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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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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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