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Abstract

Mast cell leukemia (MCL) is an exceedingly rare and aggressive vari-
ant of systemic mastocytosis (SM). MCL is classified as primary, oc-
curring de novo without prior mast cell (MC) disorders or secondary, 
from a pre-existing SM, and acute aggressive form with C-findings that 
indicate organ damage or chronic indolent form without organ damage. 
Of the cases, 60-65% are aleukemic with < 10% circulating MCs in 
the peripheral blood, and the rest of the cases are leukemic with > 10% 
MCs. Diagnosis is typically confirmed by bone marrow biopsy reveal-
ing greater than 20% atypical or immature MCs in the smear. Specific 
MCL-targeted treatments are limited, and multiple treatment modalities 
used for SM and acute myeloid leukemia (AML) have been tried in 
MCL with limited success and variable survival benefit. The manage-
ment has significantly advanced since the implication of the receptor 
tyrosine kinase type III (KIT) D816V mutation in the pathogenesis 
of SM and MCL. The two targeted therapies approved for MCL are 
midostaurin, a multikinase inhibitor, and avapritinib, a selective KIT 
D816V mutation-targeted tyrosine kinase inhibitor. Multiple drugs are 
being evaluated in clinical trials for managing MCL. MCL has a poor 
prognosis with a median overall survival (OS) of around 1.5 years. Fur-
ther advancements and research are essential to develop treatments that 
may enhance median OS. In this article, we conducted a comprehen-
sive yet simplified review of MCL, focusing primarily on its clinical 
manifestations and recent updates on management. We also identified 
the areas that require further research and emphasized the aggressive 
nature and poor prognosis associated with this disease.
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Introduction

Systemic mastocytosis (SM) is a rare disorder characterized by 
the abnormal proliferation, accumulation, and dysregulation of 
atypical mast cells (MCs) in various body organs, particularly 
in the bone marrow, liver, spleen, lymph nodes, and gastroin-
testinal (GI) tract. There are several subtypes of SM, which are 
classified based on the clinical features, histopathology, and 
molecular abnormalities [1-4]. Mast cell leukemia (MCL) is 
an exceedingly rare and aggressive subtype of SM character-
ized by the presence of > 20% atypical or immature MCs in 
the bone marrow aspirate (Fig. 1). MCL accounts for about 1% 
of SM cases and has an estimated prevalence of approximately 
0.01 - 0.1 cases per 100,000 people. In this article, we review 
the subtypes, clinical features, molecular genetics, diagnosis, 
treatment, and prognosis of MCL in detail, with the goal of in-
creasing the awareness of MCL among clinicians and contrib-
uting to the very limited literature available on this extremely 
rare disease. Understanding SM is essential for comprehend-
ing the pathophysiology and complications of MCL, which is 
also briefly reviewed here.

Classification of Mastocytosis

The World Health Organization (WHO) classification and In-
ternational Consensus Classification (ICC) are commonly used 
for the classification of mastocytosis [1, 2, 5]. Mastocytosis is 
broadly classified into three categories: cutaneous mastocyto-
sis (CM), SM, and MC sarcoma (Table 1) [1-6].

SM

According to the WHO classification, SM is diagnosed using 
either one major criterion plus one minor criterion or three mi-
nor criteria [1-5].

Major criterion is multifocal dense aggregates of > 15% 
MCs in the bone marrow biopsy or in the biopsy of an extra-
cutaneous organ.

Minor criteria include: 1) > 25% of MCs in bone mar-
row biopsy or extracutaneous organ biopsy are either spindle-
shaped or atypical/immature; 2) detection of any kind of recep-
tor tyrosine kinase type III (KIT) mutation in the bone marrow, 
blood or extracutaneous organ; 3) detection of MCs expressing 
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cluster differentiation (CD)25 with or without CD2 or CD30 
in the bone marrow, blood, or extracutaneous organs; and 4) 
persistently elevated serum tryptase levels > 20 µg/L.

B-findings and C-findings are used to classify SM into 
further subtypes. B-findings are indicative of high MC burden 
in the body without the presence of organ damage. C-findings 
indicate the presence of organ damage from high MC burden.

B-findings include: 1) more than 30% of MCs in the bone 
marrow; 2) serum tryptase levels higher than 200 µg/L (normal 
range ≤ 10.9 µg/L); 3) palpable hepatomegaly or splenomega-
ly, or lymphadenopathy that can be palpated or reported in an 
imaging study; and 4) findings of myelodysplasia in non-MC 
lineages, but not meeting criteria to diagnose as an associated 
hematopoietic neoplasm.

Examples of C-findings include: 1) cytopenias (leukope-
nia, anemia, and thrombocytopenia) on bone marrow biopsy; 

2) osteolytic lesions or pathologic fractures of the bones; 3) 
malabsorption and GI bleeding; and 4) hepatomegaly with 
transaminitis and splenomegaly with hypersplenism.

SM subtypes

SM is divided into six subtypes based on the disease charac-
teristics (Table 2): 1) indolent systemic mastocytosis (ISM); 
2) bone marrow mastocytosis (BMM); 3) smoldering systemic 
mastocytosis (SSM); 4) systemic mastocytosis with an asso-
ciated hematologic neoplasm (SM-AHN); 5) aggressive sys-
temic mastocytosis (ASM); and 6) MCL.

The three variants SM-AHN, ASM, and MCL are classi-
fied as advanced systemic mastocytosis (AdvSM), which indi-
cates a poor prognosis [7, 8].

