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ABSTRACT

Only recently recognised, mast cell activation syndrome (MCAS) is a large, prevalent collection of illnesses resulting
from mast cells (MCs) which are inappropriately activated but which, in contrast to the (collectively rare) forms of
mastocytosis, are not significantly proliferating. Due to the diversity of direct and indirect, local and remote effects of
the menagerie of mediators released by MCs, likely due to highly heterogeneous sets of mutations in MC regulatory
elements, MCAS typically presents as chronic, persistent or recurrent, waxing/waning or slowly progressive, generally
inflammatory multisystem polymorbidity. Initial manifestations often occur in childhood but are non-specific; in fact,
virtually all of the syndrome’s manifestations are non-specific, leading to decades of mysterious illness complicated
by incorrect or superficial diagnoses often poorly responsive to empiric therapies. Diagnosis is further challenged
in detecting specific biomarkers of MC activation other than serum tryptase levels, which usually are elevated in
systemic mastocytosis but normal in MCAS. MCAS therapy aims to inhibit mediator production/release and block/
ameliorate mediator action. Although patient-specific optimal therapy is not presently predictable, a methodical,
persistent, trial-and-error approach usually finds helpful therapy. Lifespan with MCAS approximates normal, but

quality of life can be significantly impaired without correct diagnosis and effective treatment.

INTRODUCTION: EMERGING APPRECIATION
OF A MUCH LARGER SPECTRUM OF MAST
CELL DISEASE

The year 2013 marked the sesquicentennial of the discovery
of what today remains one of the most underappreciated
developments in eukaryotic evolution, the mast cell (MC).
German pathologist Friedrich von Recklinghausen first
identified MCs (in frogs),! and in 1877 Paul Ehrlich first
identified in human connective tissues these same cells,
which he termed mastzellen, or well-nourished cells, due
to their rich granular content.? A decade later, German
dermatologist Paul Gerson Unna first associated MCs
with human disease in the rare skin disease urticaria
pigmentosa.’ Not until 1949, though, were MCs associated
with internal disease in what we today call systemic
mastocytosis (SM).* Identification of MC products had
begun in 1937 with the discovery that the metachromasia of
MC granules is due to their heparin content,>® and in 1953
the MC's high histamine content was discovered.”® Ensuing
decades saw development of the modern understanding of
not only the hematopoietic origin of the normally widely,
sparsely distributed MC but also its fundamental function,

namely, to produce and release a wide range of molecular
signals, generally termed MC mediators and estimated
to number from the dozens® to perhaps more than 200,°
contributing to many processes including defence, growth,
and healing. In 1987 tryptase was first defined as a highly
sensitive and specific marker for MC activation," but in the
ensuing quarter century it has become apparent that serum
tryptase levels reflect the body's total load of MCs more
than the summative activation state of that load.””

Insights into the molecular genetic roots of MC disease
began emerging in 1993 with identification of the D816V
activating mutation of the Kit transmembrane receptor
tyrosine kinase, the extracellular portion of which is
immunologically recognised as CD117.* This mutation later
was proved present in most adult SM.>® In 1998, it was
shown that the MCs in many cases of SM, unlike any known
normal cells, co-express the aberrant doublet CD117*CD25*
or CD117*CD2*, or sometimes even the aberrant triplet
CD117*CD25*CD2*" In the last 20 years it has become
apparent that MC accumulation in mastocytosis is due more
to anti-apoptosis than frank proliferation.1819.20:2122,23,24.25.26:27
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Long after Unna's first association of MCs with a
pathological state, MC disease (cutaneous or systemic)
was still thought to be a disorder of MC proliferation
("mastocytosis”) with most clinical consequences
stemming from aberrant mediator release. In 1991, though,
John Oates and Jack Roberts of Vanderbilt University
hypothesised the existence of a spectrum of disorders of
MC mediator release (i.e.,, MC activation) with little to no
MC cytoproliferation.?® Evidence for such MC activation
disorders continued to accrue, and 2007 saw the first
descriptions in the literature of “monoclonal MC activation
syndrome” (MMCAS),?°3° shortly followed by the first
formal proposal for diagnostic criteria.’ That same year,
critical insight into the possible cause of the marked clinical
heterogeneity of relatively non-proliferative MC activation
syndrome (MCAS) was provided by German geneticist
Gerhard Molderings and colleagues.®? Their finding of
a large array of mutations in the mRNA for MC Kit (the
MC's principal regulatory element) in a cohort of MCAS
patients was repeated and extended in another study they
reported in 2010 which included healthy controls in whom
these mutations were largely absent.>* (However, these
findings await independent confirmation.) Simultaneously,
multiple investigators reported that virtually all cases of
mastocytosis, too, harbour multiple mutations (virtually
always somatic) across many MC regulatory genes,
epigenes, and microRNAs resulting in perturbances of a
wide array of intracellular processes.3#353637.3839

