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10.1 Introduction

Mastocytosis is a rare hematologic neoplasm characterized by abnormal prolifer-
ation and accumulation of clonal mast cells. Mastocytosis limited to skin is termed
cutaneous mastocytosis and will not be discussed further here. Systemic masto-
cytosis (SM) is characterized by aggregates of atypical mast cells in bone marrow
(major criterion for diagnosis defined by World Health Organization) along with
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infiltration of other organs among which skin, liver, and spleen are most common.
Clinical symptoms arise either from release of mediators from mast cells or in
advanced cases from organ dysfunction related to mast cell infiltration. In a large
subset of cases, SM coexists with an associated hematological neoplasm
(AHN) and in such cases features of the hematologic malignancy dominate the
clinical picture. Cases of indolent SM (ISM) comprise the other major subset and
are characterized by skin involvement and mediator release symptoms. Rare subsets
of SM include aggressive SM (ASM) and mast cell leukemia (MCL) [1].

10.2 Biology and Genetics of SM

KIT is a receptor tyrosine kinase expressed on mast cells and interaction with its
ligand, namely, stem cell factor (SCF) supports mast cell differentiation, survival,
and proliferation. A gain-of-function point mutation (most commonly D816V,
though others have been reported) in the tyrosine kinase domain of the KIT gene
results in ligand-independent activation of the KIT tyrosine kinase [2]. The pres-
ence of an activating point mutation at codon 816 of KIT is seen in more than 90%
of patients and fulfills one of the minor criteria for diagnosis of SM [1]. There is a
high correlation between KIT mutation detection and the proportion of lesional cells
in the samples as well as the sensitivity of the screening method. The question as to
whether KIT mutation alone is sufficient to cause neoplastic mast cell transforma-
tion remains unsettled.

Recent studies have shown that additional mutations identified in SM include
TET2, SRSF2, ASXL1, EZH2, CBL, RUNX1, JAK2, and N-RAS and one or more of
these are commonly present in advanced SM which includes SM-AHN, ASM, or
MCL and these additional mutations are rare in ISM. The precise prognostic
implications of individual mutations are unclear but presence of additional muta-
tions besides KIT is associated with worse overall survival [3–5]. In the case of
SM-AHN, these additional mutations are acquired at the stem cell level prior to the
KIT D816V and are present in the mast cell clone as well as the coexisting myeloid
malignancy indicating a stepwise pathogenesis [6, 7]. Single cell sequencing studies
have shown the KIT mutation occurs in early hematopoietic stem cells and is
present to a variable extent in different hematopoietic lineages in subtypes of SM [8,
9].

Cytogenetic abnormalities are a feature of SM-AHN. Abnormalities identified
are often single chromosomal abnormalities including +8, del(5q), del(7), -7, +13,
and del(20q). However, these cytogenetic abnormalities are not unique to SM and
are the characteristic of the associated myeloid malignancy [10]. In cases of
SM-AHN, the mast cells carry the same cytogenetic abnormality as the AHN again
showing their common clonal origin [11]. A specific association exists between SM
and t(8;21) AML and coexistence of SM confers an adverse prognosis to this
otherwise favorable AML subset [12].
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10.3 Diagnosis and Classification of SM

The WHO diagnostic criteria for systemic mastocytosis are listed in Table 10.1. The
major criterion for diagnosis is the presence in the bone marrow of multifocal dense
aggregates of mast cells (� 15 cells in aggregates) with spindled morphology, and
cytoplasmic hypogranularity, which is in contrast to normal mast cells which are
dispersed, round to oval in shape, with prominent cytoplasmic granularity. These
aggregates are often seen in a paratrabecular or perivascular location and are
accompanied by many small lymphocytes, histiocytes, fibroblasts, and eosinophils
[1]. The paratrabecular lesions are sometimes associated with fibrosis and widening
of the bony trabeculae and the perivascular forms are often accompanied by
hypertrophy of the associated blood vessels. The associated fibrosis renders the
mast cells difficult to aspirate and hence a morphologic evaluation of the bone
marrow aspirate will not reflect the extent of underlying mast cell proliferation
which requires immunohistochemical evaluation of core biopsy specimens.