Table 1.  Classification of Mastocytosis (WHO/ICC)

Type Key features Diagnostic criteria Subtypes Prognosis
CM Confined to skin; 

no systemic organ 
involvement on 
biopsy or imaging

Clinical and dermatological 
findings: flushing, itching, urticaria, 
anaphylaxis; positive Darier’s sign

Maculopapular CM; urticaria 
pigmentosa; diffuse CM; 
cutaneous mastocytoma

Excellent; typically 
normal life expectancy

SM Involves bone marrow 
or extracutaneous 
organs; may cause 
systemic symptoms and/
or organ dysfunction

Requires 1 major + 1 minor OR ≥ 
3 minor criteria: major: dense MC 
aggregates (> 15%); minor: atypical 
MCs, KIT mutation, CD25/CD2/CD30 
expression, serum tryptase > 20 µg/L

Indolent SM; smoldering SM; 
aggressive SM; SM-AHN; MCL

Varies: indolent types 
have a good prognosis; 
aggressive/MCL subtypes 
have a poor prognosis

MCS Rare, localized malignant 
tumor in soft tissue 
or visceral organ

Histology: highly atypical mast cells 
in an aggressive and destructive 
tumor. Typically KIT-mutated

None (distinct from systemic 
forms; may progress to MCL)

Very poor; rapid 
progression, often fatal

CM: cutaneous mastocytosis; ICC: International Consensus Classification; KIT: receptor tyrosine kinase type III; MC: mast cell; MCL: mast cell leuke-
mia; MCS: mast cell sarcoma; SM: systemic mastocytosis; SM-AHN: SM with associated hematologic neoplasm; WHO: World Health Organization.

Figure 1. High power view of bone marrow biopsy showing > 20% atypical mast cells (black arrows).
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Epidemiology of MCL

SM itself has an estimated prevalence of around 1 - 10 cases 
per 100,000 individuals. MCL is a rare and aggressive subtype, 
constituting around 1% of all SM cases. MCL accounts for less 
than 1% of all leukemias, making it one of the rarest hemato-
logic malignancies [1, 8-10]. MCL typically affects adults, with 
a median age at diagnosis ranging from 40 to 60 years, although 
cases have been reported in both younger and older populations. 
There appears to be a slight female dominance with a male-to-fe-
male ratio of 1:1.5 [1, 9, 10]. Pertinent comorbidities associated 
with mastocytosis include immunoglobulin E (IgE)-dependent 
allergies, vitamin D deficiency, and psychiatric or psychological 
conditions, which have no direct causative effect [2].

MCL itself is further classified as: 1) Primary MCL (oc-
curring de novo without prior mast cell disorders) or secondary 
MCL (arising from a preexisting MC neoplasm or SM). Pri-
mary MCL is more common (60-70% of cases) and aggressive 
with a poor prognosis than secondary MCL [8-10]. 2) Acute 
MCL (60-90% of patients) that is aggressive with C-findings 
that indicate organ damage, mainly bone marrow dysfunction 
(typically cytopenia), hepatosplenomegaly with liver failure 
(transaminitis, ascites, and portal hypertension) and hyper-
splenism, skeletal involvement (osteoporosis, big osteolytic le-
sions, osteoblastic lesions, and pathological fractures) and GI 
tract (diarrhea, malabsorption, and failure to thrive) or chronic 
MCL that is indolent without C-findings [8-10]. Histopatho-
logically, this is driven by the immaturity of MCs. Chronic 
MCL has more mature MCs, ranging from atypical spindle-
shaped MCs to MCs resembling normal MCs, and acute MCL 
typically presents with abundant immature MCs, which re-
semble metachromatically granulated blast cells [11]. 3) Less 
common leukemic MCL (> 10% circulating atypical MCs in 
peripheral blood) and more common aleukemic MCL (< 10% 
circulating atypical MCs in peripheral blood; constitutes 60-

65% of all cases of MCL) [8-10]. 4) More common MCL alone 
and less common MCL with AHN (about 30% of patients). 
Common AHN associated with MCL is myelodysplastic neo-
plasm (MDS)/myeloproliferative neoplasm (MPN)-unclassifi-
able (about 45%), followed by chronic myelomonocytic leu-
kemia (CMML) (about 25%), chronic eosinophilic leukemia 
(about 10%), and acute myeloid leukemia (AML) (about 10%) 
[9, 10]. Non-Hodgkin lymphoma (NHL) and plasma cell mye-
loma are seen in about 3% of cases with MCL-AHN, and these 
patients do not have KIT mutations.

Pathophysiology, Immunophenotyping, and 
Molecular Genetics of MCL

MCs are essential in inflammatory and immune responses like 
innate and acquired immunity, allergic mechanisms, wound 
healing, coagulation pathways, and autoimmune conditions. 
MCs have a greater lifespan (months) compared to the other 
leucocytes and usually do not circulate in the peripheral blood. 
Bone marrow hematopoietic cells that differentiate into MCs 
generally express CD2, CD13, CD25, CD30, CD33, CD44, and 
CD117. Common mediators released by MCs are histamine, 
tryptase, heparin, leukotrienes, prostaglandins, and cytokines. 
These mediators play an important role in MC activation syn-
drome. CD117 and tryptase are mainly used to diagnose MCL 
by detecting MC infiltrates in the bone marrow (Figs. 2 and 3) 
and other tissue (mainly bone) biopsies (Figs. 4-6). Another 
sensitive marker for MCL is CD25 [12, 13].

