Special Article

Mast Cell Diseases in Practice and Research: Issues ®
and Perspectives Raised by Patients and Their
Recommendations to the Scientific Community and

Beyond

Susan V. Jennings, PhD>*, Celeste C. Finnerty, PhD®"*, Jessica S. Hobart, MPP, MPH®*,

Mercedes Martin-Martinez, PhD®*-*, Kristin A. Sinclair’*, Valerie M. Slee, RN, BSN®'*, Julie Agopian, MS?,

Cem Akin, MD, PhD", Ivan Alvarez-Twose, MD, PhD'’, Patrizia Bonadonna, MD¥, Angela S. Bowman, PhD*",

Knut Brockow, MD™, Horia Bumbea, MD", Claudia de Haro®, Jie Shen Fok, MBBS, FRACP, FRCP Edin"9,

Karin Hartmann, MD’, Nicole Hegmann®, Olivier Hermine, MD, PhD', Monika Kalisiak, MA",

Constance H. Katelaris, MB, BS, PhD, FRACP""", Jacqueline Kurz®, Patrizia Marcis*, David Mayne, MA',

David Mendoza, MDY, Alain Moussy, MBA®, Genija Mudretzkyj?, Nicoleta Nidelea Vaia®®, Marek Niedoszytko, MD"°,
Hanneke Oude Elberink, MD, PhD°®, Alberto Orfao, MD, PhD““, Deepti H. Radia, MD°®, Sophie Rosenmeier,
Eugenia Ribada“, Waltraud Schinhofen', Juliana Schwaab, MD®?, Frank Siebenhaar, MD"",

Massimo Triggiani, MD, PhD¥, Giuseppe Tripodo®, Rocio Velazquez®, Yvon Wielink"®, Friedrich Wimazal, MD",

Timo Yigit™, Celia Zubrinich, MBBS, FRACP™™, and Peter Valent, MD"™°° London, United Kingdom; Madrid, Toledo, and
Salamanca, Spain; Sydney, Campbelltown, and Port Macquarie, New South Wales and Box Hill, Clayton, and Melbourne, Victoria,

Australia; Paris, France; Verona, Turin, and Salerno, Italy; Munich, Odenthal, Toenisvorst, Mannheim, and Berlin, Germany;

Bucharest, Romania; Mexico City, Mexico; Basel, Switzerland; Warsaw and Gdansk, Poland; Vienna, Austria;, Groningen and Almere,
The Netherlands; and Sterling, Mass, Galveston, Texas; Ann Arbor, Mich; and Murfreesboro, Tenn

BACKGROUND: Since 2010, patients and physicians have
collaborated to understand unmet needs of patients with mast
cell diseases, incorporating mastocytosis and mast cell activation
disorders, which include mast cell activation syndromes.
OBJECTIVE: This Open Innovation in Science project aims to
expand understanding of the needs of patients affected by mast
cell diseases, and encourage global communication among
patient advocacy groups, physicians, researchers, industry, and
government. A major aim is to support the scientific
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community’s efforts to improve diagnosis, management, therapy,
and patients’ quality of life by addressing unmet needs.
METHODS: In collaboration with mast cell disease specialists,
13 patient advocacy groups from 12 countries and regions
developed lists of top patient needs. A core team of leaders from
patient advocacy groups collected and analyzed the data and
proposed possible actions to address patient needs.

RESULTS: Findings identified similarities and differences
among participating countries in unmet needs between patients

PAllergy and Clinical Immunology, Box Hill Hospital, Eastern Health, Box Hill,
Victoria, Australia

9Immunology and Allergy, Monash Medical Centre, Monash Health, Clayton, Vic-
toria, Australia

"Division of Allergy, Department of Dermatology, University Hospital Basel and
University of Basel, Basel, Switzerland

*Mastocytosis Self-Support Network, eV, Odenthal, Germany

‘Imagine Institute Université de Paris Descartes, Sorbonne, Institut National de la Santé et
de la Recherche Médicale, Centre National de Référence des Mastocytoses (CER-
EMAST), Hopital Necker, Assistance Publique Hopitaux de Paris, Paris, France

"Mastocytosis Society Poland, Warsaw, Poland

YDepartment of Medicine, Immunology and Allergy Unit, Campbelltown Hospital,
Campbelltown, New South Wales, Australia

*Immunology and Allergy Unit, School of Medicine, Western Sydney University,
Campbelltown, New South Wales, Australia

*Ttalian Mastocytosis Association, Turin, Italy

YPediatric Allergy and Clinical Immunology, Instituto Nacional de Pedidtria, Mexico
City, Mexico

“Austrian Mastocytosis Support Group, Vienna, Austria

“Mastocytosis Support Association Romania, Bucharest, Romania

®® Allergology Department, Medical University of Gdansk, Gdansk, Poland

“Department of Allergology, Groningen Research Institute for Asthma and COPD
(GRIAC), University Medical Center Groningen, University of Groningen, Gro-
ningen, The Netherlands

2039


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaip.2022.06.018&domain=pdf

2040 JENNINGS ETAL

Abbreviations used
AIM- American Initiative in Mast Cell Diseases
CoE/RC- Centers of excellence/reference centers
ECNM- European Competence Network on Mastocytosis
HaT- Hereditary o-tryptasemia
HCP- Health care professional
ICD-10-CM- International Classification of Diseases, 10th
Revision, Clinical Modification
ICD-11- International Classification of Diseases, 11th
Revision
MC- Mast cell
MCAD- Mast cell activation disorders
MCAS- Mast cell activation syndromes
MCD- Mast cell disease
OIS- Open Innovation in Science
PAG- Patient advocacy group
QoL- Quality of life
SoC- Standards of care
WHO- World Health Organization

with mastocytosis and those with mast cell activation syn-
dromes. Issues emphasized struggles relating to the nature
and rarity of mast cell diseases, their impact on quality of life,
the diagnostic process, access to appropriate care, more
effective treatment, and the need for research.
CONCLUSIONS: Solutions vary across countries because
situations differ, in particular regarding the existence of and
access to centers of excellence and reference centers. Multifaceted
mast cell activation syndrome barriers necessitate innovative
approaches to improve access to appropriate care. The outcomes
of this project should greatly support scientists and clinicians in
their efforts to improve diagnosis, management, and treatment
of patients with mastocytosis and mast cell activation
disorders. © 2022 The Authors. Published by Elsevier Inc. on
behalf of the American Academy of Allergy, Asthma &
Immunology. This is an open access article under the CC BY-
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INTRODUCTION

Mast cell diseases (MCDs) incorporate mastocytosis and mast
cell activation disorders (MCAD), including mast cell activation
syndromes (MCAS) (see Figure E1 in this article’s Online Re-
pository at www.jaci-inpractice.org).”” Mastocytosis is a rare dis-
ease defined by abnormal mast cell (MC) accumulation only in skin
(cutaneous mastocytosis) or in multiple organs (systemic masto-
cytosis)."” These mastocytosis variants range from nonaggressive to
progressive/aggressive, with differing outcome potentials.**
Inappropriate MC activation characterizes MCAD. When symp-
toms are severe and recurrent, and MCAS criteria are fulfilled,
MCAS is diagnosed."”* Mast cell diseases affect all ages. They may
be influenced by disease-modifying genetic traits, including
hereditary o-tryptasemia (HoT),” and by comorbidities (eg, IgE-
dependent allergies, hypersensitivity disorders, certain inflamma-
tory diseases or immune and hematologic disorders).””'’"* A
potential relationship of MCAS and HaT to other conditions, such
as dysautonomia, connective tissue diseases, or immunodeficiency,
is under investigation.' """ These conditions should be considered
in the differential diagnosis. Mast cell diseases can have unpre-
dictable, disabling, episodic, or chronic symptoms, including
anaphylaxis, resulting from trigger exposure and MC mediator
release.””'®!” Because of the range of symptom severity in
MCAD, therapies should be targeted accordingly.'” Triggers (eg,
food, drugs, venoms, inhalant, physical stimuli, exercise, stress,
infections, inflammatory or neoplastic discases) may be both IgE-
and non-IgE—mediated, are patient-specific, and should be

on the advisory board for Blueprint. K. Hartmann has received research funding
from Thermo Fisher and a consultancy or lecture fees from Allergopharma,
ALK-Abello, Blueprint, Deciphera, Leo Pharma, Menarini, Novartis, Pfizer,
Takeda, and Thermo Fisher. A. Orfao has served on the advisory board for
Novartis and Blueprint and received research support from Blueprint. H O.
Elberink has received fees for delivering lectures from ALK-Abello, Mylan, Sanofi
Genzyme, and Novartis; has received consultancy fees from ALK-Abello,
Novartis, Blueprint, and Sanofi Genzyme; has received research support from
Novartis, Mylan, ALK-Abello, Aimmune, Takeda, and Blueprint; and has received
payment for developing educational presentations from ALK-Abello and Mylan.
D.H. Radia has served on the advisory board and received honoraria from
Novartis; and has served as a consultant for and received honoraria from Blueprint
Medicines and Cogent Biosciences. F. Siebenhaar is or recently was a speaker and/
or advisor for and/or has received research funding from Allakos, Blueprint,
Celldex, Cogent, Genentech, GSK, Novartis, Moxie, Sanofi/Regeneron, and
Uriach. The rest of the authors declare that they have no relevant conflicts of
interest.