The stains that are useful in identifying mast cells in bone marrow include
tryptase, which is both sensitive and specific for mast cells. Other immunostains
that are useful in identifying mast cells include CD117, CD68, CD43, and CD33.
Immunophenotypic aberrancy as manifested by mast cell coexpression of CD25
and, less commonly, CD2 is a minor criterion for diagnosis of SM [1]. CD30 (Ki
antigen) has been reported to be preferentially expressed in neoplastic mast cells
and earlier studies reported its positivity especially in aggressive SM and MCL.
However, further studies have reported CD30 expression in ISM as well. Hence,
CD30 while useful as a marker for neoplastic mast cells may not be used as a
marker for grading SM [13, 14].

Table 10.1 Diagnostic
criteria for SM

Diagnosis of SM requires major criterion and at least 1 minor
criterion or � 3 minor criteria

Major criterion
• Multifocal dense infiltrates of mast cells (� 15 mast cells in
aggregates) detected in bone marrow and/or other
extracutaneous organs

Minor criteria
• >25% of mast cells in infiltrates are spindle shaped or have
atypical morphology or >25% of mast cells in bone marrow
aspirates are immature or atypical

• Detection of activating KIT mutation at codon 816 in bone
marrow, blood, or an extracutaneous organ

• Mast cells expressing CD25 with or without CD2 in addition
to normal mast cell markers

• Serum tryptase persistently over 20 ng/mL, unless there is an
associated myeloid neoplasm, in which case this parameter is
not valid.
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The presence of an activating point mutation at codon 816 of KIT fulfills one of
the minor criteria for diagnosis of SM. Although this mutation occurs at a high
frequency in SM, occurring in more than 90% of SM patients, its detection is
dependent on sensitivity of assay used and false negative results may occur [15].
Various factors related to testing can lead to negative results on KIT mutation
assays including low sensitivity of next-generation sequencing assays. Less fre-
quently, other mutations outside of tyrosine kinase domain of KIT are present which
may be missed in assays directed specifically to KIT D816V. In cases where SM is
diagnosed, but KIT D816 mutation is negative, additional sequencing of the KIT
gene is recommended since this has therapeutic implications. Since KIT mutations
can be found in one-third of cutaneous mastocytosis (CM) cases within lesional
skin, the WHO criteria for SM specifies that the KIT mutation must be identified at
an extracutaneous site, most commonly within neoplastic mast cells in the bone
marrow.

Should the patient meet the WHO criteria for SM, they can be further sub-
classified based on a combination of histopathologic and clinical features
(Table 10.2). Broadly, the multiple variants fall into two general umbrella cate-
gories, with different clinical, prognostic, and therapeutic implications: “advanced
systemic mastocytosis” versus “indolent” variants. Encompassed in the “advanced
systemic mastocytosis” category are SM-AHN, MCL, and aggressive systemic
mastocytosis. The “indolent” variants of SM include smoldering SM and indolent
SM.

Majority of patients with advanced SM have SM-AHN. Aside from meeting
criteria for SM, SM-AHN demonstrates an associated non-mast cell lineage
hematologic neoplasm, which can be diagnosed before, with, or after the diagnosis
of SM. The associated hematologic neoplasm can be myeloid or
lymphoid/plasmacytic in lineage and can range in aggressiveness from an indolent
process to acute leukemia. In 90% of cases, the associated hematologic neoplasm is
of myeloid lineage including myelodysplastic syndrome (MDS), myeloproliferative
neoplasms (MPN), chronic myelomonocytic leukemia, or acute myeloid leukemia
(AML) [1]. Lymphoid neoplasms associated with SM are not clonally related to the

Table 10.2 Variants of SM All variants should meet general criteria for SM

Indolent variants (skin lesions almost invariably present)
• Indolent SM (low mast cell burden, No C findings, no
hematologic neoplasm)

• Smoldering SM (B findings, high mast cell burden, no
hematologic neoplasm)

Advanced variants (skin lesions uncommon)
• SM-AHN

• Aggressive SM (C findings present)

