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Abstract: Advanced systemic mastocytosis (AdvSM) is a rare hematologic malignancy with organ damage and compromised life 
expectancy arising from organ accumulation of neoplastic mast cells. Identification of the gain-of-function KITD816V in the majority of 
cases has accelerated pharmaceutical development culminating with the development of selective KIT inhibitors such as avapritinib. While 
the advent of these therapies has improved the quality and quantity of life in patients with AdvSM, current challenges remain in the 
management of this disease. In this review, we summarize the present and future therapeutics landscape of AdvSM, highlighting the 
development of novel KIT inhibitors including elenestinib and bezuclastinib. We also explore the continued role of additional treatment 
modalities including allogeneic stem cell transplantation before discussing unresolved clinical challenges in the management of AdvSM. 
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Introduction
Systemic mastocytosis (SM) encompasses a diverse group of diseases involving neoplastic mast cells (MCs) that span 
a disease spectrum from indolent SM (ISM), which also includes a smoldering form (SSM), to an advanced form 
(AdvSM) that compromises life span. AdvSM is comprised of aggressive SM (ASM), SM with associated hematologic 
neoplasm (SM-AHN) and mast cell leukemia (MCL). The incidence of approximately 1.5 cases per 100,000 and 
a prevalence of 25 cases per 100,000 population.1

SM originates from clonal MCs derived from hematopoietic stem cells2 that are inappropriately activated and 
accumulate in extramedullary tissues. These MCs can be associated with significant symptom burden as well as the 
potential to induce organomegaly with frank organ dysfunction. Both chronic and episodic activation of MCs results in 
varied symptomatology that is attributed to release of mast cell mediators such as histamine, heparin, leukotrienes, 
prostaglandins, platelet-activating factor, and proteases.3

The molecular pathogenesis of SM is characterized in the majority of patients by a gain of function oncogenic mutation in the 
stem cell factor (SCF) transmembrane class III receptor KIT (CD117).4 KIT signaling promotes the proliferation, differentiation 
and activation of MCs. Over 95% of patients with SM harbor mutations in exon 17 of the KIT gene involving an adenine to 
thymine base switch at nucleotide position 2468, which results in an aspartic acid-to-valine change at codon 816 (D816V).4,5 KIT 
mutations, as well as tryptase, can be effectively assayed in the peripheral blood. The functional consequence of this activation 
loop mutation is constitutive kinase activity leading to downstream signaling through MAPK, AKT, PI3K, and STAT signaling 
cascades.6,7 It is now recognized that alternative activating mutations of KIT outside of D816V can also lead to MC activation, 
differentiation and proliferation and may alter the activation of the complex downstream signaling pathways.

While clinical manifestations in patients with ISM or SMM are primarily related to mediator symptoms, patients with 
AdvSM largely suffer from symptoms that are a result of MC proliferation leading to organomegaly (B-findings) or organ 
failure (C-findings).8 ASM is defined by the presence of at least one C-findings, which are listed in Table 1, however 
patients with SM-AHN or MCL frequently also exhibit C-findings. Cytopenias are secondary to MC marrow infiltration 
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in ASM and MCL, however in patients with SM-AHN low blood counts may also be related to associated neoplasm. 
Other features such as hepatomegaly and splenomegaly are present in approximately 40% of AdvSM patients.9 

Measurement of MC burden outside of C-findings occurs through several mechanisms. The most direct is histopathologic 
evaluation of MC tissue infiltration in the bone marrow (or other organs).10 Tryptase is a serine protease that is 
concentrated in MCs and is a marker of MC activation.11 The KITD816V mutation is present in the vast majority of 
AdvSM patients and its allele burden is significantly higher in patients with AdvSM as compared to patients with ISM or 
SSM.12 The key diagnostic, clinical and prognostic distinctions between SM subtypes are detailed in Table 2.

Table 1 C Findings for the Diagnosis of Aggressive Systemic Mastocytosis

Cytopenias ANC < 1 x 109/L 

Hgb < 10 g/dL 
Platelet < 100 x 109/L

Hepatopathy Ascites and elevated liver enzymes* ± hepatomegaly or cirrhotic liver ± portal hypertension

Spleen Palpable splenomegaly with hypersplenism ± weight loss ± hypoalbuminemia

GI tract Malabsorption with hypoalbuminemia ± weight loss

Bone Large-sized osteolysis (≥2 cm) with pathologic fracture ± bone pain

Notes: *Alkaline phosphatase levels are typically elevated in patients with advanced SM and SM-induced liver damage. In some of 
these patients, only elevated liver enzymes but no (clinically relevant) ascites is found.

