pain.>"
Previous studies found that 40-60% of the sarcoidosis patients suffer from SFN.”>™
However, there is as yet insufficient awareness of this among clinicians responsible for
the follow-up of sarcoidosis patients. There is a clear need for an easily administered
small fiber neuropathy (SFN) screening instrument to identify sarcoidosis-associated
SFN in general clinical practice and for research purposes. To meet this need, we have
previously developed the Small Fiber Neuropathy Screening List (SFNSL)."

The quality of a (screening) questionnaire is determined by its validity, reliability and

718 as well as interpretability.19 Interpretability is an important property

responsiveness'
of questionnaires that are regularly used in daily practice; it refers to what the SFNSL
score means for the patient.19 Previously, Sun et al. showed the validity of the SFNSL in
a different cohort, reporting a high correlation between intraepidermal nerve fiber
density and the SFNSL, with a sensitivity of 94.1% and a specificity of 90.9%.”°

For evaluative purposes, interpretability is assessed by change in scores: it is important
to know when it can be said that a patient has improved or when their situation has
worsened. Interpreting change in score requires two benchmarks: the measurement
error, expressed as the smallest detectable change (SDC), and the minimal important
difference (MID). The SDC represents the minimal change that a patient must show on

. . 19
the scale to ensure that the observed change is real and not just measurement error.
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The MID is the smallest change score that a patient perceives to be important.21
Establishing the SDC and MID will help clinicians interpret the clinical meaning of
changes in SFNSL scores over time at individual level. At group level, both measures can
be used to perform methodologically sound research and for the clinical interpretation
of research findings. Several previous studies have used the SFNSL scores as an
outcome measure to determine therapeutic response, and have found significant
differences between placebo versus study drugs in patients suffering from SFN.2?
Although these differences were statistically significant, they might not be relevant to a
patient, since no MID and SDC were known for the SFNSL at the time. Till now, no SDC
or MID has been established for this questionnaire in patients with sarcoidosis. It is
important to determine changes in the SFN-related complaints, and knowledge is
therefore needed regarding the measurement properties of the SFNSL.

The present study aimed to determine the measurement error (SDC) and
interpretability (MID) of the Small Fiber Neuropathy Screening List SFNSL in patients
with sarcoidosis.

Methods

Study design and participants

A prospective cohort study was performed. From June 2014 until June 2017, a Dutch
national sample of neurosarcoidosis and/or sarcoidosis patients with SFN-associated
symptoms was recruited by inviting these patients to join an online neurosarcoidosis
registry, the Dutch Neurosarcoidosis Registry (wWww.neurosarcoidose.nl). This registry
includes patients with a recent diagnosis of neurosarcoidosis and/or SFN-associated
symptoms as well as patients whose disease was of longer duration. The diagnosis of
neurosarcoidosis and/or SFN-associated symptoms was confirmed by a neurologist for
all patients. The diagnosis neurosarcoidosis was established using the Zajicek or
Marangoni (modified Zajicek) criteria, labelling patients as possible, probable or

25,26

definite neurosarcoidosis. SFN is considered a ‘paraneurosarcoidosis’, since it is not

associated with the hallmark of sarcoidosis, granuloma formation, in the small

' 3,27-29
fibers.

The Dutch Neurosarcoidosis Registry is an ongoing registry recording
demographic parameters, disease-related parameters and multiple electronic
questionnaires.

All patients were >18 years old, had sufficient command of the Dutch language and had
access to the internet. Patients included in the Dutch Neurosarcoidosis Registry agreed

to participate in online research studies. The registry and study protocols have been
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approved by the Medical Ethics Committee of the St. Antonius Hospital Nieuwegein.
Digital informed consent was obtained from all patients.

Procedure

Curavista (a certified eHealth platform) provided the online platform for this study and
maintained the website. The data were collected online by Curavista and were
exported to a database.

Invitation to complete demographic questions and questionnaires were sent by email
via the online Dutch Neurosarcoidosis Registry to all patients every 6 months. The
following demographic and medical characteristics of patients were collected (self-
reported): sex, age, time since diagnosis of sarcoidosis, medications use, use of
prednisone, use of azathioprine (Imuran), use of methotrexate, use of infliximab
(Remicade), use of adalimumab (Humira), use of cyclophosphamide and use of other
medication. Patients received usual care and medication for their sarcoidosis
treatment. SFN-associated symptoms are likely to remain stable or progress in time,
since no curative treatment is as yet available. At baseline, the whole cohort was asked
to complete the Fatigue Assessment Scale (FAS),SO’31 King’s sarcoidosis questionnaire
(KSQ),32'33 World Health Organization Quality of Life (WHOQOL) Bref”* and a visual
analogue scale (VAS) for pain.*® Furthermore, they were asked to complete the SENSL
at baseline (t0) and at 6-month follow-up (t1). An anchor question was added at t1.

Outcome measures

Small Fiber Neuropathy Screening List

The SFNSL is a 21-item self-administered questionnaire to screen for symptoms related
to SFN. The response scale is a five-point scale (0 never/not to 4 always/severe); scores
on the SFNSL can range from 0 to 84 (see Appendix). Change scores can range from -84
to 84 between t0 (baseline) and t1 (6-month follow-up). Change scores for the SFNSL
were calculated by subtracting the baseline score from the 6-month score. A positive
change on the SFNSL indicates an increase in SFN-related symptoms.

Cut-off values for diagnosing SFN using the SFNSL have been established after cross-
validation in a second group based on temperature threshold testing (TTT).16 The cut-
off score for the SFNSL is 11: a score below 11 indicates few or no SFN-related
symptoms (normal TTT), while a score of 11-48 indicates probable or highly likely SFN,
and a score above 48 is indicative of SFN (abnormal TTT)."

The questionnaire is divided into two parts; part 1 assesses how often patients
experience specific complaints, and part 2 assesses how severely patients experience
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specific complaints. Patients are instructed to answer each question, even if they do
not have that specific complaint. No score was generated for patients who did not fully
complete the questionnaire. The PDF and digital version of the English SFNSL can be
found at http://www.wasog.org/education-research/questionnaires.html, as well as
Danish, Dutch, French, German, Italian and Japanese versions (©ild care foundation:
www.ildcare.nl).

Anchor question

The anchor question asked at t1 was: Compared to six months ago, do you think that
- regarding the questions about SFN complaints (SFNSL) — you are doing worse, the
same or better?

Statistical analysis

Descriptive variables were calculated as means (+ standard deviation, SD) or medians
(25th-75th percentiles) for the continuous variables, depending on the data
distribution, and as percentages for the dichotomous variables. Data of all subjects
were checked for missing values, distribution (skewness and excess kurtosis), and
outliers. Patients providing insufficient information on the SFNSL at t1 or who did not
answer the anchor question were excluded from the analysis using case-wise deletion.

Following Crosby et al.*® and Revicki et al.,>’ anchor-based and distribution-based
approaches were used to establish the MID and SDC, respectively. The anchor-based
approach was used with an external criterion, or anchor, represented by individual
patients’ perceived change over time. In a distribution-based approach, the
distributional characteristics of our study sample were used to calculate the standard
error of measurement (SEM), which was used to determine the SDC. Following De Vet
et al.*® and van Kampen et al.,"”® the MID itself was not calculated using effect sizes or
the SEM (i.e. data variability). Instead, the SDC was determined, thus taking into
account the variation in the scores on the SFNSL scale due to measurement error. The
MID was determined by the anchor-based method only. The MID is also known as the
minimal important change (MIC) or the minimal clinically important difference (MCID),

3341 The MID addressed in this paper implies

but strictly spoken these are not the same.
the longitudinal within-person change in scores.

A minimum of 50 patients is considered sufficient for assessing measurement
properties.42 Since the risk of loss to follow-up often increases after several months, we
wanted to include at least 100 patients at baseline. Patients who only completed the t0
assessment were compared with patients who also completed the t1 assessment as

regards sex, age, medications use, and the score on the SFNSL at t0, using independent
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t-tests and chi-square tests. At a minimal statistical power of 80%, p values below 0.05
were considered significant.

Smallest detectable change (measurement error)

Data from t0 were used to determine the measurement error. The change score
distribution was tested for normality (skewness and excess kurtosis), as it was
important that the change scores should be normally distributed and close to zero.”
Measurement error can be expressed as the standard error of measurement (SEM) or
as SDC."” The SEM represents the standard deviation of repeated measures in one
patient, and was calculated using the intraclass correlation coefficient (ICC): SEM = SD *
\/(1—ICC'.31greement).Zl The ICC was calculated using a two-way mixed effects model for
absolute agreement. The SDC, the smallest change in a score that you can detect with
the SFNSL above measurement error,19 is also known as the minimal detectable change
when using its 95% confidence interval (MDCys), and was calculated using the SEM:
1.96 x V2 x SEM.* These values were expressed in the unit of measurement of the
SFNSL scale.

Minimal important change

In the anchor-based approach, a receiver operating characteristic (ROC) curve was used
to estimate the MID,38 the smallest measured change in score that is perceived as being
relevant by the patients. The anchor question was considered the gold standard to
establish a cut-off value for the SFNSL. The anchor question firstly distinguished
patients who had improved or worsened from patients who had remained stable, and
secondly, distinguished improved patients from not improved (stable or worsened)
patients in terms of the change in complaints they had perceived. The ROC curve was
obtained by plotting the sensitivity against 1-specificity for each possible SFNSL change
score. The ROC curve was used to estimate the anchor-based MID for the SFNSL. Most
important for clinical practices is the MID for a change in score. For research purposes,
the MID for improvement is preferable, therefore we have also added this MID. The
area under the ROC curve represents the probability that the SFNSL will discriminate
between two patient states, referred to as ‘important change (improved/worsened)’
and ‘no important change (i.e. the same)’. An area under the curve between 0.5-0.6
was regarded as ‘failed’, between 0.6-0.7 as ‘poor’, between 0.7-0.8 as ‘fair’ and
between 0.8-0.9 as ‘good’. The optimal cut-off point was considered to be the lowest
value for which the sum of percentages of true positive and true negative classifications
was largest, assuming that sensitivity (ruling out important change and improvement
on the SFNSL) and specificity (ruling in important change and improvement on the
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SFNSL) are equally important for this patient population. This optimal cut-off point was
used to establish the overall MID.

Change scores on the SFNSL were calculated as each patient’s t1 score (6-month follow-
up) minus their t0 score (baseline). This was done for each subscale, based on the
anchor question. The MID for deterioration was defined as the mean change score in
the subgroup that worsened (i.e. perceived their complaints as ‘worse’ after six
months), while the MID for improvement was defined as the mean change score in the
subgroup that improved (i.e. perceived their complaints as ‘better’ after six months).

Results

The flowchart of the study is displayed in Figure 7.1. A total of 150 patients subscribed
to the online Dutch Neurosarcoidosis Registry study. Twelve of them never completed
the SFNSL and were therefore excluded from the analysis. The response rate at t0
(baseline), with 138 respondents, was 92%. Of these 138 patients, 89 (64%) completed
the SFNSL and the anchor question at t1, and could thus be analyzed.

All eligible patients

(n=150)
Non-participants
(n=12)
Participants baseline
(n=138)
Drop-outs
(n=49)
Participants follow-up
(n=89)
Figure 7.1 Flowchart of study patients.

Demographical and medical characteristics of the 89 patients are presented in Table
7.1. Neurosarcoidosis was established in 44 patients (49.4%) and SFN-associated
complaints in 81 patients (91%). The organ involvement presented in Table 7.1 was self-
reported by completing the KSQ.
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The mean scores on the FAS, SFNSL and VAS pain were 32.1, 34.9 and 4.4, respectively
(see Tables 7.1 and 7.2). The VAS correlates well with the SFNSL score (R=0.542;

p-value<0.0001).

Table 7.1 Demographic and medical characteristics of neurosarcoidosis patients and/or patients suffering

from SFN symptoms (n=89).

Characteristics

Number (%)
or median (25”'—75lh percentile)
or mean + SD

demographics

sex: male 45 (51)
age (yr) 53.2+10.5
medical Variables

time since diagnosis (yr) 6(2-12)

age at diagnosis of neurosarcoidosis (yr) 44 (49.4)

SFN-related complaints (SFNSL >11) 81 (91)

medication use 62 (70)
prednisone 32 (36)
azathioprine (Imuran®) 3(3)
methotrexate 30 (34)
infliximab (Remicade®) 12 (14)
adalimumab (Humira®) 4 (5)
cyclophosphamide 0(0)
other medication 14 (16)

psychological variables

FAS score 32.1+83

WHOQOL-BREF
physical health 10.5+2.7
psychological health 13.2+ 2.7
social relationships 13.5+2.9
environment 15.2+2.2

KsQ
general health status 55+19.2
lung (n=60, %) 60.9 +23.8
skin (n=20) 66.7 £22.5
eyes (n=41) 543 +22.6
medication (n=62) 65.7 £ 26.7

SFN=small fiber neuropathy; SFNSL=small fiber neuropathy screening list; FAS=fatigue assessment scale;
WHOQOL-BREF=World Health Organization Quality of Life BREF; KSQ=King’s sarcoidosis questionnaire.
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Table 7.2 Small Fiber Neuropathy Screening List (SFNSL) and VAS pain scores (n=89).

Mean = SD
or number (%)
SFNSL tO score (0-84) 34,9 +18.7
SFNSL tO, definitely no SFN (<11) 8(9)
SFNSL t0, probable SFN (11-48) 56 (63)
SFNSL tO, definitely SFN (>48) 25 (28)
VAS pain score 44+2.8

VAS=visual analogue scale.

A statistically significantly higher age was found in the follow-up group compared to the
age in the drop-out group (t(136) = 2.75, p<0.01). No other differences were found in
the variables mentioned in table 7.1 nor the SFNSL at t0 between the patients who
dropped-out of the study before t1 (i.e. the 6-month follow-up) and the patients
remaining in the study.

Smallest detectable change (measurement error)

The t1 questionnaires were completed within an average of 5.9 months (SD=0.57) after
10, without skewness but with a leptokurtic distribution (z-score>3.29), implying a
higher peak and thus more clustered data around the mean. The change scores of the
SFNSL were normally distributed (no statistically significant skewness or excess
kurtosis) and close to zero, with an average of -2.44 (SD=8.12). The intraclass
correlation coefficient (ICCygreement) Was 0.95 for the SFNSL, with a SEM of 4.26 as
calculated by the abovementioned equation. The calculated value of SDC or MDCqs was
11.8.

Minimal important difference

The area under the ROC curve for importantly changed status was 0.6, so the ability of
the SFNSL to distinguish patients who worsened or improved from patients who
remained stable was just above change level. The cut-off value for a MID in the SFNSL
score was 3.5 points, corresponding to a sensitivity of 73% and a specificity of 49%: 73%
of the patients were correctly identified as changed and 49% of the patients were
correctly identified as stable (Figure 7.2a).

The area under the ROC curve for importantly improved status was also 0.6. The cut off
value for a MID in the SFNSL score was 8.5 points, corresponding with a sensitivity of
56% and a specificity of 78%: 56% of the patients were correctly identified as improved
and 78% of the patients were correctly identified as not improved (Figure 7.2b).
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Figure 7.2 ROC curves comparing Small Fiber Neuropathy Screening List (SFNSL) with the anchor question.
Diagonal segments are produced by ties. a) Patients with an importantly changed status versus
patients with a stable status; b) Patients with an importantly improved status versus patients
with a non-improved status.

The mean change scores on the SFNSL per subgroup based on the anchor question are
presented in Table 7.3. When using these data, a MID of 0.14 for deterioration and a
MID of 7.94 for improvement was found.

Table 7.3 Mean change scores on the SFNSL compared with those on the anchor question (n=89).

Anchor (perceived change in complaints) Mean change score on SFNSL
n (%) mean + SD
worse 28 (31) 0.14+7.46
the same 45 (51) -2.09 + 8.47
better 16 (18) -7.94 +5.62
Discussion

The SFNSL is a validated questionnaire to assess the presence of SFN-related symptoms
in sarcoidosis. The present study established the SDC and MID for the SFNSL in a group
of sarcoidosis patients. A MID of 3.5 was found to distinguish between change of
complaints and no change of complaints.

To avoid any misconception, the SFNSL was developed to assess symptoms which might
be related to SFN. The results might offer a clinician a first suspicion of SFN and
stimulate him or her to refer this patient to a neurologist for further evaluation of the
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problem related to or probably associated with the symptoms. Even when the
symptoms are not related to SFN they cause a substantial burden for the patients and
have impact on their QOL. It is always hard to measure and follow-up non organ related
symptoms. Moreover, so far no gold standard for diagnosing SFN exists. Therefore, the
MID was calculated just to evaluate whether from the patient’s perspective the
symptoms changed or not. Hence, it is not meant to assess improvement of the
underlying cause.

The MID is the smallest change score that patients perceive to be important.”* As such,
it is the smallest change score that one wants to detect with the SFNSL. The SDC is the
smallest change score that one can detect with the SFNSL in individual patients. The
SDC we found was larger than the MID for detecting change of complaints and slightly
larger than the MID for detecting improvement. This means that it is more difficult to
distinguish a clinically important change from the measurement error with a large
degree of certainty in individual cases, compared to patient-related outcomes (PROMs),
where the SDC is smaller than the MID."**
is 3.5 points or higher, there may be a clinical relevant change on the SFNSL. However,

In this case: if the individual change in score

it may also be due to a measurement error on the scale. A change of 11.8 points or
higher gives a high degree of certainty that it indicates a clinically relevant change in
SFN related symptoms. Nevertheless, the similar results for both methods (MID for
improvement 8.5 vs 8.0) might suggest that our estimation for MID is robust.

SFN is a major concern in sarcoidosis, leading to decreased QoL.* SEN complaints are
difficult to manage, since no curative treatment currently exists.? The treatment of SFN
is at present merely symptomatic (neuropathic pain medications) with poor to
moderate responses. The validated SFNSL is a practical clinical screening tool that can
guide clinicians in assessing whether patients are suffering from SFN-associated
symptoms, but the interpretability of change scores (MID) over time was unclear. The
MID is of great clinical importance, since it will help to manage these patients better. In
clinical practice, a positive change in symptoms scores is not to be expected for many
patients. This is why we decided to determine the MID, in order to enable doctors in
clinical practice to distinguish changes in complaints.

For research purposes, we also determined the MID for improvement in SFNSL scores.
The higher SDC is less relevant for use in clinical trials at group level than it is for use in
individual patients. In clinical research, it is important to look at clinically relevant
improvements of SFN complaints and not merely at a statistically significant change.
The MID could therefore be used as a useful outcome measure in clinical trials. TNF-a
inhibition and immunoglobulins have been reported to be effective treatment options

46-49

for sarcoidosis-associated SFN. Whether these expensive treatments should be

initiated for SFN is unclear. These treatment modalities, as well as new promising drugs
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such as Cibinetide® (ARA290)24’50 also need to be evaluated using the SFNSL and MID,

to assess whether there is a clinically relevant effect, rather than a mere statistically
significant increase in the number of small fibers (Cibinetide®).

Our group has previously determined the MID for another validated questionnaire in
sarcoidosis, the fatigue assessment scale (FAS).*>" Fatigue is also a major concern in
sarcoidosis, and determining the MID for the FAS has made a significant contribution to
clinical practice in terms of improving the clinical interpretation of fatigue scores. The
present study used the same methods (anchor-based and distribution-based methods).
The area under the ROC curve (AUC) for both analyses (improvement and change in
complaints on the SFNSL) was 0.6, which is poor. The low AUC can be explained,
amongst other things, by the heterogeneity of sarcoidosis and the wide organ- as well
as non-organ related symptoms. For instance, the MCID of the FAS has an AUC of 0.6
and the MCID of the VAS pain was 0.7.34% Therefore, an AUC of 0.6 cannot be
considered a poor performance and may be used in clinical practice, especially since no
other estimate is available.

