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INTRODUCTION:  Systemic  mastocystosis,  a disorder  of  clonal  mast  cell  expansion  presents  with  symptoms
of flushing,  pruritus,  musculoskeletal  pain,  gastrointestinal  cramping  and  vascular  instability.  Patients
with  neuroendocrine  tumors  may  present  with similar  symptoms  due  to  the release  of  vasoactive  medi-
ators  in  both  diseases.  We  report  the co-occurrence  of  systemic  mastocytosis  and  a  neuroendocrine
pancreatic  tumor  for which  the  patient  received  disease-specific  treatment.
CASE PRESENTATION:  A 58-year-old  woman  with  a  history  of  indolent  systemic  mastocytosis  and  a  serum
tryptase  of  51  ng/mL  was  diagnosed  with  a solid  pancreatic  lesion  on  ultrasound  when  assessing  for
organomegaly.  Lesional  biopsy  was  consistent  with  a  pancreatic  neuroendocrine  tumor  which  was  suc-
cessfully resected.
DISCUSSION:  Presenting  symptoms  such  as  skin  rashes,  flushing,  fatigue  and  diarrhea,  are  similar  for
systemic  mastocytosis  and  neuroendocrine  tumors.  The  co-occurrence  of  both  diseases  has  not  been
Case report previously  reported.  Activating  mutations  in  KIT, which  are  a  hallmark  of systemic  mastocytosis,  may
drive  neoplastic  proliferation  in  neuroendocrine  tumors.  Furthermore,  mast  cells  infiltrating  pancreatic
tissue  may  have  a trophic  effect  on the  development  of  pancreatic  neuroendocrine  tumors.
CONCLUSION:  While  challenging  to diagnose  both  diseases  presenting  with  similar  symptoms,  recognition
of these  distinct  diseases  is necessary  to ensure  timely  treatment.

© 2020  Published  by  Elsevier  Ltd  on behalf  of  IJS  Publishing  Group  Ltd.  This  is  an  open  access  article
he  CC

m
t
l
n
c
c
o
d
f
n
m
T

under  t

1. Introduction

Systemic mastocytosis is a disease characterized by clonal mast
cell expansion which results in increased localization of aberrant
mast cells in vascularized tissues. Rare genetic mutations, the most
common being the activating KIT c.2447A>T, p.D816V missense,
lead to increased mast cell proliferation, survival and activation
[1]. These outcomes often are associated with mild to severe signs
and symptoms of flushing, pruritus, musculoskeletal pain, gastroin-
testinal cramping and vascular instability. Due to the higher mast
cell burden and reactivity, patients are thus at increased risk of
anaphylaxis to venoms, drugs, and to unknown causes [2]. The
World Health Organization (WHO) mastocytosis classification dis-

tinguishes cutaneous from systemic mastocytosis; the latter being
subclassified into indolent systemic mastocytosis (ISM) (most
common), smoldering systemic mastocytosis, aggressive systemic
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astocytosis, and systemic mastocytosis with an associated hema-
ologic neoplasm [1]. The latter include myeloproliferative and
ymphoproliferative disorders including multiple myeloma [3],
on-Hodgkin’s lymphoma [4], primary thrombocythemia and poly-
ythemia vera [5]. There is no reported association of clonal mast
ell disorders with neuroendocrine tumors. However, as a result
f vasoactive mediator release, both mastocytosis and neuroen-
ocrine tumors may  present with similar symptoms, (such as

atigue, flushing, abdominal pain and diarrhea) making a dual diag-
osis difficult. Here we  report a patient with indolent systemic
astocytosis diagnosed with a pancreatic neuroendocrine tumor.

he work is reported in line with the SCARE criteria [6].

. Presentation of case

A 58-year-old woman with a history of ISM and mitral valve
rolapse status post repair was  diagnosed with a solid pancre-

tic lesion on ultrasound during an evaluation to assess degree of
rganomegaly in the setting of systemic mastocytosis. Her initial
ymptoms attributed to mastocytosis began in her early 20 s when
he presented with diffuse pruritic non-blanching macules refrac-

s an open access article under the CC BY-NC-ND license (http://creativecommons.
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Fig. 1. Ultrasound and CT imaging of mass. A. Predominately solid mass (arrow)
pancreatic ductal dilatation. B. Neck of pancreas mass on Endoscopic Ultrasound (EU
×  3.7 cm,  hyperenhancing relative to the background pancreatic parenchyma. No e