Table 2 Subtypes of Systemic Mastocytosis

Indolent SM Smoldering SM Aggressive SM SM-AHN Mast cell 
leukemia

Diagnostic criteria

Fulfills SM 

diagnostic 

criteria

Yes Yes Yes Yes Yes

B findings No Yes – – –

C findings No No Yes – –

Concurrent 

hematologic 

malignancy

No No No Yes 

Most frequently CMML, 

MDS, MPN

–

Features of 

MCL

No No No No Yes 

≥20% atypical 

immature mast 

cells in aspirate 

smear

Key clinical features

Prominent mediator symptoms: 

flushing, pruritus, nausea/ 

vomiting, abdominal pain, 

palpitations, headache, 

neuropsychiatric symptoms, 

anaphylaxis

Mediator 

symptoms, plus 

palpable 

hepatosplenomegaly

Mediator symptoms, 

B symptoms possible plus 

pathologic fractures, 

cytopenias, functional liver 

impairments and 

malabsorption

Mediator symptoms less 

likely, organomegaly 

cooccurring with 

manifestations of 

associated hematologic 

neoplasms

Extreme weight 

loss, fatigue, 

cytopenias, 

peptic ulcer 

disease 

coagulation

(Continued)
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These markers of MC burden and activation can also be used to assess response to treatment. In the International 
Working Group-Myeloproliferative Neoplasms Research and Treatment and European Competence Network on 
Mastocytosis (IWG-MRT-ECNM) response criteria, reduction in serum tryptase level to less than 20 ng/mL is required 
to fulfill a complete response (Table 3).13 In addition, reduction in KITD816V allele burden of at least 25% has been 
shown to be predictive of improved overall survival (OS).14 In recent years, there has been significant progress in 
attaining these responses, and ultimately improving patient outcomes because of the development of selective KITD816V 
inhibitors. Despite these improvements, several unresolved clinical challenges remain.

In this review, we describe the evolving risk stratification of AdvSM before detailing the current treatment landscape 
including midostaurin and avapritinib. We then describe novel therapeutics in development and then described remaining 
clinical challenges for the optimal management of AdvSM.

Table 2 (Continued). 

Indolent SM Smoldering SM Aggressive SM SM-AHN Mast cell 
leukemia

Prognosis

Median OS 198 months 

(not significantly different than 

age and sex matched controls)9

52 months15 41 months9 24 months (but depends 

on the associated AHN)9
2 months9

Table 3 IWG-MRT-ECNM Response Criteria for Advanced Systemic Mastocytosis

Complete remission (CR)* 

Requires all 4 criteria and response duration must be ≥ 12 wk No presence of compact neoplastic mast cell aggregates in the BM or other 

biopsied extracutaneous organ 

Serum tryptase level < 20 ng/mL†

Peripheral blood count remission defined as ANC ≥ 1 × 109/L with normal 

differential, Hb level ≥ 11 g/dL, and platelet count ≥ 100 × 109/L 

Complete resolution of palpable hepatosplenomegaly and all biopsy-proven 

or suspected SM-related organ damage (CI findings)‡

Partial remission (PR)* 

Requires all 3 criteria and response duration must be ≥ 12 weeks, 

in the absence of both CR and progressive disease (PD) 

Reduction by ≥ 50% in neoplastic MCs in the marrow and/or or other 

extracutaneous organ at biopsy demonstrating eligible SM-related organ 

damage 

Reduction of serum tryptase level by ≥ 50%†

Resolution of 1 or more biopsy-proven or suspected SM-related organ 

damage (CI finding(s))‡

Clinical improvement (CI)* 

Response duration must be ≥ 12 weeks Requires 1 or more of the nonhematologic and/or hematologic response 

criteria to be in the absence of both CR/PR 

assignment or progressive disease (PD) 

Stable disease (SD) 

Not meeting criteria for CR, PR, CI, or PD 

(Continued)
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Risk Stratification
In 2022, both the WHO and the International Consensus Classification (ICC) introduced updates for the classification and 
diagnostic criteria of SM.16,17 The ICC upheld the five subtypes of systemic mastocytosis from 2016, while the WHO 5th 

edition (2022) classification system categorizes SM into six different classes with one new variant, BMM. The first 
category is ISM which meets the criteria of SM, requiring at least 1 major and 1 minor or 3 major SM criteria, without 
additional B or C findings. This is the most common variant of SM and is associated with a favorable prognosis, both in 
terms of OS and leukemia-free survival. ISM progresses slowly and OS that is likely similar to that of the age- and sex- 
matched population based off a retrospective study with 342 patients.9 However, a subsequent analysis of OS in the ISM 
population demonstrated a modest but statistically significant decrease in survival for patients in the first 4 years of their 
disease course, regardless of whether their disease progressed to advanced SM.18 Patients with indolent or smoldering 

Table 3 (Continued). 

