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Mast Cell Activation Disorders

Cem Akin, MD, PhD Boston, Mass

Disorders associated with mast cell activation range from
relatively common IgE-mediated disease and chronic urticaria to
rarer conditions such as mastocytosis or monoclonal mast cell
activation disorder. Mast cell activation disorders can be
mechanistically classified into primary (associated with
abnormal production of mast cells that carry pathologic markers
of clonality), secondary (normal mast cells activated in reaction
to a microenvironmental trigger), and idiopathic (no etiology is
found). Clinical presentations, diagnostic criteria as well as
general principles of a stepwise therapy approach are
discussed. © 2014 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2014;2:252-7)
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Mast cells are evolutionarily conserved cells of the immune
system capable of responding to allergen specific as well as
nonspecific danger signals."” Allergen-specific responses are
mainly conferred by surface-bound specific IgE molecules
synthesized in individuals atopically sensitized. Nonspecific
triggers of mast cell activation include physical factors (such as
changes in internal or external temperature, pH, pressure, and
pain), microbial components (via Toll-like receptors), com-
plement activation products, emotional stress, and drugs. Some
triggers, for example, Hymenoptera venoms, are capable of
activating mast cells via both IgE and non-IgE mediated
mechanisms. Mast cells are located in tissues at interfaces with
external environment, such as skin and mucosa, gastrointestinal
tract, respiratory system, and ocular conjunctiva, in close
proximity to blood vessels and nerves as well as interstitially
distributed in bone marrow, liver, spleen, and lymph nodes.
Their wide tissue distribution and ability to be activated by a
variety of signals makes it a rather universal occurrence for
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humans to experience symptoms caused by mast cell activation
cither sporadically or chronically. These symptoms may range
from tissue-specific events such as localized itching or nasal
congestion to more system-wide symptoms that result from
wide-spread mast cell activation and may lead to the potentially
life-threatening outcome of anaphylaxis.

Mast cell activation results in the release of mediators from 3
major compartments.3 Within minutes of activation, mast cell
degranulation leads to release of preformed mediators stored in
mast cell granules, including histamine and proteases (mainly
tryptase). Mast cell degranulation is followed by de novo synthesis
of membrane lipid—derived mediators, particularly prostaglandin
(PG) D2 and cysteinyl leukotrienes (LTC4, D4, and E4). Also,
mast cell activation results in synthesis of a variety of pro- and
anti-inflammatory cytokines and chemokines, including TNF,
IL-1, 1L-4, IL-5, IL-8, IL-13, IL-1RA, and chemokine (C-C
motif) ligand 2. Mast cell inflammatory mediator profile (espe-
cially protease content) shows heterogeneity according to the
tissue microenvironment, and release of mast cell products and
symptoms, therefore, may differ according to the tissue in which
mast cell activation occurs and possibly the trigger that causes the
mast cell activation. The location of the activated mast cells and
the mediators released determine the clinical symptoms.

LOCALIZED VERSUS SYSTEMIC MAST CELL
ACTIVATION

Allergist/immunologists are the primary specialists who care
for symptoms of mast cell activation. Upon encountering a
patient with mast cell activation symptoms, the physician should
first assess whether the symptoms are localized or systemic.
Localized-tissue—specific mast cell activation generally occurs in
the context of well-recognized clinical entities, such as contact
urticaria, allergic rhinitis, or asthma, and the symptoms, in most
instances, are limited to the area of the interaction with the
trigger, although generalized-tissue—specific symptoms also are
possible such as in the case of chronic idiopathic urticaria. Sys-
temic mast cell activation reactions involve or have clinical
consequences in more than 1 organ system. The best recognized
systemic mast cell activation disorder is systemic anaphylaxis.”
Some patients with systemic mast cell activation may have lesser
severity of symptoms that do not meet the definition of
anaphylaxis (eg, a patient with recurrent generalized urticaria
associated with exquisite abdominal pain), and these patients are
appropriate to be considered for a diagnosis of mast cell activa-
tion syndrome (MCAS).’

