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Abstract

Mastocytosis is a heterogeneous neoplasm characterized by accumulation of neoplastic
mast cells in various organs. There are three main types: cutaneous mastocytosis (CM),
systemic mastocytosis (SM), and mast cell sarcoma. CM mainly affects children and is
confined to the skin, whereas SM affects adults and is characterized by extracutaneous
involvement, with or without cutaneous involvement. Most cases of SM have an indolent
clinical course; however, some types of SM have aggressive behavior and a poor
prognosis. Recent advances in the understanding of the molecular changes in SM have
changed the diagnosis and treatment of aggressive and advanced SM subtypes. The
International Consensus Classification and World Health Organization refined the diag-
nostic criteria and classification of SM as a result of accumulation of clinical experience
and advances in molecular diagnostics. Somatic mutations in the K77 gene, most fre-
quently K77 D876V, are detected in 90% of patients with SM. Expression of CD30 and
any K/Tmutation were introduced as minor diagnostic criteria after the introduction of
highly sensitive screening methods. SM has a wide spectrum of clinical features, and only
afew drugs are effective at treating advanced SM. Currently, the mainstay of SM treatment
is limited to the management of chronic symptoms related to release of mast cell
mediators. Small-molecule kinase inhibitors targeting the KIT-downstream and KIT-in-
dependent pathways were recently approved for treating advanced SM. I describe recent
advances in diagnosis of SM, and review the currently available and emerging therapeutic
options for SM management.
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INTRODUCTION

out skin involvement, which is associated with multi-organ
failure and a poor prognosis in adults [6]. Several classification
schemes have been developed to provide guidelines on the

Mastocytosis is a group of disorders characterized by sub-
stantial increases in the number of mast cells (MCs) in the
skin and internal organs. The first report of an MC disorder
was a case of urticaria pigmentosa (UP) in a 2-year-old patient
reported by Nettleship and Tay in 1869 [1]. The first reported
case of systemic mastocytosis (SM) was an autopsy of a
one-year-old infant who died of diffuse organ infiltration
by MCs in 1949 [2].

Mastocytosis is a rare hematologic disorder characterized
by the clonal expansion and accumulation of neoplastic MCs
in various organs, including the bone marrow (BM), skin,
gastrointestinal (GI) tract, liver, and/or spleen [3]. Whereas
cutaneous mastocytosis (CM) mainly affects children and
is almost always limited to the skin [4, 5], SM is distinguished
from CM by its extracutaneous manifestations, with or with-

prognosis and treatment of mastocytosis. In the 2016 revision
of the World Health Organization (WHO) classification of
myeloid neoplasms, mastocytosis was no longer considered
as a subgroup of myeloproliferative neoplasms owing to its
unique clinical and pathological features and highly variable
disease course [7]. In the 2016 WHO classification system,
which was validated in a large retrospective cohort study
[6], SM was divided into 5 sub-groups: indolent SM (ISM),
smoldering SM (SSM), aggressive SM (ASM), SM with an
associated hematologic neoplasm (SM-AHN), and MC leuke-
mia (MCL) [7]. Based on the presence of B and/or C findings,
SM is divided into non-advanced SM (non-AdvSM), includ-
ing ISM, bone marrow mastocytosis (BMM), and SSM; and
advanced SM (AdvSM), including ASM, SM-AHN, and MCL
[3]. The presence of activating somatic mutations in the
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KIT gene and aberrant immunophenotypes in clonal MCs
are crucial biological markers of SM. The International
Consensus Conference (ICC) Group [8] and WHO [9], pub-
lished new classifications which recognize several distinct
subtypes of CM and SM in 2022 (Table 1).

PATHOPHYSIOLOGY

MCs are immune-effector cells that play a key role in
immunoglobulin E (IgE)-mediated inflammatory reactions.
MGCs are involved in multiple cellular processes including
host defense in acquired and innate immunity, allergic re-
actions, wound healing, fibrosis, angiogenesis, and auto-
immune diseases. MCs do not circulate in their mature form
and are found in subepithelial connective and mucosal tissue,
and around blood vessels [10]. Their estimated lifespan is
months, in contrast to that of other leukocytes [11, 12].
MCs are derived from hematopoietic progenitor cells in the
BM and peripheral blood (PB), which express CD34, CD117
(KIT), and CD13 [13]. MC development from CD34+ progeni-
tors is dependent on the interaction between KIT and its
ligand, stem-cell factor [14]. In addition to promoting the
MC development, stem-cell factor directly promotes the re-
lease of MC-derived mediators and augments MC mediator
release in response to IgE and antigen stimulation [15]. MCs
can be activated by IgE-dependent or -independent mecha-
nisms, and function as central effector cells in allergic re-
actions, and play a role in innate immunity, angiogenesis,
and the coagulation cascade. MCs release preformed media-
tors, including histamine, tryptase, and heparin, and newly
synthesized mediators such as leukotrienes, prostaglandins,
and cytokines [16]. MC activation syndrome (MCAS) is a

Table 1. 2022 WHO/ICC classification of mastocytosis.

heterogeneous group of disorders characterized by episodic
MC activation symptoms in more than two organ systems,
that respond to MC mediator-directed agents [17]. An ele-
vated serum tryptase level is the best marker of MCAS [18].

