American
Journal
of

e-ISSN 1941-5923
© Am ) Case Rep, 2021; 22: 927761
DOI: 10.12659/AJCR.927761

Case

Reports

RS Pancreatic Gastrinoma, Gastrointestinal
e iehea. 20910116 Stromal Tumor (GIST), Pheochromocytoma,

and Hiirthle Cell Neoplasm in a Patient with
Neurofibromatosis Type 1: A Case Report and
Literature Review

Authors’ Contribution: aDer 1 Arif A. Arif 1 Faculty of Medicine, University of British Columbia, Vancouver, BC, Canada
Study Design A ABDE 2 Peter T.W. Kim 2 Department of Surgery, University of British Columbia, Vancouver, BC, Canada
Data Collection B N 3 Department of Pathology, University of British Columbia, Vancouver, BC, Canada
Statistical Analysis C ABDE 2 Adrienne Melck 4 Department of Medicine, University of British Columbia, Vancouver, BC, Canada
Data Interpretation D ABDE 3 Andrew Churg
Manuscript Preparation E ABDE 4 Zachary Schwartz
terature seach F - eperG 2 Heather C. Stuart

Funds Collection G

Corresponding Author:
Conflict of interest:

Heather C. Stuart, e-mail: Heather.Stuart@vch.ca
None declared

Patient:

Final Diagnosis:
Symptoms:
Medication:
Clinical Procedure:
Specialty:

Objective:
Background:

Case Report:

Conclusions:

MeSH Keywords:

Full-text PDF:

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Female, 67-year-old
Gastrinoma ¢ neurofibromatosis type 1 ¢ pheochromocytoma e thyroid cancer
Abdominal pain ¢ pneumoperitoneum

Oncology ¢ Surgery

Rare co-existance of disease or pathology

Neurofibromatosis type 1 (NF1) is a multi-tumor syndrome in which affected patients develop malignancies
that are rare in the overall population, such as tumors of neural or endocrine origin.

A 67-year-old woman with a clinical diagnosis of NF1 presented with abdominal pain and pneumoperitoneum.
She underwent small-bowel resections for a perforated jejunal lesion and a second lesion in the ileum; pathol-
ogy showed a neurofibroma at the site of the perforation and a 1-cm low-grade GIST, respectively. Additional
staging with cross-sectional imaging identified a 3.7-cm pancreatic head mass and a 1.7-cm left adrenal mass;
biochemical studies revealed elevated serum gastrin and urinary free metanephrines and catecholamines con-
sistent with pheochromocytoma. Initial surgical management was a left posterior retroperitoneoscopic adre-
nalectomy. Postoperatively, gallium-68-DOTATOC PET/CT showed uptake in the pancreatic head and a 28-mm
left thyroid nodule. Months later, she had an open pancreaticoduodenectomy. Pathology showed pheochro-
mocytoma and a low-grade (G1) gastrinoma involving 2/8 peripancreatic lymph nodes (pT3pN1MO), respec-
tively. Fine-needle aspiration biopsy of the thyroid nodule showed features consistent with a Hiirthle cell neo-
plasm. Genetic testing identified a pathogenic mutation in NF1 and no mutations in BRCA1/2, CDC72, MEN1,
or PALB2. The patient continues surveillance, with no evidence of recurrent disease.

We report the fifth case of gastrinoma associated with NF1 and the first to arise from the pancreas. This case
of a pancreatic neuroendocrine tumor was associated with multiple additional neoplasms. Neuroendocrine tu-
mors found in NF1 should raise suspicion of other malignancies.

Gastrinoma ¢ Neurofibromatosis 1 ¢ Pancreatic Neoplasms ¢ Pheochromocytoma ¢ Thyroid Neoplasms
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Background

Neurofibromatosis type 1 (NF1) is an autosomal-dominant dis-
order developing from loss of function of the NFI gene prod-
uct, the tumor-suppressor protein neurofibromin [1]. NF1 can
manifest as a multi-tumor syndrome with variable penetrance,
and patients with NF1 are at increased risk of developing a
range of benign and malignant neoplasms [2]. Along with be-
nign neurofibromas, which are a hallmark of NF1 [1], pheochro-
mocytomas [2,3] and gastrointestinal (GI) tumors have been
associated with NF1. Gl tumors may include gastrointestinal
stromal tumors (GISTs), neuroendocrine tumors, neurogenic
neoplasms, and adenocarcinomas [4]. NF1-associated neuro-
endocrine tumors occur in 1% of patients with NF1 and are
primarily somatostatinomas, with a predilection for the peri-
ampullary region and duodenum [2]. Here, we report the fifth
case in the literature of a gastrinoma associated with NF1 and
the first in the pancreas in conjunction with a pheochromocyto-
ma, small-bowel GIST, and Hiirthle cell neoplasm of the thyroid.