MECHANISTIC CLASSIFICATION OF MAST CELL
ACTIVATION DISORDERS

Once the mast cell activation symptoms are recognized, further
workup is necessary to place the disorder into one of the mecha-
nistic categories (Table 1).” As part of this workup, the physician
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Abbreviations used
AHNMD- Associated hematologic clonal non—mast cell disease
MCAS- Mast cell activation syndrome
MMAS- Monoclonal mast cell activation syndrome
PG- Prostaglandin
VIT- Venom immunotherapy
WHO- World Health Organization

often considers whether the symptoms could be attributed to an
IgE-mediated allergy (environmental, food, drug, or Hymenop-
tera). If the patient history and/or diagnostic workup are not
consistent with an IgE-mediated trigger, then non-IgE mediated
causes of nonspecific mast cell activation should be considered.
These may include chronic infections, autoimmune disorders,
neoplasias, and physical urticaria and/or anaphylaxis syndromes.
For example, patients with SLE,” antiphospholipid syndrome,”
and thyroid autoimmunity® may present with chronic idiopathic
(spontaneous) urticaria and angioedema. The link between in-
fections and urticaria and dermographism has been well recog-
nized.” Viral upper respiratory tract or gastrointestinal infections
are the most common cause of acute urticaria in children.
Gastrointestinal infections with bacterial, viral, and parasitic
pathogens (including Helicobacter pylori, Yersinia, Norovirus,
Blastocystis, Giardia, Anisakis), and dental and upper respiratory
bacterial infections have been reported to be associated with
chronic spontaneous urticaria (see review in Wedi et al”). Severe
itching and new onset eczema is a common symptom in lym-
phomas.m‘” Patients with eosinophilic esophagitis have abun-
dant mast cells in inflamed mucosa, which may contribute to
fibrosis and esophageal rings.]2 Finally, if no IgE-mediated or
secondary (reactive) cause has been found, then the patient may
be considered for the diagnoses of a primary mast cell activation
disorder, idiopathic anaphylaxis, or idiopathic MCAS.

PRIMARY MAST CELL DISORDERS

Primary mast cell activation disorders (also referred to as clonal
mast cell disorders) are characterized by abnormal production of
mast cells in the bone marrow. There are 2 major entities
classified as a primary mast cell disorder: (1) mastocytosis and
(2) monoclonal MCAS (MMCAS).”'? Both of these diagnoses
should be substantiated by objective pathologic findings as
stated in the World Health Organization diagnostic criteria
(Table 1)."*"> Mastocytosis is a disorder caused by an abnormal
and pathologic increase in mast cells in tissues, such as skin, bone
marrow, and in other internal organs, such as liver, spleen, and
lymph nodes.'® It has 7 distinct categories with different clinical
features and prognosis (Table I). Mastocytosis is associated with
activating somatic mutations in the c-kit gene in the majority of
cases.'””'® Approximately 80% of children with cutaneous mas-
tocytosis and >90% adults with systemic mastocytosis carry c-kit
mutations. The most common c-kit mutation is D816V in exon
17, which is found in almost all adult patients and in 40% of
pediatric patients. These mutations affect either the immediate
mast cell progenitor or the multipotential hematopoietic pro-
genitor, which give rise to mast cells and other blood cells."” In
the latter case, patients have a high incidence of coexisting he-
matologic disorders, such as myelodysplastic or myeloprolifera-
tive syndromes, and are more likely to show progression of
disease into a more advanced category.”’
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Patients suspected to have mastocytosis should have a thor-
ough skin examination to look for the finding of urticaria
pigmentosa or other rarer forms of mastocytosis (solitary mas-
tocytoma or telangiectasia macularis eruptive perstans).”"** Ur-
ticaria  pigmentosa lesions are fixed hyperpigmented
maculopapular lesions and tend to spare the sun-exposed “pub-
lic” areas, such as the face and hands. The exception is pediatric
onset cutaneous mastocytosis, which can occur on the face and
scalp. Although the lesions are fairly characteristic, a skin biopsy
specimen should be obtained to confirm the diagnosis if there is
any doubt. Immunohistochemical staining with tryptase is the
preferred method of visualizing mast cells in tissues, including
skin. Metachromatic stains such as Giemsa or toluidine blue also
can be used in skin but are not reliable in extracutaneous tissues.
Patients with MMAS do not meet the criteria for mastocytosis
but have 1 or both clonal markers, that is, c-kit D816V mutation
or CD25 expression. Although some of these patients may be
detected to have indolent systemic mastocytosis (ISM), with
follow-up, progression into an advanced poor prognostic cate-
gory of mastocytosis has not been described.'”*”