• Mast cell leukemia (� 20% mast cells in bone marrow
aspirate smears)
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coexisting SM [16]. A subset of AML with the (8;21) RUNX1-RUNX1T1
translocation may show concurrent SM, and the associated mast cell infiltrate may
be masked by the acute leukemia infiltrate at initial diagnosis and may not become
apparent until following treatment [17]. It is critical to examine bone marrow core
biopsy (not aspirate) specimens by immunohistochemistry for mast cell infiltrate if
D816 or another activating KIT mutation is detected in myeloid malignancies
associated with SM since coexisting SM has adverse prognostic impact especially
in AML. Skin involvement as well as symptoms related to mast cell mediator
release do not seem to occur in SM-AHN. In most cases, the disease course and
prognosis are primarily determined by the associated hematologic neoplasm.
Therefore, it is important that the associated hematologic neoplasm is separately
designated and classified according to defined WHO criteria.

Mast cell leukemia is an aggressive variant of SM. It is highly lethal with an
overall survival of <1 year. On pathology, it is characterized by the presence of
immature mast cells, which are round rather than spindled, and range in levels of
immaturity from bilobated/multilobated promastocytes to metachromatically gran-
ulated blasts to scantly granular but tryptase-positive blasts. These immature mast
cells diffusely infiltrate the bone marrow. By definition, the neoplastic mast cells
should comprise � 20% of cells on aspirate smears [1]. Though it represents the
leukemic variant of SM, it is more common for MCL to demonstrate <10% cir-
culating mast cells. Typically, evidence of organ dysfunction secondary to malig-
nant mast cell infiltration is apparent at presentation.

The remaining subtypes of SM are stratified according to clinical aggressiveness
and extent of mast cell infiltrate. Provided that MCL and SM-AHN are excluded, if
there is evidence of organ dysfunction (defined as the “C findings” in Table 10.3),
the diagnosis would be ASM [3]. Aggressive SM most commonly shows organ
damage in the form of hematologic or liver dysfunction. Gastrointestinal symptoms
(malabsorption and weight loss) count as an organ dysfunction only if biopsies
document gastrointestinal mast cell infiltrates as cause of the symptoms. In ASM,
the bone marrow aspirate smear (not biopsy) mast cells comprise � 5% of marrow
cellularity. Cases in which marrow aspirate mast cells are >5% but <20% are
diagnosed as aggressive SM in transformation (to MCL), whereas cases with
marrow aspirate mast cells � 20% represent frank MCL [1].

Absence of organ dysfunction characterizes smoldering SM, indolent SM, and
the very rare entity termed bone marrow mastocytosis. They differ mainly in the
extent of mast cell burden in the marrow, spleen, and liver, with a higher burden of
disease in smoldering systemic mastocytosis, defined as the presence of two or
more “B findings” (Table 10.3). Indolent SM and bone marrow mastocytosis both
show low burden of disease, and they differ only in the presence or absence of skin
lesions, respectively [1]. Smoldering SM often remains stable for many years,
though progression to aggressive SM or MCL can occur.
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10.3.1 Case 1. SM-AHN

A 37-year-old male presented with pruritus without a rash and then developed
pancytopenia (WBC 4100µL, hemoglobin 10.1 g/dL, platelet count 25,000/µL) for
which he underwent a bone marrow biopsy. Bone marrow had 100% cellularity and
revealed increase of blasts of 5–10%. In addition, the bone marrow biopsy showed
clusters of atypical spindle-shaped mast cells with aberrant expression of CD25 as
well as KIT D816V mutation. Tryptase level was 3.1 µg/L. Megakaryocytes were
increased in number and showed dysplastic morphology. There was moderate
reticulin fibrosis (MF 2 of 3). Next-generation sequencing (NGS) revealed muta-
tions in RUNX1, U2AF1, and CBL in addition to KIT. Cytogenetics revealed tri-
somy 8. He underwent a haploidentical stem cell transplant from his brother after
fludarabine and total body irradiation (1200 cGy) conditioning followed by GVHD
prophylaxis with cyclophosphamide, tacrolimus, and mycophenolate mofetil. His
bone marrow biopsy on day 34 after transplantation showed persistent mast cell
infiltrate (5% of cellularity) but no increased blasts, normal cytogenetics, and
absence of previously detected mutations by NGS. Chimerism studies showed
99.14% donor DNA. He continues to remain in remission 2 years after his trans-
plant and is off all immunosuppression with no evidence of graft versus host
disease.