Progressive disease (PD)§

Requires at least 1 element of either criteria 1 or 2 and duration 
must be ≥ 8 weeks 

(1) For patients with baseline grade 2 nonhematologic organ damage: a) 
worsening by 1 grade, AND b) minimum 100% increase (doubling) of 

laboratory abnormality.   

For patients with baseline ≥ grade 2 albumin: (a) worsening by 1 grade, 
AND (b) decrease by ≥ 0.5 g/dL.   

For patients with baseline ≥ grade 3 nonhematologic organ damage: 

minimum 100% increase (doubling) of laboratory abnormality.   
For patients with baseline ≥ grade 2 transfusion-independent anemia or 

thrombocytopenia: New transfusion dependence of ≥ 4 units of RBCs or 

platelets at 8 wk.   
For patients with baseline transfusion-dependent anemia or 

thrombocytopenia: ≥100% increase in the average transfusion frequency for 

an 8-wk period compared with the 12-wk pretreatment period   
For patients with baseline grade ≥ grade 3 neutropenia: (a) > 50% 

decrease in neutrophil count, AND (b) absolute decrease of neutrophil count 

of ≥ 250/mm3, AND c) grade 4 
(2) Development of at least 10-cm palpable symptomatic splenomegaly for 

a baseline spleen size of not palpable or ≤ 5 cm, OR if baseline symptomatic 

splenomegaly is > 5 cm, a > 50% worsening and development of at least 10 cm 
of palpable symptomatic splenomegaly compared with the baseline value.¶

Loss of response (LOR) 

Loss of a documented CR, PR, or CI that must be for ≥8 wk. Downgrading of 

CR to PR or PR to CI is considered as such but is not considered as loss of 
response unless CI is also lost for a minimum of 8 wk. The baseline value for 

LOR is the pretreatment measurement(s) and not the nadir values during 

response. 

Notes: Guidelines for adjudicating response are as follows: (1) Only disease-related ≥ grade 2 organ damage is evaluable as a primary endpoint in clinical trials. (2) Response 
adjudications of CR, PR, SD, PD, and LOR should only be applied to these ≥ grade 2 organ damage findings in the context of trials. (3) Disease status at the time of patient removal from 
the study singularly relates to the updated status of initial ≥ grade 2 organ damage finding(s). (4) Exclusion of drug-related toxicity and/or other clinical issues (eg, gastrointestinal tract 
bleeding in the case of worsening anemia/transfusion-dependence) should be undertaken before assigning the designation PD or LOR in a patient with worsening of baseline ≥ grade 2 
organ damage. *Responses that are not maintained or confirmed for a period of at least 12 wk do not fulfill criteria for CR, PR, or CI; however, both maintained and unmaintained (< 12- 
wk duration) responses in organ damage should be recorded to determine median duration of response. †Only valid as a response criterion if the pretreatment serum tryptase level is ≥ 
40 ng/mL. ‡Biopsy of organ(s) in addition to the BM to evaluate for SM-related organ damage may be considered. §Preservation of at least one CI finding permits a patient to maintain the 
response of “CI” if 1 or more CI findings are lost but none meet criteria for progressive disease (PD). However, if 1 or more of the CI findings become PD, then the CI finding 
assignment is lost and the patient meets criteria for PD. The baseline value for evaluating PD is the pretreatment measurement(s). The PD findings must be considered related to the 
underlying disease and not to other clinical factors. Progression of an underlying chronic myeloid neoplasm to AML is also considered PD in the setting of clinical trials. ¶For clinical trials 
using 3D computed tomography or magnetic resonance imaging as an additional modality to quantify organomegaly, progression in splenomegaly is defined as an increase in spleen 
volume of at least 25%. Adapted from reference.13
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SM tend to be younger at presentation, present with a higher percentage of skin lesions and GI symptoms and are less 
likely to exhibit constitutional symptoms or hepatosplenomegaly.

The WHO 5th edition (2022) added an additional variant of SM not included in the 2016 classification system or by 
the ICC. This additional category, bone marrow mastocytosis (BMM) is defined as neoplastic MC proliferation solely 
involving the BM. BMM is characterized by limited BM infiltration, absence of cutaneous lesions, normal or minimally 
elevated serum tryptase levels (<125 ng/mL), older age and male predominance.19 Patients with isolated bone marrow 
neoplastic mast cell involvement but who also have B findings or a tryptase level ≥125 ng/mL have an inferior PFS and 
OS as compared to BMM or ISM patients without these two clinical features.20

SSM is also a recognized diagnostic category. This is considered an intermediate-stage variant and is characterized by 
2 or more “B findings”. The prognosis is worse compared to ISM but not as aggressive as the AdvSM categories. Patients 
with SSM tend to present at an older age, have higher bone marrow MC burden, higher serum tryptase level, as well as 
increased prevalence of palpable hepatosplenomegaly. SSM is associated with inferior OS and an increased risk of 
progression to ASM compared to the other ISM subtypes.21

