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ABSTRACT

Gastrointestinal stromal tumors (GISTs) are very uncommon in pediatric patients, and they are distinct
clinical-pathological and molecular deviations from their adult counterparts. Most pediatric GISTs lack
the c-kit or platelet-derived growth factor receptor alpha (PDGFRA) genes mutations. To date, there is no
published standard guidelines available for the best treatment of pediatric GISTs, especially for infant
GIST. Therefore, we report a case of 4-month-old infant with GIST of mesocolon without KIT/PDGFRA
mutation. We also review the clinical, biological, and genetic features of pediatric GISTs and re-think

several questions that could affect clinical practice.

Introduction

Gastrointestinal stromal tumor (GIST) is a neoplasm of
mesenchymal lineage originating from the interstitial cells
of Cajal or their precursors of gastrointestinal tract and
occur predominantly in adults." These tumors commonly
show overexpression of the c-kit protein (CD117) and have
mutations in the c-kit or platelet-derived growth factor
receptor alpha (PDGFRA) genes.” GISTs are usually
observed in patients over the age of 50 and are extremely
rare in pediatric populations.” Patients under the age of
20 years comprise only about 0.4% of all patients with
GIST.> The median age of pediatric populations with
GIST was 13 years.*

The majority of the pediatric GISTs lack the KIT and
PDGFRA mutations that are typical of adult GISTs, which
are considered wild-type GISTs (WT-GISTs).” WT-GISTs
have a female predominance, in contrast to adult GIST that
occur at similar rates in men and women. The most common
primary site for patients with WT-GISTs is the stomach. WT-
GISTs are now known to be very different from its KIT/
PDGFRA-mutated counterpart. Currently, the management
of pediatric GISTs is not standardized, but it is widely
accepted that surgery is the necessary treatment.’ Previous
reports on GISTs in pediatric populations primarily described
gastric tumors and, up to present, GIST of mesocolon in
infant patient younger than one year without KIT/PDGFRA
mutation has not been reported and its treatment modality
remains unclear.

Therefore, we report a case of 4-month-old infant with
GIST of mesocolon without KIT/PDGFRA mutation. We
also entail the clinical, biological, and genetic features of
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WT-GISTs and re-think several practical questions that
could affect clinical practice.

Presentation of case

A 4-month-old boy was admitted to the hospital with hema-
tochezia and pale appearance in July 17, 2017. An abdominal
ultrasonography detected a 7.4cmx 6.lcmx  4.6cm-sized
tumor and peritoneal effusion. Blood routine examination
revealed that hemoglobin and the red blood cell count was
63g/L (normal range: 130-175 g/L), 2.15 x 10'*/L (normal
range:4.3-5.8 x 10'?/L), respectively. Volumic therapy and
hemostatic treatment was administered immediately.
Subsequently, a tumor (diameter, 4.6cmx 6.3cm) located in
mesocolon was detected on an abdominal contrast-enhanced
computed tomography (CT) scan (Figure 1). An exploratory
laparotomy examination was performed and subsequently
detected a tumor with clear margins. There was no evidence
of metastatic lymph nodes, liver metastases, or peritoneal
disseminations. Complete resection of tumor and clone (seg-
mental bowel resection) was performed without regional
lymphadenectomy.

Hematoxylin-eosin staining showed spindle cell morphol-
ogy (Figure 2). The findings of immunehistochemical analyses
were positive for CD117 (Figure 3), PDGFR (Figure 4),
Vimentin (Figure 5) and negative for the expression of succi-
nate dehydrogenase B (SDHB) (Figure 6), DOG-1,Desmin,
CK, Syn, CgA and WT-1.The Ki-67 index was 30%. Moe
than 10 mitoses were observed per 50 high-power fields
(HPF). The diagnosis of a high-risk GIST was confirmed in
accordance with the risk assessment classification using size
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Figure 1. Abdominal contrast-enhanced computed tomography scan showed a
tumor (diameter, 4.6cmx 6.3cm) located in mesocolon.
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Figure 2. Hematoxylin—eosin staining showed spindle cell morphology.
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and the mitotic index. Mutational analysis showed a wild type
for KIT (exons 9, 11, 13, 17, 18) (Figure 7) and HER2
(Figure 8). Adjuvant anti-cancer treatment was not under-
taken after operation on account of bad general condition.