The most common molecular abnormality observed in 
MCL is the mutations in the KIT gene [14-16]. KIT encodes 
a receptor tyrosine kinase that plays an important role in MC 
growth, differentiation, and proliferation. After interacting 
with the stem cell factor, KIT activates the downstream path-
ways, including multiple tyrosine kinases, mainly P13K, Janus 

Table 2.  Brief Overview of Systemic Mastocytosis Subtypes

Subtype Clinical features Histopathology Prognosis
ISM Skin lesions, flushing, itching, abdominal pain, diarrhea, 

and anaphylaxis. No B-findings or C-findings.
Multifocal aggregates of 
mast cells in BM biopsy.

Normal life expectancy

BMM All findings of ISM without skin lesions. Serum tryptase < 125 µg/L. 
No dense MC infiltrates in 
an extramedullary organ.

Normal life expectancy

SSM Higher MC burden than ISM. More severe symptoms than 
ISM with organ involvement but without organ damage.

Increased MC burden in BM. Intermediate prognosis

SM-AHN Associated with another hematologic disorder, such as 
MDS/MPN, or AML. CMML is the most common MDS/
MPN. Symptoms of MC activation and cytopenias.

BM involvement with both MCs and 
an associated hematologic neoplasm.

Variable prognosis

ASM Organ damage or dysfunction due to MC infiltration 
(C-findings): hepatomegaly, splenomegaly, lymphadenopathy, 
skeletal lesions, cytopenias, and malabsorption.

MC infiltration and organ 
damage in various tissues.

Poor prognosis

MCL ASM+ rapid progression with > 20% MCs in BM aspirate. BM infiltrated with > 20% MCs. Poor prognosis

ASM: aggressive systemic mastocytosis; BM: bone marrow; BMM: bone marrow mastocytosis; CMML: chronic myelomonocytic leukemia; ISM: indo-
lent systemic mastocytosis; MC: mast cell; MCL: mast cell leukemia; MDS: myelodysplastic neoplasm; MPN: myeloproliferative neoplasm; SM-AHN: 
systemic mastocytosis-associated hematologic neoplasm; SSM: smoldering systemic mastocytosis.
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tyrosine kinase/signal transducers and activators of transcrip-
tion (JAK/STAT), and rat sarcoma (RAS)/extracellular signal-
regulated kinase (ERK) [15, 16]. A mutation in KIT often re-
sults in constitutive activation of the KIT receptor, leading to 
uncontrolled proliferation and extended survival of mast cells. 
Among the mutations in KIT, the D816V mutation is particu-

larly prevalent in MCL and other types of SM, present in ap-
proximately 65% of cases of MCL [15, 16]. Another 20-25% 
of MCL cases harbor D816H or D816Y mutations; hence, 90% 
of cases with MCL harbor some kind of KIT D816 mutation 
[9, 17, 18].

Other genetic abnormalities have been reported in MCL, 

Figure 3. A clot section of bone marrow biopsy with dense infiltration and clustering of atypical mast cells with diffuse tryptase 
staining.

Figure 2. A clot section of bone marrow biopsy showing dense infiltration and clustering of atypical mast cells with diffuse and 
increased CD117 expression.
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although they are less common and poorly characterized. These 
include mutations in genes such as TP53 R273H, ten-eleven 
translocation (TET)2, additional sex combs-like (ASXL)1, 
serine and arginine rich splicing factor 2 (SRSF2), Casitas B-
lineage lymphoma (CBL), RAS, and runt-related transcription 
factor 1(RUNX1), which are commonly associated with my-
eloid neoplasms [12, 17, 19]. Mutations in one of these genes 
are present in approximately 50% of MCL cases and usually 
indicate a worse prognosis [18]. Rarely, in some cases of SM/
MCL-AHN, the JAK2 V617F mutation was found in conjunc-
tion with the KIT D816V mutation [9, 20].

Cytogenetic studies have identified various chromosomal 
abnormalities in MCL; however, there is no specific recurring 
abnormality that is characteristic of this disease. Some of the re-

ported abnormalities include trisomy 8, deletion of chromosome 
5q, and deletion of chromosome 7q [17, 18]. Epigenetic dysreg-
ulation, including alterations in DNA methylation and histone 
modifications, may also contribute to the pathogenesis of MCL 
[17, 18]. These epigenetic changes can affect gene expression 
patterns, including those involved in cell proliferation, survival, 
and differentiation. Limited data are available on chromosomal 
abnormalities and epigenetic dysregulations in MCL.

Understanding the molecular genetics of MCL is crucial 
for developing targeted therapies and personalized treatment 
approaches. Since the implication of KIT mutation in the 
pathogenesis of SM and the development of tyrosine kinase 
inhibitors (TKIs), the management of SM has significantly 
advanced. Previous reports have shown that only rare KIT 
D816V negative cases were responsive to the initial genera-
tion of TKIs like imatinib and dasatinib [21]. But the develop-

Figure 4. A high-power view of an iliac bone biopsy showing an increased number of atypical mast cells (black arrows).

Figure 5. A clot section of the iliac bone biopsy showing cells with dif-
fuse CD117 expression.

Figure 6. A clot section of the iliac bone biopsy showing an increased 
number of cells with diffuse tryptase staining.
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ment of newer TKIs like midostaurin and avapritinib, which 
have activity against KIT D816V, has increased the treatment 
prospects of SM and hence MCL [12, 22].