Aggressive Mastocytosis (ASM) is characterized by the presence of “C findings”. It requires fulfilling the SM criteria 
with the presence of ≥1 C finding, which include impairment or loss of organ function due to mast cell infiltrates 
(Table 1).22 Associated symptoms include constitutional symptoms, hepatosplenomegaly (with impairment of liver 
function, ascites or portal hypertension), lymphadenopathy, severe anemia (hemoglobin <10g/dL) and/or thrombocyto
penia (platelets 100 × 109/L), leukocytosis (ANC < 1.0x109/L due to bone marrow dysfunction). Due to gastrointestinal 
mast cell infiltrates, patients may have abdominal pain, nausea, vomiting, diarrhea or GI bleeding and may have 
malabsorption with hypoalbuminemia and weight loss. They may have musculoskeletal pain or osteopenia, due to 
skeletal involvement, which may manifest with osteoporosis and pathologic fractures.23,24

The next category is SM with associated hematological neoplasm (SM-AHN), which requires meeting criteria for 
both SM and another hematologic malignancy. SM-AHN has a more aggressive clinical course. The AHN component 
most often includes chronic myelomonocytic leukemia (CMML), MDS, myeloproliferative neoplasms (MPN), AML, 
B-cell lymphoma and plasma cell neoplasms.25 SM-AHN is associated with an inferior OS, however the prognosis is 
generally determined by the aggressiveness of the AHN.26

Mast cell leukemia (MCL) is the rarest subtype, extremely aggressive and categorized by the highest mortality.27 This 
subtype accounts for less than 1% of all SM cases. MCL is considered a form of acute leukemia and is defined by the 
presence of at least 20% neoplastic immature MCs in the bone marrow and 10% in the PB. MCL can either be secondary 
MCL following progression from another SM or can present as primary MCL.28

Associated Mutations
More than 90% of typical ISM and 70% of AdvSM carry acquired point mutation in the KIT gene. Additional somatic 
mutations (ASXL1, RUNX1, SRSF2, NRAS) have been found in 90% of ASM patients.29 A recent next-generation 
sequencing study of one hundred and fifty patients revealed 75% of patients possessed KITD816V. Sixty-three (42%) 
patients were either unmutated or had no additional mutation other than KITD816V. For the remaining 87 patients, a total 
of 148 non-KIT mutations were identified: 46 (31%) patients harbored one mutation, 24 (16%) two mutations, 14 (9%) 
three mutations and three (2%) had four mutations. The most frequently mutated non-KIT genes were TET2 (29%), 
ASXL1 (17%), CBL (11%), SF3B1/DNMT3A/JAK2 (6% each), U2AF1 (4%), and RUNX1 (3%). ASXL1 and RUNX1 
mutations are associated with inferior survival, independent of age and WHO subtype.30 The frequency of these 
mutations is significantly greater in AdvSM as compared to non-AdvSM, 19 of 27 non-KIT mutations were found in 
patients with advanced SM.23

Prognostic Scoring Systems
There are several prognostic scoring systems to help categorize AdvSM based on clinical and molecular factors. 
However, these are often challenging to incorporate into clinical practice.

The Mayo Alliance Prognostic System (MAPS) was developed in 2018 and incorporates two different models. The 
scoring system was developed based on 580 patients seen at Mayo Clinic between 1968 and 2015. The first system includes 
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only 5 clinical variables, which were advanced SM vs ISM/SSM, age >60 years, platelets <150x109/L, anemia below sex- 
adjusted normal and serum ALP above normal range. Survival was directly correlated with the number of risk factors, with 
a great prognosis for patient with ≤1 risk factor (median survival not reached) and poor outcomes for patients 4 or 5 risk 
factors (median survival, 9–27 months). This study showed that the model was equally effective whether it was applied to 
patients with AdvSM or ISM/SSM. The second prognostic model incorporates adverse molecular data, such as the presence 
of ASXL1/RUNX1/NRAS and incorporated the previously defined clinical variables. The OS without adverse mutations was 
median 70 months compared to 10 months with the identification of an adverse mutation present (ASXL1, RUNX1, 
NRAS).31 These models included the WHO classification system for SM, which is subject to variable interpretation. 
A subsequent WHO-independent MAPS system was developed to eliminate this subjectivity, which focused solely on 
age, platelet count, sex-adjusted hemoglobin, increased alkaline phosphatase and serum albumin.31