In late 2010, noted MC researchers Cem Akin, Peter
Valent, and Dean Metcalfe proposed a fundamentally new
conceptualisation that all MC disease first and foremost
manifests aberrant MC activation, thus engendering a
new top-level designation of “mast cell activation disease”
(MCAD) to describe the full range of pathologic MC states.*®
The proliferative diseases of (rare) cutaneous mastocytosis
and even rarer SM comprise one element of MCAD, while
various forms of the relatively non-proliferative MCAS
(suggested by preliminary data as virtually epidemic*“2 but
only rarely demonstrable by presently available testing as
MMCAS) comprise other elements of MCAD. According
to this proposal, MCAS could be diagnosed if the patient
repeatedly demonstrated symptoms consistent with
aberrant MC mediator release, laboratory evidence of
such release, absence of any other disease better fitting
the entire clinical picture, and at least partial response
to therapy targeted at MCs or MC mediators. However,
as the mutational heterogeneity of MCAS effects
substantial clinical and therapeutic heterogeneity, some
felt a diagnostic criterion for therapeutic response was

impractical.® A year later Valent et al. published an updated
proposal for diagnostic criteria for MCAS in which the
diagnostic requirement for therapeutic response was
relaxed (i.e., desirable but not necessary) and laboratory
diagnostic criteria were streamlined to focus solely on
tryptase.”* However, problematic aspects of this proposal,
too, have been identified.** Meanwhile, in 2011 Molderings
et al. published an alternative diagnostic proposal which is
structured akin to the World Health Organization (WHO)
2008 diagnostic criteria for SM,*® makes diagnostic use of
specific MC mediators beyond just tryptase, and does not
require demonstration of therapeutic response.

Although it seems likely that any given clinical presentation
of MCAD results from a specific set of mutations driving
a specific pattern of both aberrant constitutive activation
and aberrant reactivity in MCs (due to mutations in the
MCs themselves as well as effects on normal and abnormal
MCs and other cell lineages likely harbouring much the
same mutations), at present the range of mutations in MC
regulatory elements for which commercial testing is widely
available is still very limited (essentially only probing for
KIT-D816V). Thus, the question is raised as to whether
“primary idiopathic MCAS"4 might be more accurately
termed “MCAS of undetermined clonality”. When more
readily available, whole KIT (or whole genome/exome)
sequencing of isolated MCs will help settle this matter.

Thus, after roughly 150 years of medical orthodoxy that MC
disease is principally only a rare, cytoproliferative process
called mastocytosis, in merely the last seven years it has
become readily apparent that mastocytosis is but the tip
of the proverbial iceberg of MC disease (Figure 1), with the
far more common but relatively non-proliferative MCAS
comprising the large bulk of the iceberg, largely unseen or
unrecognized for many reasons to be reviewed below.

Given that the principal distinctions between MCAS and
mastocytosis are pathologic findings (e.g., significantly
elevated serum tryptase and MC proliferation in
mastocytosis) which appear to be clinically inconsequential
except in the particularly rare, aggressive forms of
mastocytosis, comments below about MCAS largely apply
to mastocytosis as well; exceptions are highlighted.

PRESENTATION OF MAST CELL ACTIVATION
SYNDROME

As seen now in most such patients investigated by whole
KIT mRNA sequencing,32® the mutational roots of MCAS
are markedly heterogeneous and thus lead to expectation
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Figure 1. An iceberg-type metaphoric conception of the
spectrum of disorders of mast cell (MC) activation listed in
Reference 40, with typically vividly presenting entities arrayed
above a “waterline” of relatively easy clinical recognisability in
order of estimated prevalence. 546566575859 The most recently
recognised entity, MC activation syndrome (MCAS), with
recent preliminary prevalence estimates of 14-17%,4*? may
be “hidden below the waterline,” or more difficult to clinically
recognise, due to heterogeneity of presentation, fewer visually
distinctive signs, and other factors. The various forms of
mastocytosis are mutationally rooted primary MC diseases,>*”°
as are rare variants of MCAS which can be proven monoclonal’
(though clinical laboratory testing for such at present is largely
constrained to (1) probing by polymerase chain reaction for the
constitutively activating KIT-D816V mutation, and (2) testing
by flow cytometry for MCs bearing pathognomonically aberrant
CD117*CD25* or CD117*CD2* signatures which, when present,
often comprise very small portions (< 1%) of the tested cell
population). Other classic MC activation disorders have long
been thought to be secondary/reactive MC diseases, though
more extensive mutational analyses have suggested recently
that most MCAS cases, like mastocytosis, are also mutationally
rooted.3%33

of heterogeneity in clinical presentation. It also seems
likely that evolving genomic disruption may herald clinical
progression.

