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Abstract
Systemic mastocytosis (SM) is a rare hematological neoplasm caused by the excessive proliferation of pathological mast 
cells that accumulate in the bone marrow (BM) and other extracutaneous organs leading to multi-organ damage and failure. 
Mast cell leukemia (MCL) is a rare form of systemic mastocytosis, accounting for < 1% of all cases of mastocytosis. MCL 
usually behaves aggressively with poor responses to current treatment options. Here, we report a diagnostic challenge with 
the leukemic subtype of MCL with a primary suspicion of pancreatic cancer. A cytomorphological, immunophenotypic, and 
histopathological examination of the bone marrow was performed. The diagnosis was based on the presence of ≥ 20% atypical 
and immature mast cells in the bone marrow and ≥ 10% mast cells among the peripheral white blood cells. The neoplastic cell 
population was identified as mast cell lineage by the expression of CD117 and tryptase. Only 3% of neoplastic cells displayed 
surface markers characteristic for clonal mast cells: CD25 and CD2. The D816V KIT mutation was not found. Neoplastic 
mast cells expressed CD30, a marker that is currently considered as a new minor criterion for SM. In the presented case, the 
primary suspicion of pancreatic cancer with osteosclerotic, lung, and pleural metastases was misleading, and a differential 
diagnosis based on hematological findings was performed. The patient’s severe symptoms were likely the result of organ 
damage from mast cell infiltration. Despite the use of intensive acute myeloid leukemia (AML)-like polychemotherapy, the 
patient died during the course of post-induction myelosuppression due to bleeding complications.
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Introduction

Mastocytosis is a clonal disease of the bone marrow stem 
cell leading to the expansion of morphologically and immu-
nophenotypically abnormal mast cells (MCs) in one or 
more organ systems [1–3]. This is a rare and heterogeneous 

group of disorders. In the 2016 revision to the World Health 
Organization (WHO) classification, mastocytosis is no 
longer recognized as a myeloproliferative neoplasm (MPN) 
and is a distinct disease category delineated into cutane-
ous mastocytosis (CM), systemic mastocytosis (SM), and 
localized MC tumors. SM is defined by the major and minor 
criteria presented in Table 1 [4, 5]. Five subtypes of SM 
are recognized: indolent subtypes of SM include indolent 
systemic mastocytosis (ISM) and smoldering systemic mas-
tocytosis (SSM), while advanced stages comprise systemic 
mastocytosis with an associated hematological neoplasm 
(SM-AHN), aggressive systemic mastocytosis (ASM), and 
mast cell leukemia (MCL). This division system is based on 
the mast cell burden and the presence/absence of secondary 
mast cell infiltration organ impairment [6].

Most cases of mastocytosis occur sporadically and are 
associated with somatic gain-of-function point mutations 
within the KIT. The KIT gene encodes a type III recep-
tor tyrosine kinase known as mast cell growth factor/stem 
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cell growth factor (SCFR/c-kit/CD117), whose activation 
leads to mast cell proliferation, maturation, adhesion, 
chemotaxis, and survival [1]. The oncogenic KIT muta-
tion D816V is detected in > 80% of all patients with SM 
[4]. In advanced SM, KIT D816V is frequently accompa-
nied by additional mutations in genes encoding signal-
ing molecules (JAK2, KRAS, NRAS), transcription factors 
(RUNX1), epigenetic regulators (ASXL1, DNMT3A, EZH2, 
TET2), or splicing factors (SRSF2, SF3B1, U2AF1) [1, 9].

Neoplastic MCs are distinguished from normal MCs 
by the expression of CD25 and/or CD2 detected by flow 
cytometry or immunohistochemistry. Recent reports have 
demonstrated that CD25 expression may be a more reli-
able marker for neoplastic MCs. Immunostaining and 
immunophenotyping studies enhance the morphological 
distinction between normal (round and CD25-negative) 
and abnormal (spindle-shaped and CD25-positive) mast 
cells [2]. However, CD2 and CD25 markers were not found 
in 48% and 25% of MCL cases, respectively [2]. One-
third of MCL cases reported in the literature had a double-
negative CD2/CD25 immunophenotype [10]. It has been 
proposed that aggressive forms of mastocytosis, including 
MCL, exhibit an immature phenotype, in contrast to the 
more indolent forms characterized by an activated immu-
nophenotype [2, 11]. Neoplastic MCs in MCL may express 
immaturity markers such as CD123, CD34, and HLA-DR 
[2, 11–13]. The immature phenotype is correlated with 

multilineage KIT mutations in the bone marrow and a poor 
prognosis [2].

