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Abstract

Background: Intracranial metastasis of Gastrointestinal Stromal Tumors (GISTs) is rare but presents unique
treatment challenges. We present a case of intracranial metastasis of GIST with a systematic review of the literature.
A literature search using key terms "gastrointestinal stromal tumor’” AND brain AND metastasis” was conducted
through May 2019 via Embase and Pubmed according to PRISMA guidelines. Only cases describing intradural
metastases rather than calvarial or intraorbital metastases were included.

Case presentation: A 57-year-old woman with history of GIST metastatic to the liver presented with a six-week
history of left facial weakness, left hearing loss, and left facial numbness, and a one-week history of headaches, gait
disturbance, and dizziness. MRI revealed a contrast-enhancing dural-based left middle cranial fossa mass measuring
29cmx 3.1 cm x 3.4 cm with extension into the internal auditory canal and cerebral edema. A left temporal
craniotomy was performed to excise the lesion, and the patient was discharged to a rehabilitation facility at her
preoperative baseline. Intraoperative pathology revealed a spindle cell neoplasm, postoperative MRI demonstrated
gross total resection of the lesion, and microscopic analysis demonstrated sheets of spindled tumor cells with short
ovoid, irregular, hyperchromatic nuclei and scattered large atypical nuclei without extensive necrosis.
Immunohistochemical staining was positive for KIT proto-oncogene (CD117, c-KIT), and the patient was put on
imatinib (400 mg/day).

Conclusions: Of the 18 cases analyzed and our present case, metastasis typically involved the cerebrum with only
one in infratentorial elements. The tumors in seven of the cases involved the dura, and one case metastasized to
the pituitary. Eight patients died following treatment. Surgery remains the mainstay of intracranial metastatic GIST,
however there are many reports of good responses to radiation or chemotherapy alone. More investigation is
required to determine the best treatment course for these patients.
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Background the esophagus, appendix, and gallbladder. Initially

Gastrointestinal Stromal Tumors (GISTs) are the most
common mesenchymal neoplasms of the gastrointestinal
tract, arising from the Interstitial Cells of Cajal. The
most common location is the stomach (60%), followed
by the jejunum and ileum (30%), duodenum (5%), and
colorectum (<5%), with rare reported cases arising in
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thought to be tumors of smooth muscle, advances in im-
munohistochemistry and molecular genetics have found
that this is not the case. Specifically, most GISTs express
KIT (CD 117, c¢-KIT), a highly sensitive and specific
marker for GIST, while leiomyomas and leiomyosarco-
mas do not [1]. Anoctamin 1 (ANO1, DOG1), is another
tissue marker that can be useful in the diagnosis of GIST
[2]. GISTs are largely benign, but up to 30% may have
malignant behaviors determined by the mitotic rate,
primary site, size, and metastasis, most commonly to the
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liver, lung, and bone [1, 2]. Intracranial metastasis is rare
and presents unique treatment challenges.

Imatinib, the mainstay medical treatment for GIST,
does not cross the blood-brain barrier, and as such may
offer limited clinical benefit to patients with intracranial
metastasis [3]. Nevertheless, some authors have reported
success in the treatment of intracranial GIST metastasis
with imatinib [4]. Sunitinib, another tyrosine kinase re-
ceptor antagonist, is sometimes used as a second-line
therapy in patients with metastatic GIST [5]; however,
its role in the management of intracranial metastasis re-
mains undetermined. Radiotherapy for metastatic GIST
has not been definitively shown to be effective [1], as
they are generally considered radioresistant, but little
data exists regarding the treatment of intracranial GIST
metastases with radiation. Despite this, some series have
proposed a role for radiation therapy, especially for tu-
mors that are surgically unfavorable [3].

Here, we present a case of intracranial metastasis of
GIST with a discussion of relevant literature regarding
this rare clinical scenario. We aim to study our current
case with respect to historical studies to better investi-
gate the best course of treatment for patients with this
rare manifestation of GIST.