Clinical Manifestations of MCL

Clinical manifestations of MCL are defined by the type and ex-
tent of organ involvement [8-10]. Clinical features in chronic 
MCL without C-findings are mostly limited to cutaneous find-
ings, organomegaly (without dysfunction), lymphadenopa-
thy, and constitutional symptoms. Clinical characteristics are 
broadly divided into three categories: organ dysfunction [3, 8-
11] (C-findings), constitutional, and mast cell activation syn-
drome (MCAS) (Table 3).

Organ dysfunction (seen in acute MCL)

Skin: blistering lesions

Skin lesions are present in secondary MCL and generally ab-
sent in primary MCL.

GI tract

Abdominal pain, diarrhea, bleeding from peptic ulcer disease, 
and malabsorption.

Musculoskeletal

Bone involvement is common in MCL and has both osteolytic 
and osteoblastic lesions. Patients present with musculoskeletal 
pain and physical deconditioning. Typical presentation is osteo-
porosis and focal osteolytic lesions with pathological fractures 
(Figs. 7 and 8). Osteoblastic (sclerotic) lesions are not common 
(Figs. 9 and 10) [23-25]. It is observed that the bone metastases 
outside of the vertebral column are uncommon, and lesions in 
the appendicular skeleton are extremely rare [23-25] (Fig. 11).

Bone marrow

Pancytopenia (anemia, thrombocytopenia, and leukopenia), 
immunosuppression with infections leading to sepsis.

Central nervous system (CNS)

Headache, dizziness, cognitive impairment, and neuropsychi-
atric symptoms.

Hepatomegaly with hepatic dysfunction

Transaminitis, hypoalbuminemia, coagulopathy including dis-
seminated intravascular coagulation (DIC), ascites, and portal 
hypertension (Fig. 12) [25].

Table 3.  Clinical Features and Organ Dysfunctions in MCL

System/feature Clinical findings Notes

Skin Blistering lesions Common in secondary MCL
GI tract Abdominal pain, diarrhea, peptic ulcers, GI bleeding, malabsorption Also part of MCAS symptoms
Musculoskeletal system Bone pain, osteolytic and osteoblastic lesions, 

pathological fractures, osteoporosis
Osteoblastic lesions less common; 
non-vertebral metastases rare

Bone marrow Pancytopenia (anemia, thrombocytopenia, leukopenia), 
immunosuppression, infections, sepsis

Due to marrow infiltration 
by mast cells

CNS Headache, dizziness, cognitive impairment, neuropsychiatric symptoms CNS involvement is less frequent 
but clinically significant.

Liver (hepatomegaly) Transaminitis, hypoalbuminemia, coagulopathy, 
DIC, ascites, portal hypertension

Liver dysfunction indicates 
advanced disease.

Spleen (splenomegaly) Left upper quadrant pain/fullness, early satiety, 
hypersplenism with cytopenias

May accompany hepatomegaly

Lymph nodes Diffuse lymphadenopathy; painful in some cases Due to mast cell infiltration
Constitutional symptoms Fever, fatigue, anorexia, malaise, weight loss, night 

sweats, decreased exercise tolerance
Common in chronic MCL

MCAS (systemic) Anaphylaxis-like symptoms involving cardiovascular 
(hypotension, tachycardia, syncope), cutaneous (flushing, 
urticaria, pruritus), respiratory (wheezing, dyspnea, stridor), 
and GI (nausea, vomiting, diarrhea, abdominal pain)

It can occur at any stage/type 
of MCL. The best marker is 
elevated serum tryptase level.

CNS: central nervous system; DIC: disseminated intravascular coagulation; GI: gastrointestinal; MCAS: mast cell activation syndrome; MCL: mast 
cell leukemia.
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Splenomegaly with hypersplenism

Left-sided abdominal pain and fullness, early satiety, and one 
or more cytopenias (Fig. 12).

Diffuse lymphadenopathy

Enlargement of lymph nodes due to MC infiltration. It could 
be painful.

Constitutional symptoms: common presentations in 
chronic MCL

Constitutional symptoms include fever, fatigue, anorexia, ma-
laise, decreased exercise tolerance, weight loss, and night sweats.

MCAS

In some cases, this could be the presenting illness and can 
manifest in any type or stage of MCL. These findings correlate 
with those of anaphylaxis. The best marker in serum for MCAS 
is elevated tryptase levels [26]. It includes: 1) cardiovascular 
system: hypotension/shock, tachycardia, and syncope; 2) cuta-

neous: pruritus, hives, urticaria, angioedema, and flushing; 3) 
respiratory system: wheezing, shortness of breath, and stridor; 
and 4) GI tract: diarrhea, nausea, vomiting, bloating, early sa-
tiety, and abdominal pain.

In many cases, patients present with nonspecific symp-
toms like fever, fatigue, skin allergies, or musculoskeletal pain, 
and only after further probing might we see one or more of the 
above-mentioned findings. It is important to note that MCL 
can be rapidly progressive and life-threatening, often leading 
to multi-organ failure if left untreated. In many patients, the 
complications that arise from the SM component require ur-
gent intervention than the MCL itself [8, 10].

Diagnostic Evaluation of MCL

The workup of MCL typically involves bone marrow biopsy, 
peripheral blood smear examination, and assessment of serum 
tryptase levels. Immunohistochemistry and flow cytometry 
are used to detect abnormal MC populations. The diagnosis of 
MCL relies on bone marrow biopsy demonstrating significant 
infiltration of MCs with atypical morphology (Fig. 1) and ex-

Figure 7. Computed tomography of lumbar spine with contrast show-
ing the osteolytic lesions and pathological fractures in multiple lumbar 
vertebrae (black arrows).