Although symptoms can initially appear at any age, most
commonly MCAS initially presents in adolescence or
childhood, sometimes even infancy, though the non-
specific nature of almost every symptom of the disease foils
clinical recognition until years or decades later, if ever.®
Symptoms often, but not always, are of an “inflammatory”

nature and can arise acutely, subacutely, or chronically
(i.e., developmentally). Symptoms often persist, waxing
and waning to varying degrees at often unpredictable time
points, and sometimes can wholly remit and then (again
usually unpredictably) episodically relapse. Especially given
their common absence of histologically detectable MC
cytoproliferation, MCAS patients are generally regarded
as inexplicably chronically multisystemically ill, perhaps
recognised as likely having an underlying inflammatory
issue of some sort but without fitting the pattern of any
well-known such syndrome. Disability is common and can
be severe.

“Routine” diagnostic testing often yields normal or
“borderline” results, or mild to moderate abnormalities
which often prove ephemeral. Though their presenting
symptoms in any given system are most commonly subtle to
moderate, occasionally MCAS patients will present severe,
even life-threatening abnormalities (e.g., end-stage renal
failure*®4°%° or refractory diarrhoea®), with “exhaustive”
diagnostic testing failing to reveal a specific aetiology.
Also reflecting its heterogeneity, MCAS can present
with polar opposite abnormalities in different patients
(e.g., gastrointestinal dysmotility principally manifesting
as diarrhoea in one patient vs. constipation in another
patient, or dyserythropoiesis principally manifesting as
erythrocytosis in one patient®? vs. pure red cell aplasia in
another patient>). MCAS patients sometimes even “swing"
between the ends of the scale for any given parameter; for
example, alternation between diarrhoea and constipation is
common in MCAS. Acute emergence of “flares,” “spells,” or
“episodes” of assorted symptoms is common, often leading
to urgent evaluations which, though necessary to exclude
other illnesses, usually are frustratingly unrevealing and
often lead to suspicions of psychosomatism.

MCAS patients often respond incompletely (or intolerantly)
to therapies which are targeted at their superficial ailments
and which are effective and well tolerated in most other
patients. Although no formal epidemiologic studies have
yet been reported, MCAS appears in general to course
similarly to indolent SM (ISM), in which survival appears
equivalent to that of the general population, though often
with reduced quality of life.

Some MCAS patients who are not yet so recognised also
have definitively diagnosed inborn or acquired comorbid
ailments (e.g., sickle cell anaemia or obesity) which come to
be blamed by many of their physicians for most or all of their
symptoms even though it may be difficult to biologically
attribute some of their symptoms to such ailments.
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The MCAS patient not uncommonly can identify a specific
point at which his/her general health took a distinct turn for
the worse. Such points commonly soon follow acute events
of significant psychological or physical stress (e.g., death
of a family member, or vehicular trauma) or of significant
new antigenic exposure (e.g., food or travel). If they have
recognised the temporal association between trigger and
illness, such patients not uncommonly are convinced that
the trigger was the cause of the illness. However, careful
history-taking virtually always reveals some symptoms of
MCAS to have been present long before “the turning point.”

Once chronic clinical illness from MCAS has developed,
it may remain stable for years, but stepwise escalations
in baseline symptomaticity are common and, as with the
initial clinical emergence of the illness, often follow acute
physical or psychological stressors (including puberty,
especially menarche, leading to menstrually cyclic
flares). Adolescents with MCAS sometimes experience
spontaneous improvement in their late teens as pubertal
processes abate, but the illness often re-emerges within the
next decade or so.

Obtaining a complete medical history is paramount in
establishing grounds for clinical suspicion of MCAS.
History-taking must include a complete review of systems
(ROS), as many MCAS patients have been ill for so long
that they come to accept various aspects of their illness as
a baseline “healthy” state for them. In fact, after extensive
evaluations over many years have failed to identify a
diagnosis, let alone effective therapy, patients sometimes
omit certain aspects of their illness when reiterating history
to yet another physician, underscoring the importance of
the ROS.

A systematic listing of MCAS symptoms is presented in
Table I. More detail is available in a recent comprehensive
review.>

DIAGNOSIS OF MAST CELL ACTIVATION
SYNDROME

MCAS seems engineered to confound diagnosticians. Its
likely great menagerie of underlying activating mutations,
combined with the MC's normal function of producing and
releasing a cornucopia of potent mediators (each with
multiple direct and indirect, local and remote effects)™
ensures tremendous diversity of clinical presentation. The
typical MCAS patient presents with many symptoms and
findings, many having been endured for many years, and
with different symptoms confoundingly more prominent

at different times. Although the motif of MCAS's clinical
presentation is chronic multisystem polymorbidity of mostly
an inflammatory nature, many elements of the presentation
are not clearly “inflammatory” (e.g., fatigue, osteopenia,
paraesthesias). Moreover, many other elements, while
discovered relatively recently to truly be inflammatory
in nature, are not yet appreciated in that regard by most
physicians (e.g., atherosclerotic vascular disease, obesity,
psychoses).

