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 Introduction 
 

A BRIEF HISTORY OF MAST CELLS  
Mast cells were first identified by Paul Ehrlich in 1878 as cells filled 
with granules that stained with aniline dyes.1 Although Ehrlich 
described the distribution and histochemistry of mast cells with an 
impressive lucidity still relevant more than 130 years later, his 
proposed physiological function has not stood the test of time. Ehrlich 
speculated that mast cells functioned as a store of nutritional value 
for connective tissue, with the word mast deriving from either the 
German word for an animal-fattening feed or from the Greek for 
breast depending on your apocryphal tale of choice.2,3 Currently, 
mast cells are most often recognized for their role in allergic 
reactions, but it took 70 years after their discovery for this connection 
to be established. 

Of special relevance to this thesis is the foundational work of Riley 
and West in 1952 wherein they used a cutaneous form of 
mastocytosis to prove a correlation between mast cells and 
histamine, not only demonstrating an association between mast cells 
and allergic diseases but also illustrating the use of mastocytosis as 
a model to better understand human physiology.4 Even so, an 
understanding of the role of mast cells during physiological 
conditions has remained an elusive goal. 
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MAST CELL BIOLOGY 
Mast cells are unique among the myeloid lineage in that the majority 
of their maturation and development occurs outside the bone marrow 
niche. Mast cells start their development as pluripotent stem cells in 
the bone marrow. (Figure 1). Driven by loco-regional signaling, 
mostly through the C-KIT receptor and IL-3, these stem cells 
differentiate into mast cell committed CD34+ progenitors that enter 
the circulation.5 Further development into mature mast cells only 
occurs while residing in the target tissue, with the highest quantity of 
mast cells found in the compartments of the body closest to the 
external milieu. Interestingly, the mast cell phenotype, as determined 
by granules containing the proteases chymase or tryptase, appears 
to be associated with the tissue of residence. For instance, mast cells 
expressing only chymase are mainly found in the gastro-intestinal 
tract, whereas tryptase containing mast cells are preferentially found 
in the skin and mucosal lining of the respiratory tract.6 It is currently 
unknown whether this is due to tropism of selected mast cells or due 
to signaling from the micro-environment affecting mast cell 
development. After reaching maturity, mast cells have the capacity to 
release an enormous variety and quantity of cytokines in a relative 
short time-span. As such they have been implicated in the regulation 
of a myriad of innate and adaptive immune responses, such as 
clearance of parasitic and bacterial infections, wound healing and 
even ameliorating envenomation.7,8  

However, for several of these functions mast cells seem to serve at 
least a partially redundant or even deleterious role.9,7 Nevertheless, 
as one author eloquently stated: “… one thing is certain: evolution did 
not give us mast cells so that we can eat a peanut and die.” 7 and it 
seems clear that mast cells must serve an important non-redundant 
function that perhaps has yet to be discovered. 
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Figure 1: Mast cell development and heterogeneity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(1) Pluripotent stem cells (SC) differentiate into CD34+ progenitors that enter the 
circulation(2). Here the majority of the cells travel to the skin and mucosal linings 
including the gastrointestinal tract with a smaller populating residing in the lungs. It 
is here that they mature into a phenotype that depends on their residing tissue,  as 
evidenced by the protease they contain. Mast cells expressing only chymase are 
mostly limited to the gastro-intestinal tract (3), whereas their counterparts in the 
skin express both tryptase and chymase (4) whereas mast cells containing only 
tryptase are preferentially found in the lungs.  
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PREVALENCE AND DIAGNOSTIC CRITERIA OF 
MASTOCYTOSIS 
The overarching aim of this thesis is to better understand mast cells 
and their role in sickness and health, with an emphasis on 
mastocytosis as both a disease and as a model for general mast cell 
roles. Mastocytosis is a rare disease, with a prevalence of at least 
13.0 per 100,000 inhabitants, and is defined by an excessive 
accumulation of abnormal mast cells of clonal origin in various 
tissues.10 The extent of the mast cell infiltration along with the organ-
systems involved further stratifies mastocytosis into several sub 
classifications. Cutaneous mastocytosis (CM) is defined as 
mastocytosis limited to the skin and is diagnosed based on skin 
lesions suggestive of mast cell infiltration accompanied by histologic 
evidence of mast cell infiltrates in a skin biopsy without evidence of 
systemic involvement.11 Most often CM presents as urticaria 
pigmentosa, also known as maculopapular cutaneous mastocytosis, 
red-brownish skin lesions that itch and form a wheal after direct 
physical stimulation. CM is the most prevalent form of pediatric 
mastocytosis and CM patients may rarely progress to a systemic 
disease. Systemic mastocytosis (SM) patients may also present with 
skin infiltrates but in addition exhibit extra-cutaneous infiltration, 
usually the bone marrow.  The diagnosis of SM is based on the 
extent of infiltration and evidence of clonal mast cells, with SM being 
diagnosed if at least 1 minor and 1 major criterion or 3 minor criteria 
are present (Table 1). The clinical presentation and prognosis of SM 
varies and SM is further stratified based on the presence of signs of 
organs dysfunction as evidenced by B or C findings (Table 1). 
Indolent systemic mastocytosis (ISM) is the most prevalent category 
of SM, and is characterized by an increased mast cell burden as 
measured by serum tryptase and infiltration of organs by mast cell 
aggregates without subsequent dysfunction.12 ISM patients have a 
near-normal life expectancy but may suffer from life threatening 
mediator release symptoms. The advanced categories of SM, 
namely aggressive systemic mastocytosis (ASM), SM with an 
associated hematologic neoplasm (SM-AHN) and mast cell leukemia 
(MCL), are hallmarked by aggressive tissue invasion and subsequent 
organ dysfunction such as cytopenia and a severely compromised 
life expectancy.11,12   
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Table 1a: Diagnostic criteria for  systemic mastocytosis:    

Indolent systemic mastocytosis: 1 major and 1 minor criteria without C findings and <2 B findings 

Major 
criteria 

Multifocal dense infiltrates of mast cells (15 or more in aggregate) detected in sections 
of bone marrow and/or extracutaneous organs 

Minor 
criteria 

Detection of CKIT 
mutation at codon 816 
in bone marrow, blood 

or extracutaneous 
organ. 

In biopsy > 25% of mast cells are spindle-shaped  

Baseline serum tryptase 
of 20 ng/ml or higher. 

Mast cells in bone marrow, blood or other extracutaneous 
organ that expresses CD2 and/or CD25 

Smoldering  systemic mastocytosis: the same criteria as ISM but with  2 or more B findings and 
no C findings 

B 
findings 

Mast cell infiltration in 
the bone marrow >30%  

and basal serum 
tryptase level >200 

ng/ml 

Hypercellular BM with  
signs of dysmyelopoiesis 

without substantial 
cytopenias or WHO 

criteria for an MDS or 
MPN 

Palpable organomegaly or 
lymphadenopathy  >2 cm) 

without impaired organ 
function 
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Mastocytosis pathogenesis 

Central in the pathogenesis of mastocytosis are activating mutations 
in the C-kit receptor.13 (Figure 2) These mutations result in ligand 
independent phosphorylation of SHC and JAK which in turn activate 
MAPK and STAT pathways, driving mast cell proliferation, survival 
and mediator release. C-kit signaling also promotes mast cell 
degranulation following crosslinking of the high affinity IgE receptor 
through PI3K signaling.14,15 Several compounds targeting the C-kit 
receptor have been investigated. The tyrosine kinase inhibitor 
Imatinib is effective in reducing C-kit signaling.16 However, the most 
common mutation in mastocytosis, the D816V and D816Y mutations, 
are situated in the c-KIT activation loop, rendering them resistant to 
Imatinib.17 The novel therapeutic compound Midostaurin targets both 
the tyrosine kinase activity of the C-Kit receptor as well as Syk and 
PKC, both enzymes involved in IgE mediated mast cell 
degranulation.18,19 As such, midostaurin exhibits mast cell 
proliferation and degranulation inhibiting capabilities and is registered 
for use in advanced mastocytosis.20,21 The question remains whether 

Table 1b: Diagnostic criteria for agressive  systemic mastocytosis:    

Advanced systemic mastocytosis: the same criteria as ISM but with  1 or more C  findings 

C findings 

Absolute neutrophil 
count<1,000/µL 

Or Hb<10 g/dL 

Or Thrombocytes 
<100,000/µL 

Ascites and 
impaired liver 

function 

 

Hypersplenism 

 

Malabsorption 

 

osteolyses with 
pathologic 
fractures 

Other life-threatening 
organ damage caused 

by mast cell  infiltration. 
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it can also benefit indolent systemic mastocytosis patients, whom 
mainly suffer from mediator release symptoms. As noted previously, 
the diagnosis of advanced SM is based solely on clinical parameters 
as no markers differentiate between advanced and indolent systemic 
mastocytosis are known. One possible candidate could be CD30, 
which was found to be preferentially expressed in advanced 
mastocytosis but also plays a key role in allergic sensitization as a 
stimulatory receptor.22,23 

 

 

 

 

Figure 2: Signaling cascades of the C-KIT and high affinity IgE 
receptor (FcER1) 
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CLINICAL PRESENTATION AND TREATMENT OF 
MASTOCYTOSIS 
Mastocytosis patients exhibit substantial heterogeneity in clinical 
presentation, not only between subtypes but also within each 
subtype. The largest disease burden for indolent systemic and 
cutaneous mastocytosis patients is not due to the mast cell burden 
but due to mediator release symptoms, such as pruritus, 
anaphylaxis, fatigue and flushing.24 Moreover, these mast cell 
mediators also cause increased bone turnover resulting in 
osteoporosis and fragility fractures.25 Some of these symptoms are a 
minor burden whereas other patients become unable to perform their 
daily tasks or are hospitalized with life threatening reactions. The 
current standard of care for these patients consists of comprehensive 
use of antihistamines, anti-leukotrienes and osteoporosis prophylaxis 
with calcium and vitamin D (Table 2). However, a substantial portion 
of patients suffer symptoms refractory to these treatments and are in 
need of novel therapeutic options. Insect stings are a particular 
menace for mastocytosis patients, with nearly 50% of stung indolent 
systemic mastocytosis patients experiencing an anaphylactic 
reaction.26 There currently exist no method to identify those 
mastocytosis patients most at risk and as such patients are often 
recommended to carry an epinephrine auto-injector at all times. For 
non-mastocytosis patients it had been previously established that an 
increased basal serum tryptase (bsT) level, a biomarker indicating a 
high mast cell load, correlates with an increased risk for both severe 
systemic reactions to insect stings.27 For patients that have suffered 
an anaphylactic reaction to insect stings venom immunotherapy is 
indicated but has to be maintained lifelong.28 

For the advanced systemic mastocytosis patients mediator release 
symptoms take a backseat to the life threatening organ dysfunction 
caused by mast cell infiltration. Cytoreductive therapy is the main 
stay of treatment, consisting of cytotoxic medication such as 
cladribine, through stimulation of the immune system using 
interferon-alpha or through targeted therapies using tyrosine kinase 
inhibitors.29 
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Table 2: Standard of care for mastocytosis 
Disease Category Treatment modality 
  

Mastocytosis  
(all categories) 

Trigger avoidance (radio contrast agents, 
NSAID's, opioids, anesthesia) 

Premedication before  trigger exposure 
Epinephrine auto injector 

H1 and H2 anti-histamines, cromoglycate, 
anti-leukotriene drugs 

Hymenoptera venom immunotherapy 
Cutaneous 

Mastocytosis UV irradiation, PUVA 

Indolent systemic 
mastocytosis 

Osteoporosis prophylaxis: calcium, vitamin D 
bisphosphonates in the case of osteoporosis 

Advanced systemic 
mastocytosis 

Midostaurin 
Cladribine 

Interferon-alpha, with or without 
corticosteroids 

Allogeneic hematopoietic cell transplantation 
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SCOPE OF THE THESIS 
 

Due to the large variety in symptoms presented by mastocytosis 
patients a complete overview of the frequency of mastocytosis 
symptoms is difficult. Moreover, the approval of new therapies is ever 
more reliant on patient reported outcome measures. Chapter 3 
describes the development and validation of a disease specific 
quality of life questionnaire and symptom assessment form for 
mastocytosis. It also provides a comprehensive review of the 
symptom epidemiology and highlights unmet therapeutic needs, 
particularly in the field of fatigue, which could be filled by novel 
tyrosine kinase inhibitors. Chapter 4 is a review of the tyrosine 
kinase inhibitors with known in-vitro activity to the D816V mutated C-
kit receptors and the current clinical and pre-clinical standing, usually 
as a therapy for aggressive systemic mastocytosis. Chapter 5 is a 
report on a phase II trial of midostaurin in 20 indolent systemic 
mastocytosis patients, demonstrating midostaurin to be both safe 
and reasonably effective in the reduction of symptoms and mast cell 
load. However, this trial was not suitable to determine if midostaurin 
could also prevent anaphylactic reactions. 

The relevance of anaphylaxis is underscored by Chapter 6, 
describing a recent fatal anaphylactic reaction and illustrating the 
need for a predictor of risk for insect sting allergy in mastocytosis.  
We postulate that the development of sensitization could be sufficient 
indication to start immunotherapy in mastocytosis. 

Chapter 7 describes that an opposite, inverse, relation between mast 
cell load as measured by bsT and the risk of insect sting anaphylaxis 
exists in mastocytosis.  This is a surprising finding, as it was 
previously intuitively assumed that a higher mast cell load indicated a 
higher possible effector cell population and thus an increased risk in 
mastocytosis. One possible explanation is for the found 
discrepancies between mastocytosis and non-mastocytosis patients 
lies in the CD30 receptor that is aberrantly expressed on mast cells.  

Chapter 8 is a review of the expression of CD30 under physiologic 
and pathological conditions. Briefly, CD30 is an important co-
stimulatory receptor for Th2 driven immunologic responses that is 
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often found to be aberrantly expressed in lymphomas and T and B 
cell associated malignancies.  CD30 is also cleaved into the soluble 
form of CD30 (sCD30), whereby it can act as a decoy receptor for 
CD30 ligand. Effectively reducing CD30-CD30L signaling and 
possibly hampering Th2 immunological reactions, such as the 
production of wasp venom specific IgE.  

Chapter 9 is a study of the relation between sCD30 and 
mastocytosis. As per our previous hypothesis, an inverse relation 
was found between sCD30 and the risk of insect sting anaphylaxis in 
mastocytosis. Moreover, high sCD30 levels correlated with low or 
absent specific IgE, further supporting the notion that mastocytosis 
derived sCD30 might be reducing the risk of insect sting anaphylaxis 
through impairment of CD30-CD30 ligand signaling and specific IgE 
production.   
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ABSTRACT 
Background: Presently, no validated data exists on symptom 
severity and disease-specific quality of life (QoL) for mastocytosis 
patients. Simultaneously, clinical trials and drug application 
processes increasingly mandate reporting patients' perspectives on 
symptoms and QoL. We report on the development and validation of 
the mastocytosis quality of life questionnaire (MQLQ) and the 
mastocytosis symptom assessment form (MSAF). 

Methods: Both outcome measures were developed in a 
standardised stepwise method, starting with the identification of items 
in focus groups (n= 12), item reduction and subsequent cross-
sectional validation in a 63% female cohort of 164 adult indolent 
systemic mastocytosis patients.  

Results: The MSAF reveals that fatigue is the severest mastocytosis 
symptom while the MQLQ indicates that fear of anaphylaxis most 
impacts QoL. Cross-sectional validity was assessed by correlating 
both individual domains and the total scores of the MQLQ and MSAF 
to independent measures of mastocytosis. The total scores of both 
the MQLQ (P< 0.001; Spearman’s r: 0.568) and the MSAF (P< 
0.001; Spearman’s r: 0.559) correlated significantly with the 
consensus on physician scored mediator symptoms. The MQLQ 
domains displayed a high internal consistency (Cronbach's alpha: 
0.841-0.958) and the domains  “bones”, “skin symptoms” and 
“anaphylaxis” differed significantly between patients with and without 
osteoporosis, urticaria pigmentosa or anaphylaxis respectively 
(P<0.001). 

Conclusions: The MQLQ is the first disease-specific QoL 
questionnaire for mastocytosis and is complemented by the MSAF, a 
short and convenient symptom scoring form. Both patient-reported 
outcome measures are valid, reliable and discriminate between 
patients with different disease characteristics making them useful 
instruments for clinical research.  
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instruments for clinical research.  

  



3

 

[26] 
 

INTRODUCTION 
Systemic mastocytosis (SM) is a disease characterized by infiltration 
of the bone marrow and other organs by neoplastic mast cells. SM 
patients present with a myriad of complaints, ranging from classic 
mediator release symptoms such as pruritus, flushing and 
anaphylaxis, to insidious symptoms such as osteoporosis, and 
constitutional symptoms such as fatigue.1 Many of these symptoms 
are difficult to quantify, hampering evaluation of treatment. 

Following the WHO criteria, SM is stratified in several subgroups 
reflecting mast cell load and prognosis.2 Indolent systemic 
mastocytosis (ISM) is the most prevalent subgroup of SM and is 
associated with a near normal life expectancy.3 For ISM patients 
mediator release symptoms form the highest burden of disease, 
although the symptomatology varies greatly between patients and is 
– moreover - not easily related to the mast cell burden.4 Some 
authors have suggested distinct clinical phenotypes of ISM that 
exhibit closely associated symptoms.5-7 

 Establishing validated patient-reported outcome measurement tools 
is an important first step in the validation of new treatment modalities 
for mastocytosis and can help in monitoring symptom severity in the 
outpatient setting. The 2007 consensus statement on grading 
severity of mastocytosis symptoms is based on the clinicians’ 
interpretation of symptom severity and the necessity of therapeutic 
intervention.8 However, this outcome measure forgoes patient 
reported outcome and the impact mastocytosis-related symptoms 
have on quality of life. So far, this outcome measure has not been 
widely adapted in clinical trials.9-11 Generic quality of life 
questionnaires have been used to measure patient-reported 
outcome, but generally lack the sensitivity and specificity of disease-
specific quality of life questionnaires.12 It is difficult to ascribe 
symptoms to mastocytosis without robust data on the prevalence of 
symptoms in the mastocytosis population. So far, only two large 
studies have looked at the prevalence of symptoms and areas of 
disability associated with mastocytosis, both in heterogeneous 
patient groups consisting of multiple subtypes of mastocytosis.4,13 

 

[27] 
 

The aim of our study was to develop a standardized and validated 
mastocytosis-specific quality of life questionnaire and symptom 
scoring form that can be used in trials evaluating therapeutic 
interventions. Consequently, we also report on the frequency of 
mastocytosis-related symptoms in a large (n= 164) well characterised 
and homogenous cohort of ISM patients. 

METHODS   
Patient selection 

Patients with a diagnosis of SM according to the WHO criteria with 
follow-up of at least one year were eligible for inclusion in the study.14 
Severe comorbidity affecting quality of life unrelated to mastocytosis 
was an exclusion criterion for patients to participate in the item 
generation and reduction phase. Patients were recruited for the item 
generation and reduction process from outpatient visits and 
telephone calls with individual patients. For the cross-sectional 
validation all 248 ISM patients known in the University Medical 
Centre Groningen were addressed by mail. The Medical Ethical 
Review Board of the University Medical Center Groningen declared 
that the study has been performed in accordance with regulations for 
publication of patient data. 

 

Development of the MQLQ: item generation 

The mastocytosis quality of life questionnaire (MQLQ) was designed 
using a standardized well-established multi-step method consisting of 
item generation, item reduction and cross-sectional validation.15 
Items were generated through literature study, expert consultation 
and discussions with two focus groups consisting of 6 ISM patients 
each. Literature study was performed in PubMed using the MeSH 
terms “systemic mastocytosis”, “symptoms”, “diagnosis” and “quality 
of life”. The focus group sessions consisted of semi-structured 
interviews in which patients were asked to address all possible 
aspects of mastocytosis that had a negative impact on their lives. 
Interviews were continued until saturation was achieved and no new 
items were being generated. A total of 368 items were generated, 
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The aim of our study was to develop a standardized and validated 
mastocytosis-specific quality of life questionnaire and symptom 
scoring form that can be used in trials evaluating therapeutic 
interventions. Consequently, we also report on the frequency of 
mastocytosis-related symptoms in a large (n= 164) well characterised 
and homogenous cohort of ISM patients. 

METHODS   
Patient selection 

Patients with a diagnosis of SM according to the WHO criteria with 
follow-up of at least one year were eligible for inclusion in the study.14 
Severe comorbidity affecting quality of life unrelated to mastocytosis 
was an exclusion criterion for patients to participate in the item 
generation and reduction phase. Patients were recruited for the item 
generation and reduction process from outpatient visits and 
telephone calls with individual patients. For the cross-sectional 
validation all 248 ISM patients known in the University Medical 
Centre Groningen were addressed by mail. The Medical Ethical 
Review Board of the University Medical Center Groningen declared 
that the study has been performed in accordance with regulations for 
publication of patient data. 

 

Development of the MQLQ: item generation 

The mastocytosis quality of life questionnaire (MQLQ) was designed 
using a standardized well-established multi-step method consisting of 
item generation, item reduction and cross-sectional validation.15 
Items were generated through literature study, expert consultation 
and discussions with two focus groups consisting of 6 ISM patients 
each. Literature study was performed in PubMed using the MeSH 
terms “systemic mastocytosis”, “symptoms”, “diagnosis” and “quality 
of life”. The focus group sessions consisted of semi-structured 
interviews in which patients were asked to address all possible 
aspects of mastocytosis that had a negative impact on their lives. 
Interviews were continued until saturation was achieved and no new 
items were being generated. A total of 368 items were generated, 
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removing duplicates, ambiguous items and combining related items 
resulted in 228 potentially important items. For some items several 
different types of phrasing were included to find the phrasing that 
best corresponds with patients experiences. These 228 items 
constituted the first preliminary MQLQ (pMQLQ1, online repository 
Table E1), which subsequently was used for the item reduction 
phase.  

 

Item reduction for the MQLQ 

The pMQLQ1 was presented to 49 patients with ISM, in addition to 2 
patients with smoldering systemic mastocytosis and 2 with 
aggressive systemic mastocytosis. The constituency of the patient 
group was chosen to reflect the epidemiology of systemic 
mastocytosis in clinical practice, both in the prevalence of subtypes 
of SM as in the major presenting symptoms. We asked patients to 
indicate which of the 228 items were troublesome and to indicate 
how discomforting each of the identified items was. The specific 
relevance of each item in relation to mastocytosis was stressed by 
adding the phrase “because of your mastocytosis” when inquiring 
about the item. The response options were "yes" or "no" for each 
item followed by a 5-point response option indicating the degree of 
importance related to that item. For each item, the proportion of 
people who labelled the item as troublesome (frequency), the mean 
importance score in those subjects indicating an item to be 
troublesome (mean importance, MI) and the product of the frequency 
and the mean importance (overall importance, OI) were calculated.16, 

17 The maximum possible OI if all 53 patients chose an item and 
rated it 5, would be 5.0. The 32 unique items with the highest OI in 
the overall group and 18 additional unique items with the highest OI 
in the subgroups of patients with SM and osteoporosis, urticaria 
pigmentosa (UP) and anaphylaxis were selected to ensure adequate 
applicability for all patient subgroups. These 50 items were converted 
to questions with 7-point response options, 0 corresponding to no 
symptoms and 6 reflecting worst possible impairment, forming the 
second preliminary MQLQ (pMQLQ2, online repository table E2). 
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Construction of the MSAF 

The preliminary mastocytosis symptom assessment form (pMSAF) 
was adapted from the validated Myelofibrosis Symptom Assessment 
Form.18 The adaption was based on expert opinion, literature review 
and feedback from ISM patients resulting in a two-step 22 items 
questionnaire. The first 16 items section details the severity of 
mastocytosis-associated symptoms, the second 6 items section 
measures the influence fatigue has on daily functioning. Symptoms 
were graded by severity on a 0 to 10 scale, with 10 being the worst 
possible burden. The frequency of flushing and paroxysmal mediator 
release was noted per month and year respectively. The applicability 
of the items and the grading system was assessed in a focus group 
of 23 ISM patients (online repository table E3). 

 

pMQLQ2 and pMSAF cross-sectional validation  

During the cross-sectional validation phase the scoring of the 
pMQLQ2 and pMSAF was compared to other independent measures 
of mastocytosis disease burden to establish the performance as a 
measuring tool. Data from the cross-sectional validation was used to 
establish domains for the pMQLQ2 and to identify redundant items in 
the pMSAF and pMQLQ2 based on intercorrelation of related items, 
face validity and factor loading during explorative factor analysis. The 
pMQLQ2, the pMSAF and the general quality of life questionnaire 
RAND-36, were sent to 248 ISM patients. The RAND-36 is a 36 item 
questionnaire that results in a physical and mental health summary 
score, the higher the score, the better the health related quality of 
life.19   Independent measures used for cross-sectional validation 
consisted of mast cell load parameters (basal serum tryptase (bsT), 
urinary methylhistamine (MH), urinary methylimidazole acetic acid 
(MIMA)), bone mineral density (BMD) of the lumbar spine and the 
consensus on grading of symptoms based on patient charts.8  

Biochemical parameters 

Serum tryptase levels were determined using the B12 assay 
(ImmunoCAP Tryptase, Thermo Fisher Scientific, Uppsala, Sweden). 
MH and MIMA urine samples were collected after an overnight fast, 
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discarding the first voiding after wakening. During the 24h before 
urine collection, patients were asked to refrain from histamine-rich 
foods and drinks. MH and MIMA were determined as described 
previously.20,21 

Bone mineral density, osteoporosis, anaphylaxis and UP 

BMD of lumbar spine (anterior-posterior projection at L1–L4) were 
measured using DXA (Hologic QDR Discovery, Waltman, MA, USA). 
Patients were categorized by the lowest T-score of the lumbar spine. 
Osteoporosis was defined as a T-score ≤ −2.5 SD. A history of 
anaphylaxis was established following the consensus criteria and 
systemic reactions to insect stings were graded according to the 
Müller criteria.22,23 The diagnosis of UP was based on dermatologic 
skin evaluation and skin biopsy results.  

Statistical analysis  

The identification of domains in the MQLQ was based on principal 
component analysis using Kaiser’s criterion >1 with oblimin rotation 
and face validity. Items with a factor loading < 0.4, or > 0.4 in more 
than one domain were removed from the factor analysis and 
subjected to face validity. Cross-sectional validity of the MQLQ was 
established by calculating the Spearman's rank correlation coefficient 
between the domains and total scores of the MQLQ, MSAF and the 
independent measures. Discriminant validity of the MQLQ was 
determined by calculating the Spearman's rank correlation coefficient 
between the pMQLQ2 and the RAND-36.  The redundancy of items 
in the pMSAF was established by the Spearman's rank correlation 
coefficient > 0.9 between items.  
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RESULTS   
MQLQ item reduction 

Of the 53 patients addressed, 38 (72%) returned filled out pMQLQ1 
questionnaires (online repository Table E3). After combining similar 
items 32 items formed the basis for the pMQLQ2 (online repository 
table E2 A), supplemented by 18 extra items with the highest overall 
importance in the subgroup analysis of SM patients diagnosed with 
UP (online repository table E2 B), anaphylaxis (online repository 
table E2 C) and osteoporosis (online repository table E2 D) 
especially relevant for these patient subgroups were selected. The 
total of 50 selected items formed the pMQLQ2 that was used in the 
cross-sectional validation.  

pMSAF focus group analysis 

Results from the 23 patients in the pMSAF focus group revealed a 
good spread in severity grading and reported symptoms, covering all 
symptoms and grades of severity, indicating that both the scale used 
and the items in the questionnaire are relevant for the ISM patient 
population. The layout of the pMSAF fields of flushing and 
paroxysmal mediator attacks were amended based on frequent filling 
out mistakes. The improved pMSAF was used for the cross-sectional 
validation phase.  

