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ARTICLE INFO ABSTRACT

Keywords: Mast Cell Leukemia (MCL) is the rarest form of systemic mastocytosis, a rare group of neoplastic disease that
Mast cell leukemia result from clonal proliferation of mast cells and their accumulation in one or more organ systems. The diagnosis
Acute of MCL is made by meeting the World Health Organization (WHO) 2017 criteria. MCL is further subclassified as
f\lfgglilel:nic leukemic or aleukemic based on presence or absence of circulating mast cells in the peripheral blood and acute
Leukemic versus chronic based on presence or absence of findings indicative of impaired organ function due to mast cell
Hispanic infiltration.

Therapy A 64-year-old Hispanic male presented with myalgia, diarrhea, urticarial rash, back pain, and fulminant

disseminated intravascular coagulation. Bone marrow examination, supplemented by immunohistochemistry
results, fulfilled the WHO criteria for the diagnosis of MCL. To the best of our knowledge, this is the first
documented case of aleukemic acute MCL in a Hispanic patient.

1. Introduction

Mastocytosis is a neoplastic disease due to a clonal proliferation of
mast cells that accumulate in one or more organ systems. Two main
variants are recognized: cutaneous mastocytosis (CM), where the dis-
ease manifestation is limited to the skin, and systemic mastocytosis
(SM), in which the mast cell proliferation is systemic and the mast cells
accumulate in internal tissues and organs, such as the bone marrow,
liver, spleen and gastrointestinal tract. SM is a rare disease, with an
approximate incidence rate of 13 cases per 100,000 individuals [1]. It is
associated with a wide variety of signs and symptoms, which can be
explained by mediator release and mast cell infiltration. The main
symptomatology includes, but is not limited to, hypotension, rash,
pruritus, diarrhea, hyperacidity, musculoskeletal pain, tachycardia, and
fever. SM is diagnosed by demonstrating mast cell infiltration in at least
one extracutaneous organ, with the bone marrow being the most
commonly involved organ and the most commonly used to establish
diagnosis [2]. Its diagnosis requires fulfilling the major diagnostic cri-
terion and at least one of the four minor criteria, or three minor criteria.
The major criterion is the presence of diffuse involvement or of multi-
focal compact mast cell aggregates of greater than 15 mast cells
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clustered together identified in at least one internal organ or in the bone
marrow. The minor criteria include: (a) a greater than 25% immature or
atypical mast cell infiltration in the bone marrow or other extracuta-
neous organs, (b) an abnormal mast cell immunophenotype (CD25
positive with or without CD2), (c) the presence of activating mutation in
the KIT gene at codon 816, and (d) an elevated baseline serum tryptase
level of greater than 20 ng/mL [3].

SM is subdivided into five main variants based on the mast cell
burden (“B” findings) and the presence/absence of organ impairment
secondary to mast cell infiltration (“C” findings) (Table 1) [4,5]. Among
the different variants of SM, MCL is considered the rarest occurring in
less than 1% of SM cases and carries the worst prognosis [2,6]. By
definition, MCL must meet the World Health Organization (WHO) 2017
criteria for SM and is marked by diffuse bone marrow infiltration of
immature or atypical mast cells accounting for at least 20% of all
nucleated cells in the bone marrow (BM) aspirate smear and at least 10%
in the peripheral blood smear (PBS). If mast cells account for less than
10% of the PBS, then the diagnosis is that of MCL, aleukemic variant.
The aleukemic variant appears to be the most common of the two var-
iants [7-11]. Progression from aleukemic MCL to leukemic MCL has
been reported to occur [12]. Moreover, MCL is divided between an acute
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Table 1
B- and C-findings as per WHO 2017 Criteria for SM'*.