tory to oral non-sedating H1 antihistamines. A skin biopsy which
revealed a mast cell infiltrate was interpreted as consistent with
maculopapular cutaneous mastocytosis (urticaria pigmentosa). The
mast cell serum tryptase level which reflects mast cell burden was
elevated at 51 ng/mL (reference range <11.4 ng/ml). She was  pre-
scribed oral fexofenadine 10 mg  daily and ranitidine 150 mg  every
12 h with resulting symptomatic control. The initial bone mar-
row biopsy displayed features consistent with WHO  criteria for
the diagnosis of systemic mastocytosis including the presence of
10–20% mast cells, focal mast cell aggregates (>15 mast cells), and
CD25+ mast cells by immunostaining which had a spindle shape
morphology. In addition, the mast cells in a bone marrow aspirate
were positive for CD2 and CD25 by flow cytometry. Finally, bone
marrow mast cells from were positive for the D816V KIT muta-
tion.

The patient established care at the National Institutes of Health
Clinical Center at age 48 and was followed annually under protocol
02-I-0277. At her routine follow up visit at age 58, she reported gen-
eralized fatigue, chronic intermittent pruritis, occasional flushing,
intermittent gastroesophageal reflux and bilateral hand, hip and
ankle arthralgias. In view of her diagnosis of ISM and these debili-
tating symptoms, she was considered for enrollment a randomized

clinical trial utilizing a monoclonal antibody for the treatment of
ISM. A part of the screening process, an abdominal ultrasound was
performed to assess for hepatosplenomegaly prior to trial enroll-
ment. Unexpectedly, the ultrasound identified a predominantly

o
a
e
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iated with the pancreatic neck/body measuring 3.4 × 4.0 × 2.8 cm with no clear
 CT showing solid or cystic mass within the neck of the pancreas measuring 3.9 cm
e of distal pancreatic ductal dilatation.

olid lesion associated with the pancreatic neck that measured
.4 × 4.0 × 2.8 cm (Fig. 1A) which was  confirmed on endoscopic
ltrasound (Fig. 1B). CT imaging re-demonstrated the pancreatic
ass as a large solid or cystic hyper-enhancing mass within the

eck of the pancreas measuring 3.9 cm × 3.7 cm (Fig. 1C). There
as no evidence of distal pancreatic ductal dilation. However,

he mass appeared to abut the gastroduodenal artery and supe-
ior mesenteric vein. At the time of this finding, serum alkaline
hosphatase (56 U/L), aspartate aminotransferase (15 U/L), ala-
ine aminotransferase (14 U/L) and total and direct bilirubin were
ithin reference range. Serum tryptase was  elevated at 36 ng/ml.

erum Chromogranin A (a biomarker for neuroendocrine tumors)
as within normal range at 47 ng/ml (ref. <93 ng/ml). Needle

iopsy of the pancreatic lesion was consistent with a grade 2 well-
ifferentiated neuroendocrine tumor. Additionally, the lesion was
ositive on Gallium-68 DOTATATE scan consistent with a neuroen-
ocrine tumor.

The patient subsequently underwent resection of mass via cen-
ral pancreatectomy with pancreticojejunostomy reconstruction
or remnant distal pancreas (Fig. 2a and 2b [pictural diagram]). This
perative approach was elected over a distal pancreatectomy to
reserve healthy pancreatic tail parenchyma and reduce the risk

f post-operative pancreatic endocrine insufficiency. Patient toler-
ted the procedure well, and abdominal drains were placed at the
nd of the operation per routine practice. Her serum chromogranin

 remained unchanged at 43 ng/ml at 7 weeks post operatively.



CASE  REPORT  –  OPEN  ACCESS
K. Sacco et al. International Journal of Surgery Case Reports 77 (2020) 397–402

Fig. 2. Macroscopic appearance of neuroendocrine tumor.
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A. After surgical removal, ink was applied to the surface of the resected specimen to
sutures, the specimen was  bisected to reveal a solid, multinodular tumor surrounde
pancreatojejunostomy anastomosis.

She reported having decreased flushing postoperatively although
serum tryptase remained elevated at 45.4 ng/dL.