Mastocytosis is a clonal disorder of MC progenitors driven
by a somatic gain-of-function mutation in K77 resulting in
pathological accumulation and activation of MCs in tissue.
The most common mutation, K77° D816V in exon 17 [19],
is present in >90% of cases of adult SM [20]. In contrast,
KIT mutations are only found in approximately 30% of cases
of childhood CM, and several different codons are affected
[21]. The majority of adults diagnosed with ISM, which
is compatible with a normal lifespan, have a KIT D816V
mutation [22]. In contrast, patients with AdvSM harboring
the same mutation have a much poorer prognosis [23].
Moreover, the results of tyrosine kinase inhibitor (TKI) stud-
ies targeting the K77 D816V mutation in SM have been
disappointing [24, 25]. These findings suggest that additional
KIT-independent factors are involved in the patho-
physiology. Several additional somatic mutations (7E72,
SRSF2, ASXL1, CBL, RUNXI, and RAS) have been identified
in patients with AdvSM (Table 2) [26]. The type and number
of mutations in patients with multimutated SM correlate
with prognosis, drug response, and survival [27]. Such addi-
tional changes may be co-expressed not only with the K77
D816V mutation but also in other myeloid lineages, espe-
cially in patients with SM-AHN or SM with an associated
myeloid neoplasm. The presence of multimutated myeloid
non-MC-lineage progenitors of the granulocyte-macrophage
colony forming unit (CFU-GM) type suggests an initial clonal
expansion at an early stage of hematopoietic development,
with a subsequent phenotype modification toward SM owing
to later acquisition of KIT D816V. In contrast, ISM and

WHO

ICC

Cutaneous mastocytosis
Urticaria pigmentosa/maculopapular cutaneous mastocytosis
Monomorphic
Polymorphic
Diffuse cutaneous mastocytosis
Cutaneous mastocytoma
Isolated mastocytoma
Multilocalized mastocytoma
Systemic mastocytosis
Bone marrow mastocytosis (BMM)
Indolent systemic mastocytosis (ISM)

Smoldering systemic mastocytosis (SSM)
Aggressive systemic mastocytosis (ASM)
Systemic mastocytosis with an associated hematologic neoplasm
(SM-AHN)
Mast cell leukemia
Mast cell sarcoma

Cutaneous mastocytosis
Urticaria pigmentosa/maculopapular cutaneous mastocytosis

Diffuse cutaneous mastocytosis
Mastocytoma of skin

Systemic mastocytosis

Indolent systemic mastocytosis (ISM) include bone marrow
mastocytosis (BMM)
Smoldering systemic mastocytosis (SSM)
Aggressive systemic mastocytosis (ASM)
Systemic mastocytosis with an associated myeloid neoplasm
(SM-AMN)
Mast cell leukemia
Mast cell sarcoma

Bone marrow mastocytosis (BMM) as a clinicopathologic variant in ICC classification became a new SM subtype in WHO classification.

bloodresearch.or.kr
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Table 2. Molecular abnormalities in patients with CM and SM.

Molecular abnormality Reported in patients with Estimated frequency in patients with SM

KIT D816V All SM variants >90%
Also in CM 15-20%
KIT D816Y CM, ISM, SM-AHNMD <5%
KIT D816F CM <5%
KIT D816H MCL, ASM, SM-AHNMD <5%
KIT D820G ASM <5%
KIT V560G ISM <5%
KIT F522C ISM <5%
KIT E839K CM <5%
KIT V5301 SM-AHNMD <5%
KIT K509I1 CM, SM (including familial variant) <5%
Other KIT mutations CM and/or SM variants <5%
FIP1L1/PDGFRA SM-CEL <5%
AML1/ETO SM-AML with t(8;21) <5%
JAK2 V617F SM-PMF <5%
TET2 mutations SM-AHNMD, ISM, ASM <5%~
SRSF2 mutations” ASM, SM-AHNMD <5%~
DNMT3A mutations ISM, SM-AHNMD <5%~
ASXLT mutations” ASM, SM-AHNMD <5%~
RUNXT mutatior” ASM, SM-AHNMD <5%~
CBL mutations SM-AHNMD <5%~
U2AF1 mutations SM-AHNMD <5%~
EZH2 mutations SM-AHNMD <5%~
RAS mutations ASM, SM-AHNMD <5%~

Modified from Valent [26].

“Indicates the high molecular risk gene mutations frequently used in multiparameter prognostic scoring systems for advanced SM.
Abbreviations: AHNMD, associated hematologic non-mast cell-lineage disease; AML, acute myeloid leukemia; CEL, chronic eosinophilic

leukemia; PMF, primary myelofibrosis.

Table 3. Clinical manifestations of systemic mastocytosis.

Symptoms

Organ involvement/damage

Laboratory findings

Flushing, prutirus, blistering

Anaphylaxis

Hypotension, tachycardia

Fever, night sweats

Fatigue

Abdominal clamping

Nausea, vomiting

Diarrhea

Peptic ulcer disease/GERD

Weight loss”, malabsorption

Headache, cognitive impairment,
depression

Splenomegaly”

Hepatomegaly

Portal hypertension, ascites”

Lymphadenopathy

Osteoporosis/osteosclerosis,
pathologic fracture®”

Anemia, thrombocytopenid®

Monocytosis

Eosinophilia

Circulating mast cells

Elevated serum tryptase

Flevated alkaline phosphatasé”

Hypoalbuminemia”

)

PIndicates C-findings.

SSM are rarely associated with CFU-GM mutations, which
may partially explain their excellent prognosis [28].

CLINICAL FEATURES

The symptoms and signs of SM are diverse, depending
on the organs affected and MC-derived mediators involved.
Skin lesions are a prominent clinical feature of mastocytosis.
UP/Maculopapular CM (MPCM) lesions appear as small yel-
lowish-tan to reddish-brown macules or slightly raised pap-
ules that can exhibit the Darier sign (swelling and redness
of skin after brisk friction to a lesion) [29]. Identical skin
lesions are also observed in SM and the skin lesions are
described as mastocytosis in the skin (MIS). In patients with
MIS, BM examination is required to differentiate between
SM and CM [30]. Some patients with AdvSM lack typical
cutaneous lesions. In patients without MIS, the diagnosis
of SM is often confirmed after a BM biopsy for signs such
as unexplained anaphylaxis, angioedema, organomegaly,
skeletal lesions, and/or elevated serum tryptase level [31].
Flushing, itching, or blistering are also reported in patients
with SM as MC-mediator related symptoms (MC-MRS).