Based on the clinicopathologic and molecular findings, Case 1 can be classified
as SM-AHN; in this case, the AHN being MDS with excess blasts-1 which dom-
inated the clinical picture as is typical with most cases of SM-AHN. Although he
had symptoms of itching, skin lesions of SM were absent as is typically the case
with SM-AHN. The presence of additional mutations besides KIT D816V as well
as cytogenetic abnormality is also typical of SM-AHN. The treatment would pri-
marily be that of MDS which would address the associated SM since the two
entities are clonally the same. Therefore, the decision was made to proceed to

Table 10.3 B (disease
burden) and C (cytoreduction
requiring) findings of SM

B findings
• High mast cell burden (� 30% mast cells on bone marrow
biopsy, tryptase � 200 ng/ml)

• Slight blood count abnormalities with no definite AHN

• Hepatosplenomegaly without functional impairment or
lymphadenopathy

C findings
• Bone marrow dysfunction from mast cell infiltration (absolute
neutrophil count <1000/ µL, hemoglobin <10 g/dL, and
platelet count <100,000/µL)

• Hepatic dysfunction with or without portal hypertension

• Hypersplenism

• Bone lesions (except osteoporosis)

• Malabsorption syndrome from mast cell infiltration of gut
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allo-HSCT, given his age as well as excellent performance status and lack or organ
dysfunction from the associated SM. Due to the lack of matched sibling or unre-
lated donor, a decision was made to perform haploidentical HSCT from his brother
and patient had an excellent outcome. Although there was a persistent bone marrow
infiltrate of neoplastic mast cells at day 34 after HSCT, this is often seen in the case
of SM-AHN after HSCT and does not require any intervention as long as there is no
evidence of the original AHN.

10.3.2 Case 2. ISM

A 61-year-old male developed a pruritic rash of small erythematous to brown
papules on his posterior thigh that spread through his trunk which he first noticed in
2013 (Fig. 10.1). He also noticed about 10 lb of weight loss. A skin biopsy from
left chest wall was performed in October of 2014 and histopathologic finding was
consistent with urticaria pigmentosa. Peripheral blood counts were normal. The
bone marrow biopsy in April 2014 showed normocellular bone marrow with
involvement by SM (spindle-shaped mast cells with aberrant CD25 expression
comprising less than 5% of cellularity) and normal trilineage hematopoiesis. KIT
D816V was detected by NGS at a variable allele frequency of 7.4%. There was no
hepatosplenomegaly on imaging. He also had elevated serum tryptase levels which
was 68.4 µg/L in March 2018. He was started on midostaurin 50 mg twice daily
starting October 2018. His pruritus and skin rash improved. Serum tryptase levels
are still elevated and was 303 µg/L in May 2020. He is tolerating midostaurin well
except for nausea managed with antiemetics.

Indolent SM is the second most common form of SM in adults. The term ISM is
used for patients with SM without an associated hematologic neoplasm and
with <20% mast cells in the bone marrow, low mast cell/disease burden (defined
as � 1 “B findings” as per Table 10.3), and no organ dysfunction (defined as no “C
findings” as per Table 10.3). Mast cell infiltrates may be detected in various organs
(including liver, spleen, and gastrointestinal tract) in ISM, but by definition there is
no organ dysfunction. Otherwise, the diagnosis would be ASM. If � 2 “B findings”

Fig. 10.1 Urticaria
pigmentosa rash in a patient
with ISM
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are present, the diagnosis changes to smoldering SM. The clinical course is gen-
erally indolent, though severe anaphylaxis can be seen more often compared to
more aggressive forms of SM. The KIT D816V mutation is detected in >90% of
ISM cases, with other KIT mutations detected in a portion of the remaining patients
upon sequencing of the KIT gene.