Thus, therepetitionin presentation that helps diagnosticians
recognise most diseases is muted in MCAS. Even physicians
familiar with MCAS may diagnose such in many patients
before finding one whose presentation closely resembles
another's. Other practical factors, too — such as the modern
trend in physician practice toward subspecialisation, and
health care financing systems which disincentivise spending
the extended time needed to recognise multisystem
problems - further impede diagnosis of this prototypical
multisystem disease.

Nevertheless, the diagnostician can be aided in suspecting
MCAS by remembering a few simple tips:

1) MCAS usually presents as chronic multisystem
polymorbidity, generally of an inflammatory theme
and with assorted elements waxing and waning over
time, sometimes in synchronisation with one another
but more often cycling with different periods and
amplitudes.

2) When there are symptoms and findings not readily
attributable to the patient's established diagnoses,
alternative diagnoses must be entertained to account
for these “leftover” elements, and it becomes more
likely, as per Occam'’s Razor, that the same diagnosis
that accounts for the leftover elements also is at the
root of the established non-congenital diagnoses.

3) The range of MC mediators and their effects is so
great that “unusual” presentations actually become
de rigueur. That is to say, although any given unusual
presentation remains unusual, the full set of unusual
presentations constitutes a sizable fraction of the
total set of presentations. Thus, when the clinician
recognises an “unusual,” “odd"”, “weird"”, “bizarre,”
or “strange” element in the patient's presentation -
e.g., “allergies” to typically innocuous medications,
migratory rather than dependent oedema, frequent
presyncope accompanying hematologic malignancy
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Table I: Symptoms and findings in mast cell activation disease (MCAD). Most are chronic but may be acutely
episodic or wax and wane. Severity is variable across patients and may vary in a given patient over

time.

Constitutional

Dermatologic/
Integument

Ophthalmologic

Otologic/Osmic

Oral/oropharyngeal

Lymphatic

Pulmonary

Cardiovascular

Gastrointestinal

Fatigue, malaise, asthenia, “chronic fatigue syndrome,” subjective and/or
objective hyperthermia and/or hypothermia, “sense of feeling cold much of the
time,” sweats/diaphoresis (not always nocturnal), flushing, plethora or pallor,
increased or decreased appetite, early satiety, weight gain or loss, pruritus,
chemical and/or physical environmental sensitivities (often odd)

Rashes and lesions of many sorts (classic urticaria pigmentosa, “freckles,”
telangiectatic/angiomatous lesions, xerosis, warts, tags, folliculitis, ulcers,
dyshydrotic eczema, diffusely migratory but sometimes focally persistent
patchy macular erythema), pruritus (often diffusely migratory, sometimes
aquagenic), flushing, angioedema, striae, dermatographism, hair thinning and
alopecia, onychodystrophy (brittle nails, longitudinal ridges), poor healing

Irritated eyes, increased or decreased lacrimation, suffusion, conjunctivitis,
episodic difficulty focusing, lid tremor/tic (blepharospasm), solar sensitivity,
infectious or sterile inflammation

Infectious or sterile otitis externa and/or media, hearing loss or hyperacusis,
tinnitus, otosclerosis, dysosmia, coryza, congestion

Pain or irritation (sometimes “burning”), leukoplakia, fibrosis, lichen planus,
ulcers, sores, angioedema, dental decay, dysgeusia, throat tickle/discomfort/
irritation/pain, post-nasal drip

Adenopathy, usually sub-pathologic and often waxing/waning in size,
sometimes asymptomatic but not uncommonly tender, sometimes focal,
sometimes migratory, pathology usually shows reactive lymphocytosis or
sometimes an atypical non-specific lymphoproliferative disorder; left upper
quadrant discomfort (likely from release of mediators from splenic MCs with or
without detectable splenomegaly)

Rhinitis, sinusitis, pharyngitis, laryngitis, bronchitis, pneumonitis (often
confused with infectious pneumonia), cough, dyspnea (often low-grade,
inconstant, “I just can’t catch a deep breath” despite normal pulmonary
function tests), wheezing, obstructive sleep apnea, pulmonary hypertension

Presyncope (lightheadedness, weakness, dizziness, vertigo) and/or

syncope (patients may have been diagnosed with postural orthostatic
tachycardia syndrome or neurocardiogenic syncope), hypertension and/or
hypotension, palpitations, dysrhythmias, chest discomfort or pain (usually
non-anginal in character), coronary and peripheral arterial atherosclerosis/
spasm/infarction, idiopathic acute or chronic heart failure (e.g., takotsubo),
aneurysms, hemorrhoids, varicosities, aberrant angiogenesis (hemangiomas,
arteriovenous malformations, telangiectasias), migratory edema (often non-
dependent and with normal cardiac and renal function)