Figure 8. Computed tomography of lumbar spine with contrast show-
ing the osteolytic lesion with fracture in the L5 lumbar vertebra (black 
arrow).
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pression of specific markers such as CD2, CD25, and CD30 in 
addition to typical MC markers like CD117 and tryptase (Figs. 
2 and 3) [9, 16, 18]. In some cases, bone biopsy of the osteo-
lytic or osteoblastic lesions showing similar MC findings and 
markers aid in the diagnosis (Figs. 4-6). Immunophenotyping 
and genetic markers are described in detail above.

Common laboratory studies that will help in the manage-
ment of MCL include complete blood count (CBC), basic 
metabolic panel (BMP), coagulation panel, and liver function 
tests (LFTs). Abnormalities in these tests suggest various organ 
dysfunctions, notably bone marrow/spleen (cytopenias), liver 
(transaminitis, coagulopathy, and hypoalbuminemia), and GI 
tract (anemia, electrolyte deficiencies). Imaging studies like 
computed tomography (CT) scans and magnetic resonance 
imaging (MRI) studies will show hepatosplenomegaly, portal 
hypertension (Fig. 12), lymphadenopathy, and bone metasta-
ses (Figs. 7-11). Reverse transcription-polymerase chain reac-
tion (RT-PCR) plus restriction fragment length polymorphism 
(RFLP), PCR plus Sanger sequencing, digital PCR (dPCR), and 
next-generation sequencing are some of the commonly used 
methods to detect KIT D816 mutations [9, 10, 16-19].

Management of MCL

Currently, treatment options for MCL remain limited and the 
prognosis is generally poor, highlighting the need for further re-
search into treatments targeting the underlying molecular mecha-

nisms. Chemotherapy regimens used for other types of leukemi-
as are mostly ineffective against AdvSM/MCL, necessitating the 
exploration of alternative strategies. Targeted therapies, such as 
TKIs and monoclonal antibodies aimed at KIT mutations, have 
shown promising results; however, the heterogeneity of AdvSM 
and the lack of multiple specific molecular targets pose chal-
lenges in developing effective treatments. Numerous studies and 
ongoing clinical trials are evaluating targeted therapies for man-
aging AdvSM/MCL. We have categorically summarized various 
treatment modalities available and reviewed some of the perti-
nent studies and clinical trials in the process (Table 4, Fig. 13).

Targeted therapy

In AdvSM, including MCL, targeted therapies using TKIs are 
considered as first-line therapy. The two targeted therapies 
approved for MCL are midostaurin and avapritinib [8-10, 22, 
27-29].

Midostaurin, a multikinase inhibitor, has demonstrated ef-
ficacy in KIT D816V-positive AdvSM. Several studies have 
reported that midostaurin improves prognosis regardless of the 
disease stage [22, 27-29]. The phase II trial by Gotlib et al was 
crucial in approving midostaurin for patients with advanced 
SM, including highly fatal variants of MCL [30]. Data analysis 
from these studies showed an estimated overall response rate 
(ORR) of 20-38% and a median OS of 12.2 months, indicating 
a doubled survival rate with midostaurin use compared to the 

Figure 9. Computed tomography of chest with contrast showing the osteoblastic lesions in multiple ribs (black arrows).
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historical report of 6 months. Complete remission was rare, 
short-lived, and occurred in less than 10% of patients.

In a phase IV clinical trial and literature review, research-
ers reported that imatinib mesylate (a multitype TKI that tar-
gets BCR-ABL) was effective in SM patients without the KIT 
D816V mutation, with some patients even achieving a com-
plete response. However, imatinib was ineffective in patients 
with the KIT D816V mutation [21].

Dasatinib, an SRC/ABL inhibitor with activity against 
imatinib-resistant BCR-ABL forms and KIT D816V muta-
tion, showed promising results in various types of SM in vitro 
but showed limited results when tried clinically. In a phase II 
study, authors reported that dasatinib therapy helped control 
the disease symptoms, but neither did it eliminate the disease, 
nor were its side effects desirable when used in a selected 
group of SM patients with KIT D816V mutation [31].

Nilotinib (a second-generation BCR-ABL TKI) had only 
a minimal response, even when used in selective cases of Ad-
vSM, and masitinib (c-KIT TKI) was hardly ever tested in Ad-
vSM [8, 28].

Two clinical trials, which assessed ibrutinib (a Bruton’s 
tyrosine kinase (BTK) inhibitor targeting the B-cell receptor 
pathway) in patients with AdvSM, were discontinued due to 

no proven benefit [32, 33].
Avapritinib, a selective KIT D816V mutation-targeted TKI, 

is approved in patients with advanced SM and MCL. Results 
from two studies, the Explorer phase I trial [34] and the Path-
finder phase II trial [35], showed that avapritinib has a good re-
sponse and a favorable benefit-to-risk profile in patients with 
AdvSM, irrespective of prior treatment or disease subtype. 
These studies led to the Food and Drug Administration (FDA) 
approval of avapritinib in AdvSM, including MCL. These stud-
ies reported an ORR and a 2-year OS of 73-75% and 75-79%, 
respectively, for all patients with AdvSM. Lower rates were 
observed in the MCL subgroup, with an approximate ORR of 
50% and a median OS of 9 months. The Pioneer study evaluated 
the safety and efficacy of avapritinib in ISM, and results from 
the study led to the FDA approval of avapritinib in ISM. The 
study showed that avapritinib reduced tryptase levels by > 50% 
in more than half of the patients in 6 months [36].