Case 2 has the typical presentation with urticaria pigmentosa dominating the
clinical picture. The patient did not have features related to other organ dysfunction
from mast cell infiltration (C findings). Therefore, he would be expected to have a
prolonged indolent clinical course and focus of therapy would be to manage
symptoms as well as prevent mast cell proliferation. Therapy directed at KIT
D816V mutation is appropriate in this case given the dominant role of this mutation
in pathogenesis of ISM. Although he responded well to midostaurin clinically with
significant improvement in skin rash, this was not reflected in tryptase level which
remained high. Therefore, it appears that tryptase level alone cannot be used to
follow response of SM to KIT-directed therapy and response should be assessed by

c

b

d

a

Fig. 10.2 Bone marrow features of SM. a Bone marrow biopsy from a patient with ISM showing
dense paratrabecular aggregates of spindle-shaped mast cells. Osteosclerosis is evident. Such
aggregates fulfill the major WHO criteria for SM. b Immunohistochemistry for mast cell tryptase
highlights the mast cell aggregates. c SM-AHN. Bone marrow aspirate showing increased mast
cells and myeloblasts in a case of SM associated with MDS with excess blasts-2. d Bone marrow
biopsy from SM associated with MDS showing dysplastic megakaryocytes and myeloid precursors
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a combination of clinical as well as pathologic features. Gastrointestinal side effects
from midostaurin can be significant and may require supportive management as in
this case.

10.4 Clinical Features of SM

The clinical features of SM result from release of mast cell mediators, infiltration of
organs, or the associated neoplasm in case of SM-AHN. Constitutional symptoms
like fever, night sweats, and weight loss are common. Mediators induce a wide
array of allergic-type symptoms including urticaria, episodic flushing, hypotension,
tachycardia, and bronchospasm [18]. The classic clinical finding of indolent forms
of SM is skin infiltration with mast cells manifesting as urticaria pigmentosa which
is a common presenting feature (Fig. 10.1). Patients may have bone lesions on
X-ray which includes osteosclerosis, osteoporosis, or lytic lesions and pathologic
fractures may occur. Hepatosplenomegaly is not uncommon, however lym-
phadenopathy is rare. Bone marrow involvement may manifest as peripheral blood
cytopenia which could be from mast cell infiltration or from the associated AHN.
Gastrointestinal symptoms include abdominal pain, nausea, diarrhea, and heartburn
and does not always denote infiltration of gastrointestinal tract with mast cells.
Neurologic symptoms of headache, cognitive impairment, and depression have
been observed [18]. In the case of SM-AHN, symptoms of mediator release as well
as urticaria pigmentosa and other organ infiltration are unusual and the diagnosis is
often made concurrently with or during the course of treatment of the associated
hematologic neoplasm, most commonly AML or MDS.

Laboratory studies for serum tryptase level are helpful in the initial diagnostic
work-up. In SM, a persistently elevated serum tryptase level (>20 ng/ml) is a minor
diagnostic criterion as per the WHO [1]. The levels vary according to the type of
SM; a greater proportion of ASM and SM-AHN patients exhibit a markedly ele-
vated serum tryptase level (>200 ng/ml) compared to the ISM. Levels over
200 ng/ml are also seen in smoldering SM which is characterized by a higher mast
cell burden compared to ISM [15]. However, serum tryptase levels are not specific
to SM and may be elevated in the presence of other myeloid neoplasms such as
AML, MDS, and CML. In the absence of another myeloid malignancy, serum
tryptase is a relatively specific marker for mast cell burden. In reactive mast cell
activation, serum tryptase is elevated during and within several hours of the
patient’s symptoms but returns to a normal level when the patient is asymptomatic,
indicating an episode of mast cell activation without an increase in total body mast
cell number. On the other hand, persistent elevation of baseline serum total
tryptase >20 ng/mL drawn while the patient is asymptomatic indicates an increase
in total body mast cell number. If baseline tryptase is elevated on two occasions, an
evaluation for SM should be pursued.
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10.5 Treatment of SM

The goals of treatment in SM are to improve mediator release symptoms as well as
to decrease mast cell burden in order to improve urticaria pigmentosa rash and other
organ dysfunction if present. In the case of SM-AHN, the primary goal is to treat
the AHN.

