Chapter 2 )
Mastocytosis: Overview of Diagnosis b
and Classification

Cem AKkin, Sigurd Broesby-Olsen, and Peter Valent

Mastocytosis is a disorder characterized by clonal expansion of mast cells. In most
cases, it is caused by gain-of-function mutations in the KIT gene, which encodes a
critical growth factor receptor involved in mast cell growth, differentiation, and sur-
vival [1]. Clonal mast cells can be found in skin, bone marrow, liver, spleen, and
gastrointestinal tract. The symptomatology is due to local expansion and accumula-
tion of mast cells, release of vasoactive mediators as well as cytokines from activated
mast cells, and, in some patients, presence of an associated hematologic disorder.

Epidemiology

The estimated prevalence is approximately 1 in 20,000. It can be seen in both chil-
dren and adults [2, 3]. In children, the disease is limited to skin and diagnosed
by typical cutaneous lesions usually noted in the first year of life. Ninety per-
cent of childhood-onset disease resolves by adolescence. In contrast, adult-onset
mastocytosis involves the bone marrow and is persistent. It is seen in all ethnic
populations, although most diagnosed cases in the Western world are Caucasians.
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Clinical Presentations

The disease has protean clinical manifestations and may present in one of the clini-
cal scenarios described below:

1. Urticaria pigmentosa (maculopapular cutaneous mastocytosis = MPCM): This is
the most common presentation in both children and adults. MPCM consists of
hyperpigmented, fixed lesions usually less than 2 cm in diameter, involving trunk
and extremities, usually sparing sun-exposed areas in adults (Fig. 2.1a, b).
Children generally have lesions of varying sizes (polymorphic MPCM) and may
have scalp involvement (Fig. 2.2). Blistering of the lesions may be seen earlier in
life, mostly in the first 3 years (Fig. 2.3). The lesions are generally not pruritic at
baseline but urticate with friction, temperature changes, fever, emotional stress,
and exercise. Darier’s sign, defined by a wheal and flare reaction of the skin
lesions upon mechanical rubbing, is a pathognomonic hallmark of cutaneous
disease involvement and confirms the diagnosis of mastocytosis in the skin
(Fig. 2.4a,b). MPCM is the most common variant. Less common variants include
diffuse cutaneous mastocytosis and mastocytomas in children [4] (Fig. 2.4). A
skin biopsy confirms the diagnosis.

2. Anaphylaxis and symptoms of mast cell activation: These patients may or may
not have skin lesions but come to clinical attention due to recurrent anaphylaxis
or other episodic symptoms of mast cell activation including flushing, abdominal
cramps, diarrhea, tachycardia, hypotension, and loss of consciousness. Flushing

Fig. 2.1 a, b. Adult-onset maculopapular cutaneous mastocytosis
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Fig. 2.2 Typical MPCM
skin lesions in pediatric
cutaneous mastocytosis

episodes typically last for 15-30 minutes. Acute urticaria and angioedema are
uncommon [5, 6].

3. Hematologic disorders: Approximately 10-15% of the patients are diagnosed
because of abnormalities in their blood counts, prompting a bone marrow biopsy.
These patients show evidence of an associated hematologic disorder, usually
myeloproliferative or a myelodysplastic syndrome (MDS), in addition to masto-
cytosis [7].

4. Bone disease: A small number of patients are initially diagnosed due to bone
pain; vertebral compression fractures; and osteopenia, osteoporosis, or rarely
sclerotic or even osteolytic lesions shown by imaging studies, prompting a bone
biopsy [8].

Diagnosis

Cutaneous disease is diagnosed by observing typical skin lesions, by testing for
Darier’s sign, and by a skin biopsy. Systemic disease is diagnosed by a bone marrow
biopsy, aspiration, and demonstration of World Health Organization (WHO) diag-
nostic criteria for systemic mastocytosis (Table 2.1) [9, 10]. These criteria are dis-
cussed in more detail in other chapters of this book.
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Fig. 2.3 Bullous MPCM
in a patient with pediatric
cutaneous mastocytosis

Major Criterion

Multifocal mast cell accumulations of >15 cells per collection. Tryptase, CD117,
and CD25 staining of the core biopsy is recommended to evaluate for the presence
of the major criterion.