Received for publication March 11, 2022; revised June 8, 2022; accepted for pub-
lication June 20, 2022.

Available online June 28, 2022.

Corresponding author: Susan V. Jennings, PhD, The Mast Cell Disease Society, Inc,
PO Box 416, Sterling, Mass 01564. E-mail: susan.jennings @tmsforacure.org.

2213-2198

© 2022 The Authors. Published by Elsevier Inc. on behalf of the American Academy
of Allergy, Asthma & Immunology. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.jaip.2022.06.018


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.jaci-inpractice.org
mailto:susan.jennings@tmsforacure.org
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jaip.2022.06.018

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 10, NUMBER 8

evaluated by an allergist/immunologist.”'”*" Patients with more
than one MCD may have increased risk for life-threatening
anaphylaxis."**' Average reported times from symptom onset to
diagnosis vary substantially (4-12 years) owing to heterogeneous
symptoms, lack of awareness by physicians, and lack of objective
diagnostic markers.'””* Mast cell diseases can be psychosocially
isolating and significantly reduce quality of life (QOL).W’B’Z(’

Collaborative partnerships among physicians, patients, and
other stakeholders (patient advocacy groups [PAGs], schools, etc)
are crucial for improving QoL. Physicians’ ability to address
patients’ medical and psychosocial needs accurately can be
enhanced by understanding patient experiences and perspectives.
This awareness can positively influence physician/scientist net-
works that develop standards of care (SoC), scientific and in-
dustry/pharmaceutical partners advancing novel therapies, and
government entities establishing and revising health policy.

In 2010, MCD specialists from the European Competence
Network on Mastocytosis (ECNM)?"*® and United States, and
one European Union and one US PAG, collaborated to share
experiences and perspectives and to identify unmet needs of pa-
tients with mastocytosis and MCAS.**””" Each PAG combined
needs for patients with mastocytosis/MCAS into top 10 lists.”
Tremendous research and clinical advancements focused on MC
activation and MCAS occurred between 2010 and 2020. Therefore,
this 2010 Open Innovation in Science (OIS)*! collaboration has
been expanded to include separate lists for mastocytosis and MCAS.

Patient advocacy group representatives from Germany, Italy,
Spain, the United Kingdom, the United States, and Australasia,
working with physician advisors, presented top 10 lists of unmet
needs for patients with mastocytosis and MCAS or participated in
the 2020 ECNM annual meeting. This enhanced communication
between patients and ECNM/American Initiative in Mast Cell
Diseases (AIM)”* physicians preceded the 2020 MCD Working
Conference, incorporating patient perspectives into consensus
criteria and classifications.” Additional PAG members of the In-
ternational Mastocytosis and MCD Awareness Day Committee
(Awareness Day Committee™)’ were subsequently invited to
present a more global perspective.

The OIS physician perspective summary was published with the
recent MCD consensus proposal.’ Here, the individual PAG lists of
patient-identified needs were analyzed, major national and inter-
national needs were categorized into topic areas, and potential ac-
tions and solutions were suggested by PAG leading authors with 93
collective years of MCD advocacy, to provide the patient perspec-
tive (see the Introduction section of the Appendix, in this article’s
Online Repository at www.jaci-inpractice.org for additional back-
ground). The data included are needed to align patient needs with
physician goals to develop patient-reported outcomes measures and
an MCD research strategy to improve SoC and quality of delivered
care. Some medical systems are increasingly driven by payors and
accreditation agencies, whose value-based metrics consider the pa-
tient voice to be important. By identifying patient needs, PAGs and
physicians can ensure patient and clinician goals are aligned to
develop meaningful endpoints advancing clinical care and critical
research.

METHODS

We identified PAGs through prior engagement with ECNM/
AIM, the Awareness Day Committee, or MCD physicians. Project
participation required being an official MCD PAG within their
country with an MCD expert physician advisor.
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The project included a stepwise approach consisting of (1) in-
vitations to PAGs to submit lists of patient-identified issues, needs,
questions, concerns, wishes, visions, suggestions, and recommenda-
tions, with separate lists for mastocytosis and MCAS (one for each
disease, per country), and flexibility regarding list creation methodol-
ogies; (2) presentation during the 2020 ECNM annual meeting; and
(3) list submission by additional participating countries and regions,
with all lists collected by the coordinating core group of PAG leaders
and physician advisors." The core group included leaders from four
PAGs: the United States (C.C.F., S.V.J., and V.M.S.), the United
Kingdom (J.S.H.), Spain (M.M.M.), and Australasia (K.A.S.).

Thirteen PAGs, representing 12 countries and regions, participated
and provided lists (see Tables E1 and E2, in this article’s Online
Repository at www.jaci-inpractice.org). List generation methodologies
varied, but all involved patients or patient representatives familiar with
requested information. Some PAGs employed patient and caregiver
surveys (Italy, Mexico, Netherlands, Spain, the United Kingdom, and
the United States), whereas others incorporated patient requests and
responses (Australasia, Austria, France, Germany (two PAGs), Poland,
and Romania). Patient advocacy groups then created lists based on this
patient-provided information. Some but not all PAGs ranked their
points. The core group analyzed the PAG-generated lists, identified
common and country-specific themes, which are the topics used in
Figure 1, and explored possible solutions (additional details are pro-
vided in the Methods section of the Appendix). Although we use the
term “PAGs,” ultimately, these are patient-expressed needs. Discussion
of diagnoses, symptoms, and triggers include those that are both
patient-reported and physician-confirmed.

RESULTS

Figure 1 presents unmet need topics and commonalities/dif-
ferences by country and/or region. Individual country and/or
region lists are presented in Tables E1 and E2).

Shortage  of health
professionals

A primary need noted by most PAGs was to increase the
numbers of MCD-proficient health care professionals (HCPs) to
decrease referral time or time to diagnosis and improve disease
management. Critical MCD educational areas identified include
symptom recognition, inclusion in differential diagnosis, diag-
nostic criteria, trigger identification, and the use of effective
treatments. Several groups requested improved communication
between local and specialty physicians and between physician
and patient, noting that patients sometimes felt physicians dis-
regarded their concerns.

MCD-proficient care

Centers of excellence/reference centers,
multispecialty networks, patient registries, and
related topics

Most PAGs suggested adding centers of excellence/reference
centers (CoE/RCs), involving all related specialties to provide
well-coordinated, multidisciplinary care, and developing national
CoE/RC certification programs. The creation or expansion of
national and international multispecialty networks, and
enhanced international communication and collaboration among
physician networks and PAGs regarding research, support, and
advocacy were encouraged. Development of MCD patient reg-
istries, incorporating QoL data, and the use of electronic health
applications to improve diagnosis and care and share research
data were identified as additional important actions.
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PATIENT REPORTED AU
ISSUES/NEEDS BY TOPICS
Shortage of MCD-proficient ® O

health care professionals
Shortage of COE/RC; Establish
multidisciplinary teams to [ )
coordinate patient care

Expand national/international
multi-specialty networks,

research, support, advocacy

collaboration, and further
develop e-health applications

National patient registries

Access to appropriate care
(generally)

- Medications
- Mental health care

- Skilled emergency care )

Established, universally

recognized MCAS diagnostic e}

criteria

Improved diagnostic process
and prognosis

National and international MCD
standards of care

More effective treatments ® O

Recognition of trigger diversity

Acknowledge symptom
heterogeneity

Develop care plans for children

Provide comprehensive
information for patients/families

Promote expansion and impact
of patient support/advocacy
groups

Educate society about MCDs e}

Advancement of research ® O

e mastocytosis
o mast cell activation syndromes (MCAS)

AT

FR

* Represented by two patient advocacy groups (PAGs), one for mastocytosis and one for MCAS
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AU, Australasia; AT, Austria; FR, France; DE, Germany; IT, Italy; MX, Mexico; NL, Netherlands (the); PL, Poland; RO, Romania; ES, Spain;
UK, United Kingdom; US, United States of America; MCAS, mast cell activation syndromes; MCD, mast cell disease; CoE/RC, Centers of Excellence/Reference
Centers; E, electronic; PAG, patient advocacy groups.

Topics are presented without hierarchy. PAGs from MX, NL and RO did not submit lists for MCAS. See text in Results section for further description of topics.

If a PAG did not identify an issue as a top critical need, the relevant field is left blank. Please note that an empty field does not mean that the country/region is

not concerned about the given issue, but rather due to the process of data collection, it may not have been identified as a top concern.