Chemotherapy

Chemotherapy regimens commonly used in treating AML are 
often employed in MCL, due to similarities in disease biol-

Figure 10. Computed tomography of spine with contrast showing the osteoblastic lesions in the sternum and multiple thoracic 
and lumbar vertebrae (black arrows).
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Figure 11. Computed tomography of abdomen and pelvis with contrast showing osteoblastic lesions in the pelvis (appendicular 
skeleton) (black arrows).

Figure 12. Computed tomography of abdomen and pelvis with contrast showing hepatosplenomegaly and portal vein dilatation 
(white arrows).
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ogy and clinical behavior. These chemotherapeutic agents in-
clude cladribine (a purine analogue, 2-CdA), interferon-alpha 
(IFN-α), anthracycline-based regimens (such as cytarabine and 
daunorubicin), and fludarabine [8, 29, 37-39].

Cladribine

The effectiveness of 2-CdA as an initial therapy for control-

ling MC burden before establishing definitive treatments is 
strongly supported by multiple studies [37-39].

Helbig et al concluded in their study that 2-CdA appears 
beneficial in some cases of AdvSM, but the response was not-
ed to be incomplete and transient. No complete responses were 
demonstrated, particularly in patients with MCL [40].

Current evidence suggests 2-CdA use in patients unfit for 
TKI or in KIT D816V-negative disease. It has an estimated 
ORR of 10-30% and a median OS of 4-6 months [12, 37-39].

Figure 13. Basic treatment algorithm recommended for mast cell leukemia.
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Cytarabine

Cytarabine use in MCL has been reported only in limited case 
reports and small retrospective series. It is not a standard treat-
ment and has been mainly used in combination with other 
treatments in patients with aggressive MCL or as a bridge to 
transplant or experimental therapies. It has an estimated ORR 
of < 20% and a median OS of 4 - 6 months [37, 38, 40].

For younger patients where hematopoietic stem cell trans-
plantation (HSCT) is considered, debulking is done before 
HSCT with polychemotherapy, i.e., high doses of cytarabine 
and fludarabine [40].

Valent et al in their studies demonstrated that the patients 
with SM, including AdvSM/MCL, showed a response to 
chemotherapy with cytarabine and 2-CdA but concluded that 
these results need to be confirmed by larger trials [37, 38].

IFN

IFN-alpha-2b plus prednisolone in a smaller study had benefi-
cial effects when used in a subgroup of patients with AdvSM, 
particularly in the early phases of the disease. However, the 
response was transient in MCL, which required more aggres-
sive therapy [41].

A clinical trial designed to assess the efficacy of combi-
nation therapy using 2-CdA and pegylated IFN-alpha-2a in 
patients with AdvSM demonstrated no notable efficacy and 
hence was discontinued [42].

Immunomodulatory therapy

The main role of immunomodulatory therapy in MCL is to 
control MC-mediated symptoms and support the immune re-
sponse, mainly in chronic MCL. It is important to note that it 
is not curative and is generally used in conjunction with tar-
geted treatments or chemotherapy. These agents include tha-
lidomide, lenalidomide, cromolyn, corticosteroids, and inter-
leukin-2 (IL-2) [8, 9, 43, 44].

Thalidomide (an anti-inflammatory and anti-angiogenic 
drug) is used in SM to control MC-related symptoms. In a mul-
ticentric phase II study, authors reported that thalidomide is an 
acceptable and effective treatment in AdvSM when used in se-
lected patients, considering the risk vs. benefit profile [43]. The 
study also showed that thalidomide achieved longer remissions 
compared to IFN-alpha when used in the benign forms of SM, 
but its use in AdvSM/MCL is not well studied [43].

A multicenter randomized trial reported potential im-
provement in MC-related symptoms and overall quality of life 
with the use of inhalation cromolyn (PA101) in ISM, but con-
cluded that further clinical assessment in larger trials would 
be necessary to confirm the long-term benefits and safety of 
this approach in ISM and other SM subtypes [44]. Cromolyn 
is commonly used in severe cases of MAS (irrespective of the 
SM or MCL subtype).

Corticosteroids are frequently used to reduce the inflam-
matory response associated with SM/MCL and can alleviate 

symptoms like skin rash, GI issues, bone pain, and anaphylaxis 
by reducing MC mediator release. However, the role of cor-
ticosteroids is only short-term symptom control, and they do 
not modify the disease course [10, 12, 41]. Long-term use of 
steroids may lead to significant, commonly known side effects.

HSCT

Allogenic HSCT (allo-HSCT) is considered for eligible pa-
tients, particularly those with high-risk disease, multi-mutated 
pattern, or limited remission with induction chemotherapy or 
targeted therapies [29, 40, 45]. HSCT is also a viable treatment 
alternative for patients with relapse after chemotherapy and/or 
targeted therapies and a negative KIT D816V mutation [46]. 
HSCT remains the mainstay of treatment in younger patients 
with compatible donors. Chemotherapeutic agents or targeted 
therapies may be utilized before and after HSCT to optimize 
outcomes and improve OS [40, 46].

In a study, authors reported that allo-HSCT improves 
long-term survival and OS in patients with advSM, including 
MCL. The study also highlighted the importance of patient se-
lection and pre-transplant conditioning of the selected patients. 
A complete response was noted in approximately 27% of pa-
tients, with a median OS of 11 months [40].