Two months after surgery (September 22, 2017), re-image
unfortunately found metastases of omentum, mesentery, retro-
peritoneum, inguinal lymph node and abdominal wall
(Figure 9). Besides, pyoperitoneum was seen. Further examina-
tion of whole genome sequencing showed no known target-
drug-related mutations (KIT, PDGFR, BRAF were all negative).
The results suggested two mutated gene: CCND2 (copy number
amplification, 2.6-times) and PTCH1 (polymorphism: exon 19;
€.2794G> A; p.V932M; 0.78%). According to gene test, there was
no target medicine for treatment.

After multidisciplinary discussion, Imatinib,100mg,once daily
was administered. Meanwhile, abdominal puncture drainage was
introduced. After 22 days treatment of Imatinib, it was suspended
because of severe diarrhea. Subsequently, his general condition
became worse and worse and sadly he died in December 5, 2017.

The patient’s guardian has consented for the publication of
the present case report.

Discussion

Gastrointestinal stromal tumor (GIST) is extremely rare entity
in children that can be quite different from its adult counter-
part. The Table 1 summarizes comparison of adult and pedia-
tric GISTs. Due to their rarity and the lack of a standardized
diagnostic protocol, the real incidence of pediatric GISTs is
unknown. Accurate epidemiological data on pediatric GIST's
stemming from the UK National Registry of Childhood
Tumors indicate an annual incidence of 0.02 per million
children below the age of 14 years™*

Figure 3-5 Immunehistochemical analyses were positive for CD117 (Fig.3), PDGFR (Fig.4), Vimentin (Fig.5).
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Figure 6. Immunehistochemical analyses showed negative for the expression of
succinate dehydrogenase B (SDHB).

The median age of pediatric populations with GISTs was
13 years.” The most common primary site for pediatric GISTs
is the stomach, and to a far lesser degree in other gastroin-
testinal locations.” Tumors have also been reported primarily
in the omentum and abdominal wall, but this is exceedingly
rare. Pediatric GIST have a female predominance, in contrast
to adult GIST with equal gender distribution.

GISTs can have a spindle, epithelioid, or mixed morphol-
ogy. GISTs occurring in children more often have an epithe-
lioid or mixed morphology.® Most adults GISTs are driven
by activating mutations in the oncogenic KIT or platelet-
derived growth factor alpha (PDGFRA) genes™'’, but 85% of
GISTs in children are negative for KIT and PDGFRA muta-
tions (wild-type GIST,WT-GIST).""

In present case, the patient was 4 months old when diag-
nosed. As far as we know, this is the youngest patient
reported. Besides, the tumor located in mesocolon, which is
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Figure 7-8. Mutational analysis showed a wild type for KIT (exons 9, 11, 13, 17, 18) (Fig.7) and HER2 (HER2/CEP17 1.0) (Fig.8).
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Figure 9. Re-image found metastases of omentum, mesentery, retroperitoneum, inguinal lymph node and abdominal wall two months after surgery.

Table 1. Comparison of pediatric GIST with adult GIST.

Characteristic Pediatric GIST Adult GIST

Incidence Rare Common

Median age (years) 13 50

Sex Female predominance Equal gender
(70%) distribution

Histology Epithelioid and mixed Spindle

Gene profile Wild Type KIT/PDGFR KIT mutation (85%)
(85%) PDGFR mutation
SDH mutation (85%) (5-10%)

Primary site Stomach (85%) Stomach (50%)

Lymph node Common Rare

metastasis

a very rare location. This patient lack KIT, PDGFRA and
BRAF mutation as other pediatric populations.
Immunohistochemical analysis for succinate dehydrogenase
(SDH) iron-sulfur subunit (subunit B) (SDHB) is negative,
which is considered as SDH-deficient GIST.

