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Abstract

The coincidence of a gastrointestinal stromal tumor
(GIST) and a neuroendocrine tumor (NET) in
neurofibromatosis type 1 (NF1) is described only
five times within the literature. We report on a 63
year old Caucasian female with the rare condition of
neurofibromatosis type 1 coinciding with recurrent
gastrointestinal stromal tumor plus bilateral
pheochromocytoma (PCC). After a history of palpitations
and dizziness that lasted for years, a left adrenal
mass was detected by CT. Laparotomy revealed a
pheochromocytoma of the left adrenal gland while an
ileoterminal GIST was found incidentally intraoperatively.
After six months contralateral PCC and multiple recurrent
GIST were resected again. After four years the patient is
doing well without any signs of further recurrent tumors.
Discussion includes review of the literature.
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INTRODUCTION

Incidence of neuroendocrine tumors (NET) and gastroin-
testinal stromal tumors (GIST) is 0.5 and 1-2 respectively
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in 100000 persons per year. Prevalence of neurofibroma-
tosis type 1 (NF1) is 1 in 3000 live births in Western Coun-
tries! . We report on a case with the rare condition of
neurofibromatosis Typel (von Recklinghausen) coinciding

with GIST plus bilaterally pheochromocytoma (PCC).

CASE REPORT

A 63-year-old Caucasian female with NF1-was present-
ing with a history of recurrent palpitation and hyperten-
sion over 13 years associated with nausea and headache.
There was no family history of NF1. Recurrent diagnostic
check ups-(including specific cardiac and neurological
consultation)-did not explain the symptoms. Finally a CT
scan confirmed a tumor of the left adrenal gland, 5 cm in
diameter. Hormone analyses were nonspecific, with only
VMA slightly increased. Surgical resection of the tumor
including the left adrenal gland was performed (Figure 1)
via transversal laparotomy. In addition, a gastrointestinal
stromal tumor of 6.5 cm in diameter, incidentally found
within the ileoterminal mesenterial region (Figure 2) was
also completely resected. During preparation of the left
adrenal gland a hypertensive crisis occurred resulting in

hypotension after adrenalectomy. Both could be resolved
by anesthesiological intensive care support. After the op-
eration the patient was referred to the intensive care unit
where she stayed for two more days.

Resected specimens
Left sided adrenal gland, 85 g in weight, 4.5 cm in diam-
eter with a grey-tan colored cut surface including cystic
changes with hemorrhage compared to the yellow cortex
surrounding it and a small remnant of remaining adrenal.
In addition a 8.5 cm segment of the ileum with a solid
grayish tumor of 6.5 cm in diameter, which did not relate
to the mucosal sutface, was removed. Immunohistochem-
istry confirmed pheochromocytoma of the left adrenal
gland with expression of the S100 protein; GIST of the
ileoterminal mesenterial region was verified by expression
of c-kit and CD34 but not S100 or sm-actin. MIB-1 stain-
ing showed a proliferative activity of 2% in tumor cells.
Six months after surgery, a routine control CT scan
showed contra-laterally a reemerging tumor of the right
adrenal gland and also a mass ventral of the left kidney
(Figure 3). Recurrently the patient’s blood pressure was
up to 200 mm Hg, associated with headaches and on and
off palpitations. Within six weeks the blood pressure
was reduced to low normal values by pharmacological
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Figure 1 Adrenalectomy specimen from the left side containing a sharply
circumscribed tumor (pheochromocytoma) of a x b cm in diameter. A: The intact
resectate; B: A cross section with partial cystic transformation on the right and
residual adrenal cortex at the periphery of the tumor.

Figure 2 Segmental resectate of the small bowel with a lobulated subserosal
tumor mass originating from the muscular bowel wall. A: The intact resection
specimen; B: A cross section perpendicular to the bowel axis.

alpha blockage. During this time the size of both tumors
persisted. Serum and urine levels of catecholamines and
VMA remained normal. Finally a transversal relaparotomy
was performed with enucleation of the tumor mass in the
right adrenal gland while preserving its cortical part. Ap-
proximately 20 cm distal of the duodeno-jejunal ligament
a jejunal tumor 3 cm in diameter was removed by resection
of the jejunal segment. In addition, seven small jejunal tu-
mors measuring up to 2 mm were also resected. The post
operative follow up was inconspicuous without any com-
plications.