Characteristics of the cross-sectional validation 

Patients did not require assistance to complete the pMQLQ2 and 
pMSAF questionnaire and could do so in approximately 10 minutes. 
Of the 248 addressed patients, 164 returned filled out pMQLQ2, 
MSAF and RAND36 questionnaires (66%). The non-responder group 
consisted of 23 (9%) questionnaires missing more than 10% of the 
items and 61 (25%) unreturned questionnaires. Responders and 
non-responders exhibited a small but significant (P = 0.004) 
difference in body mass index (median: 26.3, IQR 23.6 - 29.0 and 
median: 24.2, IQR 22.5 - 27.7 kg/m2 respectively) and a near 
significant (P = 0.057) difference in age (mean: 44.7, SD± 13.7 and 
mean: 48.1, SD± 12.1 respectively) but no significant differences in 
baseline serum tryptase or gender. The characteristics of the 248 
addressed ISM patients are shown in online repository Table E4  
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pMQLQ2 domain identification during cross-sectional validation 

In explorative factor analysis of the results of the pMQLQ2 five items 
were removed from the factor analysis due to factor loading. The 
resulting 45 items were divided over 8 domains with a Kaiser-Meyer-
Olkin measure of sampling adequacy of 0.89 and a Bartlett's test of 
sphericity < 0.001. Based on face validity, two domains were 
combined to create the domain “Unfamiliarity” and four of the five 
items discarded during factor analysis were combined in the new 
domain “Triggers” (online repository Figure E1).The result of the 
domain identification process is the final MQLQ, consisting of 49 
items divided over 8 domains displaying a high internal consistency 
(Cronbach’s α >0.841, Table 1). 

pMSAF item reduction during cross-sectional validation 

The scoring of 13 of the 16 items in the first section of the pMSAF 
during the cross-sectional validation phase displayed low correlation 
between items (Spearman’s r: < 0.7), indicating that these items 
measure discrete symptoms of mastocytosis. The 3 items with a high 
correlation (Spearman’s r: > 0.9), indicating redundancy, were all 
related to fatigue. The item scoring fatigue in the past week 
correlated strongest with the impact of fatigue as measured in the 
second section of the MSAF and was included in the final 20 item 
MSAF, the other fatigue scoring items were discarded.  
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Table 1. The correlation between the individual domains of the 
mastocytosis quality of life questionnaire, independent measures 
(convergent validation) and the RAND-36 general quality of life 
questionnaire (discriminant validation).   

BMD: bone mineral density; Consensus skin grading: 2007 consensus on skin 
specific symptom grading for mastocytosis based on physician grading; Consensus 
mediator grading: 2007 consensus on mediator release symptom grading for 
mastocytosis based on physician grading; MSAF: mastocytosis symptom 
assessment form; MQLQ: mastocytosis quality of life questionnaire.  Müeller grade: 
grading of systemic reactions to hymenoptera stings according to Mueller criteria. 
RAND36  Energy-Fatigue: scoring of the RAND36 energy and fatigue scale.; 
RAND36 total score:  sum of the RAND36 physical and mental health summary 
scores. 

  

Domain Items 
(n) Cronbach’s α Convergent validation Discriminant validation 

Fatigue 12 0.958. 
MSAF fatigue score 

r 0.823 ; P < 0.001 

RAND36 Energy-Fatigue   
 r -0.789 ; P<0.001 

Anaphylaxis 6 0.841 
Müeller grade 

r 0.352 ; P<0.001 

RAND36 Total score 
r -0.317 ; P<0.001 

Skin 6 0.917 Consensus skin grading  
r  0.357 ;P<0.001 

RAND36 Total score  
r -0.320; P<0.001 

Bones 5 0.855 Lumbar BMD 
 r 0.207 ; P: 0.011 

RAND36 Total score  
r -0.547 ; P<0.001 

Unfamiliarity 7 0.846 - RAND36 Total score  
r -0.513; P<0.001 

Flushing 3 0.904 
Consensus mediator 

grading 
r 0.474 ; P< 0.001 

RAND36 Total score 
r -0.526 ; P<0.001 

General 
Symptoms 6 0.854 

Consensus mediator 
grading  

r 0.591 ; P<0.001 

RAND36 Total score 
r -0.659 ; P<0.001 

Triggers 4 0.865 - 
RAND36 Total score 

r -0.616 ; P<0.001 
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The final MQLQ and MSAF 

The summarized items of both the final MQLQ and MSAF 
questionnaires are displayed in Table 2 and 3 respectively. Briefly, 
the MQLQ is divided into 8 domains: “fatigue and mental health” 
focuses on the burden of fatigue and concentration problems, the 
domain “anaphylaxis” measures the burden of anaphylactic reactions 
and the impact of carrying an epinephrine auto injector, “skin 
symptoms” documents the burden of pruritus and the aesthetic 
impact of  UP, “bone symptoms” measures the impact of 
osteoporosis, “unfamiliarity” consists of items focussed on the burden 
exacted by the ignorance of care-takers and the social environment 
concerning mastocytosis, “flushing” measures the burden of flushing 
attacks, “general symptoms” measures the impact of gastrointestinal 
symptoms, fear of a worsening prognosis and back pain, the final 
domain “triggers” documents the burden of triggers such as alcohol 
and temperature changes.  
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Table 2:  The scoring of the 49 item final mastocytosis quality of life 
questionnaire by 164 indolent systemic mastocytosis patients, sorted 
on overall importance.   

 

I Fatigue and mental health II Anaphylaxis 

III Bone symptoms IV Unfamiliarity 

V Flushing VI General symptoms 

VII Skin symptoms VIII Triggers 

Domain Short item descriptions % MI OI 

I Debilitating fatigue 84 3.1 2.6 

I Decreased stamina 76 2.5 1.9 

I Feeling worn-out after only mild exertion 75 2.5 1.9 

I Clouding of consciousness 75 2.2 1.6 

I Reduced ability to concentrate 72 2.1 1.5 

I Inability to pay attention to conversations 73 2 1.4 

I Impaired short term memory 70 2.1 1.4 

I Social life suffering under mastocytosis 69 2 1.4 

I Needing to go to bed earlier on workdays 61 1.9 1.2 

I Reduced capability to work under stressful 
conditions 62 1.8 1.1 

I Suffering from somber feelings 70 1.6 1.1 

I Work requiring more energy 58 1.9 1.1 

II Fear when spotting a bee or wasp 86 3.4 3 

II Worrying about treatment of anaphylaxis while 
travelling 81 2.8 2.3 

II Having to rely on family members during 
anaphylaxis 68 2.4 1.6 
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Domain Short item descriptions % MI OI 

II The burden of carrying a epinephrine auto-
injector  68 2 1.4 

II Anaphylactic attacks being stressful  54 1.9 1 

II Family’s anxiety when spotting a bee or wasp 46 2.2 1 

II The burden of anaphylactic reactions 52 1.9 1 

III Fear of falling and incurring fractures 70 1.9 1.4 

III Avoiding certain activities for fear of fractures    54 2 1.1 

III Avoiding lifting for fear of back pain or fractures. 62 1.7 1.1 

III Fear of incurring fractures while sporting 66 1.5 1 

III Height loss 59 1.7 1 

IV Lack of knowledge of mastocytosis by some 
physicians 82 2.9 2.4 

IV The difficulty for others to understand 
mastocytosis 83 2.7 2.3 

IV Fear of doctors prescribing a drug triggering 
anaphylaxis 75 1.9 1.5 

IV Incomprehension of mastocytosis by your social 
surrounding 68 1.9 1.3 

IV Physician unfamiliarity with mastocytosis 
hindering treatment 62 1.8 1.1 

V A feeling of intense, glowing heat  75 2.6 2 

V Flushing attacks 75 2.2 1.6 

V Physically exhausting flushing attacks 69 2 1.4 

VI Uncertainty about the course of your 
mastocytosis 92 3 2.7 
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Domain Short item descriptions % MI OI 

VI Uncertainty whether or not a symptom fits 
mastocytosis 89 3 2.6 

VI Fear of progression  91 2.6 2.4 

VI Frustration by the current lack of curative 
treatment  83 2.5 2.1 

VI Lower back pain 77 2.4 1.9 

VI Abdominal pain 68 1.8 1.2 

VI Diarrhea 64 1.8 1.1 

VII Pruritus 81 2.5 2.1 

VII Skin abnormalities increasing in number or size 
over time 72 2.2 1.6 

VII Skin abnormalities becoming more visible over 
time 71 2.1 1.5 

VII Embarrassment for your skin abnormalities 67 1.9 1.3 

VII Skin abnormality being cosmetically 
unappealing 64 1.8 1.2 

VII Nocturnal pruritus 65 1.7 1.1 

VIII Temperature change as a trigger for 
mastocytosis symptoms 76 2.7 2 

VIII Mental stress being as a trigger for 
mastocytosis  71 2.2 1.5 

VIII Physical stress as a trigger for mastocytosis 67 2.1 1.4 

VIII Reduced capability or inability to drink alcohol 60 1.7 1 

% = Percentage of patients reporting this as an issue; MI = mean importance score 
ranging in burden from 0 (absent) to 6 (most severe); OI = overall importance 
score, the frequency of the symptom multiplied with the mean importance.  
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Table 3:  The items of the final mastocytosis symptom assessment form and the 
scoring of these items by 164 indolent systemic mastocytosis patients. 

Itchy skin 83 4.48 3.73 
Dizziness 69 3.93 2.72 
Headache 72 4.16 2.99 
Fatigue  (during the last week) 81 5.42 4.40 
Runny nose 57 4.07 2.33 
Shortness of breath 58 4.00 2.31 
Chest pain/palpitations 61 3.25 1.98 
Nausea/vomiting 36 3.55 1.26 
Diarrhea, stomach ache, cramps 68 4.25 2.87 
Bone pain/ muscle pain 80 5.17 4.14 
Concentration problems 69 4.37 3.02 
Depression, somberness 60 3.59 2.17 

 Percentage > 
0 

Mean, SD 

Attacks, with or without loss of 
consciousness, per month 

26% 1.6± 7.2 

Flushing, per week 59% 4.7 ± 10.2 

%= Percentage of patients reporting this as an issue; MI = mean importance score 
ranging in burden from 0 (absent) to 10 (most severe); OI = overall importance 
score, the frequency of the symptom multiplied with the mean importance.  

  

Step 2: The influence fatigue has, scale from 0 to 10, 
on: % MI OI 

Activities (general) 70 4.96 3.49 
Mood/temper 69 3.99 2.77 
Mobility 56 4.40 2.48 
Chores 67 4.89 3.27 
Relationships  57 4.35 2.48 
Happiness 59 4.35 2.58 
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The first section of the final MSAF consists of 14 items scoring 
pruritus, dizziness, headache, fatigue, flushing, mediator release 
attacks, dyspnea, rhinorrhea, palpitations, nausea and vomiting, 
abdominal pain, bone pain, concentration problems and depression. 
The second section of 6 items measures the impact of fatigue on 
daily functioning. 

 

Cross-sectional validation of the MQLQ and MSAF 

The scoring of the MQLQ domains “bones’, “skin symptoms” and 
“anaphylaxis” differed significantly (P<0.001) between patients with 
and without osteoporosis, UP and a history of anaphylaxis 
respectively. Moreover, the MQLQ domain outcomes correlated 
significantly with independent measures such as the consensus on 
grading of skin and mediator symptoms, lumbar BMD and MSAF 
fatigue scores (Table 1), indicating that the MQLQ domain scores are 
responsive to objective markers of mastocytosis.  

 

Additionally, strong significant correlations were found between the 
total scores of the MSAF and MQLQ and the grading of skin and 
mediator release symptoms based on the earlier established 
consensus statement8, but not the mast cell load parameters (Table 
4), indicating that the total scores of the MSAF and MQLQ both 
correspond with disease severity. The discriminative capability of the 
MQLQ domains compared to the RAND-36 is adequate (Spearman’s 
r < 0.7) for all but the “fatigue and mental health” domain 
(Spearman’s r< -0.789, Table 1). 

Prevalence of symptoms in the ISM population 

The variability of reported symptoms, severity and burden between 
patients was large. The overall and mean importance of the 12 
highest scoring items of the final MQLQ is given in figure 1B, with all 
items displayed in Table 2. Of note is the high burden exacted by the 
fear of wasps (a burden for 86.1% of patients, with an average 
scoring (MI) of 3.43 resulting in an overall importance (OI) of 2.95) 
and fatigue (a burden for 83.6% of patients, with an MI of 3.1 
resulting in an OI of 2.6). No domain of the MQLQ scored 
significantly higher than the other domains. 
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Table 4: Correlations between total scores of the mastocytosis 
quality of life questionnaire, the mastocytosis symptom assessment 
form and independent  measures.  

 Tryptase MH MIMA Mediator 
grading 

Skin 
grading 

MQLQ 
total 

score 

rs .081 .100 .141 .568 .399 

P: .359 .255 .108 .000 .000 

MSAF 
total 

score 

rs -.003 .109 .027 .559 .462 

P: .980 .386 .834 .000 .000 

Abbreviations: Skin grading: 2007 consensus on skin specific symptom grading for 
mastocytosis based on physician grading; Mediator grading: 2007 consensus on 
mediator release symptom grading for mastocytosis based on physician grading; ; 
MH: methylhistamine; MIMA: methylimidazole acetic acid;  MSAF: mastocytosis 
symptom assessment form; rs: Spearman's rho. 

The frequency and mean scoring of only the weekly mediator 
symptoms by the MSAF is displayed in Figure 1A, with the scoring of 
all individual items listed in Table 3.  For the MSAF the highest 
scoring items were related to the severity of fatigue or 
musculoskeletal pain, but all items were relevant for at least 35% of 
the study population. Nausea and vomiting was the symptom with the 
lowest overall importance (OI: 1.26) resulting from the infrequency of 
this symptom, affecting only 35.5% of the population. Nevertheless 
the scoring of nausea and vomiting in symptomatic patients was 
high, with a mean importance (MI) of 3.55. The presence of 
osteoporosis, anaphylaxis and UP was not related to significantly 
different total MQLQ or MSAF scores (P > 0.134) and the domains of 
the MQLQ displayed statistical significant positive intercorrelation (P 
< 0.003, Spearman’s r:  0.234 - 0.747), only the correlation between 
the domains “anaphylaxis” and “skin symptoms” was not significant 
(P: 0.052, Spearman’s r: 0.159).  
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Figure 1: Severity and frequency of the 12 most important items as 
measured by the mastocytosis symptom assessment form (A) and 
the mastocytosis quality of life questionnaire (B) in 164 indolent 
systemic mastocytosis patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3

 

[40] 
 

Table 4: Correlations between total scores of the mastocytosis 
quality of life questionnaire, the mastocytosis symptom assessment 
form and independent  measures.  

 Tryptase MH MIMA Mediator 
grading 

Skin 
grading 

MQLQ 
total 

score 

rs .081 .100 .141 .568 .399 

P: .359 .255 .108 .000 .000 

MSAF 
total 

score 

rs -.003 .109 .027 .559 .462 

P: .980 .386 .834 .000 .000 

Abbreviations: Skin grading: 2007 consensus on skin specific symptom grading for 
mastocytosis based on physician grading; Mediator grading: 2007 consensus on 
mediator release symptom grading for mastocytosis based on physician grading; ; 
MH: methylhistamine; MIMA: methylimidazole acetic acid;  MSAF: mastocytosis 
symptom assessment form; rs: Spearman's rho. 

The frequency and mean scoring of only the weekly mediator 
symptoms by the MSAF is displayed in Figure 1A, with the scoring of 
all individual items listed in Table 3.  For the MSAF the highest 
scoring items were related to the severity of fatigue or 
musculoskeletal pain, but all items were relevant for at least 35% of 
the study population. Nausea and vomiting was the symptom with the 
lowest overall importance (OI: 1.26) resulting from the infrequency of 
this symptom, affecting only 35.5% of the population. Nevertheless 
the scoring of nausea and vomiting in symptomatic patients was 
high, with a mean importance (MI) of 3.55. The presence of 
osteoporosis, anaphylaxis and UP was not related to significantly 
different total MQLQ or MSAF scores (P > 0.134) and the domains of 
the MQLQ displayed statistical significant positive intercorrelation (P 
< 0.003, Spearman’s r:  0.234 - 0.747), only the correlation between 
the domains “anaphylaxis” and “skin symptoms” was not significant 
(P: 0.052, Spearman’s r: 0.159).  

  

 

[41] 
 

Figure 1: Severity and frequency of the 12 most important items as 
measured by the mastocytosis symptom assessment form (A) and 
the mastocytosis quality of life questionnaire (B) in 164 indolent 
systemic mastocytosis patients. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3

 

[42] 
 

Discussion 

The wide variety in symptoms and burdens experienced by this study 
population of patients with systemic mastocytosis illustrates the 
frustration patients experience in dealing with their disease and 
underlines the need for standardised measurement tools that 
encompass the patients’ perspective. We report on the stepwise 
construction and cross-sectional validation of two patient-reported 
outcome measurements for mastocytosis: the MQLQ, the first tool to 
measure the burden of mastocytosis on quality of life and the MSAF 
for the documentation of symptom severity. 

The items generated and selected for the final MQLQ and MSAF 
reveal several areas of attention that have not been traditionally 
focussed upon to improve the quality of life for mastocytosis patients, 
such as the need for comprehensive physician awareness of 
mastocytosis, the debilitating burden of fatigue and the impact of the 
uncertainty surrounding mastocytosis symptoms. The percentage of 
patients reporting any severity of symptoms in the MSAF are largely 
consistent with the previous reported symptom frequencies in the US 
13  and French 4 patient population. Small differences in frequency 
(<15%) were reported for pruritus, dizziness, headache, fatigue, 
diarrhea, bone and muscle pain, concentration problems, depression 
and flushing suggesting a similar patient population. The high 
frequency and impact of fatigue in all three patient populations 
endorses the extra attention the MSAF extends to this symptom. 
Although the patient reported symptom “anaphylaxis” was more 
prevalent in both the US and French mastocytosis populations (26% 
in our population compared to 41% and 44% respectively) we feel 
that 26% is an accurate representation as this corresponds with 
previous published frequencies of physician diagnosed anaphylaxis 
in mastocytosis.24, 25  

Dissimilarly, the items with the highest impact on quality of life in our 
population differ from a previous study reporting a significant burden 
from pollakiuria and aerophagia.4 In concordance with our own 
clinical experience, symptoms such as pollakiuria and aerophagia 
were infrequent and had a low impact on our Dutch population 
(online repository Table E1). The underlying cause for this 
discrepancy remains unclear, but could reflect a difference in 
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baseline patient populations or patients perception on symptoms 
associated with mastocytosis. 

  

The domains selected for the final MQLQ exhibit a high internal 
consistency as evidenced by the Cronbach’s α, indicating that each 
of the items in the domain measures the same underlying construct. 
Specific domains of the MQLQ displayed strong correlations with 
associated independent measurements. Moreover, the MQLQ can 
differentiate between patients with and without anaphylaxis, 
osteoporosis and UP, supporting the notion that the MQLQ can 
accurately measure these specific aspects of mastocytosis. The total 
scores of both the MQLQ and the MSAF correlated strongly with the 
previously established 2007 consensus criteria on physician 
symptom scoring,8 indicating that these patient outcome measures 
are compatible with the existing consensus. An advantage of the 
MQLQ and the MSAF in comparison to the consensus scoring is that 
they are filled out by patients instead of relying on the clinical 
judgement of the physician, making them a convenient and rapid 
adjuvant to the consensus criteria. The moderate correlation between 
the MQLQ and the general quality of life questionnaire (RAND-36) 
reveals that the MQLQ measures additional aspects of mastocytosis, 
stressing the need for a disease-specific quality of life questionnaire. 
The high correlation between the domain “Fatigue, Mental Health” 
and the RAND-36 domain “Fatigue-Energy” is expected as both are 
designed to measure a similar variable.   

Several studies have speculated on clinical phenotypes of systemic 
mastocytosis associated with specific symptoms.6,7 We report no 
association between the presence of UP, osteoporosis or 
anaphylaxis and the total scores of the MQLQ and MSAF despite the 
earlier noted significant difference in the corresponding domain 
scores. Moreover, nearly all domains expressed significant positive 
intercorrelation, further supporting that these symptoms and domains 
do not reflect specific disease phenotypes but are applicable to all 
ISM patients and reflect disease severity and patients’ perspectives.  

A limitation of the current study inherent to mastocytosis is the lack of 
an all-encompassing independent measure for mastocytosis severity. 
The data of this study confirm earlier reports that mast cell burden 
does not correlate with the severity of mastocytosis-associated 
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symptoms.4 We have tried to overcome this drawback by using 
separate independent measurements for the domains of the MQLQ, 
although these were not applicable to all domains. Another limitation 
of the MQLQ is that not all domains may be responsive to therapeutic 
interventions: the unfamiliarity of family and care providers with 
mastocytosis is presumably not affected by clinical trials. As such, 
the MQLQ domain “unfamiliarity” of the MQLQ is suggested to be 
optional for drug trials. The MQLQ was developed and validated in a 
Dutch population of mastocytosis patients; validation of the English 
translation is currently planned.  Additionally, the cross-sectional 
validation was performed in only ISM patients, care should be taken 
in using these outcome measures in CM or ASM patient populations. 
Finally, we only describe the cross-sectional validation of the MQLQ 
and MSAF: longitudinal validation of both outcome measures is 
currently underway in a phase II trial (ClinicalTrials.gov Identifier: 
NCT01920204).  

In summary, we present the first disease-specific quality of life 
questionnaire for mastocytosis patients (MQLQ) and a short and 
convenient patient reported symptom scoring form; the MSAF. Both 
instruments express good measurement properties and offer 
complementing information about the severity of mastocytosis 
symptoms and the impact of mastocytosis symptoms on the quality 
of life. The results from the cross-sectional validation underline the 
burden exacted by fatigue and anaphylaxis on ISM patients. The 
MQLQ and MSAF are well suited for trials in ISM patients in which 
quality of life or the severity of symptoms are of interest. Additionally, 
the MQLQ and MSAF could be used to monitor and guide the effects 
of treatment and patient education in the outpatient setting. The 
preliminary English translations of the MSAF and MQLQ are 
available online as supplementary material.   
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Finally, we only describe the cross-sectional validation of the MQLQ 
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Introduction 

Mast cells and basophils have been studied mainly regarding their 
implication in IgE-mediated allergic disease. Yet, it has become clear 
that apart from the high‐affinity IgE receptor (FcεRI), these cells can 
respond to many different inflammatory stimuli via expression of a 
large variety of additional receptors making them prime effectors and 
regulators in inflammation and immunity. Besides highlighting mast 
cell involvement in different acute and chronic inflammatory and 
autoimmune diseases, studies have also revealed their beneficial 
functions. 

The COST Action BM1007 ‘Mast cells and Basophils – Targets for 
Innovative Therapies’ represented a network of researchers 
analysing to a large part the physiological and pathological roles of 
mast cells and basophils in the organism in order to come up with 
new treatment strategies. Within this frame, the task of one working 
group was to identify biological and pharmaceutical mast cell and 
basophil related targets through the identification of relevant 
pathways, the means to modulate mast cell and basophil functions, 
the promotion of studies in the human system as well as by the 
validation of pharmacological approaches and preclinical models. 

In February 2015, the third and last training school related to this 
COST action was held in Uppsala, Sweden. The school gathered 20 
students together with eight trainers from 11 countries all across 
Europe in a relaxed study atmosphere to discuss hot mast cell topics. 
These topics were as follows: (i) mast cell and basophil development 
in vivo and in vitro, (ii) mast cell and basophil deficient mouse strains, 
(iii) the difference between human and mouse mast cells and 
basophils and (iv) Are kinase inhibitors potential targets for mast cell 
and basophil driven diseases? Here, we summarized the conclusion 
reached during this two day training school in the form of a 
commentary report.  
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Mast cell and basophil development in vivo and in vitro 

Identifying and mapping the different stages of mast cell and basophil 
development and differentiation is important for designing specific 
drugs targeting these cells. Current knowledge on the mast cell 
maturation and differentiation process has been reviewed recently1, 
indicating an important role of transcription factors and surface 
molecules such as integrins and cytokine receptors. New types of 
regulators have been identified by a screen of microRNAs (miRNAs) 
expressed during differentiation of mast cells from bone marrow. 
Very specific miRNA patterns were found to be expressed governing 
the expression of differentiation and maturation markers such as KIT 
and the high‐affinity IgE receptor (FcεRI)2. miRNAs play critical roles 
in maintaining gene expression at appropriate levels, and these small 
molecules may thus be new potential targets to inhibit particular 
steps of mast cell differentiation and/or maturation.  

Another important aspect of characterizing mast cell and basophil 
development is to establish better protocols to study these cells 
in vitro. Due to the low numbers of basophils in blood, many 
experimental procedures are difficult to perform. Making researchers 
to rely on basophil cell lines or bone marrow derived basophils 
differentiated in vitro. Likewise, mast cells reach full maturation in 
tissues and mature mast cells are not found in the circulation1. 
Hence, researchers generally use established cell lines or mast cells 
differentiated in vitro from progenitor cells (i.e. cord blood, bone 
marrow). Accordingly, better understanding of mast cell and basophil 
development and maturation should yield better protocols for 
differentiating them in vitro. Currently, some contradictions arise from 
the literature regarding the cytokines and factors critical for mast cell 
and basophil differentiation. For example, while differentiation of 
murine bone marrow derived mast cells can be achieved with IL3 in 
the absence of stem cell factor (SCF), human mast cells are typically 
differentiated using IL6 and SCF. Manninka et al. have characterized 
in vitro culture conditions suitable for human mast cells and 
suggested that human mast cells arise from a committed progenitor 
distinct from other myeloid cells 3.  

Since mast cells reach final maturation in tissues, it is plausible that 
other tissue‐resident cells supply additional maturation signals that 
may be responsible for the existing considerable heterogeneity. 
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Consistent with this notion, mast cells in various types of tissues 
present different phenotypes, such as connective tissue or mucosal 
mast cells. Hsieh et al.4 have shown that airway epithelial cells can 
provide necessary factors for expression of tryptase/chymase in cord 
blood differentiated mast cells. They also demonstrated that culture 
conditions affect their capacity to release leukotrienes. This finding is 
important since most studies tend to characterize human mast cells 
only by their protease content. Importantly, when attempting to study 
mast cells in vitro, one should consider the type of mast cell that is 
relevant for the physiological aspect of the study and adjust culture 
conditions, accordingly. Thus, to model human lung mast cells, 
special culture conditions may be required such as coculture with 
airway epithelial cells along with IL-3 and IL-4. 5  

Cell differentiation is tightly regulated by transcription factors. Mast 
cell and basophil maturation and differentiation require GATA and 
STAT transcription factor families. 6,7However, new transcription 
factors continue to be discovered. In mice, interferon regulatory 
factor 8 (IRF8), a transcription factor essential for the development of 
several myeloid lineages, also regulates basophil and mast cell 
development 8. It is expressed in granulocyte progenitors but not in 
basophils, mast cells and basophil‐/mast cell‐restricted progenitors. 
However, in IRF8 knockouts, mast cell and basophil development is 
inhibited supporting a role in the generation of mast cell and basophil 
progenitors, likely involving its function as a transactivator of GATA2. 
8 The complexity of the gene expression regulation during cell 
differentiation highlights the need for searching additional candidate 
transcription factors.  

Current drugs used for mast cell and basophil induced pathologies 
are non-specific or target only a single mediator like antihistamines 
calling for more selective targets and knowledge about factors 
determining mast cell and basophil development. Improved in vitro 
systems to model the in vivo mast cell and basophil phenotypes are 
also crucial for the research community.  
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Mast Cell & Basophil Deficient Mouse Strains 

The role of mast cells was originally studied in mouse models 
carrying natural mutations in KIT, that is WBB6F-KIT W/W-v and 
C57BL6‐KIT W-sh/W-sh, which resulted in 99% depletion. However, 
due to altered KIT expression in other cell types, abnormalities of 
haematopoiesis and in the immune system have been described 9. 
Basophil in vivo research for long time was impossible lacking 
naturally occurring deficient mouse strains. First attempts were made 
using basophil‐depleting monoclonal antibodies: anti‐FcεRIα (clone 
Mar-1) or anti-CD200R3 (clone Ba103), an IgE‐independent 
activating receptor. Despite basophil depletion (>90%), reports of 
mast cell activation leading to anaphylaxis 10, depletion of dendritic 
cells 11 via FcεRI and activation of myeloid cells and natural killer 
cells through CD200R11,12 complicated the interpretation and needed 
further validation.  