Aerophagia, angioedema in any segment of the luminal tract, dysphagia

(often proximal, possibly due to pharyngeal angioedema), bloating/gas, pain/
inflammation (often migratory) in one or more segments of the luminal tract
(from esophagitis to proctitis) and/or one or more solid organs (e.g., hepatitis,
pancreatitis), queasiness, nausea, vomiting (sometimes “cyclical”), diarrhoea
and/or constipation (often alternating), malabsorption (more often selective mi-
cronutrient malabsorption than general protein-calorie malabsorption), ascites
either from portal hypertension and/or peritoneal serositis; gastroesophageal
reflux disease (often “treatment-refractory”) and inflammatory/irritable bowel
syndrome are common pre-existing diagnoses
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Table I: Continued

Genitourinary Inflammation (often migratory) in one or more segments of the luminal tracts
(ureteritis, cystitis, urethritis, vaginitis, vestibulitis) and/or one or more solid
organs (e.g., nephritis, prostatitis), chronic kidney disease, endometriosis,
ovarian cysts, chronic low back pain or flank pain or abdominal pain, hydro-
nephrosis (likely from stone disease and/or ureteral angioedema), infertility,
erectile dysfunction, decreased libido; in the appropriate setting of multisystem
morbidity, miscarriages should prompt consideration of antiphospholipid anti-
body syndrome potentially due to MCAD

Musculoskeletal Clinical myositis, often diffusely migratory (fibromyalgia is a common pre-ex-
isting diagnosis), subclinical myositis (i.e., asymptomatic elevated creatine
kinase and/or aldolase not otherwise explained), arthritis (typically migratory
and not fitting any defined rheumatologic entity), joint laxity/hypermobility
(patients may have been diagnosed with Ehlers-Danlos Syndrome Type lll),
osteoporosis/osteopenia, osteosclerosis, sometimes mixed osteoporosis/os-
teopenia/osteosclerosis; MCAD-driven musculoskeletal pain not uncommonly
is poorly responsive to non-steroidal anti-inflammatory drugs and narcotics

Neurologic Headache (esp. migraine), presyncope and/or syncope, peripheral (usually
distal and migratory) sensory and/or motor neuropathies including paresthe-
sias, tics, tremors (typically resting), chronic inflammatory demyelinating poly-
neuropathy, seizure disorders (can be “treatment-refractory”), pseudoseizures,
dysautonomia

Psychiatric Mood disturbances (e.g., anger, depression) and lability, bipolar affective
disorder, attention deficit-hyperactivity disorder, post-traumatic stress disorder,
anxiety and panic, psychoses, memory difficulties, word-finding difficulties,
other cognitive dysfunction, wide variety of sleep disruptions

Endocrinologic/ Abnormal electrolytes (including magnesium) and liver function tests, delayed

Metabolic puberty, dysmenorrhea, endometriosis, osteosclerosis and/or osteoporosis,
hypothyroidism, hyperthyroidism, dyslipidemia, hyperferritinemia, selective
vitamin and/or other micronutrient deficiencies, weight change, possibly diabe-

tes mellitus
Hematologic' Polycythemia or anemia (may be macrocytic, normocytic, or microcytic),
Coagulopathic leukocytosis or leukopenia, chronic (usually mild) monocytosis or eosinophilia

or basophilia, thrombocytosis or thrombocytopenia, arterial and/or venous
thromboembolic disease, “easy” bruising/bleeding; in MCAS (as opposed to
systemic mastocytosis) the marrow usually does not show increased (or even
flow-cytometrically aberrant) MCs and marrow histology is often read as nor-
mal or as unspecified myelodysplastic/myeloproliferative syndrome; standard
cytogenetic studies are almost always normal or show culture failure
Immunologic Type |, II, 1ll, and IV hypersensitivity reactions, increased risk for malignancy,
autoimmunity (again potentially any autoantigen, often without the expected
associated clinical syndrome and with inexplicably significantly fluctuating
autoantibody titers), impaired healing, increased susceptibility to infection, ele-
vated or decreased levels of one or more isotypes of immunoglobulin; modest
monoclonal gammopathy of undetermined significance not uncommon

- his “MCAS radar” should go on alert. The presence its novelty and its heterogeneity. Once MCAS is suspected,
of an unusual element in the presentation by no means  though, how should the diagnostic evaluation proceed?
establishes a diagnosis of MCAS, but it sometimes can
be the first spark toward lighting a fire of recognition. Particularly given that MCAS and its relationship to MCAD
have come to be recognised only recently, it is not surprising
Thus, the largest impediments to diagnosing MCAS may be  that there is not yet definitive global consensus regarding
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diagnostic criteria for MCAS or the diagnostic approach to
the full realm of MCAD. Figure 2 illustrates the established
diagnostic criteria for SM and the two current proposals for
diagnostic criteria for MCAS.

