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Abstract

Mastocytosis is a group of clonal disorders
characterized by an accumulation of neoplastic
mast cells (MCs) in one or more organ systems.
The clinical presentation of mastocytosis is
heterogenous as are the clinical outcomes. For
example, some variants are associated with
near normal life expectancy, while others are

amongst the most aggressive known malignancies.

Mastocytosis can occur in both pediatric and adult
populations and can be classified into three major
groups: systemic mastocytosis (SM), cutaneous
mastocytosis (CM), and localized mast cell
sarcoma. This review will focus on SM in adults
with the aim of providing a general overview of the
(1) pathophysiology, (2) diagnostic approach, and
(3) current treatment landscape in Canada.

Epidemiology

SMis a rare neoplasm. The incidence and
prevalence of SM are poorly characterized due
to its rarity, but estimated at 1/100 000 and
1/10 000, respectively.”? While evidence suggests
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that SM has a higher prevalence in women,
advanced disease appears to be more common
in men.?® The mean age at diagnosis occurs in
the 5™ to 7" decade of life and the median time to
diagnosis from symptom onset is estimated to be
approximately 3 years.3

Pathophysiology of
Systemic Mastocytosis

Human MCs originate from CD34+*
pluripotent progenitor cells in the bone marrow.*
Mature MCs in their normal state have a well
described role as effector cells in immediate-type
hypersensitivity reactions.5” A critical part of the
differentiation, growth, and survival of MCs is the
interaction of stem cell factor (SCF) with KIT, a
tyrosine-kinase receptor located on the surface
of MCs. Mutations in the KIT gene are present in
approximately >90% of patients with SM and by
far the most common mutation among them is
the KIT p.D816V mutation. This mutation induces
a constitutive SCF-independent hyperactivation
state of the KIT receptor, which contributes to
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an over production of MCs, an amplification of
MC mediator release, and the accumulation of

MCs in organs such as the bone marrow, skin,

liver, spleen, lymph nodes, and gastrointestinal
(Gl) tract.t™

Clinical Presentation of
Systemic Mastocytosis

Allergy and Mediator Symptoms

Many patients with SM, especially those
with non-advanced disease, often present with
symptoms related to excessive MC activation. The
release of mediators from MCs affects multiple
organs, and patients can exhibit a variety of
symptoms including cutaneous (e.g., flushing,
pruritus, hives), cardiovascular (e.g., dizziness,
syncope), Gl (e.g., diarrhea, nausea, vomiting,
abdominal pain, gastroesophageal reflux
disease), musculoskeletal (e.g., bone pain), and
neuropsychiatric symptoms (e.g., brain fog,
anxiety, depression), fatigue, and anaphylaxis.
Common triggers for MC activation include
exercise, changes in temperature, physical and
emotional stress, food, alcohol, medications
(e.g., nonsteroidal anti-inflammatory agents,
anesthetic agents, opioids), radiocontrast agents,
invasive procedures, and venoms.” In SM, the
rate of anaphylaxis is significantly higher than
that of the general population, and is estimated to
occur in approximately 20-50% of adult patients
with SM."2"® An important trigger to be aware of
is hymenoptera venom (e.g. yellowjacket wasp,
paper wasp, honeybee, fire ant). Anaphylaxis from
hymenoptera venom is estimated to account for
up to one third of all cases of anaphylaxis, is a
risk factor for severe recurrent anaphylaxis, and
is often the presenting symptom in patients with
indolent SM.14-18

Bone

Bone abnormalities are common clinical
features in patients with SM. Osteoporosis/
osteopenia occurs in approximately 20-40% of
patients with indolent SM and the prevalence
of these bone abnormalities tends to be
higher in men. Patients can also present with
osteosclerosis, which tends to be more common
in advanced stages of the disease, as well as
lytic bone lesions in the axial and appendicular
skeleton that can mimic skeletal metastasis.’®23
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Organ Infiltration

Infiltration of MCs into the skin is a common
finding in SM, especially in non-advanced stages of
the disease.?* The most common skin manifestation
of SM is maculopapular CM (previously referred to
as urticaria pigmentosa), which is characterized
by small, round, brown/red monomorphic lesions
and Darier’s sign is usually evident in these
cases.?* In adult-onset mastocytosis in the skin,
the likelihood of having SM is extremely high (up
to 97% in some studies).? Patients with SM can
present with lymphadenopathy and splenomegaly
due to MC and/or eosinophil infiltration along with
possible extramedullary hematopoiesis. Progressive
lymphadenopathy and significant splenomegaly
are more commonly observed in advanced
stages of the disease.” MC infiltration of the liver
is common and can occur with liver dysfunction,
ascites, and portal hypertension, all of which reflect
advanced SM. Patients with SM can present
with malabsorption and weight loss, which is also
suggestive of advanced stages of the disease.”