The Mayo clinic group subsequently proposed a Mutation-Augmented Prognostic Scoring System (MAPSS) with 
next-generation sequencing of 27 relevant genes in 150 SM patients that could be integrated into a prognostic model. In 
multivariate analysis, age >60 years, hemoglobin <10 g/dL or transfusion-dependence, platelet count <150x109/L, serum 
albumin <3.5 g/dL, and ASXL1 mutation were associated with inferior survival. This study stratified ASM into three 
distinct risk groups: low-risk, intermediate-risk and high risk with associated median survivals of 86, 21, and 5 months, 
respectively.30

In 2019, the International Prognostic Scoring System of Mastocytosis (IPSM) was created based on a study by Sperr 
at all.32 This study utilized a database of 1639 patients with SM and divided patients into three groups based on age >60 
years and elevated alkaline phosphatase value: low (no risk factors), intermediate 1 (one risk factor) and intermediate 2 
(two risk factors). In patients with AdvSM (n=259), age 60 years or older concentration of tryptase 125 ng/mL or higher 
leukocyte count of 16 x 109/L or higher, hemoglobin of ≤11 g/dL, platelet count of ≤100 x 109 /L, and skin involvement 
were independent prognostic factors for OS in multivariate analyses. Each risk factor with an HR greater than 1.50 
scored 1 point and risk factors with an HR of 0.50 or lower scored −1 point. By adding the risk factors, four different risk 
groups were established. Based on these variables, a separate score was established with four risk categories for AdvSM. 
OS and PFS differed significantly among these groups (p < 0.0001).33

The Global Prognostic Score for Mastocytosis (GPSM) further identified variables that impacted disease progression 
(GPSM-PFS) and survival (GPSM-OS) and were based on platelet count ≤100 × 109 cells per L, serum β2-microglobulin 
≥2.5 μg/mL, and serum baseline tryptase ≥125 μg/L for PFS and hemoglobin ≤11 g/dL, serum alkaline phosphatase ≥140 
IU/L, and at least one mutation in SRSF2, ASXL1, RUNX1, or DNMT3 for OS. The GPSM-PFS and GPSM-OS models 
were able to discriminate between low-risk and high-risk patients for worse PFS and OS in the discovery and validation 
cohorts, with a discovery cohort of 422 and an independent cohort of 853 patients, respectively. This prognostic tool was 
able to predict survival outcomes in patients with SM.34

The Mutation-Adjusted Risk Score (MARS) was developed from a study analyzing 383 patients with ASM from the 
German Registry on Disorders of Eosinophils and Mast cells. Multivariable analysis identified risk factors associated 
with OS: age >60 years, hemoglobin <10 g/dL, thrombocytopenia (<100 x 109/L) presence of one high molecular risk 
gene mutation (SRSF2, ASXL1 and/or RUNX1) and presence of two or more high molecular risk gene mutations. This 
MARS was independent of WHO classification type and was confirmed with an independent validation cohort.35

One registry-based study reviewed 2607 patients enrolled within the European Competence Network on Mastocytosis 
(ECNM) and 575 patients enrolled within the German Registry on Eosinophils and Mast cells (GRM). This study found 
that many patients with AdvSM are misdiagnosed or experience delayed diagnosis especially if patients lack skin 
involvement or MC mediator-related symptoms during presentation. This study identified the following serum para
meters as the most relevant: tryptase, alkaline phosphatase, B2-microglobulin, lactate dehydrogenase, albumin, vitamin 
B12 and C-reactive protein and concluded that serum chemistry profiling is crucial for diagnosis and prognostication.36 

A panel of experts from the ECNM together with an expert panel of the American Initiative in Mast Cell Diseases (AIM) 
reviewed these prognostic scoring systems and recommended utilizing the IPSM and GPSM-PFS for non-aggressive SM 
and the IPSM, GPSM and MARS for patients with ASM.37
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Treatment
Supportive Care
Although more pronounced in patients with ISM, mediator symptoms can be present in AdvSM patients and frequently 
require therapies, which can ameliorate the effects of MC degranulation. These therapies including histamine blockers, 
leukotriene inhibitors, sodium cromolyn, proton pump inhibitors and corticosteroids should be tailored based on mediator 
symptoms. Avoidance of symptom triggers should be discussed with all patients and those at risk for anaphylaxis should 
carry a self-injected epinephrine kit (EpiPen) at all times.38 In patients with AdvSM, additional supportive measures that 
may be required including screening and management of osteoporosis as well as transfusion support in addition to 
AdvSM directed therapy described below.