This study had some limitations. One limitation may be that the patients were recruited
using the online neurosarcoidosis registry, which includes neurosarcoidosis patients
and patients suffering from SFN. Online registries may generate biases. However, of all
patients, additional medical information was provided by their caregivers, confirming
the diagnosis sarcoidosis. In addition, we examined symptoms that can only be
assessed by asking the patients themselves. Moreover, it could also be argued that only
patients who are motivated to participate in research studies registered for our online
neurosarcoidosis study. This may have caused selection bias. Nevertheless, in our
experience, all sarcoidosis patients are highly motivated to participate in studies.
Furthermore, we have used one anchor question to examine the MID. This has several

limitations, but is in line with many other studies.*™*"

It is an option to examine more
anchors, but the disadvantage is that it may yield a different result, which raises the
question what result than represents the better information. Therefore, we have
chosen one simple anchor. We would like to acknowledge that a simple anchor is also
previously used in other studies regarding questionnaires.52 Another limitation could be
a recall bias. Patients were asked the anchor question after 6 months. However,
neurologic complaints usually persist for quite some time and often do not improve or
recover. Moreover, these complaints are continuously bothering the patient, so in our
experience patients are capable to tell whether or not the complaints have worsened
or not, even after 6 months. Furthermore, in the literature 6 months is a very common
period when establishing a MID.*
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Conclusion

The present study showed that a change of at least 3.5 points in the patients’” SFNSL
score represents a clinically important difference, in that the SFN-related symptoms
showed a relevant increase or decrease. Some caution is warranted for the use of the
MID in individual cases in the clinic, as the SDC was found to be higher than the MID.
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Abstract

Background

The clinical manifestations of sarcoidosis vary widely, depending on the intensity of the
inflammation and the organ systems affected. Hence, sarcoidosis patients may suffer
from a great variety of symptoms. The aim of this study was to compare the self-
reported burden of sarcoidosis patients in Denmark, Germany and the Netherlands,
especially the prevalence of fatigue and small fiber neuropathy (SFN)-related
symptoms, as well as differences in treatment strategies.

Methods

A cross-sectional web-based anonymous survey about complaints was conducted
among sarcoidosis patients. Patients were invited to take part through the sarcoidosis
patient societies as well as through outpatient sarcoidosis clinics in these countries.

Results

The questionnaire was completed by 1072 sarcoidosis patients (152 Danish,
532 German and 388 Dutch). Almost all patients reported having sarcoidosis-associated
symptoms (organ-related as well as non-specific, non-organ related). Fatigue was
reported by almost all respondents (90%), followed by pulmonary symptoms (72.4%).
More than 50% of the respondents were being treated with prednisone, which was
comparable in all 3 countries. In contrast, second- and third-line treatment differed
substantially between Denmark, Germany and the Netherlands.

Conclusion
Sarcoidosis patients in Denmark, Germany and the Netherlands present with similar
self-reported symptoms, organ-related as well as non-specific, non-organ related.
Fatigue (90%) and symptoms associated with SFN (86%) were highly prevalent in all
3 countries.
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Introduction

Sarcoidosis occurs throughout the world, affecting all races and ages. Its’ true
prevalence remains unknown. To date, studies based on nationwide registries of
demographic factors and diagnoses are relatively old and scarce.”™* Moreover, the
epidemiological assessment of sarcoidosis and its manifestations is problematic due to
lack of consistent case definition, lack of sensitivity and specificity of diagnostic tests,
variable diagnostic intensity and variable diagnostic methods.’

The clinical manifestation, natural history and prognosis of sarcoidosis are highly
variable, and its course is often unpredictable.6 Depending on the organs involved and
the severity of granulomatous inflammation, patients suffer from a broad range of
symptoms. In addition to organ-related symptoms, patients often suffer from disabling
non-specific, non-organ related symptoms.%9 Fatigue is the most frequently reported
non-specific burdensome symptom in sarcoidosis patients, with a prevalence ranging
from 50 to 90%.'>" Other non-specific symptoms accounting for an important impact
on the quality of life (QoL) of both patients and partners are small fiber neuropathy
(SFN) related symptoms and everyday cognitive failure, including concentration
problems, memory loss and decreased perception.7’12'15 Moreover, clinicians tend to
have more attention for physical parameters than psychological issues in patients with
sarcoidosis. To date, drugs used to treat severe organ involvement in sarcoidosis
generally do not influence these non-specific symptoms and tend to cause side effects
which then further increase the burden of disease.

The importance of patients’ participation in healthcare has been increasingly
acknowledged. Moreover, studies from a patients’ perspective are important. Patients
reported they regularly feel misunderstood and would like more attention and support
for their problems.” Therefore, the aim of this study was to assess the self-reported
burden of patients with sarcoidosis in three European countries, viz. Denmark,
Germany and the Netherlands, especially regarding the prevalence of fatigue and SFN-
related symptoms, as well as differences in treatment strategies.

Materials and methods

Study design

In cooperation with the Dutch Sarcoidosis Society, the ild care foundation has designed
a questionnaire to assess complaints (organ-related as well as non-specific, non-organ
related) among patients with sarcoidosis. This cross-sectional web-based anonymous
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survey was conducted from October 2017 to April 2018 among a sample of sarcoidosis
patients in the Netherlands, and from December 2017 to August 2018 among samples
of sarcoidosis patients in Denmark and Germany. The recruitment procedure aimed to
compose representative samples of sarcoidosis patients in these countries.

This study was performed in accordance with the Declaration of Helsinki and its
amendments. The Medical Ethics Committee of the St. Antonius Hospital Nieuwegein,
The Netherlands, decided that, under the Dutch act on medical research involving
human subjects, approval of this study by a Medical Ethics Committee was not
necessary.

Study subjects and procedure

The overall study sample comprised sarcoidosis patients who were members of the
Dutch Sarcoidosis Society (total number of patient members about 2000) and the
Deutsche Sarkoidose Vereinigung (total number of patients’ members about 4000), and
mainly from a sarcoidosis clinic in Denmark. Patients were recruited without incentives,
since the survey was anonymous.

The survey was developed using the online questionnaire tool Surveymonkey
(www.surveymonkey.com). The survey concerns the burden of disease and symptoms
as experienced by patients with sarcoidosis. Further questions concerned
demographics (gender, age, duration of sarcoidosis), use of medication and two sets of
questionnaires validated for sarcoidosis, the Small Fiber Neuropathy Screening List
(SFNSL)™ and the Fatigue Assessment Scale (FAS)." Patients were provided with a link
to the electronic survey.

Questionnaires

The FAS is a 10-item self-report fatigue questionnaire (see Appendix). The response
scale is a five-point scale (1 never to 5 always); scores on the FAS can range from 10 to
50. A score >22 indicates fatigue and a score >34 indicates extreme fatigue. The
reliability and validity of the FAS have been shown to be good in sarcoidosis patients.”
So far, the FAS is available in 20 languages™ (http://www.wasog.org/education-
research/questionnaires.html).

The SFNSL is a 21-item self-administered questionnaire to screen for symptoms related
to SFN (see Appendix). The response scale is a five-point scale (0 never to 4 always);
scores on the SFNSL can range from 0 to 84. The cut-off score of the SFNSL is 11: a score
below 11 indicates no or few symptoms related to SFN, while a score of 11-48 indicates
probable or highly probable SFN and a score above 48 is indicative of SFN.'® The SFNSL
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is available in six languages; Danish, Dutch, English, French, German, Italian and
Japanese (http://www.wasog.org/education-research/questionnaires.html).

Statistical analysis

All statistical analyses were performed using SPSS version 24 for Mac. Standard
descriptive statistics were computed. ANOVA was used for comparison between the
sarcoidosis samples in the three countries. In view of the large number of variables
examined, a probability value of less than 0.01 was considered to be statistically
significant.

Results

The characteristics of the samples studied are summarized in Table 8.1. A total of
1072 sarcoidosis patients (152 [68% female] Danish; 532 [62% female] German and 388
[53% female] Dutch) completed the survey. The mean age was 51.8 years and did not
differ between the three countries.

Self-reported pulmonary involvement was the most common complaint (72.4%),
followed by musculoskeletal involvement (70.2%). Rates of musculoskeletal, cardiac
and liver sarcoidosis differed between the three European countries.

Almost all patients (95%) reported having symptoms (organ-related as well as non-
specific, non-organ related). Of the non-specific, non-organ related symptoms, fatigue
was reported by almost all sarcoidosis patients in all three countries (approximately
90%). SFN-related symptoms (86.2%), reduced energy levels (80.6%) and concentration
(54.0%), memory (51%) and sleeping (50.5%) problems were also often reported. None
of these symptoms varied between the three European countries. Only memory
problems tended to be more prevalent in Denmark (58.1%, p=0.05). Significant
differences were found regarding self-reported pain, which was least prevalent in the
Netherlands (p<0.001), and low vitamin D levels, with the highest prevalence in
Germany (31.7%, p=0.002).

More than 50% of the studied sample were being treated with prednisone, a rate which
was comparable in all three countries. However, substantial differences were found
concerning second- and third-line treatment. Methotrexate (MTX) was used more
commonly in Denmark and the Netherlands than in Germany (23.5% [DN] and 21.7%
[NL] versus 8.5%; p<0.001), while azathioprine (AZA) was prescribed more often in
Germany (9.2% versus 7.4% [DN] and 3.8% [NL]; p<0.001).
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Table 8.1 Summary of the characteristics of the sarcoidosis patient samples from Denmark, Germany and
the Netherlands.

Denmark Germany The Netherlands p-value#t
number 152 532 388
gender, male, % 31.9 38.0 46.6 <0.001
age, years, mean = SD 52.1+9.9 52.3+9.2 51.1+9.7 NS
(range) (12-72) (23-80) (24-75)
organ involvement, %
pulmonary 75.0 73.0 69.1 NS
cardiac 2.1 7.8 5.4 <0.001
musculoskeletal 80.9 69.3 60.5 <0.001
skin 31.6 35.8 27.3 NS
low vitamin D 27.9 31.7 20.4 0.002
hypercalcemia 9.6 4.5 6.7 NS
nervous system 10.3 11.9 11.6 NS
liver 4.4 14.8 6.7 <0.001
symptoms, %
none 4.4 4.7 1.5 NS
organ-related symptoms, % 95.6 95.3 95.9 NS
pulmonary
dyspnoea 65.4 62.3 61.1 NS
cough 49.3 42.1 38.1 0.05
extrapulmonary 95.6 94.6 90.7 NS
cardiac arrhythmia* 14.7 18.7 28.4 <0.001
dizziness/fainting 33.8 29.4 29.3 <0.001
kidney stones 5.1 5.1 6.2 NS
non-organ-related symptoms, % 95.6 97.7 94.4 NS
fatigue 89.9 89.7 90.7 NS
pain 74.5 68.9 62.5 <0.001
reduced energy levels 80.9 82.1 78.7 NS
concentration problems 51.5 54.2 56.2 NS
memory problems 58.1 46.9 47.9 0.05
sleeping problems 56.6 50.4 44.6 NS
restless legs 36.8 321 33.2 NS
dry or running eyes 43.4 42.6 39.7 NS
medication, %
none, ever 27.1 32.0 33.2 NS
predniso(lo)n 56.6 51.4 54.8 NS
methotrexate 23.5 8.5 21.7 <0.001
azathioprine 7.4 9.2 3.8 0.01
hydroxychloroquine 5.9 0.1 49 <0.001
anti-TNF-a 4.0 2.6 7.2 <0.001
vitamin D 39.1 40.5 29.8 <0.001
calcium 38.0 10.5 10.0 NS (DN vs GE and
DN vs NL <0.001)
pain killers or NSAIDs 35.3 48.6 32.7 0.005
sleeping medication 5.9 4.3 8.5 NS

TNF-a=tumour necrosis factor alpha; NS=non-significant; NSAID=non-steroidal anti-inflammatory drug;
DN=Denmark; GE=Germany; NL=the Netherlands; *patient’s experience not confirmed by a cardiologist;
#=significantly different between all 3 countries (DE, GE and NL).
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Tumour-necrosis-factor alpha (TNF-a) inhibitors were used most frequently in the
Netherlands (7.2% versus 4.0% [DN] and 2.6% [GE]; p<0.001). In total, 34.9% of the
patients in Denmark, 32.7% of the patients in the Netherlands and 20.3% of the
patients in Germany were receiving second- or third-line treatment. The use of calcium
supplementation was higher in Denmark (38.0% [DN] versus 10.5% [GE] and 10.0%
[NL]; p<0.001), and more German patients reported using pain killers (including
opioids).

Based on the assumption that an FAS score above 22 indicates fatigue, approximately
90% of the sarcoidosis patients in all three countries were affected by fatigue. The
mean FAS score in the three European countries was 32.1 (the highest score being
found in the Netherlands: 33.1; p<0.001; see Table 8.2). Patients in the Netherlands and
Denmark reported more extreme fatigue (FAS >34) than those in Germany (47.9% [NL]
and 46.3% [DN] versus 33.7% [GE]; p<0.001 (see also Figure 8.1a).

Table 8.2 Fatigue Assessment Scale (FAS) and Small Fiber Neuropathy Screening List (SFNSL) scores of the
sarcoidosis samples from Denmark, Germany and the Netherlands.

Denmark Germany The Netherlands p-value
FAS, total +SD 323+8.4 30.8+7.7 33.1+8.1 <0.001
FAS, mental +SD 146 +4.6 13.8+4.2 15.0+4.4 <0.001
FAS, physical +SD 17.7+4.5 17.4+9.1 18.1+4.2 NS
SFNSL, total +SD 32.4+16.4 26.6 +17.8 27.9+18.7 0.004

SD=standard deviation ; NS=non-significant

0 20 40 60
Denmark M Germany M Netherlands

Figure 8.1a Fatigue Assessment Scale (FAS) subscores per country. FAS scores below 22 indicate no fatigue,
scores between 22 and 34 indicate mild to moderate fatigue, and scores above 34 indicate
severe fatigue.”® *=p-value <0.001 (GE vs. DN+NL).
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Based on the assumption that an SFNSL score >11 indicates probable or highly probable
SFN, >80% of the sarcoidosis patients in all three countries are affected by SFN-related
symptoms. The mean SFNSL score in the three European countries was 29 (the highest
score being found in Denmark: 32.4; p=0.004). The highest prevalence of SFN-related
symptoms was seen in Denmark (91.9%), followed by Germany (84.6%). In the
Netherlands, 82.2% of the patients reported SFN-related symptoms (see also Table 8.2).
The prevalence of scores >48 (indicative of SFN) was also substantial: 18.5% in
Denmark, 12.3% in Germany and 15.5% in the Netherlands (see also Figure 8.1b).

*

0 15 30 45 60 75
Denmark ™ Germany M Netherlands

Figure 8.1b Small Fiber Neuropathy Screening List (SFNSL) subscores per country. A score below 11
indicates few or no SFN-related symptoms, a score between 11 and 48 indicates probable or
highly likely SFN, and a score above 48 is indicative of SFN." *=p-value <0.001 (DN vs. GE + NL)

Discussion

Our findings demonstrate that the self-reported burden of sarcoidosis is high. Almost
all patients reported sarcoidosis-associated symptoms (organ-related as well as non-
specific, non-organ related). Of the non-specific symptoms, fatigue (assessed by the
FAS) and reduced energy levels were reported by almost all sarcoidosis patients in the
three European countries we studied (approximately 90% and 80%, respectively). In
addition, over 80% of the respondents reported SFN-related symptoms (as assessed by
the SFNSL). Pulmonary involvement was the most frequently organ-related
manifestation reported, followed by musculoskeletal manifestations.

Difficulties arise when estimating the real extent and prevalence of organ involvement
and non-specific symptoms associated with sarcoidosis in a community. Descriptions
differ widely among populations in the world and even between various regions within
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countries, as standardization of the diagnostic criteria is still Iacking.l To date,
epidemiological data on the prevalence of various manifestations in the European
countries we studied are sparse. In Denmark, 50% of the cases in a National Patient
Registry were apparently asymptomatic.1 New imaging tests such as positron emission
tomography (PET)-scans, revealing occult sarcoidosis localizations and/or multiple

. . . . 5,19
organ involvement, have led to changes in reported manifestations.

In the present
study, the reported proportion of organ involvement was comparable between the
three countries, except for cardiac and liver involvement (both most prevalent in
Germany).

Clinically apparent cardiac involvement has been noted in 2-10% of patients,20 while
the prevalence of clinically silent cardiac sarcoidosis is much higher. Advanced imaging,
including PET-scans and magnetic resonance imaging (MRI) have improved the
detection of cardiac sarcoidosis.” Apparently, there are differences in the presentation
of sarcoidosis in this respect between patients from Europe and America and those
from Japan, as Japanese studies have reported much higher rates of cardiac
involvement. The prevalence of cardiac involvement reported in the present study was

2,21
|

similar to previously reported rates (8%) in large sarcoidosis samples in Germany. n

contrast, the present study showed a rather lower prevalence in Denmark (2.1%),
which is not consistent with previously reported rates in Denmark (8.6%).22 This
difference may be due to the fact that our Danish study sample as well as the previous
study were conducted in a single centre.” Moreover, the prevalence of manifestations
also depends on the available diagnostic procedures, the expertise of the clinicians and
the definition used to determine organ involvement in various centres.

Liver problems in sarcoidosis could be associated with, at least partly, hepatic
sarcoidosis, hepatotoxic medication such as azathioprine and/or alcohol intake. In line
with the findings of the present study, Kirsten and Bosse-Henck et al. reported high
rates of liver involvement (15%) in large sarcoidosis samples in Germany.z’21 Recently,
liver involvement was found in approximately 15% of a Dutch sarcoidosis sample, which
is higher than reported in the present study (6.7%).”> This can probably be explained by
the fact that the sample studied by Cremers et al. included more chronic, advanced
sarcoidosis patients, since their study was performed in a tertiary referral centre. So far,
comparative epidemiologic data on liver involvement in Denmark are lacking.
Organ-specific symptoms were comparable between the three countries, except for
musculoskeletal symptoms (being most prevalent in Denmark). Musculoskeletal
manifestations occur in approximately one-third of sarcoidosis patients.”* Since they
are often subclinical or not recognized because of mild or non-specific symptoms,
however, their exact prevalence is unknown. The most frequent musculoskeletal
manifestation of sarcoidosis is an acute arthritis that occurs as part of the Léfgren




Chapter 8

syndrome.24 Higher rates of musculoskeletal involvement have been reported since the
introduction of the PET-CT.”> Awareness of organ involvement and sarcoidosis-
associated symptoms will continue to increase with the improvement of diagnostic
options and more prominent patient participation in the management of their disease.

In line with previous studies, the present study found that non-specific symptoms were

frequently reported by sarcoidosis patients.g'll’B’M’26

Hinz et al. reported fatigue in 70%
of the German sarcoidosis population (mean FAS score: 26.3)26 and De Kleijn et al.
reported fatigue in 83% of the Dutch sarcoidosis population (mean FAS score: 30.3).”®
To date, ours was the first study evaluating fatigue in Denmark, so no previous data
exist. These findings underline the clinical importance of assessing fatigue in sarcoidosis
and integrating it in the multidisciplinary management of this disease. The aetiology of
sarcoidosis-associated fatigue is poorly understood and is likely to be multifactorial,
encompassing active inflammation, cytokine release, depressive symptoms, sleep
disturbance, anxiety, everyday cognitive failure and/or SFN-related symptoms.” ™
Fatigue can also be caused by systemic treatments for sarcoidosis, such as

. . 29,30
corticosteroids.

Recently, our group demonstrated that predictors of fatigue include
everyday cognitive failure, SFN-associated symptoms, depressive symptoms, anxiety,
muscle pain and dyspnea.8 Although our survey did not include a depressive symptoms
inventory, it can be concluded from earlier studies by our group and others that the
presence of depressive symptoms is one of the most important predictors of fatigue.>**
Moreover, more than fifty percent of the patients in our sample reported memory and
concentration problems, symptoms associated with cognitive failure and fatigue.8

Ours was also the first study to assess SFN-related symptoms among sarcoidosis
patients in Denmark and Germany. SFN-related symptoms, including pain, were
frequently reported by all participants in the present study. In the follow-up of
sarcoidosis patients, routine tests to assess disease activity do not measure pain, so the
results of tests do not always correlate with the patients’ weII-being.4 Since pain is a
substantial problem in sarcoidosis, appropriate questionnaires to obtain information
about pain might be helpful.’