Resected specimens of the second resection

subtotal resection of the right adrenal gland, revealing a
pheochromocytoma measuring 4.5 cm in diameter as well
as a solid, grayish-brown tumor of 2.8 cm in diameter in
a segment of the ileum as well as 7 small tumor nodules
with no relation to the mucosal surface confirmed as GIST
by immunohistochemistry.

During follow ups 40 mo and 48 mo after the second
operation, the patient feels well without any sign of neo-
plastic recurrence (CT) nor of any hyper-adrenergic symp-
toms.

BRIEF REVIEW OF THE LITERATURE:
GIST AND NET IN NF1

Neurofibromatosis

NF1 is an autosomally inherited neurofibromatosis occur-
ring with an incidence of about 1 per 3000 births, equally
involving males and females. Genetically it is caused by
a mutation at the NF1 gene located on chromosome
17q11.2f2’3]. Its gene product-neurofibromin-acts as a tu-
mor suppressor. Functionally neurofibromin reduces cell

Figure 3 Computed tomography showing the right sided pheochromocytoma (A)
and the jejunal GIST (A and B).

proliferation by accelerating the inactivation of the proto-
oncogene p21-ras, which plays a cardinal role in mitogenic
intracellular pathways'™”. Although genetic mutations have
been described and the responsible gene product-neurofi-
bromin-has been fully characterized, no frequently recur-
ring mutation has been identified, and diagnosis is still
based on established clinical criteria. The “classical triad”
of symptoms are “café au lait” spots (CALs), cutaneous
neurofibroma, and neoplasms of the peripheral or central
nervous system. Malignancies are found in 3% to 15% of
patientsm. The frequencies of gastrointestinal complica-
tions in patients with NF1 disease are varying from 12% to
60% of cases and arise during midlife, later than cutaneous
lesion'® . They usually occur in three principal forms: hy-
perplasia of submucosal or myenteric nerve plexus, GIST
and periampullary neuroendocrine tumors, sometimes
associated with pheochromocytoma”. The clinical onset
of these lesions, which mostly remain asymptomatic is in
general characterized by abdominal pain, obstruction or by
bleedingm.

Epidemiology of GIST and NET in NF1: Only five
similar cases with the coincidence of GIST and NET in
NF1 have been published”"”. World wide in summary
there are now six cases of neuroendocrine tumots associ-
ated with gastrointestinal stromal tumors and neurofibro-
matosis-as listed in Table 1”7, Tt was not clear yet whether
these coincidences are just accidental or if there might be a
deep underlying relationship of these diseases (see below).
Epidemiology of GIST in NF1: Patients with NF1
have an increased risk of developing gastrointestinal
tumors including rare types such as GIST!" and GISTs are
increasingly being recognized in association with NF1M',
The incidence of GIST among NF1 patients is varying
from 3.9% to 25%, while the overall ratio of NF1 in GIST
patients counts up to 6% (10/167)1'>!¢l,

Clinical characteristics of GIST in NF1: Initial clinical
manifestation varies: unspecific abdominal pain, palpable
abdominal mass, bowel obstruction and/or petrforation
with a high rate of incidental or emergency cases. Initial
manifestation with gastrointestinal bleeding is common!.
Depending on localization diagnostic procedures include
upper and lower endoscopy, CT and MRI scan!”. GIST in
NF1 predominantly involving the small intestine including
the duodenum, while in two thirds of the patients -
like in the presented case - the tumors often occur in
multiples>'.
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Table 1 Review of the literature. Six cases with the coincidence of NET and GIST in Neurofibromatosis type 1 (NF1)