FIGURE 1. Unmet need topics commonly reported for mastocytosis and mast cell activation syndromes within lists submitted by patient

advocacy groups participating in the Open Innovation in Science Mast Cell Disease project.
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Enhance access to appropriate care

Affordable and accessible care were prioritized, including
country-specific health and insurance system coverage of diag-
nostic and routine testing and treatment, and financial assistance.
When care is centralized to one city in a large country, travel
costs may hinder access. Patients reported difficulties identifying
experienced physicians to manage and treat MCDs. They
requested extended consultations to give comprehensive his-
tories, personalized treatment plans, and registered dietician/
nutritionist referrals. Many PAGs identified a need for psycho-
logical management and therapy owing to significant disease
challenges and the impact on QoL, including trauma from actual
or potential trigger exposure. Germany requested access to
inpatient MCAS diagnosis and treatment.

Patients requested improved global access to clinical trials; a
reliable supply of affordable, essential MCD medications (eg,
epinephrine, ketotifen, cromolyn sodium [sodium cromogly-
cate], histamine receptor 2-antihistamines), including novel,
targeted therapies; alternative treatments; and drugs for
compassionate use. Medication withdrawals from the market
were also identified as problematic; replacement options are
needed. Assurance of regular access to specific medication brands
and formulations was requested to prevent possible reactions.

Access to emergency care from HCPs trained to recognize and
treat MCD emergencies, the implementation of national emer-
gency department protocols and guidelines, and recognition of
less frequently seen presentations of anaphylaxis were requested.
A patient-accessible phone number for critical medical support
during MCD emergencies and a European Union—recognized
patient identification card were suggested potential measures.

Consensus criteria for diagnosing MICAS

The need for established, universally recognized and applied
diagnostic criteria and algorithms for MCAS was conveyed. Pa-
tients requested that MCAS criteria be accepted by national and
global health authorities (ie, the World Health Organization
[WHOQY]), allowing for MCAS-specific SoC development, and
the incorporation of US MCAS International Classification of
Diseases, 10th Revision, Clinical Modification (ICD-10-CM)
codes' into the WHO International Classification of Diseases,
11th Revision (ICD-11) system.

Diagnostic process and prognosis

One critical goal is hastening accurate diagnosis. Patients
requested better access to testing, more precise sensitive diag-
nostic tests, and improved prognostication. The development of
novel, validated markers and tests for MC mediator release was
highlighted. Requests for a holistic MCAS diagnostic approach
included a thorough review of patients’ signs, symptoms, and
medical history through dynamic physician and patient
communication.

National and international SoC for MCDs

Multiple groups highlighted the need to create and implement
widely accepted, comprehensive, national, and international
SoCs, incorporating QoL considerations into diagnostic ap-
proaches, management, and therapeutic algorithms. Specifically,
anesthesia management, emergency care, routine vaccinations,
and the COVID-19 impact were noted. Requests included
improved communication regarding medical care pathways
(France), guidelines for the use of MCAS anti-mediator therapy
(Italy), and rehabilitation center guidelines (Germany).
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Develop more effective treatments

Increased global, collaborative, funded research (see Box El,
research requested, in this article’s Online Repository at www.
jaci-inpractice.org) to find effective treatments to control symp-
toms, and curative and palliative interventions, are pressing
needs. The development of targeted and/or curative therapies
that include molecular or gene-based and personalized medicine
approaches was highlighted (Box E1, specific signs/symptoms
needing improved therapies). Challenges included the identifi-
cation and management of myriad required medications and
their potential side effects. Patients from Australasia, Poland, the
United States, and the United Kingdom highlighted the need for
further research into the impact of comorbidities (eg, how
medication sensitivity or intolerance may complicate treatment).

Recognize trigger diversity

Increased public recognition and understanding of the variety
of physical, environmental, and emotional patient-reported and/
or physician-confirmed triggers leading to IgE- and non-
IgE—mediated reactions is critical. Environmental trigger docu-
mentation, with clarification regarding vaccination and anes-
thesia as potential triggers, was requested. Patients reported
medication ingredients as triggers. Advocacy for policies to
ensure trigger-reduced environments and safer medical settings
was emphasized to minimize exposures to triggers, such as
cleaners, hand sanitizers, adhesives, medications, foods, and
scents.

Acknowledge symptom heterogeneity

Patients reported the need for better HCP and patient
awareness and improved recognition and understanding of MCD
symptom heterogeneity and the impact on daily life. Misinter-
pretation of presenting symptoms by physicians, uncertainty
regarding mastocytosis causing a given symptom, and the lack of
comprehension regarding QoL reduction from debilitating fa-
tigue (The Netherlands) were concerns.

Develop better care plans for children

Patients from four countries noted pediatric issues: QoL; ac-
cess to safe, appropriate education and care (all settings and ages);
support for normal physical, emotional, and psychosocial
development; and  staff education about epinephrine
administration.

Provide comprehensive information for patients and
families and promote the expansion and impact of
patient support and advocacy groups

The level of understanding of MCDs can affect care and
disease management. Patients requested improved, multilingual
information about a variety of topics (see Box E2 in this article’s
Online Repository at www.jaci-inpractice.org). Collaboration
among PAGs, allowing the exchange of information, mutual
support, and advocacy, was prioritized, alongside the coordina-
tion of activities and improved networking to amplify the
impact.

Educate society about MCDs

Societal education about MCD:s to increase awareness, pro-
vide support and inclusion, prevent bullying, and advocate for
trigger-reduced environments was requested. The lack of un-
derstanding about MCDs among friends, family, and colleagues
was a concern.
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KEY MASTOCYTOSIS AND MCAS CHALLENGES

MASTOCYTOSIS
« Raity of is: under-identified and und

- Lack of understanding of systemic symptoms in cutaneous disease
« Lack of understanding of disease progression

- HCPs are unfamiliar with appropriate treatments

MCAsS
« No universally accepted diagnostic criteria
+ No universal ICD codes
« Disease under-identified
« Patients with MCAS are classified together, regardless of symptoms,
i ion, triggers, medication response,
mediator elevation, and comorbidities/HaT.

COMMON AND SPECIFIC CHALLENGES

COMMON CHALLENGES
+ Lack of access to expert care
+ Many patients experience missed or delayed diagnosis, misdiagnosis or
misguided referrals to multiple specialists resulting in inappropriate or

missed care
« Inadequate access to existing diagnostic tests (including during reactions)
« Di i and i icati

« Difficulty accessing adequate supply of injectable epinephrine devices

+ Difficulty identifying triggers and limiting exposure

+ Symptom management including recognizing and treating flares

- Need for enhanced advocacy, exchange of information, and mutual
support

- Missed disease signs, leading to a missed opportunity for disease
intervention

MASTOCYTOSIS CHALLENGES
« Stigmatization due to skin lesions

MCAS CHALLENGES
« Patients in diagnostic limbo
+ No rise in validated mediators in some patients despite fulfilling other
proposed MCAS criteria

O
COMMON CHALLENGES
« Lack of disease recognition by HCPs
« Lack of HCP education including diagnosis and care
« Treatment for recurrent anaphylaxis
+ Emergency staff may not recognize atypical anaphylaxis and fail to test for
mediators
« Deaths from anaphylaxis

MASTOCYTOSIS CHALLENGES
« Deaths from advanced mastocytosis variants

MCAS CHALLENGES
« Lack of knowledge of MCAS criteria
« HCP confusion: is anaphylaxis necessary for diagnosis for MCAS (it is not)

&)
COMMON CHALLENGES
+ Need for curative treatments
+ Need for better and less invasive tests
+ See additional research needs in Online Repository, Box EL

MASTOCYTOSIS CHALLENGES
+ Need for advanced SM treatments
+ Better methods to determine prognosis

MCAS CHALLENGES
« Need to determine MCAS etiology, prognosis
+ Limited research due to the challenge of identifying study population

KEY OUTCOMES

« No universal standards of care
« Extreme pressures on the small number of HCPs diagnosing and treating

COMMON OUTCOMES
« Poor access to appropriate treatment
« Poor access to care results in physical and mental health consequences
« Long wait for referrals to knowledgeable HCPs and COE/RCs
« Potential increased social and health care costs
« More frequent visits to the emergency department
+ Lack of accommodations at school/work/home
« Inequity in care based on location, financial resources, ability to advocate,
etc.

MASTOCYTOSIS OUTCOMES
« Patients avoid bone marrow biopsies and miss key disease progression

()
COMMON OUTCOMES
+ HCPs wary about diagnosing/treating
- Misuse of chemotherapies due to lack of experience and education with
possible life-changing consequences
+ Insufficient number of HCPs and CoE/RCs to treat patients with MCDs

MCAS OUTCOMES
+ Wide-reaching confusion about MCAS as a valid diagnosis
- CoE/RC and specialists will not always treat patients with MCAS
« Division within HCP and within patient communities

FIGURELEGEND & paienis () Heps

4 researchers

ICD, international classification of diseases; MCAS, mast cell activation syndromes; HaT, hereditary alpha tryptasemia; HCP, health care professional; COE/RC, Centers of Excellence/Reference

Centers; SM, systemic mastocytosis; mast cell diseases, MCDs.