Given the new understanding that serum tryptase levels
reflect body MC load more so than MC activation state, one
diagnostic approach detailed recently (Figure 3%*) begins
with using the tryptase level (typically significantly elevated
in SM but elevated little to none in MCAS®4%) to determine
whether evaluation should be directed more toward SM
(focusing more on searching tissues, such as marrow, for
abnormally aggregated MCs) or MCAS (focusing more
on searching for elevated levels of MC mediators). Many
MC mediators are thermolabile and have short half-lives,
requiring diligent attention to specimen cooling, and
non-steroidal anti-inflammatory drugs and proton pump
inhibitors can be confounding factors, too; these and other
nuances of diagnostic testing for MCAS are discussed
elsewhere.**

Because MCAS is a relatively non-proliferative MC disease,
none of the recent proposals for diagnostic criteria for
MCAS requires histologic detection of increased numbers,
or aberrant immunophenotypes or genotypes, of MCs. In
fact, neither the Akin et al. 2010 criteria®® nor the Valent et
al. 2012 criteria®® make any mention of histologic detection.
However, histologic detection of quantitative or qualitative
MC aberrancy can be used, per the Molderings et al. 2011
criteria,* to support the diagnosis. As MCs typically reside
at the environmental interfaces,*>*¢ histologic evidence of
disease sometimes can be found at such locales.

Because MCs spend little of their early formative time in
the marrow®>°"%® and proliferate little in MCAS, MCAS is
rarely detectable - histologically, immunophenotypically,
or genotypically, using presently commercially available
techniques - in marrow.*® Therefore, in contrast to
evaluations for SM (whichis suspected when serum tryptase
consistently exceeds 20 ng/ml, approximately twice the
upper limit of normal) marrow examinations presently do
not seem useful enough to warrant being mandatory in
evaluations for MCAS. It is possible that a small portion
of SM cases (per the WHO 2008 criteria*®) may be missed
by not examining marrow in MCAS patients with serum
tryptase below 20 ng/ml, but the largest portion of SM
patients fall into the category of ISM,*%° whose prognosis
and treatment presently are not known to be significantly
different than seen and applied in MCAS. Furthermore, the
more morbid (and usually more proliferative) forms of SM
warranting more aggressive (often cytotoxic) therapies

present normal tryptase levels even more rarely than ISM
and also typically present aggressive clinical features,
quickly engendering biopsy and histologic identification
of the true diagnosis. Thus, although it is important to
distinguish aggressive forms of SM from MCAS, the
likelihood of confusing these entities is low.

Laboratory techniques for detecting MCAS (and
mastocytosis) likely will advance rapidly. The greater
challenge will remain sparking initial suspicion of the
diagnosis. In the future, computer-aided diagnostic tools
built into electronic clinical information systems may help
clinicians recognise morbidity patterns consistent with
MCAS.

TREATMENT OF MAST CELL ACTIVATION
SYNDROME

Symptoms and other clinical consequences (e.g., blood
count abnormalities) in MCAS and ISM result primarily
from aberrant mediator release. Also, because of potential
circulation of released mediators and interaction of
released mediators with other systems, dysfunctional
MCs may or may not be located near the clinically affected
site. Thus, therapies for MCAS and ISM (as summarised in
Table Il and discussed in detail elsewhere in the literature,
e.g., Reference 54) primarily aim to (1) reduce MC produc-
tion and release of mediators, (2) interfere with released
mediators, and (3) counter unavoidable effects of released
mediators. (Comments below about treatment for MCAS
also apply to ISM.) MCAS's heterogeneity in mutational
patterns, mediator expression patterns, and clinical
presentation patterns virtually ensures heterogeneity of
therapeutic response. Both clinician and patient must be
patient, persistent, and methodical in stepping through
available therapies until the patient achieves the palliative
goal of identifying a regimen that helps him/her feel
significantly better than the pre-treatment baseline the
majority of the time. The substantially morbid cytotoxic and
cellular therapies typically reserved for more aggressive
forms of mastocytosis appear to have no role at present in
the management of MCAS.

Avoidance of triggers, desensitisation therapy (when
specific unavoidable environmental triggers can be
identified) and prophylactic therapies (e.g., bisphosphonate
therapy for osteoporosis) help limit morbidity from MCAS.
Patients susceptible to anaphylaxis should be prescribed
epinephrine auto-injectors and instructed in their proper
use. In spite of their fatigue, malaise, and physical and
antigenic sensitivities, MCAS patients should be encouraged
to regularly exercise, but only to the limit of tolerance since
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exertion clearly triggers flares in some patients. Dietary
guidance is difficult to provide, as dietary sensitivities
vary substantially amongst MCAS patients. Perioperative
management of mastocytosis has been described in detail,®
and it seems prudent to approach MCAS similarly.