Minor Criteria

1. Aberrant Mast Cell Morphology: Normal mast cells have a round shape and are
fully granulated with a central nucleus. Mast cells in mastocytosis are spindle shaped
and have cytoplasmic projections and an oval off-center nucleus, which, in advanced
disease, may be clefted or multilobated. This abnormal morphology can be demon-
strated in bone marrow sections or in aspirate smears. Mast cells in aspirate smears
are usually found in or around spicules and are degranulated or hypogranulated [11].
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Fig. 2.4 Darier’s sign. a.
Mastocytoma prior to
rubbing. b. Wheal and flare
formation after rubbing of
the lesion

Table 2.1 World Health Organization diagnostic criteria for systemic mastocytosis

Major SM criterion

Multifocal dense aggregates of mast cells (>15 mast cells per aggregate) in bone marrow and/
or other extracutaneous organ

Minor SM criteria

a. More than 25% of all mast cells have atypical morphology (e.g., spindle shaped) in bone
marrow aspirates

b. Codon 816 KIT point mutation in the bone marrow, blood or another extracutaneous organ

c. CD2 and/or CD25 expression on mast cells in the bone marrow, blood, or other
extracutaneous tissues

d. Baseline serum tryptase level > 20 ng/mL

Major + one minor or three minor criteria are required. Tryptase criterion is not valid if there is an
associated hematologic (myeloid) neoplasm [9, 10]

2. CD2 and/or CD25 Expression: Normal mast cells do not express CD2 or CD25.
Aberrant CD25 expression can be detectable by immunohistochemistry or flow
cytometry. In flow cytometry, detection of mast cells requires acquisition of at
least 500,000 or more events and appropriate gating strategies, and they may
not be detectable by routine leukemia/lymphoma phenotyping. IHC can be per-
formed in archival paraffin blocks. Serial sections should be evaluated for
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tryptase and/or CD117-positive mast cells co-expressing CD25. CD2 is also
aberrantly expressed, but it may be variably detectable and is especially low or
even absent in mast cells in many cases of advanced disease [12].

3. KIT D816V Mutation: KIT encodes for the receptor of stem cell factor, which is
the most important growth factor for mast cell growth and development. D816V
somatic gain-of-function mutation is found in >90% of adult cases with systemic
mastocytosis and approximately 30% of pediatric cutaneous mastocytosis [13].
The most sensitive method to detect this mutation is an allele-specific gPCR in
bone marrow aspirate. Peripheral blood may yield wild-type results in patients
with low mast cell burden unless very sensitive (not yet widely available) PCR
techniques are used [14] and in patients with non-D816V KIT mutations.
Therefore, mutation analysis studies should be performed on bone marrow cells
when the blood test is negative.

4. Serum Tryptase >20 ng/ml: Tryptase is a relatively specific marker, as this enzyme
is primarily synthesized by mast cells. Mature tryptases (mainly beta tryptase) are
stored in mast cell granules and are released during mast cell activation [15]. Pro-
tryptases (mainly alpha tryptase) are secreted constitutively from mast cells, result-
ing in a stable baseline serum level that reflects the total body burden of mast cells.
Commercially available tryptase assays test for total (pro- and mature tryptases).
Normal median serum or plasma baseline tryptase is approximately 5 ng/ml.
Values greater than 20 ng/ml are typically found in systemic mastocytosis. Tryptase
levels <20 ng/ml can be seen in patients with low mast cell burden, monoclonal
mast cell activation syndrome, bone marrow mastocytosis, and cutaneous masto-
cytosis. An important aspect is that tryptase levels >20 ng/ml can also be seen in
conditions other than mastocytosis, including hereditary alpha tryptasemia [16],
chronic renal disease [17], and myeloid neoplasms [18]. Therefore, an elevated
basal tryptase level is a minor (but not major) criterion of systemic mastocytosis.

Presence of at least the major plus one minor or three minor criteria is required to
establish the diagnosis of systemic mastocytosis. In patients with hematologic dis-
ease, tryptase criterion is not valid, as it can be elevated due to the hematologic disease
itself. Patients presenting mast cell activation symptoms who show CD25 expression
in mast cells and/or KIT D816V mutation are termed to have monoclonal mast cell
activation syndrome (MCAS) when all MCAS criteria are fulfilled [19-21].