FIGURE 2. Key mastocytosis and mast cell activation syndromes (MCAS) challenges and resulting outcomes.

Research
Moost lists included research needs (Box El1).

Other recommendations and concerns
See the Results section of the Appendix for additional coun-
try-specific concerns.

DISCUSSION

Despite differences between mastocytosis and MCAS, and
varying levels of access to MCD care in different countries, many
needs and concerns prioritized were remarkably similar and
resembled those previously identified.*'”** List variation may be
attributed to the methods used, access to care and medication
(eg, lack of CoE/RC in Australasia and Mexico), societal or HCP
disease awareness, the stage of PAG development, and so on.
Some lists focused on access to care, and others on research needs
and improved therapies. Issues emphasized struggles related to
the nature and rarity of MCDs, and the impact on QoL. Patient
advocacy group—reported patient needs have been reviewed by
their leading MCD specialist advisors and are not necessarily

verified or shared by all of the medical community. Evidence-
based assessments by physicians, using a variety of tools devel-
oped for mastocytosis or other diseases, have also identified
concerns that are important to consider,”*#>3 Figure 2 presents
key MCD challenges and resulting outcomes. Additional MCD
patient-reported outcomes measures are needed (see the
Discussion section of the Appendix).

The OIS project aimed first to identify patient needs as a step
toward seeking solutions, which may depend on the availability
or specifics of existing care as well as the state of the science and
funding, and may vary geographically. A comparative overview of
the health care delivery systems for participating countries may
be found in Figure E2 (in this article’s Online Repository at
www.jaci-inpractice.org). Whereas some features of the health
care systems influence outcomes for rare disease patients, indi-
vidual physicians can and have had an outsized and positive role
in improving patient care and QoL.

Meeting patient-reported needs will require time, collabora-
tion and a stepwise approach, such as establishing the molecular
basis of MCDs before developing targeted therapies. Especially
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for MCAS, multidimensional challenges require novel ap-
proaches to facilitate access to appropriate care. Broad-ranging
research is needed (Box E1 and Figure 2).

Project strengths included the large number of participating
countries and regions, advised by local MCD specialists, devel-
oping independent lists, and collaborative analysis by core au-
thors. Weaknesses include variations in the phrasing of
submitted points (strengths and weaknesses), nonstandardized
list development methods, the nonparticipation of some invited
countries, the lack of PAGs in many countries, developing
country underrepresentation, and an inability to verify partici-
pating patient diagnoses. Finally, the COVID-19 pandemic
affected OIS project participation, because work was initiated
during the pandemic’s first year.

Diagnosis and health care: issues

Many patients experience missed or delayed diagnosis,
misdiagnosis, or misguided referrals to multiple specialists, or
lack a prognosis”*’" "’ owing to a paucity of knowledgeable
HCPs using scientifically validated diagnostic criteria,"'”>*"*"
unavailable essential diagnostic tests (eg, K/7° D816V mutation
in bone marrow or other body tissues or serum, serum tryptase,
urinary mediators), and more advanced diagnostic or prognostic
tests (eg, KIT D816V variant allele frequency™).”* Some phy-
sicians believe that mastocytosis and MCAS are so rare that they
are excluded from the differential diagnosis.

The ideal next step after diagnosis is to obtain MCD specialist
care at CoE/RC,”*"** which is currently unavailable in many
locations globally. Expert care may be centralized (eg, Mexico);
travel, cost, and appointment availability may be barriers to care.
Some HCPs fail to grasp the complexity of mastocytosis, MCAS,
HoT, and comorbidities, and may provide inappropriate man-
agement. Two-thirds of participating countries and regions noted
that mental health concerns are often insufficiently addressed, as
is the case globally for many diseases.”” Mast cell mediator release
can be associated with anxiety and depression, compounding
some patients’ ability to cope with challenging disease
manifestations.”*°

Nearly all countries and regions highlighted emergency care as
a concern (Figure 1), which varies greatly within a country.
Patient-reported symptoms of mast cell activation (Figure 3) and
anaphylaxis’®" are frequently unrecognized. Delayed or inap-
propriate emergency care can result in life-threatening reactions.
Patients believe that they must be educators and advocates,
although they fear incapability during emergencies and reactions.
Expert patients are not always well-received; indeed, patients
should not need to be experts, but accessing MCD specialists
during a crisis is difficult. Potential triggers in medical settings
present additional safety challenges.

Diagnosis and health care: possible solutions

A key solution is for MCD physician experts to establish global
SoC for mastocytosis and MCAS, incorporating the impact of
comorbidities and HoT.'®" The WHO needs to establish diag-
nostic criteria for MCAS. Broad, intensive education efforts by
MCD experts, professional societies, and PAGs, channeled
through medical school curricula and continuing medical educa-
tion, are necessary to improve the diagnosis and care of MCDs.
Online educational forums (eg, Project Extension for Community
Healthcare Outcomes)’” offer HCP educational opportunities.
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Important educational concepts beyond those presented in the
Results include prognostication for mastocytosis~ and any in-
formation available about the potential course of MCAS, the
disease impact on QoL,'” and the complicating interplay of
mastocytosis, MCAS, comorbidities, and HoT.'3>1>4 Strategies
for trigger avoidance should be incorporated into treatment
plans, including for chronic or episodic triggers not often
observed by physicians.”” Some accommodations may have
country-specific limitations. Dissemination of research on the
impacts of vaccination and anesthesia as potential triggers may be
helpful.”” Knowledgeable HCPs can mentor local physicians;
both can support patients (Box E2).”*

Formal emergency department protocols can educate staff and
paramedics regarding the presentation and treatment of MC
activation reactions and anaphylaxis, and speed the administration
of rescue therapies. Personalized, physician-signed emergency ac-
tion plans are essential. Anaphylaxis guidelines must include the
recognition of less frequently seen presentations.®*"" Official
country-based or global identification and information cards could
make travel safer.

Patient care plans should include a brief mental health
assessment. A referral can be made in collaboration with the
patient for support and treatment when appropriate. Ideally,
ECNM, AIM, and other physician networks will invite mental
health professionals into their networks and facilitate care in
CoE/RC. The ECNM and AIM provide a platform for
physician—researcher interaction and MCD-focused conferences.
Spain requested the inclusion of additional specialties into MCD
networks. At least one CoE/RC per country that is well-
connected to other physicians nationally or internationally is
desirable. Health care professional familiarity with all rare dis-
eases is not realistic. A possible solution may be the creation of
centralized, multidisciplinary teams to evaluate MCDs and other
rare diseases and make appropriate referrals.

Access to medicines: issues

Patient advocacy groups work hard ensuring medication ac-
cess, yet medication accessibility remains a concern for nearly all
countries and regions. Hindrances vary across countries. Com-
mon themes include limited options and the availability of or
continued access to medications, costs, no research supporting
off-label use, insufficient physician education regarding appro-
priate medications, access to medicines and formulations com-
pounded to avoid patients’ identified allergens and triggers, and
medications withdrawn from the market or formulary (noted by
Australasia and France, eg, cromolyn sodium inhaler, zafirlukast).
Without curative medications, access to lifesaving, symptom-
reducing medications is essential.'®”"?*>7

Cost may be a barrier to obtaining key medications. In
countries where health systems centralize medication purchasing,
health technology assessment—like procurement processes may
block or delay access to new and expensive medications (eg,
tyrosine kinase inhibitors’®>?) (see the Discussion section of the
Appendix). High prices and shortages limit access to many
medications (eg, cromolyn sodium, as noted by Mexico, Poland,
and Romania; as well as ketotifen and epinephrine autoinjectors,
globally).

Many effective treatments for MCDs are used off-lab
Clinical trial data could expand cost coverage and justify for-
mulary inclusion. For example, cromolyn sodium’*®” has been

56,60-63
el.
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Headaches® Runny nose®
Anxiety® -* Nasal congestion/itching?
Depression T x
Cognitive dysfunction/ Ora} 1] swe'lhng
. Difficulty swallowing
brain fog?