Attempts have been made to develop prognostic scoring systems for SM based
on clinical, laboratory, and molecular features. Details of these scoring systems
have been published elsewhere [15]. Some of the adverse prognostic factors include
age over 60 years and elevated alkaline phosphatase level (for non-advanced SM),
and anemia, thrombocytopenia, high tryptase level, lack of skin involvement as
well as presence of high-risk mutations in genes including ASXL1, RUNX1,
DNMT3A, SRSF2, and NRAS [15]. These mutations are a feature of advanced forms
of SM including SM-AHN where the AHN determines prognosis.

Given the universal presence of KIT mutation in SM and its role as the primary
driver of mast cell proliferation and survival, KIT inhibitors are the logical choice to
lower mast cell burden. Midostaurin (PKC 412) a multikinase inhibitor with known
targets including FLT3 and KIT was evaluated for SM. The phase II trial of
midostaurin in advanced SM showed an overall response rate (ORR) of 60% and a
major response was seen in 45% of patients. Complete remissions, however, were
not observed [20]. Based on these results, midostaurin received FDA approval for
advanced SM. The more selective KIT inhibitor avapritinib (BLU 285) is a potent
inhibitor of D816-mutated KIT and has shown higher response rate than midostaurin
in an ongoing Phase 1 study although it must be pointed out that the responses were
assessed by different criteria. The ORR for avapritinib was 77% which included 13%
CR and CR with partial hematologic recovery [21]. Response to therapy in the
avapritinib trial was assessed by the stringent International Working Group—
Myeloproliferative neoplasms Research and Treatment and the European Compe-
tence Network on Mastocytosis criteria where a CR was defined as resolution of all
symptoms and end-organ damage with blood counts as follows: ANC >1 x 109/l
with normal differential, hemoglobin level 11 g/dl, and platelet count (100 x 109/l),
resolution of hepatosplenomegaly and other end-organ damage, a tryptase level less
than 20 ng/ml, and resolution of neoplastic cells in the bone marrow or organ of
known involvement [22]. Midostaurin and avapritinib are FDA approved for
advanced SM. Gastrointestinal side effects, fatigue, and edema are commonly
observed side effects with these agents and often requires dose reduction.

In the very rare situation where D816 mutation in KIT is not detected, it is
important to sequence other exons of the KIT gene for mutations in its extracellular,
transmembrane, or juxtamembrane domains since some of these mutations are
sensitive to imatinib which can induce clinical response in such cases [18].
Cladribine has been used in advanced SM and has an ORR of around 50% with a
higher response rate in more indolent forms of SM [18, 23]. It may be a choice for
patients who fail KIT inhibitor therapy or need more rapid debulking of mast cell
burden. Interferon alpha in combination with corticosteroids has also shown activity
in SM but this therapy has more side effects and poor tolerability [18, 24].
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Relief of symptoms due to mediator release can be addressed by histamine
receptor blockers, corticosteroids, cromolyn sodium, and leukotriene antagonists.
Treatment of osteoporosis with biphosphonates has also been recommended [18,
19].

Majority of patients with advanced SM have associated AHN and curative
therapy for the AHN by allogeneic hematopoietic stem cell transplantation
(allo-HSCT) is the preferred approach in suitable candidates. Allo-HSCT for ASM
has been attempted as a potentially curative therapy for patients with advanced SM.
There are no randomized studies to show benefit and the largest experience is from
a retrospective series of 57 patients with following SM subtypes: SM-AHN (38
patients), MCL (12 patients), and ASM (7 patients). The overall survival at 3 years
was 57% but depended on type of SM (MCL: 17%, ASM: 43%, SM-AHN: 74%).
Diagnosis of MCL and use of reduced intensity conditioning were associated with
worse outcomes after HSCT [25]. The role and timing of allo-HSCT, as well as
optimal conditioning regimen, remain to be clarified in other forms of advanced SM
besides SM-AHN [26]. It is important to recognize that in case of SM-AHN, the
residual bone marrow mast cell infiltrate may persist after successful allo-HSCT
and does not mean failure of HSCT provided there is no evidence of the AHN.
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