Establishing the Diagnosis

Initial Workup:

International guidelines recommend that
patients be referred to centres with experience
in the diagnosis and management of SM.26-28
The work up for SM includes a thorough history
and physical exam, a complete blood count
with differential and smear, a comprehensive
metabolic panel, liver function tests, albumin, basal
serum tryptase level, and imaging to evaluate for
hepatosplenomegaly, lymphadenopathy, ascites
and lytic bone lesions. To evaluate for biochemical
evidence of MC activation, a referral to an
experienced allergist should be initiated. SM is a
histopathologic diagnosis and requires a biopsy of
the involved tissues, and bone marrow is the gold
standard for this purpose. In general, clinicians
should have a high index of suspicion for SM in
those with (1) symptoms compatible with MC
activation, (2) an elevated basal serum tryptase
level, (3) biopsy-proven adult onset mastocytosis
in the skin, and/or (4) unexplained bone findings.
In addition, the histopathologic analysis should
include a myeloid next-generation sequencing
panel that includes genes such as SRSF2,
ASXL1, RUNX1, mast cell immunophenotyping by
immunohistochemistry and/or flow cytometry,
and cytogenetics. In the presence of eosinophilia

35



Systemic Mastocytosis: Diagnosis and Management in 2024

and bone marrow MC proliferation, screening
for the known tyrosine kinase gene fusions
associated with myeloid or lymphoid neoplasms
with eosinophilia (e.g. FIP1L1-PDGFRA) should
be performed.?°:3°

Diagnostic Criteria

The World Health Organization (WHO)?°'
and International Consensus Criteria (ICC)%° are
two classification systems used to establish the
diagnosis of SM. The criteria are very similar but
not entirely aligned. (nuances are summarized
in the NCCN guideline?® and Pardanani et al.?’)
The main histopathologic feature used by both
classification systems is the major criterion of
multifocal dense aggregates (i.e. 15 or more
MCs in aggregates) of MCs in the bone marrow
or other extracutaneous tissue. Minor criteria
include >25% of MCs with atypical morphology,
any ligand-independent activating KIT mutation*
(e.g. most commonly the KIT D816V mutation), an
aberrant MC immunophenotype detected by flow
cytometry or immunohistochemistry, and a baseline
serum tryptase value of >20 ng/mL** (Table 1). The
WHO requires 1 major and 1 minor criterion, or at
least 3 minor criteria, and the ICC requires 1 major
criterion or at least 3 minor criteria.?®%°

*The prevalence of KIT p.D816V mutations varies
on the disease subtype (typical ISM >90%, SSM
>90%, SM-AHN, >90%, ASM >80%, MCL <70%)

**|n cases of SM-AHN, an elevated tryptase does
not count as a SM minor criterion. The WHO states
that basal serum tryptase level should be adjusted
in case of hereditary alpha-tryptasaemia.

Staging

After the diagnosis of SM is established,
it is important to then classify SM into specific
subtypes (also known as variants) as this is
important for understanding natural history
and for planning treatment. This process can
be confusing, which is further compounded by
the subtle differences between the ICC and
WHO criteria, which are summarized in Table 1.
SM can be broadly divided into two major
categories: non advanced SM and advanced
SM. Non advanced SM includes three subtypes:
bone marrow mastocytosis (BMM), indolent
SM (ISM), and smouldering SM (SSM). The
hallmark of non-advanced SM is that there is
no significant end organ damage. Advanced
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SM also includes three subtypes: aggressive

SM (ASM), mast cell leukemia (MCL), and

SM with associated hematological heoplasm
(SM-AHN?). The criteria used to classify all three
indolent subtypes and the ASM subtype are the
“B” and “C” findings (Table 2). The diagnosis of
MCL requires the presence of at least 20% mast
cells in bone marrow aspirate smears. The
diagnosis of SM-AHN requires diagnostic criteria
for both (1) SM and (2) another hematologic
(myeloid or rarely lymphoid) neoplasm to be
simultaneously fulfilled. Common AHNs that
co-exist with SM are chronic myelomonocytic
leukemia, myelodysplastic syndrome,
myeloproliferative neoplasms, chronic eosinophilic
leukemia, and acute myeloid leukemia.