This triggered new mast cell and basophil depletion strategies, for 
example Cre recombinase models (usually under the control of mast 
cell or basophil associated proteases). Cre mediates constitutive 
depletion either by toxicity (Cpa3cre/Cre Master; Mcpt8-Cre) 10, 13 
or by crossing with Rosa-DTα (R-DTA) mice expressing the 
diphtheria toxin (DT) α-subunit downstream a loxP-flanked stop 
cassette from the Rosa locus (Mcpt5-Cre-R-DTA, Basoph8). 14-16 

Conditional depletion is achieved after injection of DT into DT 
receptor knock in mice, either by Cre inducible DTR (iDTR), in which 
DTR expression is blocked by an upstream loxP flanked stop 
sequence (Mcpt5‐Cre–iDTR)15,16 or by a mast cell/basophil protein‐
specific DTR transgenic mice (Mas‐TRECK, Bas‐TRECK, Mcpt8‐
DTR).17,18 A recent model, the red mast cell and basophil model 
(RMB), 19 allows tracking and depletion of both granulocytes 
selectively due to the insertion of the bright red tdTomato (tdT) 
fluorescent protein and the human DTR in the Ms4a2 gene encoding 
the FcεRI β-chain.  

Mast cells and basophils are traditionally thought of in the context of 
TH2‐type responses; however, recent studies indicated roles beyond 
allergic and antihelminth responses (20, 21). Furthermore, significant 
differences in mast cell phenotypes derived from different mouse 
strains, different environment and different investigators have been 
identified influencing disease susceptibility.9 Hence, emphasis should 
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be made to carefully report experimental conduct, as well as detailed 
genetic backgrounds of mouse strains, animal husbandry and origin 
of mice.  

The new deficient mouse models should allow to validate previous 
work performed with the KIT‐dependent mast cell deficiencies. 
Previous work in KIT W/W-v and KIT W-sh/W-sh mice showed that 
mast cells can contribute to orchestrating neutrophil recruitment in 
various inflammatory responses. IgE‐dependent local and systemic 
anaphylaxis reactions in both KIT‐dependent and independent mast 
cell‐deficient mice (KIT W/W-v mice, KIT W-sh/W-sh mice and mast 
cell-depleted Mcpt5-Cre–iDTR mice  have consistently demonstrated 
a critical role of mast cells. 22-25 However, conflicting results regarding 
their role in contact hypersensitivity (CHS) responses have been 
generated. Researchers demonstrated that CHS responses to 
dinitrofluorobenzene (DNFB) were enhanced in KIT W/W-v and KIT 
W-sh/W-sh mice, while mast cells were critical for CHS responses to 
DNFB and fluorescein isothiocyanate when using Mcpt5-Cre–iDTR 
mice or Mcpt5-Cre–R-DTA mice. Additionally, immediate ear swelling 
response was abolished in Mcpt5‐Cre–iDTR mice but remained 
intact in the Kit‐mutant strains. Further studies are required to clarify 
the mechanisms that might explain these contradictory results. 
Similar validation and/or controversies applied also to other 
pathologies. Despite these discrepancies, previous studies on KIT-
dependent and recent work on KIT-independent mast cell 
deficiencies should be seen as complementary.  

Concerning basophils, generation of (inducible) basophildeficient 
mice allowed profound advances in the understanding of their 
immune regulatory and effector roles. Thus, basophil involvement in 
acquired tick feeding resistance demonstrated in the 1980s in guinea 
pigs 26 has been validated just recently, with the help of the Mcpt8-
DTR mice.17, 18 However, conflicting results regarding the role of 
basophils in antigen presentation or TH2 response to papain have 
arisen in the literature when antibody‐mediated and genetically 
mediated basophil depletions have been compared .10, 27-30 Despite 
these controversies, basophil deficient mice represent new tools that 
allow deciphering the role of basophils in health and disease ranging 
as well as their regulatory role in humoral immune responses and 
autoimmune diseases. 31  
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Taken together, while now ‘cleaner models’ for the study of mast 
cells and basophil functions have become available, the previous 
studies using KIT-dependent MC deficiencies and antibody mediated 
basophil depletion should still be considered as valid, despite the 
observed differences. One may want to keep in mind that the true 
mechanisms involving mast cells and basophils in pathologies may 
reside precisely in these differences. 

 

Differences between human and mouse mast cells and 
basophils 

Mouse mast cell and basophil models have been the mainstay of 
in vivo and in vitro investigations to study the causes and to identify 
cures for mast cell‐ and basophil‐driven diseases in humans. 32,33 

Their use has provided valuable insight and triggered various 
hypotheses about mast cell and basophil-driven diseases and 
remains the prime tools for the identification of biological and 
pharmaceutical mast cell and basophil related targets.32,34 However, 
questions remain as to whether these models have been very useful 
in the identification of these targets for applications in humans. 23,35,36 
Concise studies that examine the predictability of these models in 
human disease are still scanty. For example, recent large scale 
studies have shown that the small differences between the mouse 
and human genome can give rise to significant differences in their 
immune system and inflammatory response. 36, 37 It is therefore not 
surprising that several drugs for mast cell and basophil-related 
disease like asthma that were reported to be effective in preclinical 
models have failed in clinical trials. 38, 39 This warrants careful 
consideration in experimental design and the extrapolation of data to 
humans considering known differences between mouse and human 
mast cell and basophils. In this respect, some of the differences 
between mouse and human mast cells and basophils are 
summarized in Tables 1 and 2. These differences suggest that to 
enhance the chances of identifying clinically useful mast cell and 
basophil related targets, new models that precisely mimic human 
disease are needed. This will not only accelerate the identification of 
relevant targets, but will also result in efficient use of the already 
scarce resources available for research.  
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Table 1: differences between human and murine mast cells 
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Mast cells and basophils as targets for tyrosine kinase 
inhibitors 

The non-redundant roles of mast cells and basophils in allergic 
disorders and systemic mastocytosis are well known. However, mast 
cells and basophils are increasingly recognized as important 
contributors to non-allergic inflammatory and autoimmune disorders. 
Several of the mast cell and basophil signalling pathways are 
regulated by tyrosine kinases (TKs). There are about 90 human TKs 
which regulate cell signalling and protein function by transferring a 
phosphate group from ATP to the hydroxyl group of a target protein 
tyrosine.42 About 90% of mastocytosis patients present the D816V 
mutation within the cytoplasmic tail of the receptor tyrosine kinase 
KIT. It results in constitutional KIT activation leading to the pathologic 
mast cell proliferation and mediator release.43, 44 TK signalling can be 
suppressed by tyrosine kinase inhibitors (TKIs) preventing 
phosphorylation of target proteins. As TKs are involved in 
mastocytosis, inhibitors have been considered as a feasible way for 
treatment. Furthermore, specific mast cells eradication may also be a 
means to treat mast cell-driven diseases.  

Several TKIs that target mast cells and basophils are approved by 
the FDA for clinical use or are in the clinical trial phase. Imatinib was 
the first TKI used in mastocytosis patients; however, patients carrying 
the D816V mutation are resistant, as well as for nilotinib and 
ponatinib, which all target KIT. Subsequent trials focused on other 
compounds with a more broad inhibitory spectrum. Thus, dasatinib is 
inhibiting the SRC family protein TKs, whereas midostaurin also 
targets protein kinase C (PKC)45. Dasatinib and midostaurin, in 
addition to act on clonal mast cells and basophil diseases, have also 
been shown to be potent inhibitors of mast cell and basophil 
degranulation in vitro by targeting both the KIT and FcεRI receptor 
signalling pathways 46, 47. Nilotinib inhibits passive cutaneous 
anaphylaxis in mice and imatinib has shown effectiveness in 
ameliorating diarrhoea in a murine food allergy model.48, 49. Currently, 
a trial study is testing the effect of imatinib on treatment of resistant 
asthma (ClinicalTrials.gov identifier: NCT01097694). So far, all these 
studies have focused on the short-term effects of TKIs on KIT and 
IgE-mediated signalling. Results from long-term imatinib use in 
chronic myeloid leukaemia reveal that mast cell depletion can be 
achieved with less severe side effects compared to short-term 
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treatment, indicating that mast cell depletion can be another possible 
TKI therapeutic stratagem. 50   

Since TKIs have a broad target profile and are not mast cell specific, 
they are associated with many adverse events depending on the 
particular TKI compound. These include periorbital oedema, nausea, 
cytopenia, folliculitis and pancreatitis, thereby limiting the usefulness 
in mild diseases.51 However, recent studies have shown the 
possibility of combining TKIs for synergistic effect. The big advantage 
is that patients can be treated by using lower drug concentrations, 
with possible fewer side effects but, fascinatingly, with much higher 
antineoplastic or even anti-allergic effect. As an example, the 
combination of ponatinib and midostaurin requires 75% less 
midostaurin and 66% less ponatinib in comparison with the individual 
use of the drugs to halve the proliferation speed (IC50) of HMC1.2 
(KITD816V) cell lines. 52 Moreover, combinations with non-KIT-based 
therapies are currently being developed. For instance, synergistic 
apoptotic effect is observed after calcineurin phosphatase and KIT 
inhibition in KIT-mutant mast cell lines 53. Thus, TKIs can be used in 
multiple synergistic ways to still get a desired outcome in patients 
with the least systemic problems due to reduced side effects.  

In conclusion, TKIs are potentially attractive compounds thus far 
reserved for severe treatment and resistant diseases. New 
developments with increasing specificity or the use of synergistic 
dosing schedules are promising to broaden the therapeutic spectrum, 
including less severe diseases. The benefit would be the low degree 
of side effects, which can be seen in the TKIs used in the clinic 
today. 
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Abstract 

Background: Indolent systemic mastocytosis (ISM) is the most 
prevalent primary mast cell disorder and is associated with a variety 
of mast cell activation symptoms refractory to anti-histamine therapy. 
Midostaurin, a protein kinase inhibitor of KIT-D816V, has been 
recently found to reduce symptoms in aggressive systemic 
mastocytosis.   

Methods:  We conducted an open-label, nonrandomized, single-
center, phase 2 trial of oral midostaurin at a dose of 100 mg twice 
daily for 24 weeks in 20 ISM patients with severe mediator 
symptoms. The primary outcome was the symptomatic response rate 
according to the mastocytosis symptom assessment form (MSAF) 
sumscore after 12 weeks of treatment. Secondary endpoints included 
the persistence of symptoms after 24 weeks, disease specific quality 
of life (MQLQ) and the effects on serum tryptase, bone marrow and 
skin infiltration.  

Findings: Symptom severity at week 12 showed a statistical 
significant median 35% (P< 0.001; IQR: 16% - 56%) reduction that 
lasted until week 24, with the strongest effects on fatigue and 
musculoskeletal pain. Disease specific quality of life improved 
significantly (P< 0.001, median improvement 29%, IQR 16% - 47%) 
after 24 weeks. These effects were accompanied by a sharp 
reduction in tryptase levels within 4 weeks of treatment (from 36.0 to 
15.5 ug/l, P< 0.001), an improvement of skin infiltration in 80% and a 
modest decrease in bone marrow mast cell infiltration in 50% of 
patients after 24 weeks. The most common adverse events were 
grade 1-2 nausea (80%) resulting in 3 patients dropping out, 
headache (50%) and diarrhea (35%).   

Conclusions: We find midostaurin to be effective, safe and 
reasonably well tolerated treatment for mediator release symptoms 
and skin infiltration in ISM patients 
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Introduction 

Mastocytosis is a spectrum of diseases characterized by an 
increased number of mediator-releasing monoclonal mast cells 
infiltrating multiple organ systems. The treatment and management 
of mastocytosis patients is largely dependent on the classification of 
their disease.1,2 Indolent systemic mastocytosis (ISM) is the most 
predominant category, with mast cell infiltration of - in particular - the 
bone marrow, gastrointestinal tract and skin, but – by definition - no 
resulting organ dysfunction.(3) For most ISM patients the mast cell 
burden will remain stable throughout a near-normal life expectancy. 4 

Unfortunately, the quality of life can be severely affected as 
many ISM patients suffer from debilitating mast cell activation 
symptoms. 5 Here, activated mast cells release mediators inducing a 
wide spectrum of chronic and paroxysmal symptoms, such as 
flushing, pruritus, anaphylaxis, fatigue, depression and 
osteoporosis.6, 7 Anti-histaminic and mast cell stabilizing agents are 
effective in treating most of these symptoms. However, even with 
therapy over 70% ISM patients experience an impaired quality of life 
due to refractory symptoms such as fatigue, illustrating the large 
unmet therapeutic need.5  Moreover, esthetically displeasing skin-
infiltrates such as urticaria pigmentosa (UP) are present in 
approximately 45-70% of ISM patients8,9 and are notoriously 
treatment resistant, often relapsing after psoralen and ultraviolet A 
therapy within 2 to 8 months.10 

Key in the pathogenesis of mastocytosis are the activating 
mutations (typically KIT D816V) in the Kit receptor that lead to 
unrestricted activity of its intrinsic tyrosine kinase activity and 
subsequent autophosphorylation.11 Kit receptor signaling facilitates 
mast cell proliferation and mediator release, including IgE-mediated 
degranulation.12 Preclinical studies have shown that tyrosine kinase 
inhibitors targeting Kit can inhibit proliferation and induce apoptosis in 
mast cells.13-15 The protein kinase inhibitor PKC412 (midostaurin) 
can inhibit the D816V mutated KIT kinase and additionally inhibit IgE-
mediated degranulation through its action on protein kinase C.15,16 
Recently completed studies of midostaurin in the aggressive forms of 
SM resulted in an overall response rate of 60-71% and a major 
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diarrhea.17,18 In particular, mast cell activation symptoms rapidly 
responded to treatment with midostaurin, often preceding the 
decrease in mast cell infiltration. These observations suggest that 
midostaurin has both mast cell depleting and mast cell stabilizing 
properties with manageable side effects, prompting speculation on its 
usefulness in ISM.17,19 

We therefore conducted a phase 2 trial in ISM patients with 
severe mast cell activation symptoms refractory to anti-histaminic 
and mast cell stabilizing treatment to study the efficacy and safety of 
midostaurin. We will show that the drug is safe and effective in 
symptom-reduction with simultaneously fast and marked improved 
quality of life. 
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Methods 

Patients 

This is an open-label, nonrandomized, single-centre, phase 2 trial. 
Eligible patients were contacted and included based on their 
geographic proximity to the University Medical Centre Groningen.  
Patients at least 18 years of age were eligible if a diagnosis of KIT 
D816V+ indolent or smoldering systemic mastocytosis according to 
the World Health Organization criteria was present. 3 In addition,  a 
serum tryptase ≥20 μg/l was required, and severe mediator-related 
symptoms refractory to H1 and H2 blocking drugs defined as a pre-
study mastocytosis symptom assessment form (MSAF) score of 4 or 
more on 3 non-related items, or a pre-study score of 5 or more on 2 
non-related items (one item from the scoring list can be replaced by 
flushes 7 or more per week or anaphylactic attacks 1 or more per 
month). In addition, all men of reproductive potential and women of 
child-bearing potential had to practice effective contraception. 
Excluded from the study were pregnant or nursing women, patients 
diagnosed with advanced aggressive mastocytosis, another 
malignancy unless they were disease-free for at least 5 years, or had 
a diagnosis of non-melanoma skin cancer. Finally patients were 
excluded who were suffering serious comorbidity interfering with 
therapy compliance and follow-up compliance. The patient accrual 
process is demonstrated in Figure 1. This study was approved by the 
University Medical Centre Groningen Institutional Review Board and 
conducted in accordance with the principles of the Declaration of 
Helsinki. All patients gave written informed consent before study 
entry. The study is registered with Clinical Trials.gov, NCT01920204. 
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Intervention 

All anti-histamine and mast cell stabilizing drugs that the patients 
were taking were continued. Midostaurin was supplied by Novartis 
(Basel, Switzerland) as capsules of 25 mg, and had to be taken orally 
at the dose of 100 mg twice a day. Patients received midostaurin 
continuously from day 1. Premedication with anti-emetic 5-HT3 
receptor antagonists was started for all patients two hours before 
midostaurin intake and adjusted after two weeks according to 
symptoms of nausea and vomiting. After 24 weeks of treatment, a 2 
month drug free wash-out period was introduced. Patients with a 
relapse of symptoms and an increase in tryptase levels were allowed 
to restart the drug during a follow-up phase. Toxicities and adverse 
events were evaluated using the Common Terminology Criteria for 
Adverse Events (CTC) Version 4.03. During the entire trial dose 
modifications were allowed in case of toxicity. Patients who 
developed grade 3 or 4 toxicity had to discontinue therapy with 
midostaurin until the adverse event recovered to grade less than or 
equal to 2. If toxicity did not resolve within 3 weeks, therapy was 
discontinued. 

Assessments and measurement tools 

Baseline studies included a complete physical examination, complete 
blood count, a comprehensive biochemistry panel (including liver 
function tests), and measurements of mast cell load. Serum tryptase 
levels were determined using the B12 assay (ImmunoCAP Tryptase, 
Thermo Fisher Scientific, Uppsala, Sweden). Urinary excretion of 
methylhistamine (MH) and methylimidazole acedic acid (MIMA) were 
determined as described previously.20,21 Urine samples were 
collected after an overnight fast, discarding the first voiding after 
wakening. During the 24h before urine collection, patients were 
asked to refrain from histamine-rich foods and drinks.   
Hepatosplenomegaly and lymphadenopathy were documented by 
ultrasound. Skin involvement was documented using the Scoring 
Mastocytosis (SCORMA) scoring system.22)The SCORMA system 
was adapted by using only the skin-related measurement tools, parts 
A and B, preventing interference of mast cell release symptoms on 
the scoring of skin involvement.22 Bone marrow mast cell infiltration 
together with immunophenotyping and molecular analysis was 
measured in  biopsies and aspirates. Flow cytometric mast cell 
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immunophenotyping and KIT D816V mutation analysis were 
performed as described previously.23 

Patients were seen at week 1, 2 and 4 and subsequently monthly 
unless earlier visits were deemed necessary. A complete blood count 
and comprehensive biochemistry panel were obtained at least every 
4 weeks. Symptom severity was self-monitored weekly using the 
mastocytosis symptoms assessment form (MSAF).(5) Quality of life 
was measured at baseline and at weeks 12 and 24 using the general 
SF36 general health questionnaire, and the mastocytosis quality of 
life questionnaire (MQLQ).5,24 The extent of bone marrow mast cell 
infiltration was quantified in biopsies and aspirates, prior to and 24 
weeks after treatment. 

 

Endpoints and safety 

The primary objective of the study was to assess symptomatic 
response rate according to the MSAF sumscore after 12 weeks of 
midostaurin treatment. Secondary endpoints were the persistence of 
symptoms after 24 weeks of midostaurin treatment, changes in 
quality of life at weeks 12 and 24 in combination with the changes in 
mast cell load as assessed by the percentage change in bone 
marrow mast cell infiltration, serum tryptase, skin infiltration, 
lymphadenopathy and hepatosplenomegaly.  

 To ensure safety, an interim analysis focussing on adverse 
events, especially hematologic toxicity, was performed by the 
principal investigator after the first 10 patients had a follow-up of at 
least 12 weeks. Although no formal stopping rule was designed, 
standard good quality clinical practice allowed for early termination of 
the study in case of excess toxicity or unsatisfactory risk/benefit ratio 
of the therapy, as judged by study staff and involved treating 
physicians.  

Statistical analysis 

This is a phase 2 proof-of-concept study and therefore a formal 
sample size calculation was not performed. MQLQ scores were 
transformed to a 0 (worst) to 100 (best)scale to facilitate comparison 
with SF36 scores. In order to calculate aggregate scores for the 
SF36, MSAF and MQLQ missing data on individual items were 
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handled using the last observation carried forward method. 
Questionnaires missing >10% of the items were not analysed. 
Intention-to-treat analyses were used unless otherwise specified. 
Descriptive statistics were used to assess response; Mann-Whitney 
U test and Wilcoxon signed rank test were used for statistical 
comparisons.  

Role of the funding source 

The study was investigator initiated, conceived and designed by the 
Groningen Mastocytosis Centre and was performed and monitored in 
collaboration with an independent trial coordination center (TCC, 
Groningen, The Netherlands). Novartis (Novartis Pharma, Basel, 
Switzerland) funded the study and provided study drugs. All authors 
had full access to all data in the study and had final responsibility for 
the decision to submit for publication. 

Results 

Patients 

Starting June 2012, 248 ISM and SSM patients were screened on 
symptom severity using the MSAF. Out of the 168 that returned filled 
out questionnaires, 55 patients met the symptom severity inclusion 
criterion and were contacted in order of geographic distance to the 
treatment facility.  Between September 2013 and August 2015, 
twenty ISM patients were included. The patient selection and accrual 
process is further detailed in Figure 1 and the baseline 
characteristics of those included are displayed in Table 1. Briefly, the 
mean age of included was patients was 49 ± 12 years old, there was 
an almost even male-female proportion (45-55%) and all but five 
patients exhibited UP (75%). During the trial three patients dropped 
out due to adverse events, all related to nausea, before week 12. 

Efficacy: symptom severity  

The primary efficacy endpoint of MSAF measured symptom severity 
at week 12 showed a statistical significant median 35% (P< 0.01; 
IQR: 16% - 56%) reduction in symptom severity, resulting in an 
improvement in symptoms for 75% (n=15) of the patients. Symptom 
severity scores further improved to an average 38% reduction at 
week 24 (Figure 2). In addition (not depicted in Figure 2), the 
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frequency of flushing decreased from a median of 5 flushes per week 
at baseline to 1 flush per week after 24 weeks of treatment. 
Anaphylactic-like mastocytosis “attacks” were present in 3 patients at 
baseline, for one of these patients the monthly occurrence dropped 
from 60 to 23, strongly affecting the ability to perform basic daily 
activities. In the remaining two patients these attacks stopped 
completely, coming down from 20 and 3 attacks per month 
previously. The strongest improvement in chronic mediator release 
symptoms was seen in the symptoms fatigue and musculoskeletal 
pain, as evidenced by a median 4 point and 3.5 point difference in 
score on a 0-10 scale after 24 weeks of treatment. Conversely, there 
was a median 0.5 point increase in reported nausea and vomiting 
symptoms after 24 weeks. The symptom specific effect of 
midostaurin is further illustrated in Figure 3. 

Efficacy: quality of life 

The secondary efficacy endpoint of MQLQ measured disease 
specific quality of life indicated a statistical significant median 29% 
(P< 0.001, IQR 16% - 47%) improvement after 24 weeks of 
treatment. The strongest improvement of 39% was found in the 
domain fatigue. This was accompanied by an average 27% 
improvement in the SF36 measured general health related quality of 
life across all scales, with a near normalization of median scores on 
the role limitations due to physical health. All the changes per domain 
of the quality of life measurement tools are displayed in Figure 4. 
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Table 1. Patient characteristics 

Patients n, 20 

Age Years 49 ± 12 

 Range 23-71 

Female n, % 11 (55%) 

Mast cell load parameters   

Tryptase μg/l 34 (24 – 41) 

Methylhistamine μm/mol cr. 344 (171 – 391) 

Methylimidazole acedic 

acid 

mm/mol cr. 4.5 (3.4 – 5.9) 

Urticaria Pigmentosa n, % 15 (75%) 

Hepatosplenomegaly n, % 3 (15%) 

Bone marrow mast cell infiltration   

Biopsy % mast cells 4.5 ( 2.0 – 7.5) 

Aspirate % mast cells 1.5 (1.0 – 3.0) 

Data are given as mean ± SD, or median (IQR); 
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Figure 1. Patient accrual and trial profile  
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Figure 2:  Percentage change in mastocytosis symptom assessment 
form (MSAF) measured symptom severity compared to baseline.  
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Figure 3: Symptom severity as measured by the mastocytosis 
symptom assessment form (MSAF) before and after 24 weeks of 
treatment with midostaurin, the higher the score, the more severe the 
symptoms.  

 

Biochemical and mast cell infiltration response 

After 24 weeks, a reduction of mast cell infiltration, as denoted by a 
sharp decrease in all mast cell load markers was found in 80% 
(n=16) of included patients. (Online supplementary Figure 1).   
Already after 4 weeks all 19 still included patients showed a 
statistically significant reduction in tryptase levels (from 36.0 to 15.5 
ug/l, P< 0.001) that remained stably reduced for all but 1 patient 
throughout the study (Figure 4). The increase in tryptase seen in the 
one patient followed an adverse event with associated dosage 
reduction of midostaurin.  

A similar rebound effect was observed in most patients during the 2 
month wash-out period.  At the end of the study, 8 out of 16 
histologically assessable bone marrow biopsies showed a reduction 
in the percentage of mast cells (from median 7.5% to 4.0%), 2 an 
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increase and 6 no change. Urticaria pigmentosa improved in 12 
(80%) of the 15 patients with skin symptoms, resulting in a 40% 
reduction in median SCORMA score with the strongest effect seen in 
the intensity of lesions. (Online supplementary Figure 1) 

Safety and tolerability 

Midostaurin was well tolerated; the most common adverse events 
were nausea (n=16, 80%), headache (n=10, 50%) diarrhea (n=7, 
35%), all grade 1-2. Midostaurin-related nausea responded well to 5-
HT3 receptor antagonist anti-emetic medication, but was necessary 
until the end of the study for all but 6 patients. In 3 female patients 
nausea was uncontrolled by anti-emetics (CTC grade 2) and these 
patients dropped out of the study. There was one SAE, anaphylaxis 
during lunch with collapse not objectified with tryptase, deemed to be 
probably not treatment related and two additional other grade 3-4 
adverse events (syncope and elevated ALT). Notably, there were no 
CTC grade >1 hematological adverse events. The frequencies of 
grade 2 AEs are shown in Table 2. 

Follow-up 

According to protocol, all patients stopped midostaurin at week 24. 
Next, a 2 month wash-out period gave the opportunity to document 
duration of response. It appeared that most patients experienced a 
rapid relapse of symptoms, accompanied by an increase in tryptase 
levels as well (Figure 4). Ten patients restarted midostaurin at twice 
100 mg and all showed an improvement of symptoms once more, 
accompanied by a reduction in tryptase in all but two patients (Figure 
4). It is too early to present more data on longer follow-up, which 
moreover was not part of this protocol.  
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Figure 4: Median scoring per domain of the disease specific 
Mastocytosis Quality of Life Questionaire (MQLQ) and the general 
Short Form Health Survey 36 (SF36) related quality of life, a higher 
score indicates less burden.  
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Online supplementary Figure 1: Response in mast cell infiltration 
markers after 24 weeks of Midostaurin 
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Table 2. Common adverse events, occurring in >10% of patients or 
CTC grade >2.  

Adverse event CTC grade 1-2 CTC Grade 3 

Nausea 16 (80%) 0 

Headache 10 (50%) 0 

Diarrhea 7 (35%) 0 

Elevated transaminases 7 (35%) 1 (5%) 

Fatigue 6 (30%) 0 

Urinary tract infection 3 (15%) 0 

Dizziness 3 (15%) 0 

Flu like symptoms 3 (15%) 0 

Anemia 3 (15%) 0 

Abdominal pain 2 (10%) 0 

Arthralgia 2 (10%) 0 

Vomiting 2 (10%) 0 

Anaphylaxis 0 1 (5%) 

Syncope 0 1 (5%) 
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Figure 4: Serum tryptase reduction during Midostaurin treatment.  
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Discussion 

In this first trial to investigate the use of midostaurin in ISM patients, 
we found this drug to be effective in symptom and mast cell 
infiltration-reduction in the large majority of patients. Notably, the 
responses were fast and seen in traditionally refractory symptoms, 
such as fatigue, UP and musculoskeletal pain. The only symptom 
that did not react and even worsened was nausea, but we assume 
that this did not reflect disease activity, but was a well-known side 
effect of midostaurin. Due to the non-randomized nature of this trial 
the contribution of a placebo-effect to symptom reduction can’t be 
ruled out. However, the strong biochemical response suggestive of 
mast cell load reduction supports the notion that the observed clinical 
effect was due to mast cell targeting.  Notably, reductions in serum 
tryptase and the urinary histamine metabolites were more 
pronounced compared to the modest reduction in bone marrow and 
cutaneous mast cell infiltration. A possible explanation is that the 
early inhibiting effects of midostaurin on mast cell mediator synthesis 
and release are stronger than the anti-proliferative effects that will 
need more time than the 24 weeks of this trial.16 A mast cell mediator 
release inhibiting effect is further supported by the fast rebound effect 
in symptoms and tryptase levels after dosage reduction and during 
the wash-out phase. This suggests that the dose of twice 100 mg 
seems necessary, and moreover, that a duration of 24 weeks is not 
enough to stabilize the disease. This fast rebound of signs and 
symptoms is disappointing, but is a previously noted characteristic of 
tyrosine kinase inhibitors.25  Nevertheless, observations in CML 
patients treated with a Kit targeting tyrosine kinase inhibitor suggests 
that mast cell depletion occurs after 1 year of treatment.26 
Consequently, we hope that prolonged administration of midostaurin 
will enable some dose reduction.  