Midostaurin
Midostaurin is a multi-kinase inhibitor with activity against both wildtype and D816V mutated KIT that was approved for 
the treatment of AdvSM by the FDA in 2017.39 This agent has been evaluated in an open-label Phase 2 study, which 
included 116 AdvSM patients, of which 89 were included in the primary efficacy analysis (16 ASM, 57 SM-AHN, and 
16 MCL) who were treated with midostaurin at a dose of 100mg twice daily. The primary endpoint of overall response 
was 60% by modified Valent and Cheson criteria.24,40 However, a post-hoc analysis using the IWG-MRT-ECNM 
consensus criteria identified the overall response rate (ORR) to be 28% when including clinical improvement (CI) as 
a response.41 Breakdown of responses among subtype is shown in Table 4. Responses were durable with a median 
duration of 24.1 months and there were significant reductions in MC burden in the bone marrow as well as serum tryptase 
levels. The median OS was 28.7 months with median PFS of 14.1 months. Importantly, there was also reversal of organ 
damage as evidenced by normalization of hypoalbuminemia in 58% of patients, and achievement of red blood cell and 
platelet transfusion independence in 40% and 100% of dependent patients, respectively. However, gastrointestinal 
adverse events (AEs) were common, with all grade nausea being observed in 79% of patients, vomiting in 66% of 
patients, and in 54% of patients. Dose reductions because of AEs were required in 41% of patients and AEs led to 
discontinuation in 22% of patients.42

Subsequent studies have aimed to compare midostaurin with cladribine using propensity-score matching and 
demonstrated superior OS (4.2 years versus 1.9 years) and leukemia-free survival (2.7 years versus 1.3 years).43 

Predictors of superior OS in midostaurin-treated AdvSM patients include reduction of KITD816V allele burden by 
≥25%. Of note, the same analysis also demonstrated that clonal evolution occurs while receiving midostaurin treatment, 
with acquisition of new mutations in KRAS, NRAS, RUNX1, IDH2, and NPM1.14 Midostaurin was the standard front-line 
therapy for AdvSM patients, however its use has largely been replaced by the introduction of avapritinib.

Avapritinib
Avapritinib is a highly selective type 1 inhibitor of KITD816V with higher potency as compared with midostaurin (IC50 

0.27 versus 2.9) with negligible activity against wildtype KIT.44 Avapritinib was evaluated in AdvSM patients in the 

Table 4 Outcomes of Midostaurin and Avapritinib Clinical Trials in Advanced Systemic Mastocytosis

Agent MoA Study name N Response rates by IWG-MRT-ECNM Other

Overall ASM SM-AHN MCL

Midostaurin Multikinase 
inhibitor

CPKC412D2201 113 28% 60% 21% 33%

Avapritinib Selective KIT 
inhibitor

EXPLORER 
Phase 1

53 75% 100% 76% 69% ORR 59% with prior  
midostaurin exposure

PATHFINDER 
Phase 2

32 75% 100% 81% 25%
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phase 1 EXPLORER study which enrolled 86 AdvSM patients. After dose escalation, the 200mg and 300mg dose 
cohorts were expanded. Among 69 evaluable patients, the ORR by IWG criteria was 75% (with breakdown by subtype 
shown in Table 3). ORR was higher in midostaurin naïve patients as compared to those previously treated (83% versus 
59%). Importantly, 36% of patients experience a CR or CR with partial hematologic recovery (CRh) and 30% of patients 
experience of molecular CR.45 Bone marrow evaluation demonstrated reduction of MC aggregates, loss of CD25 
expression, improvement in bone marrow fibrosis and reversal of spindled MC morphology.46 During a median follow- 
up of 23 months, 14 patients (20%) experienced disease progression, including 6 patients (9%) who developed acute 
myeloid leukemia (AML).45

Avapritinib has also been tested in the phase 2 PATHFINDER study at a dose of 200mg daily. The interim results 
have been published which includes 62 AdvSM patients with evaluable mIWG–MRT–ECNM C-finding or MCL. The 
ORR was also 75% including 19% with CR/CRh. Similar to EXPLORER, there was evidence of profound reduction in 
MC burden with 60% of patients attaining complete elimination of bone marrow MCs and 93% of patients attaining 
≥50% reduction in tryptase levels. In addition, 60% of patients had ≥50% reduction in peripheral blood KITD816V allele 
burden.47 The results after three years of follow-up were recently presented and demonstrated that the median duration of 
response and OS was not reached.48

Despite these substantial benefits with avapritinib treatment in AdvSM, there are several safety considerations worth 
highlighting. In a pooled analysis of avapritinib 200mg daily from the EXPLORER and PATHFINDER trials, the most 
common non-hematologic AEs included peripheral/periorbital edema (all grades 81%), diarrhea (34%), nausea (31%), 
fatigue/asthenia (28%), and cognitive effects (25%). The cognitive effects included memory impairment and encephalo
pathy, which were reversible with dose reduction or interruption.49 In addition, intracranial hemorrhage occurred in 9 
patients (13%) of patients in the EXPLORER study, although it was asymptomatic in 5 patients and occurred in the 
setting of antecedent thrombocytopenia in 7 patients.45 Based on these findings, a platelet count cut off of 50 × 109/L was 
added as an amendment in PATHFINDER. Only 1 patient (2%) experienced an intracranial hemorrhage before this 
exclusion criteria was implemented.47 Hematologic toxicities with avapritinib include neutropenia, anemia, and throm
bocytopenia which were grade 3 in 16%, 27% and 30% of patients, respectively.45

