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Well-differentiated systemic mastocytosis showed
excellent clinical response to imatinib in the
absence of known molecular genetic
abnormalities
A case report
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Abstract
Introduction:Well-differentiated systemic mastocytosis (WDSM) is a rare, recently recognized provisional subvariant of systemic
mastocytosis (SM). We report a case of WDSM that showed excellent clinical and cutaneous response to imatinib in the absence of
known molecular genetic abnormalities.

ClinicalFindings/Diagnoses:We present a 24-year-old woman with childhood onset of skin manifestations that progressed to
mediator-related systemic events, and a gastrointestinal tract mastocytoma. A subsequent bone marrow examination showed
WDSM. Treatment with imatinib resulted in complete resolution of cutaneous lesions and systemic symptoms, which relapsed with
the discontinuation of the drug. Targeted next-generation sequencing-basedmutation analysis did not demonstrate any mutations in
the coding regions of KIT or other genes commonly associated with myeloid neoplasms.

Conclusions: The diagnosis of WDSM is challenging in the absence of spindle-shaped mast cells, CD2 or CD25 expression, and
KITD816mutation. This case illustrated the need for recognizing this unique variant of SM for diagnostic and therapeutic implications.

Abbreviations: ADC = antibody–drug conjugate, BM = bone marrow, BV = Brentuximab vedotin, FCI = flow cytometry
immunophenotypic, FDA = the Food and Drug Administration, NGS = next-generation sequencing, REMA = Spanish Network on
Mastocytosis, SM= systemic mastocytosis, WDSM=well-differentiated systemic mastocytosis, WHO=World Health Organization.
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1. Introduction

Well-differentiated systemic mastocytosis (WDSM) is a rare,
recently described provisional subvariant of systemic mastocy-
tosis (SM),[1–4] with distinct morphologic, immunophenotypic,
and molecular features.[4,5] WDSM accounts for approximately
5% to 7%of SM, shows a female predominance, often childhood
onset and tendency for familial predisposition. Based on the
proposed Spanish Network on Mastocytosis (REMA) algorithm
for the diagnosis and classification of mastocytosis, diagnosis of
WDSM could be made according to the following criteria: skin
involvement, compact bone marrow (BM) mast cell aggregates
(>15 mast cells), mast cells with round-shape and larger CD25
negative mast cells, elevated serum tryptase level (>20ng/mL),
despite lacking KIT D816V mutation.[5]

However, patients with WDSM usually present with a low
mast cell burden that progresses over time, and have a prolonged
disease course.[4] Due to the low disease burden, especially
early in the disease course, some cases with low serum tryptase
levels (minor criteria) may not meet the 2008 World Health
Organization (WHO) diagnostic criteria for SM, since the other
3 minor criteria (spindle-morphology, aberrant CD2/CD25
expression, KIT D816 mutation) are missing in this subvariant
SM.[6] However, recognition of this entity is of significance, not
only for diagnosis but also for treatment. WDSM has been
reported to show excellent responses to imatinib therapy.[2,3,7–9]
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Of note, the responders often showed KIT mutations not
involving the D816V loop. Here, we report a case of WDSM and
highlight the clinical, pathologic, and immunophenotypic
findings of this entity, and demonstrate excellent clinical and
cutaneous responses to imatinib even in the absence of KIT
mutation by next-generation sequencing (NGS)-based testing.
2. Case presentation