In view of the innate complexity of the disease and its
potential for reacting adversely to new exposures, it is
important to try to make only one change in the MCAS
patient's regimen at any given time.®> Both active and
inactive medication ingredients can offend MCAS
patients. Therefore, sometimes a change in a medication’s

formulation can provoke, or quell, a flare. Sometimes

Table II: Treatments used in mast cell activation disease

Mechanism of action

Anti-mediator (inhibition of MC mediator production
or action)

custom-compounded formulations are required to avoid
provocative inactive agents in commercial medication
formulations.

Given the rarity of mastocytosis, together with how recently
MCAS has come to be recognised, there are no large
controlled studies of any intervention for mastocytosis
or MCAS. The absence of such data, the underlying
mutational heterogeneity of MCAS, and the poor
correlation between any given symptom (which can arise
via multiple mechanisms) and its effective therapies means
that at present the clinician largely cannot foretell which
interventions are most likely to benefit the individual MCAS

Therapies / Therapeutic Classes

Histamine H, receptor antagonists
Histamine H, receptor antagonists

Non-steroidal anti-inflammatory drugs
Benzodiazepines

Corticosteroids

Leukotriene receptor antagonists

Proton pump inhibitors

Tricyclic antidepressants (antihistaminic)
Phenothiazines (antihistaminic)
Hydroxyurea

Bisphosphonates, vitamin D, calcium
5-hydroxytryptamine, receptor antagonists
Ivabradine

Icatibant

Alpha lipoic acid

Ascorbic acid

N-acetylcysteine

Amphetamines

Hypolipidemics

Mast cell stabilizers

Cromolyn

Quercetin

Ketotifen

Pentosan

Tyrosine kinase inhibitors (e.g., imatinib)
Alpha interferon

Cytostatic/cytotoxic agents

Cladribine

Pentostatin

Fludarabine

Paclitaxel

Alkylators (e.g., cyclophosphamide)
Hydroxyurea

Immunomodulation

Allergy desensitization therapy

Allogeneic stem cell transplantation
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WHO 2008 Diagnostic Criteria for Systemic Mastocytosis*¢

Maijor Criterion:

1. Multifocal, dense aggregates of MCs (15 or more) in sections of bone marrow or other extracutaneous
tissues and confirmed by tryptase immunohistochemistry or other special stains.

Minor Criteria:

1. Atypical or spindled appearance of at least 25% of the MCs in the diagnostic biopsy;

2. Expression of CD2 and/or CD25 by MCs in marrow, blood, or extracutaneous organs;

3. KIT codon 816 mutation in marrow, blood, or extracutaneous organs;

4, Persistent elevation of serum total tryptase > 20 ng/ml.

Diagnosis of SM made by either (1) major criterion + any one or more minor criteria, or (2) any three

minor criteria.

Proposed Diagnostic Criteria for Mast Cell Activation Syndrome

Valent et al. Criteria®®

1. Chronic/recurrent symptoms (flushing, pruritus, urticaria, angioedema, nasal congestion or pruri-

tus, wheezing, throat swelling, headache, hypotension, and/or diarrhea) consistent with aberrant

MC mediator release;

Absence of any other known disorder that can better account for these symptoms;

3. Increase in serum total tryptase of [20% above baseline, plus another 2 ng/ml] during, or within 4
hours after, a symptomatic period;

4. Response of symptoms to histamine H, and/or H, receptor antagonists or other “MC-targeting”
agents such as cromolyn.

N

Molderings et al. Criteria*

Major Criteria:

1. Multifocal MC aggregates as per WHO major criterion for SM;

2. Clinical history consistent with chronic/recurrent aberrant MC mediator release (symptoms per
Table 3 in Reference 45).

Minor Criteria:

1. Abnormal MC morphology as per WHO SM minor criterion #1;

2. CD2 and/or CD25 expression as per WHO SM minor criterion #2;

3. Detection of known constitutively activating mutations in MCs in blood, marrow, or extracutaneous
organs;

4, Elevation in serum tryptase or chromogranin A, plasma heparin or histamine, urinary N-methylhis-
tamine, and/or other MC-specific mediators such as (but not limited to) relevant leuko—trienes (B4,
C4, D4, E4) or PGD, or its metabolite 11-B-PGF, .

Diagnosis of MCAS made by either (1) both major criteria, or (2) the second major criterion plus any

one of the minor criteria, or (3) any three minor criteria.