Histopathology of the resected mass showed a unifocal, 4 × 3.7 ×
2.5 cm tumor with 3 mitoses/10 high power field, Ki67 proliferative
index of 3%, and well-differentiated monomorphic neuroendocrine
histology consistent with a WHO  G2 neuroendocrine tumor. One
lymph node was extracted with resection specimen and was free

of tumor, although lymphovasular invasion was present in pri-
mary specimen. Resection margins were free of tumor. The final
pathologic stage was pT2N0M0. Tumor cells were positive for chro-
mogranin A and synaptophysin (a synaptic vesicle protein used as

a
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eate surgical margins prior to sectioning. After removal of the surgical staples and
 rim of dense connected tissue. B. Pictural diagram of resection and construction of

 biomarker for neural and neuroendocrine tissue) on immunohis-
ochemical staining. Immunostains for CD25+ cells (interleukin-2
eceptor alpha chain, present on aberrant mast cells) positive for

ast cell tryptase were present in both the tumor and the adjacent
naffected pancreas (Figs. 3 and 4). Genomic interrogation using
ruSight Oncology 500 gene panel revealed a tumor mutational
urden of 2.4 mutations/megabase, microsatellite stable (MS-S),

nd a likely pathogenic frameshift mutation in SMARCD1 gene
involved in chromatin stability), although interestingly mutations
ommonly observed in sporadic PNET (MEN1, DAXX, ATRX, PTEN,
SC2) or familial PNET (MEN1, VHL1, NF1) were not detected.
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Fig. 3. Histology of pancreatic neuroendocrine tumor.
A. Upper panel (10× original magnification) revealed a well circumscribed and monotonous neuroendocrine neoplasia arranged in nests and cords of tumor cells separated
by  a delicate fibrovascular stroma. B. Lower panel (20× original magnification) reveals nests of neuroendocrine tumor cells characterized by round to slightly elongated

and a 
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nuclei, finely granular (salt-and-pepper chromatin pattern, inconspicuous nucleoli, 

stain).

3. Discussion

Skin rashes, flushing, fatigue and diarrhea are common findings
in patients with neuroendocrine tumors. These findings are also
common presenting signs and symptoms in systemic mastocytosis.
We are not aware of another similar case of ISM associated with a
pancreatic neuroendocrine tumor. There is a case report in abstract
form of a pancreatic neuroendocrine tumor in a male with tachy-
cardia, diaphoresis and hives who had an elevated serum tryptase
[7]. This patient was described as having mast cell activation syn-
drome, although it is unclear as to whether he had a workup to
formally diagnose mastocytosis by WHO  criteria.

Treatment of systemic mastocytosis depends on disease sever-
ity. Patients with aggressive systemic mastocytosis may  be treated
cytoreductive therapies that target KIT or considered for a
matched allogeneic stem cell transplant [1]. Similar to mastocyto-
sis, activating KIT mutations may  drive neoplastic proliferation in
neuroendocrine tumors [8]. Targeted inhibition of KIT mutations
with imatinib led to an almost complete response in a metastatic
neuroendocrine tumor [9]. Increased serum interleukin (IL-)6 lev-
els have been reported in both systemic mastocytosis and in

gastrointestinal and pancreatic neuroendocrine tumors [10,11]. It is
unclear as to whether mast cells infiltrating pancreatic tissue have
a trophic effect on the development of pancreatic neuroendocrine
tumors.
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scant to moderate amount of pale eosinophilic cytoplasm. (hematoxylin and eosin

The preferred operative approaches to resect lesions located
t the ends of the pancreas are well established, with pancre-
ticoduodenectomy recommended for pancreatic head and neck
esions and distal pancreatectomy for lesions in the tail. Central
ancreatic lesions, however, present a unique challenge. Pancre-
ticoduodenectomy or distal pancreatectomy can entail removal
f excess healthy pancreatic tissue which may  subsequently pre-
ispose patients to post-op pancreatic endocrine insufficiency.
he central pancreatectomy technique employed in this case has
een proposed to help preserve pancreatic tissue and prevent
his complication. While this technique does involve an additional
ancreatico-jejunostomy anastomosis compared to distal pancre-
tectomy – which can increase chances of complications such as
nastomotic leaks or pancreatic fistula formation – a recent meta-
nalysis revealed this technique to be associated with significantly
ower incidence of new-onset and worsening diabetes mellitus
ompared to distal pancreatectomy [12]. Given our patient’s overall
ood functional status and expected longevity, the central pan-
reatectomy was  chosen to minimize risk of future endocrine
omplications while obtaining effective oncological resection.
. Conclusion

Due to similarities in clinical signs and symptoms and available
herapeutic approaches between mastocytosis and a neuroen-
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Fig. 4. Immunohistochemical staining of pancreatic neuroendocrine tumor.
CD25 (A and B), Chromogranin (C), Synaptophysin (D), and Mast cell tryptase (E and
are  weakly positive for CD25 and strongly positive for mast cell Tryptase.

docrine tumor, although co-occurrence appears rare, the presence
of one diagnosis does not necessary exclude the presence of the
other.
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