WHEN TO CONSIDER BONE MARROW BIOPSY IN
MAST CELL ACTIVATION AND SUSPECTED
MASTOCYTOSIS

The diagnosis of mastocytosis is greatly helped by the presence
of urticaria pigmentosa (UP) lesions; however, approximately 20%
of patients with mastocytosis may not have skin lesions. The
diagnosis in these patients is suspected on the basis of recurrent
unexplained mast cell activation symptoms. Hypotension,
syncopal, and presyncopal events are more common in mastocy-
tosis, whereas urticaria and angioedema are rarely seen during mast
cell activation symptoms in mastocytosis.”* Diarrhea, abdominal
cramps, nausea, vomiting, and flushing are equally seen in mas-
tocytosis and nonclonal secondary or idiopathic mast cell activa-
tion disorders. A baseline tryptase level along with clinical
symptoms is helpful to decide whether further diagnostic workup
for mastocytosis should be pursued.”” In our practice, we consider
a bone marrow biopsy of patients with baseline tryptase levels
higher than 20 ng/mL or those who have syncopal or presyncopal
events as part of their symptomatology (regardless of tryptase
levels), whereas the presence of chronic urticaria or angioedema
would be a deterrent to recommend this procedure. Some Euro-
pean centers use a higher tryptase level cutoff (25-30 ng/mL) in
patients without skin lesions because it is not unusual to encounter
patients with tryptase level ranges up to 40 ng/mL without evi-
dence of mastocytosis.”””” It should be noted that tryptase levels
can be found to be in normal ranges in patients with MMAS and
those with limited ISM, whereas elevated tryptase levels (generally
not exceeding 40 ng/mL) can be found in other myeloid neo-
plasms, renal failure, bone marrow suppression states, and chronic
urticaria.”®?” During this decision process, analysis of peripheral
blood for D816V c-kit mutation can also be considered. The
presence of the mutation in peripheral blood would help in
deciding whether the patient needs a bone marrow biopsy,
whereas its absence does not rule out mastocytosis because the
mutation can still be present in lesional mast cells in bone marrow
or skin. The age of the patient also matters when deciding on a
bone marrow biopsy. We recommend a bone marrow biopsy in all
adult patients with urticaria pigmentosa because almost all patients
in this group have evidence of bone marrow involvement. Most
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TABLE |. Global classification and diagnostic guidelines for disorders of mast cell activation

Category

Comments

1. Primary: (a) mastocytosis: cutaneous mastocytosis, indolent SM,
SM-AHNMD, aggressive SM, mast cell leukemia, mast cell sarcoma,
extracutaneous mastocytomas; (b) MMCAS

2. Secondary (a) IgE mediated; (b) non-IgE mediated: (i) mast cell activation
associated with chronic inflammatory or neoplastic disorders, (ii) physical

urticarias, (iii) chronic autoimmune urticaria
3. Idiopathic: (a) urticaria, (b) angioedema, (c) anaphylaxis, (d) MCAS

Cutaneous mastocytosis is diagnosed by inspection of skin lesions
and skin biopsy