Well-Differentiated Systemic Mastocytosis

A histopathologic variant termed “well-differentiated mastocytosis” was described in
2002, and consists of mast cells with a round, fully mature morphology, absence of
CD25 expression, and usually lack of KIT mutations. This variant usually satisfies the
diagnostic criteria due to the presence of the major criterion, demonstration of clonal-
ity by either Kit mutation or HUMARA assay, and elevated tryptase levels [22, 23].
However, the well-differentiated variant of mastocytosis can be detected in all WHO
categories of mastocytosis including indolent mastocytosis and mast cell leukemia.
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Classification

WHO recognizes seven categories of the disease [9]:

1.

Cutaneous Mastocytosis: This category of disease is almost exclusively seen in chil-
dren and means that the disease is limited to skin [4]. It should be noted that “‘mas-
tocytosis in skin” is the preferred term for adult patients with skin lesions in whom
systemic involvement cannot be ruled out because no bone marrow studies were
performed. Cutaneous mastocytosis can present as MPCM, diffuse cutaneous mas-
tocytosis or mastocytoma of the skin (Please see the Chap. 5 by Hartmann et al.
in this book for more information).

Systemic Mastocytosis: This is the most common category in adults and means that
the disease is detectable in an extracutaneous tissue, most often in bone marrow
(see above for systemic mastocytosis diagnostic criteria). It has five subcategories.

(a) Indolent Systemic Mastocytosis: This category of disease is characterized by
the presence of systemic disease in bone marrow but absence of a hematologic
disorder, multiple B findings, any C findings, and less than 20% mast cells in
bone marrow aspirate smears. The life expectancy is similar to that in the gen-
eral population, but mast cell mediator-related symptoms occur frequently.
Rate of progression to a more advanced category is low (less than 5%).

(b) Systemic Mastocytosis (SM) with Associated Hematologic Neoplasm
(AHN): This category is diagnosed by demonstrating SM criteria as well as
another coexisting hematologic disease meeting the WHO criteria. The AHN
is often a chronic myeloproliferative disease (MPN-U), MDS, or MDS/
MPN (CMML), but occasionally, a lymphoproliferative disease can also be
diagnosed. In patients with ISM-AHN, the prognosis depends on the
AHN. In advanced SM associated with AHN, the prognosis depends on both
the SM and the AHN components of the disease.

(c) Smoldering Systemic Mastocytosis: This category is marked by presence of 2
or 3 so called B-findings indicating large mast cell burden. First B finding is
tryptase levels of >200 ng/ml and bone marrow infiltration of >30% mast
cells in biopsy sections. As a second B-finding, splenomegaly and/or lymph-
adenopathy is frequently recorded without liver dysfunction or hypersplen-
ism. Finally, signs of dysplasia or myeloproliferation in non-mast cell lineages
may be found without an evidence of an overt hematologic disorder meeting
WHO criteria. The smoldering type of SM is considered an intermediate cat-
egory. Rate of progression to an advanced disease variant may be low but is
not precisely known due to the rarity of this category of disease [24].

(d) Aggressive Systemic Mastocytosis: This rare subtype (less than 5% of all
cases) presents with C findings, reflecting organ damage (C-findings) result-
ing from tissue infiltration by immature mast cells. Involved tissues may
include bone marrow (cytopenias: absolute neutrophils counts <1000/
microliter, hemoglobin <10 g/dl, platelets <100,000/microliter), liver
(hepatomegaly, portal hypertension, ascites, elevated liver function tests),
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spleen (splenomegaly with hypersplenism), bone (lytic lesions >2 cm with
pathologic fractures), and gastrointestinal (malabsorption with hypoalbu-
minemia and weight loss). The C-findings must be due to mast cell infiltra-
tion [25]. Sometimes, a bone marrow-related C-finding may be difficult to
attribute with certainty to mast cell infiltration in patients with AHN.

(e) Mast Cell Leukemia: This is the rarest category with the poorest prognosis.
Bone marrow typically shows diffuse dense infiltration with atypical mast
cells. It is characterized by presence of >20% abnormal mast cells in bone
marrow aspirate smears [26]. In patients with classical MCL, >10% mast
cells are found in peripheral blood smears. If this is not the case (<10% mast
cells of all circulating blood leukocytes), the diagnosis is aleukemic MCL.

3. Mast Cell Sarcoma: These are rare isolated solid mast cell tumors consisting of
immature mast cells with local invasion. In most patients, mast cell sarcoma
progresses to MCL within short time and the prognosis remains poor [27].