The percentage of patients using drugs was comparable in the three European
countries (around 70%). However, treatment strategies differed between these three
countries, a difference which was largely caused by the difference in second- and third-
line treatment (20% [GE] versus 33% [NL] and 35% [DN]). Patients in Denmark and the
Netherlands were more likely to use methotrexate and TNF-a inhibitors, whereas in
Germany azathioprine was regarded as the treatment of first choice when prednisone
alone was not effective. Remarkably, TNF-a inhibitors were prescribed most frequently
in the Netherlands. This can most probably be explained by differences between the
three countries in the health care insurance systems and/or local guidelines.
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Limitations

One of the limitations of the present study was the patient recruitment method used in
the three countries. The majority of the patients were recruited through patient
societies. One could argue that it is only symptomatic patients who become members
of a patients’ society or are specifically referred to a specialized sarcoidosis clinic, and
so these were more likely to take part in the survey than asymptomatic patients,
causing selection bias and considerably influencing the rate of symptomatic cases in
this study. Therefore, these results are only applicable to symptomatic patients. At
present the rate of symptoms in the unselected nationwide sarcoidosis population
remains unknown. Another limitation is the fact that the symptoms were self-reported,
which could lead to bias. However, the burden of sarcoidosis is determined by the
experience of the patients themselves, and we barely saw any differences in prevalence
rates of sarcoidosis-associated symptoms between the European countries we studied.

Conclusion

This study shows that sarcoidosis patients in Denmark (DN), Germany (GE) and the
Netherlands (NL) report similar sarcoidosis-associated symptoms, including organ-
related as well as non-specific, non-organ related symptoms. Fatigue (90%) and
symptoms associated with SFN (mean 86%: DN 91.9%, GE 84.6% and NL 82.2%,
respectively) were highly prevalent in all 3 countries.

Beside better disease education, psychological support is warranted. The combined use
of appropriate questionnaires, lung function tests, imaging procedures and other
clinical assessments of disease activity and severity provides a framework for evaluating
organ-related as well as non-organ related symptoms.

In view of the broad range of possible symptoms, sarcoidosis patients may consult
various doctors, so the management of sarcoidosis patients should use a
multidisciplinary approach that focuses on somatic as well as psychosocial aspects of
this erratic disorder. Furthermore, as treatment strategies differ in the three European
countries we studied, updated international sarcoidosis treatment guidelines are
urgently needed.
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Abstract

Background

Consequences of sarcoidosis are wide-ranging and the symptom burden has a great
impact on patients’ quality of life (QoL). However, the QoL of couples living with
sarcoidosis has not yet been studied. Our aim was to assess the QoL of couples living
with sarcoidosis and to evaluate whether living with a partner with sarcoidosis
influences the partner’s Qol. Furthermore, we aimed to assess whether non-specific
symptoms (fatigue, cognitive failure, small fiber neuropathy (SFN) related symptoms,
depressive symptoms, and state/trait anxiety) predict QoL of partners as well as
sarcoidosis patients.

Methods

Sarcoidosis outpatients, recruited at Maastricht University Medical Centre (n=443), and
their partners (n=208), completed several questionnaires, including the World Health
Organization Quality of Life — BREF (WHOQoL-BREF), Fatigue Assessment Scale (FAS),
SFN screening list (SFNSL), and Cognitive Failure Questionnaire (CFQ).

Results

Qol of the partners as well as the sarcoidosis patients was reduced compared with
healthy controls, especially regarding the physical health domain. All non-specific
symptoms studied, as well as perceived social support, predicted one or more QoL
domains in the sarcoidosis patients, but these factors did not predict the QoL of their
partners.

Conclusions

The QoL of partners of sarcoidosis patients was reduced, although to a lesser extent
than that of the patients. Although the non-specific symptoms and perceived social
support were related to the patients’ QolL, this was not the case for the partners. In the
management of sarcoidosis is it important to focus not only on the patients, but also on
their partners.
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Introduction

Sarcoidosis is a multisystem inflammatory disorder of unknown cause(s) that imposes a
burden on patients’ lives." It affects men and women all over the world, at a relatively
young age.’ In addition to the specific organ-related symptoms, less specific disabling
symptoms, including fatigue, cognitive failure, symptoms associated with small fiber
neuropathy (SFN), and physical impairments, may have a major influence on the daily
activities and the social and professional lives of the patients. These symptoms can lead
to stress, anxiety, depression, and social and physical limitations.>® Moreover,

sarcoidosis patients experience reduced work ability.g'u

The impact of any disease depends on the patient’s disease perception and coping
strategies. Various aspects of sarcoidosis, such as the often unpredictable and chronic
nature of the disease,” the uncertainty about the cause, and the broad range of
frequently persistent symptoms may result in an aggravating influence on patients’
lives. Hence, living with a long-term disease like sarcoidosis significantly affects
patients’ quality of life (QolL), with negative consequences for general health and social
and psychosocial well-being. Qol is a concept that concerns someone’s evaluation of
their functioning in a wide range of domains, but always includes the physical,
psychological, and social domains. Anxiety and depressive symptoms are also common
in patients with sarcoidosis and are associated with disease severity.e"7 Previous QoL
studies showed that the QoL of patients with sarcoidosis is predicted by fatigue,
depressive symptoms, reduced exercise capacity, dyspnea, and arthralgia."**"*™"®
Recently, Moor et al. demonstrated that sarcoidosis not only leads to anxiety,
psychological distress and impaired well-being in the patients, but also in their
partners.”” Studies on the influence of other non-specific symptoms and studies
examining the impact of living with a partner with sarcoidosis are scarce.

Therefore, the aim of our study was to evaluate whether living with a partner suffering
from sarcoidosis influences the QoL of that partner, as well as to evaluate the QoL of
the patients themselves. Moreover, we aimed to assess whether non-specific
symptoms, including fatigue, cognitive failure, SFN-related symptoms, and
psychological factors including depressive symptoms and anxiety in sarcoidosis patients
predict the QoL of partners and patients.
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Materials and methods

Study design and subjects

We conducted a cross-sectional, prospective cohort study evaluating fatigue and QoL in
sarcoidosis patients and their partners between 2007 and 2009. Data regarding fatigue
in sarcoidosis patients were previously used in Willemien de Kleijn’s PhD project.18 Data
from the current study regarding the QoL of sarcoidosis patients and their partners
were analyzed in 2018, and not reported previously. Patients (n=588) evaluated and/or
treated at the ILD Center of the Department of Pulmonology of Maastricht University
Medical Center, a tertiary referral center in the Netherlands were asked to participate
between September 2007 and July 2008. After inclusion of the patients, their partners
(if they had a partner) were also asked to participate. Patients were all diagnosed with
sarcoidosis based on the guidelines of the World Association of Sarcoidosis and Other
Granulomatous Disorders (WASOG).> The Medical Ethics Committee of MUMC+ (MEC
07-4-015) approved the study protocol, and written informed consent was obtained
from all patients.

Procedure

Information about the study was sent by e-mail (which every patient and/or partner
asked to participate had access to), and patients as well as their partners were asked to
complete and return an informed consent form if they were willing to participate. After
having agreed to participate, they received the set of questionnaires and were asked to
return the completed set to the hospital in an enclosed envelope.

The following characteristics were collected: gender and age (patients and partners),
and time since diagnosis of sarcoidosis and sarcoidosis treatment (patients). Patients
completed several questionnaires: World Health Organization Quality of Life-BREF
(WHOQolL-Bref), Fatigue Assessment Scale (FAS), Small Fiber Neuropathy Screening List
(SFNSL), Cognitive Failure Questionnaire (CFQ), State and Trait Anxiety Inventory (STAI),
Center for Epidemiological Studies Depression Scale (CES-D) and Perceived Social
Support Scale (PSSS). The partners were asked to complete the WHOQoL-BREF, FAS,
and CFQ.

Questionnaires

Questionnaire scores of patients and partners in the present study were compared with
corresponding questionnaire scores of a healthy control sample (n=62) recruited for a
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study by Marcellis et al..”® These healthy controls were recruited in the same
geographical area/institution and timeframe as our study sample. We used the raw
data of this healthy control population.

Detailed descriptions of the questionnaires (WHOQoL-BREF, FAS, SFNSL, CFQ, STAI, CES-

D, PSSS) can be found in the online supplement.”*?®

Statistical analysis

All statistical analyses were performed using SPSS version 24 for Mac. The chi-square
test, the independent samples t-test (partners vs controls and patients vs controls) and
paired t-tests (patients vs partners) were used to test for statistically significant
differences between patients, their partners and controls. Hierarchical linear regression
analyses were used to assess the associations between the scores for the various
domains of the sarcoidosis patients’ and partners’ WHOQoL-BREF and the sarcoidosis
patients’ fatigue (FAS), SFN-associated symptoms (SFNSL), cognitive failure (CFQ),
depression (CESD), anxiety (STAI) and perceived social support (PSSS). Adjustments
were made for age, sex, treatment and time since diagnosis in the analysis regarding
patients, and for age and sex in the analysis regarding partners. Since each WHOQolL-
BREF domain was analyzed by means of a separate regression model, a Bonferroni
correction was used to reduce the risk of false positive findings, by adjusting the
significance level in these 5 regression analyses from 0.05 to 0.01. Hence, within each
of the ten WHOQoOL-BREF regression models (five for patients and five for partners)
p-values of less than 0.01 were considered to indicate statistical significance. In view of
this correction, we also reported 99% confidence intervals (instead of the conventional
95% confidence intervals) around the estimated regression coefficients.

In a posthoc analysis we have performed a mediation analysis using the Baron & Kenny
method.”” A moderation analysis was performed by including the product of two mean-
centered predictors in a regression analysis, on top of the main effects of these two
predictors.

Results

Three quarters of the approached sarcoidosis patient sample (443/588) agreed to
participate, of whom 10 were excluded from further analyses because they did not
complete the main outcome measure QoL. Two-hundred and eight partners decided to
participate and completed the questionnaires. The sarcoidosis patients whose partners
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participated in the study (n=208) did not differ from those without a partner or whose
partners did not participate (n=225), except for age (see Table 9.1).

Table 9.1 summarizes the demographic and clinical data and the questionnaire scores
of the 433 included patients are summarized. The prevalence of the various non-
specific symptoms among the sarcoidosis patients and their partners is shown in
Figure 9.1.

Table 9.1 Summary of the demographic and clinical characteristics of the sarcoidosis patient sample studied.

Total sarcoidosis Sarcoidosis patients Sarcoidosis patients
sample (n=433) included in partner  excluded from partner
analysis (n=208) analysis (n=225)

male: n (%) 233 (53.8) 108 (51.9) 126 (55.5)
age, years (range) 48 +11.1 (19-79) 46.5 + 10.2 (27-79) 49.3 +11.7 (19-78)*
time since diagnosis, years (range) 7.7 £7.8 (0-65) 7.2 £ 6.4 (0-44) 8.1+8.9(0-65)
medication

none (%) 157 (36.3) 71(34.1) 86 (37.9)

prednisone (%) 219 (50.6) 105 (50.5) 116 (51.1)

methotrexate (%) 74 (17.1) 38 (18.3) 36 (15.9)

TNF-a antagonists (%) 38(8.8) 21 (10.1) 17 (7.5)
FAS score 29.3+8.4 30.1+8.5 28.7+8.3
SFNSL score 29.9+15.6 24.8+15.8 23.1+15.4
CFQ score 36.6+16.1 43+17.1 34.8+16.1
STAI

state 11.6+3.7 11.5+3.5 11.6+3.8

trait 40.6 +7.7 40.6+7.7 40.6+7.7
CESD 142 +9.7 14+9.5 145+9.9
PSSS 62.5+13.4 63.3+13.4 61.8+13.4
WHOQoL-BREF

1. physical health 12.2+31 12.2+3 12.3+31

2. psychological health 14.2+2.3 143+23 14.1+2.4

3. social relationships 14.2+2.8 14.4+2.8 14.0+29

4. environment 155+25 158+24 15.2+26

5. overall QoL 6+1.6 6+1.6 6+1.6

Data are expressed as mean + SD or range in parentheses if appropriate. CESD=Center for Epidemiological
Studies-Depression Scale; CFQ=Cognitive Failure Questionnaire; FAS=Fatigue Assessment Scale;
PSSS=Perceived Social Support Scale; SFNSL=Small Fiber Neuropathy Screening List; STAI=State and Trait
Anxiety Inventory; TNF=tumour necrosis factor; WHOQoL-BREF=World Health Organization Quality of Life—
BREF. *statistically significant: p=0.01.
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Figure 9.1  Non-specific symptoms in the sarcoidosis patients and their partners.
CESD=Center for Epidemiological Studies-Depression Scale; CFQ=Cognitive Failure Questionnaire;
FAS=Fatigue Assessment Scale; SFNSL=Small Fiber Neuropathy Screening List; STAI=State and Trait
Anxiety Inventory;. ¥*=p<0.001

Quality of life partners and patients

Table 9.2 summarizes the characteristics and outcomes of the partners of the
sarcoidosis patients and the sarcoidosis patients themselves, and the comparison with
healthy control subjects.

The overall QoL scores of the partners were lower than those of the healthy controls
(p<0.001). The QoL domain scores (Physical, Psychological, Social, Environment) were
also lower for partners than for healthy controls.

The QoL of the sarcoidosis patients was significantly more impaired than that of their
partners, overall as well as in the different domains (all p-values <0.001, except social
relationships p=0.002).
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Table 9.2 Characteristics of partners of sarcoidosis patients compared to those of sarcoidosis patients
(n=208) and healthy controls.

Partners Patients Healthy A Partners- Partnersvs Partnersvs Patientsvs
Controls patients  Controls* Patients*  Controls*
subjects, number 208 208 62
male: n (%) 96 (46.2) 108 (51.9) 40 (64.5) 0.023 0.239 0.138
age, years (range) 46.2+11.3 46.5+10.2 46.4+99 0.622 0.900 0.763
(16-80) (27-79) (30-65)
time since diagnosis, NA 7.2+6.4 NA
years (range) (0-44)
WHOQoL-BREF
domains
1. physical 16.6+2.1 12.2+3.0 18.0+x15 4.47%35 <0.001 <0.001 <0.001
2. psychological 15.7+2.0 143+23 17.0+19 1.29%27 <0.001 <0.001 <0.001
3. social 152+26 14428 173+24 0.73%3.2 <0.001 0.002 <0.001
4.environment 16.7+2.0 158+24 17716 095%2.7 <0.001 <0.001 <0.001
5. overall 82+12 6.0+1.6 87+10 228z%19 <0.001 <0.001 <0.001
FAS score 175+49 30.1+85 156+4.0 12.6+9.9 <0.001 <0.001 <0.001

CFQ total score 249+11.2 43.0+17.1 31.3+10.1 182+20.1 <0.001 <0.001 <0.001

Data are expressed as mean * SD if appropriate. CFQ=Cognitive Failure Questionnaire; FAS =Fatigue
Assessment Scale; WHOQoL-BREF= World Health Organization Quality of Life—BREF. *p-values resulting from
a paired t-test testing for differences between the two groups.

Associations of QoL of partners and sarcoidosis patients

Hierarchical multiple linear regression analyses demonstrated that, after adjustment
for the covariates age and gender of the partner, none of the non-specific symptoms
(fatigue, SFN-associated symptoms, cognitive failure, state/trait anxiety, depressive
symptoms and perceived social support) of the patients, including their QoL, were
associated with the overall QoL score and those for the four QoL domains of their
partners.

Hierarchical multiple linear regression analyses demonstrated that, after adjustment
for the covariates age, gender, time since diagnosis and treatment, all non-specific
symptoms we studied, except momentary anxiety, were associated with the overall
Qol score and those for the four QoL domains of the sarcoidosis patients, predicting
32% to 63% of the variance (Table 9.3).

Depressive symptoms were negatively associated with the overall QoL score and those
for all domains, except social relationships. Perceived social support was positively
associated with all QoL domains, except physical health. Fatigue was negatively
associated with the overall QoL score and those for the physical and psychological QoL
domains. SFN-associated symptoms were negatively associated with the physical and
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environmental QoL domains. Trait anxiety was negatively associated with the
psychological and social QoL domains. Finally, cognitive problems were only negatively
associated with the QoL domain of physical health, but this association was subject to a
mediation effect (see below).

To simplify, overall QoL is predicted by fatigue and depressive symptoms. The QoL
domain physical health is predicted by fatigue, SFN-associated symptoms, depressive
symptoms and cognitive failure. The QoL domain psychological health is predicted by
fatigue, trait anxiety, depressive symptoms and perceived social support. The QoL
domain social relationships is predicted by trait anxiety and perceived social support.
And last, the QoL domain environment is predicted by SFN-associated symptoms,
depressive symptoms and perceived social support (see Figure 9.2).

Table 9.3 Predictors of the WHOQoL-BREF.

WHOQoL-BREF

Overall QoL score 1. Physical health 2. Psychological 3. Social 4. Environment
health relationships
FAS -0.10* (-0.13,-0.08) -0.21* (-0.26,-0.17) -0.06* (-0.09, -0.02) -0.03 (-0.08,0.03) -0.03 (-0.10, 0.05)
$=-0.55 p=-0.59 $=-0.20
SFNSL -0.01(-0.02,0.01) -0.04* (-0.06,-0.02) 0.02(0.00,0.03) -0.01(-0.04,0.02) -0.03*(-0.06,-0.01)
B=-0.20 B=-0.18
CFQ 0.01 (0.00, 0.03) 0.02* (0.00,0.05)  0.00(-0.02,0.01) 0.02(-0.01,0.05) 0.01(-0.02,0.03)
p=0.12
STAIl Trait  0.00(-0.04,0.04)  0.02(-0.05,0.08) -0.10* (-0.15,-0.05) -0.10* (-0.17,-0.02) -0.03 (-0.10, 0.05)
p=-0.32 B=-0.26

STAl State  -0.03 (-0.10,0.04)  -0.11(-0.22,0.01) -0.06(-0.15,0.03) 0.02(-0.12,0.16) -0.02(-0,16,0.12)

CESD -0.04* (-0.07,-0.01) -0.06* (-0.11,-0.01) -0.08* (-0.12,-0.03) -0.06 (-0.13,0.00) -0.07* (-0.13,-0.01)
B=-0.24 B=-0.17 B=-0.31 B=-0.27

pPsss 0.00(-0.01,0.01)  0.00(-0.02,0.02)  0.02* (0.01,0.04) 0.07* (0.05,0.10) 0.03* (0.01, 0.06)
B=0.11 B=0.34 B=0.17
lif 51% 63% 62% 42% 32%

CESD=Center for Epidemiological Studies-Depression Scale; CFQ=Cognitive Failure Questionnaire;
FAS=Fatigue Assessment Scale; PSSS=Perceived Social Support Scale; SFNSL=Small Fiber Neuropathy
Screening List; STAI=State and Trait Anxiety Inventory, WHOQoL-BREF=World Health Organization Quality of
Life-BREF. Unstandardized regression coefficients and their 99% confidence intervals are shown. For
significant effects, standardized regression coefficients are reported in bold face. R> = Percentage of
additionally explained variance of the model including predictors above and beyond the model with
theoretically important covariates only. * p<0.01.
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Figure 9.2  Simplification of the effect of predictors on overall quality of life (QoL) and the four domains as
presented in Table 9.3.
CESD=Center for Epidemiological Studies-Depression Scale; CFQ=Cognitive Failure
Questionnaire; FAS=Fatigue Assessment Scale; PSSS=Perceived Social Support Scale;
SFNSL=Small Fiber Neuropathy Screening List; STAI=State and Trait Anxiety Inventory,
WHOQoL-BREF=World Health Organization Quality of Life-BREF.

Relative importance of the QoL predictors in partners and sarcoidosis
patients

The QoL predictors for partners were not significant, and are therefore not described
any further here.

As regards the patients, the predictors explained 62.9% of the variance in the physical
health domain scores. This domain was best predicted by fatigue, followed by SFN-
associated symptoms, depressive symptoms, and cognitive failure.

The predictors explained 61.9% of the variance in the psychological health domain. This
domain was best predicted by trait anxiety, depressive symptoms, fatigue, and
perceived social support. Perceived social support had a positive effect on the
psychological QolL, while the other variables had negative effects.

The predictors explained 41.7% of the variance in the social relationships domain. This
domain was best predicted by trait anxiety and perceived social support. Perceived
social support had a positive effect on QoL while trait anxiety had a negative effect.
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The predictors explained 31.8% of the variance in the environment domain. This
domain was best predicted by the depressive symptoms, SFN-associated symptoms,
and perceived social support. Again, perceived social support had a positive effect on
QolL, while depressive symptoms and SFN-associated symptoms had a negative effect.
The predictors explained 50.7% of the variance in the overall QoL score, and this was
best predicted by fatigue and depressive symptoms.