GIST NET Reference [no]/
Patient Location / Location + Histology Surgery Follow up / year of publication
age, sex Diameter /Diameter outcome
36, m Jejunum Papilla of vater Duodeno-pancreatectomy  Two years/ Karatzas et al™”
3,5 cm n.i. well, 2000
1,2cm no recurrence
60, m Duodenojejunal Pheochromocytoma n.i. n.i.
n.i. (bilateral) (Article in Italian) Rizzo et al”
n.i. 2001
64, f Duodenum, Jejeunum, Papilla of vater Local resection ni. Usui et al™
Stomach Somatostatinoma 2002
Numerous: 0.5-2 cm n.i.
43, f Jejunum Duodenum Duodeno-pancreatectomy 54 mo/ Kramer et al"”
3,5cm neuroendocrine carcinoma well 2005
2,7 cm
60, m Small bowel Pheochromocytoma n.i. n.i. Lisewski et al™
numerous: cm (bilateral) 2006
63, f Ileum Pheochromocytoma Adrenalectomy 48 mo/ as presented
6,5 cm (metachron, bilateral) intestinal well, here
Jejunum (prerenal) 5 cm, left adrenal gland segment no recurrence
3cm right adrenal gland resection

3cm

tumor resection
jejunal resection

n.i.: no information.

Table 2 Time follow up of the presented case

Time Tumor (size) Localization Treatment
0 PCC (3 cm) Left adrenal gland ~ Adrenalectomy
GIST (6.5 cm) ileo-terminal segment resection
9m PCC (3cm) Right adrenal gland Tumor-resection
GIST (3 cm) proximo-jejunal segment resection
7 x GIST (2 mm) tumor resection

45m  No tumor Corticoid substitution

PCC: pheochromocytoma; GIST: gastrointestinal stromal tumor; m: month;
cm: centimetre; mm: millimetre.

Histology of GIST in NF1: The cross sectional imaging
appearance of GIST tumors that occur in patients with
NF1 is similar to that of gastrointestinal stromal tumors
that occur in the general population[lsl. The majority of
these tumors are small and mitotically inactive; associated
Cajal cell hyperplasia is common'"’.,
Pathogenesis of GIST in NF1: Ligand independent ac-
tivation of c-kit (90%-95%) or alternatively of PGGFR-A
(5% is supposed to be the underlying pathogenetic mecha-
nism of sporadic GIST. Different studies have shown that
KIT and PDGFRA mutations are rarely found in GISTs
in patients with NF1 suggesting that the pathogenesis of
GIST in NF1 patients is different from that in non-NF1
patients' "', Some authors presume that Kit germline mu-
tation might be implicated in the pathogenesis of GIST at
least in some NF1 patients“sj. Some authors discuss that in
the pathogenesis of GIST in NF1 the loss of heterozygos-
ity on the long arm of chromosome 22 (22q)-(allelic losses
at 22q)-might be relevant because in 84% of these patients
they are associated with high mitotic activityp’m].

First published in 2004 by Kinoshita ¢ a/'” and more
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recently confirmed by Maertens e/ a/ 2006"" it is described
that mutations in the NF1-gene might be involved in the
pathogenesis of GIST in NF1 patients. In summary their
demonstrated data suggest that (1) the NF1-related GISTs
do not have KIT or PDGFRA mutations, (2) the molecu-
lar event underlying GIST development in this patient
group is a somatic inactivation of the wild-type NF1 allele
in the tumor and (3) inactivation of neurofibromin (NF1
gene) is an alternate mechanism to (hyper) activate the
MAP-kinase pathway, while the JAK-STAT3 and PI3K-
AKT pathways are less activated in NF1-related GIST
compared with sporadic GISTs. Maertens e# al" conclude,
that was based on this molecular pathogenesis of GISTs in
NF1 individuals that this type of tumor cleatly belongs to
the spectrum of clinical symptoms in NF1.

CONCLUSION

Predisposition of tumorgenesis in NF1 might be explained
by overexpression of p2l-ras a tumor-suppressor-gene
called neurofibromin. Nevertheless the described concur-

rence of neuroendocrine tumor and gastrointestinal stro-
mal tumor in NF1 is very rare (Table 2). In patients with
von Recklinghausen neurofibromatosis the appearance of
gastrointestinal symptoms should raise interest to search
for gastrointestinal tumors because these patients are at
risk for gastrointestinal neoplasms from which symptom-
atic patients are likely to experience significant morbidity.
In accordance with other authors we also recommend that
NF-1 patients with gastrointestinal symptoms receive fur-
ther survey to rule out GISTs!""'". Further studies includ-
ing molecular analysis to clarify the relationship between
gastrointestinal tumors-in particular GIST-and neurofibro-
matosis are needed.
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