Other organ biopsies can be performed to make a diagnosis
when organ involvement in SM is suspected [30]. MC-MRS
may be mild, extensive, or life threatening. Many patients

Blood Res 2023;58:596-S108.

bloodresearch.or.kr



Advances in systemic mastocytosis

99

experience recurrent episodes of unexplained anaphylaxis
or systemic reactions after insect bites [32, 33]. In patients
with severe anaphylaxis, serum tryptase levels increase sub-
stantially and MCAS may be detected. Vague, nonspecific
constitutional symptoms, such as fatigue, general weakness,
flushing, fever, and weight loss, could may be present in
patients with mastocytosis [34]. Additionally, patients with
SM may experience organ dysfunction associated with MC
infiltration and MC-derived mediators. GI symptoms includ-
ing nausea, vomiting, abdominal pain, and diarrhea are com-
monly associated with both non-AdvSM and AdvSM. Peptic
ulcer disease is thought to reflect enhanced gastric acid secre-
tion owing to increased histamine release [35]. Patients with
SM may also develop osteopathy, often in the form of ad-
vanced osteopenia or osteoporosis. In advanced SM, features
of MC infiltration, such as marked cytopenia, lymphadenop-
athy, hepatosplenomegaly, ascites, hypalbuminemia, mal-
absorption, or pathologic fractures, may be present (Table 3)
[34].

Table 4. Refined diagnostic criteria for systemic mastocytosis.

DIAGNOSIS AND RISK STRATIFICATION

BM aspiration and biopsy should be performed if SM is
suspected based on a combination of MC-MRS, adult-onset
MIS regardless of serum tryptase level, and elevation of serum
tryptase level (>20 ng/mL). The serum tryptase level can
transiently increase during anaphylactic events. Basal tryp-
tase levels should be assessed at least 48 hours after resolution
of all MC-MRS. Once the diagnosis of SM is made, an addi-
tional staging workup should be performed, including assess-
ment of BM morphology, immunohistochemistry, and flow
cytometry to document the expression of CD2, CD25, and
CD 30 in neoplastic MCs. Complete blood count with differ-
ential counts, blood chemistry, coagulation parameters, and
IgE levels are also useful for staging. Bone scan/osteodensi-
tometry and computed tomography can be used to evaluate
extracutaneous organ involvement. If disease progression is
suspected, staging, including BM study, blood tests, molecular
analysis, and imaging studies should be repeated to assess
organ damage [31].

The ICC [8] and WHO [9] released revised criteria for

WHO

ICC

Major criterion

other extracutaneous organ(s)

Minor criteria

extracutaneous organs”

Multifocal dense infiltrates of mast cells (=15 mast cells in Multifocal dense infiltrates of tryptase- and/or CD117
aggregates) in bone marrow biopsies and/or in sections of

positive mast cells (=15 mast cells in aggregates) detected
in sections of bone marrow and/or other extracutaneous
organ(s)d)

=>25% of all mast cells are atypical cells (type | or type Il) on In bone marrow biopsy or in section of other extracutaneous
bone marrow smears or are spindle-shaped in mast cell
infiltrates detected in sections of bone marrow or other

organs >25% of mast cells are spindle shaped or have an
atypical immature morphology®

KIT-activating KIT point mutation(s) at codon 816 or in other KIT D816V mutation or other activating KIT mutation

critical regions of KIT” in bone marrow or another

extracutaneous organ

detected in bone marrow, peripheral blood, or other
extracutaneous organs”

Mast cells in bone marrow, blood, or another extracutaneous Mast cells in bone marrow, peripheral blood or other

organ express one or more of: CD2 and/or CD25 and/or

CcD30¢

Baseline serum tryptase concentration >20 ng/mL (in the

extracutaneous organs express CD25, CD2, and/or CD30,
in addition to mast cell markers

Elevated serum tryptase level, persistently >20 ng/mL. In

case of an unrelated myeloid neoplasm, an elevated tryptase cases of SM-AMN an elevated tryptase does not count as a

does not count as an SM criterion. In the case of a known

HaT, the tryptase level should be adjusted)
At least 1 major and 1 minor

In the absence of the major criterion, 3 minor criteria

SM minor criterion.

The presence of the major criterion
In the absence of the major criterion, at least 3 of the
following 4 minor criteria must be present

?In tissue sections, an abnormal mast cell morphology counts in both a compact infiltrate and a diffuse (or mixed diffuse+compact) mast cell
infiltrate. However, the spindle-shaped form does not count as an SM criterion when mast cells are lining vascular cells, fat cells, nerve cells,
or the endosteal-lining cell layer. In the bone marrow smear, an atypical morphology of mast cells does not count as SM criterion when mast
cells are located in or adjacent to bone marrow particles. Morphologic criteria of atypical mast cells have been described previously.

®Any type of KIT mutation counts as minor SM criterion when published solid evidence for its transforming behavior is available.

“All 3 markers fulfill this minor SM criterion when expression in mast cells can be confirmed by either flow cytometry or by
immunohistochemistry or by both techniques.

9In the absence of a KIT mutation particularly in cases with eosinophilia, the presence of tyrosine kinase gene fusions associated with
myeloid/lymphoid neoplasm with eosinophilia (M/LN-Eo) must be excluded.

®Round-cell well-differentiated morphology can occur in a small subset of cases. In these cases, the mast cells are often negative for CD25
and CD2 but positive for CD30.

o avoid “false-negative” results, use of a high sensitivity PCR assay for detection of KIT D816V mutation is recommended. If negative,
exclusion of KIT mutation variants is strongly recommended in suspected SM.

bloodresearch.or.kr
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diagnosing SM in 2022. In addition to the K77" D816V activat-
ing mutation, mutations at other locations of K77 gene were
added to the minor diagnostic criteria. Aberrant expression
of CD30 in addition to CD2/CD25 in PB, BM or other ex-
tracutaneous organs, and a serum tryptase level >20 ng/mL

in the absent of hereditary alpha-tryptasemia are additional
newly incorporated minor diagnostic criteria (Table 4). The
burden of disease criteria (B findings), which are used to
differentiate SMM from ISM, and C findings, representing
SM-induced organ damage, which are used to define ASM,

Table 5. “B” findings and “C” findings in WHO and ICC diagnostic criteria.

