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Abstract: Gastrointestinal stromal tumors are exceedingly rare tumors in the pediatric population, as a

result many clinicians either may never see this diagnosis or will encounter it only a few times throughout

their careers. It is imperative in the pediatric population to follow appropriate steps to ensure a swift

diagnosis and referral to specialized centers that are equipped with the multidisciplinary teams accustomed to

treating rare diseases. This review aims to discuss the most recent data available on the diagnostic modalities

utilized in cases of suspected Pediatric GIST.

Keywords: Pediatric; gastrointestinal stromal tumor (GIST); review; diagnostic; diagnosis

Received: 26 June 2018; Accepted: 23 July 2018; Published: 08 August 2018.

doi: 10.21037/tgh.2018.07.08

View this article at: http://dx.doi.org/10.21037/tgh.2018.07.08

Introduction

Gastrointestinal stromal tumors (GIST) are defined as
gastrointestinal tumors of mesenchymal origin, specifically
the interstitial cells of Cajal, which are considered the
pacemakers of the gastrointestinal tract. GIST have a
reported incidence of 10 to 15 cases per million overall (1),
however the incidence of GIST in the pediatric population
is difficult to attain due to their rare nature and these
tumors are often misdiagnosed as other acute or chronic
abdominal conditions. However, a study in the Lancet in
2013 indicates an annual incidence of 0.02 per million, or
about 0.4% of all GIST patients are <20 years old (2) and
SEER data estimates from a study in 2015 the incidence
of GIST in subjects aged between 8-20 years old to be
approximately 0.11 cases per million subjects or 1.64% of
all GIST cases. The pediatric GIST patient is a distinct
entity and clinicopathologic characteristics vary from the
adult form of GIST. Prior to molecular genetic studies,
the adult and pediatric GIST forms were separated by age
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of presentation and histologic features. However, with
the advent of genetic testing, it has been discovered that
85% of the pediatric patients with GIST will have a tumor
that lacks a mutation in KIT or PDGFRA. Rather, many
will contain a loss of function mutation in the succinate-
dehydrogenase complex (3). Tumors lacking the KIT/
PDGFRA mutation are also known as “wild-type” (WT)
GIST.

Clinical behavior

Pediatric/W'T GIST behaves in a much different fashion
clinically than the adult variant. Age of onset for the
Pediatric/WT GIST is much younger with a median in the
second decade of life (3), whereas the adult variant median
age of diagnosis is 63. There is a female preponderance in
the pediatric population for development of GIST (70%
of diagnoses), while the adult GIST population has equal
gender distribution. Clinically, a pediatric GIST is most
likely to present as a GI bleed, likely due to its predilection
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for the stomach in pediatric patients. Other symptoms
include: abdominal complaints (pain, appetite change, early
satiety, bloating, vomiting, constipation, or obstipation),
weight loss, and anemia. As mentioned previously, pediatric
GIST are exceedingly rare and often go undiagnosed or
misdiagnosed. The distribution of location of primary
tumor is not as broad as the adult GIST, as the pediatric
GIST tumors predominate in the stomach, with some
rarely located in the small bowel and other gastrointestinal
locations (4). Pediatric/W'T GIST is also much more likely
(45% at diagnosis) to involve lymph nodes, liver, or the
peritoneum. The most striking difference in the Pediatric/
WT GIST tumor population, however, is that the tumors
tend to have an indolent course, meaning that many of
the patients will live with their tumors for years (5). It is
important to consider this when determining treatment
regimens for pediatric patients and their potential long
lifespan.

Cancer syndromes

Pediatric/WT GIST in addition to occurring sporadically,
are also associated with cancer syndromes. Carney’s
triad which includes GIST, pulmonary chondroma,
paraganglioma, was first described by Carney in
1977 (6). This results from a non-heritable loss of
expression mutation in the SDH-B complex. The second
syndrome is the Carney-Stratakis syndrome which
includes GIST and paraganglioma. This is a heritable,
autosomal-dominant syndrome with a germline inactivating
mutation in SDH (subunit A,B,C,D) (7). The third
syndrome associated with GIST is Von Recklinghausen’s
disease, or neurofibromatosis 1 (NF1). This syndrome is
characterized by cafe au lait spots, lisch nodules, freckling,
and neurofibromas, however GIST are the most common
non-neurological malignancy in this particular patient
population, occurring in about 7% of patients with NF1 (8).