Generalized itching? Flushing|(of the face,a
Angioedemas neck and upper chest)
Shortness of breath/ .. ... . Hypotension/hypertension/
wheezing? blood pressure instability®
....... Tachycardia®
Chest pain "

Abdominal pain® - Osteopenia, osteoporosis

Bloating®
DHices Gastroesophageal reflux
by disease?
Vomiting
Hives®
Joint pain® Other skin rashes?
Bone pain®

Bladder pain, urgency
and frequency®

Muscle pain/stiffness®
Females

Uterine cramps and/or bleeding®

POTENTIAL TRIGGERS Males
Heat, cold, sudden temperature changes Sexual dysfunction®
Prostatitis®

Venoms (insect, spider, jellyfish, snake)
Stress (emotional, physical, environmental)
Mechanical irritation, friction, vibration
Surgical, invasive and radiological procedures
Contrast dyes
Dental procedures
Food, beverages
Alcohol
Drugs, excipients
Vaccines
Odors, perfumes, scents
Pain
Exercise
Fatigue

Generalized Symptoms
Fatigue®
Weakness®
Pre-syncope/syncope®
ANAPHYLAXIS!2

Mast Cell Activation Symptoms and Triggers Infographic © 2021 by
S. Jennings, V. Slee and L. Grove on behalf of
The Mast Cell Disease Society, Inc. (DBA The Mastocytosis Society, Inc.)
is licensed under CC BY-NC-ND 4.0

FIGURE 3. Patient-reported symptoms and triggers of mast cell activation.'®'8#%*%® Triggers/symptoms vary among individuals.
aSymptoms reported as moderately or severely affecting greater than 45% of The Mast Cell Disease Society, Inc; DBA The Mastocytosis
Society, Inc (TMS) mast cell activation syndromes (MCAS) survey respondents.** PSymptoms not included in TMS MCAS survey. Mast
Cell Activation Symptoms and Triggers Infographic © 2021 printed with permission from The Mast Cell Disease Society, Inc (DBA The

Mastocytosis Society, Inc).
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MCD, mast cell disease; HCP, health care professional; CoE/RC, Centers of Excellence/Reference Centers; MCAS, mast cell activation
syndromes; SoC, standards of care; WHO, World Health Organization; PAGs, patient advocacy groups.

FIGURE 4. Active players with a role in solutions to address unmet needs and issues of concern to patients with mast cell diseases.

approved in some countries for mastocytosis and in others for ~ sodium must be imported or compounded, or are simply un-
food allergy. Clinical trials are needed to support approval for  available (see the Discussion section of the Appendix for more
MCAS. In some countries, certain antihistamines or cromolyn  information and examples).



2048 JENNINGS ET AL

Access to medicines: possible solutions

Establishing SoC for MCDs, beyond systemic mastocytosis,””
will provide treatment guidelines and information”' and further
facilitate access to appropriate medications, including com-
pounding if necessary, to avoid sensitivities to active or excipient
ingredients. Patient advocacy groups can mediate among all
players, including suppliers, to ensure continued access to
necessary and trigger-free medicines. Research into repurposing
medicines currently used off-label for MCD management (eg,
omalizumab, cromolyn sodium, ketotifen)*®°*% is critical for
formulary inclusion and access.

Patients desire curative treatments for MCDs. Mechanisms
behind clonal MCDs are better understood, facilitating the
development of targeted treatments (eg, tyrosine kinase in-
hibitors),(”38 but curative treatments remain elusive. Possible
future therapeutic options may include sialic acid—binding
immunoglobulin-like  lectin-8  and  Mas-related G
protein—coupled receptor-X2 receptor therapy.®**” Substantial
commitment is required to elucidate MCAS etiologies. Initial
advances identified important bone marrow changes in patients
with MCAS and elevated tryptase (may correlate with presence of
HoT).® To continue expanding the comprehension of MCAS,
large-scale multicenter studies are needed.

Pharmaceutical companies will more likely address a disease
when provided access to patients, easily identified end points,
preexisting QoL data, and active support from PAGs and key
physicians. Patient advocacy groups can facilitate connections
and provide support and information to encourage rare disease
drug development, approvals, and partnerships. Physicians and
PAGs must help regulators understand unmet patient needs,
potential outcome measures, and tolerable drug side effects.

Patient registries can address many issues identified here (see
the Discussion section of the Appendix). The ECNM registry
has dramatically improved understanding of mastocytosis,”” but
it does not include patient-reported outcomes or QoL data. An
ideal registry would be globally networked, include mastocytosis
and MCAS with comorbidities and Ho'T, be interoperable with
existing registries, incorporate patient-reported outcomes and
QoL data, and protect privacy.

Mast cell activation syndrome diagnosis: issues
Many MCAS issues result from a lack of WHO-approved
MCAS diagnostic criteria (Figure 2). In numerous countries,
MCAS is not yet recognized. Consensus diagnostic criteria,
proposed in 2012, have since been revised."® In addition,
alternate criteria were proposed,”® confusing physicians and pa-
tients and preventing MCAS recognition, accurate diagnosis, and
SoC development.' " Health care professional impressions of
MCAS are sometimes negative, further hindering access to care.
Patient community discord also exists regarding valid MCAS
diagnosis, and some patients are not open to accepting an
alternative diagnosis. Health care professionals may be unfamiliar
with MCAS screening, resulting in a missed diagnosis. There is
limited access to the few validated diagnostic tests, especially
during an acute reaction. Patients with MCAS are classified
together regardless of symptoms, anaphylaxis frequency or pre-
sentation, triggers, medication response, mediator elevation, and
comorbidities or HoT. Patients who fail to demonstrate an MC
mediator rise, but meet the other MCAS criteria,'"®
diagnostic limbo.'“*” Patient advocacy groups also support those

exist in
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patients. In some centers, care continues under a provisional

diagnosis and/or using current ICD-10-CM codes.

Mast cell activation syndrome diagnosis: possible
solutions

To improve MCAS diagnosis, essential factors are the accep-
tance of criteria and associated international ICD codes by the
WHO,' SoC written by HCPs, a comprehensive approach to
patient evaluation, and better characterization of MCAS. The
development of new diagnostic tests and MC activation tests that
are accessible during a reaction is imperative.

Recently, new classifications for patients not meeting all
MCAS criteria were proposed by the consensus group.' These
relate to ICD-10-CM codes used in the United States and other
countries (MC activation, unspecified [D89.40], and other
MCAD [D89.49]) and pave the way to improving diagnosis and
care. Research should also target the role basophils may have in
anaphylaxis and what seems to present as MC activation
reactions.

Patients and society: issues

Patients were concerned about society’s poor understanding of
MCDs (particularly symptom onset unpredictability and trigger
validity and variability) (Figure 3) and maintaining relation-
ships.'”>*” Many mastocytosis or MCAS symptoms are invisible
(brain fog, gastrointestinal issues, anxiety and depression, fatigue,
etc) but may lead to social isolation.'®'” Visible skin lesions
might generate further stigmatization, which is compounded for
children and teenagers who are already challenged by normal
development.'””"

Children cannot always advocate for themselves and are often
in school or childcare environments without control over patient-
reported, parent-reported, or physician-confirmed triggers (tem-
perature, odors, foods, exertion, friction, stress, fatigue, and
chemicals).'”*”?* They may require access to medication,
including epinephrine, and may experience more illness-related
absences. Many school-based challenges may continue into
higher education and work environments.”* Nevertheless, many
people with MCD develop strategies to complete their education
and thrive professionally.

Patients and society: possible solutions

Educating patients and society about MCDs to increase
awareness, promote inclusion, and prevent bullying could
improve patient QoL.”* Research to validate patient-reported
environmental triggers and education about their impact are
needed to advocate for trigger-reduced environments. See
Appendix for a list of HCP/PAG web resources and Box E2 for
information commonly requested by patients.”*

Inclusive educational environments are critical for children
with MCDs, as for all children, but with the addition of
personalized plans incorporating necessary HCP-recommended
accommodations (see the Discussion section of the Appendix
and citation for details).”* Patient advocacy groups should
advocate for schools to have nurse or medical assistants and
readily available injectable epinephrine, if not already in place.
School staff and volunteers should be trained to recognize
anaphylaxis and follow the child’s action plan. In higher edu-
cation and workplaces, HCP-recommended accommodations
may be needed (see the Discussion section of the Appendix and
citation for details).”* Coordination of the overall management
of pediatric patients relies on strong partnerships among
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physicians, school systems, and parents. Some excellent programs
have been developed to train school staff to recognize and treat
anaphylaxis (eg, Code Ana).”' In addition, some PAGs, with the
support of physician networks, can advocate to develop or
improve disability benefits for patients with episodic, chronic, or
rare illnesses.”

The Awareness Day Committee and PAGs promote the pa-
tient voice through support, advocacy, and education. Estab-
lishment of PAGs into other countries will strengthen patient
support. Funding is critical, especially in lower-income countries.
Sharing resources for developing initiatives is essential for
network expansion, including a mentoring program for start-up
PAGs.

Actors with a role in addressing patient-reported
unmet needs

Actions to resolve issues reported by patients with MCDs
require involving multiple key players (Figure 4). Health care
professionals and PAGs are players driving solutions for all issues.
Health care professionals have important roles in health-related
issues and can have supporting roles in moving forward issues
such as governmental and societal concerns. Education of HCPs,
clarification of MCAS etiology, and collaboration in a multi-
center study to validate patient-reported triggers and symptom
diversity are clear areas for immediate actions by HCPs. Support
for school or work accommodations and partnership with PAGs
regarding patient and societal education are opportunities in
which physicians can help meet needs.