Mediation analysis

The results in Table 9.3 suggest that cognitive failure had a positive effect on QoL
(unstandardized B 0.024), indicating that patients with more cognitive failure had a
higher physical QoL. Since cognitive failure has a great impact on the lives of sarcoidosis
patients, and given that the present sample included mostly young patients with a busy
social and working life, this finding was against our expectations. In regression models,
a significant association between a predictor and outcome may in fact be explained by
a third variable, such as a confounder, mediator or moderator. Therefore, we inspected
the partial and zero-order correlations between the physical domain of QoL and the
predictors. The zero-order correlations showed that there was, as expected, a negative
association between CFQ and physical QoL. However, after adjusting for the influence
of other predictors (primarily fatigue and depressive symptoms), this negative
association disappeared through collinearity. Figure 9.3 shows two mediation models
where fatigue and depressive symptoms, respectively, mediate the association
between cognitive failure and physical Qol. Indeed, the significant zero-order
correlation between these two measures disappeared when the mediating effects of
fatigue and depressive symptoms were included in the model (see Figures 9.3A and
9.3B). Furthermore, a moderation analysis showed a significant interaction effect
between the CFQ and FAS as well as CESD on physical QoL (CFQ-FAS: p=0.078,
SE=0.001, t=2.182, p=0.03 respectively CFQ-CESD: B=0.176, SE=0.001, t=3.795,
p<0.001). These results suggest that there may be multiple mechanisms underlying the
relations between these variables.
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Figure 9.2A Impact of the Fatigue Assessment Scale (FAS) score on the Cognitive Failure Questionnaire
(CFQ) regression coefficient in predicting the quality of Life (WHOQolL=World Health
Organization Quality of Life). B=standardized regression coefficient, * = statistically significant

Figure 9.2B Impact of depressive symptoms score (CES-D=Center for Epidemiological Studies-Depression
Scale) on Cognitive Failure Questionnaire (CFQ) regression coefficient in predicting the quality
of life (WHOQoL=World Health Organization Quality of Life). B=standardized regression
coefficient, * = statistically significant.

Discussion

This is the first study to show that the QoL of couples where one of the partners suffers
from sarcoidosis is reduced compared to that of healthy controls. Neither the QoL nor
non-specific symptoms of the sarcoidosis patients predicted the QoL of the partners of
the sarcoidosis patients we studied. Predictors of the QoL of the sarcoidosis patients
themselves were fatigue, depressive symptoms, SFN-associated symptoms, cognitive
failure, anxiety, and perceived social support. All of these non-specific symptoms,
except perceived social support, had a negative impact on various aspects of the QoL of
the sarcoidosis patients. This underlines the importance of determining all these non-
specific symptoms in sarcoidosis patients.
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The importance of patient-centeredness in healthcare has grown over the years. So far,
family involvement and perspectives have infrequently been studied in sarcoidosis. A
novel finding from our study is that partners of sarcoidosis patients also had a lower
QoL than healthy persons, but to a lesser extent than that of the sarcoidosis patients
we studied. The Qol of the partners living with a sarcoidosis patient was mainly lower
in the psychological and social domains. We did not study the perceived social support
for partners, but one could speculate that partners have less perceived social support
and often feel misunderstood by people in their environment because of the lack of
awareness of sarcoidosis as a disease. Previous studies have shown a relationship
%29 This needs to be

examined in future studies. They may also experience psychological distress, leading to

between social support and the QoL of partners of patients.

anxiety,17 as sarcoidosis can be unpredictable and they worry about the consequences
regarding the future of the patient as well as their own future. There is a need for
further studies into dyadic coping in sarcoidosis.

In line with other studies, we found a lower QoL for our sarcoidosis patient sample than
for healthy controls, especially in the physical health domain, meaning that they feel

less physically healthy than the healthy population.13’14’16’30

Apart from major organ
involvement, sarcoidosis patients can be bothered with reduced muscle strength, loss
of physical condition, pain, extreme fatigue, and SFN-associated symptoms.™'
Psychological factors are pervasive, and include anxiety, depressive symptoms and
mental fatigue, including memory problems, lack of mental clarity, poor concentration
and inability to focus. These factors may not correspond with inflammatory disease
activity nor respond to sarcoidosis treatment.” The symptoms are disabling, persist
after other signs of sarcoidosis activity have resolved, and adversely impact on major
*** Tan et al. did find that the more

symptoms affecting the patient, the more it affected the partner’s QoL.>*

life areas, including QoL and work ability.

Depressive symptoms, anxiety, and cognitive failure have increasingly been reported in

.. . . . 4,6,7,35-38
clinical practice as well as in studies.

Depressive symptoms are a known
predictor of QoL in sarcoidosis.**® A novel finding is that not only depressive symptoms,
but also trait anxiety and subjective cognitive failure predicted QoL in our sarcoidosis
sample. The association between cognitive failure and QoL disappeared when we
included fatigue and depressive symptoms as mediators (see Figure 9.3A and 9.3B).
This may imply multiple competing interpretations. First, cognitive failure presumably
results in more depressive symptoms or fatigue, which in turn results in a lower
physical QoL. This is in line with a previous study by Hendriks et al. who found that

cognitive failure predicted fatigue.” Alternatively, it could indicate that depressive
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symptoms or fatigue causally affect both cognitive failure and physical QoL. Since we
also found significant moderating effects between cognitive failure and depressive
symptoms as well as fatigue on physical QoL there may also be a moderating
mechanism underlying the associations between these variables. This hypothesis was
also supported by a previous study by our group in neurosarcoidosis patients, showing
fatigue to be a strong predictor of cognitive impairment.39 Studies in dialysis patients

40,41
As follow-up

also found that depressive symptoms predicted cognitive impairment.
data were lacking in our study and cross-sectional studies generally have limitations
with regard to establishing causality, the results have to be interpreted with some
caution, and future follow-up studies are warranted to distinguish between these two
interpretations for sarcoidosis patients.

8,12,42-45 .
and SFN-associated

13-15

To date, studies have shown a high prevalence of fatigue

647 our study found

symptoms in sarcoidosis patients. In line with previous studies,
that sarcoidosis-associated fatigue was negatively associated with overall Qol, as well
as the physical and psychological QoL domains, indicating that these QoL domains tend
to decrease as patient fatigue increases. Of the partners, only 15% experienced fatigue
(mainly moderate; 30/31 partners) in comparison with 78% of the sarcoidosis patients.
Whether the moderate fatigue in a small proportion of partners might be caused by
their own disabilities and/or health problems needs to be explored in future studies. In
agreement with earlier studies, a substantial number of our sarcoidosis sample were

314647 SEN is a very difficult disease to

suffering from SFN-associated symptoms.
diagnose and to treat.*® This causes a lot of uncertainty and frustration for those having
to deal with these problems. The presence of SFN-associated symptoms was found to
be negatively associated with the physical and environmental QoL domains, indicating
that physical and environmental QoL tends to decrease when patients experience more
SFN-associated complaints. This could, at least partly, be explained by the fact that
patients feel they are not being taken seriously by relatives and friends, and experience

misunderstanding because of lack of awareness of sarcoidosis and SFN.

The clinical course of sarcoidosis is highly variable, ranging from spontaneous
resolution to disabling chronic disease with various manifestations.*’ In our cohort, no
relation was found between the various manifestations and QoL (data not shown),
stressing the importance of assessing not only the organs affected by sarcoidosis but

also the non-specific symptoms.>>"

All of the above-mentioned non-specific symptoms are not visible in sarcoidosis
patients, making it difficult for them to get acknowledged, leading to feelings of
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misunderstanding in many patients and even their partners."” Sarcoidosis patients have
reported that QoL is the most important outcome of their treatment and of care, more
important than radiographs, pulmonary function tests and blood tests.*”> Most patients
would like to see more attention and support for their psychological problems."” We
also found that patients with better support show a better QoL in all domains, except
for physical health. Moreover, although it was beyond the scoop of this study, it would
be interesting to evaluate how not living with a partner might influence the QoL of
sarcoidosis patients.

Sarcoidosis clinicians usually work in a multidisciplinary team. Our results underline the
importance of a multidisciplinary approach assessing not only organ involvement, but
any symptoms (organ-related or non-organ-related) and of using a holistic approach
with attention to psychological support, for both patients and their partners. One of the
possible interventions could be mindfulness-based exercise interventions, which have
been found to reduce psychological symptoms and fatigue.>

A limitation of the present study was that all patients were recruited in a tertiary
referral center. This could have led to selection bias, since it is the more complex
patients (in terms of affected organs and symptoms) who are often referred to tertiary
referral centers. Hence, our results may not be generalizable to all sarcoidosis patients.
However, our results are comparable with those of other QoL studies in sarcoidosis
patient samples. Another limitation is that not all partners of the patients with
sarcoidosis seen at the outpatient clinic participated in this study, and some patients
did not have a partner. However, the sample of sarcoidosis patients whose partners
participated did not differ from those without a partner or with a partner who did not
participate in our study (except for age). Unfortunately, information on the medical
health status of the partners was not collected in this study. It is tempting to speculate
that this explains for the lower QoL of the partners compared to healthy controls.
Though, the QoL of partners was higher than the QoL of the sarcoidosis patients.
Strikingly, however, no relation was found between the QoL of the partners and the
burden of the sarcoidosis experienced by the patients themselves indicating that this
does not have an impact on the QoL of their partners. One final limitation was the fact
that we did not have a matched control group, and that the sample of healthy controls
used in our study was rather small, which might increase the influence of sampling
error on the estimated statistics in the control sample. Our control group did consist of
persons living in the same geographical area/institution and timeframe, and was

. L . . . . 13,19,44
previously used by our group for similar comparisons in previous studies.
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Conclusion

Couples living with sarcoidosis have a lower QoL than healthy controls. Sarcoidosis
patients often struggle with fatigue, SFN-associated symptoms, anxiety, depressive
symptoms, and memory and concentration problems. All these symptoms have a
negative impact on the QoL of patients, but not on that of their partners. Although
these factors pose challenges for objective assessment, they are recognized illness-
related symptoms meriting formal consideration with validated instruments. Perceived
social support positively impacts on the QoL. Further studies are needed to investigate
whether offering psychosocial support at the outpatient clinic for sarcoidosis patients
as well as their partners would lead to better coping strategies and improve QoL for
both of them.
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The WHOQoL-Bref is a generic, cross-culturally developed comprehensive measure
of QoL. It consists of 24 questions in four domains (physical health, psychological
health, social relationships and environment) related to QoL and two questions
that assess overall QoL and general health.”® The response scale is a five-point scale
(1=very poor/not at all/very dissatisfied/ never, to 5=very good/extreme
amount/extremely/completely/very satisfied/always). Higher score indicates a
better Qol.

The FAS is a 10-item self-report fatigue questionnaire. In addition to the total
fatigue score, the FAS yields a mental fatigue score and a physical fatigue score.
The response scale is a five-point scale (1=never, to 5=always; range 10-50). A
score >22 indicates fatigue and a score >34 indicates extreme fatigue. The FAS
shows good reliability and validity in measuring the fatigue of sarcoidosis
patients.19

The SFNSL is a 21-item self-administered questionnaire to screen for symptoms
related to SFN. The response scale is a five-point scale (O=never/not, to
4=always/severe; range 0 to 84). The cut-off score for the SFNSL is 11: a score
below 11 indicates few or no SFN-related symptoms (normal temperature
threshold testing [TTT]), while a score of 11-48 indicates probable or highly likely
SFN, and a score above 48 is indicative of SFN (abnormal TTT).*

The CFQ is a self-report questionnaire consisting of 25 items assessing deficits
regarding attention, perception, memory and motor functioning in everyday life.
The response scale is a five-point scale (O=never, to 4=very often; range 0-100). A
higher total score indicates more subjective cognitive failure. A high CFQ score is
defined as a score 243.*

The STAI concerns differences between individuals in their disposition to respond
to stressful situations with varying amounts of stress. This scale consists of
20 statements, asking patients to describe how they generally feel. The response
scale is a four-point scale (1=not at all, to 4=very much so; range 20-80). A higher
score indicates more anxiety. The psychometric characteristics of the Dutch version
of this questionnaire are well established and considered good.** High trait anxiety
was defined as a score above 40, based on Dutch norm scores.”

The CES-D® is a 20-item scale designed to measure the presence and degree of
depressive symptoms. Scores on the CESD can range from 0-60, in which a higher
score indicates more depressive symptoms. The response scale is a four-point scale
(O=rarely/never, to 3=mostly/always; range 0-60). Scores >16 are indicative of a
depressive disorder. Reliability and criterion validity appear to be good.>
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The PSSS12 was used, concerning 12 items. The total score of the 12-item version
of the PSSS was used to assess general perception of social support. The response
scale is a seven-point scale (1=very strongly disagree, to 7=very strongly agree;
range 12-84). The PSSS has good reliability and validity in patients undergoing
coronary angiography,”” and has been translated into Dutch.**
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Summary

Sarcoidosis is a multisystem inflammatory disorder characterized by the formation of
non-caseating granulomas in various organ systems.l'Z The lymphatic system and the
lungs are most commonly affected, but any organ can be involved. Involvement of the
nervous system, or neurosarcoidosis, is detected in 5% of cases during Iife,a'6 although
autopsy studies have shown neurologic involvement in 25-50%.”% Although the
pathogenesis of sarcoidosis has not been fully elucidated, environmental (i.e.
infectious, metal, silica, silicones, ink) and genetic factors may contribute substantially
to its pathogenesis, involving an exaggerated granulomatous reaction to a trigger.
Sarcoidosis occurs in men and women throughout the world, affecting all races and any
people aged between 25 and 45 years who have a predisposition.2 The influence of race
and gender on the epidemiology of sarcoidosis is generally recognized. The incidence of
sarcoidosis in patients of African descent is high compared to that in Caucasians.’
Moreover, they often present with more severe organ involvement, a worse prognosis
and higher mortality rates than Caucasians.”™ It has also been acknowledged that the
prevalence of various organ manifestations differs between different ethnic subgroups,
e.g. cutaneous and ocular sarcoidosis is more common in patients of African descent
than in Caucasians, while hypercalcemia is more common in Caucasians.” In terms of
gender differences, pulmonary and cardiac sarcoidosis is more common in men,
whereas peripheral lymph node involvement, cutaneous, ocular and liver sarcoidosis
are seen more often in women.*"?

The clinical manifestation, natural history and prognosis of sarcoidosis are highly
variable, and its course is often unpredictable.1 Depending on the organs involved and
the severity of the granulomatous inflammation, patients present with a broad range of
symptoms. In addition to organ-related symptoms, patients often suffer from disabling
non-specific, non-organ-related symptoms,B'15 such as fatigue, depressive symptoms,
pain, anxiety and cognitive failure. All these symptoms have an impact on the quality of
life (QoL).">***

This thesis is divided into two parts:

The aims of the studies in the first part of this thesis were to investigate the prevalence
of the different neurosarcoidosis manifestations and the influence of race and gender
on this. Furthermore, we aimed to determine the prevalence of cognitive failure in
these patients.

The aims of the studies in the second part were to describe the burden of non-specific
symptoms (small fiber neuropathy (SFN), fatigue, cognitive failure, depressive
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symptoms, and anxiety) in sarcoidosis patients and the impact on the QoL of these
patients and their partners.

Overview of the main findings

Chapter 1, the general introduction, provides a summary of the epidemiology and
pathogenesis of sarcoidosis, the clinical presentation of neurosarcoidosis, and non-
specific symptoms. In addition, it presents a summary of treatment options of
neurosarcoidosis and describes the non-specific symptoms of fatigue and SFN.

Chapter 2 presents an overview of the literature regarding neurosarcoidosis. The
clinical presentation is heterogeneous. Most patients present with cranial nerve palsy,
headache and sensory abnormalities. Patients are classified according to the probability
of the diagnosis using the modified Zajicek criteria.” A crucial feature in these criteria is
histopathological confirmation of non-caseating granulomas in affected tissue outside
the nervous system. Radiological abnormalities on neuroimaging are non-specific. No
biomarkers have been described that effectively identify patients with sarcoidosis.
Despite the use of new therapies, a third of the patients remain unchanged, deteriorate
or die. Diagnosing and treating patients with neurosarcoidosis remains a challenge.
Long-term prospective studies evaluating patients suspected of neurosarcoidosis are
needed to assess the sensitivity and specificity of ancillary investigations and the
diagnostic criteria. Furthermore, studies are needed to evaluate the prognosis and the
optimal treatment strategy.

Chapter 3 investigates neurosarcoidosis manifestations and the influence of race and
gender, as well as the treatment strategies. In a multicenter observational cohort study,
we included 194 neurosarcoidosis patients from two tertiary referral centers; the ILD
Center of Excellence of the St. Antonius Hospital, Nieuwegein and the Amsterdam
University Medical Centre (UMC), both in the Netherlands, as well as patients included
in the Dutch Neurosarcoidosis Registry. The most common neurosarcoidosis
manifestations were chronic meningitis (41%), cranial nerve dysfunction (39%),
myelopathy (28%), and cerebral parenchymal disease (26%). There were no differences
in age, gender and race between the various manifestations, except for peripheral
polyneuropathy, which was more prevalent in men than in women (21% versus 10%).
Most neurosarcoidosis patients were treated with prednisone (89%), methotrexate
(46%), or infliximab (21%). A total of 102 patients (53%) received second- or third-line
treatment. Over half of the patients required multiple immunosuppressive treatments.
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Chapter 4 presents an evaluation of the cognitive failure rate in neurosarcoidosis
patients compared to a general sarcoidosis sample. Cognitive failure is characterized by
memory and concentration problems. Everyday cognitive failure was assessed using the
Cognitive Failure Questionnaire (CFQ). A cross-sectional web-based survey was
conducted in a national sample of 131 neurosarcoidosis patients. We found that the
mean CFQ score was significantly higher in the neurosarcoidosis sample (45.6+20.7)
compared to the general sarcoidosis sample (36.2+15.9; p<0.0001). High CFQ scores
(>43) were found in 55.7% (neurosarcoidosis) and 33.9% (general sarcoidosis)
(p<0.0001). The fatigue assessment scale (FAS) score (OR 21.4) and the score on the
small fiber neuropathy screenings list (SFNSL) (OR 4.3) were the strongest positive
predictors of a high CFQ score. Cognitive failure is a significant problem in
neurosarcoidosis.

Chapter 5 provides an overview of the current literature regarding the management of
neurosarcoidosis, including SFN. The clinical manifestation and course of
neurosarcoidosis are particularly variable. Although neurosarcoidosis occurs in up to
ten percent of sarcoidosis patients, it can lead to significant morbidity and some
mortality. Recent guidelines have helped to clarify criteria for diagnosing
neurosarcoidosis. No firm guidelines exist for whether, when, and how treatment
should be started. Treatment depends on the presentation and distribution,
extensiveness, and severity of neurosarcoidosis. As regards evidence-based treatment,
only a few randomized controlled trials have been done. Hence, several aspects of
sarcoidosis and neurosarcoidosis management are not fully addressed by the current
literature. A multidisciplinary approach to the management of sarcoidosis is strongly
recommended.

Chapter 6 provides an overview of the current literature regarding SFN, which causes
high morbidity with disabling symptoms and impact on QolL. Patients may benefit from
being diagnosed with SFN, even if no underlying cause is identified and no specific
treatment is yet available. Clinical diagnostic criteria have been proposed, but no gold
standard exists, and each test has its limitations. The diagnosis requires a combination
of typical symptoms, abnormal neurologic findings, and absence of large fiber
involvement. Clinicians should be aware of overlapping symptoms of SFN and
fibromyalgia. Treatment is often difficult, even when the underlying cause is identified
and appropriately treated. Usually, only symptomatic relief of complaints is available.
Awareness of SFN and related symptoms is of great clinical relevance. Guidelines for
appropriate diagnostic workup using a stepwise approach involving a combination of
tests are warranted.