B findings

1 High mast cell burden (shown on bone marrow biopsy): > 30% infiltration of
cellularity by mast cells (focal, dense aggregates) and serum total tryptase > 200 ng
/ mL

1 Signs of dysplasia or myeloproliferation in non-mast cell lineage(s), but criteria are
not met for definitive diagnosis of an associated hematological neoplasm, with
normal or only slightly abnormal blood counts

1 Hepatomegaly without impairment of liver function, palpable splenomegaly without
hypersplenism and / or lymphadenopathy on palpation or imaging

C findings

1 Bone marrow dysfunction caused by neoplastic mast cell infiltration, manifested by
> 1 cytopenia: absolute neutrophil count < 1.0 x 10° / L, hemoglobin level < 10 g/
dL, and / or platelet count < 100 x 10° / L

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

1 Skeletal involvement, with large osteolytic lesions with or without pathological
fractures (pathological fractures caused by osteoporosis do not qualify as a C
finding)

1 Palpable splenomegaly with hypersplenism

1 Malabsorption with weight loss due to gastrointestinal mast cell infiltrates

variant (67-93% of cases) and the less common chronic variant based on
the presence or absence of “C” findings [2,7,13,14]. The latter has been
associated with a more indolent course at disease outset, but overall
similar prognosis [7,8,14].

2. Case report

The patient was a 64-year-old male, with a past medical history of
hypertension and gout, who was admitted to our institution with a 2-
week history back pain, myalgias, diarrhea, conjunctival erythema,
decreased urine output, and diffuse maculopapular rash precipitated by
naproxen intake. He was initially treated with intramuscular glucocor-
ticoids at an outside facility, which gave relief to his rash and diarrhea.
However, the persistence of the other symptoms prompted the patient
present to our institution. He denied recent weight loss, abnormal
bleeding, fever, and recent travel. Vitals obtained on admission included
anormal BP of 138/80 mm Hg, tachycardia of 120 /min, respiratory rate
of 20 /min, and a temperature of 36.9 C. Laboratory work-up on
admission showed mild anemia (hemoglobin, 12.7 g/dl; Hematocrit,
36%), thrombocytopenia (platelets, 28 x 109/L), normal white blood
cell count (WBC, 7.08 x 109/L; normal differential count: Neutrophils
66%, Eosinophils 5%, Basophils 1% Monocytes 3%, Lymphocytes 25%);
no circulating mast cells), thrombin time was >60 s, elevated fibrin-
degradation products (D-dimer 9.41 FEU, fibrinogen 253 mg/dL), a
slight prolonged prothrombin time of 24.9 (INR 2.1). Renal insufficiency
was demonstrated by a BUN of 61 mg/dL, creatinine of 2.2 mg/dL, and
GFR of 30 (ref >60 mL/min). LDH was elevated at 1834 U/L. Imaging
revealed a 0.8 cm hypodensity in the right iliac fossa, suspicious for an
abscess. Disseminated intravascular coagulation (DIC), secondary to
sepsis from the possible abscess, was the initial impression. The patient
was empirically treated for sepsis and provided supportive measures for
DIC. Given the size of the right iliac fossa lesion, attempts to perform
percutaneous drainage failed. Because of the worsening anemia and
thrombocytopenia which raised the possibility of a hematologic malig-
nancy, a bone marrow examination with biopsy and aspirate smear was
performed. Two days later, the patient experienced a significantly
worsening anemia, developed hypoxia and right-sided pleural effusion,
and less than a week after the admission he went into cardiac arrest and
expired.

The bone marrow examination demonstrated a diffuse infiltration of
the marrow cavity by a compact proliferation of abnormal mast cells
occupying >70% of the intertrabecular marrow space (Fig. 1a, b). The
mast cells, which accounted for at least 40% of the bone marrow aspirate
smear differential count, included mostly promastocytes with a majority
of the cells displaying classical nuclear bilobation and a round
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Fig. 1a. Bone marrow biopsy showing marrow cavity diffusely infiltrated by a
compact sheet-like proliferation of neoplastic mast cells (Low magnifica-
tion, X200).
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Fig. 1b. Bone marrow biopsy showing marrow cavity diffusely infiltrated by a

compact sheet-like proliferation of neoplastic mast cells. (High magnifica-
tion, x400).

cytoplasm (Fig. 1c) with some spindle shaped immature forms also
noted (Fig. 1d). Inmunochemistry demonstrated a strong expression of
CD 117 (KIT), Tryptase, CD25, and CD2 (Fig. 2a—d). KIT mutation was
not detected by target NGS testing of KIT exons 8,9, 11, 13, and 17. The
karyotype analysis was normal (46, XY).