Patient selection for this trial was strict with only patients with 
severe refractory symptoms and serum tryptase > 20 ug/l accepted 
to maximize the possibility of finding a clinical or biochemical effect. 
To illustrate the relative rarity of this patient category, of the 168 
patients that filled out the screening questionnaire 94 did not have 
symptoms severe enough for inclusion and an additional 17 had 
insufficiently high tryptase levels (Figure 1). As such, the trial 
population is distinctly different from the average ISM patient. 
Nevertheless, we feel that the midostaurin might be more broadly 
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applicable than suggested by these numbers and recommend future 
trials to broaden the inclusion criteria. One caveat related to our strict 
patient selection is the possibility of regression to the mean of 
symptoms. However, all trial patients had their symptoms scored at 
least twice before the study at start – during pre-screening and at 
entry.  A post hoc analysis comparing symptom severity between the 
screening phase and the start of the trial did not find a significant 
difference in symptom severity over these 6+ months. Despite side 
effects, notably nausea, most patients favored continuation of the 
drug. As we used symptoms as primary endpoint, obviously any 
future phase III trial should include a placebo control arm.  

In conclusion, we find midostaurin to be an effective, fast 
acting, safe and reasonably well tolerated treatment modality for ISM 
patients suffering from severe mediator release symptoms or skin 
infiltration.  
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Abstract 
Patients with indolent systemic mastocytosis (ISM) are at risk for severe 
anaphylactic reactions to yellow jacket (YJ) stings while demonstration of 
sensitization can be challenging because specific IgE (sIgE) levels are 
regularly below 0.35 kU A /L. The implication of missing YJ allergy is 
illustrated by a case of fatal anaphylaxis.  

Objective: to explore the natural course of YJ venom allergy and the 
diagnostic accuracy and therapeutic consequence of YJ venom sIgE in 
patients with ISM.  

Methods: all patients with ISM seen from 1981 to 2015 (n = 243) were 
evaluated on the number of YJ stings, reaction severity, and sensitivity and 
specificity of YJ venom sIgE. YJ venom allergic patients without 
mastocytosis served as control (n = 313).  

Results: a total of 153 patients with ISM were stung during adult life. The 
first systemic reaction was more often severe in patients with ISM than in 
patients without mastocytosis (69.9% vs 22.0%) and reactions recurred in 
40 of 41 re-stung patients with ISM. ISM reactors showed lower YJ venom 
sIgE levels than nonmastocytosis reactors (0.61 vs 4.83 kU A /L; P < .001) 
and asymptomatic sensitization was exceedingly rare. In ISM the current 
clinical threshold of 0.35 kU A /L yields a sensitivity and specificity of 77.6% 
and 87.5%, respectively. The optimal diagnostic accuracy is achieved at 
0.17 kU A /L (sensitivity, 83.6%; specificity, 85.0%).  

Conclusions:the high rate of severe reactions and the fatal case 
underscore the importance of adequate diagnostic sensitivity of sIgE in 
patients with ISM. The sensitivity of sIgE can be ameliorated by lowering 
the threshold to 0.17 kU A /L, retaining good specificity. We recommend 
sIgE screening in all patients with ISM and discussing immunotherapy 
when YJ venom sIgE exceeds 0.17 kU A /L.  
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Introduction 

Patients with indolent systemic mastocytosis (ISM) represent a 
particular risk group for severe and occasionally fatal anaphylactic 
reactions to yellow jacket (YJ) stings, occurring in nearly half of the 
patients stung in adult age. 1-4 This risk is far higher compared with 
patients without mastocytosis in whom it does not exceed 3%. 5 ISM 
is the most prevalent form of systemic mastocytosis and is 
characterized by a clonal proliferation of abnormal mast cells in 
extradermal tissues. 6 The clinical severity of anaphylaxis presumably 
relates to excessive mast cell mediator release (eg, histamine) by the 
abundant number of aberrant mast cells. 6  

When no systemic reactions have occurred yet, patients with ISM are 
prescribed an epinephrine autoinjector as a precaution, though the 
only preventive therapy available to reduce the risk of future systemic 
reactions is venom immunotherapy (VIT). VIT is potentially lifesaving 
in patients with ISM, but should be implemented only after careful 
consideration because it is advised to be maintained lifelong. 7 In 
practice, only patients with ISM who have already had at least 1 
anaphylactic episode are treated with VIT. The unmet need for 
identification and treatment of patients with ISM at risk for a first-time 
anaphylactic reaction to YJ stings became forcefully clear to us after 
a case of a fatal reaction.  

  

 

[95] 
 

Case of Fatal Anaphylactic Reaction to YJ Venom  

A 58-year-old female patient was diagnosed with ISM 8 years 
previously on the basis of elevated baseline serum tryptase level 
(56.7 μg/L), urticaria pigmentosa confirmed by skin biopsy, and mast 
cell infiltrates in bone marrow. YJ stings 8 and 6 years previously had 
not elicited an allergic reaction and specific IgE (sIgE) level was not 
elevated (<0.01 kU A /L) 3 years before the anaphylactic reaction. On 
the day of the anaphylactic reaction, she was stung in the neck, 
chest, and wrist by 1 YJ after which she felt light-headed within 2 
minutes, developed difficulty in breathing, and collapsed 4 minutes 
after being stung. The ambulance personnel arrived 7 minutes after 
the first symptoms appeared and immediately administered 0.5 mg 
epinephrine intramuscularly during the course of which her pulse 
became impalpable. Basic life support was started and an 
intravenous line was established for administration of epinephrine by 
continuous infusion as well as a second line for administration of 
clemastine and dexamethasone. Intubation was initially unsuccessful 
because of swelling of the tongue, but succeeded after 15 minutes. 
The total reanimation lasted 28 minutes, with 17 minutes of asystole 
and 8 mg intravenous epinephrine administration. After 
hemodynamic stabilization, the patient was transferred to the 
intensive care unit. She did not regain consciousness. On the fifth 
day, the diagnosis of cerebral death was established and treatment 
was stopped. The patient's husband stated that 2 months before the 
fatal reaction she had developed a large local reaction following a 
sting without any systemic symptoms. On admission, positive sIgE 
against YJ venom (0.51 kU A /L) and Vespula vulgaris antigen 5 (Ves 
v 5; 2.31 kU A /L) were found in serum samples. Massive mast cell 
degranulation was evident from high levels of serum tryptase (1836 
μg/L), urinary methylhistamine (MH; 468 μmol/mol creatinine), and 
methylimidazole acetic acid (MIMA; 8.2 mmol/mol creatinine). sIgE 
levels to YJ venom and Ves v 5 measured 4 days after the sting were 
further elevated (0.78 kU A /L and 4.77 kU A /L, respectively), while 
tryptase level was relatively low (17.4 μg/L) probably due to mast cell 
exhaustion.  

The particulars of this case led us to several research questions: 
what is the natural course of YJ venom allergy in patients with 
mastocytosis? Should we have checked for sensitization to YJ 



6

 

[94] 
 

Introduction 

Patients with indolent systemic mastocytosis (ISM) represent a 
particular risk group for severe and occasionally fatal anaphylactic 
reactions to yellow jacket (YJ) stings, occurring in nearly half of the 
patients stung in adult age. 1-4 This risk is far higher compared with 
patients without mastocytosis in whom it does not exceed 3%. 5 ISM 
is the most prevalent form of systemic mastocytosis and is 
characterized by a clonal proliferation of abnormal mast cells in 
extradermal tissues. 6 The clinical severity of anaphylaxis presumably 
relates to excessive mast cell mediator release (eg, histamine) by the 
abundant number of aberrant mast cells. 6  

When no systemic reactions have occurred yet, patients with ISM are 
prescribed an epinephrine autoinjector as a precaution, though the 
only preventive therapy available to reduce the risk of future systemic 
reactions is venom immunotherapy (VIT). VIT is potentially lifesaving 
in patients with ISM, but should be implemented only after careful 
consideration because it is advised to be maintained lifelong. 7 In 
practice, only patients with ISM who have already had at least 1 
anaphylactic episode are treated with VIT. The unmet need for 
identification and treatment of patients with ISM at risk for a first-time 
anaphylactic reaction to YJ stings became forcefully clear to us after 
a case of a fatal reaction.  

  

 

[95] 
 

Case of Fatal Anaphylactic Reaction to YJ Venom  

A 58-year-old female patient was diagnosed with ISM 8 years 
previously on the basis of elevated baseline serum tryptase level 
(56.7 μg/L), urticaria pigmentosa confirmed by skin biopsy, and mast 
cell infiltrates in bone marrow. YJ stings 8 and 6 years previously had 
not elicited an allergic reaction and specific IgE (sIgE) level was not 
elevated (<0.01 kU A /L) 3 years before the anaphylactic reaction. On 
the day of the anaphylactic reaction, she was stung in the neck, 
chest, and wrist by 1 YJ after which she felt light-headed within 2 
minutes, developed difficulty in breathing, and collapsed 4 minutes 
after being stung. The ambulance personnel arrived 7 minutes after 
the first symptoms appeared and immediately administered 0.5 mg 
epinephrine intramuscularly during the course of which her pulse 
became impalpable. Basic life support was started and an 
intravenous line was established for administration of epinephrine by 
continuous infusion as well as a second line for administration of 
clemastine and dexamethasone. Intubation was initially unsuccessful 
because of swelling of the tongue, but succeeded after 15 minutes. 
The total reanimation lasted 28 minutes, with 17 minutes of asystole 
and 8 mg intravenous epinephrine administration. After 
hemodynamic stabilization, the patient was transferred to the 
intensive care unit. She did not regain consciousness. On the fifth 
day, the diagnosis of cerebral death was established and treatment 
was stopped. The patient's husband stated that 2 months before the 
fatal reaction she had developed a large local reaction following a 
sting without any systemic symptoms. On admission, positive sIgE 
against YJ venom (0.51 kU A /L) and Vespula vulgaris antigen 5 (Ves 
v 5; 2.31 kU A /L) were found in serum samples. Massive mast cell 
degranulation was evident from high levels of serum tryptase (1836 
μg/L), urinary methylhistamine (MH; 468 μmol/mol creatinine), and 
methylimidazole acetic acid (MIMA; 8.2 mmol/mol creatinine). sIgE 
levels to YJ venom and Ves v 5 measured 4 days after the sting were 
further elevated (0.78 kU A /L and 4.77 kU A /L, respectively), while 
tryptase level was relatively low (17.4 μg/L) probably due to mast cell 
exhaustion.  

The particulars of this case led us to several research questions: 
what is the natural course of YJ venom allergy in patients with 
mastocytosis? Should we have checked for sensitization to YJ 



6

 

[96] 
 

following the large local reaction 2 months earlier? Should the 
presence of sIgE against YJ venom have led us to consider 
preventive VIT in light of the natural course of the disease? And if so, 
what are the diagnostic characteristics and optimal clinical cutoff 
points of sIgE to YJ venom and its major allergen Ves v 5 in serum? 
To answer these questions, we retrospectively analyzed the data of 
all our patients with ISM regarding their history of YJ venom allergy, 
and the diagnostic accuracy of sIgE in such patients who could recall 
ever having been stung by a YJ. The sensitivity of sIgE was 
compared with patients with a YJ venom allergy not suspected of 
mastocytosis.  

Methods  
Subjects  

The ISM cohort consisted of all consecutive adult patients with ISM 
seen at University Medical Center Groningen (1981-2015) who were 
seen either because of a systemic reaction to a YJ sting and/or 
because of other symptoms of ISM (eg, urticaria pigmentosa or 
flushing). From every patient, a history of YJ stings was established 
from the patients' charts or telephone interviews. Because patients 
with ISM were not treated with VIT between 1990 and 2009, 3 the 
natural course of sting reactions could be evaluated in addition to the 
diagnostic accuracy of sIgE. The diagnosis of ISM was established 
according to the World Health Organization criteria. 8  

The nonmastocytosis cohort consisted of all adult patients seen 
because of a systemic reaction to a YJ sting (2009-2015) and a 
serum tryptase level of less than 10.0 μg/L, urinary MH level of 
154 μmol/mol creatinine or less, and absence of clinical skin lesions 
compatible with urticaria pigmentosa. For study purposes, the cutoff 
point for tryptase was set at 10.0 μg/L because the risk of systemic 
mastocytosis is very low below this value. 9  

The diagnosis of YJ venom allergy was based on internationally 
accepted clinical criteria and systemic reactions were classified 
according to Müller. 5 10 Grade I reactions were considered as mild, 
grades II to III as moderate, grade IV without incontinence or loss of 
consciousness as severe, and grade IV with incontinence or loss of 
consciousness or death as very severe. The local medical ethics 
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committee deemed that official medical ethical approval was not 
required.  

YJ venom sensitization and mast cell parameters  

If sIgE was not measured for clinical purposes, stored serum 
samples from a date closest to the last systemic reaction or YJ sting 
were analyzed for sIgE against YJ venom and Ves v 5 using the 
fluoro-enzyme-immunoassay Phadia ImmunoCAP (Phadia, Uppsala, 
Sweden). Intracutaneous tests were used in only those patients with 
a history positive for anaphylaxis but negative in serological testing. 
Stepwise incremental concentrations of 0.03 mL venom were used 
ranging from 0.001 to 1 μg/mL, with a positive histamine solution 
control and a negative physiological saline solution control. A positive 
test result was defined as a wheal of 5 mm or more with surrounding 
erythema.  

Serum tryptase levels were determined with the B 12 assay, 11 using 
ImmunoCAP Tryptase reagents and the Phadia 250 analysis device 
(Thermo Fisher Scientific, Uppsala, Sweden). The interassay 
analytical coefficient of variation in our laboratory is 5.8%. Tryptase 
concentrations of more than 10.0 μg/L were verified for interference 
by heterophilic antibodies and corrected tryptase concentrations 
were used. 12  

To obtain MH and MIMA values, urine samples were collected in 
containers with a small amount of chlorhexidine after an overnight 
fast, discarding the first voiding after wakening. Subjects were asked 
to refrain from histamine-rich foods and drinks for 24 hours before 
urine collection. Levels of MH and MIMA were determined by an 
isotope-dilution mass fragmentographic method. 13 14 In healthy 
subjects, the mean ± SD is 101 ± 33 (50-154) μmol/mol creatinine 
and 1.3 ± 0.3 (0.9-1.9) mmol/mol creatinine, respectively. 15 The 
interassay analytical coefficient of variation in our laboratory is 6.8% 
for MH and 4.2% for MIMA.  
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Bone marrow examinations  

The indication for bone marrow and c-KIT mutation analysis was 
based on a clinical suspicion of systemic mastocytosis, either due to 
the presence of skin lesions or tryptase level of more than 10 μg/L. 9 

Bone marrow examination was performed as previously described. 16 

Briefly, bone marrow biopsies were taken from the iliac crest and 
examined for the presence of multifocal clusters or cohesive 
aggregates/infiltrates of more than 15 mast cells and atypical 
morphology of mast cells by tryptase and CD117 staining (using 
primary antibodies anti-mast cell tryptase, clone AA1 
[Dakocytomation, Glostrup, Denmark] and affinity-isolated polyclonal 
rabbit antihuman CD117 [Dakocytomation]). Bone marrow aspirates 
were recovered in EDTA and smears were stained for May-
Grunwald-Giemsa and toluidine blue. MCs were analyzed outside the 
marrow particles and atypical morphology was recorded.  

Immunophenotyping  

For bone marrow MC immunophenotyping, 300,000 events were 
analyzed using 4-color staining with CD45-peridin-chlorophyl 
protein/cyanine 5.5, CD117-allophycocyanine, CD2-phycoerythrin, 
and CD25-fluorescein isothiocyanate (all derived from Becton 
Dickinson Biosciences, San Jose, Calif). Expression of CD2 and 
CD25 was measured on CD45-positive/bright CD117-positive MCs 
with the isotype pattern used as control. The results were analyzed 
on a FacsCalibur flow cytometer (Becton Dickinson Biosciences) 
using WINLIST 5.0 software.  

C-KIT mutation analysis  

To detect the KIT D816V mutation, RNA was initially isolated from 
EDTA-anticoagulated bone marrow cells with the QIAampRNA Blood 
MINI Kit (QIAGEN, Westburg, Leusden, the Netherlands). C-DNA 
was synthesized using the Promega Reverse Transcriptase kit 
(Promega Benelux, Leiden, the Netherlands) and amplified using 
previously described primers. 17 18 The resulting 346-bp PCR product 
was digested with Hae III en Hinf I (BioLabs, Westburg, Leusden, the 
Netherlands) to detect the wild-type and the D816V mutation by 
agarose gel electrophoresis. From December 2007, detection of the 
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KIT-D816V mutation was performed with a real-time PCR using 
previously described primers 5′-
TTGTGATTTTGGTCTAGCCAGACT-3′ and 5′-
GTGCCATCCACTTCACAGGTAG-3′. 19 Since the use of this more 
sensitive technique, the D816V mutation was found in all patients 
with ISM.  

Statistical methods  

Statistical analysis was performed with IBM Statistics 22.0 (SPSS, 
Armonk, NY). Categorical variables were expressed as percentage 
and metric variables as mean ± SD or as median and interquartile 
range as appropriate. Group differences were tested using the 
independent samples t test and Mann-Whitney U test. Percentages 
were compared using the chi-square test. The optimal threshold for 
sIgE against YJ venom and Ves v 5 to differentiate between patients 
with and without a history of clinical reactivity was determined by 
receiver-operator characteristic curves. Areas under the curve 
(AUCs) of less than 0.70 were interpreted as poor accuracy, 
0.70 < AUC < 0.90 as moderate accuracy, and AUC of more than 
0.90 as high accuracy. 20 The cutoff points were selected on the 
greatest combined sensitivity and specificity, with a minimum 
specificity of 80%. Sensitivity was defined as the percentage of tests 
exceeding the cutoff point obtained from patients with a history of 
clinical reactivity. Specificity was defined as the percentage of 
negative test results obtained from patients without clinical reactivity. 
P values of less than .05 were considered to be statistically 
significant.  

Results  
Characteristics of ISM cohort and reactions to YJ stings  

Between 1981 and 2015, 243 adult patients with ISM were seen at 
the University Medical Center Groningen of whom 153 (63%) 
experienced a YJ sting at least once during adulthood. Of these 153 
patients, 83 (54.2%) ultimately developed a systemic reaction. An 
overview of the patient selection procedure, number of stings per 
patient, and systemic reactions is shown in Figure 1 , and 
characteristics of the final study group are presented in Table I .  
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Figure 1. Flowchart of the patient selection procedure, systemic 

reactions, and total number of stings in patients with ISM. 
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On average, patients with a systemic reaction experienced a 
comparable number of stings as patients without a systemic reaction 
( Figure 1 ; 147 stings in 83 patients = 1.77 vs 134 stings in 70 
patients = 1.91). Patients with systemic reactions were older at the 
time of the index sting than were patients without systemic reactions 
(51.3 vs 45.5 years; P = .005), had urticaria pigmentosa less often 
(43.4% vs 81.4%; P < .001), and showed higher levels of YJ venom 
sIgE (0.62 vs 0.01 kU A /L; P < .001) and Ves V 5-sIgE (0.40 vs 0.01 
kU A /L; P < .001), but also had a shorter time interval between the 
index sting and sIgE sampling (7.2 vs 21.0 months; P < .001). No 
differences could be found in total levels of IgE or in tryptase, MH, or 
MIMA levels.  

An overview of the severity of sting reactions is provided in Table II . 
The first systemic sting reaction was very severe in 69.9% (n = 58), 
severe in 16.9% (n = 14), moderate in 7.2% (n = 6), and mild in 6.0% 
(n = 5) of the patients. One fatal reaction occurred. In the period 
before the initiation of VIT, systemic reactions recurred in 40 of 41 
(97.5%) re-stung patients of which 58 of 64 (90.6%) reactions were 
severe. Overall, the most severe reaction was very severe in 84.3% 
(n = 70), severe in 13.3% (n = 11), and moderate in 2.4% (n = 2) of 
the patients. During follow-up, no fatal anaphylactic reaction occurred 
although 2 fatal anaphylactic reactions happened in our center 
outside the scope of this study after stopping VIT. 3  

Characteristics of nonmastocytosis cohort and reactions to YJ stings  

Between 2009 and 2015, 313 adult patients with serum tryptase 
levels of less than 10.0 μg/L and urinary MH excretion of 154 
μmol/mol creatinine or less were diagnosed with a systemic reaction 
following a YJ sting. An overview of the patient characteristics is 
provided in Table I . These patients had higher YJ venom sIgE levels 
than did patients with ISM with a systemic reaction (4.83 vs 0.62 kU A 
/L; P < .001) but the time interval between sIgE sampling and the 
sting was also shorter (4.3 vs 7.2 months; P < .001). 
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In addition, patients without mastocytosis showed higher total IgE 
levels (71.0 vs 20.9 kU A /L; P < .001).  

Overall, the first systemic reaction was less severe than the first 
reaction in patients with ISM: 22% (n = 69) presented with a very 
severe reaction, 25.6% (n = 80) with a severe reaction, 39.6% (n = 
124) with a moderate reaction, and 12.8% (n = 40) with a mild 
reaction. Fatal anaphylaxis did not occur.  

Diagnostic accuracy of sIgE against YJ venom in patients with ISM  

Using the manufacturer's recommended clinical reference value for 
sensitization of 0.35 kU A /L or more, positive YJ venom sIgE levels 
could be detected in 69.9% (n = 58) of patients with ISM with a 
history of a systemic reaction. In the remaining 25 patients, 18 
underwent intracutaneous testing, which was positive in all cases. In 
6 patients, intracutaneous testing was not performed because of very 
severe field reactions with loss of consciousness and incontinence, 
and 1 patient refused intracutaneous testing after a moderate sting 
reaction. In patients with ISM without systemic reactions, only 8.6% 
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(n = 6) displayed YJ venom sIgE levels of 0.35 kU A /L or more, 
making asymptomatic sensitization exceedingly uncommon, which 
underlines the clinical significance of sensitization in patients with 
mastocytosis.  

The interval between the sting and sIgE sampling affected the level 
of sIgE. When the interval was 3 years or less, 79.7% (n = 55) of 
patients with ISM with a systemic reaction showed sIgE levels of 0.35 
kU A /L or more while levels were positive in only 21.4% (n = 3) when 
the interval exceeded 3 years. To eliminate the time effect and 
approach clinical practice, the diagnostic accuracy of YJ venom sIgE 
was determined only in those patients in which the time interval 
between the sting and sIgE sampling was 3 years or less. This cohort 
comprised 69 patients with ISM with a systemic reaction and 43 
patients with ISM without a systemic reaction. In these patients, 
receiver-operating characteristic analysis of YJ venom sIgE exhibited 
a high diagnostic accuracy in patients with ISM with an AUC of 0.90 
(95% CI, 0.84-0.96; Figure 2 ). The current clinical reference value of 
0.35 kU A /L showed a sensitivity and specificity of 77.6% and 87.5%, 
respectively.  
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FIGURE 2.  Receiver-operating charactersitcs curves for sIgE 
against YJ venom and VesV5 to assess occurrence of systemic 
reations in patients with ISM 
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Effect of a lower cutoff value of sIgE on diagnostic accuracy in 
patients with ISM  

The greatest combined sensitivity and specificity was found at a 
cutoff value of 0.21 kU A /L, resulting in a sensitivity and specificity of 
82.1% and 87.5%, respectively. To obtain an optimal sensitivity, the 
cutoff was lowered to 0.17 kU A /L, resulting in a sensitivity and 
specificity of 83.6% and 85.0%, respectively. Using 0.35 kU A /L as a 
reference value, positive YJ venom sIgE levels could be detected in 
79.7% (n = 55) of patients with ISM with a history of a systemic 
reaction. Conversely, in patients with ISM without systemic reactions, 
only 11.6% (n = 5) displayed YJ venom sIgE levels of 0.35 kU A /L or 
more. Using 0.17 kU A /L as a reference value, positive YJ venom 
sIgE levels could be detected in 84.1% (n = 58) of patients with ISM 
with a history of a systemic reaction. Conversely, in patients with ISM 
without systemic reactions, only 14.0% (n = 6) displayed YJ venom 
sIgE levels of 0.17 kU A /L or more. In addition, in patients with ISM 
who could not recall ever being stung by a YJ and in those who were 
stung only during childhood, venom sIgE levels were all less than 
0.17 kU A /L (determined in 58 out of 90 patients). These results 
indicate that the clinical reference value of 0.35 kU A /L can safely be 
lowered to increase the sensitivity due to the infrequency of 
asymptomatic sensitization in patients with ISM.  

Diagnostic accuracy of Ves v 5 sIgE in patients with ISM  

In the same subgroup, receiver-operating characteristic analysis of 
Ves v 5 sIgE showed the greatest combined sensitivity and specificity 
at a cutoff value of 0.11 kU A /L, resulting in sensitivity and specificity 
of 80.3% and 81.5%, respectively ( Figure 2 ). Using the more than 
0.11 kU A /L clinical cutoff point, additional Ves v 5 sIgE 
measurement correctly identified sensitization in 5 of 11 patients with 
ISM with a systemic reaction and a YJ venom sIgE of 0.17 kU A /L or 
less, indicating a role for Ves v 5 sIgE in diagnosing YJ venom 
allergy in patients with ISM with negative YJ venom sIgE results.  

Sensitization in systemically reacting patients without mastocytosis  

In patients without mastocytosis who experienced a systemic 
reaction, YJ venom sIgE levels of 0.35 kU A /L or more could be 
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detected in 94.2% (n = 295). Sensitization to YJ venom could be 
demonstrated by positive intracutaneous skin test results in all 
patients with a negative sIgE outcome. In the subgroup of patients in 
which sIgE was measured within 3 years, the positive sIgE rate was 
only slightly higher than in the overall group (94.8%, n = 272). In 
contrast to patients with ISM, 87.5% showed sIgE levels above the 
threshold of 0.35 kU A /L when the interval exceeded 3 years.  

Discussion  

Fatal anaphylactic reactions due to insect venom allergy are 
fortunately rare, but the social impact of such a reaction is high. 
These fatalities often occur on the first systemic reaction. The case of 
a fatal anaphylactic reaction in a patient with ISM with a prior large 
local reaction and evidence of sensitization to YJ venom prompted us 
to question whether this fatal reaction could have been prevented by 
screening for sensitization and whether we therefore should 
recommend routine sensitization screening after every insect sting in 
patients with mastocytosis. Comparing our cohorts of patients with 
and without mastocytosis to those found in the literature, we 
conclude that systemic reactions in patients with ISM do not only 
occur more often than in the general population (34.2% [82 of 243] vs 
3.0%  ) 5, but are also far more often very severe at the first systemic 
reaction (69.9% vs 22.0%) and have a higher recurrence rate when 
not treated by VIT (97.5% vs 50%  ). 21  

The high prevalence of YJ venom allergy in patients with ISM is 
probably a slight overestimation because other patients with ISM with 
subtle or absent symptoms of ISM may easily be missed.22 

Nevertheless, the prevalence of YJ-induced anaphylaxis is strikingly 
higher than that found in the general population, but similar to that 
previously reported in patients with ISM (25.0%). 23 In addition, we 
showed that once stung, the risk rises to 54.0% (83 of 153). 
Sensitization without a history of clinical reactions is found in 18.8% 
to 38.1% of the general population and poses a risk of a future 
systemic reaction in only 5.3% to 17.0%. 24 25 26 27 28 29 We found that 
asymptomatic sensitization is rare in patients with ISM and occurs in 
only 8.6% to 13.0%, depending on the cutoff point. Conversely, 
symptomatic sensation occurred in 34.2% of patients with ISM, 
indicating a large number of potentially preventable reactions. If we 
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would have been aware of sensitization in the described case, should 
this have led to some form of intervention? It is questionable whether 
an autoepinephrine injector would have sufficed in light of the rapid 
and dramatic course of the reaction. Would prophylactic VIT have 
been an option? Although our findings suggest that sensitization is 
more strongly associated with systemic reactions in patients with 
ISM, the consequences on future reaction risk remain uncertain 
because prospective analysis is hard to achieve because of the rarity 
of the disease, the infrequent occurrence of YJ stings, and the strong 
contraindication against diagnostic sting challenges in patients with 
ISM.  