Aggressive SM (ASM) is now divided into an untrans-
formed variant and a variant in the transformation to MCL 
(ASM-t). In patients with ASM-t, the percentage of MCs in 
BM smears ranges from 5 to 20%. When the BM smear’s 
MCs percentage reaches 20%, the diagnosis changes from 
ASM-t to MCL [4]. Two subvariants of MCL can be distin-
guished: a (less frequent) classical variant in which MCs 
compose at least 10% of all blood cells irrespective of the 
WBC count and an aleukemic MCL (MCs < 10% in periph-
eral blood smears) [4, 7, 14, 15].

Patient categorization according to the 2016 WHO clas-
sification system is a crucial step in risk stratifying newly 
diagnosed SM patients. Secondly, assessing the molecular 
profile of SM patients is helpful in establishing a progno-
sis. The presence of poor-risk mutations (ASXL1, RUNX1, 
SRSF2, NRAS) is an independent risk factor of inferior sur-
vival [16]. In most MCL patients, the prognosis is poor, and 
the median survival time is < 1 year [8, 14, 16].

Treatment goals for patients with ASM are directed 
towards cytoreduction and ameliorating disease-related 
organ dysfunction. KIT D816V is an attractive treatment tar-
get because of its high frequency in SM. It confers primary 
resistance against the tyrosine kinase inhibitors: imatinib and 
masitinib [17, 18]. Nilotinib and dasatinib lack significant 
clinical activity [19, 20]. Midostaurin has in vitro activity 

Table 1  WHO diagnostic criteria for cutaneous mastocytosis, systemic mastocytosis, and mast cell leukemia [1, 2, 5, 7, 8]

CD cluster of differentiation, KIT proto-oncogene, receptor tyrosine kinase gene, MCL mast cell leukemia, MCs mast cells, SM systemic masto-
cytosis
* Any type of KIT mutation counts as a minor SM criterion when published evidence for its transforming influence is available

Cutaneous mastocytosis Typical skin lesions, a positive Darier’s sign, and the absence of clinical 
signs of systemic involvement

Systemic mastocytosis The diagnosis of SM can be established when at least 1 major and 1 
minor or 3 minor SM criteria are present

Major SM criterion:
Multifocal dense MCs infiltrates (containing ≥ 15 MC in aggregates/

clusters) detected in bone marrow biopsies and/or in sections of 
other extracutaneous organs

Minor SM criteria:
1. In biopsy sections of bone marrow or other extracutaneous organs:
 > 25% of the MCs in the infiltrate are spindle-shaped or have atypical 

morphology, or > 25% of all MCs in bone marrow aspirate smears are 
immature or atypical

2. The detection of an activating point mutation at codon 816 of KIT in 
the bone marrow, blood, or other extracutaneous organs*

3. MCs in the bone marrow, blood, or other extracutaneous organ express 
CD25 and/or CD2 in addition to normal mast cell markers

4. Serum total tryptase levels > 20 ng/mL; in the case of an unrelated 
myeloid neoplasm, this parameter is not valid

Mast cell leukemia (MCL) Meets the general criteria for SM
Bone marrow biopsy shows diffuse infiltration (usually dense) by atypi-

cal, immature mast cells
Bone marrow aspirate smears show ≥ 20% MCs
In classic cases, MCs account for ≥ 10% of the peripheral blood 

white blood cells, but the aleukemic variant (in which MCs account 
for < 10%) is more common

Skin lesions are usually absent
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against KIT D816V. In the phase 2 CPKC412D2201 trial, 
16 patients with MCL were treated with midostaurin at 
100 mg BID, and the response rate was 50% [21]. Responses 
occurred regardless of KIT D 816 V status. There are no 
head-to-head comparisons of midostaurin with other cytore-
ductive drugs. Allogeneic stem cell transplantation (allo-
HSCT) is another treatment option that can prolong survival 
in MCL patients; however, primary refractoriness is often 
reported [22].