Autopsy demonstrated splenomegaly with a spleen weight of 1570
gm (normal: 150-200 gm) displaying a diffuse infiltration of mast cells
(Fig. 3), and hepatomegaly with a liver weight of 3100 gm (normal:
1200-2000 gm) also showing diffuse infiltration of mast cells (Fig. 4).
Additionally, a non-neoplastic gastric ulcer and a hematoma over the
right iliac fossa were also documented. Combining these findings
together, the patient fulfilled the major criterion and two minor criteria
for the diagnosis of SM, which was then further classified as acute MCL

Fig. 1c. Bone marrow aspirate smear showing promastocytes (immature cells
with bilobated nuclei and cytoplasms packed with metachromatic mast
cell granules).
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Fig. 1d. Bone marrow aspirate smear showing a cluster of spindle shaped
abnormal mast cells. Neoplastic mast cells accounted for at least 40% of the

differential count.
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Fig. 2a. Bone marrow biopsy immunohistochemistry showing diffuse immu-
noreactivity of the neoplastic mast cells for CD117 (x400).
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Fig. 2b. Bone marrow biopsy immunohistochemistry showing diffuse immu-
noreactivity of the neoplastic mast cells for mast cell tryptase (x400).

(“C” findings were present; massive organ infiltration was also docu-
mented at autopsy), aleukemic variant (peripheral blood smear showing
an absence of circulating mast cells). The DIC was considered to be
secondary to MCL.

3. Discussion

MCL is a rare and aggressive variant of SM. It is characterized by the
leukemic spread of mast cells with multiple organ involvement such as
the gastrointestinal tract, liver, spleen, and peritoneum. In the majority
of patients skin lesions, as seen in other types of SM, are absent [3].
However, skin rashes as seen in our patient are reported to occur in MCL
[8]. Most of MCL patients present with cytopenia, hepatic malfunction,
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Fig. 2c. Bone marrow biopsy immunohistochemistry showing diffuse immu-
noreactivity of the neoplastic mast cells for CD25 (x400).
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Fig. 2d. Bone marrow biopsy immunohistochemistry showing diffuse immu-
noreactivity of the neoplastic mast cells for CD2 (x400).

Fig. 3. Spleen from autopsy showing subcapsular and diffuse infiltration by
neoplastic mast cells as well as focal extramedullary hematopoiesis, a frequent
occurrence in pathologically enlarge spleens (x200).

hypersplenism, malabsorption, osteolytic lesions, and weight loss [3].
These are known as “C” findings, and are present in 90% of acute MCL
cases; the majority of patients have hepatosplenomegaly with most
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Fig. 4. Liver from autopsy showing diffuse infiltration by neoplastic mast cells.
Note subcapsular and intrasinusoidal mast cells location (x200).

common lab findings being cytopenia [6,14]. Constitutional symptoms
such as weight loss, fatigue, and night sweats are also common [3,8,15].
Additionally, a third of cases also present with gastrointestinal symp-
toms, specifically diarrhea. A strong association with peptic ulcer dis-
ease has been reported in some studies[16]. Bleeding, hemolysis, or
disseminated intravascular coagulation, which was the case for our
patient, can also occur.

As shown in our case, immunophenotyping is essential in identifi-
cation of abnormal mast cells. Mast cells, both in neoplastic and in
reactive conditions, express tryptase and KIT (CD117) as well as certain
myeloid antigens, including CD13 and CD33. Tryptase, CD117, CD25
and CD2 (the latter two antigens are not expressed in normal mast cells),
are the key markers used for the identification of abnormal mast cells
present in SM. CD117 is sensitive, but not specific for mast cells, while
tryptase is less sensitive, but much more specific. CD25 is more useful
than CD2 which is less constantly expressed [17]. MCL shows an
immunophenotypic reactivity similar to the other types of SM, however,
a third of MCL cases have been noted to have a double negative
CD2/CD25 immunophenotype [2]. A variable proportion of MCL cases
may express CD30 [18].