Case Report

A 67-year-old woman of Asian descent with a clinical diagnosis
of neurofibromatosis presented to the Emergency Department
with abdominal pain and was found to have pneumoperito-
neum on radiograph. She was taken to the operating room
on an urgent basis for a suspected diagnosis of perforated
viscus. Although not available at the time of initial assess-
ment, the patient had a longstanding history of peptic ulcer
disease requiring 3 previous hospital admissions for upper-
Gl bleeding in which upper endoscopy demonstrated peptic
ulcer disease. She was treated for breast cancer (pT2 pNO,
ER/PR-positive, HER2-negative) with left mastectomy and sen-
tinel lymph node biopsy in 2011 and had a remote laparoto-
my for benign ovarian lesion.

Intra-operatively, a small-bowel tumor in the proximal jejunum
was identified as the source of the perforation. This was re-
sected, and a hand-sewn end-to-end anastomosis was creat-
ed just distal to the ligament of Treitz. A second small-bowel
tumor was found in the proximal ileum, which was resected
locally with primary closure. Perioperatively, a CT of the abdo-
men and pelvis showed a pancreatic head mass (3.7 cm) and
a left adrenal lesion (1.7 cm) (Figure 1). These were not in-
vestigated at the initial surgery as priority was given to clini-
cal stabilization of the patient.

The initial post-operative course was unremarkable. The pathol-
ogy of the lesion causing the perforation was a gastrointesti-
nal neurofibroma and the ileal lesion, a 1-cm GIST with no mi-
totic figures (Figure 2A). On post-operative day 10, the patient
developed an upper-Gl bleed with hemodynamic instability.
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Figure 1. Computed tomography scan of the abdomen, showing
a 1.7-cm left adrenal mass, a 3.7-cm pancreatic mass
with partial calcification, and 1 of numerous cutaneous
neurofibromas (annotated in yellow).

Angiography identified a bleeding vessel at the jejunal anasto-
mosis but an attempt at endovascular embolization was unsuc-
cessful. The patient was taken to the operating room, where the
anastomosis was resected and she was left in discontinuity for
24 h. When she clinically stabilized, she returned to the OR for a
duodenojejunostomy and core biopsy of the pancreatic lesion.

The pathology from the pancreas revealed a well-differentiat-
ed, grade 1 neuroendocrine tumor with Ki67 index <1%, no mi-
totic figures, and immunohistochemistry intensely positive for
gastrin (Figure 2B). Serum gastrin was elevated at 9045 ng/mL
(normal <115) and chromogranin A was 5470 ng/L (normal <94).

Post operatively, she was noted to be hypertensive, with sys-
tolic pressures reaching 200 mmHg, which prompted additional
biochemical work-up. Twenty-four-hour urine studies showed
elevated metanephrines (4.62 umol/d, normal 0.26-1.73) and
catecholamines (epinephrine 507 nmol/d, normal <160; nor-
epinephrine 655 nmol/d, normal 89-470).

With a working diagnosis of a gastrinoma in the head of the
pancreas and a left adrenal pheochromocytoma, staging was
performed. An 1123-MIBG scan was performed, which showed
avidity in the left adrenal nodule (Figure 3A). After review at a
multidisciplinary tumor board meeting about the sequence of
treatment, adrenalectomy was recommended as the initial sur-
gery to minimize the risk of perioperative complications during
pancreas surgery. The patient was started preoperatively on
alpha blockade with doxasozin and underwent an uncompli-
cated left adrenalectomy using a posterior retroperitonoscop-
ic approach. The pathology showed an RO resection of a pheo-
chromocytoma: polygonal cells arranged in a nested pattern
with increased mitotic rate (>3/10 high-power field) and atypi-
cal mitoses (Figure 2C, annotated). Several higher-risk features,
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Figure 2. Histopathologic features of GIST, gastrinoma, and pheochromocytoma. Hematoxylin-eosin (H&E) and immunohistochemical
staining were performed for c-KIT (CD117) and gastrin. (A) Histological section (H&E) of the jejunal GIST showing tumor
cells with a fibrous stromal pattern, inset c-KIT/CD117 staining (acquired 20x); (B) Histological section (H&E) of the
neuroendocrine tumor showing sheets of bland cells, inset gastrin staining (acquired 40x); (C) Histopathology (H&E)
of pheochromocytoma showing polygonal cells in a nest pattern (acquired 40x), atypical mitosis annotated (yellow);