Chapter 10

Chapter 7 reports on the minimal important difference (MID) of the SFNSL. The MID is
the smallest change in a score that a patient perceives to be important. Previous
studies found that 40-60% of the sarcoidosis patients suffer from SFN, substantially
affecting QoL. The usefulness of any questionnaire in clinical management and research
trials depends on its interpretability, requiring the smallest detectable change (SDC)
and minimal important difference (MID) to be known. Patients with neurosarcoidosis
and/or sarcoidosis-associated SFN symptoms (n=138) included in the online Dutch
Neurosarcoidosis Registry participated in a prospective, longitudinal study. The SFNSL
was completed both at baseline and at 6-months’ follow-up by 89 patients. The MID for
the SFNSL is 3.5 points for a clinically relevant change over a 6-month period. The MID
can be used in the follow-up and management of SFN-associated symptoms in patients
with sarcoidosis, though with some caution, as the SDC was found to be higher.

Chapter 8 evaluates the burden of sarcoidosis symptoms from a patient perspective in
three European countries. The clinical manifestations of sarcoidosis vary widely,
depending on the intensity of the inflammation and the organ systems affected. A
cross-sectional web-based anonymous survey about complaints (organ-related as well
as non-specific, non-organ-related) was conducted among sarcoidosis patients in
Denmark, Germany, and the Netherlands. The questionnaire was completed by
1072 sarcoidosis patients (152 Danish, 532 German, and 388 Dutch). Almost all patients
reported having sarcoidosis-associated symptoms (organ-related as well as non-
specific, non-organ-related). Fatigue was reported by almost all respondents (90%),
followed by symptoms associated with SFN (86%), and pulmonary symptoms (72.4%).
More than 50% of the respondents were being treated with prednisone, a finding which
was comparable for all three countries. In contrast, second- and third-line treatment
differed substantially between Denmark, Germany, and the Netherlands. Sarcoidosis
patients in Denmark, Germany, and the Netherlands present with similar self-reported
symptoms, organ-related as well as non-specific, non-organ-related.

Chapter 9 reports on a study of QoL in sarcoidosis patients and their partners.
Consequences of sarcoidosis are wide-ranging and the symptom burden has a great
impact on patients’ QoL. However, the QoL of couples living with sarcoidosis has not
yet been studied. Sarcoidosis outpatients, recruited at Maastricht University Medical
Center (n=443), and their partners (n=208) completed several questionnaires, including
the World Health Organization Quality of Life — BREF (WHOQOL-BREF), FAS, SFNSL, and
CFQ. The QoL of the partners as well as of the sarcoidosis patients was reduced
compared with healthy controls, though that of partners was less reduced than that of
the patients, especially regarding the physical health domain. All non-specific
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symptoms studied, as well as perceived social support, predicted one or more QoL
domains in the sarcoidosis patients, but these factors did not predict the QoL of their
partners. In the management of sarcoidosis is it important to focus not only on the
patients, but also on their partners.

Discussion

Sarcoidosis is a complex, multisystem disorder of unknown cause(s) that imposes a

2 The clinical presentation of sarcoidosis is highly variable

burden on patients’ lives.
and the course of the disease is unpredictable. In addition to specific organ-related
symptoms causing functional impairments and symptoms associated with
comorbidities, sarcoidosis patients are disabled by less specific symptoms, including

2526 A|| symptoms may have a significant influence on patients’ daily activities

fatigue.
and their social and professional lives. Many different clinical phenotypes of sarcoidosis
exist; no two sarcoidosis patients are the same. Therefore, it is hard to develop a
general diagnostic or treatment protocol for sarcoidosis patients. Currently, 20 years
after the publication of the first guidelines1 a new attempt has been started to update

the diagnostic work-up and therapeutic options for sarcoidosis.

Neurosarcoidosis

Like sarcoidosis itself, the presentation of neurosarcoidosis is variable. Furthermore,
diagnosing neurosarcoidosis remains a clinical challenge, due to its diversity and the
absence of specific biomarkers. In most cases of suspected neurosarcoidosis, nervous
system histology is not feasible and other biopsy sites outside the nervous system
should be searched for. Moreover, it is important to rule out other causes, perform a
complete work-up for suspected sarcoidosis, and use the diagnostic criteria established
by Stern et al. to enable possible, probable, or definite neurosarcoidosis to be
diagnosed (see Table 10.1).”’
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Table 10.1  Proposed diagnostic criteria for neurosarcoidosis.”

Definite
1. the clinical presentation and

Probable
1. the clinical presentation and

Possible
1. the clinical presentation and

diagnostic evaluation suggest
neurosarcoidosis, as defined by
the clinical manifestations, MRI,
CSF and/or EMG/NCS findings
typical of granulomatous
inflammation of the nervous
system, and after rigorous
exclusion of other causes.

. there is no pathologic
confirmation of granulomatous
disease.

diagnostic evaluation suggest
neurosarcoidosis, as defined by
the clinical manifestations, MRI,
CSF and/or EMG/NCS findings
typical of granulomatous
inflammation of the nervous
system, after rigorous exclusion
of other causes.

. there is pathologic confirmation 2.

of systemic granulomatous
disease consistent with
sarcoidosis.

diagnostic evaluation suggest
neurosarcoidosis, as defined by
the clinical manifestations, MRI,
CSF and/or EMG/NCS findings
typical of granulomatous
inflammation of the nervous
system, after rigorous exclusion
of other causes.

the nervous system pathology is
consistent with
neurosarcoidosis.

type a. Extra-neural

sarcoidosis is evident.

type b. No extra-neural
sarcoidosis is evident
(“isolated CNS sarcoidosis”).

Most manifestations of neurosarcoidosis are very debilitating and regularly lead to
residual damage and high relapse rates, despite immunosuppressive treatment. That is
why it is essential to raise awareness among practitioners, so that neurosarcoidosis is
recognized and treated without delay to hopefully limit or prevent residual damage.

Treatment is almost always warranted in neurosarcoidosis. However, the treatment
regime is not the same in all neurosarcoidosis patients. The intensity of treatment
should depend on the severity of the manifestation and the burden to the patient. For
example, a facial nerve dysfunction can often be treated with prednisone monotherapy
or no treatment at all, whereas spinal cord disease should be treated without delay
with second- (methotrexate, azathioprine) or third-line treatment (tumour necrosis
factor-alpha [TNF-a] antagonists) (see chapters 2 and 5). In line with others, we found
that in our neurosarcoidosis sample, more than half of the patients needed second- or

third-line treatment (see chapter 3).”**

Chapters 2, and 5 discuss guidelines for ways
to treat the various manifestations of neurosarcoidosis. To date, personalized medicine
patients, guided by

multidisciplinary discussions. However, to offer the clinician some help, Figure 10.1

is mandatory in all sarcoidosis and neurosarcoidosis

presents a proposed treatment algorithm.
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Figure 10.1 Proposed treatment algorithm in neurosarcoidosis.
MPS=methylprednisone; MTX=methotrexate; TNF-a=tumour necrosis factor-alpha

The difficulty in performing research into this extremely rare disease is that the samples
studied are mostly small, especially when investigating each of the neurosarcoidosis
manifestations separately. Due to the rarity of this disease, a randomized controlled
trial (RCT) is almost never a realistic option. Many recommendations developed for
neurosarcoidosis are therefore based on observational studies and experts’ opinions.
The research field is, however, currently shifting from RCTs to more real-world

. 34,35
evidence.

RCTs have a strong internal validity, but overall a weaker external validity
and are therefore mostly not generalizable to clinical practice for individual patients.
Moreover, sarcoidosis patients are mostly not eligible for RCTs, due to comorbidities.
Observational studies and precision-based (biomarker) studies can be a good or maybe
even better alternative, especially for the patients. Larger, multicenter observational
and biomarker studies are therefore the best option for research in this field (see the

section entitled Future Studies).

Non-specific, non-organ related symptoms

Sarcoidosis is a burdensome disease, due to organ-related as well as non-organ-related,
non-specific symptoms, such as those associated with small fiber neuropathy (SFN),
fatigue or cognitive failure. These latter symptoms are highly prevalent, as shown in
chapters 4 and 8 of this thesis, leading to a high burden. Since these symptoms are not
visible and hard to objectify/diagnose, many patients feel misunderstood and not taken
seriously. Hence, it is essential to identify all disabling symptoms, as this will ultimately
enable healthcare providers, supported by researchers, to tailor interventions to
individual patients and improve their quality of life (QolL). Given the wide variety of
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symptoms, not limited to one discipline, and uncertainties regarding pathophysiology
and possible causes, a multidisciplinary approach focusing on somatic as well as
psychosocial aspects is recommended for this erratic disorder.

Diagnostic approach

Questionnaires, such as the Fatigue Assessment Scale (FAS) and the Small Fiber
Neuropathy Screening List (SFNSL), have been developed to assess these complaints in
sarcoidosis patients and quantify them. They are therefore useful to assess these non-
specific symptoms, but they are not meant for diagnosing, and care providers should be
aware of this. For example, the SFNSL should be used as a screening tool for SFN, and in
case of a high score the patient should be referred to a neurologist for further
evaluation and exclusion of other causes. Diagnosing SFN remains challenging, since a
gold standard is lacking. Various diagnostic criteria have been proposed, but no set of
well-defined criteria is as yet available. All diagnostic modalities (quantitative sensory
testing, nociceptive evoked potentials, skin wrinkling, skin biopsy, corneal confocal
microscopy) have their limitations, although skin biopsy is considered by some to be

. 36-39
the ‘silver standard’.

However, a normal skin biopsy does not completely exclude
SFN, probably due to its patchy distribution in sarcoidosis patients. Moreover, skin
biopsy does not always correlate with complaints.“o’41 Corneal confocal microscopy has
high potential, since it can detect early nerve damage and a correlation has been
established between the severity of neuropathy and progressive corneal nerve

42-45 . .
However, further research is necessary to establish a control group.

degeneration.
A pilot study into cognitive failure was performed by our group, examining standard
neuropsychological tests that were used to assess the cognitive domains of memory
sensorimotor speed, information processing speed and cognitive flexibility. It found
that cognitive failure did not imply cognitive impairment. Thus, subjective cognitive

. . . o o . 14
failure was not associated with cognitive impairment.

Treatment options

Previous studies have found that most of the non-specific symptoms are

. 13,14,46
interrelated (

see also chapter 4), so specifically treating one symptom can help
reduce other non-specific symptoms as well. For example, as might be expected, it has

been shown that treating fatigue also resulted in an improvement of cognition.*’

Symptoms of sarcoidosis-associated SFN are often disabling and difficult to treat.
Usually, only symptomatic relief of complaints is achieved with neuropathic pain killers.
Other options could be immunoglobulins (IVIG), TNF-a antagonists or Cibinetide®. The

170



Summary and general discussion

largest case series for IVIG (n=76) suggests that up to 75% of patients will derive
symptomatic benefit, but these results are limited by the absence of a defined standard
for assessing treatment response, as well as by patient selection bias, differences in
concomitant treatment regimens, and lack of a placebo group.48 The putative
mechanism for the effectiveness of IVIG is unclear but may relate to
immunomodulatory effects. TNF-a is known to reduce mechanical nociceptive
thresholds ***°

patients with length-dependent SFN.>* The monoclonal TNF-a antagonist infliximab has

and has been found in higher concentrations in distal skin biopsies of

been assessed in a retrospective cohort (n=26). Approximately 70% of patients
experienced a reduction of SFN-associated symptoms, although the magnitude of the
effect is difficult to ascertain from the available data.”® Response rates for TNF-a
antagonists may relate to the degree of TNF-a suppression, since the GG promoter
variant, associated with less intensive TNF transcription, was also associated with
better outcomes in treated patients.>” Cibinetide®, previously known as ARA-290, is an
innate repair receptor agonist that has anti-inflammatory and neuroprotective

53-55

properties. Multiple randomized, placebo-controlled, double-blind studies have

previously shown effects of Cibinetide® in reducing SFN-associated symptoms and

38 1t is disappointing that a drug that

increasing nerve fiber density (skin and cornea).
offers such benefits to patients is not yet on the market, and the question remains
whether it will ever be.

A recently published placebo-controlled study (n=47) showed an effect of lacosamide
on pain intensity in patients with SFN due to voltage-gated channel mutations
(mutations in SCN9A, encoding Nav1.7).>® Lacosamide is an anticonvulsant that acts on
Nav1.3, Navl.7, and Nav1.8. Perhaps this could also be an option for the treatment of
neuropathic pain in sarcoidosis-associated SFN, although the pathophysiological
mechanism is probably different. A recent study examined the effect of virtual reality
(VR) technology on the recovery of the autonomic nervous system in volunteers
affected by stress.®® This might be an option in treating autonomic dysfunction in
sarcoidosis-associated SFN. It is, however, still hard to recommend any treatment,
because the evidence is not compelling and no guideline for the treatment of

sarcoidosis-associated SFN yet exists.

Practical implications and directions for future studies

As stated above, sarcoidosis is a heterogeneous disease with a variety of clinical
symptoms, organ-related as well as non-specific, non-organ-related. A complete
evaluation of sarcoidosis could make use of a panel with four disease domains or
dimensions: extent of disease, severity, activity, and impact."® Severity of sarcoidosis in
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each organ is defined as the degree of organ damage sustained from sarcoidosis. The
interpretation of the severity of sarcoidosis can be complicated by its heterogeneity. In
the case of neurosarcoidosis, the most important aspect is awareness of the presenting
symptoms and manifestations of neurosarcoidosis. This knowledge could enable earlier
recognition of these manifestations and earlier introduction of treatment. Treatment is
warranted for almost all patients with neurosarcoidosis.

The burden of non-specific, non-organ-related symptoms in sarcoidosis patients, but
also in their caregivers/partners, is high. In addition to organ-related complaints and
functional disorders, fatigue, pain, energy loss, and concentration and memory
problems affect whether or not someone is capable of performing work and to what
extent. A large percentage of sarcoidosis patients feel that their complaints were not
taken seriously when their claims for work capacity were evaluated.” A review by Barth
et al.** demonstrated considerable variation in judgements on work disability among
medical examiners, which probably has to do with the limited knowledge that clinicians
generally possess about sarcoidosis as a disease with extra-pulmonary involvement.

Since these problems are frequent and may have a major influence on patients’ daily
activities, their social and professional lives and their Qol, it is important to recognize
and quantify these problems in the evaluation of sarcoidosis patients.” There should
be a greater degree of understanding for this, and patients should feel that they are
being taken seriously and are a partner in the management of their disease.

The above non-specific symptoms, including pain, are even more prevalent in
neurosarcoidosis patients (see chapter 4). Pain, a complex phenomenon influenced by a
range of genetic, biological, psychological and social factors, is a major component of
SFN, and is the result of physiological interactions between central and peripheral
nervous system signaling. The many different aspects of pain mean that neurologists,
pulmonologists and other clinicians need to have enough expertise to diagnose the
type of pain correctly and treat it appropriately. For both clinicians and patients, it is a
complex disease, which should be treated by sarcoidosis specialists with experience in
all sarcoidosis symptoms. Moreover, absence of evidence does not mean evidence of
absence.

We recommend standardized assessment of non-specific symptoms (fatigue, SFN-
associated symptoms, cognitive failure, depressive symptoms and anxiety), with
validated instruments, in the work-up of sarcoidosis patients. This assessment is
important in the management of these patients in the outpatient clinic but also for the
evaluation of their capacity for work. Management of sarcoidosis requires a
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multidisciplinary personalized approach that focuses on somatic as well as psychosocial
aspects of the disease. When assessing individuals during an occupational disability
assessment, the nature and severity of the condition, and especially the consequences
for the specific patient, must be taken into account in the advice.

The rarity of sarcoidosis makes the care for these patients extra challenging, even more
so in ultra-rare manifestations such as neurosarcoidosis. Future studies are warranted
to enhance our understanding of the diversity of neurosarcoidosis, the determinants of
its morbidity, severity, and mortality, as well as optimal treatment regimens, in order to
determine the best treatment and to improve the quality of life of patients suffering
from this rare form of sarcoidosis.

Diagnostic work-up

As mentioned above, neurosarcoidosis is a serious manifestation of sarcoidosis with
generally a worse prognosis. Future research should focus on optimizing the diagnostic
work-up of neurosarcoidosis and on establishing whether biomarkers such as TNF-a
polymorphisms or other proteins (for example S100B, a calcium-binding protein) may
be valuable diagnostic tools. Future studies regarding non-specific symptoms are also
needed. Non-specific symptoms are difficult to objectify. Previously, the FAS and SFNSL
were developed and validated to objectify fatigue and SFN-associated symptoms,
respectively, in sarcoidosis. Several questionnaires also exist for cognitive failure,
depressive symptoms and anxiety, which need to be validated in sarcoidosis in future
studies.

A previous study by Hendriks et al. found a relation between fatigue and cognitive
failure.™ Since all of the non-specific symptoms seem to be interrelated, it is reasonable
to look for a common pathway and treat this accordingly, in order to treat all non-
specific symptomes.

Regarding SFN, research should focus on identifying and understanding the pathological
basis of SFN, which will facilitate further studies on diagnostic methods and novel
treatment approaches. Prospective research is warranted to improve the diagnostic
work-up (for example by establishing a control group for the corneal confocal
microscopy and formulating/validating diagnostic criteria), treatment, and outcome.
Furthermore, research is needed specifically with regard to autonomic dysfunction in
patients with SFN-associated symptoms.
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Treatment

Currently, no treatment exists for sarcoidosis. Each sarcoidosis patient is unique, and
what works for one person may not work for someone else. Therefore, future research
should focus on the most effective treatment for sarcoidosis and neurosarcoidosis,
considering various phenotypes and genotypes. Moreover, we should focus on
treatment modalities beyond prednisone (quick effect, fewer side-effects) as the first-
line treatment for sarcoidosis, since prednisone can cause many adverse side-effects
and imposes a great burden on patients. Multiple more recent agents are currently
being studied in Phase | and Il trials.

As regards fatigue, short-term benefits of physical therapy/training have been found in
previous studies. Long-term benefits of these interventions should be investigated in
larger randomized controlled studies.

Guidelines

As mentioned above, non-specific, non-organ-related symptoms in sarcoidosis are
disabling and difficult to objectify and treat. It is important to pay attention to these
symptoms in sarcoidosis patients as well, in addition to the organ-related symptoms,
and to also address this in national and international guidelines. To this end, more
knowledge should be acquired by various organizations, including the Dutch association
of physicians for pulmonary diseases and tuberculosis (NVALT) and the World
Association of Sarcoidosis and other Granulomatous Disorders (WASOG), but also
organizations such as the Dutch institute for employee insurance (UWV). Sarcoidosis is
an erratic disease that presents differently in each patient. When assessing individuals,
such as during an occupational disability assessment, the nature and severity of the
condition, and especially the consequences for that specific patient, must be taken into
account in the advisory report on work capacity.

The development of a disease-specific core set for sarcoidosis under the framework of
the International Classification of Functioning, Disability and Health (ICF),63 with input
from patients as well as physicians, rehabilitation specialists, specialist nurses, and so
on, could be a first step in examining and structuring the multi-faced functional impact
of sarcoidosis on employment. Further studies comparing the evaluation of disability as
graded by the medical staff and the patients themselves would be very interesting. Are
patients themselves capable of grading their own disability, and are the health care
workers able to grade disability without objective parameters? Are care providers
biased in making their final decision due to a lack of objective parameters? This is a very

challenging problem, and should be evaluated in future studies. We believe that the
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advantage would be that patients are involved in the management process, and their

own judgments can be incorporated in the decision making. Patients want nothing

more than to participate in social life again, but are highly frustrated that they simply

are temporarily unable to make the most of their lives.

Last but not least, we believe it is very important to incorporate the patients

themselves in developing new research questions and performing research, since, after

all, they are the ones for whom we are doing all the research.

Key issues

Neurosarcoidosis is a serious and highly heterogeneous manifestation of
sarcoidosis.

More than half of patients with neurosarcoidosis need second- (methotrexate,
azathioprine, mycophenolate mofetil) or third-line (TNF-a inhibition) treatment to
control the disease, the exception being patients with a facial nerve dysfunction.
Sarcoidosis patients suffer not only from organ-related symptoms, but also from a
wide spectrum of rather nonspecific disabling symptoms, which are common
(>75%), such as cognitive problems, fatigue, depressive symptoms, anxiety, and
SFN-associated symptoms

The SFNSL is a useful questionnaire to assess SFN-related symptoms, but is not
intended to diagnose SFN.

Cognitive problems are even more prevalent in neurosarcoidosis patients than in
the general sarcoidosis patient population (55% versus 33%).

Management of sarcoidosis requires a multidisciplinary personalized approach that
focuses on somatic as well as psychosocial aspects of the disease.