Methods

A thorough systematic review of the literature was per-
formed through the databases Embase and Pubmed from
dates of inception to May 2019 to identify cases of GIST
metastatic to the brain. The string “gastrointestinal stro-
mal tumor’ AND brain AND metastasis”™ was used as
either keywords or Medical Subject Headings terms to
identify all eligible studies. Inclusion and exclusion cri-
teria from the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines were
used to vet the retrieved articles [6]. For the purposes of
this review, cases were included only if they described
intradural metastases rather than calvarial or intraorbital
metastases. Abstracts, conference presentations, and edi-
torials were excluded. As there is a paucity of cases in
the literature, cases were included regardless of date of
publication, source of publication, or inclusion in previ-
ous literature reviews. Studies were reviewed by a single
reviewer (M.P.), and the senior investigator (A.P.)
reviewed the final results. Data regarding demographics,
modality of treatment, and treatment response were
recorded for each case where available.

Case presentation

A 57-year-old woman with known history of biopsy-
proven GIST metastatic to the liver presented with a
six-week history of left facial weakness, difficulty closing
her left eye (House-Brackmann 4), complete left hearing
loss, and left facial numbness. She had been previously
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diagnosed at an outside institution and initiated on ima-
tinib (400 mg daily) 3 months prior to presentation, In
the week prior to presentation, she had developed head-
aches, gait disturbance, and dizziness. MRI revealed a
contrast-enhancing dural-based left middle cranial fossa
mass measuring 2.9 cm x 3.1 cm x 3.4 cm with extension
into the internal auditory canal and associated cerebral
edema (Fig. 1).

The patient underwent left temporal craniotomy to ex-
cise the lesion without complication. Intraoperative
pathology revealed a spindle cell neoplasm. Her post-
operative course was uncomplicated; after an overnight
stay in the ICU, the patient was transferred to the floor
and discharged to a rehabilitation facility at her pre-
operative baseline. Postoperative MRI demonstrated
gross total resection of the lesion. Microscopically, the
tumor demonstrated sheets of spindled tumor cells with
short ovoid, irregular, hyperchromatic nuclei and scat-
tered large atypical nuclei without extensive necrosis
(Fig. 2a-d). Immunohistochemical staining with appro-
priate controls was positive for KIT (Fig. 2e) and ANO1
(DOG1) (Fig. 2f), confirming diagnosis of metastatic
GIST from the initial gastric tumor (Fig. 2g-h). She was
subsequently re-initiated on imatinib (400 mg daily) as
an outpatient following craniotomy.

Results

The initial database query yielded 192 publications
after duplicates were removed. Screening of these
publications based on abstracts yielded 24 publica-
tions, which was then further refined to 18 after the
exclusion of 6 articles discussing GIST and metastases
not to the brain (Fig. 3). These 18 articles were then
included for review.

In our review of the literature, only 18 cases of GIST
with intracranial metastases were identified, and these
are summarized in Table 1. With the inclusion of our
present case, 15 of 19 patients were male, and mean age
was 58 years old (range 15-80 years, standard deviation
174 years). The primary site of the GIST in these pa-
tients was variable throughout the GI tract with the
most common involving the small intestine (9 out of 19
cases) and the stomach (5 out of 19 cases). Additionally,
although it was not reported in every case, any sites of
intraperitoneal metastasis were also quite variable within
this series with the most common site being the liver.
With regards to sites of brain metastasis, there was a
large predilection for the cerebrum, with only one case
of metastasis solely to infratentorial elements, namely
the pontomedullary junction and the cerebellum [7].
The tumors in seven of the cases, including the case re-
ported here, either involved or originated from the dura
[4, 8—12]. There was one metastasis to the pituitary [13].
Radiographically, the tumors reported tended to have
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Fig. 1 Representative T1-weighted post-contrast images preoperatively (a) and postoperatively (b). Pre-operative (a) and post-operative (b)
coronal MRI, T1-weighted-post contrast. A lobulated, homogenously enhancing lesion is seen to be arising from the dura of the middle fossa and
tentorium and compressing the temporal lobe. Gross total resection is noted in the post-operative image

appearances similar to other intracranial metastases, being
relatively well-circumscribed and contrast-enhancing.
Fourteen patients underwent chemotherapy (4 as stand-
alone therapy, 10 in conjunction with other treatments),
13 patients had total resection (all in conjunction with
other treatments), eight patients underwent radiation
therapy (1 as stand-alone therapy, 7 in conjunction with

other treatments), and four patients had stereotactic
radiosurgery (all in conjunction with other treat-
ments). Eight patients died following treatment of
their intracranial disease. Of these, the average time
to death was 9.6 months (range 3.5-35 months, stand-
ard deviation 10.6 months). These data are summa-
rized in Table 1.