CONCLUSIONS

This OIS project aims to expand understanding of the needs
of patients, families, and caregivers affected by mastocytosis and
MCAS, improve QoL, and encourage global communication
among key actors. Identified issues require multifaceted, na-
tional and international, collaborative approaches, especially for
HCP education, the establishment of new CoE/RC, WHO
acceptance of MCAS diagnostic criteria, MCD-focused
research, and patient registries. Positive outcomes should
result from rare disease partnerships.”””* Funding to support
activities that address unmet needs is critical. Future projects
must explore equity in accessing care for MCDs, especially in
low-resource settings, and the concerns of individual categories
of patients.

Acknowledgments

The authors thank Tania Bray, Jan Hempstead, Heather
Mayne, Joanne Mulder-Brambleby, and Irene Wilson for their
supporting contributions, and all patients and families affected
by MCDs, who shared their needs and concerns for development
of this project. Authors involved in study conception and design
were P. Valent, S.V. Jennings, C.C. Finnerty, ].S. Hobart, M.
Martin-Martinez, K.A. Sinclair, V.M. Slee, ]. Agopian, C. Akin,
I. Alvarez-Twose, P. Bonadonna, A.A. Bowman, K. Brockow, H.
Bumbea, C. de Haro, ]J.S. Fok, K. Hartmann, N. Hegmann, O.
Hermine, M. Kalisiak, C.H. Katelaris, J. Kurz, P. Marcis, D.
Mayne, D. Mendoza, A. Moussy, G. Mudretzkyj, N. Nidelea
Vaia, M. Niedoszytko, H. Oude Elberink, A. Orfao, D.H.
Radia, S. Rosenmeier, E. Ribada, W. Schinhofen, J. Schwaab, F.
Siebenhaar, M. Triggiani, G. Tripodo, R. Velazquez, Y. Wielink,
F. Wimazal, T. Yigit, and C. Zubrinich. Authors involved in

JENNINGS ETAL 2049

acquisition and review of data were S.V. Jennings, C.C. Finnerty,
].S. Hobart, M. Martin-Martinez, K.A. Sinclair, V.M. Slee, ].
Agopian, C. Akin, I Alvarez-Twose, P. Bonadonna, A.A.
Bowman, K. Brockow, H. Bumbea, C. de Haro, J.S. Fok, K.
Hartmann, N. Hegmann, O. Hermine, M. Kalisiak, C.H.
Katelaris, J. Kurz, P. Marcis, D. Mayne, D. Mendoza, A.
Moussy, G. Mudretzkyj, N. Nidelea Vaia, M. Niedoszytko, H.
Oude Elberink, A. Orfao, D.H. Radia, S. Rosenmeier, E. Rib-
ada, W. Schinhofen, J. Schwaab, F. Siebenhaar, M. Triggiani, G.
Tripodo, R. Velazquez, Y. Wielink, F. Wimazal, T. Yigit, C.
Zubrinich, and P. Valent. The Core Group (analysis and inter-
pretation of data and drafting of the manuscript) include S.V.
Jennings, C.C. Finnerty, J.S. Hobart, M. Martin-Martinez, K.A.
Sinclair, and V.M. Slee. Critical revision was performed by S.V.
Jennings, C.C. Finnerty, J.S. Hobart, M. Martin-Martinez, K.A.
Sinclair, V.M. Slee, ]J. Agopian, C. Akin, I. Alvarez-Twose, P.
Bonadonna, A.A. Bowman, K. Brockow, H. Bumbea, C. de
Haro, J.S. Fok, K. Hartmann, N. Hegmann, O. Hermine, M.
Kalisiak, C.H. Katelaris, J. Kurz, P. Marcis, D. Mayne, D.
Mendoza, A. Moussy, G. Mudretzkyj, N. Nidelea Vaia, M.
Niedoszytko, H. Oude Elberink, A. Orfao, D.H. Radia, S.
Rosenmeier, E. Ribada, W. Schinhofen, J. Schwaab, F. Sie-
benhaar, M. Triggiani, G. Tripodo, R. Velazquez, Y. Wielink, F.
Wimazal, T. Yigit, C. Zubrinich, and P. Valent.

REFERENCES

1. Valent P, Akin C, Hartmann K, Alvarez-Twose I, Brockow K, Hermine O, et al.
Updated diagnostic criteria and classification of mast cell disorders: a consensus
proposal. Hemasphere 2021:5:646.

2. Akin C. Mast cell activation syndromes. J Allergy Clin Immunol 2017;140:
349-55.

3. Theoharides TC, Valent P, Akin C. Mast cells, mastocytosis, and related dis-
orders. N Engl J Med 2015;373:163-72.

4. Hartmann K, Escribano L, Grattan C, Brockow K, Carter MC, Alvarez-Twose I,
et al. Cutaneous manifestations in patients with mastocytosis: consensus report
of the European Competence Network on Mastocytosis; the American Academy
of Allergy, Asthma & Immunology; and the European Academy of Allergology
and Clinical Immunology. J Allergy Clin Immunol 2016;137:35-45.

5. Lange M, Hartmann K, Carter MC, Siebenhaar F, Alvarez-Twose I, Torrado I,
et al. Molecular background, clinical features and management of pediatric
mastocytosis: status 2021. Int J Mol Sci 2021;22:2586.

6. Pardanani A. Systemic mastocytosis in adults: 2021 update on diagnosis, risk
stratification and management. Am J Hematol 2021;96:508-25.

7. Akin C, Valent P, Metcalfe DD. Mast cell activation syndrome: proposed
diagnostic criteria. J Allergy Clin Immunol 2010;126. 1099-104.e4.

8. Valent P, Akin C, Arock M, Brockow K, Butterfield JH, Carter MC, et al.
Definitions, criteria and global classification of mast cell disorders with special
reference to mast cell activation syndromes: a consensus proposal. Int Arch
Allergy Immunol 2012;157:215-25.

9. Greiner G, Sprinzl B, Gorska A, Ratzinger F, Gurbisz M, Witzeneder N, et al.
Hereditary alpha tryptasemia is a valid genetic biomarker for severe mediator-
related symptoms in mastocytosis. Blood 2021;137:238-47.

10. Sprinzl B, Greiner G, Uyanik G, Arock M, Haferlach T, Sperr WR, et al. Ge-
netic regulation of tryptase production and clinical impact: hereditary alpha
tryptasemia, mastocytosis and beyond. Int J Mol Sci 2021;22:2458.

11. Wu R, Lyons JJ. Hereditary alpha-tryptasemia: a commonly inherited modifier
of anaphylaxis. Curr Allergy Asthma Rep 2021;21:33.

12. Lyons JJ. Hereditary alpha tryptasemia: genotyping and associated clinical
features. Immunol Allergy Clin North Am 2018;38:483-95.

13. Novak P, Giannetti MP, Weller E, Hamilton MJ, Castells M. Mast cell disorders
are associated with decreased cerebral blood flow and small fiber neuropathy.
Ann Allergy Asthma Immunol 2022;128:299-306.¢1.

14. Brock I, Prendergast W, Maitland A. Mast cell activation disease and immu-
noglobulin deficiency in patients with hypermobile Ehlers-Danlos syndrome/
hypermobility spectrum disorder. Am J Med Genet C Semin Med Genet 2021;
187:473-81.

15. Ehlers-Danlos Society. The Community Coalition. Accessed February 24,
2022. https://www.ehlers-danlos.com/eds-community-coalition/


http://refhub.elsevier.com/S2213-2198(22)00640-7/sref1
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref1
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref1
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref2
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref2
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref3
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref3
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref4
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref4
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref4
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref4
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref4
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref5
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref5
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref5
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref6
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref6
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref7
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref7
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref8
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref8
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref8
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref8
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref9
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref9
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref9
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref10
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref10
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref10
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref11
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref11
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref12
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref12
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref13
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref13
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref13
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref14
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref14
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref14
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref14
https://www.ehlers-danlos.com/eds-community-coalition/

2050

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

JENNINGS ET AL

Jennings SV, Slee VM, Finnerty CC, Hempstead JB, Bowman AS. Symptoms
of mast cell activation: the patient perspective. Ann Allergy Asthma Immunol
2021;127:407-9.

Jennings SV, Slee VM, Zack RM, Verstovsek S, George TI, Shi H, et al. Patient
perceptions in mast cell disorders. Immunol Allergy Clin North Am 2018;38:
505-25.

Valent P, Akin C, Nedoszytko B, Bonadonna P, Hartmann K, Niedoszytko M,
et al. Diagnosis, classification and management of mast cell activation syn-
dromes (MCAS) in the era of personalized medicine. Int J Mol Sci 2020;21:
9030.

Brockow K, Jofer C, Behrendt H, Ring J. Anaphylaxis in patients with mas-
tocytosis: a study on history, clinical features and risk factors in 120 patients.
Allergy 2008;63:226-32.