Next to significantly more severe reactions and resystemic reactions, 
the baseline frequency of systemic reactions in stung patients with 
ISM is about 50% and comparable to the risk of resystemic reactions 
for current nonmastocytosis VIT-eligible patients, which supports the 
notion that these patients should be eligible for treatment.30 We feel 
that preventive treatment should be discussed with all patients with 
ISM with elevated YJ venom sIgE wherein special attention should 
be paid to the estimated risks of a re-sting, the current uncertainty of 
the risk of a systemic reaction, the effects and burdens of VIT, and 
the necessity of lifelong treatment to maintain efficacy. Therefore, we 
feel that patients with ISM who suffer from a YJ sting should be 
recommended to undergo sensitization screening, both to identify 
potential patients at risk and to gather data on the implications of 
sensitization. The costs of these recommendations are relatively low 
because re-stings occur only once per 3.75 to 7.5 years, depending 
on the patient's occupation. 31  

Pivotal for these recommendations is the use of an optimal clinical 
reference value for YJ venom sIgE. Patients with ISM are known to 
demonstrate lower sIgE and total IgE levels, as was also found in our 
study, which is presumably due to the adsorption of sIgE to the 
surface of the expanded mast cell population resulting in less 
detectable free IgE. This is the first study to assess both the 
sensitivity and specificity of sIgE against YJ venom and Ves v 5 in a 
large data set of adult patients with ISM. Only 1 other study has 
evaluated the current threshold of 0.35 kU A /L in patients with mast 
cell disorders and advised to lower the reference value to 0.10 kU A 
/L. 32 In that study including 17 patients with systemic mastocytosis 

 

109 
 

and 36 patients with other forms of mastocytosis or increased serum 
tryptase levels, the diagnostic sensitivity of sIgE was 87.7% at a 
threshold of 0.35 kU A /L or more and could be elevated to 91.8% 
using a cutoff of 0.10 kU A /L. However, the specificity was not taken 
into account. Applying the same threshold of 0.10 kU A /L in our 
patients with ISM, we find not only a sensitivity increase of 77.6% to 
85.0% but also a substantial specificity decrease of 87.5% to 77.5%.  

The optimal combined diagnostic sensitivity and specificity of sIgE 
was found at a cutoff level of 0.21 kU A /L (82.1% and 87.5%, 
respectively). However, because missing the diagnosis of YJ venom 
allergy could have serious consequences, a lower cutoff level of 0.17 
kU A /L is preferable, resulting in a sensitivity and specificity of 83.6% 
and 85.0%, respectively. This lower threshold poses no technical 
problems because sIgE levels can be reliably measured above the 
detection limit of 0.10 kU A /L. 33 Remarkably, the diagnostic accuracy 
at 0.17 kU A /L equals the diagnostic accuracy of sIgE reported in 
patients without ISM. 34 35 Of note, the time interval between the sting 
and sIgE sampling seems more important to the level of sIgE in 
patients with ISM than in patients without mastocytosis, because only 
a minority of patients with ISM show positive sIgE levels after 3 years 
while most patients without mastocytosis are still sensitized. The 
lower levels of circulating sIgE might be an effect of an increased 
uptake of IgE by the abundant number of mast cells in mastocytosis. 
36, 37  

The diagnostic accuracy of Ves v 5 sIgE was lower than that of YJ 
venom sIgE in patients with ISM. In agreement with a previous report 
demonstrating improved sensitivity when adding Ves v 5 sIgE, 35 Ves 
v 5 sIgE improves the diagnostic accuracy of YJ venom sIgE when 
these are combined in patients with YJ venom sIgE levels of 0.17 kU 
A /L or less. Considering the high costs of the Ves v 5 sIgE 
determination, we feel that measurement should be limited to 
establish sensitization in patients with a clear history of reactivity but 
YJ venom sIgE levels of 0.17 kUA /L or less. 
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In conclusion, the high diagnostic accuracy of YJ venom sIgE in 
patients with ISM who have been stung (AUC, 0.90) supports its use 
as a screening tool. In light of a recent fatal reaction, we recommend 
sIgE screening before a sting happens and after every YJ sting for all 
patients with ISM to identify development of sensitization and those 
at risk. In addition, the optimal threshold for the diagnosis of YJ 
venom allergy is found at a reference value of 0.17 kU A /L 
(sensitivity, 83.6%, and specificity, 85.0%) and determination of Ves 
v 5 sIgE should be limited to establish sensitization in patients with a 
clear history of reactivity but YJ venom sIgE levels of 0.17 kU A /L or 
less. Finally, on the basis of the relatively low rate of asymptomatic 
sensitization and the high prevalence of severe systemic reactions in 
patients with ISM, we recommend discussing the possibility of VIT 
with all patients with ISM exhibiting elevated YJ venom sIgE levels, 
even if they are hitherto asymptomatic, in order to arrive at an 
optimal individualized management strategy.  
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Abstract 

Background: Increased baseline serum tryptase (bsT) levels are a 
well-described risk factor for Hymenoptera Venom Anaphylaxis 
(HVAn) in patients allergic to Hymenoptera venom. Increased bsT 
levels may also indicate the presence of mastocytosis. In this study 
we evaluated whether in mastocytosis patients HVAn risk increases 
with increasing mast cell load.   
Methods: Consecutive patients with different subtypes of 
mastocytosis (n=329) admitted to the University Medical Center 
Groningen were retrospectively assessed. As markers for mast cell 
load bsT as well as the urinary histamine metabolites 
methylhistamine (MH) and methylimidazole acetic acid (MIMA) were 
used.   

Results: In the entire patient group irrespective of disease subtype 
and Hymenoptera venom exposure, HVAn prevalence gradually 
increased with increasing levels to a maximum of 36 - 47% at bsT 
28.0 µg/l, MH 231.0 µmol/mol creatinine and MIMA 2.7 mmol/mol 
creatinine, but declined thereafter with further rising levels. In 
indolent systemic mastocytosis (ISM) patients with a history of 
Hymenoptera venom exposure after age ≥15 years (n= 152), MIMA 
and age at the most recent Hymenoptera sting were independent 
predictors for HVAn (odds ratios: 0.723; P=.001, and 1.062; P<0.001, 
respectively).  

Conclusions: In mastocytosis patients HVAn prevalence does not 
increase constantly with increasing levels of mast cell load 
parameters: after a gradual increase to a maximum of near 50%, it 
declines with further rising levels. In the ISM population all mast cell 
load markers were independent negative predictors of HVAn. These 
findings suggest a complex pathophysiological association between 
mast cell load and HVAn risk in mastocytosis. 
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Introduction  

Hymenoptera venom anaphylaxis (HVAn) is the life-threatening 
sequel of an allergic cascade set off by Hymenoptera venom 
exposure and characterized by massive IgE-dependent mast cell 
degranulation. The estimated prevalence of systemic reactions to 
Hymenoptera venom in European epidemiological studies ranges 
between 0.3% and 7.5%, with anaphylaxis reported in 0.3–42.8% of 
such systemic reactions.1 The importance of the mast cell 
component in HVAn is underscored by the finding that elevated 
baseline serum tryptase (bsT) levels coincided with an increased risk 
for both severe systemic reaction to Hymenoptera venom and 
systemic side effects during immunotherapy.2-8 This association was 
observed up to a bsT level of >100 μg/l in a large group of patients 
with Hymenoptera venom allergy, although data in the high spectrum 
of bsT values were sparse.3 BsT levels are assumed to reflect mast 
cell load.9 As such, the increase in severity of HVAn with increasing 
bsT levels has been postulated to be the result of a larger effector 
cell pool.10 

Increased bsT levels may indicate the presence of mastocytosis. 
Mastocytosis is characterized by a clonal proliferation of abnormal 
mast cells. In cutaneous mastocytosis (CM), accumulation of these 
abnormal mast cells is limited to the skin. In systemic mastocytosis 
(SM), abnormal mast cells are present in at least one extra-
cutaneous tissue, usually the bone marrow compartment. The 
indolent form of systemic mastocytosis (ISM) is the most prevalent 
subtype of SM.11 In a study of HVAn patients with bsT levels above 
11.4 μg/l, ISM was diagnosed in 21 of 44 patients.12 The prevalence 
of HVAn is high (20 - 30%) in patient populations with any form of 
mastocytosis.13 These findings have led to the idea that mastocytosis 
is an unparalleled opportunity to investigate the mast cell contribution 
to anaphylaxis.14 Surprisingly, HVAn seems to be absent in patients 
with the aggressive subtypes of SM, who harbor the highest mast cell 
load.15 This finding might question the assumption that risk of HVAn 
continuously rises with increasing mast cell load. The aim of the 
present study was to test the hypothesis that in mastocytosis HVAn 
risk continuously increases with increasing mast cell load as reflected 
by the levels of the mast cell load markers bsT and the urinary 
histamine metabolites methylhistamine (MH) and methylimidazole 
acetic acid (MIMA).  
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Methods   

Patients 
Data of all consecutive adult patients admitted to the University 
Medical Center Groningen and diagnosed with CM or SM with its 
subtypes according to the World Health Organization criteria were 
retrospectively analyzed.16,17 Patients with urticaria pigmentosa (UP), 
as diagnosed by an experienced dermatologist and confirmed by 
histological proven mast cell skin infiltrates, without available or 
insufficient data on bone marrow examinations were diagnosed as 
mastocytosis in the skin (MIS). Levels of bsT and the urinary 
histamine metabolites MH and MIMA in samples taken closest to the 
time of diagnosis, and at least 14 days after the last anaphylactic 
episode before the diagnostic procedures, were used. Patients who 
underwent cytoreductive or glucocorticoid therapy prior to the 
sampling of bsT, MH and MIMA were excluded. The diagnosis of 
HVAn was based on international accepted clinical criteria.18 A 
history of Hymenoptera venom stings was established from the 
patient charts, a questionnaire sent to the patients or telephone calls. 
The Medical Ethical Review Board of the University Medical Center 
Groningen declared that the study has been performed in 
accordance with regulations of the review board for publication of 
patient data. 

Biochemical markers 

Tryptase assay 

Serum tryptase levels were determined using the B12 assay 
(ImmunoCAP Tryptase, Thermo Fisher Scientific, Uppsala, 
Sweden).19 Reference values for healthy individuals are those 
reported by Phadia, showing a geometric mean level of 3.8 µg/l and 
an upper 95th percentile of 11.4 µg/l. The inter-assay analytical 
coefficient of variation in our laboratory is 5.8%.  

Histamine metabolites assays 

To measure MH and MIMA, urine samples were collected after an 
overnight fast, discarding the first voiding after wakening. During the 
24h before urine collection, patients were asked to refrain from 
histamine-rich foods and drinks, such as sauerkraut, canned fish, 
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yoghurt, and wine. MH was determined by an isotope-dilution mass 
fragmentographic method.20 MIMA was determined as described 
previously,21  with some modifications using isotope dilution mass 
fragmentography. The normal values for MH and MIMA excretion in 
urine collected after overnight fast have been established in a 
previous study on an apparently healthy population (19 males, 17 
females; ages 13-61 years) without performing bone marrow 
investigations.22 The mean ± standard deviation (SD) values are 101 
± 33 µmol/mol creatinine and 1.3 ± 0.3 mmol/mol creatinine, 
respectively. The inter-assay analytical coefficient of variation in our 
laboratory is 6.8% for MH and 4.2% for MIMA.  

Statistical methods 

Statistical analyses were performed with SPSS 18.0 software (SPSS, 
Chicago, IL, USA). Continuous parametric data are presented as 
mean ± SD, non-parametric continuous data are represented as 
median and interquartile range (IQR). BsT, MH and MIMA levels in 
patients with and without HVAn were compared using the Mann-
Whitney U test. Binary categorical data were compared using 
Pearson chi-square test.   

 

The value of bsT, MH and MIMA as predictors for HVAn in ISM was 
assessed in a multivariate logistic regression model with age at 
diagnosis, follow-up duration, age at most recent sting, gender, 
length, weight and BMI as possible confounders. Only patients with 
known Hymenoptera venom exposure in adult life (age ≥15 years) 
were included. Age of 15 years was selected as a cut-off point based 
on the observation that in most cases juvenile-onset mastocytosis is 
resolved before the age of 15 years and that adult-onset 
mastocytosis develops after this age and will rarely resolve 
spontaneously. Correlations between predictors and confounders 
were assessed using the Pearson's and Spearman's correlation 
coefficients as appropriate. Model building consisted of conditional 
stepwise backward exclusion of variables in the multivariate analysis 
with a P value ≤0.25 in univariate analysis. The probability of P for 
stepwise removal was 0.10. A receiver operating characteristic 
(ROC) curve was used to determine the performance of the final 
multivariate regression model. A two-sided P value <0.05 was taken 
to indicate statistical significance for all tests. 
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Results 
A total of 329 patients with any subtype of mastocytosis were 
included. The majority suffered from ISM (70.9%). All patient 
characteristics are displayed in Table I. Seventy-five of 329 patients 
(23%) had developed HVAn. The vast majority of the HVAn patients 
(n= 72; 96%) suffered from ISM. Differences between the group of 
HVAn patients and the group of non-HVAn patients were found for 
UP (P < 0.001), age at diagnosis (P = 0.001) and age at most recent 
sting (P < 0.001). 

 

Figure 1 displays the prevalence of HVAn in all mastocytosis patients 
per decile of bsT, MH and MIMA. The prevalence of HVAn increased 
with rising bsT, MH and MIMA levels (first and second decile together 
versus fifth and sixth decile together, P ≤ 0.004). However, the 
prevalence decreased after reaching the maximum prevalence (36% 
- 51%) at the fifth decile for MH and the sixth decile for bsT and 
MIMA (fifth and sixth decile together versus ninth and tenth decile 
together, P ≤ 0.002). In 26 patients, data on Hymenoptera venom 
exposure were lacking. The majority of these patients suffered from 
one of the aggressive forms of mastocytosis (n=20; 77%), with the 
other patients being diagnosed with ISM (n=2; 8%) or MIS (n= 4; 
15%). In the 303 patients of whom Hymenoptera venom exposure 
could be established, 242 (80%) reported exposure to Hymenoptera 
venom in total lifetime.  Figure 2 displays the distribution of 
mastocytosis subtypes per decile of bsT, MH and MIMA respectively.  
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included. The majority suffered from ISM (70.9%). All patient 
characteristics are displayed in Table I. Seventy-five of 329 patients 
(23%) had developed HVAn. The vast majority of the HVAn patients 
(n= 72; 96%) suffered from ISM. Differences between the group of 
HVAn patients and the group of non-HVAn patients were found for 
UP (P < 0.001), age at diagnosis (P = 0.001) and age at most recent 
sting (P < 0.001). 

 

Figure 1 displays the prevalence of HVAn in all mastocytosis patients 
per decile of bsT, MH and MIMA. The prevalence of HVAn increased 
with rising bsT, MH and MIMA levels (first and second decile together 
versus fifth and sixth decile together, P ≤ 0.004). However, the 
prevalence decreased after reaching the maximum prevalence (36% 
- 51%) at the fifth decile for MH and the sixth decile for bsT and 
MIMA (fifth and sixth decile together versus ninth and tenth decile 
together, P ≤ 0.002). In 26 patients, data on Hymenoptera venom 
exposure were lacking. The majority of these patients suffered from 
one of the aggressive forms of mastocytosis (n=20; 77%), with the 
other patients being diagnosed with ISM (n=2; 8%) or MIS (n= 4; 
15%). In the 303 patients of whom Hymenoptera venom exposure 
could be established, 242 (80%) reported exposure to Hymenoptera 
venom in total lifetime.  Figure 2 displays the distribution of 
mastocytosis subtypes per decile of bsT, MH and MIMA respectively.  
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Figure 1. The prevalence of Hymenoptera venom anaphylaxis 
(HVAn) per decile of basal serum tryptase (bsT), methylhistamine 
(MH) and methylimidazole acetic acid (MIMA) in 329 patients with 
any form of mastocytosis. 
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 Figure 2. The distribution of mastocytosis subtypes per decile of 
basal serum tryptase (BsT), methylhistamine(MH) , methylimidazole 
acetic acid (MIMA)  
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Of the 232 ISM patients, 152 (66%) reported exposure to 
Hymenoptera venom in adult life (age ≥15 years), with 72 of these 
152 patients (47.4%) having developed HVAn. Figure 3 displays the 
prevalence of HVAn in the 152 ISM patients with Hymenoptera 
venom exposure in adult life per decile of the mast cell load 
parameters. In this subset, the initial increase in prevalence of HVAn 
with rising mast cell load was absent (first and second decile together 
versus fifth and sixth decile together, P ≥ 0.446). Remarkably, there 
was a significant decrease in the prevalence of HVAn with further 
rising of the mast cell load parameters (fifth and sixth decile together 
versus ninth and tenth decile, P ≤ 0.037).  

Multivariate logistic regression analysis of the data from these 152 
ISM patients revealed independent predictive roles for MIMA (OR 
0.731; P = 0.002) and age at most recent sting (OR 1.061; P < 
0.001), after controlling for age at diagnosis, bsT, MH, gender, BMI 
and follow-up duration (Nagelkerke R squared = 0.254). UP was 
excluded from the final multivariate analysis to prevent confounding 
by selection bias. The results of the uni- and multivariate logistic 
regression analysis are displayed in Table II. BsT and MH were not 
selected in the multivariate analysis, probably due to the 
interrelationships of MIMA, bsT and MH. However, removal of MIMA 
from the multivariate analysis resulted in MH as an independent 
predictor for increased risk (OR: 0.998; P = 0.008), while exclusion of 
both MIMA and MH resulted in selection of bsT as an independent 
predictor (OR: 0.988; P = 0.007). As an illustration, in our final 
multivariate model a patient with a MIMA of 7.7 mmol/mol creatinine 
has an approximately 33% smaller absolute risk of having HVAn 
compared to a patient of similar age and a MIMA of 2.7 mmol/mol 
creatinine. In the model with tryptase as the mast cell load parameter 
a patient with a bsT of 15 μg/l has an approximately 20% lower 
absolute risk compared to a similar age patient with a bsT of 90 μg/l.  
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Figure 3. The prevalence of Hymenoptera venom anaphylaxis (HVAn) per 
decile of basal serum tryptase (bsT), methylhistamine (MH) and 
methylimidazole acetic acid (MIMA) in the subgroup of 152 indolent 
systemic mastocytosis patients with known adult Hymenoptera venom 
exposure.  
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Figure 3. The prevalence of Hymenoptera venom anaphylaxis (HVAn) per 
decile of basal serum tryptase (bsT), methylhistamine (MH) and 
methylimidazole acetic acid (MIMA) in the subgroup of 152 indolent 
systemic mastocytosis patients with known adult Hymenoptera venom 
exposure.  
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The accuracy of the final multivariate model consisting of parameters 
age at latest sting and MIMA to discriminate which patients develop 
HVAn is moderate, with an area under the curve (AUC) of 0.751 
(95% CI: 0.673–0.841), a sensitivity of 63% and a specificity of 78% 
(Figure 4). 

 

Figure 4. Receiver operating characteristic curve for the prediction 
of Hymenoptera venom anaphylaxis in mastocytosis using the final 
multivariate model with the parameters ‘age at latest sting’ and 
‘urinary methylimidazole acetic acid’. 
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Discussion 

This is the first study to investigate the relationship between different 
mast cell load parameters and the prevalence of HVAn in a 
heterogeneous group of patients with various forms of mastocytosis 
and consequently with a wide range of mast cell load. Our results 
indicate a divergent relationship between mast cell load and HVAn, 
with the prevalence of HVAn initially rising but subsequently lowering 
in relation to increasing mast cell load. In congruence with previous 
reports in non-mastocytosis patient populations, 2-7 the prevalence of 
HVAn increased in each consecutive decile for the first five deciles of 
all mast cell load parameters (both tryptase, methylhistamine and 
methylimidazole acetic acid). However, and in contrast to previous 
studies, the prevalence of HVAn declines with further rising levels as 
evidenced by a gradual lowering of the HVAn prevalence in each 
following decile.  

The relationship between mast cell load and HVAn prevalence was 
further explored by analyzing the data in the more homogeneous 
population of ISM patients with known Hymenoptera venom 
exposure in adult life. MIMA as well as bsT and MH were found to be 
independent negative predictors for HVAn. The finding that age at 
the most recent sting was a risk factor for HVAn is in concordance 
with previous studies.2,6,7 The univariate analyses indicated that the 
absence of UP was a risk factor for HVAn. Nevertheless, we decided 
not to include UP in the multivariate analysis. The found significance 
of UP in the univariate analyses was expected as a result of a 
selection bias. UP was the most common presenting symptom in our 
patient group.  

Patients without UP are less likely to be diagnosed with mastocytosis 
and therefore less likely to be selected for this study, unless they 
present with severe symptoms such as HVAn which raise the 
suspicion of mastocytosis.  

One important confounder not addressed in this investigation is the 
possibility of the most recent Hymenoptera venom exposure 
predating the development of mastocytosis. Patients exposed to 
Hymenoptera venom are not expected to have a higher risk for 
HVAn before they develop mastocytosis. Therefore, the actual 
prevalence of HVAn might be higher in patients exposed to 
Hymenoptera venom after the beginning of the disease process. 
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This hypothesis is partially supported by the finding that a higher age 
at latest sting is a risk factor for HVAn. The insidious and sometimes 
symptomless nature of mastocytosis makes it difficult to ascertain 
when the disease develops, hampering adjustment for this 
confounder in retrospective studies. Of note, the lifetime exposure to 
Hymenoptera venom of 80% in our mastocytosis patients is 
comparable to that in the general population (61 – 95%).23 

There are several possible explanations why our results conflict with 
those found in previous investigations.2,3,6,7 Firstly, previous studies 
reported on investigations limited to patients with proven IgE-
mediated Hymenoptera venom allergy who were not selected by the 
presence or absence of mastocytosis. In our study the inclusion 
criterion was mastocytosis irrespective of a history of Hymenoptera 
venom allergy. Secondly, the average bsT level was much higher in 
this study (median 25.2, IQR 14.0 - 51.2 μg/l) compared to that 
found in the largest published group of patients with proven 
Hymenoptera venom allergy (mean 5.84 ± 8.36 μg/l).3 The higher 
mast cell load in this study could have enhanced the immune 
modulating role of mast cells, thereby reducing the risk for HVAn 
with higher bsT, MH and MIMA levels. Mast cells can modulate the 
adaptive immune response through release of mediators, 
degradation of allergens or co-stimulation of B and T cells.24, 25 
Further research is needed to elucidate the possible modulating 
effect of a high mast cell load on the adaptive immune response.  
Thirdly, mastocytosis represents a pathological status involving 
aberrant mast cells. The aberrant nature of mastocytosis mast cells 
could be responsible for the suppression of HVAn. Gene-expression 
profiles in peripheral blood cells suggest more de-differentiation in 
ISM patients without HVAn compared to ISM patients with HVAn.26 
Dysfunction of de-differentiated mast cells could explain the lack of 
HVAn in mastocytosis patients with a high mast cell load. 
Furthermore, mast cells in mastocytosis aberrantly express T cell 
associated receptors CD25 and CD30. These receptors and their 
soluble counterparts have been implicated as modulators of 
immunity and could be responsible for the suppression of 
anaphylactic responses at higher mast cell loads.27-30 Fourthly, 
dysfunction of other cells constituting the immune system in 
mastocytosis patients with a higher mast cell load could be 
responsible for the lower risk of HVAn in these patients. Multi-lineage 
involvement, resulting in detectable C-KIT mutations in B and T cells, 
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has been reported in the aggressive forms of SM,31 and recently also 
in peripheral blood cells of ISM patients.32 Multilineage C-KIT 
involvement was found to be linked to an immature bone marrow 
mast cell phenotype and higher mast cell load in ISM patients.33  

In conclusion, the results of our study dispute that rising mast cell 
load conveys a constantly increasing risk for HVAn. The results 
show a divergent association between mast cell load and HVAn risk 
in mastocytosis patients, with the prevalence of HVAn initially rising 
but subsequently lowering in relation to increasing mast cell load. 
Mast cell load appears to be an independent predictor of a lower risk 
for HVAn in ISM. The contradiction in findings of the present study 
compared to previous investigations in non mastocytosis patients 
demonstrate that investigating mast cell clonality is critical for the 
use of bsT as a predictor for HVAn.2-7 
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effect of a high mast cell load on the adaptive immune response.  
Thirdly, mastocytosis represents a pathological status involving 
aberrant mast cells. The aberrant nature of mastocytosis mast cells 
could be responsible for the suppression of HVAn. Gene-expression 
profiles in peripheral blood cells suggest more de-differentiation in 
ISM patients without HVAn compared to ISM patients with HVAn.26 
Dysfunction of de-differentiated mast cells could explain the lack of 
HVAn in mastocytosis patients with a high mast cell load. 
Furthermore, mast cells in mastocytosis aberrantly express T cell 
associated receptors CD25 and CD30. These receptors and their 
soluble counterparts have been implicated as modulators of 
immunity and could be responsible for the suppression of 
anaphylactic responses at higher mast cell loads.27-30 Fourthly, 
dysfunction of other cells constituting the immune system in 
mastocytosis patients with a higher mast cell load could be 
responsible for the lower risk of HVAn in these patients. Multi-lineage 
involvement, resulting in detectable C-KIT mutations in B and T cells, 
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has been reported in the aggressive forms of SM,31 and recently also 
in peripheral blood cells of ISM patients.32 Multilineage C-KIT 
involvement was found to be linked to an immature bone marrow 
mast cell phenotype and higher mast cell load in ISM patients.33  

In conclusion, the results of our study dispute that rising mast cell 
load conveys a constantly increasing risk for HVAn. The results 
show a divergent association between mast cell load and HVAn risk 
in mastocytosis patients, with the prevalence of HVAn initially rising 
but subsequently lowering in relation to increasing mast cell load. 
Mast cell load appears to be an independent predictor of a lower risk 
for HVAn in ISM. The contradiction in findings of the present study 
compared to previous investigations in non mastocytosis patients 
demonstrate that investigating mast cell clonality is critical for the 
use of bsT as a predictor for HVAn.2-7 
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Synopsis: 
CD30 is a transmembrane receptor normally not expressed by mast 
cells that regulates proliferation/apoptosis and antibody responses. 
Aberrant expression of CD30 by mastocytosis mast cells and 
interaction with its ligand CD30L (CD153) appears to play an 
important role in the pathogenesis and clinical presentation of 
systemic mastocytosis (SM). This article highlights the expression 
profile and role of CD30 and CD30L in physiologic and pathologic 
conditions, the applicability of CD30 as a marker for systemic 
mastocytosis, the consequences of mast cell expressed CD30 and 
the possibility of future anti-CD30 based cytoreductive therapies.   

Introduction  
The CD30 receptor is similar to mastocytosis itself, in the aspect that 
it constitutes one of the rare bridges between the disciplines of 
hematology and allergology. Originally, CD30 was identified as an 
antigen expressed by the malignant Reed Sternberg cells of 
Hodgkin’s lymphoma.1 Expression of CD30 is still widely used in that 
manner, identifying and prognosticating a variety of hematologic 
malignancies.2,3 However, after identifying CD30 as a functional 
receptor,4,5 attention has expanded to the role of CD30 in immunity in 
general and allergic diseases in specific.6,7 With the discovery of 
mast cell-expressed CD30 as a marker of systemic mastocytosis, 
CD30 research has come full circle further intertwining allergology 
and hematology.8 This chapter aims to summarize the basic science 
of the CD30 receptor in disease and health with emphasis on 
translating bench research to clinical applications relevant for 
systemic mastocytosis.  