Autologous HSCT is generally less favored in MCL due to 
limited evidence of efficacy. Since autologous HSCT reinfuses 
the patient’s own cells, there’s a risk of reintroducing malig-
nant MCs [40, 45].

Graft-versus-MCL effect: There is some evidence sug-
gesting that the graft-versus-leukemia effect could contribute 
to disease control post-HSCT, as the new immune cells from 
the donor may help eliminate residual malignant MCs. The ex-
istence of this effect was studied in MCL by Spyridonidis et al 
in 2004 [47]. This study reported that allo-HSCT reduced more 
aggressive forms of SM to less benign, indolent forms and thus 
improved overall prognosis.

In a trial conducted by National Heart, Lung, and Blood 
Institute (NHLBI), it was concluded that HSCT might be a 
feasible treatment option for patients with AdvSM, particu-
larly in those with severe systemic disease that is unrespon-
sive to targeted therapy or who have associated hematologic 
neoplasms [48].

Allo-HSCT offers the potential for durable remissions but 
is associated with significant risks of transplant-related compli-
cations, including graft-versus-host disease (GvHD), infections, 
and increased mortality, which must be carefully managed, es-
pecially in the context of MCL [34, 40, 48]. Patient selection 
should be carefully weighed against the risks and benefits of 
transplantation, considering factors such as age, comorbidities, 
and disease status. Most studies recommended that allo-HSCT 
should be reserved for younger patients with good performance 
status due to the high risk of complications [40, 46].

Management of MCL-AHN

The critical and most crucial step is integrating and analyz-
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ing the clinical, histopathological, and molecular data to assess 
which disease component (MCL or AHN) needs urgent treat-
ment [5, 8-10, 29].

In most patients, the MCL component requires urgent 
intervention, and treatment should be started with either mi-
dostaurin or avapritinib, with HSCT preserved for refractory 
cases. If the AHN component is aggressive, particularly in cas-
es with stable forms of MCL and aggressive AHN like AML 
or poor risk CMML, treatment directed towards it should be 
started first (i.e., high-dose chemotherapy followed by HSCT), 
along with management of MC symptoms [5, 9, 10, 29].

Supportive care

Supportive measures play a crucial role in managing compli-
cations such as cytopenias, infections with sepsis, tumor lysis 
syndrome (TLS), organ dysfunction, and MCAS [8, 9, 34]. 
Blood product transfusion, hematopoietic growth factors, and 
antimicrobial treatment/prophylaxis should be considered as 
appropriate, but must be cautiously used to prevent additional 
treatment-related complications. Adequate hydration before 
and during treatment, pre-/post-treatment use of allopurinol or 
rasburicase, and gradual dosing of drugs are implemented to 
control the complications of TLS [9, 37].

Proton pump inhibitors, along with H2-blockers, are used 
in patients with gastrointestinal symptoms like gastroesophagi-
tis or peptic ulcers. Corticosteroids are used for respiratory 
compromise with wheezing, musculoskeletal (bone) pain, and 
allergic symptoms [9, 46]. Osteoporosis with or without os-
teolytic lesions is managed with bisphosphonates, alendronate 
weekly or pamidronic acid/zoledronic acid weekly [5, 9, 46].

Treatment of MCAS in MCL can be achieved by blockade 
of mediating receptors, inhibition of mediator synthesis, pre-
vention of mediator release, anti-IgE therapy, corticosteroids, 
decreasing tumor burden, avoiding triggers, or a combina-
tion of these approaches [23, 48, 49]. Drugs used include H1-
antihistamines (cetirizine, loratadine, or diphenhydramine), 
H2-antihistamines (famotidine or ranitidine), leukotriene in-
hibitors (montelukast, zafirlukast), MC stabilizers (cromolyn 
oral or inhalation, ketotifen available in some countries), cor-
ticosteroids (short-term use), epinephrine auto-injectors, and 
anti-IgE therapy (omalizumab). Dietary modifications with 
a low-histamine diet (like fermented foods, aged cheese, 
alcoholic beverages) and avoidance of triggers (physical or 
emotional stress, and extreme temperatures) and medications 
(e.g., opiates, NSAIDS, certain antibiotics, selective sero-
tonin reuptake inhibitors (SSRIs), tricyclic antidepressants 
(TCAs), angiotensin-converting enzyme (ACE) inhibitors, 
monoclonal antibodies, and so on) also could play an impor-
tant role [26, 49, 50].

Emerging treatment options and active clinical trials

Brentuximab vedotin

In a phase II clinical trial, authors did not recommend bren-

tuximab vedotin, an antibody drug conjugate, as monotherapy 
for patients with AdvSM [51].

Antibody drug conjugates are an interesting future per-
spective in MCL management.

Bezuclastinib

Apex trial studying bezuclastinib (CGT9486, a novel, highly 
selective, potent KIT D816V inhibitor) in AdvSM, including 
patients with MCL, is now actively recruiting patients [22, 52].

Early reports from this study showed that bezuclastinib 
was well tolerated with no serious grade 4 adverse events and 
there were notable reductions in disease markers like bone 
marrow MC burden, serum tryptase levels, and KIT D816V 
variant allele fractions [52].

Elenestinib

There is an active multicenter, open-label, two-arm study that 
is investigating elenestinib (BLU263, a different TKI that tar-
gets KIT D816V mutation) as monotherapy and with azaci-
tidine (an antimetabolite), in AdvSM and other KIT-positive 
hematologic neoplasms [53, 54].