Case report

Clinical history

In March 2021, a 64-year-old woman was admitted to the 
Cancer Treatment Center with a suspicion of pancreatic can-
cer and/or myelofibrosis with extramedullary hematopoiesis. 
The patient complained of deteriorating health over the past 
few months and reported unintentional weight loss, flush-
ing, progressive weakness, and increasing swelling of the 
lower extremities. Normocytic anemia in laboratory results 
and significant splenomegaly on physical examination were 
noted by the primary care physician who referred a patient to 
an oncology center. The liver was not enlarged. The patient’s 
chief concerns in the last month were the upper left abdomi-
nal pain, nausea, and vomiting. Pruritus and skin lesions 
were absent.

CT scan of the chest, abdomen, and pelvis revealed a 
tumor (30 mm) within the head of the pancreas, numerous 
osteosclerotic lesions, neoplastic cells infiltrating in the 
right lobe of the lung, fluid in both pleural cavities, enlarged 
spleen (200 mm) with limited tissue perfusion, and lumpy 
thickening of the paraspinal tissues at the Th2-Th11 level. 
As tumor marker levels (CA19-9 and CEA) were within nor-
mal ranges, pancreatic lymphoma or extramedullary hemat-
opoiesis was suspected.

Complete blood count (CBC) showed normocytic ane-
mia (hemoglobin level 7.6 g/dL; mean cell volume 92 fL), 
mild thrombocytopenia with a platelet (PLT) count of 142 
G/L,and a normal white blood cell (WBC) count (4.26 G/L). 
The peripheral blood (PB) smear revealed 11% of undiffer-
entiated cells. Undifferentiated cells were not recognized as 
circulating mast cells (MCs) in microscopic examinations. 
Elevated fibrin degradation products (D-dimer 2.86 pg/mL 
and fibrinogen 377 mg/dL) and slightly prolonged APTT 
(41 s) were detected. Other laboratory test results at admis-
sion were unremarkable.

Morphological, immunophenotypic, and histopathologi-
cal examination of bone marrow (BM) was performed due 
to undifferentiated cells in the peripheral blood and a suspi-
cion of acute leukemia. Bone marrow flow cytometry (FC) 
analysis showed the presence of 45% immature cells. Even 

though only 3% of blasts displayed CD2 and CD25 antigens, 
these findings, together with tryptase levels above 200 mg/L, 
prompted the diagnosis of mast cell leukemia.

After the initial MCL diagnosis, the patient was trans-
ferred to the Department of Hematology, Institute of Hema-
tology and Transfusion Medicine, Warsaw, for further 
treatment.

The patient received remission-induction chemotherapy 
according to the DA scheme “3 + 7” (DA, daunorubicin at 
a dose of 60 mg/m2/day on days 1–3, cytosine arabinoside 
at a dose of 100 mg/m2/day on days 1–7). Chemotherapy 
caused myelosuppression with thrombocytopenia refractory 
to platelet transfusions and complicated by recurrent upper 
gastrointestinal bleeding and death. The patient died within 
30 days of hospital admission.

Materials and methods

May-Grunwald-Giemsa–stained bone marrow aspirate 
smears and squashes were examined under optical micros-
copy with 100 × and 1000 × magnification.

Multidimensional flow cytometry was used to char-
acterize the immunophenotype of malignant cells in BM 
with stain-lyse-wash standard sample preparation protocol. 
Twelve-color combinations of the monoclonal antibodies 
(MoAbs) were used, and the panel of MoAbs consisted of 
CD22 FITC, CD36 FITC, CD66c FITC, CD7 PE, CD13 
PE, CD16 PE, CD64 PE, CD30 PE, CD11c PerCP-Cy5.5, 
CD33 PerCP-Cy5.5, CD34 PerCP-Cy5.5, CD25 PE-Cy7, 
CD117 PE-Cy7, CD19 APC, CD123 APC, CD14 APC-H7, 
CD38 APC-H7, CD56 APC-R700, HLA-DR V450, CD45 
V500, CD11b BV605, CD71 BV711, and CD15 BV786. All 
MoAbs were obtained from BD Biosciences (San Jose, CA, 
USA). Data acquisition was performed in a FACSLyric flow 
cytometer (BD Biosciences) with the FACSuite software. 
For data analysis, the Flow Jo v7.6.5 software (Tree Star) 
was used.