(D) Histopathology (H&E) of pheochromocytoma showing invasion of peri-adrenal adipose tissue invasion (yellow).

including capsular invasion and invasion of peri-adrenal adi-
pose tissue, were identified (Figure 2D). Postoperatively, urine
catecholamines and blood pressure normalized.

To assess for a distant neuroendocrine tumor, a 68Ga-DOTATOC
PET/CT was performed, which showed uptake only in the pan-
creatic head mass and a left thyroid nodule (Figure 3B). Several
months later, she underwent a pancreaticoduodenectomy with
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portal vein resection and reconstruction. The pathology was
consistent with the initial biopsy showing a low-grade pancre-
atic neuroendocrine tumor with Ki67 <1% and no mitotic fig-
ures. Margins were negative and metastases were identified
in 2/8 peripancreatic lymph nodes, pT3pN1MO. Incidentally, a
5-mm duodenal low-grade GIST was identified in the resec-
tion specimen. Blood gastrin levels returned to normal within
1 month after surgery (59 ng/mL).
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Figure 3. Functional and nuclear imaging. (A) 1123 MIBG SPECT/CT axial image of the abdomen showing an MIBG avid nodule
correlating to the left adrenal mass. (B) 68Ga-DOTATOC PET/CT coronal section showing DOTATOC avidity in the pancreatic
head and a left thyroid nodule (yellow arrows).

Thyroid ultrasound demonstrated a multinodular gland with
a hypoechoic nodule in the left mid-thyroid (2.4x3.8x3.9 cm)
with a lobulated margin and no echogenic foci (TIRADS 4).
There was no cervical lymphadenopathy. A biopsy showed fol-
licular aggregates of oncocytic thyroid epithelial cells with nu-
clear atypia and scanty colloid consistent with a Hiirthle cell
neoplasm (Bethesda IV). Serum CEA and calcitonin were nor-
mal at 0.9 ug/L and <1 ng/L (normal <5 and <7, respectively),
as were serum calcium and intact PTH. Thyroid nodule genet-
ic sequencing was not available at our institution. The patient
underwent a left thyroid lobectomy, which showed a 3.9-cm
Hirthle cell adenoma with 1 benign perithyroidal lymph node.

The patient underwent formal genetic testing, showing a patho-
genic mutation in the NF1 gene and no mutations in BRCA1/2,
CDC72, MEN1, or PALB2. She is under surveillance with cross-
sectional imaging and serum and urine biochemistry, with no
evidence of recurrent disease at the last follow-up appointment.
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She continues to take pantoprazole daily for reflux following
pancreaticoduodenectomy.

Discussion

Patients with NF1 develop malignancies that are rare in the
overall population, with a propensity for tumors of neural or
endocrine origin [2]. Pancreatic neuroendocrine tumors oc-
cur at a rate of 0.3 per 100 000 per year [5] and make up 2%
of all pancreatic neoplasms in large US-based studies [6]. Of
these, 10% were functional neuroendocrine tumors [6], with a
prevalence order of: insulinoma> gastrinoma> VIPoma> gluca-
gonoma> somatostatinoma> other hormones [7]. NF1 is not a
well-established cause of pancreatic neoplasms; thus, we con-
ducted a literature review to better characterize the report-
ed cases in the context of our patient with a pancreatic neu-
roendocrine tumor.
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Table 1. Pancreatic neoplasms in patients with NF1.