A 24-year-old woman presented with a 7-year history of
intermittent nausea, vomiting, abdominal pain, joint pains,
and progressive weight loss. The patient was diagnosed with a
gastric mastocytoma (5cm) on endoscopic biopsy 7 months
before this presentation and had a partial gastrectomy afterward.
The diagnosis of mastocytoma was based on the presence of
sheets of mature, nonatypical mast cells involving the submucosa;
no increased number of mitoses was seen. The patient had a long-
standing history of maculopapular skin rash over the chest and
back since the age of 4. On admission, physical examination
revealed diffuse faint maculopapular rash, mainly on upper chest
and back. A complete blood count was within normal limits.
Serum tryptase level was elevated at 47.1 (normal <11.5ng/mL).
A BM biopsy showed loose aggregates and interstitial infiltrate of
round mast cells with abundant cytoplasmic granules, represent-
ing about 20% of the marrow cellularity. The mast cells
accounted for about 5% of the cells in the aspirate smears. Flow
cytometry immunophenotypic (FCI) analysis on the BM showed
an aberrant mast cell population representing 0.2% of total
analyzed cells, positive for CD117, and CD63 (partial); but
negative for CD2, CD25, and CD69. Mutation-specific quanti-
tative real-time PCR for D816V mutation of the KIT gene was
negative. Nested PCR analysis for FIP1L1–PDGFRA fusion
transcript was negative. Conventional cytogenetic analysis
Figure 1. Histologic and cytomorphologic bone marrow features. (A) Asp
erythrophagocytosis, hematoxylin, and eosin stain 500� magnification; (C) cl
(D) clot section, CD30 immunohistochemistry, 500� magnification.
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showed no clonal chromosomal abnormality. A diagnosis of
SM was rendered using the 2008 WHO classification, based on
the presence of 1 major criterion (multifocal mast cell aggregates)
and 1 minor criterion (elevated serum tryptase levels).
The patient was treated with imatinib mesylate 400mg daily,

and the symptoms resolved over the course of 8 months.
Unfortunately, the patient had poor compliance and started to
miss doses after 8 months of continuous therapy, and developed
intermittent constitutional symptoms over time. The patient
completely stopped imatinib on her own about 2 years after
treatment initiation. She started to experience fatigue, nausea and
vomiting, and weight loss. The patient returned to our institution
with symptoms, 7 months after stopping therapy. A complete
blood count revealed minimal leukopenia without anemia.
Repeat serum tryptase levels were elevated, ranging between
31.7 and 36.1ng/mL. A repeat BM examination was
performed. BM aspirates showed numerous intact round and
well-granulated mast cells, representing about 4% to 5% of the
cellularity. This time, many mast cells showed erythrophagocy-
tosis (Fig. 1 A and B). BM biopsy showed extensive para-
trabecular and interstitial aggregates of round mast cells with
abundant cytoplasm and coarse granules without spindle or
atypical morphology, involving about 50% of the cellularity
(Fig. 1C). The mast cells were positive for tryptase and CD30 by
immunohistochemistry (Fig. 1D). Reticulin stain showed in-
creased fibrosis and trichrome stain showed focal collagen
deposition. FCI studies on BM showed a discrete mast cell
population representing 0.5% of total analyzed cells that were
positive for CD22 (dim), CD123 (dim), CD117 (bright), HLA-
DR (dim), and CD30 (66%, dim); and negative for CD2, CD19,
CD25, and CD34 (Fig. 2). No aberrant mast cells were detected
in the peripheral blood by FCI. Fluorescence in situ hybridization
for BCR–ABL1 fusion was negative. Conventional cytogenetic
irate smear, Wright Giemsa stain 500� magnification; (B) clot section:
ot section, mast cell tryptase immunohistochemistry, 500� magnification;



Figure 2. Flow cytometry immunophenotype shows that mast cells are positive for CD30 (66%) and CD117, and negative for CD2 and CD25. All plots are set
based on controls.
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studies showed no clonal chromosomal abnormality. Micro-
array-based comparative genomic hybridization did not show
any submicroscopic abnormalities. NGS-based analysis for the
detection of somatic mutations in the coding regions of a total of
28 genes related with myeloid neoplasms (ABL1,ASXL1, BRAF,
DNMT3A, FGFR, EZH2, FLT3, GATA1, GATA2, HRAS,
IDH1, IDH2, IKZF2, JAK2, KIT, KRAS, MDM2, MLL, MPL,
MYD88, NOTCH1, NPM1, NRAS, PTPN11, RUNX1, TET2,
TP53, andWT1) was performed on the DNA extracted from BM
aspirate in our CLIA-certified molecular diagnostic laboratory.
Nomutation was detected includingKIT (exons 1–21). Similar to
the previous sample, no FIP1L1–PDGFRA gene fusion transcript
was detected by qualitative nested RT-PCR analysis. Patient was
restarted on imatinib 400mg daily.