Treatment

Mediator Symptoms, Anaphylaxis
and Bone Health

Multidisciplinary collaboration, especially
with allergists, is necessary to optimize patient
care. MC activation symptoms greatly affect
patients’ quality of life and are managed with
anti-mediator therapies such as antihistamines,
mast cell stabilizers, and leukotriene receptor
antagonists. Counselling on trigger avoidance is
crucial, especially with strategies to avoid insect
bites and peri-procedural optimization.?® It is
recommended that all patients obtain a medical
alert bracelet and/or wallet card, and must always
carry two auto injectors of epinephrine with them
at all times. All patients who have experienced
anaphylaxis due to hymenoptera venom must be
assessed by an allergist for venom immunotherapy
and/or for omalizumab therapy for other severe
allergic issues.?83233 Because of the risk of
excessive bone loss, serial bone mineral density
scans are an important part of management and
bisphosphonates with antihistamines are typically
used as front-line therapies.?®

Cytoreduction

Cytoreduction is typically indicated for
those with end organ damage or with severe and
refractory symptoms.?6-2¢ Cytoreductive options
include midostaurin, avapritinib, cladribine,
peginterferon alfa-2a, and imatinib. Most
international guidelines recommend enrolment in a
clinical trial, midostaurin or avapritinib as front-line
therapies for advanced SM, as well as cladribine
when rapid debulking is required.?6-28
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All variants must first meet SM diagnostic criteria

Bone marrow mastocytosis®
e SM established from bone marrow and no B findings, C findings, AHN or MCL
» No skin involvement
o Basal serum tryptase below 125 ng/mL
Indolent SM

e 0-1B finding(s)
» No C findings, AHN or MCL

Smoldering SM
o = 2 Bfindings
* No C findings, AHN or MCL

Aggressive SM
e =1C finding
e No AHN or MCL

Systemic mastocytosis with Associated Hematological Neoplasm®

» Meets SM diagnostic criteria and diagnostic criteria for second hematological neoplasm (usually a
myeloid neoplasm)

Mast Cell Leukemia

o Bone marrow aspirate smears = 20% MC¢

Table 1. Criteria for systemic mastocytosis variants; courtesy of Stephanie Lee, MD.

a) In the 2022 WHO classification, BMM is a separate category from ISM. In the 2022 ICC classification, BMM is a
subvariant of ISM.2°

b) In the 2022 ICC classification, this variant is named SM with an associated myeloid neoplasm (AMN) because
overwhelmingly the concurrent neoplasms is myeloid origin.

c) The 2022 ICC states that MCs must be atypical immature cells, which include promastocytes, metachromatic blast-like

cells, or highly pleomorphic mast cells. The ICC states in the presence of an inadequate bone marrow aspirate smear, MCL
may be diagnosed by a diffuse, dense infiltration of atypical immature mast cells on bone marrow biopsy.%
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B findings reflect the disease burden but without organ dysfunction and C findings reflect disease

burden with organ dysfunction.

B findings
2022 WHO
e >30% mast cells on bone marrow biopsy and serum total tryptase >200 ng/mL

» Signs of dysplasia or myeloproliferation in non-mast cell lineage, but criteria not met for a WHO
AHN, with normal or only slightly abnormal blood counts

o Hepatomegaly without impaired liver function, palpable splenomegaly without hypersplenism and/
or lymphadenopathy (palpation or imaging)

o KIT D816V variant allele frequency 210%
20221CC
o >30% of bone marrow cellularity by mast cells and serum total tryptase >200 ng/mL

o Cytopenia but not meeting criteria for C-findings or -cytosis. Reactive causes are excluded and
criteria for myeloid neoplasms are not met.