Prognosis

Prognosis for cutaneous mastocytosis is excellent. In 90% of the children, skin
lesions resolve or improve spontaneously. The remaining 10% is persistent and may
later be diagnosed with systemic mastocytosis. SM is suspected in children who
keep skin lesions after adolescence, those with persistently elevated tryptase levels
>20 ng/ml, hematologic abnormalities, or hepatosplenomegaly. These patients
should be evaluated for consideration of a bone marrow biopsy and aspiration [28].
Otherwise, patients with typical childhood-onset mastocytosis do not require bone
marrow biopsy. Prognosis for indolent systemic mastocytosis is good, and these
patients have a life expectancy comparable to that in the general population [3]. Risk
of progression to an advanced variety is rare (<5%). SM-AHN, ASM, and MCL are
collectively termed as advanced mastocytosis. Prognosis in SM-AHN is poorer and
depends on the AHN. ASM carries a poor prognosis with an estimated 50% survival
rate of about 3 years. MCL has the poorest prognosis, with most cases being fatal
within a year unless treated with intensive therapy or KIT-targeting drugs [29, 30].
A chronic form of MCL with long-term survival (over 5 years) has been described,
which meets histopathologic criteria for MCL but without C-findings [31].

Treatment

Treatment of mastocytosis is explained in more detail in other chapters of this book.
All categories of mastocytosis should be treated for mast cell mediator-related symp-
toms [32]. H1 antihistamines are used for itching, flushing, and prophylactic treat-
ment of anaphylactic episodes. H2 antihistamines are recommended for those with
gastrointestinal symptoms such as abdominal cramping, peptic ulcers, reflux, bloat-
ing, and diarrhea. Anti-leukotriene agents may be added in patients with refractory
skin or GI symptoms. Oral cromolyn can be used as a mast cell stabilizer especially
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in patients with gastrointestinal symptoms. Oral steroids may be effective in those
with advanced disease with liver involvement or recurrent anaphylaxis. Omalizumab
has been reported to be effective in preventing anaphylactic episodes [33, 34]. There
is a clearly increased risk for anaphylaxis compared to the healthy background popu-
lation, and the lifetime risk of anaphylaxis is approximately 40% in adult-onset mas-
tocytosis (<10% in children-onset cases) [35]. Anaphylaxis may be associated with
IgE-mediated (hymenoptera stings) sensitization or non-IgE-mediated drug reac-
tions (such as NSAIDs, physical factors including exercise) or idiopathic [5]. Risk
factors for anaphylaxis include IgE levels of >15, tryptase <40 ng/ml, absence of
skin lesions, and male gender [36]. Self-injectable epinephrine should be prescribed
for all patients. All patients with anaphylaxis should be evaluated thoroughly for an
underlying, relevant IgE-mediated allergy, and relevant prophylactic measures
should be taken (e.g. allergen avoidance or immunotherapy in patients with venom
allergy) [37]. In this regard, it is worth noting that in patients with mastocytosis, it is
sometimes difficult to document IgE involvement by conventional allergy tests. In
patients with severe recurrent anaphylaxis (MCAS) without identifiable cause, treat-
ment with omalizumab may be required to control symptoms. Treatment of advanced
disease requires cytoreductive therapies such as IFN-alpha, cladribine [38], or tyro-
sine kinase inhibitor midostaurin [39]. Newer kinase inhibitors such as avapritinib
[40] and a monoclonal antibody targeting Siglec 8 [41], a surface receptor with
inhibitory signaling, are under clinical trial at the time of writing this text. Stem cell
transplantation may also be considered in select cases [20].

Conclusions

Mastocytosis is a hematopoietic disorder of the mast cell progenitor resulting in
pathologic accumulation and activation of mast cells. It has been increasingly rec-
ognized and diagnosed owing to increased public awareness, especially of low dis-
ease burden states presenting with mast cell activation symptoms or anaphylaxis,
and refining of diagnostic criteria including availability of sensitive KIT D816V
mutation detection techniques. Emerging therapies include cytoreductive avapri-
tinib targeting KIT D816V mutation as well as those targeting mast cell activation
such as omalizumab, midostaurin, or anti-Siglec 8. More research is needed in areas
of therapeutics, biomarker discovery, and prognostic markers.
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