Systemic mastocytosis is diagnosed according to the WHO

criteria. 1 major + 1 minor 3 minor criteria are needed:

Major criterion: multifocal aggregates of mast cells with >15
cells per aggregate in bone marrow or another extracutaneous
tissue

Minor criteria:

1. morphologic abnormalities in >25% of mast cells (spindled
shapes) in infiltrate;

2. aberrant CD2 or CD25 expression by mast cells,

3. detection of a codon 816 c-kit mutation (commonly D816V),

4. baseline tryptase >20 ng/mL

MMCAS is diagnosed when there is 1 marker or both markers of
clonality (CD25 expression and/or c-kit D816V mutation)
without other criteria

These disorders comprise a wide variety of clinical presentations, and
the diagnosis should be established according to the guideline
of the specific disease entity

Idiopathic urticaria, angioedema, and anaphylaxis are clinical
diagnoses but should be substantiated by objective documentation
of physical findings and tryptase levels (for idiopathic anaphylaxis)
when possible.

The following diagnostic criteria are proposed for idiopathic systemic
mast cell activation that does not meet the criteria for
anaphylaxis:

1. Symptoms that involve more than 1 organ system: (a) nasocular
and respiratory: nasal congestion, wheezing, conjunctival
erythema, itching, and watering; (b) skin and soft tissues:
urticaria, angioedema, itching; (c) gastrointestinal: nausea,
vomiting, abdominal cramping, diarrhea; (d) cardiovascular:
flushing, tachycardia, hypotension

2. Favorable response to mast cell mediator targeting agents

3. Elevation of a validated marker of mast cell activation during
a symptomatic period; the most reliable marker is serum
tryptase (see text for details)

AHNMD, Associated hematologic clonal non—mast cell disease; SM, systemic mastocytosis; WHO, World Health Organization.

pediatric patients with onset of skin lesions in the first 2 years of
life, however, have disease limited to the skin and watchful waiting
is appropriate in these patients unless they have another indication
to do a bone marrow biopsy (eg, unexplained abnormalities in a
complete blood cell count with differential, liver, spleen, or lymph
node enlargement, or progressively increasing tryptase levels higher
than 20 ng/mL).”” The reason to do the bone marrow biopsy is as
follows:

1. To look for tissue diagnostic evidence of systemic mastocy-
tosis to fulfill World Health Organization criteria. Although
an occasional patient can meet these criteria in another tissue
biopsy, such as gastrointestinal biopsy or lymph node, all of
those patients also have bone marrow involvement.

2. To assess tissue burden of mast cells, which can serve as a
comparison if the patient has progressive symptoms in the
future.

3. To rule out non—mast cell hematopoietic involvement.

It is important not to rely on routine hematoxylin and eosin
staining to rule out mastocytosis because small mast cell collec-
tions can easily be missed on routine diagnostic microscopic

examination. The recommended immunohistochemical stains
for mastocytosis in bone marrow biopsy specimens are tryptase,
CD117, and CD25. Once the diagnosis of mastocytosis is
established, the patient should be classified into 1 of the 7 World
Health Organization categories (Table I). It is not the scope of
this article to discuss clinical and diagnostic features of these
categories in detail; however, the most common category that
presents with mast cell activation symptoms is indolent systemic
mastocytosis, although patients in any category can have these
symptoms.