Patient care should not be limited to patients but also include their
caregivers/partners, since the latter also experience a reduced QoL.

Different clinical phenotypes of sarcoidosis exist; no two sarcoidosis patients are
the same. Therefore, it is hard to develop a general diagnostic or treatment
protocol for sarcoidosis patients.

Future research should focus on optimizing the diagnostic work-up in terms of
imaging and biomarkers, on furthering our understanding of all aspects of this
disease, and on developing new therapeutic strategies.
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Inleiding

Sarcoidose is een zeldzame (geschatte incidentie 10-20 per 100.000 personen/jaar)
inflammatoire multisysteem aandoening die gekenmerkt wordt door ontstekings-
activiteit met vorming van niet-necrotiserende granulomen (granulomateuze
ontsteking). Deze granulomen kunnen overal in het lichaam voorkomen, waarbij de
longen, lymfeklieren en ogen het meest betrokken zijn, en leiden tot functieverlies van
de desbetreffende organen. Mede gezien de zeldzaamheid wordt het niet altijd tijdig
herkend en blijft soms een zoektocht voor arts en patiént.

Als sarcoidose het zenuwstelsel aantast, te weten de hersenen, het ruggenmerg en/of
de dikke zenuwvezels, spreekt men van neurosarcoidose. Deze presentatie kan op
zichzelf staan of met een of meerdere lokalisaties elders in het lichaam gepaard gaan.
Neurosarcoidose is een complexe, ernstige en zeldzame manifestatie van sarcoidose.
Geschat wordt dat zo’n 5-10% van de sarcoidosepopulatie een manifestatie heeft in het
zenuwstelsel. De klinische uitingen zijn heterogeen, afhankelijk van de betrokken
lokalisatie van het zenuwstelsel. Doordat deze manifestaties zo zeldzaam zijn, zijn
onderzoeken naar neurosarcoidose schaars. Deze manifestaties kunnen echter wel
levensbedreigend zijn en leiden tot mortaliteit, maar vooral tot een hoge morbiditeit.
Daarom is het van groot belang inzicht te krijgen in de verschillende presentaties van
neurosarcoidose ondanks het feit dat het om zeldzame manifestaties van de ziekte
gaat. In dit proefschrift wordt het voorkomen van de verschillende manifestaties van
neurosarcoidose in een groot neurosarcoidose cohort in Nederland beschreven
(hoofdstuk 3). Rekening houden met het tegelijkertijd voorkomen van andere
sarcoidose manifestaties en de relatie met geslacht en ras zijn van belang om het
bewustzijn aangaande het voorkomen van de verschillende neurosarcoidose-
manifestaties te vergroten.

Sarcoidose kan leiden tot een heel scala aan orgaan-specifieke symptomen. Echter,
sarcoidosepatiénten ervaren veelal ook niet orgaan-specifieke symptomen, zoals pijn,
vermoeidheid, cognitieve problemen, depressieve en angstklachten, slaapstoornissen
en verminderde inspanningstolerantie. Het idee is dat dit niet zozeer wordt veroorzaakt
door de granulomateuze ontsteking in de betrokken organen, maar meer door de
vrijgekomen cytokines (algemenere ontstekingscellen) in de bloedbaan. Deze
symptomen zijn moeilijk te objectiveren maar leiden wel tot een forse afname van de
kwaliteit van leven in deze, toch vaak relatief jonge, patiéntenpopulatie (zie ook
hoofdstuk 9). Medicamenteuze behandeling heeft relatief weinig effect op het
verminderen van deze symptomen. In dit proefschrift hebben we de prevalentie van
deze symptomen bij sarcoidose patiénten binnen Europa in kaart gebracht
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(hoofdstuk 8) en specifiek bij neurosarcoidose patiénten gekeken naar cognitieve
problemen in vergelijking met algemene sarcoidose patiénten (hoofdstuk 4).

Het lastige is dat patiénten niet altijd serieus genomen worden als het gaat om moeilijk
te objectiveren niet-specifieke symptomen. Er zijn verschillende vragenlijsten
ontwikkeld om deze niet-specifieke symptomen te meten: de Fatigue Assessment Scale
(FAS) voor vermoeidheid, de Small Fiber Neuropathy Screening List (SFNSL) voor dunne
vezelneuropathie geassocieerde symptomen en de Cognitive Failure Questionnaire
(CFQ) voor cognitieve problemen (zie ook Appendix). Al deze symptomen blijken veel
voor te komen. Cognitieve problemen komen naar schatting voor bij 35%, dunne
vezelneuropathie (DVN) gerelateerde klachten bij 40-60% en moeheid bij 50-80% van
de algemene sarcoidosepopulatie. Specifiek binnen de neurosarcoidosepopulatie bleek
dit een nog groter probleem (zie hoofdstuk 4).

Er is aangetoond dat DVN veelvuldig voorkomt bij sarcoidosepatiénten. DVN kan leiden
tot sensorische pijnklachten en autonome dysfunctie. Dit laatste kan gepaard gaan met
klachten als hartkloppingen, duizeligheid, droge ogen of mond, urine-incontinentie,
maagdarm-problemen en seksuele dysfunctie. DVN is moeilijk te diagnosticeren. Er zijn
verschillende testen die allen geen 100% zekerheid geven of dit fenomeen aan- dan wel
afwezig is. Het diagnostisch traject is dan ook regelmatig moeizaam. Om een eerste
screening naar het mogelijk bestaan van DVN-gerelateerde symptomen in de praktijk
makkelijker te maken is de reeds genoemde SFNSL ontwikkeld. Om beter inzicht te
krijgen in het verloop in de tijd hebben we in dit proefschrift de ‘minimal important
difference’ van deze lijst beschreven, dat is de minimale verandering in de score van de
vragenlijst die voor de patiént klinisch relevant is (hoofdstuk 7). Dit kan in
vervolgstudies naar het effect van behandelingen op de symptomen van een patiént
gebruikt (gaan) worden.

Maatschappelijke relevantie

Sarcoidose is een ziekte die vooral voorkomt bij jongvolwassenen (tussen de
25-45 jaar), zowel bij mannen als vrouwen, en een hogere incidentie kent in Noord-
Europa en bij Afro-Amerikanen. Sarcoidosepatiénten staan bij diagnose over het
algemeen nog volop in het leven, waarbij ze vaak een combinatie van gezin en
werk/carriere  hebben. Orgaan-gerelateerde klachten alsmede niet-orgaan
gerelateerde, niet specifieke klachten van de sarcoidose kunnen derhalve grote
gevolgen hebben voor het dagelijks functioneren en het sociale leven.

Zoals eerder genoemd is neurosarcoidose een zeldzame en ernstige manifestatie van
sarcoidose. De meeste uitingen van neurosarcoidose zijn erg invaliderend en leiden
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regelmatig tot restschade, ondanks immunosuppressieve behandeling. Daarom is het
des te belangrijker om de bewustwording te vergroten bij behandelaren, zodat
neurosarcoidose tijdiger herkend en behandeld wordt om zo de restschade hopelijk te
kunnen beperken.

Moeheid, cognitieve problemen (geheugen- en concentratiestoornissen) en pijn
veroorzaken regelmatig beperkingen in het dagelijks functioneren vergeleken met
gezonde leeftijdsgenoten. Dit leidt bij neurosarcoidose tot nog meer problemen in hun
arbeids- en sociale leven dan bij sarcoidose in het algemeen. Dit veroorzaakt ook stress,
frustratie en afname van kwaliteit van leven. Aangezien de patiénten er meestal goed
uitzien, is de aandoening niet zichtbaar aan de buitenkant. Dit leidt vaak tot onbegrip,
‘je ziet er toch goed uit?’. Het is derhalve van groot belang dat ook de niet-orgaan
gerelateerde klachten herkend worden door de behandelend medisch specialisten en
paramedici zodat patiént gehoord wordt en er, indien mogelijk, met een adequaat
behandelplan gestart kan worden. De bestaande vragenlijsten voor niet-orgaan
gerelateerde klachten (o.a. FAS, SFNSL, CFQ) kunnen hieraan bijdragen. Hierbij is de
manier van beoordeling van de uitkomst van de vragenlijsten van belang, oftewel een
voor de patiént klinisch relevant verschil in de score op de vragenlijst in de loop van de
tijd. Voor de FAS was dit reeds bekend maar voor de SFNSL nog niet.

Onze onderzoeksresultaten hebben bijgedragen tot het vergroten van de kennis over
neurosarcoidose. Hopelijk hebben de resultaten een aanzet gegeven tot het vergroten
van de bewustwording over deze zeldzame manifestatie van sarcoidose, zowel bij
longartsen als neurologen. Daarnaast is het relevant dat we nu hebben aangetoond dat
de niet-orgaan gerelateerde, niet-specifieke klachten ook in andere landen in Europa in
vergelijkbare mate voorkomen.

Het gebruik van de SFNSL ter objectivering van DVN-gerelateerde klachten is eens te
meer gestimuleerd aangezien er nu ook bekend is wat een klinisch relevante
verandering voor de patiént is. Dit kan nu gebruikt gaan worden in zowel de klinische
praktijk alsmede in wetenschappelijk studies naar de behandeling van DVN om beter te
kunnen beoordelen of een behandeling effectief is voor de patiént (i.t.t. alleen
statistisch significant verschillen).

Doelgroepen

Al onze studies en studieresultaten zijn uitgevoerd met behulp van sarcoidosepatiénten
inclusief neurosarcoidose patiénten, onze doelgroep. Het betreft klinisch onderzoek
wat erop gericht is meer inzicht en begrip te creéren voor deze zeldzame ziekte. Het
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streven is zo verbetering in de zorgverlening en daarmee tot verbeteringen in het
welzijn van de patiénten te creéren. Sarcoidose is een multisysteem aandoening die,
afhankelijk van de aangedane organen, erg invaliderend kan zijn en afname van
kwaliteit van leven kan veroorzaken. Patiénten voelen zich vaak niet gehoord of serieus
genomen met name als het gaat om niet-orgaan gerelateerde symptomen. Deze
symptomen komen veelvuldig voor, zeker bij patiénten met neurosarcoidose. Het
streven is middels meer inzicht in het voorkomen van deze symptomen en kennis over
hoe deze symptomen te kunnen objectiveren meer begrip en inzicht te creéren bij
medisch specialisten.

De onderzoeksresultaten in dit proefschrift beogen medisch specialisten en andere
betrokken zorgverleners meer bewust te maken van het bestaan van niet-orgaan
gebonden klachten zoals cognitieve problemen, moeheid en DVN-gerelateerde
klachten, maar ook het voorkomen van verschillende neurosarcoidose manifestaties.
Daarnaast zal het de kennis over het bestaan en de bruikbaarheid van vragenlijsten om
te proberen de niet-specifieke symptomen te objectiveren kunnen verruimen.
Aangezien praktisch alle organen betrokken kunnen zijn bij het ziekteproces is een
multidisciplinaire benadering van sarcoidosepatiénten noodzakelijk. Dit maakt dat
verschillende medisch specialisten betrokken zijn en specifieke kennis over de vele
klachten en manifestaties die patiénten kunnen hebben vereist is. Daarnaast is het van
belang dat medisch specialisten op de hoogte zijn van risicofactoren op het ontwikkelen
van deze klachten. Dit onderzoek draagt daaraan bij.

ACTIVITEITEN EN PRODUCTEN

Kennisdeling

Het voordeel van klinisch onderzoek is dat relevante bevindingen van directe waarde
zijn voor de (neuro)sarcoidosepatiénten en hun behandelaren. Dit proefschrift bevat
dan ook uitsluitend klinisch (toegepast) wetenschappelijk onderzoek. We streven erna
om de onderzoeksresultaten zodanig te implementeren in de zorg dat de patiént zich
beter gehoord en begrepen voelt. Door het standaard toepassen van de in het
proefschrift genoemde vragenlijsten en de toegenomen bewustwording bij
behandelaren voor zeldzamere sarcoidose manifestaties (m.n. neurosarcoidose
manifestaties) en het voorkomen van de niet-specifieke symptomen, zal de zorg
verbeteren. Een voorwaarde voor het implementeren van de onderzoeksresultaten is
dat zowel behandelaren als sarcoidosepatiénten op de hoogte zijn van de nieuwste
ontwikkelingen en wetenschappelijke inzichten. Aangezien de begeleiding van
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sarcoidosepatiénten een multidisciplinair karakter heeft, is het de uitdaging om zoveel
mogelijk disciplines te bereiken.

De onderzoeken beschreven in dit proefschrift zijn gepubliceerd in internationale
tijdschriften, dit betreft zowel sarcoidose, long als neurologische tijdschriften. Tevens
hebben de onderzoeksresultaten geleid tot wetenschappelijke voordrachten op zowel
nationale (masterclass sarcoidose) als internationale (World Association of Sarcoidosis
and other Granulomatous Disorders [WASOG] en American Thoracic Society [ATS])
congressen. Tijdens patiéntenbijeenkomsten en refereerbijeenkomsten is getracht de
kennis uit dit proefschrift te delen met collega’s en patiénten. Mede hierdoor zijn de
resultaten beschikbaar gekomen voor behandelaren betrokken bij de zorg van
sarcoidosepatiénten.

Patient empowerment

De patiént anno nu, en zeker de sarcoidosepatiént, is over het algemeen een patiént
die actief betrokken wil zijn bij zijn/haar behandeling en op de hoogte wil blijven van de
nieuwste medische ontwikkelingen. Het actief participeren in het vervolgen van de
eigen ziektelast d.m.v. vragenlijsten is daar een voorbeeld van.

Een goed geinformeerde patiént is beter gemotiveerd om een eigen rol in te nemen
binnen zijn/haar eigen ziekteproces. Tijdens lezingen voor de leden van de Sarcoidose
Belangenvereniging Nederland (Sarcoidose.nl) hebben we middels informatie en
kennisoverdracht dit nagestreefd. Tijdens deze bijeenkomsten werd de diversiteit van
sarcoidose en de uiteenlopende symptomen en presentatie van klachten besproken. Na
afloop werden de patiénten en hun partners in de gelegenheid gesteld vragen te
stellen. Ook bleek uit ons onderzoek dat het betrekken van partners van belang is bij de
behandeling van sarcoidose patiénten.

Innovatie

Op het moment van starten van deze thesis was de kennis over manifestaties van
neurosarcoidose beperkt. Onderzoek beschreven in dit proefschrift maakt gebruik van
een groot nationaal Nederlands cohort van neurosarcoidosepatiénten wat geleid heeft
tot meer inzicht in deze ernstige, complexe en zeer zeldzame ziekte.

Daarnaast verschaffen de beschreven onderzoeken inzicht in de impact van niet-orgaan
gerelateerde symptomen die veelvuldig voorkomen bij sarcoidose. Niet alleen in
Nederland, maar nu ook in andere landen in Europa rapporteerden sarcoidose-
patiénten deze symptomen met een lagere kwaliteit van leven als gevolg. Verbetering
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van het inzicht hierin draagt bij tot meer bewustwording bij de behandelend medisch
specialisten maar ook bij bijvoorbeeld UWV- en ARBO-artsen die deze patiénten
begeleiden bij problemen rondom het werk. Patiénten voelen zich vaak niet gehoord en
niet begrepen. Hopelijk leiden onze studies tot meer begrip bij medisch specialisten en
andere zorgverleners en een betere zorg voor deze patiéntenpopulatie.

De gebruikte vragenlijsten zijn makkelijk te implementeren in de dagelijkse zorg van
deze patiénten. Het gebruik hiervan zal tevens leiden tot meer inzicht en betere zorg op
maat. Dé sarcoidosepatiént bestaat niet, iedereen is uniek en behoeft een
behandelplan afgestemd op de persoonlijke omstandigheden. Aangezien veel niet-
specifieke symptomen niet responderen op de gebruikelijke behandeling is het des te
belangrijker dat patiénten zich gehoord en begrepen voelen.

Toekomstvisie

Vanwege de zeldzaamheid is de zorg voor patiénten met sarcoidose extra uitdagend.
Zowel patiénten, artsen als onderzoekers lopen tegen knelpunten aan zoals het
moeizaam stellen van een diagnose, het vinden van zorgverleners met voldoende
kennis en kunde en problemen met beschikbaarheid of vergoeding van eventuele
medicamenteuze therapie. Door professionalisering van de patiéntenvereniging, het
centraliseren van zorg in expertise- en behandelcentra, het zichtbaar en bereikbaar
maken van optimale zorg en kennis voor alle patiénten en zorgverleners in Nederland,
en uiteraard internationale samenwerking zal in de toekomst de zorg voor patiénten
met sarcoidose verder kunnen verbeteren.

Ook is het van belang om materiaal van sarcoidosepatiénten te verzamelen in een
biobank om zo onderzoek in grotere populatie met een zeldzame ziekte naar de
genetische achtergrond van sarcoidose mogelijk te maken.

Voor onderzoekers is het bestuderen van sarcoidose ook een extra uitdaging. Om
bepaalde eigenschappen of kenmerken van patiénten met sarcoidose goed in kaart te
brengen zijn over het algemeen grote groepen patiénten nodig. Bij studies naar
zeldzame manifestaties van sarcoidose, zoals neurosarcoidose, wordt er bij voorkeur
samengewerkt met meerdere ziekenhuizen, waarvoor een laagdrempelige uitwisseling
van medische gegevens een voorwaarde is en uitgebreidere logistiek noodzakelijk. Ook
het ontwikkelen van nieuwe medicijnen voor kleine patiéntengroepen is moeilijk. Het is
voor grote farmaceutische bedrijven namelijk aantrekkelijker om medicijnen te
ontwikkelen voor ziekten die veel vaker voorkomen.

188



Valorisatie

De uitkomsten van de onderzoeken beschreven in dit proefschrift hebben geleid tot
meer kennis over de problemen bij (neuro)sarcoidosepatiénten. Het is belangrijk dat
zorgverleners kennisnemen van de resultaten en beseffen dat lang niet altijd de
problemen van chronische zieke patiénten, zoals sarcoidosepatiénten, vast te leggen
zijn met objectieve medische testen. Dit is van belang voor de zorgverleners die
sarcoidosepatiénten begeleiden, maar vooral ook ARBO- en keuringsartsen die de
belastbaarheid moeten vaststellen om te beoordelen of een patiént instaat is om
werkzaamheden uit te voeren of in mindere mate of niet. Hier geldt bij uitstek dat het
ontbreken van bijvoorbeeld afwijkende longfunctiewaarden niet betekent dat er ‘dus
niets aan de hand is’.

Het is noodzakelijk dat er aandacht geschonken wordt aan de niet-specifieke, niet-
orgaan gerelateerde symptomen bij sarcoidose en dat hier ook aandacht voor is in de
nationale en internationale richtlijnen. Hiervoor dienen onze aanbevelingen gesteund
te worden door diverse organisaties, onder andere de Nederlandse Vereniging van
Artsen voor Longziekten en Tuberculose (NVALT) en de World Association of
Sarcoidosis and other Granulomatous Disorders (WASOG), maar ook organisaties als
het UWV. Inmiddels heeft een vervolgonderzoek plaatsgevonden waarin de
problematiek die sarcoidose-patiénten zelf ervaren met keuringsinstanties in kaart is
gebracht met als doel beter begrip te creéren voor deze moeilijke problematiek.
Sarcoidose is een grillige ziekte die zich bij ieder mens anders presenteert. Bij de
beoordeling van individuen, zoals tijdens een arbeidsongeschiktheidskeuring, dient de
aard en ernst van de aandoening, en vooral de gevolgen daarvan voor die specifieke
patiént meegewogen te worden in het advies. Naast ziekte gerelateerde klachten en
functionele stoornissen beinvioeden vermoeidheid, concentratievermogen, geheugen,
conditie- en energieverlies of iemand al dan niet in staat is tot het verrichten van arbeid
en in welke mate. ledere patiént is uniek en behoeft een eigen benadering. Dit geldt
overigens voor iedereen met een chronische aandoening, zeker niet alleen voor
sarcoidosepatiénten. Helaas moeten we constateren dat uitermate reéle klachten van
de patiént vaak vage klachten zijn voor de zorgverleners. Hier dient meer begrip voor te
komen en de patiént dient het gevoel te hebben serieus te worden genomen en een
partner in het management van de ziekte te zijn.