Romantowski J, Gorska A, Niedoszytko M, Gulen T, Gruchala-Niedoszytko M,
Nedoszytko B, et al. A challenge for allergologist: application of allergy diag-
nostic methods in mast cell disorders. Int J Mol Sci 2021;22:1454.

Gulen T, Hagglund H, Dahlen B, Nilsson G. High prevalence of anaphylaxis in
patients with systemic mastocytosis - a single-centre experience. Clin Exp Al-
lergy 2014;44:121-9.

Schwaab J, Cabral do OHN, Naumann N, Jawhar M, Weiss C, Metzgeroth G,
et al. Importance of adequate diagnostic workup for correct diagnosis of
advanced systemic mastocytosis. J Allergy Clin Immunol Pract 2020;8:
3121-3127.el.

Hermine O, Lortholary O, Leventhal PS, Catteau A, Soppelsa F, Baude C, et al.
Case-control cohort study of patients’ perceptions of disability in mastocytosis.
PLoS One 2008;3:62266.

Siebenhaar F, von Tschirnhaus E, Hartmann K, Rabenhorst A, Staubach P,
Peveling-Oberhag A, et al. Development and validation of the mastocytosis
quality of life questionnaire: MC-QoL. Allergy 2016;71:869-77.
Nicoloro-SantaBarbara J, Lobel M, Wolfe D. Psychosocial impact of mast cell
disorders: pilot investigation of a rare and understudied disease. J Health Psy-
chol 2017;22:1277-88.

Nicoloro SantaBarbara J, Lobel M. Depression, psychosocial correlates, and
psychosocial resources in individuals with mast cell activation syndrome. J
Health Psychol. Published online May 18, 2021. https://doi.org/10.1177/
13591053211014583

Valent P, Arock M, Bonadonna P, Brockow K, Broesby-Olsen S, Escribano L,
et al. European Competence Network on Mastocytosis (ECNM): 10-year
jubilee, update, and future perspectives. Wien Klin Wochenschr 2012;124:
807-14.

Arock M, Sotlar K, Gotlib J, Sperr WR, Hartmann K, Schwartz LB, et al.
New developments in the field of mastocytosis and mast cell activation
syndromes: a summary of the Annual Meeting of the European Competence
Network on Mastocytosis (ECNM) 2019. Leuk Lymphoma 2020;61:
1075-83.

Jennings S, Russell N, Jennings B, Slee V, Sterling L, Castells M, et al. The
Mastocytosis Society survey on mast cell disorders: patient experiences and
perceptions. J Allergy Clin Immunol Pract 2014;2:70-6.

Russell N, Jennings S, Jennings B, Slee V, Sterling L, Castells M, et al. The
Mastocytosis Society Survey on Mast Cell Disorders: part 2-patient clinical
experiences and beyond. J Allergy Clin Immunol Pract 2019;7:1157-1165.e6.
Ludwig Boltzmann Gesellschaft: Open Innovation in Science. Why open
innovation in science? Vienna, Austriaz LBG Open Innovation in Science
Center, Ludwig Boltzmann Gesellschaft GmbH. Accessed February 22, 2022.
https://ois.lbg.ac.at/en/about-us/mission

Gotlib J, George T, Carter MC, Austen KF, Bochner B, Dwyer D, et al. Pro-
ceedings from the Inaugural American Initiative in Mast Cell Diseases (AIM)
Investigator Conference. J Allergy Clin Immunol 2021;147:2043-52.
Mastocytosis & Mast Cell Diseases Awareness Day. Homepage - International
Mastocytosis and Mast Cell Diseases Awareness Day. Accessed June 6, 2022.
https://mastocytosis-mcas.org/

Jennings SV, Slee VM, Hobart JS, Morrison Thuler L, Mayne DM, Martin-
Martines M, et al. International support and advocacy for mast cell disease
patients and caregivers. In: Akin C, editor. Mastocytosis: a comprehensive
guide. Cham, Switzerland: Springer Nature Switzerland AG; 2020. p. 267-86.
Pulfer S, Ziehfreund S, Gebhard J, Hindelang B, Biedermann T, Brockow K,
et al. Health-related quality of life and influencing factors in adults with non-
advanced mastocytosis-a cross-sectional study and qualitative approach.
J Allergy Clin Immunol Pract 2021;9:3166-3175.e2.

van Anrooij B, Kluin-Nelemans JC, Safy M, Flokstra-de Blok BM, Oude
Elberink JN. Patient-reported disease-specific quality-of-life and symptom
severity in systemic mastocytosis. Allergy 2016;71:1585-93.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

J ALLERGY CLIN IMMUNOL PRACT
AUGUST 2022

Jawhar M, Schwaab J, Horny HP, Sotlar K, Naumann N, Fabarius A, et al.
Impact of centralized evaluation of bone marrow histology in systemic masto-
cytosis. Eur J Clin Invest 2016;46:392-7.

Gulen T, Akin C, Bonadonna P, Siebenhaar F, Broesby-Olsen S, Brockow K,
et al. Selecting the right criteria and proper classification to diagnose mast cell
activation syndromes: a critical review. J Allergy Clin Immunol Pract 2021;9:
3918-28.

Sanchez-Munoz L, Morgado JM, Alvarez-Twose I, Matito A, Garcia-
Montero AC, Teodosio C, et al. Diagnosis and classification of mastocytosis in
non-specialized versus reference centres: a Spanish Network on Mastocytosis
(REMA) study on 122 patients. Br J Haematol 2016;172:56-63.

Greiner G, Gurbisz M, Ratzinger F, Witzeneder N, Class SV, Eisenwort G, et al.
Molecular quantification of tissue disease burden is a new biomarker and inde-
pendent predictor of survival in mastocytosis. Haematologica 2020;105:366-74.
Munoz-Gonzalez JI, Garcia-Montero AC, Orfao A, Alvarez-Twose 1. Patho-
genic and diagnostic relevance of KIT in primary mast cell activation disorders.
Ann Allergy Asthma Immunol 2021;127:427-34.

Zanotti R, Bonifacio M, Isolan C, Tanasi I, Crosera L, Olivieri F, et al.
A multidisciplinary diagnostic approach reveals a higher prevalence of indolent
systemic mastocytosis: 15-years’ experience of the GISM network. Cancers
(Basel) 2021;13:6380.

Wainberg ML, Scorza P, Shultz JM, Helpman L, Mootz JJ, Johnson KA, et al.
Challenges and opportunities in global mental health: a research-to-practice
perspective. Curr Psychiatry Rep 2017;19:28.

Jennings SV, Slee VM, Hempstead JB, Slee AM, Castells MC, Akin C, et al.
The Mastocytosis Society (TMS) mast cell activation syndrome (MCAS) patient
perceptions survey. J Allergy Clin Immunol 2019;143:AB427.

Castells M, Austen KF. Mastocytosis: mediator-related signs and symptoms. Int
Arch Allergy Immunol 2002;127:147-52.

Stoevesandt J, Sturm GJ, Bonadonna P, Oude Elberink JNG, Trautmann A.
Risk factors and indicators of severe systemic insect sting reactions. Allergy
2020;75:535-45.

Castells M. Diagnosis and management of anaphylaxis in precision medicine.
J Allergy Clin Immunol 2017;140:321-33.

Shaker MS, Wallace DV, Golden DBK, Oppenheimer J, Bernstein JA,
Campbell RL, et al. Anaphylaxis-a 2020 practice parameter update, systematic
review, and Grading of Recommendations, Assessment, Development and
Evaluation (GRADE) analysis. J Allergy Clin Immunol 2020;145:1082-123.
Muraro A, Worm M, Alviani C, Cardona V, DunnGalvin A, Garvey LH, et al.
EAACI guidelines: anaphylaxis (2021 update). Allergy 2022;77:357-77.
Gulen T, Akin C. Anaphylaxis and mast cell disorders. Immunol Allergy Clin
North Am 2022;42:45-63.

Valent P, Akin C, Gleixner KV, Sperr WR, Reiter A, Arock M, et al. Multi-
disciplinary challenges in mastocytosis and how to address with personalized
medicine approaches. Int J Mol Sci 2019;20:2976.

Agency for Healthcare Research and Quality. Project ECHO. Accessed
February 17, 2022. https://www.ahrq.gov/patient-safety/resources/project-echo/
index.html

Munoz-Gonzalez JI, Alvarez-Twose I, Jara-Acevedo M, Zanotti R, Perkins C,
Jawhar M, et al. Proposed global prognostic score for systemic mastocytosis: a
retrospective prognostic modelling study. Lancet Haematol 2021;8:¢194-204.
Konnikova L, Robinson TO, Owings AH, Shirley JF, Davis E, Tang Y, et al.
Small intestinal immunopathology and Gl-associated antibody formation in
hereditary alpha-tryptasemia. J Allergy Clin Immunol 2021;148:813-821.e7.
Carter MC, Metcalfe DD, Matito A, Escribano L, Butterfield JH, Schwartz LB,
et al. Adverse reactions to drugs and biologics in patients with clonal mast cell
disorders: a Work Group Report of the Mast Cells Disorder Committee,
American Academy of Allergy, Asthma & Immunology. J Allergy Clin
Immunol 2019;143:880-93.