WHO

ICC

B findings  Infiltration grade (MC) in BM =30% in histology (IHC) and/or High mast cell burden, >30% of BM cellularity by mast cell
serum tryptase =200 ng/mL” and/or KIT D816V VAF >10% aggregates (assessed on BM biopsy) and serum tryptase

in BM or PB leukocytes

Signs of myeloproliferation and/or myelodysplasia without a

frank AHN; normal or mildly abnormal CBCs

Organomegaly without dysfunction; hepatomegaly,
splenomegaly or lymphadenopathy (>2 cm)

>200 ng/mL

Cytopenia (not meeting criteria for C findings) or -cytosis.

Reactive causes are excluded, and criteria for other myeloid

neoplasms are not met

Hepatomegaly without impairment of liver function, or
splenomegaly without features of hypersplenism including
thrombocytopenia, and/or lymphadenopathy (>1 cm size)

on palpation or imaging

Cfindings  BM dysfunction: HB <10 g/dL, and/or PLT <100 G/L, and/or neutrophils <1 G/L

Hepatomegaly with liver dysfunction
Splenomegaly with hypersplenism

Large osterolysis (=2 cm) with pathologic fracture+bone pain

Malabsorption with weight loss due to Gl MC infiltrates

?In the case of a known hereditary o tryptasemia (HaT), the basal serum tryptase level should be adjusted.

The diagnosis of variants of systemic mastocytosis require correlation with B and C findings. “B” findings represent burden of disease.

“C”-findings represent SM induced organ damage.

Typical symptoms of M%—MRS
Adult onset of MIS 3
Serum tryptase level >20 ng/mL

BM aspiration and biopsy
Multifocal dense infiltrates of tryptase- and/or CD117 positive mast cells+
>25% of mast cells are spindle shaped or have an atypical immature morphology
KIT activating point mutations
Mast cells with CD2, CD25 and CD30 expression

Meet the diagnostic criteria of SM ‘

Yes

’ Meet the criteria for AHN/AMN ‘

Yes l

SM-ANH/AMN C-findings

<3 minor SM
criteria fulfilled

Yes No Pre-diagnostic ISM or
monoclonal MCAS
| Asm | ISM
BMM
et MIS (-), B findings (-)
Mast cells 220% serum tryptase <125 ng/mL
on BM aspiration
System, >2 B findings

KIT wt and
normal mast cell
morphology/
immunophenotype

M/LN-Eo with TK gene fusions
in case of eosinophilia
Consider allergy, drugs, connective
tissue disease or infections
Idiopathic MCASs or anaphylaxis

Fig. 1. Diagnostic algorithm for patients with suspected systemic mastocytosis. In all adult patients with documented mastocytosis in the skin (MIS),
a complete staging, including a bone marrow (BM) examination, is required. *Independent of the serum tryptase level; ”Basal tryptase levels at least
48 hours after resolution of all MC-MRSs; “in ICC, a core biopsy specimen may be used to diagnose MCL if the aspirate is a dry tap.

Abbreviations: MC-MRS, mast cell-mediator related symptoms; MCAS, mast cell activation syndrome; MIS, mastocytosis in the skin; M/LN-Eo,

myeloid/lymphoid neoplasm with eosinophilia.

Blood Res 2023;58:596-S108.
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are listed in Table 5. A C finding counts as SM-related organ
damage only if it is caused by massive local MC infiltration,
which should be documented by biopsy if possible.
Cytoreductive therapy should be initiated to prevent further
SM-related organ damage [36]. The proposed diagnosis and
classification of SM is described in Fig. 1 based on these
diagnostic criteria (Table 4-6). In the absence of a K77 muta-
tion, particularly in patients with eosinophilia, myeloid/lym-
phoid neoplasms with eosinophilia and tyrosine kinase (TK)
gene fusions should be excluded. The K77 D816V variant
allele frequency (VAF) is correlated with disease activity
and the SM subtype. A KIT V816V VAF =10% is associated

Table 6. Refined diagnostic criteria for systemic mastocytosis with
associated hematologic/myeloid neoplasms.

SM-AHN SM-AMN?

Meets the diagnostic criteria for Meets the diagnostic criteria for
systemic mastocytosis systemic mastocytosis

Meets the WHO criteria for Meets the criteria for an
myeloid AHN type, lymphoid  associated myeloid neoplasm,
AHN type e.g., CMML or other

MDS/MPN, MDS, MPN, AML,
or other myeloid neoplasm
The associated myeloid
neoplasm should be fully
classified according to
established criteria

“SM-AHN is modified to SM-AMN in new ICC criteria because
SM-AHN is limited to the presence of an associated myeloid
neoplasm, with which it often also shares a K/7 mutations and/or
clonal genetic abnormalities.

with multilineage involvement or AHN in ISM, or SM
masked by a myeloid neoplasm [37] and suggests a high
tumor burden [38]. Therefore, K/T D816V VAF =10% in
BM or PB leukocytes was introduced as a B finding in the
2022 WHO criteria (Table 5). Additional non-K77 mutations
(e.g., SRSFZ, ASXL1, RUNXI and/or DNM13A) are hallmarks
of AdvSM [27] and are independent prognostic factors of
progression and overall survival (OS) [39, 40]. Moreover,
next-generation sequencing (NGS) can help predict which
patients may progress to a more aggressive disease or harbor
an undetected AHN [41]. Therefore, use of NGS to detect
other K77 and non-KJ/7T mutations, and KIT D816V mutation
analysis with VAF quantitation, prior to and during therapy
are warranted for patients with SM.

Patients with ISM have a median survival of 198 months,
which is similar to that of the general population [6]. In
the European Competence Network on Mastocytosis
(ECNM) cohort, progression to AdvSM was rare, and there
was no significant difference in survival and transformation
rate to AdvSM between patients with ISM (1.2%), SSM
(1.8%), and BMM (0.1%) [42]. Quality of life is the most
important factor to consider when planning treatment for
patients with non-AdvSM [43]. The OS of patients with
AdvSM ranges from a few months to several years, with
a median OS of <4 years [44], and the worst outcomes are
observed in patients with MCL (OS, <2-31.6 mo) [6, 45, 46].