Dé behandeling van sarcoidose bestaat vooralsnog niet. Zoals reeds meerdere keren
aangegeven is iedereen uniek en wat bij de een werkt, werkt bij de ander soms niet.
Toekomstig onderzoek dient zich te richten op verdere studies naar de meest effectieve
behandeling van (neuro)sarcoidose, waarin een onderscheid in de verschillende
manifestaties gemaakt dient te worden alsmede onderzoek naar behandeling van de
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niet-orgaan gerelateerde symptomen (moeheid, cognitieve problemen en DVN-
gerelateerde klachten).

Voor de verdere implementatie van de uitkomsten van de studies in dit proefschrift in
de dagelijkse begeleiding van deze patiénten is het van belang de toenemende ICT-
mogelijkheden optimaal te benutten. Het zou geintegreerd kunnen worden in de
elektronische patiéntendossiers (EPD’s) van de ziekenhuizen en wellicht kan er een app
ontwikkeld worden, zodat patiénten op hun smartphone vragenlijsten kunnen invullen
en scores kunnen vervolgen. Door toegang tot alle persoonlijke medische gegevens
kunnen patiénten nog meer betrokken worden bij de regie van hun eigen
ziektemanagement.
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Inleiding

Sarcoidose is een inflammatoire multisysteem aandoening, gekenmerkt door de
vorming van niet-necrotiserende granulomen in verschillende organen.l'z. leder orgaan
kan bij het ziekteproces betrokken zijn, waarvan de lymfeklieren en longen het vaakst
zijn aangedaan. Betrokkenheid van het zenuwstelsel, oftewel neurosarcoidose, wordt
gezien in ongeveer 5% van de patiénten.a'5 In autopsie studies wordt een prevalentie
tot 25-50% beschreven.®’ De oorzaak van de ziekte is tot op heden nog steeds niet
geheel opgehelderd, maar lijkt een combinatie te zijn van een genetische predispositie
leidend tot een uit de hand gelopen immuunrespons als reactie op omgevingsfactoren
(infectieuze  triggers, metaaldeeltjes, silica, of bestrijdingsmiddelen) of
lichaamsvreemde stoffen (zoals inkt in tatoeages, en siliconen bevattende protheses).
Sarcoidose komt overal ter wereld voor, zowel bij mannen als vrouwen als in alle
rassen, met een predispositie voor relatief jongere mensen (24-45 jaar)." De
epidemiologie van sarcoidose wordt wel beinvloed door ras en geslacht. De incidentie
van sarcoidose is hoger bij negroide mensen, in vergelijking met blanken. Bovendien
presenteren zij zich vaker met ernstigere orgaanbetrokkenheid leidend tot een hogere
mortaliteit en slechtere prognose.g'10 De prevalentie van de verschillende
sarcoidosemanifestaties verschilt per ras en geslacht. Oculaire, hepatogene en
beenmergbetrokkenheid alsmede ernstigere pulmonale sarcoidose komen vaker voor
bij negroide dan blanke sarcoidosepatiénten, terwijl hypercalciémie meer voorkomt bij
blanken.? Hypercalciémie, pulmonale en cardiale sarcoidose komen meer voor bij
mannen en erythema nodosum, oculaire en hepatogene sarcoidose meer bij
vrouwen.>™

De klinische presentatie, het natuurlijk beloop en de prognose zijn erg variabel en
onvoorspelbaar.” Afhankelijk van de aangedane orgaansystemen en de ernst van
granulomateuze inflammatie kunnen sarcoidosepatiénten zich met verschillende
symptomen presenteren. Naast orgaan-specifieke symptomen hebben sarcoidose-
patiénten frequent last van invaliderende niet-specifieke, niet orgaan-gerelateerde
symptomen,lz'14 zoals vermoeidheid, depressieve symptomen, pijn, angst en cognitieve
problemen (geheugen- en concentratiestoornissen) leidend tot afname van kwaliteit

van leven (KvL)."***

Dit proefschrift is opgedeeld in twee delen:

De studies die in het eerste deel van dit proefschrift beschreven worden hebben als
doel de prevalentie van de verschillende neurosarcoidose manifestaties te beschrijven
en de invloed van geslacht en ras hierop. Daarnaast was het doel om het cognitief
functioneren in deze patiéntenpopulatie in kaart te brengen.
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De studies die in het tweede deel beschreven worden hebben als doel om de niet
orgaan-gerelateerde, niet-specifieke symptomen verder in kaart te brengen (dunne
vezelneuropathie geassocieerde symptomen, moeheid, cognitief falen, depressieve
symptomen, angst) en de invioed op de kwaliteit van leven van zowel
sarcoidosepatiénten als hun partners.

Overzicht bevindingen

Hoofdstuk 1 geeft een algemene inleiding en overzicht van de epidemiologie en
pathogenese van sarcoidose en de klinische presentatie van neurosarcoidose en de
niet-specifieke klachten bij sarcoidose. Daarnaast wordt er een samenvatting gegeven
van de behandelopties van neurosarcoidose en van de niet-specifieke symptomen
vermoeidheid en dunne vezelneuropathie geassocieerde symptomen.

Hoofdstuk 2 bevat een overzicht van de huidige literatuur met betrekking tot
neurosarcoidose. De klinische presentatie is heterogeen, de meeste patiénten
presenteren zich met hersenzenuwuitval, hoofdpijn of sensorische uitval. De diagnose
neurosarcoidose wordt gesteld o.b.v. classificatie criteria. In deze criteria is
histopathologisch bewijs van niet-necrotiserende granulomen buiten het zenuwstelsel
van cruciaal belang. Radiologische afwijkingen bij neuro-imaging zijn aspecifiek. Er zijn
helaas geen biomarkers beschikbaar die specifiek genoeg zijn om sarcoidose vast te
stellen. Ondanks het starten van immunosuppressieve behandeling blijft nog steeds
één derde van de neurosarcoidose patiénten stabiel of vertonen progressie van de
ziekte. Het diagnosticeren en behandelen van neurosarcoidose patiénten blijft een
uitdaging. Lange termijn studies zijn noodzakelijk om de sensitiviteit en specificiteit van
de verschillende diagnostische onderzoeken alsmede de diagnostische criteria te
evalueren. Daarnaast is het noodzakelijk om studies te verrichten om de prognose en
de optimale behandelstrategie te bepalen.

Hoofstuk 3 geeft de resultaten weer van het onderzoek naar neurosarcoidose
manifestaties met de invloed van ras en geslacht en de behandelstrategieén in een
Nederlandse neurosarcoidose populatie. In een multicenter observationele studie
werden 194 neurosarcoidose patiénten geincludeerd van twee tertiaire verwijscentra,
het ILD Expertisecentrum in het St. Antonius Ziekenhuis Nieuwegein en Amsterdam
Universitair Medisch Centrum in Nederland alsmede deelnemers aan het
Neurosarcoidose register in Nederland. De meest voorkomende neurosarcoidose
manifestaties zijn chronische meningitis (41%), hersenzenuw dysfunctie (39%),
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myelopathie (28%) en intracerebrale pathologie (26%). Leeftijd, geslacht en ras hadden
geen invloed op de verschillende neurosarcoidose manifestaties behalve perifere
neuropathie. Deze komt meer voor bij mannen dan bij vrouwen (21% versus 10%). De
meeste neurosarcoidose patiénten werden behandeld met prednison (89%),
methotrexaat (46%) of infliximab (21%). Totaal kregen 102 patiénten (53%) 2° of 3°
lijnsbehandeling. Meer dan de helft van de patiénten werden met meerdere
immunosuppressiva tegelijkertijd behandeld.

Hoofdstuk 4 beschrijft de resultaten van de studie naar cognitief falen van
neurosarcoidose patiénten, waarbij een vergelijking gemaakt wordt met een algemene
sarcoidose populatie. Cognitief falen is geassocieerd met geheugen- en
concentratieproblemen. Om cognitief falen in de kaart te brengen hebben we gebruik
gemaakt van de Cognitive Failure Questionnaire (CFQ). Een cross-sectioneel
webgebaseerd onderzoek werd verricht onder 131 Nederlandse neurosarcoidose
patiénten. De gemiddelde CFQ-score was significant hoger in de neurosarcoidose
populatie (45.6+20.7) dan in de algemene sarcoidose populatie (36.2+15.9; p<0.0001).
Hoge CFQ-scores (243) werden gevonden bij 55.7% van de neurosarcoidosepatiénten
t.0.v. 33.9% van de algemene sarcoidose populatie (p<0.0001). De Fatigue Assessment
Scale (FAS) score (OR 21.4) en de Small Fiber Neuropathy Screenings List (SFNSL) score
(OR 4.3) zijn de sterkste positieve voorspellers voor een hoge CFQ-score. Cognitief falen
is een significant probleem bij neurosarcoidose patiénten.

Hoofdstuk 5 geeft een overzicht van de huidige literatuur met betrekking tot de
diagnostiek en behandeling van neurosarcoidose, inclusief dunne vezelneuropathie
(DVN). De klinische manifestatie en het beloop van neurosarcoidose zijn variabel.
Hoewel neurosarcoidose optreedt bij ongeveer 10% van de sarcoidose patiénten, kan
dit leiden tot aanzienlijke morbiditeit en zelfs soms mortaliteit. Recente richtlijnen
hebben de criteria voor de diagnose neurosarcoidose verder verduidelijkt. Er zijn echter
nog geen duidelijke richtlijnen over bij wie, wanneer en hoe behandeling te starten. Het
starten van behandeling hangt af van de presentatie, uitgebreidheid en ernst van de
neurosarcoidose. Qua evidence-based behandeling zijn er slechts enkele
gerandomiseerde, gecontroleerde studies verricht. Vandaar dat er, in de huidige
literatuur, aspecten ten aanzien van de behandeling van (neuro)sarcoidose nog niet
duidelijk uitgezocht zijn. Een multidisciplinaire benadering in de behandeling van
sarcoidose wordt sterk aanbevolen.

Hoofdstuk 6 geeft een overzicht van de huidige literatuur over DVN. DVN veroorzaakt
een hoge morbiditeit vanwege invaliderende symptomen die de KvL beinvioeden.
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Patiénten kunnen baat hebben bij het diagnosticeren van DVN, zelfs als er geen
specifieke oorzaak gevonden kan worden en er nog geen specifieke behandeling
beschikbaar is. Er zijn diagnostische criteria voorgesteld, echter is er geen gouden
standaard en elke diagnostische test heeft zijn beperkingen. De diagnose DVN vereist
een combinatie van typische symptomen, abnormale bevindingen bij de neurologische
test(en) en de afwezigheid van dikke vezel betrokkenheid. Clinici dienen op de hoogte
te zijn van overlappende symptomen zijn tussen DVN en fibromyalgie. Behandeling van
DVN is vaak lastig, zelfs wanneer de onderliggende oorzaak geidentificeerd is en deze
adequaat behandeld wordt. Helaas is vaak alleen symptomatische behandeling
mogelijk middels neuropathische pijnstilling. Bewustzijn van DVN en de hieraan
gerelateerde symptomen is van groot belang. Richtlijnen voor de juiste diagnostische
work-up met behulp van een stapsgewijze benadering met een combinatie van
diagnostische testen zijn noodzakelijk.

Hoofdstuk 7 geeft de resultaten weer van het onderzoek naar de minimal important
difference (MID) van de SFNSL. De MID is de kleinste verandering in een score op een
vragenlijst die klinisch relevant is voor de patiént. Eerdere studies hebben aangetoond
dat 40-60% van de patiénten met sarcoidose aan DVN geassocieerde symptomen lijdt,
wat de KvL aanzienlijk beinvloedt. Het nut van een vragenlijst in de klinische praktijk en
wetenschappelijk onderzoek is mede afhankelijk van de interpreteerbaarheid. Ter
bepaling van deze interpreteerbaarheid is het noodzakelijk om de smallest detectable
change (SDC) en de minimal important difference (MID) te weten. Patiénten met
neurosarcoidose en/of sarcoidose geassocieerde DVN-symptomen (n=138) die
aangemeld waren in het online Nederlandse neurosarcoidose register hebben
geparticipeerd in een prospectieve, longitudinale studie. De SFNSL werd zowel aan het
begin als na 6 maanden follow-up door 89 van de 138 patiénten voltooid. De MID van
de SFNSL is 3.5 punt voor een klinisch relevante verandering in 6 maanden tijd. De MID
kan gebruikt worden in de follow-up en behandeling van DVN-geassocieerde
symptomen bij patiénten met sarcoidose, hoewel met enige voorzichtigheid, aangezien
de SDC hoger bleek dan de MID.

Hoofdstuk 8 beschrijft de de ziektelast vanuit Europees patiénten perspectief die
veroorzaakt wordt door sarcoidose-geassocieerde symptomen. De klinische
manifestaties van sarcoidose variéren sterk, afhankelijk van de intensiteit van de
inflammatie en aangedane organen. Een cross-sectioneel, webgebaseerd onderzoek
naar klachten (zowel orgaan-gerelateerd en niet-specifiek, niet-orgaangerelateerd)
werd uitgevoerd onder sarcoidose patiénten in Denemarken, Duitsland en Nederland.
De survey werd ingevuld door 1072 sarcoidose patiénten (152 Denen, 532 Duitsers en
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388 Nederlanders). Bijna alle patiénten rapporteerden sarcoidose-geassocieerde
klachten (zowel orgaan-gerelateerd en niet-specifiek, niet-orgaan-gerelateerd).
Moeheid wordt gemeld door vrijwel alle patiénten (90%), gevolgd door DVN-
geassocieerde (86%) en pulmonale symptomen (72.4%). Meer dan 50% van de
patiénten werd behandeld met prednison, wat vergelijkbaar was in alle drie de landen.
De 2° en 3° lijns behandeling verschilt daarentegen significant tussen Denemarken,
Duitsland en Nederland. Sarcoidose patiénten in Denemarken, Duitsland en Nederland
presenteren zich met vergelijkbare orgaan-gerelateerde en niet-specifieke, niet-orgaan
gerelateerde klachten.

Hoofdstuk 9 beschrijft een onderzoek naar de KvL bij zowel sarcoidose patiénten als
hun partners. De gevolgen van sarcoidose zijn uitgebreid en de symptoombelasting
heeft grote invlioed op de KvL van patiénten. De KvL van paren die leven met sarcoidose
is echter nog niet onderzocht. Sarcoidose patiénten, bekend in het Maastrichts
Universitair Medisch Centrum (n=443) en hun partners (n=208) werden geincludeerd in
de studie. Zij hebben meerdere vragenlijsten ingevuld, waaronder de World Health
Organization Quality of Life — BREF (WHOQOL-BREF), FAS, SFNSL en CFQ. De KvL van de
partners en van sarcoidose patiénten was verminderd in vergelijking met de gezonde
controles (partners in mindere mate dan patiénten), vooral met betrekking tot het
domein lichamelijke gezondheid. Alle bestudeerde niet-specifieke symptomen, evenals
sociale steun, voorspelde één of meer KvL domeinen van de sarcoidose patiénten, maar
deze factoren voorspelden de KvL van de partners niet. Bij de behandeling van
sarcoidose is het belangrijk om niet alleen de patiénten centraal centraal te stellen,
maar ook hun partners daarbij te betrekken.

Hoofdstuk 10 bevat de Engelstalige samenvatting met daarin de belangrijkste
bevindingen van de onderzoeken beschreven in dit proefschrift, een algemene discussie
en de hieruit voortkomende mogelijkheden voor toekomstig onderzoek. Dit proefschrift
beschrijft de prevalentie en de ziektelast van neurosarcoidose en de niet-specifieke
symptomen, waaronder DVN. Ondanks dat de ziektelast hoog blijkt te zijn onder
sarcoidose patiénten, met name veroorzaakt door niet-specifieke symptomen, zoals
DVN geassocieerde symptomen, moeheid, en cognitieve problemen, bestaan tot op
heden geen richtlijnen voor de wijze van het in kaart brengen van deze beperkingen bij
sarcoidose. Ook de behandeling van zowel neurosarcoidose als DVN zijn lastig mede
door het ontbreken van goede richtlijnen. In dit proefschrift is getracht een begin te
maken met de ontwikkeling van een richtlijn voor de diagnostiek en behandeling van
neurosarcoidose. Door middel van de bepaling van de minimaal relevante verandering
(MID, minimal important difference) op de DVN-vragenlijst heeft dit proefschrift
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bijgedragen aan de interpreteerbaarheid van het effect van behandeling op de klachten
van de patiénten.

Voor patiénten is het cruciaal dat de voor de dokter vaak vage klachten serieus worden
genomen aangezien deze een enorme invioed op de KvL hebben. Toekomstig
wetenschappelijk is onderzoek noodzakelijik om te bepalen welke diagnostische
modaliteiten en behandeling het meest optimaal is voor de verschillende
neurosarcoidose manifestaties. Daarnaast dient een adequaat diagnostisch stappen-
plan te worden ontwikkeld voor de diagnostiek van DVN, alsmede adequate
behandelingsopties. Ook al heeft sarcoidose en dunne vezelneuropathie een enorme
impact, zijn er helaas tot op heden geen goede behandelopties voorhanden. Ter
bevordering van uitbreiding van de behandelopties is internationale samenwerking,
inclusief samenwerking met patiéntenorganisaties van groot belang. Altijd dient hierbij
het belang en daarmee verbetering van de KvL en verminderen van de ziektelast van de
patiént voorop te staan.
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Dankwoord

Wat heerlijk om na jaren van hard werken nu mijn dankwoord te mogen schrijven. Het
is een mooi avontuur geworden dankzij onderstaande mensen die ik graag zou willen
bedanken.

Als eerste natuurlijk prof. dr. Drent. Beste Marjolein. Wat een fantastisch persoon ben
jij. Van die eerste meeting op Utrecht Centraal bij de Starbucks in 2016 over een nieuw
onderzoeksproject tot nu mijn promotor. Zonder jou was dit nooit gelukt, zeker niet
binnen dit tijdsbestek. Als ik jou een nieuwe draft van een manuscript stuurde (en
dacht even rust te hebben), kreeg ik het vaak dezelfde dan wel de volgende dag weer
retour met opmerkingen/aanpassingen. lk heb je leren kennen als een echte
‘duizendpoot’, wat jij naast de kliniek en onderzoek allemaal nog als neventaken doet,
wow. Jij hebt het vermogen om onderzoek echt naar de patiént te brengen. ‘Wat is nou
voor de patiént echt relevant?’ zeg je vaak. De bevlogenheid die jij nog steeds hebt
voor je vak, de patiénten en het onderzoek vind ik bewonderingswaardig. Zelfs toen je
door ziekte thuis kwam te zitten was je er altijd voor me. Dank voor alles. Op naar een
mooie toekomst samen binnen de sarcoidose wereld en daarbuiten.

Beste prof. dr. De Vries, beste Jolanda. Ondanks dat je zelf heel druk bent, kon ik bij je
terecht met mijn (statistische) vragen en was je altijd snel in beantwoorden van mijn
mails (meestal na een reminder per app ©) met een duidelijke uitleg zodat ik snel
verder kon. Je vermogen om een artikel beter neer te zetten qua bewoordingen en het
zo aan te passen dat de boodschap duidelijker wordt waardeer ik zeer. Dank dat je mijn
2° promotor wil zijn.

Geachte leden van de beoordelingscommissie: prof. dr. F.W.J.M. Smeenk, prof. dr.
R.W.H.M. Ponds, prof. dr. A. Bast, prof. dr. J.C. Grutters, prof. dr. A. Dahan. Hartelijk
dank voor het lezen en beoordelen van het manuscript.

Beste prof. dr. Grutters, beste Jan. Ik herinner me nog goed ons eerste gesprek in een
weekenddienst tijdens mijn opleiding tot longarts in 2014 over mijn interesse in de
interstitiéle longziekten (ILD). Het ging over mijn wens om klinisch onderzoek binnen dit
vakgebied te gaan doen en mijn doel om de ILD samen met jou verder uit te bouwen in
het UMC Utrecht. En kijk waar we nu zijn. Jij blijft me altijd verbazen met je tomeloze
energie, je vermogen om nieuwe onderzoeksvragen te bedenken en je uitgebreide
kennis, zowel klinisch als basaal. Ik ben blij dat je mij de kans hebt gegeven om
onderzoek te gaan doen inclusief een fellowship in het UMC Utrecht en het ILD
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Expertisecentrum in het St. Antonius Ziekenhuis Nieuwegein. Het is een plezier en
ontzettend leerzaam om nauw met je te mogen samenwerken en jou als mijn
‘vraagbaak’ te hebben. Hopelijk zullen we nog vele mooie dingen samen gaan
neerzetten. Op naar een vruchtbare verdere samenwerking.