Causes of mast cell activation episodes in mastocytosis are
usually non-IgE mediated (such as heat, exercise, stress, spicy
foods), with the notable exception of Hymenoptera anaphylaxis.
A large series of patients (n = 379), in an Italian cohort, who had
systemic reactions to Hymenoptera stings were checked for
baseline tryptase, and those with an elevated tryptase level, of
>11.4 ng/mL, underwent bone marrow examinations.”® The
results showed that the majority of patients with elevated tryptase
levels (approximately 12% of the whole cohort) had mastocytosis
or MMAS. It appears that elevated tryptase levels confer a risk for

serious Hymenoptera reactions regardless of the presence of
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mastocytosis. Patients with mastocytosis are recommended to
have venom immunotherapy (VIT) indefinitely because systemic
reactions have been reported after stopping VIT.” These pa-
tients also may be more likely to experience allergic reactions
during immunotherapy, and the protection afforded by VIT may
not be as high as a patient with a normal tryptase level or without
mastocytosis.j(”‘57

Adverse reactions to drugs may involve both IgE and non-IgE
mechanisms, and sometimes can be the presenting manifes-
tation (eg, perioperative anaphylaxis) of mastocy‘cosis.38 Most
commonly implicated drugs are opioids, nonselective non-
inflammatory drugs, and muscle relaxants; however, with
appropriate precautions, such as premedications and thoughtful
selection of drugs perioperatively, successful outcomes are ach-
ieved for the great majority of patients (refer to www
.tmsforacure.org for a list of medications safer to use in masto-
cytosis). The presence of multiple drug intolerances or “multiple
chemical and food sensitivities” is not strongly associated with
mastocytosis.

Mastocytosis or MMAS can be the underlying diagnosis in a
significant subset of patients who were previously diagnosed as
“idiopathic anaphylaxis.” The initial study that reported this as-
sociation found markers of mast cell clonality in bone marrow
examinations in 5 of 12 patients, all of whom had recurrent
anaphylactic episodes.”” None of the patients had skin lesions of
UP. Two of the 5 patients in this series had baseline tryptase levels
higher than 20 ng/mL, who, along with an additional patient who
had a normal tryptase level, met the diagnostic criteria for sys-
temic mastocytosis; whereas 2 patients had only 2 minor criteria
that met the diagnosis of MMCAS. Alvarez-Twose et al*’
compared the clinical presentation of patients with ISM with or
without skin lesions (ISMs' and ISMs ™, respectively) and those
with nonclonal or idiopathic mast cell activation symptoms. Pa-
tients with ISMs™ were more likely to have their episodes trig-
gered by venoms, whereas drugs were the main provoking factor
for patients with nonclonal and/or idiopathic mast cell activation
disorders. Based on the findings, a clinical score termed REMA
score (REMA is the abbreviation for Spanish Network of Mas-
tocytosis), which takes into account the presence or absence of
urticaria, sex, and tryptase levels was devised, and showed a high
predictive value in determining the presence of clonal mast cell
disease and, therefore, can be used to decide which patients would
benefit from a bone marrow biopsy.”® Another study, from the
Netherlands, investigated whether urinary histamine metabolite
levels could be used to predict the presence of mastocytosis in
patients with mast cell activation symptoms.” In a cohort of 142
patients, none had mastocytosis when the baseline tryptase level
was <10 ng/mL, and all had mastocytosis if the tryptase level was
>43 ng/mL. For patients with tryptase levels between 10 and 43
ng/mL, urinary methylimidazole acetic acid and methylhistamine
levels were higher for those with mastocytosis.

Several clinical and laboratory parameters exist to guide the
clinician to assess the risk of systemic mastocytosis or a clonal
mast cell disease in a patient who presents with mast cell acti-
vation symptoms and who does not have skin lesions of UP.
These include the absence of urticaria and angioedema during
the episodes, male sex, systemic reactions to Hymenoptera stings,
elevated baseline tryptase levels, the presence of D816V c-kit
mutation in peripheral blood, and elevated urinary histamine
metabolites. The ultimate decision lies with the patient.
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IDIOPATHIC SYSTEMIC MCAS