Several multiparameter prognostic risk stratification sys-
tems have been developed and validated to predict the pro-
gression and survival of patients with SM (Table 7). For
non-AdvSM, these include the Spanish Network on Mastocytosis
(REMA) score for ISM [39] and the International Prognostic
Scoring System for Mastocytosis (IPSM) [47]. The IPSM,

Table 7. Summary of prognostic factors in multiparameter prognostic scoring systems applicable to SM.

Non-advanced SM

Advanced SM

REMA [38] IPSM [41] IPSM MARS [42] GPS [43] MAPS [44]
Age > 60 year v v v v
Hb, g/dL
>10 v
>11 (%4 v
Plateletx 10°/L
<100 v v v?
<150 4
WBC >16x107/L
Increased serum level
Baseline tryptase v v?
B2-microglobulin v? v
Alkaline phosphatase 4 4 4
Mutational profile
BM KIT D816V VAF>1% v?
Additional somatic mutations ASXLT SRSF2 SRSF2 ASXLT
RUNXT" ASXLT ASXLT RUNXT
DNMT3A” RUNXT RUNXT NRAS
DNMT3A

PPrognostic factor only for PFS. PA/R/D gene pathogenic VAF >30%, independent predictors for OS in REMA.

bloodresearch.or.kr
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Mutation-Adjusted Risk Score (MARS) [44], Global Prognostic
Score (GPS) [48], and Mayo Alliance Prognostic System
(MAPS) [49] are used for risk stratification of AdvSM. Clinical
parameters such as age >60 years, anemia, thrombocytope-
nia, elevated serum tryptase, alkaline phosphatase, and B
2-microglobulin levels, and mutational status, are used to
evaluate the risk of SM. MARS is the only validated multi-
parameter WHO-independent prognostic score for advanced
SM [44].

GENERAL CONSIDERATIONS IN TREATING SM

Treatment of SM should be personalized according to the
symptom burden. Treatment options for AdvSM include ob-
servation alone, symptom-directed management, supportive
care, and cytoreductive therapy for MC debulking. Patients
without AdvSM, or symptoms or signs of disease progression,
should be advised about the avoidance of factors that may
trigger symptoms (such as extreme temperature, physical
exertion, nonsteroidal anti-inflammatory drugs, alcohol,
contrast dye, and anesthetics) [50] and given prophylactic
histamine receptor (H) blocker therapy [51]. Anaphylaxis

can develop after insect bites and stings. In this situation,
epinephrine autoinjectors and instructions regarding their
use can be provided to patients with a history of anaphylaxis
[52]. Symptom-directed management focusing on controlling
MC-MRS, MIS, and osteopathy should be considered in all
patients with SM. Most patients with recurrent severe
MC-MRS respond to a combination of H1 and H2 antagonists.
The choice of therapy should be based on the patient’s symp-
toms (Table 8). In women and those treated with long-term
corticosteroids, prevention and treatment of osteopenia and
osteoporosis should be considered. Patients with a 7 score
<-2, should be treated with bisphosphonate (BPP). In cases
refractory to BPP therapy, cytoreductive therapy with
low-dose interferon-o (IFN-o), cladribine, or receptor activa-
tor of NF-«B ligand (RANKL) inhibitors are additional ther-
apeutic options [51]. In patients with non-AdvSM with se-
vere anaphylaxis and signs of disease progression, cladribine
is usually effective in reducing the MC burden. Some patients
experience significant symptoms despite combinations of
high-dose antimediator treatment, and have a poor quality
of life. In these refractory patients cladribine can also be
used [53]. Currently TKIs targeting K77 D816V in patients
with non-AdvSM are being assessed within a trial context

Table 8. Therapeutic considerations for mast cell mediator related symptoms.

Pruritis, flushing
H1 and H2 antagonist
Leukotriene antagonist
Topical glucocorticoids
Nonsteroidal anti-inflammatory drug (aspirin)
Psoralen plus UVA (PUVA) for refractory symptoms
Omalizumab
Hypotension/anaphylaxis
Intramuscular epinephrine

For attempted prophylaxis in patients with frequent life-threatening episodes consider scheduled H1 and H2 antagonists +/- glucocorticoids

Cytoreductive therapy (IFN-a or cladribine)
Headache, cognitive impairment, depression
H1 and H2 antagonist
Sodium cromolyn
Abdominal pain, cramping
H2 antagonists +/- proton pump inhibitor
Leukotriene antagonists
Sodium cromolyn
Peptic ulcer disease/GERD, nausea, vomiting
H2 antagonists +/- proton pump inhibitor
Glucocorticoids
Diarrhea

Proton pump inhibitor +/- leukotriene antagonist +/- anticholinergics

Glucocorticoids
Ascites

Glucocorticoids

Portocaval shunt or cytoreductive therapy (INFa or cladribine)
Osteopenia/osteoporosis

Calcium supplementation +/- vitamin D

Bisphosphonates

Cytoreductive therapy (IFN-a or cladribine) in severe osteoporosis at risk for pathologic fracture or severe localized bone pain

Abbreviations: H1, histamine receptor 1; H2, histamine receptor 2; IFN-o, interferon-a.

Blood Res 2023;58:596-S108.
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only [54-56].