Molecular characteristics

Opver the last two decades, our understanding of the genetic
mutations involved in the development of GIST has
grown exponentially, so much that some are proposing a
new classification scheme for GIST that comprises either
SDH-competent (adult GIST or KIT/PDGFRA mutation)
and SDH-deficient (Pediatric/WT GIST) tumors. The
SDH-competent GIST category includes those tumors
that have mutations in either KIT (75% of all tumors),
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PDGFRA (~5-10% of tumors), BRAF [~5% (9)], and
other more rare mutations. The SDH-deficient tumors
are a rarer form. Boikos et 4/. in 2016 showed that around
88% of GIST that had been classified as Pediatric/WT
were shown to be SDH-complex deficient upon genetic
evaluation (3). These tumors occur almost exclusively in
the stomach (10), manifest at younger ages, are more likely
to occur in female patients, and show early lymphovascular
invasion. Chou ez /. reported that these tumors also show
overexpression of insulin-like growth factor 1 (IGFR-1)
which, when activated, can also manifest neuroendocrine
pathologies such as paragangliomas, adrenal tumors, and
adrenal nodules (11). Due to the high concordance with
molecular characteristics and the clinical manifestations and
course, it is highly recommended that every GIST undergo
a thorough evaluation of the mutations involved as this will
guide management decisions.

Diagnosis

The diagnosis of GIST in the pediatric population
can be clinically challenging due to the vague indolent
symptoms, in addition to the rare nature of this disease.
Imaging remains an important modality for diagnosis and
determining anatomic relationships, however concerns for
radiation exposure in this population must be considered
when choosing an imaging modality. The presenting
symptomatology of the patient however, may dictate the
type of imaging modality utilized initially.

Computed tomography (CT)

In the adult population, CT scan is the gold standard
imaging modality for diagnosis and continued follow-
up (12-14). However, radiation exposure is a concern
in the pediatric population (7Table I). Depending on
the child’s weight and CT protocol used, the exposure
ranges from 5-11 mSV (15). Newer 3" generation CT
scanners with iterative reconstruction have been shown
to decrease this dosage by about 33% (16). Even still, CT
scan is utilized with caution in the pediatric population
and although not routinely utilized for surveillance due
to the radiation exposure over-time, may be utilized upon
presentation depending on acuity of symptoms (7uble I).
CT characteristics for GIST vary depending on size and
primary vs. metastatic disease. A large (>5 cm) lesion is
typically exophytic, hypervascular with heterogeneous
enhancement on contrast enhanced CT (17) (Figures 1,2),
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Table 1 Imaging modalities utilized for pediatric GIST
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Modality  Indications Advantages Disadvantages Findings
CT Emergent presentation: Fast; readily Suboptimal Small (<5 cm): homogenous uptake; large
perforation, hemorrhage available lymphovascular (>5 cm): hypervascular with heterogenous
involvement; nephrotoxic uptake; metastasis: arterial enhancement
contrast; radiation
MRI Evaluation, surveillance No radiation; Expensive and longer Small (<5 cm): intense homogenous arterial
non-nephrotoxic scan time; sedation often enhancement; large (>5 cm): heterogenous
contrast; identifies needed; limited availability =~ enhancement with cysts; high-risk: low
high-risk features ADC and cyst-containing tumors
CEUS Initial staging; surveillance;  No radiation; short Limited by anatomy and Tumors: hypervascular on arterial phase
progression on treatment exam time; cost- location of lesion; limited and hypoenhancing on portal venous
effective GIST differentiation phase
PET Staging; surveillance; Detects metastasis Expensive; limited Homogenous increase in [18]FDG tracer

progression on treatment

availability; radiation (if CT)

MRI, magnetic resonance imaging; CT, computed tomography; CEUS, contrast-enhanced ultrasound; PET, positron-emission tomography.