The KIT D816V mutation is the most common finding in SM being
present in 80-90% of cases and its main phenotypic driver. In aggressive
SM and in MCL, several additional mutations shared with other myeloid
neoplasms (e.g. CMML) may also occur e.g. SRF2, ASXL1, RUNX1, TET2,
CBL, K/N-RAS, and EZH2, which have been shown to lead to poorer
outcomes [19,20]. In contrast with other types of SM, only 40-67% of
MCL cases carry the typical KIT D816V mutation [3,13,19-21]. A pro-
portion of these “negative” cases may carry a codon 816 KIT mutation
other than D816V or a non-codon 816 KIT mutation[3,19]. In MCL,
these atypical KIT mutations have a combined estimated frequency of
20%; wild-type KIT occurs in 7-11% of cases [7,20,25]. Our case fell
into the latter category.

From a clinicopathologic standpoint, the differential diagnosis of
MCL includes tryptase-positive AML and myelomastocytic leukemia
(MML), an advanced myeloid neoplasm with partial mast cell differen-
tiation [14]. Both can be ruled out using the WHO 2017 criteria. The
former commonly presents with at least 20% myeloblasts which show
weak tryptase expression. BM biopsy usually demonstrates less than
10% mast cells lacking a compact diffuse proliferative pattern.
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Additionally, the mast cells do not show CD25 expression. MML can
present with mast cells accounting for greater than 10% on the BM
aspirate differential. Leukemic mast cells in MML are usually immature
or are recognized as metachromatic blasts with very low expression of
tryptase. However, the proliferation is largely myeloblastic, with blasts
often expressing CD34, lacking CD25 [14]. In both disease entities, a KIT
mutation is usually not detected.

While the goal of therapy in indolent variants of SM has traditionally
been symptomatic relief by using e.g. antihistamines, mast cell stabi-
lizers, leukotriene inhibitors, proton pump inhibitors, and NSAIDs, in
MCL (and also in aggressive systemic mastocytosis) reversal of C-find-
ings and their organ damage-related symptomatology represents the
current treatment strategy [21]. Treatment options of MCL cases range
from tyrosine kinase inhibitors (TKI), chemotherapy, and allogeneic
stem cell transplant [21,22]. A study by Ustun et al. only demonstrated a
17% 3-year overall survival for patients hematopoietic stem cell trans-
plant [22]. The most promising therapeutic option are the TKIs. Mid-
ostaurin, the only currently FDA approved medication for MCL and
aggressive systemic mastocytosis, is a TKI that is shown to have activity
against KIT D816V resulting decreased C-findings [23]. An open-label
midostaurin multicenter study of “advanced systemic mastocytosis”
patients which included 16 aggressive systemic mastocytosis, 57 sys-
temic mastocytosis with an associated hematologic neoplasm, 16 MCL
showed an overall 50% response rate to this drug. Although for all pa-
tients the median overall survival was 28.7 months, among the 16 pa-
tients with mast-cell leukemia, the median overall survival was 9.4
months [23]. Imatinib and nilotinib show activity against wild-type KIT.
However, activity against KIT D816V has been limited. However, rare
patients with atypical KIT mutations have responded to those drugs
[24].Avapritinib, a class 1 TKI with activity against PDFR-alpha, is a
new drug currently undergoing clinical trials. It shows promise with a
response rate up to 75% for those who did not respond to midostaurin
[25].

As to the best of our knowledge, this is one of the first documented
cases of MCL in a Hispanic patient. Epidemiologic information on MCL is
hard to find which is understandable in view of the rarity of the disease.
However, patient ethnicity was mentioned in two studies one from the
United States (US) and one from France, respectively [6,26]. The US
study by Jain et al. of 13 MCL cases, showed that twelve patients were
Caucasians and one African-American. [6] In the French study by Lav-
ielle et al. of the 51 MCL cases, ethnicity was stated for 21 cases, 18
Caucasians and three Asians. [26] Although several clinical trials for the
treatment of MCL have been performed, ethnic data were not made
available possibly due to the overall low number of accrued patients.
Thus, no conclusion in relation to disease ethnic prevalence is possible at
this time.
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