3. Discussion

Here, we present a case of WDSM that manifested initially at
childhood, with skin lesions that progressed to mediator-related
systemic events including musculoskeletal complaints and
constitutional symptoms, and a gastric mastocytoma diagnosed
at adult age. Although childhood-onset mastocytosis is usually a
skin-limited disease that commonly spontaneously regresses
before puberty, a small subset of patients show progression to
aggressive disease.[10–12] In this patient, the diagnosis of systemic
involvement by mastocytosis, WDSM subvariant was made at
24 years of age, based on the BM examination, however, BM
involvement before this cannot be excluded. The findings met 1
major and 1 minor diagnostic criteria of SM, reportedly elevated
serum tryptase levels over 20 at the time of diagnosis and relapse.
The relapsed BM had a higher degree of BM mast cell

infiltration bymorphology and flow cytometry (0.5%) thanwhen
performed at diagnosis (0.2% by flow). However, the degree of
the serum tryptase level elevation, measured at multiple time
points over a period of 18 days before restarting therapy, was
lower than the diagnostic sample. This illustrates that the serum
tryptase level reflects the degree of mast cell activation, and not
merely quantitative mast cell burden. Hence, correlation between
BM mast cell burden and serum tryptase levels may not be
absolute. One of the reasons is sampling error due to patchy MC
infiltration in the marrow. Secondly, serum tryptase levels
correspond to mast cell activation of the total body mast cells in
various organs. In this patient, the extent of skin and BM
involvement at 2 different time points could have been different.
3

Further, the degree of mast cell activation, and thereby serum
tryptase levels can be dependent on time, external stimuli, etc.[13]

In this case, unlike serum tryptase testing at the time of relapse,
serum tryptase level was performed only at 1 time point. Another
interesting finding at relapse was overt erythrophagocytosis
observed in mast cells while the patient was neither anemic nor
being transfused. Erythrophagocytosis in mast cells has been
reported in both neoplastic and normal mast cells from human
and animal species, but the significance is unknown.[14–16]

The mast cell immunophenotype of the current case is similar
to previous studies that have shown the neoplastic mast cells in
WDSM to show variable expression of CD22, CD30, CD63,
CD117, CD123, and very dim HLA-DR, while they show
negativity for CD2, CD19, CD25, and CD34.[4,17,18] In this case,
CD30 was expressed in ∼50% of cells by BM immunohis-
tochemistry and 66%by FCI. CD30 is rarely expressed in normal
mast cells,[18] but frequently expressed in SM.[18–21] CD30 has
been found highly expressed in WDSM both by FCI and
IHC.[4,18] This is important since WDSM is often negative for
CD2 and CD25, and aberrant CD30 expression may be a
surrogate marker of mast cell clonality for this variant SM. In
addition, CD30 may serve as a therapeutic target marker.[22,23]

CD30 is a transmembrane glycoprotein receptor found on certain
hematopoietic cells and activated T-cells. It has been implicated
both in cell death and proliferation. As we learn from this current
case and previous reports, CD30 is expressed in the cytoplasm
and on the cell surface of the neoplastic mast cells and is
therapeutically targetable. Brentuximab vedotin (BV) is a CD30-
directed antibody–drug conjugate (ADC), that selectively induces
cell cycle arrest and apoptotic death of the CD30-positive tumor
cells. In vitro studies in SM have confirmed the effectiveness of
this drug in targeting neoplastic mast cells with CD30 expression.
This is currently being evaluated in a phase II trial in patients with
CD30-positive advanced SM (clinicaltrials.gov identifier
NCT01807598).[22,23] However, the utility of this drug has
not yet been demonstrated in WDSM patients, and could be of
value and worth exploring.
Imatinib is the only SM treatment currently approved by the