The treatment of patients with non-AdvSM should focus
on prevention and control of anaphylaxis, MC-MRS, and
osteoporosis. However, patients with AdvSM sometimes re-
quire MC cytoreductive therapy to improve disease-related
organ dysfunction [23]. Recent clinical trials have revealed
encouraging outcomes following treatment with small-mole-
cule TKIs that target the activation loop mutants of the
KIT receptor, supporting the hypothesis that KITD816V rep-
resents the driver mutation for SM. Over the past decade
the KIT-targeted TKIs, midpstaurin and avapritinib have
shown superior efficacy and OS than older cytoreductive
treatments such as IFN-a and cladribine. In patients with
pure MCL and ASM (without an AHN component), treat-
ment with midostaurin or avapritinib can result in complete
remission (CR) or partial remission (PR). Patients may devel-
op cytopenia due to the SM disease burden and myelosup-
pression due to TKIs. In these cases, a dose reduction and
support with blood products, erythropoiesis-stimulating
agents, thrombopoietin agonists, and granulocyte-col-
ony-stimulating factor may be needed to enable continuation
of TKI therapy. For eligible patients who achieve a CR,
allogeneic hematopoietic stem cell transplantation (allo-HSCT)
should be considered to potentiate the effects of treatment.
The current treatment algorithm for patients with SM-AHN
recommends separate treatment to each component, as if
the other is not present. This usually leads to treatment
of the AHN component, as most studies suggest that disease
progression is related to the AHN component. Sequential
treatment of each component may be preferred; however,
the optimal treatment sequence remains unknown.

CURRENTLY AVAILABLE AND EMERGING
TREATMENT OPTIONS

Cytoreductive therapy

In patients with slowly progressive AdvSM, cytoreductive
therapy with IFN-a or cladribine is the first-line treatment,
and these agents are effective at reducing the MC burden
and alleviating the C findings [57]. A retrospective French
study of 20 patients (16 with ASM and 4 with ISM) treated
with IFN-o for a minimum of 6 months, resulted in 100%
response rate with MC-MRS improvement in 65% [58].
Another retrospective review of 47 patients treated with
IFN-a, with or without prednisolone, at the Mayo Clinic
showed an overall response rate (ORR) of 60% in the ASM
group and 45% in the SM-AHN group, with a median re-
sponse duration of 12 months (range, 1-67 mo). The absence
of MC-MRS before treatment was associated with a poorer
response [59]. Despite its effectiveness, the role of IFN-a
in SM has been limited due to the high incidence of adverse
events, lack of reproducibility, and relapse within a short
period of IFN-a discontinuation. Currently, IFN-a may be
of benefit in a minority of patients with lytic lesions/osteopo-
rosis as bone mineral density is the only C finding [60].
Cladribine has been used to treat all SM subtypes but is

most commonly used in patients with rapidly progressive
AdvSM where rapid debulking of the disease is required
[23]. In the Mayo Clinic study, the ORR was 55%, with
a median response duration of 11 months (range, 3-74 mo).
The presence of circulating immature myeloid cells was sig-
nificantly associated with inferior response to cladribine (0%
vs. 75%). The major toxicities include myelosuppression and
infection [59]. A French nationwide retrospective study of
68 patients over a decade provided evidence that cladribine
is an effective for treating SM, with an ORR of 72% (92%
in non-AdvSM, and 50% in AdvSM). After a median fol-
low-up of >10 years, the median response duration was
3.71 years (range, 0.1-8 yr) for non-AdvSM and 2.47 years
(range, 0.5-8.6 yr) for AdvSM. The most frequent grade
3/4 toxicities were cytopenia and opportunistic infections
[61]. AHN-directed therapy is sometimes required in patients
with SM-AHN. Hydroxyurea (HU) is used to control leukocy-
tosis, thrombocytosis, and hepatosplenomegaly. The ORR was
19%, and the median duration of response was 31.5 months
(range, 5-50 mo) [59].

Allogeneic hematopoietic stem cell transplantation

All types of AHN should be regarded as secondary to
SM. Similarly, in SM-associated acute myeloid leukemia
(SM-AML), AML should be treated as in other patients with
secondary AML. For most patients, high-dose chemotherapy
and allo-HSCT are routinely recommended [57]. In patients
with AHN, the presence of co-existing SM is often a poor
prognostic sign. Moreover, the presence of X/T D816V in
AML is associated with a worse prognosis [62]. A multicenter
retrospective cohort study of 57 patients with SM who under-
went allo-HSCT (38 SM-AHN, 7 ASM, and 12 MCL) in
2014 found a 70% ORR and a 16% CR [63]. Among the
30% of patients who did not respond, 21% had stable disease,
and 9% had primary refractory disease. All 38 patients with
SM-AHN had a CR for the AHN component; however, 10
patients (26%) had an AHN relapse, and 5 of these patients
died. The OS outcome of allo-HSCT varies by AdvSM
subtype. Patients with SM-AHN, ASM, and MCL had 3-year
survival rates of 74%, 43%, and 17%, respectively. Patients
with MCL and reduced-intensity allo-HSCT had poorer OS
than patients with myeloablative allo-HSCT. Treatment-re-
lated mortality at 6 months and 1 year was 11% and 20%,
respectively, and was highest in patients with MCL. These
data suggest that allo-HSCT may improve survival in some
patients, particularly those with SM-AHN. Allo-HSCT is
needed to optimize the outcome. With the availability of
modern TKIs, more patients have achieved pathological CR,
and allo-HSCT has become more widely used in eligible
patients [64].

Imatinib

Imatinib inhibits ABLI, KIT, and PDGFR [65]. Although
imatinib has shown efficacy against wild-type (WT) KIT
and certain transmembrane domain mutations (F52C) in vi-
tro, it does not inhibit SM-associated K77" D816V [66]. Most
patients with SM harbor an activating A77° D816V mutation,
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which makes them resistant to imatinib treatment, but some
patients with mutations in domains other than the TK domain
are sensitive to imatinib [67]. In a clinical trial involving
patients with SM, the ORR was 18%, and the median duration
of response was 19.6 months (range, 9-69 mo). Of patients
treated with imatinib 86% had K77 D816V mutations. The
ORR in mutation-positive and mutation-negative patients
was 17% and 33%, respectively [59]. Imatinib is effective
in patients with well-differentiated SM harboring the F522C
transmembrane mutation [68, 69]. Imatinib was approved
by the US Food and Drug Administration (FDA) in 2005
for patients with AdvSM without K77 D816V or with an
unknown mutational status.