Beste prof. dr. Heijerman, beste Harry. Jij kwam voor mij precies op het juiste moment
op de juiste plek, want mijn contract zou aflopen op de dag dat jij begon als hoofd van
de Afdeling Longziekten in het UMC Utrecht. Gelukkig kon je alvast even een tijdelijke
verlenging regelen op dat moment. Mede dankzij jou heb ik mijn droombaan kunnen
bemachtigen. Dank voor je vertrouwen in mij als persoon, als onderzoeker en als arts.

Beste Marjon, vaak sta je in de schaduw van Marjolein, maar ik ben er allang achter dat
jij de spin in het web bent voor haar. Dank voor het maken van de online surveys, je
hulp bij het omzetten van de data en het corrigeren van mijn artikelen. Dat heeft mij
veel werk gescheeld. Daarnaast zou de neurosarcoidose patiénten dag ook nooit van de
grond gekomen zijn zonder jouw hulp. Dus dank voor alles.

Beste dr. Vogels, beste Oscar. Als expert op het gebied van de neurosarcoidose binnen
het ILD Expertisecentrum in het St. Antonius Ziekenhuis heb je mij geholpen met het
neurosarcoidose onderzoek en het prepareren van het manuscript. Veel dank daarvoor.

Beste Daan Fritz, Dr. Matthijs Brouwer en Prof. dr. Diederik van de Beek, dank voor de
vruchtbare samenwerking op het gebied van neurosarcoidose. Het was mooi de door
jullie verzamelde patiénten te kunnen koppelen aan onze eigen database. Hierdoor
werd het aantal neurosarcoidosepatiénten verdubbeld. Samen staan we sterker!

Beste Paul, dank voor jouw hulp bij de statistiek in ons kwaliteit van leven onderzoek.
Jouw heldere uitleg en snelle respons op mijn geschreven stukken waren super.

Beste Emmylou, dank voor het verrichten van de lastige statische analyse van het
onderzoek naar de klinische relevante verandering in de small fiber neuropathy
screening list (SFNSL). Het was niet makkelijk, maar gelukkig hebben we het gered ©.

Dr. Elske Hoitsma, jou wil ik bedanken voor het feit dat jij dunne vezelneuropathie
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enorme impact gehad in de sarcoidosewereld. Deze erkenning is enorm belangrijk voor
de patiénten die het betreft. Ook de SFNSL werd door jou ontwikkeld en wordt
inmiddels wereldwijd gebruikt als screening voor SFN-gerelateerde klachten. De aanzet

210



Dankwoord

die jij hebt gegeven heb ik verder kunnen uitwerken. Ook heb je samen met Esther van
Noort en Prof. dr. Marjolein Drent het Neurosarcoidoseregister opgezet. De gegevens
hieruit zijn verwerkt in mijn proefschrift. Zonder jullie initiatief had dat niet gekund.
Hartelijk dank daarvoor!

Beste Celine, jou wil ik bedanken voor het verwerken van de survey over
orgaangerelateerde en niet-orgaangerelateerde, niet-specifieke klachten bij
sarcoidosepatiénten in Nederland, Duitsland en Denemarken. Dit heeft inzicht
verschaft in de impactverschillen en overeenkomsten van sarcoidosepatiénten in deze
Europese landen.

| would like to thank all my international co-authors for their feedback and support in
the preparation of some manuscripts. So thank you Prof. Bob Baughman, Prof. Ulrich
Costabel, Dr. Francesco Bonella and Dr. Janne Mgller.

Beste Petal, jij bent er altijd als ik je nodig heb. Ondanks dat we elkaar nooit in real life
gezien hebben, is het altijd leuk je aan de telefoon te hebben. Hoe makkelijk jij je
maneuvreert in Endnote en SPSS is bewonderingswaardig. Je hebt me meerdere malen
op weg geholpen met onder andere een Endnote spoedcursus (en volgens mij ben ik
niet de enige). Dus dank daarvoor, dat heeft het schrijven van de artikelen een stuk
makkelijker gemaakt. Daarnaast ben je ook een geweldige fotografe, dank voor je
mooie foto op de cover van dit boekje.

Jan Klerkx, veel dank voor het beoordelen en corrigeren van de Engelse tekst van vele
hoofdstukken in dit proefschrift. Je correcties waren altijd ‘spot-on’ en supersnel, dus
dank.

Tiny Wouters, bedankt voor al je hulp bij het opmaken van dit proefschrift. Je snelheid
van (weer) een nieuwe PDF na aanpassingen van mijn kant is super.

Collegae longartsen en verpleegkundig specialisten: dank voor jullie steun voor dit
promotietraject. Ben blij met zulke fijne, betrokken collegae.

Ook wil ik de sarcoidosepatiéntenvereniging Sarcoidose.nl en alle participerende
sarcoidosepatiénten bedanken uit binnen- en buitenland voor hun deelname aan de
verschillende studies. Daarnaast wil ik de sarcoidosepatiéntenvereniging Sarcoidose.nl
ook bedanken voor het toekennen van de Bouwhuisprijs voor mijn onderzoek. Zonder
jullie was al dit onderzoek niet mogelijk geweest.
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In het bijzonder wil ik ZonMw bedanken voor het toekennen van een onderzoeksgrant
om dit onderzoek mogelijk te maken. Dit heeft mede bijgedragen tot het verschaffen
van meer inzicht in allerlei facetten van neurosarcoidose en dunne vezelneuropathie bij
sarcoidosepatiénten.

Dank ook aan de ild care foundation voor het ondersteunen en mogelijk maken van de
onderzoeken in dit proefschrift en het financieel bijdragen aan het promotieboekje.
Daarnaast zou ik graag ook de overige sponsoren willen bedanken voor hun financiéle
bijdrage voor promotieboekje.

En dan mijn paranimfen.

Lieve Anne, ik heb je leren kennen tijdens onze vooropleiding interne (2009) in het
Diakonessenhuis Utrecht en ons pad lijkt veel op elkaar. Tijdens onze opleiding tot
longarts was jij twee jaar verder dan ik en ik heb je altijd als mijn voorbeeld gezien als
dokter en mens. Zo betrokken, veel kennis, en ambitieus. We zijn goede vriendinnen
geworden, samen ons zwangerschapsverlof, gezellige etentjes, altijd sta je voor mij
klaar. Jij weet me altijd moed in te praten als het even tegenzit en nu ben je mijn
paranimf. Dankbaar dat je me vandaag bijstaat en leuk om dit moment samen te delen!

Lieve Janneke, vanaf dag één op de longafdeling (2008) hadden we al een klik en dat is
uitgegroeid tot een hechte vriendschap. Ik vind jou een prachtmens, jij straalt zoveel
positiviteit en vrolijkheid uit. Daarnaast vind ik het superknap hoe jij je opgewerkt hebt
tot verpleegkundig specialist longoncologie, en niet zomaar één. Menig dokter kan nog
veel van je bevlogenheid voor je vak en patiénten, je kennis en empathie leren. Ik ben
blij en trots dat je vandaag naast me staat. Heel leuk om dit samen te kunnen doen.

Karin & Taco, Vivienne, Anne & Frank, Janneke, Inez, Maarten & Marloes, Chris &
Aurore, Nicoline & Ivo, Ruud & Daphne, Michiel & Jacqueline, Bas & Trine, Jo &
Anneleen. Lieve vrienden, altijd gezelligheid met heerlijke diners en borrels in binnen-
en buitenland. Fijn om even geheel uit de werk-/onderzoeksmodus te kunnen komen
en over andere dingen te kunnen praten en nadenken. lk ben dankbaar voor zulke
lieve/leuke vrienden.

En dan mijn familie.

Lieve Paul en mama, dankzij jullie opvoeding sta ik hier vandaag. Jullie leerde me dat
goed je best doen belangrijk is en dat je het niet voor niks krijgt. Door die instelling sta
ik hier nu. Dank dat jullie altijd voor mij en mijn gezin klaarstaan. Heerlijke weekenden
ontspannen en ontstressen in Ambt Delden op de boerderij of even voor onze kinderen
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zorgen zodat ik tijd had voor mijn onderzoek of dat Mark en ik even tijd hadden om
samen te ontspannen. Dank jullie wel voor alles.

Lieve papa en Wilma, tja de (overdreven) werklust heb ik zeker van jou geérfd pap ©.
Dank ook aan jullie voor een luisterend oor en oppasdagen/weekenden daar in het
Hoge Noorden. Ondanks dat we elkaar minder zien vanwege de afstand, ben ik blij dat
jullie er voor ons zijn.

Lieve Laurens en Anette. Ik kon niet meer geboft hebben met mijn schoonouders. Jullie
zijn zulke lieve mensen en staan altijd voor ons klaar. Hoe vaak jullie wel niet opgepast
hebben bij ons in Utrecht vanwege werkverplichtingen of congressen, of even oppassen
zodat Mark en ik samen op reis konden om even te ontspannen. Zonder jullie had ik dit
nooit gered!

Bart, broertje, helaas zien we elkaar te weinig maar altijd als we elkaar zien is het
gezellig.

Patti, zussie, we zien elkaar niet zoveel doordat jij letterlijk aan de andere kant van de
wereld aan het promoveren bent. Ik wens je heel veel succes, you’re next!!

En last but definitely not least, mijn man Mark en onze kids Sofia en Hugo. Zonder jou
Mark, had ik dit nooit gekund. Jij bent zo’n ontzettend positief persoon die altijd het
volste vertrouwen in mij heeft gehad. Als ik twijfelde (promotie, longarts in de kliniek
en een jong gezin) was jij ervan overtuigd dat ik dat wel kon. Met jou kan ik overal over
praten, en meerdere keren heb jij mij geholpen mijn dromen en ambities waar te
maken. Jouw adviezen zijn goud waard. En ondanks dat je een leuke en goede baan
hebt, heb je je eigen ambities toch wel even op de wat langere baan geschoven voor
mij. Daar ben ik je eeuwig dankbaar voor. Hou ontzettend veel van je.

En onze lieve kids, Sofia en Hugo. Jullie waren en zijn altijd mijn baken geweest. Thuis
kon ik van jullie genieten, genieten van die heerlijke gedachtegangen die alleen
kinderen kunnen hebben. Het is zo leuk om jullie te zien opgroeien. Het geeft het leven
weer een totaal andere wending. Dank voor jullie geduld als mama ‘weer’ aan het werk
moest gaan. Ik hou van jullie.
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Abbreviations

ACE
ALS
ANOVA
APC
AuUC
AZA

p

BAL
CAFT
CccM
CES-D
CFQ
CHEP
Cl

CIPD
CNFD
CNS
CopPD
CSF

CcT
CXCR4
DN
EBUS-FNA
EMG
FAS
FDG-PET-CT

GE
HADS
HIV
HLA
HRCT
IENFD
IFN-y

ILD

angiotensin converting enzyme

amyotrophic lateral sclerosis

analysis of variance

antigen presenting cells

area under curve

azathioprine

standardized regression coefficients
bronchoalveolar lavage

cardiovascular autonomic testing

corneal confocal microscopy

center for epidemiological studies-depression scale
cognitive failure questionnaire

contact heat-evoked potential

95% confidence interval

chronic inflammatory demyelinating polyradiculoneuropathy
corneal nerve-fiber density

central nervous system

chronic obstructive pulmonary disease
cerebrospinal fluid

computer tomography

C-X-C motif chemokine receptor 4

Denmark

endobronchial ultrasound fine-needle aspiration
electromyography

fatigue assessment scale

fluordoexyglucose positron emission tomography-computer
tomography

Germany

hospital anxiety and depression scale

human immunodeficiency virus

human leukocyte antigen

high resolution computed tomography
intraepidermal nerve fiber density
interferon-gamma

interleukin

interstitial lung disease
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KsQ King’s sarcoidosis questionnaire

KvL kwaliteit van leven

LEP laser-evoked potential

MCID minimal clinical important difference
MDCgs minimal detectable change when using its 95% confidence interval
MHC major histocompatibility complex
MIBG-scan metaiodobenzylguanidine-scan

MID minimal important difference

MMF mycophenolate mofetil

MRI magnetic resonance imaging

MS multiple sclerosis

MTX methotrexate

n number

NCS nerve conduction study

NL the Netherlands

NPV negative predictive value

NS neurosarcoidosis

NS non-significant

NSAID non-steroidal anti-inflammatory drug
NI olfactory nerve

NII optic nerve

NIl oculomotor nerve

NIV trochlear nerve

NV trigeminal nerve

NVI abducens nerve

NVII facial nerve

NVII vestibulocochlear nerve

NIX glossopharyngeal nerve

NX vagus nerve

NXI accessory nerve

NXII hypoglossal nerve

OR odds ratio

p p-value

PREP pain-related evoked potential
PROMs patient-related outcomes

PSSS perceived social support scale

QoL quality of life

QSART guantitative sudomotor axon reflex test
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QsT
R
R
RCI

ROC

SD

SDC

SDS

SEM

SFN

SFNSL

SIADH

sIL2R

SPSS

SSFN

SSNRI

SSR

STAI

SVR

TBLB

TCA

Thl

TNF- a

TSH

TST

TTT

umMcC

VAS

WASOG
WHOQolL-Bref

yr

2

Abbreviations

guantitative sensory testing

Pearson correlation coefficient

R-square change of the model

repository corticotropin injection

receiver operating characteristic

standard deviation

smallest detectable change

sarcoidosis diagnostic score

standard error of measurement

small fiber neuropathy

small fiber neuropathy screening list

syndrome of inappropriate antidiuretic hormone
soluble interleukin-2 receptor

statistical package for the social sciences
sarcoidosis small fiber neuropathy

selective serotonin norepinephrine reuptake inhibitors
sympathetic skin response

state and trait anxiety inventory

skin vasomotor reflex

transbronchial lung biopsy

tricyclic antidepressant

type 1 helper

tumour necrosis factor-alpha

thyroid stimulating hormone
thermoregulatory sweat test

temperature threshold test

university medical centre

visual analogue scale

World Association of Sarcoidosis and Other Granulomatous Disorders
World Health Organization Quality of Life-BREF
years
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Fatigue Assessment Scale

The Fatigue Assessment Scale (FAS; Table A.1) is a 10-item self-report fatigue
ques’cionnaire.l'Z It is quick and easy to complete for patients, and not time consuming.
An answer to every question has to be given, even if the person does not have any
complaints at the moment. Five questions reflect physical fatigue and 5 questions
(questions 3 and 6-9) mental fatigue. The response scale is a five-point scale (1 never to
5 always). Subsequently, the total FAS score can be calculated by summing the scores
on all questions (recoded scores for questions 4 and 10). Scores on the FAS can range
from 10 to 50. A score >22 indicates fatigue and a score > 34 indicates extreme fatigue.
Scores on question 4 and 10 should be recoded (1=5, 2=4, 3=3, 4=2, 5=1). The reliability
and validity of the FAS have been shown to be good in sarcoidosis patients.1 So far, the
FAS is available in 20 languages (see http://www.wasog.org/education-
research/questionnaires.html).’

The Minimal Important Difference (MID) is at least 4 points or 10% change of the
baseline value.*

Table A.1 Fatigue Assessment Scale (FAS).

The following ten statements refer to how you usually feel. Per statement you can choose one out of five
answer categories, varying from Never to Always. Please circle the answer to each question that is applicable
to you. Please give an answer to each question, even if you do not have any complaints at the moment.

. never

. sometimes (about monthly or less)

. regularly (about a few times a month)
. often (about weekly)

always (about every day)

aAWNR

never sometimes regularly often always

| am bothered by fatigue

| get tired very quickly

| don't do much during the day

| have enough energy for every day life
Physically, | feel exhausted

| have problems to start things

| have problems to think clearly

| feel no desire to do anything
Mentally, | feel exhausted

When | am doing something, | can
concentrate quite well

WX N~ WN R

N
o
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Small Fiber Neuropathy Screenings List

The small fiber neuropathy screenings list (SFNSL; Table A.2) was developed to assess
symptoms which may be related to SFN, but not to diagnose SFN. The SFNSL is a
21-item self-administered questionnaire to screen for symptoms related to SFN. The
response scale is a five-point scale (0 never to 4 always); scores on the SFNSL can range
from 0 to 84. The cut-off score of the SFNSL is 11: a score below 11 indicates no or few
symptoms related to SFN, while a score of 11-48 indicates probable or highly probable
SEN and a score above 48 is indicative of SFN.> So far, the SFNSL is available in six
languages; Danish, Dutch, English, French, German, Italian and Japanese (see
http://www.wasog.org/education-research/questionnaires.html).

The minimal important difference (MID) on the SFNSL is 3.5 points for a clinically
relevant change over a 6-month period.®

Table A.2 Small Fiber Neuropathy Screenings List.

Below are a number of questions about possible complaints. Please circle the answer to each question that is
applicable to you. Please give an answer to each question, even if you do not have any complaints at the
moment. The aim of this questionnaire is to find out how you experience your complaints. There are no
correct or incorrect answers. It is important that you are honest.

Part 1: These questions are aimed at finding out how often you experience the following complaints.
never sometimes variably often always

| have painful arms

| suffer from palpitations

| have problems with my bowel movements

| have difficulties with urinating (either in emptying my bladder
or being able to hold my water)

My food does not seem to go down well

| suffer from muscle cramps

My feet and/or hands are colder than | am used to

| have chest pain

HwNE

© N o w;

Part 2: These questions are aimed at finding out how serious your complaints are.
not at all slightly variably moderately seriously

9. | have the feeling that my food gets stuck in my throat
10. At night | throw the bedclothes off my legs
11. | have difficulties with urinating (either emptying
my bladder or being able to hold my water)
12. I have dry eyes
13. I have blurred vision
14. | feel dizzy when | get up
15. | have sudden hot flushes
16. My feet and/or hands are colder than | am used to
17. I have painful arms
18. The skin of my legs is over-sensitive
19. I have a tingling sensation in my hands (pins and needles)
20. | have a tingling sensation in my legs (pins and needles)
21. | have chest pain

228



Appendix

The Cognitive Failure Questionnaire

The Cognitive Failure Questionnaire (CFQ, table A3) is a 25-item self-report
questionnaire assessing failures in everyday errors of attention, perception, memory
and motor function in everyday life.” In general, the CFQ appears to be a reliable and
brief measure useful in clinical practice. The response scale is a five-point scale (0 never
to 4 very often). The total CFQ score is calculated by summation of all answers and
scores range from 0-100. A higher total score indicates more subjective cognitive
failure. A high CFQ score is defined as a score 243 (mean of the controls plus one
standard deviation).”

Table A.3 Cognitive Failure Questionnaire.

The following questions are about minor mistakes which everyone makes from time to time, but some of
which happen more often than others. We want to know how often these things have happened to you in the
past 6 months.
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Very often Quite often Occasionally Very rarely Never

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

Do you read something and find you
haven’t been thinking about it and must
read it again?

Do you find you forget why you went from
one part of the house to the other?

Do you fail to notice signposts on the road?
Do you find you confuse right and left when
giving directions?

Do you bump into people?

Do you find you forget whether you've
turned off a light or a fire or locked the
door?

Do you fail to listen to people’s names
when you are meeting them?

Do you say something and realize
afterwards that it might be taken as
insulting?

Do you fail to hear people speaking to you
when you are doing something else?

Do you lose your temper and regret it?

Do you leave important letters unanswered
for days?

Do you find you forget which way to turn on
a road you know well but rarely use?

Do you fail to see what you want in a
supermarket (although it’s there)?

Do you find yourself suddenly wondering
whether you’ve used a word correctly?

Do you have trouble making up your mind?
Do you find you forget appointments?

Do you forget where you put something like
a newspaper or a book?

Do you find you accidentally throw away
the thing you want and keep what you
meant to throw away — as in the example of
throwing away the matchbox and putting
the used match in your pocket?

Do you daydream when you ought to be
listening to something?

Do you find you forget people’s names?

Do you start doing one thing at home and
get distracted into doing something else
(unintentionally)?

Do you find you can’t quite remember
something although it’s “on the tip of your
tongue”?

Do you find you forget what you came to
the shops to buy?

Do you drop things?

Do you find you can’t think of anything to
say?

Copyright Broadbent.”
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