The CD30 receptor and its ligand CD30L  
CD30 is encoded for by the tumor necrosis factor receptor super 
family 8 gene (TNFRSF-8).4 As the name implies, CD30 is 
sequentially and functionally homologous to the other members of 
the TNF receptor super family, such as CD40, RANK and CD27.9 

The TNFRSF-8 gene is located on chromosome 1p36 and 
transcription and translation of TNFRSF-8 results in the 105 -120 
kDa transmembrane receptor protein CD30. 9,10,11 

The same gene can, through alternative splicing, be translated into a 
25 kDa cytoplasmatic protein called CD30 variant (CD30v) that lacks 
the transmembrane portion.12 However, the role of CD30v in health 
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Synopsis: 
CD30 is a transmembrane receptor normally not expressed by mast 
cells that regulates proliferation/apoptosis and antibody responses. 
Aberrant expression of CD30 by mastocytosis mast cells and 
interaction with its ligand CD30L (CD153) appears to play an 
important role in the pathogenesis and clinical presentation of 
systemic mastocytosis (SM). This article highlights the expression 
profile and role of CD30 and CD30L in physiologic and pathologic 
conditions, the applicability of CD30 as a marker for systemic 
mastocytosis, the consequences of mast cell expressed CD30 and 
the possibility of future anti-CD30 based cytoreductive therapies.   

Introduction  
The CD30 receptor is similar to mastocytosis itself, in the aspect that 
it constitutes one of the rare bridges between the disciplines of 
hematology and allergology. Originally, CD30 was identified as an 
antigen expressed by the malignant Reed Sternberg cells of 
Hodgkin’s lymphoma.1 Expression of CD30 is still widely used in that 
manner, identifying and prognosticating a variety of hematologic 
malignancies.2,3 However, after identifying CD30 as a functional 
receptor,4,5 attention has expanded to the role of CD30 in immunity in 
general and allergic diseases in specific.6,7 With the discovery of 
mast cell-expressed CD30 as a marker of systemic mastocytosis, 
CD30 research has come full circle further intertwining allergology 
and hematology.8 This chapter aims to summarize the basic science 
of the CD30 receptor in disease and health with emphasis on 
translating bench research to clinical applications relevant for 
systemic mastocytosis.  

The CD30 receptor and its ligand CD30L  
CD30 is encoded for by the tumor necrosis factor receptor super 
family 8 gene (TNFRSF-8).4 As the name implies, CD30 is 
sequentially and functionally homologous to the other members of 
the TNF receptor super family, such as CD40, RANK and CD27.9 

The TNFRSF-8 gene is located on chromosome 1p36 and 
transcription and translation of TNFRSF-8 results in the 105 -120 
kDa transmembrane receptor protein CD30. 9,10,11 

The same gene can, through alternative splicing, be translated into a 
25 kDa cytoplasmatic protein called CD30 variant (CD30v) that lacks 
the transmembrane portion.12 However, the role of CD30v in health 
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and disease is poorly understood and therefore will not be 
extensively reviewed here. The transmembrane portion of CD30 can 
strongly bind its ligand CD30L, resulting in downstream signaling in 
the CD30-expressing cell through TNF receptor associated factor 
(TRAF) 1,2,3 and 5 resulting in activation of NF-κB and the mitogen-
activated protein (MAP) kinases kinases.13 As is common in the TNF 
family, binding of CD30L by CD30 results in downstream signaling in 
the CD30L-expressing cell through ‘reverse signaling’ as well.14 The 
result of this is that both the CD30 and the CD30L expressing cells 
receive a transmembrane signal after ligation.  

 

Soluble CD30 and sCD30L 
The final player known to influence CD30-CD30L interactions is the 
soluble forms of CD30 (sCD30). The metalloproteinases ADAM10 
and ADAM17 proteolytically cleave the extracellular portion of the 
CD30 receptor, resulting in the 85 kDa protein sCD30.15,16  There is 
in-vitro evidence that cleaving of CD30 and the subsequent release 
of sCD30 is enhanced by binding of CD30 to CD30L, raising the 
possibility that sCD30 levels reflect the amount of CD30-CD30L 
signaling.17 Levels of sCD30 are clinically relevant as sCD30 is 
biologically active. By high affinity binding to CD30L, sCD30 reduces 
CD30 transmembrane signaling through competitive antagonism, 
acting as a negative feedback loop for CD30 signaling through 
reduction of available CD30L.18 
 Additionally, sCD30 itself stimulates additional cleaving of CD30 by 
the metalloproteinases.19 Concurrently, a sCD30 homologue has 
been demonstrated to induce transmembrane signaling in CD30L 
expressing cells through reverse signaling.20 Taken together, these 
investigations illustrate that sCD30 possesses the unique property of 
being able to reduce CD30 signaling while stimulating CD30L 
signaling. An overview of all the players influencing the signaling 
cascades of CD30 is given in figure 1. Although soluble 
CD30L(sCD30L) can be detected in serum, its origin and biological 
effects of have not been thoroughly investigated, both signal-inducing 
and antagonistic binding has been reported for sCD30L fusion 
proteins depending on trimerization and immobilization.21 
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Expression of CD30 and CD30L in physiology 
Under physiological conditions, expression of CD30 (CD30+) is 
restricted to a small population of cells, yet expression has been 
reported to be inducible in a variety of lymphocytes and leukocytes.7 

Mast cells do not express CD30 under these conditions. Interestingly, 
during neonatal development transient expression of CD30 is 
frequent in a large variety of embryonal tissues.22 The majority of 
CD30+ cells and subsequent the greatest sources of circulating 
sCD30 in adult physiological conditions are thought to be activated B 
and T cells.23 Compared to CD30, expression of CD30L is more 
prevalent, with CD30L expression in both resting and activated cells 
of the myeloid and lymphoid lineage, including mast cells.24,25 There 
is considerable controversy regarding the expression of CD30 and 
CD30L on cell types between investigations. This discord in findings 
presumably reflects differences in methodology. For instance, the 
initially reported expression of CD30 by macrophages was found to 
be due to the affinity of an Fc-receptor-like binding site for murine 
IgG3 on macrophages binding to the used Ki-1 monoclonal 
antibody.26 The anti-CD30 IgG1 antibody Ber-H2 could not detect 
expression of CD30 on macrophages.27 Another important 
consideration to make is that sCD30 can act as a bridging protein 
between CD30L and anti-CD30, thereby offering sites for anti-CD30 
antibodies to bind, resulting in the possibility of a weak false positive 
signal.15 An overview of cells expressing CD30 and/or CD30L is 
given in table 1. Increased expression of CD30 and release of sCD30 
has been associated with various diseases.   
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and disease is poorly understood and therefore will not be 
extensively reviewed here. The transmembrane portion of CD30 can 
strongly bind its ligand CD30L, resulting in downstream signaling in 
the CD30-expressing cell through TNF receptor associated factor 
(TRAF) 1,2,3 and 5 resulting in activation of NF-κB and the mitogen-
activated protein (MAP) kinases kinases.13 As is common in the TNF 
family, binding of CD30L by CD30 results in downstream signaling in 
the CD30L-expressing cell through ‘reverse signaling’ as well.14 The 
result of this is that both the CD30 and the CD30L expressing cells 
receive a transmembrane signal after ligation.  

 

Soluble CD30 and sCD30L 
The final player known to influence CD30-CD30L interactions is the 
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and ADAM17 proteolytically cleave the extracellular portion of the 
CD30 receptor, resulting in the 85 kDa protein sCD30.15,16  There is 
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signaling.17 Levels of sCD30 are clinically relevant as sCD30 is 
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proteins depending on trimerization and immobilization.21 
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Expression of CD30 and CD30L in physiology 
Under physiological conditions, expression of CD30 (CD30+) is 
restricted to a small population of cells, yet expression has been 
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sCD30 in adult physiological conditions are thought to be activated B 
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prevalent, with CD30L expression in both resting and activated cells 
of the myeloid and lymphoid lineage, including mast cells.24,25 There 
is considerable controversy regarding the expression of CD30 and 
CD30L on cell types between investigations. This discord in findings 
presumably reflects differences in methodology. For instance, the 
initially reported expression of CD30 by macrophages was found to 
be due to the affinity of an Fc-receptor-like binding site for murine 
IgG3 on macrophages binding to the used Ki-1 monoclonal 
antibody.26 The anti-CD30 IgG1 antibody Ber-H2 could not detect 
expression of CD30 on macrophages.27 Another important 
consideration to make is that sCD30 can act as a bridging protein 
between CD30L and anti-CD30, thereby offering sites for anti-CD30 
antibodies to bind, resulting in the possibility of a weak false positive 
signal.15 An overview of cells expressing CD30 and/or CD30L is 
given in table 1. Increased expression of CD30 and release of sCD30 
has been associated with various diseases.   
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Figure 1: Interaction between CD30, CD30 ligand and soluble CD30 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

The CD30 receptor binds to CD30 ligand (CD30L) initiating transmembrane 
signaling in both the CD30 expressing cell and the CD30L expressing cell. CD30 
signaling activates the TRAF-MAPK-NFkB signaling cascade. ADAM10/17 cleaves 
the extracellular portion of CD30, producing sCD30. Cleaving of CD30 by 
ADAM10/17 is stimulated by ligation of CD30 and circulating sCD30. CD30L is 
bound by sCD30 with a high affinity, leading to CD30L reverse signaling and 
reducing CD30 transmembrane signaling.    
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Figure 1: Interaction between CD30, CD30 ligand and soluble CD30 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

The CD30 receptor binds to CD30 ligand (CD30L) initiating transmembrane 
signaling in both the CD30 expressing cell and the CD30L expressing cell. CD30 
signaling activates the TRAF-MAPK-NFkB signaling cascade. ADAM10/17 cleaves 
the extracellular portion of CD30, producing sCD30. Cleaving of CD30 by 
ADAM10/17 is stimulated by ligation of CD30 and circulating sCD30. CD30L is 
bound by sCD30 with a high affinity, leading to CD30L reverse signaling and 
reducing CD30 transmembrane signaling.    
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Expression of CD30 and sCD30 in allergic and immunologic 
diseases. 

Immunologic diseases associated with increased levels of sCD30 
have been extensively reviewed.28 Traditionally, upregulation of 
CD30 and increased levels of sCD30 were thought to reflect a Th2 
skewed immune system.29 Accordingly, elevated levels of sCD30 
have been found in various Th2 dominated diseases, such as atopic 
dermatitis,30 Hymenoptera venom allergy,31 and Graves’ disease.32 

However, increase in expression and release of sCD30 have also 
been found in Th1 dominated diseases, such as colitis ulcerosa,33 

and granulomatosis with polyangiitis.34 The current paradigm is that 
sCD30 levels in immunologic diseases reflect the activation states of 
the B cell and T cells, not necessarily the T-helper cell differentiation 
stage.23 Levels of sCD30 can be also be increased by aberrant 
expression of CD30 on malignant cells. 

Expression of CD30 and sCD30 in malignancy 
Aberrant expression of CD30 and elevated levels of sCD30 has been 
reported in a large variety of malignancies. Mastocytosis has recently 
been added to the list of CD30 expressing neoplasms. Initially, CD30 
expression on mast cells was reported to be indicative of advanced 
forms of mastocytosis, such as aggressive systemic mastocytosis 
and smoldering systemic mastocytosis. 8 Follow-up studies report 
more widespread expression of CD30, with CD30-expressing mast 
cells being frequently found in cutaneous mastocytosis (CM) and 
indolent systemic mastocytosis (ISM) as well. 35-38 Moreover, we 
have found mastocytosis to be associated with marked elevations of 
sCD30 in serum for both advanced SM and ISM patients, correlating 
with the mast cell load (manuscript in preparation). For further 
details, see paragraph ‘sCD30 and mastocytosis’. Determination of 
CD30 expression and levels of sCD30 have proven to be clinically 
relevant for other malignancies, as both diagnostic and prognostic 
tools. For instance, CD30 expression is used for establishing the 
diagnosis of Hodgkin’s lymphoma and anaplastic large cell 
lymphoma.40,41 Additionally, CD30 identifies a subcategory of diffuse 
large B-cell lymphoma with a better disease free and overall 
survival.41 In contrast with CD30, aberrant expression of CD30L is 
not used as a marker for malignancy and has not been associated 
with a clinical phenotype. Expression of CD30L in malignancy will 
therefore not be reviewed here. 
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The soluble form of CD30 has been successfully used as a 
parameter of tumor burden in Hodgkin lymphoma and a high level of 
serum sCD30 is an independent predictor for lower survival in 
Hodgkin’s lymphoma and CD30+ cutaneous lymphomas.42,43,44 Table 
2 displays malignancies associated with frequent expression of CD30 
and the clinical significance of CD30.45 The expression of CD30 can 
provide information on the etiology of malignant cells. The Epstein 
Barr virus (EBV) and human T-cell leukemia virus type 1 and 2 are 
capable of transforming and inducing CD30 expression on human 
lymphocytes. Both are implicated in the pathogenesis of CD30+ 
neoplasms and the EBV genome is preferentially found in CD30+ 
non-Hodgkin lymphoma.46,47,48 
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Functional role of CD30 in proliferation and apoptosis 

The role of CD30 in neoplastic and immunologic diseases is not 
limited to CD30 as a marker of malignancy or activation. The signals 
provided by interaction between CD30 and CD30L have been 
mechanistically implicated in several of physiologic and pathologic 
processes. Initially, it was discovered that ligation of CD30 expressed 
on Hodgkin lymphoma cell lines resulted in increased proliferation 
and survival of the malignant cells, 49,50 although results varied 
depending on the cell line used.50,51 Dissimilarly, in anaplastic large 
cell lymphoma cell lines CD30 signaling resulted in inhibition of 
proliferation and increased apoptosis.51,52, Signaling through CD30 
has a potent effect on eosinophils, inducing rapid apoptosis.53 

Antagonistic binding of CD30L by Hodgkin’s lymphoma derived 
sCD30 has been speculated to be responsible for the correlation 
between sCD30 and eosinophilia in Hodgkin’s lymphoma.53,54 

Eosinophilia is common in mastocytosis as well, and it is tempting to 
speculate on a possible inverse association between mast cell 
derived sCD30 and concomitant eosinophilia. The observation that 
mastocytosis associated mast cells express both CD30 and CD30L 
raises the question whether autocrine signaling plays a part in the 
pathogenesis of mastocytosis. 8 Currently, an investigation by P. 
Valent at the Medical University of Vienna is underway to address 
this question, using CD30 expressing human mastocytosis cell 
models to determine the effect of CD30 signaling on proliferation and 
apoptosis. 

Function of CD30 in the adaptive immune system 

In murine and human studies, CD30 and CD30L signaling between 
B- and T-lymphocytes has been found to be an important signaling 
event in the maintenance of the adaptive immune system by 
regulating memory antibody responses and immunoglobulin class 
switching to IgE and IgG.55-57 In mice, abrogation of CD30-CD30L 
signaling using knock out models or antagonistic antibodies for 
CD30L reduced allergic lung inflammation, allergic rhinitis and 
specific IgE levels.58-60 In-vitro experiment with human cells found as 
similar effect for CD30-CD30L signaling on isotype switching.61 
Studies with NK-cells found an increase in the production of INFɣ 
and TNFɑ.62 
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Functional role of CD30 in proliferation and apoptosis 

The role of CD30 in neoplastic and immunologic diseases is not 
limited to CD30 as a marker of malignancy or activation. The signals 
provided by interaction between CD30 and CD30L have been 
mechanistically implicated in several of physiologic and pathologic 
processes. Initially, it was discovered that ligation of CD30 expressed 
on Hodgkin lymphoma cell lines resulted in increased proliferation 
and survival of the malignant cells, 49,50 although results varied 
depending on the cell line used.50,51 Dissimilarly, in anaplastic large 
cell lymphoma cell lines CD30 signaling resulted in inhibition of 
proliferation and increased apoptosis.51,52, Signaling through CD30 
has a potent effect on eosinophils, inducing rapid apoptosis.53 

Antagonistic binding of CD30L by Hodgkin’s lymphoma derived 
sCD30 has been speculated to be responsible for the correlation 
between sCD30 and eosinophilia in Hodgkin’s lymphoma.53,54 

Eosinophilia is common in mastocytosis as well, and it is tempting to 
speculate on a possible inverse association between mast cell 
derived sCD30 and concomitant eosinophilia. The observation that 
mastocytosis associated mast cells express both CD30 and CD30L 
raises the question whether autocrine signaling plays a part in the 
pathogenesis of mastocytosis. 8 Currently, an investigation by P. 
Valent at the Medical University of Vienna is underway to address 
this question, using CD30 expressing human mastocytosis cell 
models to determine the effect of CD30 signaling on proliferation and 
apoptosis. 

Function of CD30 in the adaptive immune system 

In murine and human studies, CD30 and CD30L signaling between 
B- and T-lymphocytes has been found to be an important signaling 
event in the maintenance of the adaptive immune system by 
regulating memory antibody responses and immunoglobulin class 
switching to IgE and IgG.55-57 In mice, abrogation of CD30-CD30L 
signaling using knock out models or antagonistic antibodies for 
CD30L reduced allergic lung inflammation, allergic rhinitis and 
specific IgE levels.58-60 In-vitro experiment with human cells found as 
similar effect for CD30-CD30L signaling on isotype switching.61 
Studies with NK-cells found an increase in the production of INFɣ 
and TNFɑ.62 
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Functional role for CD30L signaling in mastocytosis 

When interpreting the literature it is important to consider the difficulty 
of differentiating between effects of CD30 and CD30L 
transmembrane signaling. For instance, some previous reports 
should be interpreted with care, as the human mast cell line HMC-1 
was used as CD30L+ cells to stimulate CD30+ cells, whereas we 
now know that this cell line also expresses CD30, opening up the 
possibility of CD30L reverse signaling in the cells under 
investigation.15,63  Reverse CD30L signaling has been found to 
stimulate dendritic cell cytokine secretion and maturation.63 Important 
for mastocytosis is the report that reverse signaling through human 
mast cell expressed CD30L stimulates degranulation independent 
release of chemokines, raising the question whether these signals 
are responsible for part of the mediator release symptoms of 
mastocytosis.64 We have found no correlation between sCD30, a 
possible inducer of CD30L reverse signaling, and mediator release 
symptoms such as flushing, pruritus and diarrhea in a pilot 
investigation in 79 systemic mastocytosis patients (unpublished 
observations). 

Effects of mastocytosis expressed CD30 on immune 
homeostasis 

The effect of CD30 expression in mastocytosis on its environment, 
such as CD30 and CD30L expressing B/T cells could be profound. 
Expression of CD30 by Hodgkin lymphoma cells has been shown to 
suppress T cell proliferation, contributing to an ineffective anti-tumor 
response.65 A similar immune escape mechanism could be present in 
mastocytosis. Antibody production and IgE biology specifically may 
be profoundly impacted, the latter being important considering the 
frequent IgE mediated anaphylactic reactions in ISM patients. The 
induced expression of CD30 on T-cells found in (B-cell) chronic 
lymphocytic leukemia impairs isotope switching through reverse 
signaling in CD30L expressing B cells.66 Furthermore, sCD30 derived 
from CD30 expressing malignancies reduces the availability of 
CD30L by antagonistic binding.18 These antagonistic properties of 
sCD30 may mimic the earlier mentioned sIgE suppressing effects of 
antagonistic anti-CD30L antibodies.60,67 We have found that levels of 
sCD30 inversely correlate with Hymenoptera venom specific IgE 
levels (Manuscript in preparation). For further details, see subchapter 
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‘sCD30 and mastocytosis’. Antagonistic binding of CD30L by 
mastocytosis derived sCD30 down regulating CD30-CD30L 
interactions may partially explain the lower levels of specific IgE 
found in allergic mastocytosis patients compared to allergic non-
mastocytosis patients.68 

The diagnostic applicability of CD30 in mastocytosis  
The limited expression profile of CD30 makes it attractive both as a 
marker of disease and as a therapeutic target. Using flow cytometry, 
identification of CD30 expression on mast cells has a sensitivity of 
80% and a specificity of 95% for diagnosing systemic mastocytosis.69 

Additionally, the CD30 marker improves upon the performance of the 
standard flowcytometric mast cell markers for mastocytosis, CD2 and 
CD25, by reliably identifying the well differentiated subcategory of 
mastocytosis.69 For the identification of CD30 expression in 
mastocytosis, flow cytometry has proven to be more sensitive than 
immunohistochemistry.69 Nevertheless, immunohistochemical 
staining for CD30 can aid in supporting the diagnosis of 
mastocytosis. As discussed previously, CD30+ cells in bone marrow 
or skin tissue are rare and CD30 expression is not seen in related 
diseases such as monoclonal mast cell activation syndrome.38   

CD30 as a marker of advanced systemic mastocytosis 

Currently the classification of systemic mastocytosis relies on 
evidence of organ dysfunction, as markers identifying the advanced 
and potentially life threatening forms of systemic mastocytosis are 
unavailable.70 As we previously described, the applicability of CD30 
as a marker of advanced forms of systemic mastocytosis is not yet 
clear. Initially, CD30 expression was reported in 85% of patients with 
advanced systemic mastocytosis compared to 27% in indolent 
systemic mastocytosis. 8 Follow-up investigations found CD30 
expression in 50% of cutaneous mastocytosis patients and 23% - 
100% of ISM patients using immunohistochemistry.36,37,38,60 
Differences in grading criteria and methodology explain these 
conflicting results and make comparison of data difficult. For 
instance, the initial investigation revealing expression of CD30 in 12 
out of 45 ISM patient samples used expression of CD30 on >10% of 
mast cells as a cutoff point, 8 whereas in a very small follow up study 
using expression of CD30 on >5% of mast cells it appeared that all (3 
out of 3) ISM patients expressed CD30.38  Similarly, the original 
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investigation revealed no expression of CD30 in bone marrow for CM 
patients,8 whereas a follow up investigation found CD30 expression 
in 6/12 CM patients when investigating skin biopsy samples.38 Table 
3 displays the results of CD30 immunohistochemistry per category of 
mastocytosis. These preliminary results together suggest that CD30 
is not a reliable marker for advanced systemic mastocytosis. One 
common finding in these reports is that CD30 expression seems to 
be higher in patients with greater mast cell burden, which is in 
accordance with our own findings with sCD30.  

sCD30 and mastocytosis 

We have found that levels of sCD30 in serum are elevated in all 
categories of SM and correlate with the mast cell burden as 
evidenced by baseline serum tryptase, irrespective of grading 
(Manuscript in preparation). Because elevated levels of sCD30 can 
be found in a large variety of diseases, measurement of sCD30 
cannot substitute for baseline serum tryptase as a screening tool for 
systemic mastocytosis. Although we have found sCD30 levels to be 
significantly higher in advanced forms of SM compared to ISM, levels 
of sCD30 did not predict for survival in advanced SM patients 
(Manuscript in preparation). Clinical significance for sCD30 may be 
found in the relationship with Hymenoptera venom allergy. We 
previously noted that a higher mast cell load reduces the risk of 
hymenoptera venom anaphylaxis in systemic mastocytosis.71 

As a possible cause aberrant expression of CD30 was noted. We 
hypothesized that mast cell-derived CD30 and sCD30 interfering with 
constitutional CD30-CD30L interactions could lower the risk of 
Hymenoptera venom anaphylaxis.    
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investigation revealed no expression of CD30 in bone marrow for CM 
patients,8 whereas a follow up investigation found CD30 expression 
in 6/12 CM patients when investigating skin biopsy samples.38 Table 
3 displays the results of CD30 immunohistochemistry per category of 
mastocytosis. These preliminary results together suggest that CD30 
is not a reliable marker for advanced systemic mastocytosis. One 
common finding in these reports is that CD30 expression seems to 
be higher in patients with greater mast cell burden, which is in 
accordance with our own findings with sCD30.  

sCD30 and mastocytosis 

We have found that levels of sCD30 in serum are elevated in all 
categories of SM and correlate with the mast cell burden as 
evidenced by baseline serum tryptase, irrespective of grading 
(Manuscript in preparation). Because elevated levels of sCD30 can 
be found in a large variety of diseases, measurement of sCD30 
cannot substitute for baseline serum tryptase as a screening tool for 
systemic mastocytosis. Although we have found sCD30 levels to be 
significantly higher in advanced forms of SM compared to ISM, levels 
of sCD30 did not predict for survival in advanced SM patients 
(Manuscript in preparation). Clinical significance for sCD30 may be 
found in the relationship with Hymenoptera venom allergy. We 
previously noted that a higher mast cell load reduces the risk of 
hymenoptera venom anaphylaxis in systemic mastocytosis.71 

As a possible cause aberrant expression of CD30 was noted. We 
hypothesized that mast cell-derived CD30 and sCD30 interfering with 
constitutional CD30-CD30L interactions could lower the risk of 
Hymenoptera venom anaphylaxis.    
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We have found sCD30 levels to be significantly lower in ISM patients 
with a history of Hymenoptera venom anaphylaxis compared to ISM 
patients without history of Hymenoptera venom anaphylaxis. 
Furthermore, sCD30 levels were found to predict for a lower risk of 
Hymenoptera venom anaphylaxis and to be associated with lower 
levels of wasp venom specific IgE (Manuscript in preparation).The 
applicability of sCD30 as an identifier for patients at risk of 
Hymenoptera anaphylaxis needs to be further investigated before 
clinical recommendations can be made.   

CD30 as a target for cytoreductive therapy.  

The infrequent expression of CD30 in physiological conditions 
assures a high specificity for targeted treatment. In line with this, 
investigations using monoclonal antibodies directed at the CD30 
antigen have resulted in an overall benign safety and tolerability 
profile.72,73 However, the efficacy of these antibodies in CD30+ 
lymphomas was lacking.73 The finding that the CD30 receptor is 
internalized makes it an attractive target for anti-body drug 
conjugates. Recently, the antibody-drug conjugate SNG-
35/Brentuximab vedotin has proven to be both tolerable and effective 
in inducing tumor regression.74 These findings have resulted in the 
FDA granting accelerated approval of SGN35/Brentuximab vedotin 
for treatment of relapsed Hodgkin lymphoma and relapsed anaplastic 
large-cell lymphoma.75 SNG-35/Brentuximab vedotin consists of an 
anti-CD30 chimeric monoclonal antibody coupled to monomethyl-
auristatin E, a microtubule toxin that inhibits cell division on 
internalization. These reports raise the question whether similar 
results for anti-CD30 monoclonal antibodies can be achieved in 
mastocytosis. To answer this question, a single arm open label trial 
for SGN-35 in aggressive systemic mastocytosis and mast cell 
leukemia is underway (ClinicalTrials.gov number, NCT01807598). 
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Summary and key points 

In physiological conditions CD30 is a receptor with an 
expression profile limited to activated B and T cells and is 
implicated in the regulation of proliferation and antibody 
production. The expression of CD30 by mastocytosis mast cells 
may influence the clinical phenotype and (future) management 
of mastocytosis.  

• Mast cells from mastocytosis patients frequently 
aberrantly express CD30, the detection of CD30 can 
especially aid in establishing the diagnosis of well 
differentiated systemic mastocytosis, though other CD30 
expressing neoplasms must be considered. 
 

•  Expression of CD30 by mast cells is stronger in patients 
with a high mast cell load, further research is needed to 
determine whether analysis of CD30 expression can aid 
identification of advanced subtypes of mastocytosis.  

• Mast cell expressed CD30 and release of soluble CD30 
can interfere with normal CD30-CD30L interactions, the 
effects of which need further investigation.   
 

• Investigations are underway to determine the effects of 
CD30 expression on mast cell proliferation, Hymenoptera 
venom allergy, and the effectiveness of an anti-CD30 
antibody for the treatment of advanced systemic 
mastocytosis and mast cell leukemia.  
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Abstract 

Background: Mast cell CD30 expression has previously been found 
to  be preferentially expressed in advanced forms of systemic 
mastocytosis (SM) compared to indolent systemic mastocytosis 
(ISM). CD30 is a trans-membrane receptor that is proteolytically 
cleaved, producing soluble CD30 (sCD30). Interaction between 
CD30 and its ligand on lymphocytes is critical for the development of 
allergic responses such as Hymenoptera venom anaphylaxis (HVAn) 
and can be inhibited by sCD30.  

Objective: This study aims to uncover the relationship between 
sCD30, the classification of SM and the risk of HVAn.  

Methods: Levels of sCD30 were measured in peri-diagnostic serum 
samples from 193 SM patients and 26 control samples.  

Results: Serum levels of sCD30 were elevated in SM patients when 
compared to control patients, correlated with bone marrow mast cell 
infiltration (R= 0.264, P= 0.001) and were significantly higher in 
patients with advanced SM (median  136.3 ng/ml) compared to ISM 
patients (median 31.3 ng/ml). However, there was considerable 
overlap between disease categories and sCD30 did not predict 
survival in advanced SM. In a subgroup analysis of 118 stung ISM 
patients sCD30 operated as an independent predictor for a lower risk 
of HVAn (odds ratio: 0.728; P=0.016), together with mast cell load 
and age at latest sting. Moreover, sCD30 levels were inversely 
correlated to wasp specific IgE (R: -0.310; P=0.002), hinting at a 
possible desensitizing effect of mast cell derived sCD30. 