Figure 1 CT image of GIST tumor in stomach. CT, computed
tomography; GIST, gastrointestinal stromal tumor.

while the smaller lesions (<5 c¢cm) are typically submucosal
or endoluminal polypoid masses that show homogenous
contrast enhancement (18). Metastasis on CT will have
arterial enhancement (due to its hypervascular nature)
and will lack enhancement on portal venous and venous

phases (19) (Table 1).
Magnetic resonance imaging (MRI)

MRI modality of the abdomen/pelvis is the preferred
method for diagnosis, surgical planning, and surveillance
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Figure 2 CT image large GIST in right lower quadrant. CT,

computed tomography; GIST, gastrointestinal stromal tumor.

due to its ability to define the lesion with respect to the
abdominal cavity and its lack of ionizing radiation (17)
(Table 1). 1t is recommended that the German GIST
Imaging Working Group protocol be utilized for these
cases (14). According to a paper by Herzberg ez 4. in 2018,
it is recommended to utilize MRI, contrast-enhanced
ultrasound (CEUS), and positron-emission tomography
(PET)-CT/MR (depending on availability) for initial
staging with surveillance imaging with MRI and CEUS
every 6 months for at least 3 years post-therapy, with the
caveat that lifelong annual imaging may be required due
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Figure 3 MRI of large GIST in stomach. MRI, magnetic

resonance imaging; GIST, gastrointestinal stromal tumor.

Figure 4 PET/CT scan of GIST tumor in 3™ portion of
duodenum. PET, positron-emission tomography; CT, computed

tomography; GIST, gastrointestinal stromal tumor.

to the chronicity of this disease (17). Features of GIST
on MRI are also variable depending on size and presence
of high-risk tumor features. Large lesions (>5 cm) are
typically irregular, lobulated, contain mild, gradual, and
heterogeneous contrast enhancement, and often have
intratumoral cysts (Figure 3), while the small tumors (<5 cm)
show intense homogenous enhancement in the arterial
contrast phase (17) (Table 1). MRI has been shown to aid in
the adult population with prediction of high-risk tumors;
those that contain low apparent diffusion coefficient (ADC)
and presence of intratumoral cysts (20). However, this
benefit has not been studied in the pediatric population.

Contrast enbanced ultrasound (CEUS)

CEUS combines ultrasonography with a contrast agent
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that acts as a pure blood pool agent, allowing for the
evaluation of hypovascular and hypervascular lesions
as small as 40 micrometers (21) (Table 1). As stated
previously, the guidelines suggested by Herzberg er al.
utilize CEUS of the tumor and liver in both the initial
staging process and subsequent serial surveillance imaging
(17). In addition to its utility in staging/surveillance
scenarios, CEUS has also been shown efficacious to
assess disease progression and treatment response when
tyrosine kinase inhibitors (TKIs) are utilized (Table I).
It is thought that treatment alters tumor structure, causes
decreased vascularity and eventual tumor necrosis, which
CEUS can detect (22) and has increased sensitivity
over PET scan for small hypovascular lesions (23). The
characteristics of GIST on CEUS are hypervascular
on arterial phase and hypoenhancing on portal venous
phase (17). Dietrich describes low-risk GISTs to be
homogenously enhancing, while high-risk GIST's tend
to show more heterogeneous enhancement with areas
of avascularity (24) (Table 1). CEUS does not have the
ability to differentiate GIST from other lesions such
as leiomyomas and schwannomas, however one study
demonstrated an ADC increase of >30% in GIST imaging
after imatinib treatment was administered (25).

Positron-emission tomography (PET)

PET scans (either CT/MR depending on availability) have
high sensitivity (90-100%) for the detection of metastasis
and can be utilized for early response assessment when using
TKI therapy (14,26,27). However with cost-utilization
taken into consideration, CEUS has similar sensitivity
when anatomy allows its use and should be utilized if
possible before PET scan is employed for surveillance (26).
As stated previously, it is recommended to use PET-MR
(if available, CT if not available) for initial staging in the
pediatric population (17,28). Due to its high avidity for
brown adipose tissue, and the pediatric population’s higher
percentage of this type of fat, it is recommended to pre-treat
patients with a beta-blocker which can aid reducing the [18]
fludeoxyglucose (FDG) avidity for brown adipose tissue and
will decrease the false-positive rate. PET characteristics of
GIST will show a homogenous increase in tracer due to
increased glycolytic activity of the tumor (Figure 4) (Tuble I).