The immunohistochemical examination was performed 
using routine diagnostic procedures with standardized IVD 
antibodies (Dako Autostainer and Dako Omnis).

Genomic DNA was extracted from peripheral blood 
leukocytes using the QIAamp DNA Blood Mini Kit (Qia-
gen). KIT (exon 17), IDH1 (exon 4), IDH2 (exon 4), TP53 
(exons 2–11), ASXL1 (exon 12), SRSF2 (exon 1 fragment), 
and RUNX1 (exons 2–9) were each amplified by polymer-
ase chain reaction (PCR) using suitably positioned primers. 
Primer sequences were checked for the presence of single-
nucleotide polymorphism (SNPs) on their complementary 
DNA strands. PCR products were sequenced using internal 
primers and analyzed using an ABI 310 Genetic Analyzer 
(Applied Biosystems). The presence of JAK2 V617F was 
excluded by allele-specific PCR.
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Results

Bone marrow aspirate smears were hypercellular, display-
ing indisputable morphologic features of erythroid and 
myeloid cell dysplasia. Atypical cells accounted for 26% 
of all bone marrow aspirate cells and additionally formed 
numerous compact aggregates. Morphologically atypical 
cells did not resemble MCs but did appear similar to atypi-
cal monocytes (Fig. 1). Their cytoplasm contained small, 
faintly visible granules. The chromatin pattern appeared 
mature. In some microscopic fields of view, cells with 
elongated or bilobed nuclei were found. Metachromatic 
blasts and spindle-shaped MCs were not present in bone 
marrow smears. Additional bone marrow studies allowed 
the diagnosis to be established.

Immunophenotypic examination of bone marrow 
showed the presence of 45% immature cells SSC low, 
CD45 + dim (blast gate) expressing myeloid associated 
markers: CD117 + (bright expression), CD13 + , CD33 + , 
CD64 + and lymphoid markers CD22 + (low expression), 
and CD30 + . Cells were negative for other immaturity 
markers, such as CD34, HLA-DR, and CD123, and did 
not express CD7, CD11b, CD11c, CD14, CD15, CD16, 
CD19, CD36, CD38, CD56, or CD71. Only 3% of the 
blasts displayed surface markers of clonal MCs: CD25 and 
CD2. Representative flow cytometry dot plots are shown 
in Fig. 2.

At a later stage of treatment, the results of the trephine 
biopsy were obtained, which demonstrated infiltration 
by atypical cells occupying > 95% of the intertrabecular 
marrow space and at first indicated low-differentiated 
acute myeloid leukemia. Further histopathological image 
analysis and additional immunohistochemical staining 
confirmed the diffuse infiltration of atypical mast cells 
presenting the immunophenotype: MCT( +), CD117( +), 
CD30( ±), CD25( ±), CD2( −), CD1a( −), MPO( −), and 
Ki-67( +) in 5% of nuclei (Fig. 3).

Cytogenetic BM examination revealed a normal female 
karyotype. Molecular tests for the KIT D816V mutation, 
JAK2 V617F mutation, and SRS2 codon P95 mutation were 
negative. Sanger sequencing of KIT (exon 17), IDH1/IDH2, 
TP53 (exons 2–11), ASXL1 (exon 12), and RUNX1 (exons 
2–9) identified no pathogenic or likely pathogenic variants.