Conclusion: Serum sCD30 levels pertain to mast cell load and the 
risk of HVAn, but not the classification of SM. 
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Introduction  

Systemic mastocytosis (SM) is characterized by the clonal 
proliferation of abnormal mast cell in at least one extra-cutaneous 
tissue. SM is classified by WHO criteria following the level of tissue 
invasion and organ dysfunction.1 The indolent form of systemic 
mastocytosis (ISM) is the most prevalent category of SM.2 Patients 
suffering from ISM and its subcategory, smoldering systemic 
mastocytosis (SSM), have a near-normal life expectancy.3 Mast cell 
mediator release symptoms, such as the frequent life threatening 
anaphylactic reactions to wasp and bee stings,4 represent most of 
the disease burden in these patients.5 Recent publications reveal that 
Hymenoptera venom anaphylaxis (HVAn) is most frequent in ISM 
patients with low mast cell burden. 6, 7 The advanced categories of 
SM, namely aggressive systemic mastocytosis (ASM), SM with an 
associated hematologic non-mast cell lineage disorder (SM-AHNMD) 
and mast cell leukemia (MCL), are hallmarked by aggressive tissue 
invasion and subsequent organ dysfunction.1 Even with cytoreductive 
management, patients have a poor prognosis with a median survival 
of 2 to 44 months depending on the classification.1, 2  

Biological markers used for diagnosing SM are the presence of the 
D816V C-KIT mutation, aberrant expression of CD25 and CD2 on 
mast cells and elevated levels of baseline serum tryptase or urinary 
histamine metabolites.8 However, these markers fail to discriminate 
between indolent and aggressive forms of SM. Currently, the 
diagnosis of advanced SM is based on B and C findings, the former 
being clinical evidence of severe mast cell organ infiltration such as 
organomegaly, the latter evidence of organ dysfunction, such as 
cytopenia or ascites.1 Initial reports indicated that aberrant 
immunohistochemical expression of CD30 by mast cells is 
preferentially observed in advanced categories of SM, making it a 
useful tool for grading SM, and speculates on a pathogenic and 
prognostic role for CD30.9 These results were later confirmed using 
flow cytometry. In contrast, others have found CD30 to be broadly 
expressed in indolent and well differentiated forms of SM that lack 
expression of CD25. 10,11  

CD30 is a trans-membrane receptor limited in expression under 
physiological conditions to sub-populations of activated T and B 
cells.12  Interaction between CD30 and its ligand CD30L on B and T 
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lymphocytes is implicated in regulating memory antibody responses, 
Ig class switching to IgE and IgG,13-15 and plays a critical role in the 
regulation of specific IgE (sIgE) and sIgE mediated diseases.16, 17 
Expression of CD30 by mast cells could interfere with physiological 
CD30- CD30L signaling, reducing sensitization rates and thereby 
causing the observed reduction of HVAn risk in ISM patients with a 
high mast cell load.6  

CD30 is also a hallmark of hematological malignancies such as 
classical Hodgkin lymphoma and anaplastic large-cell lymphoma, 
where CD30 - CD30L signaling stimulates proliferation or apoptosis 
depending on the cell line under investigation.18 CD30 positive 
(CD30+) cells shed a soluble form of CD30 (sCD30) after proteolytic 
cleavage of their extracellular domain. Serum sCD30 measurement 
using ELISA techniques has been successfully used to measure the 
tumor load of CD30+ neoplasms, correlating with treatment 
resistance and disease-free survival in classical Hodgkin lymphoma. 
19, 20,21 Recently, sCD30 was found to be elevated in a small (n=37) 
cohort of mastocytosis patients compared to controls, however no 
relation could be found with the traditional marker of mast cell load, 
tryptase.49 The aim of the present study is to investigate if sCD30 
levels can differentiate between advanced and indolent SM patients, 
and if high sCD30 levels are associated with a reduction in HVAn 
risk.  
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Methods   

Patients 

All consecutive adult patients admitted to the University Medical 
Center Groningen diagnosed with SM between 01-01-2004 and 01-
09-2012 according to the World Health Organization (WHO) criteria 
were retrospectively assessed.1, 8 This time period was chosen 
because of the large collection of archived serum samples available 
for the patients diagnosed at that time. Patients with a diagnosis of 
SSM, ASM, SM-ANHMD or MCL and available stored serum 
samples were stratified to the advanced systemic mastocytosis 
subset (AdvSM), whereas patients with a diagnosis of ISM and 
available stored serum samples taken within six months of diagnosis 
were stratified to the low-grade subset according to criteria previously 
established.9 As an illustrative reference group, serum samples from 
24 healthy and 2 atopic volunteers working at the department of 
Pathology were analysed. 

Exclusion criteria 

Patients that had undergone cytoreductive therapy prior to sampling 
were excluded.  Patients with a positive history for active EBV 
infection, HIV infection, hepatitis B or C infection, rheumatoid 
arthritis, psoriasis, inflammatory bowel disease, Hashimoto's 
thyroiditis, Graves’ disease, lupus erythematosus, primary biliary 
cirrhosis or a history of a non-mastocytosis CD30 expressing 
neoplasm were excluded in an attempt to minimize non mast cell 
derived sCD30.18, 22 Even though atopic disorders are associated 
with elevated levels of sCD30,23 the presence of atopic disorders was 
deliberately not chosen as an exclusion criterion as this is a minor 
risk factor for sensitisation to Hymenoptera venom.24  The diagnosis 
of HVAn was based on international accepted clinical criteria. 25 A 
history of Hymenoptera stings was established from the patient 
charts, a questionnaire sent to the patients or telephone calls with 
individual patients.  

Biochemical analysis 

Duplicate sCD30 measurements were performed by enzyme 
immunoassays in two runs (ELISA; Bender MedSystems, Vienna, 
Austria) according to the manufacturer’s instructions. Total and 
specific IgE to common wasp (ImmunoCAP, i3) venom and to the 

 

165 
 

recombinant protein Vespula antigen 5 (rVes V 5, ImmunoCAP, i209, 
all Phadia) were measured using the fluor-enzyme-immunoassay 
Phadia Immunocap (Phadia; Uppsala, Sweden). 

Basel serum tryptase (bsT) levels were determined using the B12 
assay (ImmunoCAP Tryptase, Thermo Fisher Scientific, Uppsala, 
Sweden). Reference values for healthy individuals are those reported 
by Phadia, showing a geometric mean level of 3.8 µg/l and an upper 
95th percentile of 11.4 µg/l. The inter-assay analytical coefficient of 
variation in our laboratory is 5.8%.  

To measure methylhistamine (MH) and methylimidazole acetic acid 
(MIMA), urine samples were collected after an overnight fast, 
discarding the first voiding after wakening. During the 24h before 
urine collection, patients were asked to refrain from histamine-rich 
foods and drinks, such as sauerkraut, canned fish, yoghurt, and 
wine. MH and MIMA were determined by an isotope-dilution mass 
fragmentographic method as described previously. 26, 27 The 
percentage of mast cells in bone marrow aspirate was determined by 
flow-cytometric immunophenotyping of  ≥300,000 events for CD45low 

and CD117high expression.  

Statistical methods 

Statistical analyses were performed with SPSS 20 software (SPSS, 
Chicago, IL, USA). Continuous parametric data are presented as 
mean ± SD, non-parametric continuous data are represented as 
median and interquartile range (IQR). Differences per patient group 
in characteristics and the parameters sCD30, bsT, MH and MIMA 
were compared using the Mann-Whitney U test, Student's t-Tests or 
the Pearson chi-square test as applicable.  

A Cox proportional hazards regression model was used for univariate 
analysis of the relation between sCD30 and survival in AdvSM. The 
relation between sCD30 and HVAn was investigated in a multivariate 
logistic regression model based on previously identified predictors, 
mast cell load and age at latest sting, in 118 patients with known 
Hymenoptera venom exposure in adult life (age ≥15 years).6  Model 
building consisted of conditional stepwise backward exclusion of 
variables in the multivariate analysis with a P value ≤0.25 in 
univariate analysis. The probability of P for stepwise removal was 
0.10. Multicollinearity between predictors in the multivariate analysis 
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was assessed using the variance inflation factor.  A two-sided P 
value <0.05 was taken to indicate statistical significance for all tests. 
Correlations were assessed using the Pearson's and Spearman's 
correlation coefficients as appropriate. The Medical Ethical Review 
Board of the University Medical Center Groningen declared that the 
study has been performed in accordance with regulations of the 
review board for publication of patient data. 

Results 

Of the 260 patients diagnosed with SM in the UMCG Groningen 
between 01-01-2004 and 01-09-2012, 61 were excluded due to 
unavailable peri-diagnostic serum samples and an additional 6 
patients were excluded due to a concomitant disease listed in the 
exclusion criteria, resulting in a total of 193 SM patients. All patient 
characteristics are displayed in Table I. The majority suffered from 
ISM (n= 169, 87.6%), the remaining 24 from SSM (n=4), ASM (n=7), 
SM-AHNMD (n=10) or MCL (n=3). The time between diagnosis and 
sampling of the sera used for sCD30 analysis did not differ 
significantly between AdvSM (median 0 months; IQR 0 – 8 months) 
and ISM (median 0 months; IQR= 0 - 1 month; P = 0.117) patients. 
Differences between AdvSM and ISM patients were found for age at 
sampling (P < 0.001), the presence of urticaria pigmentosa (P = 
0.047) and mast cell load parameters bsT, MH and MIMA (P< 0.001).  

Serum sCD30 and classification of SM 

Levels of sCD30 per disease category are displayed in Figure 1. 
Serum levels of sCD30 were found to be almost twofold higher in SM 
patients (median 34.8 ng/ml; IQR 22.4 – 53.7 ng/ml) compared to the 
26 controls (median 18.0 ng/ml; IQR 13.7 – 29.1 ng/ml, P<0.001) 
Similarly, serum levels of sCD30 levels were found to be more than 
fourfold higher in patients with AdvSM (median 136.3 ng/ml; IQR 
57.5 – 311.3 ng/ml) compared to ISM patients (median 31.3 ng/ml; 
IQR 21.1 – 44.0 ng/ml, (P<0.001). Circulating sCD30 seems to be 
partly related to the category of SM and partially to the underlying 
mast cell burden: in the total group of 193 SM patients sCD30 levels 
were significantly correlated to mast cell load parameters bsT, MH 
and MIMA (R= 0.384 – 0.403, P<0.001, Figure 2) and the percentage 
of mast cells in bone marrow smears (R= 0.264, P= 0.001).These 
relations remain significant in the subgroup of 24 AdvSM patients. 
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However, no significant correlation was found between bone marrow 
mast cell infiltration and sCD30 in the ISM subgroup (Table II).  

sCD30 and prognostication of advanced systemic mastocytosis 
patients.  

The median follow- up duration for the 24 included AdvSM patients 
was 24.3 months, during which 13 deaths were noted. Univariate cox 
regression analysis revealed no significant relation between sCD30 
and survival (P = 0.206, HR 1.003). Additionally, no correlation was 
found between sCD30 and the number of C findings (Table II). 

Soluble CD30 and Hymenoptera venom anaphylaxis 

The relationship between sCD30 and HVAn was investigated in a 
subgroup of 118 ISM patients with adult (age>15) Hymenoptera 
venom exposure. Fifty-four of these patients (45.8%) had developed 
HVAn, the majority following wasp stings (n = 50). Patients with a 
history of HVAn had significantly lower sCD30 levels (median 24.8; 
IQR 17.5 – 36.4) compared to patients without a history of HVAn 
(n=64; median 36.7; IQR 22.8 – 54.5; P< 0.001). Multivariate logistic 
regression analysis indicated that sCD30 is a significant independent 
predictor for a lower risk of HVAn, (OR 0.728; per 10 ng/mL increase; 
P = 0.016) after controlling for previously identified predictors mast 
cell load, as denoted by urinary MH, (OR 0.971; per 10 μmol/mol 
creat increase; P= 0.017) and age at latest sting (OR 1.058; per 1 
year increase; P= 0.001). For the final predictors the variance 
inflation factor was < 1.09, indicating low multicollinearity. To 
summarize: in this model a 10 ng/mL higher serum sCD30 level 
predicted for a 14% lower absolute risk of HVAn  independent of 
mast cell load and age. The results of the uni- and multivariate 
logistic regression analyses are displayed in Table 3. 
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Table II Correlations between the biochemical and clinica parameters of 
systemic mastocytosis patients. 

  
 

bsT MH MIMA %MC C findings 

All 193 SM patients 

sCD30 
Spearman’s R 0.385 0.384 0.403 0.264  

P value < 0.001 < 0.001 < 0.001 0.001  

24 AdvSM patients 

sCD30 
Spearman’s R 0.484 0.709 0.605 0.446 0.182 

P value 0.019 < 0.001 0.003 0.049 0.395 

169 ISM patients 

sCD30 
Spearman’s R 0.218 0.204 0.233 0.331 - 

P value 0.004 0.008 0.002 0.713 - 

 

Relationship with specific IgE  

The relationship between sCD30 and sIgE was determined to 
elucidate a possible mechanism responsible for the protective 
association between sCD30 and HVAn. Wasps were the culprit 
insect in 88% of patient reported stings. Accordingly, the correlation 
between sCD30 and reactivity to Vespid  sIgE was determined in the 
104 ISM patients reporting adult (age ≥15 years) wasp stings. A 
significant inverse correlation was found between sCD30 levels and 
Vespid sIgE (Spearmans R: -0.310; P=0.002) and rVes V 5 
(Spearmans R: -0.261; P=0.011). No correlation was found between 
sCD30 and total IgE (Spearmans R: 0.061; P=0.558). To investigate 
whether the inverse relation between sIgE and sCD30 could be a 
result of uptake and sequestration of sIgE by FceRI expressing mast 
cells, we studied the association between sIgE and the percentage of 
mast cells in bone marrow aspirate. Levels of Vespid sIgE and rVes 
V 5 did not correlate with mast cell numbers (Spearmans R: -0.118; 
P= 0.302 and Spearmans R: -0.029, P= 0.807 respectively).   
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Relationship with specific IgE  

The relationship between sCD30 and sIgE was determined to 
elucidate a possible mechanism responsible for the protective 
association between sCD30 and HVAn. Wasps were the culprit 
insect in 88% of patient reported stings. Accordingly, the correlation 
between sCD30 and reactivity to Vespid  sIgE was determined in the 
104 ISM patients reporting adult (age ≥15 years) wasp stings. A 
significant inverse correlation was found between sCD30 levels and 
Vespid sIgE (Spearmans R: -0.310; P=0.002) and rVes V 5 
(Spearmans R: -0.261; P=0.011). No correlation was found between 
sCD30 and total IgE (Spearmans R: 0.061; P=0.558). To investigate 
whether the inverse relation between sIgE and sCD30 could be a 
result of uptake and sequestration of sIgE by FceRI expressing mast 
cells, we studied the association between sIgE and the percentage of 
mast cells in bone marrow aspirate. Levels of Vespid sIgE and rVes 
V 5 did not correlate with mast cell numbers (Spearmans R: -0.118; 
P= 0.302 and Spearmans R: -0.029, P= 0.807 respectively).   
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Figure 1: Serum levels of soluble CD30 in 169 indolent systemic 
mastocytosis patients, 24 advanced systemic mastocytosis patients 
and 26 control patients. 

  
Data are given as mean ± SD, or median (IQR); AdvSM : advanced systemic mastocytosis; ASM: 
aggressive systemic mastocytosis; BMI: body mass index;  BsT: base serum tryptase; Cr: creatinine; 
CM: cutaneous mastocytosis; HVAn: Hymenoptera venom anaphylaxis; ISM: indolent systemic 
mastocytosis; MCL: mast cell leukemia; MH: methylhistamine; MIMA: methylimidazole acetic acid; SM-
AHNMD: systemic mastocytosis with an associated hematologic non-mast cell lineage disorder; SSM: 
smoldering systemic mastocytosis; UP: urticaria pigmentosa 
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Figure 1: Serum levels of soluble CD30 in 169 indolent systemic 
mastocytosis patients, 24 advanced systemic mastocytosis patients 
and 26 control patients. 

  
Data are given as mean ± SD, or median (IQR); AdvSM : advanced systemic mastocytosis; ASM: 
aggressive systemic mastocytosis; BMI: body mass index;  BsT: base serum tryptase; Cr: creatinine; 
CM: cutaneous mastocytosis; HVAn: Hymenoptera venom anaphylaxis; ISM: indolent systemic 
mastocytosis; MCL: mast cell leukemia; MH: methylhistamine; MIMA: methylimidazole acetic acid; SM-
AHNMD: systemic mastocytosis with an associated hematologic non-mast cell lineage disorder; SSM: 
smoldering systemic mastocytosis; UP: urticaria pigmentosa 
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Figure 2: Correlation between serum levels of soluble CD30  and 
tryptase in 193  systemic mastocytosis patients 
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Discussion 

This is the first study to our knowledge that investigated the 
relationship between sCD30 and HVAn in SM and we found sCD30 
to be an independent predictor for a lower risk of HVAn. CD30 is an 
important co-stimulatory receptor supporting a Th2 polarized immune 
response.29  In non-mastocytosis patients sCD30 is derived mainly 
from B- and T-lymphocytes and influenced by the amount of CD30 – 
CD30L signaling, events common in a Th2 polarized immune 
system.30  Accordingly, serum sCD30 levels are elevated in a variety 
of allergic diseases, including Hymenoptera venom allergy.31 In 
contrast, we found lower sCD30 levels in SM patients allergic to 
Hymenoptera venom, functioning as an independent predictor of 
HVAn risk. We hypothesized that the previously identified protective 
association between mast cell load and HVAn is the result of the 
sIgE suppressing qualities of mast cell expressed CD30.23, 32, 33 
However, the multivariate analysis reveals that mast cell load and 
sCD30 are both independent predictors of HVAn. Further research is 
needed to indentify by what mechanism a high mast cell load 
reduces the risk of HVAn  The finding that sCD30 levels are lower in 
SM patients suffering from HVAn is striking and implicates a possible 
negative signaling pathway between mast cell derived sCD30 and B- 
and T-lymphocytes. 

Human sCD30 is released after ligation of CD30, sCD30 itself 
promotes further proteolytic cleavage of CD30 and sCD30 acts as a 
decoy receptor by binding to CD30L with a high-affinity and blocking 
CD30 trans-membrane signaling.6,34 Taken together this suggests 
that sCD30 acts as a negative feedback loop. The extra circulating 
mast cell derived sCD30 in SM could shift the balance of this 
negative feedback loop by interfering with constitutional CD30-
CD30L interaction and thereby suppressing HVAn.  

Investigations using murine CD30-CD30L knock out models and 
CD30L antagonistic antibodies comparable in function to sCD30 
report a reduction of allergic rhinitis and asthma symptoms.35 In 
addition, sCD30 binds B cell expressed CD30L, resulting in reverse 
signaling in the B-cell, 16, 17 which in turn further inhibits IgE antibody 
production and isotype switching.36   



9

 

172 
 

Figure 2: Correlation between serum levels of soluble CD30  and 
tryptase in 193  systemic mastocytosis patients 

  

 

173 
 

Discussion 

This is the first study to our knowledge that investigated the 
relationship between sCD30 and HVAn in SM and we found sCD30 
to be an independent predictor for a lower risk of HVAn. CD30 is an 
important co-stimulatory receptor supporting a Th2 polarized immune 
response.29  In non-mastocytosis patients sCD30 is derived mainly 
from B- and T-lymphocytes and influenced by the amount of CD30 – 
CD30L signaling, events common in a Th2 polarized immune 
system.30  Accordingly, serum sCD30 levels are elevated in a variety 
of allergic diseases, including Hymenoptera venom allergy.31 In 
contrast, we found lower sCD30 levels in SM patients allergic to 
Hymenoptera venom, functioning as an independent predictor of 
HVAn risk. We hypothesized that the previously identified protective 
association between mast cell load and HVAn is the result of the 
sIgE suppressing qualities of mast cell expressed CD30.23, 32, 33 
However, the multivariate analysis reveals that mast cell load and 
sCD30 are both independent predictors of HVAn. Further research is 
needed to indentify by what mechanism a high mast cell load 
reduces the risk of HVAn  The finding that sCD30 levels are lower in 
SM patients suffering from HVAn is striking and implicates a possible 
negative signaling pathway between mast cell derived sCD30 and B- 
and T-lymphocytes. 

Human sCD30 is released after ligation of CD30, sCD30 itself 
promotes further proteolytic cleavage of CD30 and sCD30 acts as a 
decoy receptor by binding to CD30L with a high-affinity and blocking 
CD30 trans-membrane signaling.6,34 Taken together this suggests 
that sCD30 acts as a negative feedback loop. The extra circulating 
mast cell derived sCD30 in SM could shift the balance of this 
negative feedback loop by interfering with constitutional CD30-
CD30L interaction and thereby suppressing HVAn.  

Investigations using murine CD30-CD30L knock out models and 
CD30L antagonistic antibodies comparable in function to sCD30 
report a reduction of allergic rhinitis and asthma symptoms.35 In 
addition, sCD30 binds B cell expressed CD30L, resulting in reverse 
signaling in the B-cell, 16, 17 which in turn further inhibits IgE antibody 
production and isotype switching.36   



9

 

174 
 

Suppression of sensitization in ISM patients by the antagonistic 
properties of sCD30 is further supported by the found inverse 
correlation between sCD30 and sIgE. These findings are consistent 
with reports of low sIgE in mice treated with antagonistic antibodies 
for CD30 and CD30L.37, 38, 17, 39, 40  Others have speculated that the 
low levels of sIgE in SM patients are the result of the increased 
uptake and sequestration of circulating IgE by the increased 
abundance of high-affinity IgE receptor expressing mast cells.30 
Although this may partially explain the lower IgE levels in SM 
patients, murine investigations indicate that the prevalence of high 
affinity IgE receptors does not affect IgE levels. 41 Furthermore, in the 
current study no significant correlations were found between sCD30 
and total IgE or between the percentage of mast cells in bone 
marrow aspirate and sIgE, suggesting that the observed inverse 
correlation between sCD30 and sIgE is specific for antigen-specific 
IgE only and not the result of increased binding of total IgE by mast 
cells. Suppression of sIgE levels by antagonistic binding of CD30L by 
sCD30 may be relevant for other malignancies as well; expression of 
CD30 is found in a variety of malignancies and IgE has been 
postulated as an important part of anti-tumor immune surveillance. 42, 

43 Accordingly, CD30L expression has been found to be reduced in 
CD30 expressing malignancies.18, 44 This raises the question whether 
aberrant expression of CD30 by mast cells is an immune escape 
mechanism working through suppression of sIgE.   

 Expression of CD30 and release of sCD30 could also directly 
influence the mast cells. In SM patients mast cells express both 
CD30 and its ligand CD30L, setting the stage for auto/paracrine 
signaling in the mast cell infiltrates. Reverse transmembrane 
signaling through mast cell expressed CD30L could account for 
mediator release symptoms by enhancing mast cell chemokine 
secretion.45 The effects of CD30 transmembrane signaling on mast 
cells remains to be fully discovered, but the CD30 targeting antibody-
drug conjugate brentuximab vedontin has been found to suppress 
IgE mediated degranulation.49 

The results indicate that although sCD30 levels are significantly 
higher in AdvSM compared to low-grade SM, expression and release 
of sCD30 is not limited to AdvSM. Levels of sCD30 in ISM patients 
were significantly higher compared to the control group, albeit that 
both groups differed significantly in the age at sampling and gender, 

 

175 
 

and correlated with mast cell load. Additionally, univariate survival 
analysis indicated no prognostic value for sCD30 and sCD30 levels 
did not correlate with C findings in AdvSM patients. These findings 
contradict earlier reports where immunohistochemical bone marrow 
mast cell CD30 expression was found to be limited mostly to AdvSM 
and suggested as a marker indicative of aggressive disease 
variants.9 Mast cells as the origin for the elevated levels of sCD30 in 
ISM is supported by the recently published flow-cytometry data, 
illustrating that the identification of mast cell CD30 expression varies 
with the applied methodology. 10,28,11 Unfortunately, we were unable 
to immunohistochemically relate sCD30 levels to CD30 expression of 
mast cells in bone marrow to further substantiate the origin of the 
measured sCD30 levels. Pilot investigations revealed that the routine 
de-calcification step used in our laboratory using a mixture of 10% 
v/v acetic acid and 3.6% v/v formaldehyde rendered the archived 
bone marrow samples unfit for reliable immunohistochemical 
quantification of CD30 expression. Nevertheless, we feel that the 
strong correlations between sCD30, the mast cell load parameters 
bsT, MH, MIMA and the percentage of mast cells in bone marrow 
aspirate confirm that sCD30 levels in SM are mast cell dependent. 
However, sCD30 cannot substitute for BsT, MH or MIMA as a 
measurement of mast cell load or as a screening tool for systemic 
mastocytosis as it can be elevated in a large variety of diseases.  

Importantly, this report is retrospective in nature and prospective 
research is needed before a true assessment of sCD30 as a risk 
factor for HVAn can be made. Prospective investigations are 
frustrated by the low incidence of mastocytosis, the infrequency of 
field stings, and the contra-indication of diagnostic sting challenges. 
However, during the course of this investigation the ISM patient with 
the lowest level of sCD30 (9.0 ng/ml) developed her first and 
regrettably fatal anaphylactic reaction following wasp stings, 
stressing the need of predictors identifying those at risk for HVAn.  
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In conclusion, serum sCD30 levels are elevated in all categories of 
SM and function as a parameter of mast cell load. Furthermore, 
sCD30 levels are inversely related to the risk of HVAn and Vespid 
venom specific IgE. We propose a model in which interference of B 
and T-cell CD30-CD30L signalling by mast cell expressed CD30 
reduces the risk of HVAn in mastocytosis through suppression of 
specific IgE synthesis. These results implicate (s)CD30 as a potential 
prognostic and therapeutic target for hymenoptera venom allergy in 
ISM.  
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SUMMARY, DISCUSSION AND FUTURE PERSPECTIVES 
 

Mastocytosis is a rare disease both in prevalence and in the aspect 
that it combines facets of both hematology and allergology. Working 
towards a better understanding and better treatment of mastocytosis 
patients requires at least a passing familiarity with each of these 
disciplines.  The aim of this thesis is to evaluate several aspects of 
mastocytosis that help us better understand the pathogenesis, 
clinical presentation, risks and ultimately treatment options for this 
rare disease. I will use the next few pages of this thesis to reflect on 
what has been achieved during this time, what should have been 
done differently with the benefit of hindsight, but most interestingly, 
what I see as the future of research in mastocytosis. 

In Chapter 3: we describe the stepwise construction and cross-
sectional validation of a disease specific quality of life questionnaire 
(MQLQ) and symptom assessment form for mastocytosis (MSAF). 
We based the design partially on established best practice for 
designing quality of life questionnaires and partially on the previously 
validated Myeloproliferative Neoplasm Symptom Assessment 
Form.1,2 It may seem peculiar that after nearly 80 years of research 
in mastocytosis, no method of quantifying the disease burden or 
treatment effect had been developed.  

Simply put, there never was a need for such a tool, as few trials were 
ever performed during this era. Hitherto, indolent systemic 
mastocytosis patients were mostly treated with over the counter 
drugs, such as anti-histamines, that did not warrant registration or 
dutiful documentation of efficacy. For advanced systemic 
mastocytosis the primary outcome measure in trials was survival and 
as such researchers mostly ignored effects on symptom severity. It is 
only with the recent surge of trials with tyrosine kinase inhibitors in 
mastocytosis that quantifying symptomatic responses became 
relevant.3 Notably, the significant effects of midostaurin on symptom 
severity in advanced systemic mastocytosis patients prompted us to 
design a trial of midostaurin for indolent systemic mastocytosis 
patients, with symptom severity as the primary outcome measure.  
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For this purpose, we developed the MQLQ and MSAF in a stepwise 
fashion using focus groups of mastocytosis patients. Due to our own 
need for a measurement tool in indolent systemic mastocytosis much 
of our emphasis has rested on this patient category. In hindsight,  
and keeping in mind the EMA and de FDA proscribed benefit of 
patient reported outcome measures, we should also have attempted 
to make a scoring form for advanced systemic mastocytosis.4,5 

Patient reported outcome measures have increasingly been included 
in regulatory status applications, with the sharpest rise found in 
oncology trials  (Figure 1). 