Food and Drug Administration (FDA).[2,3,8,9] It is an effective
target agent that inhibits activated tyrosine kinase, and has been
shown to be effective in SM with KIT mutations occurring
outside exon 17, but not with mutations in the KIT D816V
loop. KITD816V mutation causes conformational changes in
the enzymatic domain of the protein, thereby preventing binding
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[24,25] [4] Alvarez-Twose I, Jara-Acevedo M, Morgado JM, et al. Clinical,

Table 1

Use of imatinib in the treatment on WDSM patients: review of the literature.

Year Author Reference
Number
of cases Diagnosis Characteristics Treatment Effect

2004 Akin et al [2] 1 SM with spleen
involvement

Typical WDSM morphologic and IHC
changes, Phe522Cys KIT mutation

Failed to IFN-a,
then imatinib

Reduction of mast cell numbers in
BM and serum tryptase,
improvement in the symptoms

2006 Zhang et al [7] 2 ASM with liver
involvement,
CM

WDSM morphologic change, IHC
details not available, K509I KIT
mutation, familial

IFN-a, then
imatinib

Reduction of serum tryptase; BM not
available, improvement in the
symptoms, also improvement in
liver function

2012 Alvarez-Twose
et al

[3] 1 WDSM Typical WDSM morphologic and IHC
changes, absence of KIT mutation
in exons 10, 11, and 17

Imatinib Complete remission

2014 Chan et al [8] 1 WDSM Typical WDSM morphologic and IHC
changes, K509I KIT mutation,
nonfamilial

Imatinib Clearance of mast cells in BM and
normalization of serum tryptase,
modest reduction in symptoms

2014 de Melo
Campos et al

[9] 2 Aleukemic MCL,
ISM

WDSM morphologic change, K509I
KIT mutation, familial

Imatinib Complete remission

ASM= aggressive systemic mastocytosis, BM=bone marrow, CM=cutaneous mastocytosis, IFN= interferon, IHC= immunohistochemistry, ISM= indolent systemic mastocytosis, MCL=mast cell leukemia,
SM= systemic mastocytosis, WDSM=well-differentiated systemic mastocytosis.
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of imatinib. From the literature review, we identified
5 reported cases of WDSMwith excellent response to imatinib: 4
of 5 cases hadKIT non-D816mutation involving Phe522Cys and
K509I; 1 case showed absence of KIT mutation in exons 10, 11,
and 17. Our patient showed excellent clinical and cutaneous
response to imatinib with complete resolution of cutaneous
lesions and mast cell-mediated release symptoms (summarized in
Table 1). Following the discontinuation of the drug, the patient
developed progression of symptoms, and BM confirmed relapse.
However, no mutation was detected upon sequencing the entire
coding region of KIT. Furthermore, our patient had a normal
karyotype, and did not show any mutations in the other myeloid-
related genes included in our NGS panel. Recently, mutations in
TET2, SRSF2, ASXL1, CBL, and RUNX1 have been reported in
SM patients who also had KIT D816V mutation, and are
associated with a worse overall survival.[26] The observed clinical
response to imatinib in the absence of a mutation causing kinase
activation is intriguing. The mechanism behind the response of
imatinib may be related with a nonspecific inhibition of tyrosine
kinase due to yet undefined mechanisms.

4. Conclusion

The diagnosis of WDSM is challenging in the absence of spindle-
shaped mast cells, CD2 or CD25 expression, and KIT D816
mutation. In such cases, aberrant CD30 expression can help in
the diagnosis and may serve as a potential therapeutic target. The
excellent clinical and cutaneous responses to imatinib treatment
as observed in this case of WDSM suggest the need for diagnosis
of this variant of SM and empirical treatment with tyrosine kinase
inhibitors, despite no identifiable molecular genetic alterations.
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