Discussion

MCL is one of the rarest types of leukemia, accounting for 
approximately 1% of all systemic mastocytosis cases [2]. 
MCL is diagnosed when criteria for systemic mastocytosis 
are fulfilled and bone marrow biopsy shows ≥ 20% leuke-
mic infiltration by atypical/immature MCs. Leukemic mast 
cells may exhibit immature forms rarely seen in other types 
of SM: promastocytes, metachromatic blasts, and even 

Fig. 1  Bone marrow aspirate smears in MGG staining. Cytomorpho-
logic features of hypogranulated mast cells (a–e); asterisks indicate 
dysplastic erythroid precursors and dysplastic granulopoiesis; arrows 

indicate bilobed nuclei and finer, immature chromatin pattern (pro-
mastocytes), magnification 1000 × . Aggregate of mast cells (f), mag-
nification 100 × 



43Journal of Hematopathology (2023) 16:39–47 

1 3

ungranulated blasts, which pose a diagnostic challenge to 
identify due to the diverse cytomorphological characteristics 
[2, 23]. Research shows that spindle-shaped MCs are not 
found or are very rare in patients with acute MCL [2]. In 
the presented case, the bone marrow examination demon-
strated a multifocal infiltration by atypical mast cells/blasts 
which were not spindle-shaped and had a hypogranulated 
cytoplasm. The morphology of some of the cells resembled 
that of promastocytes (bilobed or intended bilobed with a 

finer chromatin pattern). Neoplastic MCs type II (promas-
tocytes), with indented, bilobed nuclei, and an abundant 
cytoplasm, are repeatedly reported in MCL cases [24–27]. 
Cells with identical cytomorphology were found in May-
Grünwald-Giemsa-stained peripheral blood smears. These 
atypical MCs represented 11% of nucleated cells, indicating 
a “leukemic” subvariant of MCL.

In the presented case, the activating driver KIT mutation 
was not detected. In contrast to other SM types, where KIT 

Fig. 2  Representative flow cytometry dot plots. Blast population (SSC low, CD45 + dim) shown in pink, lymphocytes (SSC low, CD45 + bright) 
shown in blue
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D816V is present in 80–90% of cases, only 40–67% of MCL 
cases carry this hallmark mutation [2, 28, 29]. In the study 
of Jahwar et al., KIT mutations were detected in 25 (89%) 
of the 28 MCL patients: D816V (n = 19), D816H/Y (n = 5), 
and F522C (n = 1) [30]. In our case, Sanger sequencing 
was only performed for exon 17 of the KIT gene, where the 
most common somatic mutation in SM, KIT D816V, occurs 
[29]. Nevertheless, KIT mutations other than D816V in the 

extracellular domain or juxtamembrane domain may occur 
in MCL, but the remaining exons were not tested in our case 
[31, 32]. The Sanger sequencing VAF (variant allele fre-
quency) detection limit was estimated at 20%. It is possible 
that sequencing PB samples in which mast cells accounted 
for only 11% of nucleated cells failed to detect mutations in 
the KIT gene. However, according to Hoerman et al., KIT 
D816V allele burden is not correlated with MC infiltration 

Fig. 3  Bone marrow histopathological image of MCL, including the immunohistochemical staining with mast cell tryptase (MCT), CD117, and 
CD30



45Journal of Hematopathology (2023) 16:39–47 

1 3

but rather with serum tryptase levels [33]. Recent data have 
shown that the KIT D816V allele burden measured using 
digital droplet PCR in formalin-fixed, paraffin-embedded 
BM sections reflects the burden of neoplastic cells in SM 
better than established mutant allele burden measurements 
in PB or BM aspirates [34]. In our case, a thorough exami-
nation of the BM for the presence of KIT D816V or NGS 
sequencing of the entire KIT gene to exclude mutations in 
exons outside of exon 17 was not possible. Efforts have been 
made to improve the sensitivity of KIT mutation detection 
using different approaches, including the enrichment of MCs 
from BM samples via laser micro-dissection, fluorescence-
activated cell sorting (FACS), or a sensitive PCR assay; 
however, these techniques are not routinely used for diag-
nostic algorithms [31, 34].