Age (years)/ Site of tumor in

Authors [ref.] Presenting symptom Sex D Tumor type
Coskey and Hy.poglycemlc seizures, weight 1964 66/F Body and tail Insulinoma 20 mm
Tranquanda [8] gain
Knight et al. [9] Unknown 1973 73/M unknown Adenocarcinoma n/a
Fle(;l]er and Logan Pancreatitis 1977 27/F Head Adenocarcinoma n/a
Niv et al. [11] Obstructive jaundice 1987 47/M Head Adenocarcinoma n/a
[Slazu]renmann ek Unknown 1987 62/M Head Somatostatinoma n/a
Swinburn et al. [13]  Vomiting, obstruction 1988 62/M Head Somatostatinoma n/a
Walsh ar'1d ol ble'edmg, abdominal pain, 1989 35/F Head Schwannoma n/a
Brandspigel [14] anemia
Coombs [15] Gl bleeding, anemia 1990 74/F Head Schwannoma 35 mm
Sood et al. [16] unknown 1991 2? unknown Cystadenoma n/a
Fung and Lam [17] Hypoglycemic seizures 1995 45/M Body Insulinoma n/a
E(lagamoto etal Abdominal Pain 1996 44/M Body and tail Adenocarcinoma 70 mm
;<1r9e]tzschmar etal. Unknown 2001 58/? Tail Cystadenoma 58 mm
E;(;a]nnberger SR Abdominal Pain 2001 28/M Unknown Somatostatinoma n/a

Fujisawa et al. [21] loss 2002 66/F Head Non-functional NET 20 mm

Perren et al. [22] Weakness, sweating 2006 7 Pancreas, NOS* Insulinoma n/a

Barahona-Garrido Anemia 2009 47/F Ectopic Somatostatinoma n/a

et al. [23]

Takai et al. [24] Weight loss and anorexia 2009 48/M Head Somatostatinoma 20 mm

Bukkems et al. [25]  Jaundice, diarrhea 2010 48/M Head Somatostatinoma 35 mm

Wilsher [26] Abdominal pain 2011 52/F Body Cystadenoma 16 mm

Majumder et.al. [27] Abdominal pain, hypertension 2012 34/F Head PheochrorTlocytoma— 68 mm
paraganglioma

Nishi et al. [28] Liver dysfunction 2012 62/M Head non-functional NET 30 mm

Moletta et al. [29] Abdominal pain, diarrhea 2012 25/M Head e 30 mm
tumor, NOS

Rogers et al. [30] Hypoglycemic syncope 2015 75/H Body Insulinoma 15 mm

. Neuroendocrine
Xueye et al. [31] Anemia 2017 38/F Head tumor, NOS 20 mm
Present study Perforation, obstruction 2020 67/F Head Gastrinoma 37 mm

NOS - none other specified; NET — neuroendocrine tumor; n/a — not applicable. Search was conducted on MEDLINE, Cochrane and
EMBASE from inception to May 2020.

A review of all reports of pancreatic neoplasms in NF1 across Within the functional pancreatic neuroendocrine tumors, 6
MEDLINE, Cochrane, and EMBASE from inception to May 2020 cases were reported to be somatostatinomas (54%), 4 insuli-
identified 24 cases (Table 1). Including the present study, 60% nomas (36%), and our sole case of a gastrinoma. Our review
(15/25) of pancreatic neoplasms were neuroendocrine tumors, indicates that the pattern of pancreatic malignancies seen
of which 85% were functional (11/13 with reported function). in patients with NF1 differs from that of sporadic pancreatic
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Authors [ref.] Presenting symptom
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Site of tumor

Age (yrs)/Sex

Vomiting, epigastric pain,

Eane Gt el (5] hematemesis, ulcers

Epigastric soreness, heartburn,
vomiting

Present study Perforation, obstruction

Lesser curvature of

1976 13/M 6 mm
stomach

1985 49/M unknown n/a

2005 41/F Duodenal wall 25 mm

2016 28/F Duodenal wall 26 mm

2020 67/F Head of pancreas 37 mm

n/a — not applicable. Search was conducted on MEDLINE, Cochrane and EMBASE from inception to May 2020.

malignancies. There is an increased proportion of pancreatic
neuroendocrine tumors seen in NF1 patients, consistent with
a reported propensity for neuroendocrine tumors in NF1 [4],
and a propensity for functional neoplasms (85% in NF1 com-
pared to 10% in sporadic) [6]. Loss of heterozygosity in the
NF1 gene is a reported prerequisite for development of some
malignancies, including GISTs, pheochromocytomas, and as-
trocytomas, in patients with NF1 [2,32]. Two of the described
cases in Table 1 reported a loss of the neurofibromin pro-
tein in the neuroendocrine tumor, despite retained presence
in surrounding pancreatic tissue [22,28]. This suggests that
loss of neurofibromin may be an important pathological step
in development of pancreatic neuroendocrine tumors in pa-
tients with NF1.