Some patients who present with systemic mast cell activation
symptoms do not have any evidence of IgE-mediated disease or
another explanation for secondary mast cell activation. If these
patients do not have mastocytosis and their clinical presentation
cannot be classified as idiopathic anaphylaxis, then idio;)athic
systemic MCAS can be considered as a possible diagnosis.*’ Tt is
important to note that many other disorders can mimic mast cell
activation symptoms and may even respond to medications used
in treatment of mast cell activation symptoms. For example, H
pylori infection, and irritable bowel syndrome are much more
common diagnoses in the general population and can occur
unrelatedly in patients with flushing due to other causes, such as
autonomically or endocrine-mediated flushing or hypotension. A
globus sensation or throat discomfort can be seen in patients with
vocal cord dysfunction or irritable larynx syndrome. Some pa-
tients may report non—mast cell mediated drug intolerances as
allergies, and some may have concerns with multiple food in-
tolerances, despite the lack of evidence of an IgE-mediated
mechanism. To that end, spicy foods are a well known trigger for
nonspecific—mast cell activation; however, there is no strong
evidence to prove histamine-releasing properties of other specific
foods to suggest nonspecific mast cell activation. Some patients
may have experienced an initial episode of anaphylaxis or mast
cell activation, which may be followed by nonspecific symptoms
attributed to mast cell activation. Therefore, it is important to
document objective evidence of mast cell activation whenever
possible before embarking on a therapy with medications that
can potentially have toxicities. For example, visualization of the
larynx during an acute episode or when obtaining tryptase levels
provides objective evidence of these patients.

Diagnostic criteria were proposed and adopted by an inter-
national consensus group as an objective means to evaluate
patients with MCAS.”'"? According to these criteria, the patient
must have symptoms of mast cell activation that involve 2 organ
systems, must show a positive response to therapy that targets
mast cell mediators, and must show an elevated level of a mast
cell mediator during an episode. These criteria are most helpful
for patients whose symptoms could not be evaluated or docu-
mented at the time of their reactions due to various reasons.
Other causes of symptoms should be ruled out within reason
and to the extent possible. Patients who show no clinical
improvement with antihistamines, glucocorticoids, or
epinephrine should be investigated for other etiologies. The
most reliable surrogate marker of mast cell activation is tryp-
tase.””"" The tryptase level should be obtained within 4 hours
of an episode. An elevated tryptase value during a symptomatic
episode is confirmatory of mast cell activation as the etiology of
the symptoms. A meaningfully elevated tryptase level can be
calculated according to the formula: baseline serum tryptase
(bT) 4 20% bT + 2 ng/mL."” Meaningful elevation cutoffs for
urinary histamine metabolites or PGD2 or 11BPGF2-a.
(metabolite of PGD2) have not been established. To that end,
there is lack of a complete understanding of other medical
conditions and cellular sources associated with elevated urinary
PGD2 and PGF2 levels, and, although these levels can be useful
in selecting therapy with aspirin for those who can tolerate it,
which relies on an elevated PGD2 and PGEF?2 level as the sole
indicator of mast cell activation, should be approached with
caution,*”
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Prospective large-scale studies are needed to validate the pro-
posed criteria for MCAS. The largest case series evaluated 18
patients in a span of 3 years, which predated the proposed
consensus criteria for mast cell activation, although patient se-
lection criteria showed a significant overlap.”’ Patients were
enrolled if they had at least 4 of the signs and symptoms of
abdominal pain, diarrthea, flushing, dermographism, memory
and concentration difficulties, or headache. None had evidence
of mastocytosis or IgE-mediated allergies. In this series, the
majority of patients had the constellation of dermographism,
abdominal pain, and flushing, and all had detectable elevations in
at least 1 mast cell mediator. Of the patients in the cohort, 67%
had either a complete or major regression in symptoms while
taking medications that target mast cell mediators. There was no
significant difference in the numbers of intestinal mucosal mast
cells between the patients and healthy control subjects. The
genetic basis of MCAS is not known; however 1 study found
familial clustering of cases.”*