Castells M, Butterfield J. Mast cell activation syndrome and mastocytosis: initial
treatment options and long-term management. J Allergy Clin Immunol Pract
2019;7:1097-106.

Gotlib J, Gerds AT, Bose P, Castells MC, Deininger MW, Gojo I, et al. Sys-
temic Mastocytosis, Version 2.2019, NCCN Clinical Practice Guidelines in
Oncology. J Natl Compr Canc Netw 2018;16:1500-37.

Reiter A, George TI, Gotlib J. New developments in diagnosis, prognostication,
and treatment of advanced systemic mastocytosis. Blood 2020;135:1365-76.
Mannelli F. Catching the clinical and biological diversity for an appropriate
therapeutic approach in systemic mastocytosis. Ann Hematol 2021;100:
337-44.

Horan RF, Sheffer AL, Austen KF. Cromolyn sodium in the management of
systemic mastocytosis. J Allergy Clin Immunol 1990;85:852-5.


http://refhub.elsevier.com/S2213-2198(22)00640-7/sref16
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref16
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref16
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref17
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref17
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref17
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref18
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref18
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref18
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref18
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref19
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref19
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref19
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref20
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref20
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref20
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref21
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref21
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref21
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref22
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref22
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref22
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref22
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref23
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref23
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref23
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref24
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref24
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref24
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref25
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref25
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref25
https://doi.org/10.1177/13591053211014583
https://doi.org/10.1177/13591053211014583
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref27
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref27
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref27
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref27
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref28
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref28
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref28
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref28
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref28
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref29
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref29
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref29
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref30
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref30
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref30
https://ois.lbg.ac.at/en/about-us/mission
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref32
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref32
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref32
https://mastocytosis-mcas.org/
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref34
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref34
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref34
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref34
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref35
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref35
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref35
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref35
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref36
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref36
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref36
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref38
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref38
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref38
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref39
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref39
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref39
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref39
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref40
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref40
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref40
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref40
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref41
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref41
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref41
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref42
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref42
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref42
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref43
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref43
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref43
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref43
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref44
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref44
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref44
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref45
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref45
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref45
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref46
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref46
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref47
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref47
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref47
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref48
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref48
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref49
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref49
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref49
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref49
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref50
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref50
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref51
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref51
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref52
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref52
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref52
https://www.ahrq.gov/patient-safety/resources/project-echo/index.html
https://www.ahrq.gov/patient-safety/resources/project-echo/index.html
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref54
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref54
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref54
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref55
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref55
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref55
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref56
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref56
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref56
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref56
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref56
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref57
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref57
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref57
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref58
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref58
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref58
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref59
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref59
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref60
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref60
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref60
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref61
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref61

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 10, NUMBER 8

61.

62.

63.

65.

66.

67.

Weiler CR. Omalizumab and mast cell disorders: are we there yet? J Allergy
Clin Immunol Pract 2019;7:2396-7.

Lemal R, Fouquet G, Terriou L, Vaes M, Livideanu CB, Frenzel L, et al.
Omalizumab therapy for mast cell-mediator symptoms in patients with ISM,
CM, MMAS, and MCAS. J Allergy Clin Immunol Pract 2019;7:2387-2395.¢3.
Jendoubi F, Gaudenzio N, Gallini A, Negretto M, Paul C, Bulai Livideanu C.
Omalizumab in the treatment of adult patients with mastocytosis: a systematic
review. Clin Exp Allergy 2020;50:654-61.

. Kolkhir P, Elieh-Ali-Komi D, Metz M, Siebenhaar F, Maurer M. Understanding

human mast cells: lesson from therapies for allergic and non-allergic diseases.
Nat Rev Immunol 2022;22:294-308.

Chompunud Na Ayudhya C, Ali H. Mas-related G protein-coupled receptor-X2
and its role in non-immunoglobulin E-mediated drug hypersensitivity. Immunol
Allergy Clin North Am 2022;42:269-84.

Giannetti MP, Akin C, Hufdhi R, Hamilton MJ, Weller E, van Anrooij B, et al.
Patients with mast cell activation symptoms and elevated baseline serum tryp-
tase level have unique bone marrow morphology. J Allergy Clin Immunol 2021;
147:1497-1501.el.

Valent P, Oude Elberink NG, Gorska A, Lange M, Zanotti R, van Anrooij B, et al.
The data registry of the European Competence Network on Mastocytosis (ECNM):
set up, projects, and perspectives. J Allergy Clin Immunol Pract 2019;7:81-7.

68.

69.

70.

71.

72.

73.

74.

JENNINGS ETAL 2051

Afrin LB, Ackerley MB, Bluestein LS, Brewer JH, Brook JB, Buchanan AD,
et al. Diagnosis of mast cell activation syndrome: a global "consensus-2.
Diagnosis (Berl) 2021:8:137-52.

Cardet JC, Castells MC, Hamilton MJ. Immunology and clinical manifestations
of non-clonal mast cell activation syndrome. Curr Allergy Asthma Rep 2013;13:
10-8.

Heinze A, Kuemmet TJ, Chiu YE, Galbraith SS. Longitudinal study of pediatric
urticaria pigmentosa. Pediatr Dermatol 2017;34:144-9.

Code Ana — The Teal Schoolhouse. Home. Accessed June 6, 2022. https:/
codeana.org/

Bloom L, Schubart J, Bascom R, Hakim A, Francomano C A. The power of
patient-led global collaboration. Am J Med Genet C Semin Med Genet 2021;
187:425-8.71.

Rare Diseases International. Joint Declaration. Accessed February 18, 2022.
https://www.rarediseasesinternational.org/joint-declaration/

United Nations General Assembly. Resolution 76/132 adopted by General
Assembly on December 16, 2021. Addressing the challenges of persons living
with a rare disease and their families: Rare Diseases International. Accessed
February 18, 2022. https://www.rarediseasesinternational.org/wp-content/
uploads/2022/01/Final-UN-Text-UN-Resolution-on-Persons-Living-with-a-Rare-
Disease-and-their-Families.pdf


http://refhub.elsevier.com/S2213-2198(22)00640-7/sref62
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref62
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref63
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref63
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref63
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref64
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref64
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref64
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref65
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref65
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref65
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref66
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref66
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref66
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref37
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref37
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref37
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref37
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref67
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref67
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref67
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref68
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref68
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref68
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref69
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref69
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref69
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref70
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref70
https://codeana.org/
https://codeana.org/
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref72
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref72
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref72
http://refhub.elsevier.com/S2213-2198(22)00640-7/sref72
https://www.rarediseasesinternational.org/joint-declaration/
https://www.rarediseasesinternational.org/wp-content/uploads/2022/01/Final-UN-Text-UN-Resolution-on-Persons-Living-with-a-Rare-Disease-and-their-Families.pdf
https://www.rarediseasesinternational.org/wp-content/uploads/2022/01/Final-UN-Text-UN-Resolution-on-Persons-Living-with-a-Rare-Disease-and-their-Families.pdf
https://www.rarediseasesinternational.org/wp-content/uploads/2022/01/Final-UN-Text-UN-Resolution-on-Persons-Living-with-a-Rare-Disease-and-their-Families.pdf

	Mast Cell Diseases in Practice and Research: Issues and Perspectives Raised by Patients and Their Recommendations to the Sc ...
	Introduction
	Methods
	Results
	Shortage of MCD-proficient health care professionals
	Centers of excellence/reference centers, multispecialty networks, patient registries, and related topics
	Enhance access to appropriate care
	Consensus criteria for diagnosing MCAS
	Diagnostic process and prognosis
	National and international SoC for MCDs
	Develop more effective treatments
	Recognize trigger diversity
	Acknowledge symptom heterogeneity
	Develop better care plans for children
	Provide comprehensive information for patients and families and promote the expansion and impact of patient support and adv ...
	Educate society about MCDs
	Research
	Other recommendations and concerns

	Discussion
	Diagnosis and health care: issues
	Diagnosis and health care: possible solutions
	Access to medicines: issues
	Access to medicines: possible solutions
	Mast cell activation syndrome diagnosis: issues
	Mast cell activation syndrome diagnosis: possible solutions
	Patients and society: issues
	Patients and society: possible solutions
	Actors with a role in addressing patient-reported unmet needs

	Conclusions
	Acknowledgments
	References