Figure 2. Diagnostic criteria for systemic mastocytosis (SM) and mast cell activation syndrome (MCAS). MC: mast cell;
PG: prostaglandin; WHO: World Health Organization.

patient. For more aggressive forms of SM, enrolment in novel therapies (e.g., masatinib) have completed successful
a clinical trial of novel therapy is the best option. Some trials in aggressive SM and are now being explored in
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wasting, end-organ dysfunction, etc.)?

questionnaire?

strange symptoms/findings?

Establish Suspicion:

Signs of mastocytosis (e.g., urticaria pigmentosa, unprovoked flushing or anaphylaxis,

Symptoms of MC activation (Table 1)? MC mediator release syndrome per validated

More symptoms/findings than can be explained by definitively established diagnoses? Odd/

Poor response to treatment of definitively established diagnoses?

If serum tryptase persistently > 20 ng/mil:

testing as above

Common serum chemistries

Initial Testing:

Biopsy of lesions of suspected cutaneous mastocytosis

- bilateral marrow aspiration/biopsy including MC-specific immunohistochemical stain-
ing (e.g., CD117, tryptase, toluidine blue, Giemsa, Alcian blue), multicolor flow cytom-
etry for co-expression of CD117*CD25* or CD117*CD2*, and molecular testing for KIT
mutations as available (PCR for KITP®"" at a minimum)

- biopsy of other extracutaneous tissues (e.g., Gl tract) as appropriate, for MC-specific

Complete blood count with manual differential

Quantitative immunoglobulin profile if frequent infections and/or delayed healing
PT/PTT if easy bruising or bleeding or thromboembolic events

Chilled plasma histamine

Additional Mast Cell Mediator Testing:
Chilled plasma for prostaglandin D, (and/or 11-B-PGF, ) (avoid NSAIDs for 5+ days before testing)

Chilled plasma heparin (if not on exogenous heparin products)

Chilled random and 24-hour urine collections for PGD2 (and/or 11-B-PGF2G) and N-methylhistamine
Serum chromogranin A (avoid proton pump inhibitors for 5+ days before testing)

Chilled urine for leukotrienes B4, C4, D4, and E4 (if necessary)

Figure 3. A suggested diagnostic approach to mast cell (MC) activation disease including mastocytosis and MCAS.

ISM. When investigational therapy is not an option for the
patient with aggressive mastocytosis, the ad hoc cytotoxic
therapies commonly tried (e.g., cladribine, interferon)
usually yield modest response rates and durations at the
cost of significant toxicities, such approaches have been
reviewed elsewhere.’® There have been no controlled

trials of any therapy yet in MCAS. For ad hoc treatment of
MCAS, an economics-based strategy for determining the
order in which to try assorted therapies seems reasonable,
starting with inexpensive therapies and escalating in cost as
necessary. Some patients achieve sufficient control at little
expense, but many require expensive regimens that can be
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challenging to initiate or sustain.

Secondary issues in MCAS (e.g., inflammation, infection,
autoimmunity, malignancy, coagulopathy, osteopathy,
etc.) not uncommonly come to clinical attention first,
but regardless of whether such issues present prior or
subsequent to diagnosis of MC disease, they warrant
standard therapy and may fare better when MCAS is
recognised and concomitantly specifically addressed, such
as can be seen in the setting of SM with an associated
hematologic  non-mast-cell-lineage  disorder (e.g.,
leukaemia or lymphoma).¢3

CONCLUSIONS

MCAS is a recently recognised, prevalent collection of
chronic, generally inflammatory multisystem illnesses
likely born of marked mutational heterogeneity in MC
regulatory elements, causing heterogeneous patterns
of constitutive MC activation, leading to marked
clinical heterogeneity which can be diagnostically and
therapeutically confounding. In contrast to the forms
of mastocytosis, which are much rarer than MCAS, the
mutational patterns in MCAS do not drive significant MC
proliferation. Thus, classic pathologic hallmarks used
in diagnosing mastocytosis (e.g., significantly elevated
serum tryptase (more marking MC load than activation),
the KIT-D816V mutation, CD117*CD25* or CD117*CD2*
expression, and abnormal MC morphology or aggregation)
are rare in MCAS, and laboratory evaluation when MCAS
is suspected instead focuses on markers of MC activation
once mastocytosis and other diseases potentially providing
unifying explanations for the symptoms and findings in the
case have been ruled out. While their lifespans typically are
normal, MCAS patients often suffer diminished quality of
life until the disease is diagnosed and effectively treated.
With patience, persistence, and a methodical approach,
most MCAS patients are able to eventually identify a
therapeutic regimen which helps them feel significantly
better the majority of the time. Although such efforts may
require many medication trials and much time, many MCAS
patients have been ill for far longer and, simply by having
finally identified a diagnosis and prognosis, are bolstered
to endure the “trial-and-error” needed to identify effective
therapy. Much research in MC disease remains to be done,
but educational needs are equally great.
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