TREATMENT

All patients with systemic mast cell activation or a history of
anaphylaxis should be prescribed multiple self-injectable
epinephrine devices and be trained in their appropriate use.”’
Those who are allergic to Hymenoptera venom should be rec-
ommended VIT. Triggers of mast cell activation should be
avoided. Empirical maintenance treatment directed against mast
cell mediators is considered in all patients who present with
recurrent mast cell activation symptoms. The response to therapy
would also carry diagnostic implications, as stated above. We
generally consider a stepwise approach to maintenance treatment
of mast cell activation disorders. The first step includes an H1
antihistamine. Similar to management of chronic urticaria, H1
antihistamines may be prescribed up to 2 to 4 times of daily
doses recommended for labeled indications. We generally prefer
to start with a nonsedating antihistamine, which can be sup-
plemented with a first-generation sedating antihistamine if
nighttime symptoms are prominent or on an add-on as needed
basis. The H2 antihistamines can be prescribed as a first-step
therapy if gastrointestinal symptoms are prominent or can be
added on together with a leukotriene blocking agent in the
second step. The second step also involves a trial of oral cro-
molyn if gastrointestinal symptoms are prominent. Treatments
beyond this step should be considered if there is strong suspicion
or objective proof that the symptoms are attributable to mast cell
activation. The third step includes consideration of systemic
glucocorticoids. If the patient responds, then a slow taper over a
few months should be attempted. Some patients require a small
maintenance dose (<7.5 mg daily or every other day equivalent
dose of prednisone). There is some evidence that patients with
idiopathic anaphylaxis that requires higher maintenance doses of
glucocorticoids may respond well to ketotifen, an H1 antihista-
mine with mast cell stabilizing properties, which is not available
in oral form in the United States, with the exception of some
compounding pharmacies.*® The fourth step involves consider-
ation of second-line agents shown to be effective in other dis-
orders of mast cell activation. These may include drugs with
efficacy in chronic spontaneous urticaria, such as hydroxy-
chloroquine, dapsone, cyclosporine, and omalizumab. Random-
ized clinical trials on the efficacy of these agents in MCAS are
lacking, and potential risks and benefits of these drugs should be
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considered carefully and discussed with the patient before initi-
ation of therapy. Omalizumab has been reported to decrease the
frequency of anaphylactic episodes in case reports of both
clonal”” and nonclonal mast cell activation disorders™ and has
also been used as a cotreatment to allow patients to receive VIT
for those who had problems with systemic reactions during
dose escalation or maintenance.”” However, there are no pla-
cebo-controlled studies to recommend routine use of omalizu-
mab at this time, especially when considering that the drug is not
without adverse effects, is expensive, and is not US Food and
Drug Administration approved for this indication. The fifth step
applies to patients with mastocytosis (clonal mast cell disease)
who have repeated life-threatening spontaneous anaphylactic
episodes. These patients can be considered for mast cell cytore-
ductive therapies after careful discussion of risks and benefits.
Alfa interferon and cladribine are the most commonly used mast
cell cytoreductive agents.’’ Patient response to the various
therapies shows a great variation. Some patients are easily
controlled by first-line therapies, whereas others show resistance
to multiple modalities. In the latter group of patients, the diag-
nosis of mast cell activation should be continually reevaluated
and non—mast cell etiologies should be considered. For patients
without objective evidence of mast cell activation, consideration
should be given to discontinue all therapies beyond second line.

Finally, it should be emphasized that there is an unmet need
for development of new therapies to control mast cell activation
or counteract the effects of mast cell mediators. This will require
a better understanding of mast cell mediator profiles released in
different clinical scenarios as well as development of newer drugs
that target mast cell activation. One study that evaluated the
effects of various tyrosine kinase inhibitors showed that mid-
ostaurin inhibited IgE-mediated activation and dasatinib had a
bimodal effect with enhancement of degranulation at lower
concentrations.”"”” Placebo-controlled randomized clinical trials
with existing and investigational medications should be encour-
aged for patients with mast cell activation disorders to move
beyond anecdotal reports and case series to establish evidence-
based treatment recommendations.
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