As avapritinib has only been evaluated in single-arm studies, a recent retrospective analysis attempted to assess the 
difference between avapritinib and best available therapy (BAT) after adjusting for key covariates. Comparing 176 
avapritinib treated patients in EXPLORER and PATHFINDER to 141 patients treated with 222 lines of therapy, which 
included tyrosine kinase inhibitors, mostly midostaurin (51%), cytoreductive agents including cladribine (25%) and 
hydroxyurea (9%), there was an improved OS with a hazard ratio (HR) of 0.48 (p=0.004) and significantly longer 
duration of treatment (HR 0.36, p<0.001). Tryptase reduction was also significantly deeper in the avapritinib group as 
compared to BAT.50 These results support the efficacy of avapritinib in patients with AdvSM in lieu of randomized 
controlled trial data.

Avapritinib is currently the standard therapy for newly diagnosed or previously treated AdvSM patients. Caution 
should be taken in patients with baseline thrombocytopenia, particularly those who have SM-AHN.

Other Therapies
Although largely supplanted by the availability of selective KIT inhibitors, therapies traditionally utilized for the 
treatment of AdvSM still may have a role. Cladribine, a nucleoside analogue, is an effective agent for rapid de- 
bulking of MCs or in AdvSM patients relapsed or refractory to other agents. Of note, while this agent is associated 
with clinical responses, treatment-related toxicity can also occur. This is highlighted in one of the largest experiences of 
cladribine in SM, a French nationwide retrospective experience which included 32 patients with AdvSM. The ORR was 
50% in AdvSM patients with a duration of response of 2.5 years for ASM and 4.8 years in SM-AHN. Myelosuppression 
is relatively common with neutropenia in 47% of patients and 22% experiencing infectious complications in the total 
cohort (including ISM patients).51

Interferon alfa (IFN-a) treatment has also been historically used for the treatment of all subtypes of SM.52 In a report 
of 36 AdvSM patients treatment with IFN-a with or without prednisone resulted in an ORR of 60% and 45% for ASM 
and SM-AHN, respectively.53 Notable toxicities include depression, thrombocytopenia, and flu-like symptoms after 
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administration.54 A pegylated version has less frequent dosing and improved tolerability. We reserve IFN-a for patients 
with slowly progressive AdvSM who are not candidates for other therapies. Hydroxyurea has also been explored, 
although there is minimal data to effectively characterize the clinical benefit.53

Finally, imatinib can be utilized in the rare patient who does not harbor KITD816V mutation or who has a mutation 
outside of exon 17.55 Imatinib has demonstrated efficacy against wild-type KIT and certain trans-membrane and juxta- 
membrane KIT mutants, however, the KITD816V mutation is resistant to imatinib.56

Allogeneic Stem Cell Transplantation
Allogeneic stem cell transplantation (ASCT) is a potentially curative option in patients with AdvSM, although experience 
to date has largely been reported in SM-AHN. The largest retrospective series of 57 patients (38 with SM-AHN, 7 with 
ASM, 12 with MCL) demonstrated significant decreases in bone marrow MC percentages and serum tryptase levels. All 
patients with SM-AHN achieved a CR from their associated hematologic disease but 10 went on to relapse and five of 
those ultimately died. MCL patients had the highest rate of treatment-related mortality and highest primary resistance to 
ASCT. OS at 3 years was 43%, 17%, and 74% for ASM, MCL, SM-AHN, respectively.57 Consensus opinion on the role 
of ASCT in AdvSM recommends for MC debulking with the use of a KIT inhibitor or chemotherapy before proceeding 
to ASCT, particularly in the setting of MCL. Outside of this subtype, appropriate AdvSM patients for ASCT include 
younger patients who have achieved a response and have a suitable donor.58 However, the calculation of when to proceed 
to ASCT has been complicated by the availability of selective KIT inhibitors. In follow-up from the phase 1 avapritinib 
study, the 2-year OS rates were 100%, 92%, 67%, for ASM, MCL, SM-AHN, respectively, which compares favorably to 
ASCT data with the exception of SM-AHN.45 Therefore, in the case of patients with SM-AHN, we preferentially triage 
patients to ASCT if eligible as a curative modality for both the SM and AHN components.