The predominance of functional neuroendocrine tumors in NF1
is well established, with somatostatinomas being the most
common [4]. In many cases, the presenting symptom of these
tumors is related to a mass effect on surrounding tissue as
opposed to the classic functional syndrome of diabetes, diar-
rhea, and cholelithiasis [13,25,33]. In this case report, the pa-
tient presented with a bowel perforation thought to be sec-
ondary to a non-functional gastrointestinal neurofibroma. Her
functional syndrome was not appreciated until after her initial
surgical management; however, in retrospect, her clinical his-
tory was characteristic of a Zollinger-Ellison syndrome (ZES).
Bowel perforations of the jejunum account for approximate-
ly one-half of the presenting complaints in ZES patients [34],
making this a likely contributing factor in this case. Unlike the
more common somatostatinomas, prior reported cases of gas-
trinoma in patients with NF1 all had symptoms related to a
functional tumor (Table 2).

This is the fifth reported case of gastrinoma in NF1 and the
first to be reported in the pancreas. One-half of the gastrino-
mas with known location were in the duodenum, consistent
with the higher incidence of neuroendocrine tumors at this
location in NF1; this differs from sporadic gastrinomas, which
are more likely to occur in the pancreatic head [39].
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Two GISTs were identified in this patient, measuring 10 mm
and 5 mm. The incidence of GISTs is known to be increased
in NF1, where they often occur as multiple, low-grade tumors
in the small bowel [2]. More recently, an association between
development of neuroendocrine tumors with GISTs has been
uniquely identified in NF1 [4,23,33,40].

An adrenal mass was also identified in this patient and was
determined to be a pheochromocytoma after investigation.
The characteristics and epidemiology of pheochromocytoma
in NF1 has been reviewed elsewhere [2]. Roughly 0.1-5.7%
of NF1 patients develop pheochromocytoma with largely sol-
itary and unilateral (84%) tumors [3]. A review of patients with
neuroendocrine tumors and NF1 found pheochromocytoma in
6/27 (22%), suggesting a possible link [41]. The co-existence
of all 3 neoplasms (neuroendocrine tumor, pheochromocyto-
ma, GIST) in NF1, such as in this report, is exceedingly rare, but
has been reported previously [42]. Whether there is an under-
lying association or common mechanism between these malig-
nancies is unknown; however, discovery of a neuroendocrine
tumor in a patient with NF1 should prompt investigation of
other potential neoplasms.

One possible explanation for these multiple malignancies is
the coincidence of 2 or more genetic syndromes. Multiple en-
docrine neoplasia syndromes (MEN) predispose individuals to
develop tumors in 2 or more endocrine organs. Specifically,
multiple endocrine neoplasia 1 (MEN1) has a predilection for
developing pancreatic gastrinomas [43]. The present patient
had a history of a stage 2 breast cancer that was treated with
mastectomy. The combination of these rare genetic syndromes
has been reported with a dual NF1 and RET mutations result-
ing in neurofibromatosis and MEN syndrome [44] and dual
NF1 and BRCA1 with early-onset breast cancer [45]. Genetic
testing performed by next-generation sequencing identified
a pathogenic change in NF1 but no pathogenic mutation in
MEN1, BRCA1, BRCA2, CDC73, or PALB2. This left NF1 as the
likely cause of these neoplasms.
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Finally, the presence of thyroid pathology in NF1 has been
linked to autoimmune conditions, including alopecia, vitiligo,
and autoimmune thyroiditis [46]. There is no known associa-
tion of NF1 with thyroid malignancy, so the finding of Hiirthle
cells in this patient could be related to an extrinsic disorder
such as autoimmune thyroiditis [47].
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Conclusions

This report presents the fifth reported case of gastrinoma as-
sociated with NF1 and the first to arise from the pancreas.
Neuroendocrine tumors are the most common type of pan-
creatic malignancy in NF1, and, as in this report, patients can
have multiple concurrent malignancies of the gastrointestinal
tract and endocrine organs. The identification of a NET in a
patient with NF1 should raise the index of suspicion for pres-
ence of other malignancies, especially in the context of per-
sistent symptoms.
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