Midostaurin

Midostaurin is a multitarget TKI that targets not only
KIT D816V, but also WT KI7, PDGFR o/, VGFRZ, and
FLT3. Midostaurin inhibits both IgE-dependent release of
histamine and growth of neoplastic MCs bearing various
mutant forms of K77 [70]. Midostaurin was approved for
patients with AdvSM based on data reported in 2016 from
an international multicenter phase 2 clinical trial of 89 pa-
tients with =1 C findings which demonstrated favorable
efficacy and safety [71]. The ORR was 60% (45% major
response, 15% partial response). The median response dura-
tion, OS, and progression-free survival (PFS) were 24.1
months, 28.7 months, and 14.1 months, respectively. The
response rates by AdvSM subtype were 75%, 58%, and 50%
for ASM, SM-AHN, and MCL, respectively, regardless of
prior therapy, presence of combined AHN, or KIT-D816V
status. Midostaurin therapy was associated with improved
C findings, including improved hemoglobin levels and plate-
let counts and weight gain. Significant decreases in tryptase
levels (-58%) and BM MC burden (-59%) and spleen size
were also observed. Mild GI adverse events were reported
in 82% of patients at all grades, with 6-8% reporting grade
3-4 symptoms. The main adverse symptoms were nausea
and vomiting, and most patients tolerated midostaurin with
antiemetic treatment. Myelosuppression was manageable
with dose reduction and growth factor support. The median
PFS and OS were 14.1 and 28.7 months, respectively. A
clinical trial which evaluated impact of molecular markers
on survival showed that a =25% K77 D816V RNA-expressed
allele burden reduction was significantly independently asso-
ciated with improved OS [72]. A registry-based analysis also
confirmed that survival was high with midostaurin than
with cladribine therapy in patients with AdvSM [73]. Owing
to these favorable results, midostaurin has become a first-line
therapy for patients with AdvSM, and the FDA and European
Medicines Agency approved midostaurin for patients with
AdvSM in 2017.

Avapritinib

Avapritinib is a highly selective oral type 1 multi-kinase
inhibitor of KIT D816V with a 10-fold lower 50% inhibitory
concentration than midostaurin, measured using a KI/T
D816V inhibition assay [74]. It also inhibits PDGFRo with

negligible activity against WT K77 and is effective in patients
with unresectable or metastatic gastrointestinal stromal tu-
mor (GIST) harboring a PDGFRA D842V mutation in exon
18 [75]. Avapritinib was approved in 2021 by the FDA for
adults with AdvSM (recommended platelet count =50x
10”/L), based on the results of the phase 1 EXPLORER trial
[76] and an interim analysis of the phase 2 PATHFINDER
trial [77].

The EXPLORER trial consisted of a dose escalation phase
evaluating doses of 30-400 mg daily in patients with AdvSM
with =1 eligible organ-damage finding. The subsequent
dose-expansion phase evaluated dosing cohorts of 200 and
300 mg daily, and 200 mg daily was selected as the recom-
mended phase 2 dose. During a median follow-up of 23
months, the median OS was not reached. The estimated
24-month OS in all patients with AdvSM was 76% (100%,
67%, and 92% for the ASM, SM-AHN, and MCL subtypes,
respectively). The estimated PFS was 84% and 63% at 12
and 24 months, respectively. The comparative survival in
all patients with AdvSM in the global midostaurin trial was
53% (86%, 49%, and 26% for ASM, SM-AHN, and MCL,
respectively) [71]. The modified IWG-MRT-ECNM criteria
[78] were used for response evaluation. CR, CR with partial
hematologic recovery (CRh) (hemoglobin level, 8.1-9.9 g/dL;
platelet count, 50-100x10°/L; and neutrophil count, 0.5~
1.0x10°/L), PR, and clinical improvement (CI) were observed
in 15%, 21%, 34%, and 6% of response-evaluable patients,
respectively. Partial hematologic recovery could be attribut-
able to the myelosuppressive effect of avapritinib or the
presence of concomitant AHN. Marked decreases were ob-
served in BM MC burden (=50% reduction in 92%), serum
tryptase (=50% reduction in 99%), spleen volume (=35%
reduction in 82%), and K77 VAF (=50% reduction in 80%),
and a complete molecular remission (CMR) (a new response
marker for AdvSM, measured using digital droplet polymer-
ase chain reaction with a limit of detection of 0.17%) was
achieved in 30% of patients. Patients with SRSFZ/ASXL/
RUNXI (S/A/R) mutations or a baseline MARS =2 had short-
er survival. In a separate analysis of the phase 1 EXPLORER
trial exploring impact of mutations on avapritinib efficacy,
20% of patients progressed during treatment with a median
follow-up of 23 months, and in most cases, the progression
was driven by K77-D816V negative AHN clones. Progression
of the SM component was infrequent, and re-emergence
of KIT D816V was rare. Survival was more favorable in
patients with lower MARS scores. These data provide a ra-
tionale for further study of avapritinib in combination with
AHN-directed therapy [79].

Data from the phase 2 PATHFINDER trial demonstrated
the efficacy and safety of avapritinib at a starting dose of
200 mg once daily in patients with AdvSM, excluding patients
with SM-AML and high-risk myelodysplastic syndromes
[77]. In an interim analysis of the PATHFINDER study with
32 response-evaluable patients, the ORR was 75% according
to the modified IWG-MRT-ECNM criteria, with a median
follow-up of 10.4 months. CRh, PR, and CI were reported
in six (19%), 10 (31%) and 8 (25%) patients, respectively.
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Responses were observed in all AdvSM subtypes, regardless
of exposure to prior therapy or the presence of high-risk
mutations in the S/A/R panel. Significant reductions in the
serum tryptase level, BM MC burden, and KIT-D816V VAF
level of at least 50% from baseline were observed in 93%,
88%, and 60% of patients, respectively. The baseline C find-
ings improved for pleural effusion (83%), splenomegaly
(79%), and ascites (57%). The median PFS and OS in the
safety population (N=62) were not reached by data cutoff.
The estimated 12-month PFS and OS rates were 79% and
86%, respectively, with a median follow-up of 7 months
(range, 5.6-8.1 mo) and 52 patients (84%) still receiving
treatment.