» Hepatomegaly without impaired liver function, palpable splenomegaly without hypersplenism and/
or lymphadenopathy >1 cm (palpation or imaging)

C findings

» Bone marrow dysfunction due to neoplastic mast cell infiltration defined as =1 cytopenia: absolute
neutrophil count <1.0 x 10%/L, hemoglobin <100 g/L, and/or platelet count <100 x 10°/L

» Palpable splenomegaly with hypersplenism
o Osteolytic lesion =22 cm

o Palpable hepatomegaly with impairment of liver function, and/or ascites, and/or portal
hypertension

o Malabsorption with hypoalbuminemia +/- weight loss

Table 2. B- and C- Findings Criteria; courtesy of Stephanie Lee, MD.
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Midostaurin is an oral multikinase inhibitor
that has been approved for the treatment of
advanced SM in Canada, the United States,
and Europe. Two pivotal clinical trials have
demonstrated the effectiveness of midostaurin
in treating SM. The overall response rate (ORR)
was approximately 60-69%, with median
progression-free survival (PFS) and overall
survival (OS) of 14 months and 29 months,
respectively. All subvariants of advanced SM
responded to the treatment, the patients reported
an improved quality of life, and the main adverse
events were Gl toxicity and myelosuppression.3#3°
Unfortunately, midostaurin is not funded in most
provinces in Canada, and compassionate programs
are extremely limited. Given that the annual out
of pocket cost often exceeds $100 000 CAD,
midostaurin is not a realistic treatment option for
most patients in Canada.

Avapritinib is a potent and selective inhibitor
of the KIT D816V mutation that has been studied in
the phase | EXPLORER and phase Il PATHFINDER
trials in adult patients with advanced SM.34%7
The interim analysis of the PATHFINDER trial
showed an ORR of 75% at a median follow-up of
10.4 months and the estimated 12-month PFS
and OS rates were 79% and 86%, respectively,
at a median follow-up of 7 months. Intracranial
bleeding was observed in 13% of patients in the
EXPLORER trial and was strongly associated
with severe thrombocytopenia®*; as a result,
both studies were amended to exclude patients
with severe thrombocytopenia, and avapritinib is
recommended for patients with a platelet count of
50,000/mm? or higher. Avapritinib was approved
in the US in 2021 and in Europe in 2022 for the
treatment of advanced SM but is not currently
available in Canada.

Cladribine, while not approved by Health
Canada for SM, is used off label for all variants of
advanced SM. Studies have shown that cladribine
has an ORR of approximately 50-77% for patients
with advanced SM with a median duration of
response of approximately 1-2.5 years. Infectious
complications and myelosuppression are the main
adverse events.3840

Peginterferon alfa-2a is also used off label in
Canada for patients with ASM and SM-AHN (when
the SM component requires treatment); however,
it is not recommended for MCL.%8 It may also be
useful in some patients with ISM or SSM who have
severe or refractory mediator or bone symptoms.?®

Imatinib is approved by Health Canada for
advanced SM for those without the KIT D816V
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mutation or whose KIT mutational status is
unknown; however, since >90% of patients with
SM have the KIT D816V mutation, imatinib has a
limited role in the treatment of SM.#!

There is a paucity of high-quality data on the
role of allogenic hematopoietic stem cell transplant
for patients with SM. Typically, this treatment is
reserved for patients with aggressive/refractory
disease and for those with SM-AHN with high-risk
AHN features (e.g. AML). The role of KIT inhibitors
in the post-transplant setting has not been
formally studied in prospective trials.3742

Prognosis

Accurate staging of SM as described above
is important for prognostication, but it is worth
noting that most of the long-term survival data is
from the pre-TKI treatment era.?” Non advanced
forms of SM are comparatively slow growing
neoplasms and patients tend to have excellent
long-term survival, ranging from a median OS
not reached for BMM, 25-28 years for ISM, and
12 years for SMM.384344 |n |[SM, the estimated rate
of transformation to advanced SM and leukemic
transformation is <3% and <1%, respectively.384344
In advanced forms of SM, the median OS varies,
with a range from approximately 3-6 years for
those with ASM, 2-3 years for those with SM-AHN,
and 2 months-2 years for those with MCL.28384546
Leukemic transformation in ASM and SM-AHN
is variable, and is impacted greatly by the AHN
component, with an overall risk ranging from
6-30%.38 Prognostic models have been developed
that integrate clinical and molecular variables,
although the performance of these models in the
TKI era is not well defined.?”28

Conclusion

SM is a rare malignancy with a wide spectrum
of clinical presentations and natural histories. The
pathogenesis of SM is strongly linked to somatic
KIT-activating mutations leading to (1) excessive
MC activation, and (2) MC accumulation in
tissues, which can lead to organ dysfunction
and a high symptom burden that greatly impacts
morbidity and/or mortality. Management requires
multidisciplinary care, and while treatment options
are expanding, they remain very limited in Canada,
which is an enormous unmet need.
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