Novel Agents
The development of TKIs has revolutionized treatment for AdvSM. Previously, cytoreductive therapy was the mainstay 
of treatment and now selective KIT inhibitors such as avapritinib represent the standard of care he D816V KIT point 
mutation also confers resistance against several tyrosine kinase inhibitors including imatinib.59 There are several clinical 
trials underway evaluating novel TKIs in this patient population.

Elenestinib (BLU-263)
Elenestinib (BLU-263) is a potent and selective small-molecule inhibitor of KITD816V with limited central nervous 
system (CNS) penetration and daily dosing strategy. This agent showed favorable tolerability and safety profile in a phase 
1 trial. The ongoing randomized double-blind phase 2/3 HARBOR trial (NCT04910685) includes patients with ISM. 
After 12 weeks of therapy, elenestinib demonstrated beneficial effects on total symptom score and biomarkers of MC 
burden. Patients receiving elenestinib at 25 mg, 50 mg, and 100 mg doses showed reduction from baseline for tryptase 
(−15.4%, −50.9%, and −68.4% vs 3.3 respectively) and KITD816V VAF (−37.5%, −70.3%, and −77.0% vs −2.5%, 
respectively) as compared to placebo.60 This agent is also being evaluated in the AZURE phase 1/2 trial (NCT05609942) 
for patients with advanced AdvSM as a monotherapy or in combination with azacytidine if indicated for an AHN.61

Bezuclastinib (CGT9486)
Bezuclastinib is a potent and selective inhibitor of KITD816V, with minimal effects on other kinases. This agent has low 
CNS penetration, high selectivity, and favorable pharmacokinetics, which ideally minimize systemic and CNS side 
effects. Bezuclastinib is currently being evaluated in a Phase 2 clinical trial, APEX (NCT04996875) with 140 adult 
patients with AdvSM per WHO criteria with SM-related organ damage, baseline serum tryptase of ≥20 ng/mL and could 
have received prior TKI therapy.62 As of April 2023, Part 1 was fully enrolled with 33 AdvSM patients. Data with 32 
evaluable patients showed 56% ORR rate and 75% ORR as well as deep reductions across biomarkers of MC activity, 
with 94% of patients experiencing a ≥50% decrease in serum tryptase, 93% with ≥50% reduction in KITD816V VAF and 
97% of patients with a ≥50% bone marrow MC burden. The majority of AEs were low grade and reversible. The most 
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frequent AEs were hair color changes 34%, thrombocytopenia 22%, increases in transaminase 22%, neutropenia 19% 
and taste disorder 19% and no reported cognitive or bleeding events.63,64

Conclusions and Unresolved Clinical Challenges
There has been undeniable progress over the last decade in the treatment of AdvSM, culminating in the approval of the 
selective KITD816V inhibitor avapritinib. However, there remain several unresolved clinical challenges. For one, with 
the potential introduction of additional selective KIT inhibitors including BLU-263 and bezuclastinib, the ideal sequen
cing of available KIT inhibitors will need to be clarified. In particular, for patients who are relapsed, refractory or 
intolerant to avapritinib, the efficacy of additional KIT inhibitors in this setting will need to be established. Targets 
outside of KIT that can be targeted in combination with KIT inhibitors, including antibody directed therapy targeting 
MCs,65,66 intracellular signaling pathways such as JAK-STAT,67 and BCL-2 mediating induction of apoptosis,68 should 
be explored to improve upon the efficacy seen with avapritinib.

While KIT inhibition has been efficacious in controlling SM features, SM-AHN patients may continue to have 
complications related to the AHN. For instance, in patients with CMML (the most common AHN), reductions in bone 
marrow monocyte burden are minimal with midostaurin, but treatment did result in the complete normalization of 
eosinophilia.69 The dynamics between neoplastic MCs and the AHN during KIT inhibition will need to be dissected in 
further studies. The optimal incorporation of KIT directed therapy into treatment of the AHN is also not well explored 
and the limitation in terms of thrombocytopenia with avapritinib introduces concurrent treatment challenges. The 
incorporation of KIT inhibitors associated with less myelosuppression may allow exploration of the concurrent treatment 
for both the SM and the AHN component.

Given the impressive activity of selective KIT inhibition in reducing and in many cases eliminating KITD816V 
mutational burden, the concept of measurable residual disease (MRD) may now be relevant to AdvSM patients. 
Exploration of the predictive potential of KIT 816V responses for survival and incorporation of MRD into established 
response criteria will be important as therapeutic advances in AdvSM continue. Finally, treatment outcomes of high-risk 
patients, including patients with MCL, remain inadequate and further therapeutic advances are urgently needed to 
improve outcomes in these patients. Thanks largely to collaborations between academia and the pharmaceutical industry 
as well as patient advocacy groups, the increased attention directed towards this rare disease will continue to propel 
therapeutic advances that can improve the quantity and quality of life for patients with AdvSM.
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