In the EXPLORER study, 9 (13%) patients experience
intracranial bleeding (ICB), including intraparenchymal
hemorrhage and subdural hematoma, as a substantial adverse
event. Seven of the 9 patients had thrombocytopenia (platelet
count <50x10%/L). Owing to the increased incidence of ICB
in patients with thrombocytopenia the EXPLORER trial pro-
tocol was amended to exclude enrollment of new patients
with severe thrombocytopenia, increase monitoring of the
platelet count, and to provide guidelines for dose adjustment
and platelet transfusions [76]. Peripheral edema (45-50%)
and periorbital edema (48-65%) were the most common
adverse events (AEs) and were managed with diuretics and
dose reduction. Grade 3 neutropenia, thrombocytopenia, and
anemia were observed in 19-24%, 16-41%, and 16-36% of
the patients, respectively. Grade 1/2 GI adverse events in-
cluded diarrhea (23-43%), nausea (18-42%), and vomiting
(18-32%). Grade 1/2 cognitive impairment occurred in
20-30% of patients, which presented as mild memory
impairment. Prompt protocol amendment resulted in a lower
AEs and ICB rate (1.6%) in the PATHFINDER study than
in the EXPLORER study. No treatment-related deaths oc-
curred in the PATHFINDER study, whereas six treat-
ment-related deaths (8.7%) occurred in the EXPLORER
study [76, 77].

Compared with a historical cohort of patients with AdvSM
treated with the best available therapy, patients treated with
avapritinib had significantly improved survival, a longer du-
ration of treatment (23.8 vs 5.4 mo; £<0.001), and a 60%
greater mean difference in the percent maximum decrease
in serum tryptase levels [80]. A pooled analysis of the phase
I EXPLORER trial and interim phase 2 PATHFINDER trial
revealed an ORR of 72% (CRh, 28%; PR, 28%; CI, 15%).
The estimated median OS of all the patients with AdvSM
was 46.9 months [81]. The ORR among the 31 previously
treated patients was 71%, including a CR/CRh rate of 19%.
The OS at 12 and 24 months in these patients was 80%
and 65%, respectively, and the median OS was not reached
after a median follow-up of 17.7 months [82].

BLU-263

BLU-263 is a next-generation TKI that shows selectivity
and potency comparable to those of avapritinib, with limited
central nervous system penetration, which may lower the
risk of cognitive changes and ICB. In a phase 1 trial, BLU-263

was safe, with linear pharmacokinetics across all tested doses
and a half-life allowing once-daily dosing [83]. A random-
ized, double-blind, placebo-controlled phase 2/3 trial assess-
ing the efficacy and safety of BLU-263 in patients with ISM
whose symptoms are not adequately controlled by standard
therapies is ongoing (HARBOR, NCT04910685) [54]. Given
the concern about the potential risk of ICB in patients with
AdvSM receiving avapritinib, BLU-263 needs to be evaluated
in patients with AdvSM. A phase 1/2, two-arm trial evaluat-
ing the safety and efficacy of BLU-263 in patients with
AdvSM and SM-AHN, both as a monotherapy and in combi-
nation with AHN-directed therapy, is currently underway
[84].

Bezuclastinib

Bezuclastinib is an oral, highly selective type I TKI with
potent activity against K77 exons 9, 11, 17, and 18, including
D816V. Besides targeting K17 D816V, bezuclastinib was de-
signed to avoid closely related kinases, such as PDGFRa,
PDGFRp, wild-type KIT, VEGFR2 (KDR), and CSFIR (FMS).
Additionally, minimal brain penetration and no central nerv-
ous system toxicities have been observed with bezuclastinib
in preclinical studies [85]. A phase 1/2 study of patients
with advanced solid tumors, including GIST, showed that
bezuclastinib has clinical activity and a tolerable safety
profile. Patients treated with bezuclastinib had reduction
in exon 17 mutational burden, which was associated with
a reduction in tumor burden [86]. These findings support
the investigation of bezuclastinib as a potential therapy for
KIT-driven diseases, such as GIST and SM. Bezuclastinib
is currently being evaluated in a multicenter, phase 2,
open-label clinical trial (Apex, CGT9486, NCT04996875) to
evaluate the safety, efficacy, pharmacokinetics, and pharma-
codynamics of bezuclastinib in patients with AdvSM.
Preliminary safety and efficacy data from the Apex trial
suggest that bezuclastinib is well-tolerated and shows en-
couraging early signs of clinical activity, as demonstrated
by meaningful reductions in serum tryptase, MC burden,
and KIT D816V VAF [87]. A phase 2/3 clinical trial in patients
with ISM/SSM (Summit, NCT05186753) is also in progress
[55].

CONCLUSION

Understanding of SM has evolved owing to better classi-
fication, identification of good prognostic/indolent disease
subsets, and routine availability of molecular testing. The
outcomes for patients with AdvSM have significantly im-
proved since the introduction of novel TKIs. Avapritinib
can generate molecular remission of X/7° D816V, and has
more favorable long-term outcomes than historical treat-
ments, including midostaurin. Treating SM-AHN, in which
the prognosis is usually driven by AHN, remains a major
challenge, and the presence of a complex mutational profile
beyond KI/T D816V may promote progression and resistance.
How to combine KIT inhibition with AHN-targeted therapy
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should be a major focus of clinical trials for AdvSM. HSCT
should be considered as a potentially curative option in pa-
tients with AHN. Prospective trials are required to assess
the usefulness of allo-HSCT combined with novel TKIs. New
diagnostic or predictive biomarkers, therapeutic strategies,
and validation of better clinical scoring systems for assessing
both prognosis and response are also questions that need
to be addressed.
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