Tagraxofusp

Tagraxofusp (SL-401, an agent targeting IL-3 receptors) was 
initially developed for patients with blastic plasmacytoid den-
dritic cell neoplasms [55].

It is currently being studied in various hematological ma-
lignancies like AML, MDS, advanced hypereosinophilic dis-
order, and chronic myeloid leukemia (CML) [56]. Ongoing, 
multicenter, actively recruiting clinical trials are now studying 
tagraxofusp in patients with SM, including MCL [57, 58].

Ripretinib

Ripretinib (DCC-2618, an oral switch-control kinase inhibitor) 
was initially developed to treat gastrointestinal stromal tumors 
(GISTs).

There is an active clinical trial registered (but not yet re-
cruiting patients) to study the tolerability, safety, and pharma-
cokinetics of ripretinib, in patients with advanced malignan-
cies, including AdvSM [59].

Gemtuzumab ozogamicin (GO)

GO, a CD33-targeted drug conjugate, has been tested in some 
studies for patients with multimutated AdvSM, particularly 
refractory MCL and MCL-AHN (AML) [45]. So far, GO has 
been tried in isolated cases, and large-scale studies need to 
be conducted to assess its efficacy and safety profile [46, 
60].
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Other treatments

Immune checkpoint inhibitors (like anti-programmed cell 
death (PD)-1 or anti-cytotoxic T-lymphocyte associated pro-
tein (CTLA)-4 antibodies) have not been studied in MCL and 
are still being investigated in clinical trials for other hemato-
logic malignancies. However, their potential role in MCL is 
an area of theoretical interest given their immunotherapeutic 
properties [61].

IL-2 has been used in basic experimental studies for some 
MC disorders to control symptoms and decrease MC burden, 
but its specific role in SM/MCL is not well-established, and 
the evidence supporting its efficacy is limited. Theoretically, it 
should help with cutaneous symptoms and lesions [6, 7].

To summarize, for patients with AdvSM including MCL, 
most studies suggest that either midostaurin or avapritinib 
should be considered as a first-line therapy rather than 2-CdA, 
other TKIs, IFN-α, or other agents, particularly if positive 
for KIT D816V mutation. Midostaurin and avapritinib have 
shown better response versus toxicity profile compared to oth-
er treatment regimens. We could not find any studies that have 
directly compared the efficacy and toxicity of these two drugs 
in MCL. Midostaurin is chosen over avapritinib if the platelet 
count is < 50 (× 103 cells/µL). For MCL patients with high 
MC burden, tumor debulking could be achieved with chemo-
therapeutic agents before using targeted therapies or HSCT. 
HSCT remains the mainstay of treatment in younger patients 
with compatible donors because of high rates of remission and 
survival. HSCT is also the main alternative in MCL patients 
who relapsed after chemotherapy or targeted therapy or have 
multi-mutated resistant disease (Fig. 13, treatment algorithm 
for MCL).

In conclusion, given the rarity and aggressive nature of 
MCL, treatment decisions should be individualized based on 
the disease characteristics, patient factors, and institutional ex-
pertise. Close collaboration with a multidisciplinary team, in-
cluding hematologists, oncologists, and transplant specialists, 
is essential to optimize patient outcomes in this challenging 
disease.

MCL Prognosis

The main prognostic factor in SM is its subtype, with MCL 
having the worst prognosis. Older age (> 65 years), excessive 
weight loss, cytopenias, hypoalbuminemia, and percentage of 
bone marrow blasts (> 5%) are some of the poor prognostic 
factors observed in all types of SM, including MCL [8-10, 20, 
22]. In addition, it is also observed that the patients with nega-
tive KIT D816V mutation have poor prognosis compared to 
patients with positive mutation, and the presence of S/A/R mu-
tations indicates worse prognosis [8-10, 14, 20].

MCL has an OS ranging between 0 and 2.5 years, with 
a median OS for all types of MCL around 1.5 years. Acute 
MCL presents with severe organ damage and hence tends to 
be highly aggressive, carrying an extremely poor prognosis 
with a median OS of 2 - 3 months [8-10, 22, 25]. In multiple 
case reports on acute MCL, it is observed that the patients died 

within the first 2 months of diagnosis, irrespective of treatment 
[25, 62-66].

Going into the other subtypes of MCL, MCL-AHN has 
worse OS compared to MCL alone, and leukemic MCL has 
an inferior OS than the aleukemic form [8, 9, 14, 20]. No dif-
ference in survival rates was observed between primary and 
secondary MCL [8-10, 14, 20, 22].

Conclusion

MCL is a very rare and aggressive variant of SM, diagnosed 
when the SM criteria are met and when there are more than 
20% atypical or immature MCs in the bone marrow biopsy. 
The most common molecular abnormality observed in MCL is 
mutations in the KIT gene, specifically the D816V mutation. 
Further research is essential to identify additional molecular 
abnormalities that could be targeted. Acute MCL with C-find-
ings tends to be highly aggressive and has a very poor progno-
sis, with a median OS of 2 - 3 months. HSCT and newer TKIs 
targeting the KIT D816V pathway (mainly midostaurin and 
avapritinib, which are approved for SM) have shown promis-
ing outcomes in various types of MCL. Supportive measures 
to manage complications such as cytopenias, infections, TLS, 
MCAS, and organ failure also play an equally important role 
in managing MCL. Much more research and advancements are 
necessary before developing treatments that could further im-
prove median OS.
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