The immunophenotypic identification of MCs was based 
on their strong reactivity for CD117 and low CD45 expres-
sion in the absence of expression for CD34 and CD38 to dis-
criminate MC from CD34 progenitors and CD117 + plasma 
cells. The panel of antibodies used did not allow a clear 
classification of the MS type, as proposed by Teodosio et al. 
[13], and the final diagnosis was based on histopathological 
studies and the clinical picture. In this case, only a small 
number of all atypical mast cells met the minor immunophe-
notypic SM criterion and displayed the aberrant expression 
of CD2 and CD25. In turn, all of those cells expressed 
CD30. The co-expression of CD2 and CD25 on MCs is more 
frequent among KIT D816V-positive MCL patients (66%) 
compared to KIT D816V-negative MCL patients (25%) [2, 
23]. Recent data suggest that aberrant CD30 expression on 
mast cells is strongly associated with SM [23, 35]. CD30-
positive MCs are found even in patients lacking CD2 and 
CD25 expression. Therefore, CD30 was proposed as a new 
addition to the existing minor SM criterion [35]. Well-dif-
ferentiated systemic mastocytosis (WDSM) patients do not 
typically carry the D816V KIT mutation without CD2 and 
CD25 expression. MCs in WDSM are also typically CD30-
positive, although they are characterized by mature, hyper-
granulated morphology FSChigh/SSChigh without atypical 
features, in contrast to our case [13]. CD64 (immunoglobulin 
receptor FCγRI) is not typically expressed on normal/reac-
tive bone marrow MCs. In turn, as an activation-associated 
molecule, the increased expression of CD64 was observed in 
approximately 84% of SM cases, and its expression on MCs 
can be significantly upregulated by IFN-γ, leading to degran-
ulation and enhanced cytokine expression [36]. According 
to Teodosio et al., an increased reactivity for CD64 and a 
lack of CD16 (FcγRIIIa) expression may characterize MCL 
cases [12].

Severe dysplasia found in more than 10% of patient’s 
BM cells suggests that myelodysplastic syndrome criteria 
are met and a diagnosis of MCL with an associated hema-
tologic neoplasm (MCL-AHN) can be made. Although 

additional somatic mutations have been found in 90% of 
advanced SM patients (most with an SM-AHN) [37], nei-
ther mutations within SRS2, IDH1/IDH2, TP53, ASXL1, 
or the RUNX1 genes nor cytogenetic abnormalities were 
detected in our case.

Because neoplastic cells in our case lack a KIT D816V 
mutation, most of them did not express CD25, so CD2 dif-
ferential diagnoses of tryptase-positive acute myeloid leu-
kemia (T + AML) and myelomastocytic leukemia (MML) 
were taken into consideration. T + AML blasts co-express 
CD34 and tryptase but not CD117 [15]. In our case, blasts 
were strongly positive for CD117, the hallmark marker 
for MC lineage. In MML, mast cells express CD117 and 
tryptase but lack CD2 and CD25 and usually comprise 
more than 10% of nucleated cells in bone marrow; how-
ever, in contrast to our case, they never form compact focal 
infiltrates [15, 27]. Additionally, serum tryptase levels in 
MML rarely exceed 100 ng/mL [27].

Clinical, radiological, and laboratory results in the 
reported case showed the presence of multiple “cytore-
duction-requiring” findings, suggesting the diagnosis of 
the acute form of MCL and a progressive disease course. 
Dysplasia was found in erythroid and myeloid lineages 
in BM smears. Serum tryptase was highly elevated, and 
the patient presented splenomegaly. The patient suffered 
from abdominal pain and gastrointestinal distress. All of 
these symptoms may indicate organ impairment due to 
MC infiltrates. The patient was therefore classified into 
the poorest-risk group whose overall survival (OS) was 
historically short, with a median of 6 to 18 months [29, 
37]. Durable responses and survival of 3–5 years regard-
less of KIT mutation status can be seen in some MCL 
patients, when treated with kinase inhibitors, including 
midostaurin [2, 37]. In the presented case, firstly, remis-
sion-induction treatment was administered, and midos-
taurin treatment was planned at a later stage. Midostaurin 
was not reimbursed in Poland but was available in the 
Novartis Managed Access Program.

The vigilance of clinical laboratory scientists, along 
with a proper differential diagnosis, a histopathologist, and 
a medical doctor, are all necessary to make an exact MCL 
diagnosis. Then, individualized MCL treatment should be 
selected. The outcomes in patients with MCL are not sat-
isfactory, and new drugs with the potential to improve the 
treatment efficacy and prolong survival are needed. Under-
standing the complex genetic and molecular pathogenesis 
of MCL may support the development of targeted therapy.
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