eosin, original magnification X20 and X200, respectively)

Fig. 2 Pathology Slides. a Metastatic Intradural Tumor: The tumor is very cellular consisting of sheets of tumor cells (hematoxylin-eosin, original
magnification X20). b Metastatic Intradural Tumor: The cells are haphazardly arranged and spindled with short, ovoid, irregular, hyperchromatic
nuclei with scattered large atypical nuclei (hematoxylin-eosin, original magnification X200). ¢, d Metastatic Intradural Tumor: The cytoplasm is
eosinophilic and moderate in amount with variable vacuolization. Occasional nuclear inclusions are seen. (hematoxylin-eosin, original magnification
X400). e, f Metastatic Intradural Tumor: The tumor cells are diffusely positive for KIT (CD117) (e) and ANO-1 (DOG-1) (f) immunohistochemical stains
(original magnification X400). g, h The original gastric biopsy shows a subepithelial tumor consisting of predominantly bland small epithelioid spindled
cells with vacuolated cytoplasm and smudged chromatin. Rare large cells are noted, but not to the extent seen in the metastatic tumor (hematoxylin-
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Fig. 3 Systematic Review Flow Diagram

Discussion and conclusion

Metastatic GIST to the brain is a rare clinical entity
requiring unique considerations for treatment. Interest-
ingly, there was substantial variation in the treatment of
these patients, reflecting the lack of evidence-based
guidelines for treatment of intracranial GISTs. Never-
theless, treatment regimens in reviewed papers generally
include combinations of surgery, radiotherapy, and
systemic chemotherapy with tyrosine kinase inhibitors,
similar in concept to treatment of other intracranial
metastases. Thirteen of nineteen patients reported here
underwent treatment with tyrosine kinase inhibitor
therapy, while the other six patients received no specific
chemotherapy. Traditionally, treatment of advanced or
metastatic GIST has been challenging due to the tumor’s
resistance to cytotoxic chemotherapeutic agents [11].
With the identification of the KIT gene, the develop-
ment of targeted tyrosine kinase inhibitors has improved
the response to medical treatment. Indeed, the presence
of KIT gene is positively correlated with susceptibility to
tyrosine kinase inhibitor therapy [3]. One study noted an
initial reduction in intracranial tumor burden with

sunitinib treatment, but noted that several weeks after
initiation of treatment, a new brain metastasis developed
which was then successfully treated with radiation [5].
The patient was started on imatinib, but after it proved
ineffective, was switched to sunitinib. Although imatinib is
known to have poorer CNS penetration, any clear advan-
tage of sunitinib over imatinib in the treatment of GIST
metastatic to the CNS is unlikely to be demonstrated with
so few cases. Nevertheless, sunitinib and other tyrosine
kinase inhibitors that have better CNS penetration remain
interesting targets for future research.

GIST, similar to the histologically-similar soft tissue
sarcomas, is generally considered to be radioresistant. As
such, radiation has been considered to have a limited
role in treatment. Nevertheless, some series have re-
ported at least a good palliative effect of radiotherapy for
GIST metastases that are refractory to therapy or not
amenable to surgery [14]. Eight patients in this series
underwent radiation therapy of some kind. The use of
conventional radiation versus radiosurgery was variable,
as were the radiation doses when reported. Additionally,
only one patient reported underwent radiation without
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additional therapy, in the case of a cavernous sinus
metastasis.

Finally, surgery consisting of local control of intracra-
nial disease with adjuvant therapy remains a useful treat-
ment modality for metastatic GIST, especially with
regards to intracranial metastases [3, 17, 18]. Intracranial
surgery is especially reasonable when metastasis is small,
localized, and superficial (cortical/subcortical). Neverthe-
less, many case series and reports describe cases of
metastatic GIST with good response to radiation or
chemotherapy alone. Given these other reports of tu-
mors responsive to chemotherapy and radiation, it seems
more investigation is required to determine the best
course of treatment for patients with this unusual se-
quela of GIST.
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