 

Figure 1: Frequency of trials reporting patient reported outcome 
measures, adapted from Vodicka et al6 

 
Interestingly, the paper described in chapter 3 was also one of the 
first comprehensive descriptions of symptom frequency and quality of 
life burden in patients with indolent mastocytosis.  To our surprise, 
there was a large difference between what bothered patients and 
what bothered doctors. Fatigue and anaphylaxis were among the 
most burdensome symptoms of mastocytosis, yet had not been used 
as symptomatic outcome measures in previous trials.7,8 

Almost simultaneously with our publication, the German group led by 
Siebenhaar published their own quality of life questionnaire, the MC-
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QoL, followed two years later by their symptom assessment form, the 
MAS.9,10 

In direct comparison there are some advantages and disadvantages 
to both. Notably, the Siebenhaar MC-QoL and MAS are shorter with 
only 26 and 9 items, respectively and they both have been validated 
in English. A significant advantage of the MQLQ and MSAF is that 
they both have been used in our phase II trial and have shown to 
reliably document symptomatic improvement. Moreover, an abridged 
form of the MSAF has even been used in measuring the 
effectiveness of omalizumab in pediatric mastocytosis.11 Evidence of 
responsiveness to intervention lowers the risk of false negative 
results in future trials and may influence trial designers to favor one 
measurement method over another. For now it is difficult to judge 
which measurement methods should be used in future studies.  
Importantly, both lack thorough validation for advanced mastocytosis 
and there applicability in this patient category remains to be 
determined in future research.  Unfortunately, this chapter also 
serves as an important reminder of the usefulness and pitfalls of 
international collaboration. There is no need for two centers both 
participating in the ECNM to separately develop these outcome 
measurements. The status quo of 4 different measurement tools with 
no clear advantage and still no coverage for advanced systemic 
mastocytosis speaks to a lack of cooperation that I hope can be 
avoided in the future.  

Chapter 4 is the result of an international working group discussing 
the challenges in identifying mast cell and basophil targeted 
therapies. We drew attention to the fact that our understanding of 
mast cells in disease and health is hampered by the limitations 
afforded by the currently available research methods. Most of the 
research on mast cells and mastocytosis so far has been performed 
on murine models or mast cell lines, each accompanied by significant 
translational limitations. Mast cell development is in large part a 
result of the local microenvironment, with mast cells seeming to 
adapt to their tissue of residence. As such, culture conditions 
significantly affect mast cell phenotype and ability to respond to 
stimuli. At the time, we recommended co-culture with bronchial 
endothelial cells to best mimic lung mast cells. Looking back, the 
step now seems obvious to also address the mast-cell-genesis 
microenvironment, especially in mastocytosis. In mastocytosis bone 
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marrow mast cells are frequently found to aggregate in peri-
trabecular areas and share the KIT D816V mutation with 
mesenchymal stem cells, suggesting that the interaction with the 
bone marrow stroma might be critical for the development of 
mastocytosis.12 One elegant method to better understand 
mastocytosis development would be a humanized xenograft model 
based on a method recently advanced for acute myeloid leukemia 
using ceramic scaffolds coated with human mesenchymal stromal 
cells implanted in immune-deficient mice.13 The use of human mast 
cells transplanted to a human microenvironment would best 
resemble the bedside situation and facilitate translation of pre-clinical 
models.    

We also early on drew attention to the use of tyrosine kinase 
inhibitors as targeted treatment modalities for mast cell driven 
disease, even outside of clonal mast cell disorders. This approach 
has bared fruit, a recent report on the use of Imatinib as a treatment 
for refractory asthma published in the New England Journal of 
Medicine supports the use of these traditionally hematological 
compounds in the field of allergology.14 Our suggestion to use 
tyrosine kinase inhibitors in a synergistic manner with other drugs 
has not found any adaption in clinical trials. I feel that our enthusiasm 
related to synergistic effects of TKI’s with other TKI’s or cytotoxic 
drug based on in vitro data with mast cells did not take fully into 
account the history of these medications.  Combinations of TKI’s with 
accumulating cytotoxic drugs such as the nucleoside analog 
cytarabine have historically resulted in promising results in vitro in 
synergistic dosage strategies that have failed to be reproduced in 
vivo, at least partially due to the class wide inhibition of human 
nucleoside transporters that are needed for cytotoxic drug uptake.15  
The combination of TKI’s and classic cytotoxic drugs have found 
therapeutic  application outside of synergistic dosing by using them 
sequentially, or in combined high dosage strategies as is the case in 
Ph+ ALL. Combination of multiple tyrosine kinases so far has yet to 
reach pre-clinical animal models even outside of mastocytosis. 

In chapter 5 we demonstrate that the tyrosine kinase inhibitor 
midostaurin is both safe and reasonably effective in mastocytosis 
symptom reduction and decrease of  the total mast cell load. Due to 
the exploratory nature of this phase II trial, obviously no placebo 
comparison arm could be included and as such results have to be 
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the exploratory nature of this phase II trial, obviously no placebo 
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interpreted with caution. Nevertheless, the strong correlation with 
objective parameters such as tryptase, bone-marrow infiltration and 
skin lesions support a beneficial biological effect. There were several 
challenges in the design of this trial. For one, patient selection: we 
only included patients with severe symptoms in 2 or more organ 
systems that could be attributed to ISM and patients needed to have 
tryptase levels >20 ug/l. This benefit for this trial was to gurantee 
room for a biochemical and clinical response. Conversely, it also 
severely limited patient eligibility and hampered recruitment. Looking 
back with several years of experience with midostaurin I would 
significantly alter the inclusion criteria for any follow-up trials. For 
one, I would adapt the inclusion criteria to any patient scoring >4 on 
fatigue or musculoskeletal pain, abdominal pain ,diarrhea, pruritus 
and depression as these were the most responsive symptoms in our 
trial and are most easily attributed to mastocytosis. Moreover, I would 
use both photographic documentation as well as the MQLQ “skin” 
domain to include patients with severe skin related symptoms. In 
addition, I would no longer require a minimal basal tryptase levels as 
we found no correlation between tryptase reduction and symptomatic 
effects. Finally, I would remove nausea and vomiting from the 
symptoms under investigation, because an increase in this symptom 
is to be expected with midostaurin treatment and confounds the 
overall response rate. Instead, I would suggest a final end of study 
questionnaire that enables patients to report on a visual scale how 
the gastrointestinal adverse events weigh up to the therapeutic 
effects. Even so, it remains to be expected that not all ISM patients 
will respond to midostaurin treatment. For advanced systemic 
mastocytosis patient this has been postulated to be a result of 
additional mutations and molecular characteristics that confer 
resistance,  or expansion of KIT D816V negative clones.16 Although 
similar events might occur in indolent systemic mastocytosis, 
additional mutations or secondary clones are rare in this patient 
category.17 I speculate that the lack of response in these patients 
might be due to a lack of mast cell apoptosis induction by 
midostaurin. Although tryptase levels dropped sharply shortly after 
midostaurin administration,  they rebounded equally fast during the 
wash out period and effects on bone marrow mast cell infiltration 
were moderate. Intriguingly, the proliferative index of mastocytosis 
mast cells is usually low and circulating CD34+ progenitors are only 
rarely elevated, indicating that it is the longevity and subsequent 
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accumulation of mast cells that causes the increased mast cell load 
observed in mastocytosis.18 With this in mind, I speculate that the 
rapid effects seen on symptoms and tryptase were due to a decrease 
in mast cell degranulation and tryptase release, and that the modest 
decrease in bone marrow infiltration was due to a decrease in 
proliferation, and not apoptosis. A similar result has been found in 
CML patients treated with the Kit inhibitor imatinib: as an off target 
effect these patient became completely mast cell depleted but only 
after 24 months of treatment.19  Perhaps complete  curation of 
indolent systemic mastocytosis can also be achieved after longer 
treatment duration. Alternatively, long lasting mast cell reduction 
using midostaurin could perhaps be achieved using concurrent 
treatment with compounds that target the apoptosis pathway.  

Attractive targets for this synergistic effect with midostaurin would be 
the Bcl-2 family, including MCL-1. Bcl-2 and MCL-1 are found to be 
preferentially expressed in mastocytosis mast cells compared to 
healthy controls, implicating them as potential therapeutic targets for 
these patients.20,21 I hypothesize that mast cell survival in both 
advanced and indolent systemic mastocytosis, especially those 
refractory to midostaurin, is dependent on strong anti-apoptotic 
signaling, with a proposed reliance on Bcl-2  and MCL-1. Perhaps, a 
combination of the anti-proliferative capabilities of midostaurin with 
the pro-apoptotic capabilities of Bcl-2 or MCL-1 targeting drugs can 
achieve curation or at least longstanding remission.   

We previously mentioned the burden anaphylaxis exerts on 
mastocytosis patients. Even patients who will never experience a 
reaction are taxed by the knowledge that any insect sting could be 
fatal. In Chapter 6 we describe the rapid clinical course of a recent 
fatal anaphylactic reaction to a yellow jacket sting. This illustrates the 
need for a predictor of risk for insect sting allergy in mastocytosis. In 
our retrospective data, sensitization to insects might just be one such 
predictor. In the general population sensitization to hymenoptera is 
quite common, occurring in 18-40% of people and only being 
associated with systemic reactions in roughly 10% of cases,22 
Moreover, even in those reacting systemically the majority of 
reactions(78%) are mild to moderate. 23 Conversely, sensitization in 
our mastocytosis patient cohort was associated with a reaction to 
insect stings in 87-91.4% of cases, depending on the cut-off point 
used, and the vast majority were very severe anaphylactic reactions 
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(69.7%). As such we proposed that evidence of sensitization should 
be used to initiate a discussion with patients about possible 
prophylactic therapies, up to and including venom immunotherapy, 
based on individualized risk assessment and patient’s wishes.  The 
biggest drawback of this study is the retrospective nature of the 
investigation that leads to a strong possibility of a selection bias; we 
actively investigate insect sting anaphylactic patients for the 
presence of mastocytosis, thereby enriching the pool of sensitized 
patients which in turn may have led to an underestimation of 
mastocytosis patients with evidence of sensitization whom are never 
diagnosed with mastocytosis, because they never experience an 
anaphylactic episode. In a perfect world, these investigations would 
be performed longitudinally wherein we follow-up mastocytosis 
patients for whom anaphylaxis was not the presenting symptoms and 
correlate their sensitization status with future field stings. However, 
due to the rare nature of the disease and the rarity of field stings, 
such an investigation is impossible as a single center initiative. 
Hopefully, the ECNM can co-operate together as a group to combine 
the follow-up of a large number of patients, so we can help patients 
estimate their risks and the appropriate course of action in patients 
exhibiting sensitization.  
 

Disease-specific factors also seem to influence the risk of 
anaphylactic reactions to insect stings. Chapter 7 describes an 
inverse relation between mast cell load and the risk of insect sting 
anaphylaxis. This finding has been confirmed by two additional 
follow-up papers.24,25 It is tempting to speculate that this is due to a 
difference in disease features, mast cell de-differentiation or even an 
result of mastocytosis mast cells crowding out normal mast cells, 
thereby limiting responsiveness, but no follow up studies have been 
performed to support these ideas. One often given explanation is that 
this is a different phenotype of mastocytosis that is also associated 
with fewer skin infiltration. I personally think this is not the case and 
that the higher prevalence of skin infiltrates in non-anaphylactic 
patients is due to a diagnostic bias: the most prevalent presenting 
symptom for indolent systemic mastocytosis is skin lesions. Barring 
that, patients without skin lesions are liable to only be diagnosed if 
they prompt investigation by experiencing an anaphylactic episode or 
developing osteoporosis at a young age. One possible mastocytosis 
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specific phenotype that could be associated with anaphylaxis is the 
expression of CD30.  

Chapter 8 gives an overview of the expression of CD30 under 
physiologic and pathological conditions. Notable, as CD30 
expression is often found in EBV-associated malignancies,26,27 it 
would be interesting to investigate a potential viral oncogenic origin 
of mastocytosis.  Additionally, CD30 is also the target of 
brentuximab-vedotin, an antibody-drug conjugate that exhibited 
promising results in other CD30+ malignancies. Unfortunately, results 
from a phase II trial of brentuximab-vedotin in mastocytosis are 
abysmal with zero responders.28 I speculate that this is a result of the 
low proliferative index of mastocytosis mast cell which renders them 
resistant to the antimitotic capabilities of vedotin. If so, these results 
would suggest that the mastocytosis stem cell progenitors lack 
expression of CD30. Additionally, CD30 is cleaved into the soluble 
form of CD30 (sCD30), whereby it can act as a decoy receptor for 
CD30 ligand. This effect would reduce CD30-CD30L signaling and 
possibly hamper Th2 immunological reactions, such as the 
production of wasp venom specific IgE.  

Chapter 9 is a study of the relation between sCD30 and 
mastocytosis. As per our previous hypothesis, an inverse relation 
was found between sCD30 and the risk of insect sting anaphylaxis in 
mastocytosis. Moreover, high sCD30 levels correlated with low or 
absent specific IgE, further supporting the notion that mastocytosis-
derived sCD30 might be reducing the risk of insect sting anaphylaxis 
through impairment of CD30-CD30 ligand signaling and specific IgE 
production.  
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Future perspectives 

I personally find that putting dates side to side with personal 
biographical events makes a timescale easier to grasp and may help 
in extrapolating to the future. For instance, I was born in the autumn 
of 1990 and wouldn’t start my medical education until autumn 2008, 
but it would take until 2013 for my first foray into the world of 
research with my first publication. Interestingly, 2013 was a 
particularly good year for mastocytosis research for both myself and 
a whole crop of other authors, so my paper was accompanied by 222 
publications that year (Figure 2). To put this relation in perspective, 
this is almost double the amount of papers published on 
mastocytosis at my birth. Put in another way, in the time it took for 
me to go from learning how to walk to learning how to publish the 
field of mastocytosis research doubled in size. Barring any 
unfortunate events, I should have half a century left to continue 
researching mastocytosis. I am excited to see how far our 
understanding will have progressed by that time, but as i  dread 
reading back too fanciful predictions I will limit my predictions up to 
the distant year of 2028.   

The year 2028: First and foremost, the number of publications on 
mastocytosis has shown an almost perfect linear increase since 
1946, the first year for which I have data (figure 2).  A simple linear 
regression analysis reveals that each year there are on average 2.8 
more papers published than the previous year, resulting in on 
average 226 publications in 2028, with a 68% confidence that the 
amount will not be less than 220 or more than 232. I suspect that the 
biggest driver for this surge in research will be a result of the 
continued cooperation of the European Competence Network on 
Mastocytosis (ECNM).  
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Figure 2: The march of academic interest in mastocytosis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The ECNM is an amalgamation of research groups throughout 
Europe combining findings into the largest repository of clinical data 
on mastocytosis.  At the time of writing, the ECNM is poised to 
publish a flurry of papers on the natural history of mastocytosis that 
were previously limited by sample size. Secondly, I think that the 
cooperation between the fields of allergology and hematology will 
lead to rapid progress in both. Specifically, I hope that the substantial 
body of experience with imatinib and midostaurin as tyrosine kinase 
inhibitors capable of selectively targeting mast cell functions will 
revolutionize the field of allergology. In my humble opinion the focus 
of this revolution will be diseases with a clear pathological reliance on 
mast cell functions and unmet therapeutic needs such as asthma and 
(idiopathic) anaphylaxis. Conversely, the increasing focus on patient 
perspective and symptoms in upcoming trials will force hematologists 
to familiarize themselves with hitherto unfamiliar patient reported 
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outcome measures as endpoints. Interestingly, the advent of mast 
cell depletive therapies in large patient groups may also finally help 
identify what the non-redundant functions of mast cells are. I predict 
that by the year 2028 adverse events associated with mast cell 
depletion will lead to the discovery of novel mast cell capabilities.  
Furthermore, I predict that by the year 2028 we will have the first 
systemic mastocytosis patients achieving durable remission without 
minimal residual disease outside of stem cell transplantation. Finally, 
I sincerely hope that by the year 2028 the first proposals for 
potentially curative therapies for indolent systemic mastocytosis will 
be submitted, and can only strive to be involved in these proposals. 
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Nederlandse samenvatting 
Iedere dag worden er in het beenmerg van een gezond volwassen 
mens meer dan 10.000.000.000.000 nieuwe bloedcellen gevormd. 
Dit vindt plaats via een stapsgewijs proces, genaamd hematopoëse, 
dat begint met de deling van stamcellen en eindigd in volwassen 
wittebloedcellen, rodebloedcellen of bloedplaatjes. Op een ieder 
moment in dit proces kan er door een verscheidenheid aan factoren 
een fout ontstaan in het DNA van de voorloper cellen waardoor deze 
niet meer reageert op signalen van buitenaf maar ongelimiteerd blijft 
delen. Het gevolg hiervan is dat er enkele nieuwe voorloper cellen 
ontstaan die ook deze fouten bevatten en een veel groter aantal rijpe 
cellen zich in het lichaam ophopen en het normaal functioneren 
belemmeren. Zodra de ophoping van gemuteerde bloedcellen 
zodanig ernstig is dat zij de aanmaak van gezonde bloedcellen 
belemmerd spreekt men van leukemie. Afhankelijk van het type 
voorloper cel waarin de fout is opgetreden kan dit bijvoorbeeld een 
teveel aan rode of witte bloedcellen zijn. In dit proefschrift richten we 
ons echter op een minder voorkomende cel die onderdeel uitmaakt 
van de witte bloedcel familie, de mestcel, welke na leukemische 
veranderingen de oorzaak is van de ziekte mastocytose. 

Mestcellen ontstaan vanuit voorloper cellen die het beenmerg 
verlaten waarna ze via de bloedbaan in grote getalen terecht komen 
in de huid, darmen en slijmvliezen. Hier aangekomen rijpen de 
voorloper cellen uit tot mestcellen, waarbij het uiterlijk en de 
karakteristieken van de mestcel afhankelijk zijn van het orgaan waar 
de laatste stap van de uitrijping in plaats vond. Hun naam ontlenen 
ze aan het feit dat ze vele granulen (korrels gevuld met inhoud) 
bevatten die de schijn wekken van een goed doorvoede (vol 
gemeste) cel. De grootste aantallen mestcellen worden gevonden in 
die organen die als eerste in contact staan met de buitenwereld, 
zoals de huid en darmen, waardoor zij binnen luttele seconden 
kunnen reageren op prikkels zoals insectensteken of 
voedingsmiddelen. Mestcellen zijn met name bekend door hun rol in 
allergische reacties zoals hooikoorts of anafylactische reacties op 
wespensteken. Hierbij reageren mestcellen die bekleed zijn met (IgE) 
antistoffen gericht tegen pollen of wespen gif door mediatoren vrij te 
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laten uit hun granulen. Van deze mediatoren is histamine de 
bekendste is en histamine geeft aanleiding tot onder andere 
vaatverwijding, lage bloedruk, jeuk, huiduitslag en diarree.  

In mastocytose patiënten is er een afwijking in het kernmateriaal 
(mutatie) opgetreden in de mestcelvoorloper welke aanleiding geeft 
tot ongeremde vorming van nieuwe mestcellen met een afwijkend 
uiterlijk. Dit is voor volwassenen vrijwel altijd een verworven mutatie 
van het c-KIT gen, dat codeert voor de stamcelfactor receptor en 
door de mutatie permanent het signaal doorgeeft dat er meer 
mestcellen gevormd moeten worden. Het gevolg hiervan is dat 
mestcellen zich ophopen in de huid, wat aanleiding geeft tot de 
karakteristieke bruinrode zogenaamde “urticaria pigmentosa” laesies, 
het beenmerg, het maagdarmstelsel of in ernstige gevallen de lever 
en milt.  

Mastocytose wordt onderverdeeld in verschillende subtypes 
naargelang de uitgebreidheid van de ziekte. Bij de tot de huid 
beperkte vorm van mastocytose (cutane mastocytose - CM) worden 
de overmatige en afwijkend gevormde mestcellen alleen gevonden in 
de huid, dit is tevens de meest voorkomende vorm van mastocytose 
op kinderleeftijd. Indolente systemische mastocytose (ISM) wordt 
gekenmerkt door betrokkenheid van andere organen, meestal betreft 
dit infiltraten van spoelvormige mestcellen in het beenmerg maar ook 
het maagdarmkanaal is vaak aangedaan.  

De uitgebreidheid van de mestcelinfiltratie is beperkt in CM en ISM 
patiënten en blijft vaak stabiel verhoogd over de jaren. Hierdoor 
hebben deze patiënten een vrijwel normale levensduur, welke echter 
wel in kwaliteit beperkt kan worden door een verscheidenheid aan 
symptomen zoals jeuk, levensbedreigende allergische reactie, 
diarree en botontkalking. Voor deze patiënten bestaat de 
voornaamste behandeling uit het voorkomen van uitlokkende 
factoren, anti-histamine medicatie en preventie van fracturen met 
calcium en bisfosfonaten suppletie. Deze goedaardige vormen van 
mastocytose zijn tevens de meest voorkomende variant van een 
desalniettemin zeldzame ziekte, met een prevalentie van 13 per 
100.000 inwoners.  
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De agressievere vormen van mastocytose worden gekenmerkt door 
zulk een sterke infiltratie van mestcellen dat dit het functioneren van 
organen bedreigt. Beenmerginfiltratie leidt tot verdringing van de 
bloedaanmaak met bloedarmoede en stollingsstoornissen tot gevolg. 
Milt- en leverbetrokkenheid leidt initieel tot vergroting van de 
aangedane organen en uiteindelijk leverfalen, malabsorptie en 
botbetrokkenheid culminerend in osteolytische haarden. De 
agressieve vormen van mastocytose worden verder onderverdeeld in 
subgroepen aan de hand van de mate van beenmerginfiltratie of het 
tegelijkertijd voorkomen van een tweede hematologische maligniteit, 
maar allen zijn geassocieerd met een sterk verkorte 
levensverwachting ondanks chemotherapie.  

Een van de meest gestelde vragen door patiënten is of een bepaalde 
klacht die zij ervaren een 

symptoom is van mastocytose en of anderen met de zelfde klachten 
kampen. Vanwege de grote verscheidenheid aan symptomen van 
mastocytose patiënten en de relatieve zeldzaamheid is een 
betrouwbaar antwoord moeilijk te verkrijgen. Bovendien wordt er voor 
de goedkeuring van nieuwe therapieën steeds meer de nadruk 
gelegd op door patiënten gerapporteerde uitkomstmaten, wat 
onmogelijk is zonder een ferm begrip van de symptomen van een 
ziekte. In hoofdstuk 3 beschrijven wij de ontwikkeling en toetsing van 
een mastocytose-specifieke kwaliteit-van leven-vragenlijst (de 
MQLQ) en symptoom score formulier (de MSAF) voor mastocytose. 
Wij ontwierpen deze vragenlijsten volgens de standaard methodiek 
waarbij in kleine focusgroepen met patiënten alle mogelijke 
symptomen werden verzameld, waarna in een grotere groep 
gekeken werd hoe veel voorkomend en hoe belastend deze zijn. 
Hierdoor verkregen we niet alleen twee meetinstrumenten die 
noodzakelijk zijn voor toekomstig medicijnonderzoek, maar ook een 
uitgebreid overzicht van de klachten en lasten van mastocytose 
patiënten. Opvallend is de grote invloed die vermoeidheid en 
anafylaxie hadden op het dagelijks leven van mastocytose patiënten, 
terwijl dit niet werd meegenomen als uitkomstmaat in eerdere 
medicijnonderzoeken. 

Een groep van medicijnen met een belangrijke toekomst in 
mastocytose zijn de tyrosine kinase remmers. Dit zijn medicijnen die 
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aangrijpen op de signaal overdracht binnen in een cel. Voor 
mastocytose patiënten zijn deze medicijnen van belang daar ze ook 
het signaal vanuit de c-Kit mutatie kunnen remmen, welke zoals 
eerder beschreven de drijvende kracht is achter de ziekte. In 
hoofdstuk 4 geven we een overzicht van de huidige in ontwikkeling 
zijnde c-Kit remmers, deze hebben in experimenteel laboratorium en 
dierproef onderzoek bewezen effect op mest cel activatie en 
proliferatie. Een belangrijk detail hierbij is dat activatie van c-Kit het 
effect van IgE-allergeen binding op mestcellen versterkt en hiermee 
anafylaxie in de hand werkt. Wij speculeerden dat tyrosine kinase 
remmers dan ook effectief zouden kunnen zijn als therapie voor 
indolente systemische mastocytose patiënten met symptomen die 
onvoldoende reageerden op antihistaminica. Een probleem hierbij is 
dat de meest voorkomende mutatie in mastocytose, de D816V KIT 
mutatie, mestcellen ongevoelig maakt voor de meeste tyrosine 
kinase remmers. Het middel midostaurin daarentegen is van bekend 
dat dit wel werkzaam bij patienent met een D816V KIT mutatie. 

In hoofdstuk 5 beschrijven wij een fase II-studie met midostaurine bij 
20 indolente systemische mastocytose met refractaire symptomen 
ondanks anti-histamine therapie. De patiënten werden 6 maanden 
lang behandeld met 200 mg midostaurin in de vorm van tabletten, 
waarna wij ze gedurende een 2 maanden lange “wash-out” periode 
vervolgden om eventuele terugkerende symptomen te kunnen 
meten. De primaire uitkomst maat voor deze studie was de ernst van 
de symptomen zoals gemeten door onze eerder ontworpen MSAF en 
MQLQ meetinstrumenten. We hebben vanwege het verkennende 
karakter van de studie, gebruikmakend van een nieuw middel 
waaraan we niet te veel patiënten wilden blootstellen, afgezien van 
een placebo groep waardoor resultaten voorzichtig geïnterpreteerd 
moeten worden. Desalniettemin reageerden driekwart van de 
patiënten goed op de behandeling met midostaurin, waarbij het 
grootste effect werd gezien op het symptomen vermoeidheid. Het 
middel werd tevens redelijk goed verdragen, met als belangrijkste 
bijwerking misselijkheid, wat aantoont dat midostaurine zowel veilig 
als effectief is bij het verminderen van de symptomen van 
mastocytose. Deze studie was echter niet geschikt om te bepalen of 
midostaurin ook anafylactische reacties kon voorkomen. 
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De relevantie van anafylaxie wordt onderstreept door Hoofdstuk 6, 
waarin een recente fatale anafylactische reactie wordt beschreven en 
de noodzaak wordt geïllustreerd van een voorspeller van het risico 
op insecten allergie bij mastocytose. We postuleren dat de 
ontwikkeling van sensitisatie middels specifiek IgE voldoende 
indicatie kan zijn om immunotherapie te starten bij mastocytose. 
Hoofdstuk 7 beschrijft dat er een tegengestelde, omgekeerde relatie 
bestaat tussen de hoeveelheid mestcellen zoals gemeten door 
tryptase en het risico op anafylaxie door insectensteken bij 
mastocytose. Dit is een verrassende bevinding, omdat eerder intuïtief 
werd aangenomen dat een hogere mestcelbelasting duidde op een 
hogere mogelijke effector cel populatie en dus een verhoogd risico 
op anafylaxie. Een mogelijke verklaring is dat de gevonden 
verschillen tussen mastocytose en niet-mastocytose-patiënten ligt in 
de CD30-receptor die afwijkend tot expressie komt op mestcellen. 

Hoofdstuk 8 is een overzicht van de expressie van de CD30 receptor 
onder normale en pathologische omstandigheden. In het kort 
gezegd, CD30 is een belangrijke co-stimulerende receptor voor 
allergische responses. Tevens wordt CD30 vaak afwijkend tot 
expressie gebracht in lymfomen en T- en B-cel-geassocieerde 
maligniteiten en is specifiek voor mastocytose als deze op een 
mestcel wordt aangetroffen. Van belang is dat expressie van CD30 
op mestcellen kan werken als een oplosbare lokreceptor voor CD30-
ligand, genaamd soluble CD30 (sCD30). sCD30 verstoord mogelijk 
de normale interactie tussen CD30 en CD30 ligand op B en T cellen 
welke nodig is voor de vorming van IgE en allergische reacties. In 
hoofdstuk 9 beschrijven we hoe hogere waarden van sCD30 in het 
bloed van mastocytose patiënten geassocieerd zijn met een lager 
risico op wespen allergie.  
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