Endoscopy

Endoscopy is typically utilized in the pediatric population
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when there is a suspicion for either an obstructing mass, or
more commonly, a gastrointestinal bleed, and this is often
how GIST presents in the pediatric population. A GIST
lesion will tend to appear as a submucosal mass with smooth
margins that causes protrusion of overlying mucosa,
with occasional associated necrosis or hemorrhage (29).
Concurrent utilization of endoscopic ultrasound (EUS) at
the time of exam allows for distinction between intramural
and extramural lesions and may guide tissue sampling (30).
A recent article by Chhoda er /. in 2018 in the adult
population demonstrated that contrast-enhanced
endoscopic ultrasound is a promising modality to detect
perfusion patterns and demonstrates higher sensitivity
than EUS-fine-needle aspiration (FNA), contrast CT, and
Doppler EUS for detection of neovascularity within a lesion
(31). Although neovascularity as a prognostic factor within
a GIST needs to be further evaluated with prospective data,
this newer modality elicits a promising new avenue for the
diagnosis and treatment surveillance for GIST.

Biopsy

The multiple modalities available for tissue sampling
coupled with patient presentation makes obtaining a biopsy
for lesions a multidisciplinary approach. The amount of
tissue required to make the GIST diagnosis is 1 cubic-
centimeter (about 5-10 core-needle biopsy specimens).
Endoscopy is the preferred method [core needle biopsy
(CNB) or forceps biopsy (FB)] with or without ultrasound
guidance (32) due to concerns for tumor spillage via other
routes such as percutaneous image-guided biopsy or
surgical biopsy. Tumor spillage is highly associated with
recurrence in pediatric GIST, and thus should be avoided
at all costs (5) Therefore, if anatomy allows and endoscopic
biopsy approach is not feasible, it may be prudent to
perform primary resection as a means for tissue diagnosis.
Percutaneous image-guided techniques are not typically
utilized for primary lesions (due to concern of tumor
spillage), however this modality might be the preferred
approach for sampling of metastatic lesions (5).

Pathology

GIST tumors exhibit three different morphologies: Spindle
cell, epithelioid cell, and mixed cell types. Spindle-cell
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morphology is highly associated with the classic (KIT
mutated) adult GIST, whereas the epithelioid and mixed
cell morphologies are more highly associated with the
Pediatric/WT GIST tumors. The CD117 (KIT) and
anoctamin (ANO1) immunohistochemical (IHC) markers
are the most sensitive and specific markers for analysis for
GIST lesions, however these cannot be utilized in place of
mutational analysis (33). In certain pediatric-W'T GISTs
(SDH deficient) IGFIR via IHC will be positive (11,34).
There are currently two risk score estimates developed
by the NIH (35) and the Armed Forces Institute of
Pathology (AFIP) (36). These risks scores were developed
to determine the risk of tumors having aggressive behavior.
The NIH criteria incorporates metastatic disease, tumor
size, and mitotic count and stratifies tumors into very low
risk, low risk, intermediate risk, high risk, and metastatic
disease categories (35). The AFIP criteria incorporate
tumor size, mitotic count, and primary tumor site (gastric
vs. small intestine) and stratifies tumors into very low risk,
low risk, intermediate risk, and high risk categories (36).
Interestingly, a recent study by Weldon er al. regarding
pediatric/WT GIST surgical management demonstrated
that postoperatively an increased tumor mitotic rate and
elevated NIH risk score were significantly associated with
progression or recurrence of disease while the AFIP was
not (37).

Conclusions

Pediatric/WT GIST is an extremely rare condition.
It is recommended that pediatric patients with GIST
be offered referral to specialized centers that can offer
a multidisciplinary approach with coordinated, highly
specialized care. The initial diagnosis of GIST for
pediatric patients should be coordinated with radiology,
pathology, gastroenterology, and surgical teams to ensure
swift diagnosis and adherence to the most updated clinical
guidelines. We suggest a diagnostic algorithm (Figure 5)
dependent upon the patient’s clinical presentation. Patients
with acute presentations such as obstruction, hemorrhage,
or perforation should be quickly evaluated with readily
available CT scan and endoscopy. In contrast, patients with
a chronic presentation will benefit from a more thorough
diagnostic and staging work up. This algorithm is not all
encompassing but rather a guideline to aid clinicians that
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Figure 5 Diagnostic algorithm for pediatric patients with suspected GIST. GIST, gastrointestinal stromal tumor.

are unfamiliar with gastrointestinal tumors in the pediatric

population.
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