Approximately half of WT GISTs are SDH-deficient and
not driven by KIT/PDGFRA mutations.'””> SDH-deficient
GISTs have characteristic morphologic features including
multi-nodular gastric wall involvement, multiple separate
tumors, lymphovascular invasion, and lymph node metas-
tases. Diagnostic is the loss of SDHB from the tumor cells
and this can be practically assessed by THC."?

SDH-deficient GISTs are associated with Carney’s triad
syndrome, a non-heritable syndrome associated with pre-
sence of GIST, pulmonary chondroma, and paraganglioma,
which is seen mainly in girls and young women.'* In this
case, CT scans of chest, abdomen and pelvic showed no
positive signs. Carney’s triad syndrome could not be diag-
nosed. The time interval from diagnosis of GIST to the
appearance of other component/s of the CT averages may

be more than 8 years but as long as three decades."
Therefore, pediatric patients should receive regular clinical
examination to timely detect possible extra-adrenal para-
ganglioma, pulmonary chondroma. Unfortunately, this case
died 4 months after diagnosis.

A special notice is made regarding lymph node involve-
ment in pediatric GISTs. Approximately 30% of the pedia-
tric patients develop regional lymph node metastases'®
contrasting with the rarity of lymph node metastasis in
GISTs in adults (< 2%)> Therefore, prophylactic regional
dissection of lymph nodes is unnecessary given the low
frequency of lymph node affectation or metastasis in adult
GIST patients. In consideration of greater lymph node
involvement for pediatric patients, whether prophylactic
dissection is need or not is a baffling question in clinical
practice and by now, there is no guideline for guiding
treatment. In our case, absence of lymph node metastases
was demonstrated before surgery. Unfortunately, lymph
node metastases of omentum, mesentery, retroperitoneum,
inguinal lymph node and abdominal wall were proved
merely 2 months after operation. Accordingly, we assume
that part of pediatric GIST (high-risk of lymph node metas-
tases) may require an active dissection for lymph nodes.
What we need to do afterwards is to precisely define the
population of high-risk of lymph node metastases. Besides,
dissection field should be discussed. In our case, metastasis
inguinal lymph node was present, so, the field may be
difficult to define and need to be individually tailored. All
three practical questions are in the air and further research
is warranted.

Pediatric GIST is a rare disease for which we have an
incomplete understanding of biology and clinical features.
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Therefore, there is no published standard guidelines available
for the best treatment of pediatric GISTs."”

Surgery is the primary modality of treatment in loca-
lized WT-GISTs, and it is the only known cure. Complete
surgical resection is the initial treatment for primary and
localized GISTs when the risk of morbidity is acceptable.
As in adults the major goal is to achieve complete excision
of the lesion with negative margins.” These recommenda-
tions were not explicitly geared towards pediatric patients,
but they are applicable nonetheless.'® The fact that GIST
rarely has lymph node metastasis, routine dissection of
regional lymph nodes is not necessary as discussed
above. If enlarged lymph nodes were observed and lym-
phatic metastasis was suspected during surgery, SDH-defi-
cient GIST should be considered and the enlarged lymph
nodes should be dissected."”

Adjuvant imatinib is the only treatment for adult GISTs
with results available from randomized trials. Individuals
at intermediate or high risk of recurrence should be con-
sidered for adjuvant treatment.”®*' Adjuvant imatinib is
not recommended in pediatric patients with WT GISTs
because the available clinical data suggest that adjuvant
imatinib might be less efficacious®® and has not been fully
studied in this group of patients. In present case, patient
with high risk for recurrence did not receive adjuvant
imatinib therapy. However, recurrence-free survival in
this case was merely two months, which is very short
compared with adults after adjuvant imatinib. Besides, he
suffered multiple locations metastasis. Therefore, we spec-
ulate that adjuvant imatinib may be feasible for special
pediatric populations. What we next to do is to find out
this eligible patients. Specific questions with regard to the
timing of treatment, adequate dose levels, duration of
therapy and timing of medicine discontinuance are sup-
posed to afterwards address in order to optimize imatinib
and minimize potential toxicity. In conclusion, the infor-
mation regarding postoperative therapy should be shared
with patients, and a multidisciplinary team should be
involved in clinical decision-making.

In this case, the boy unfortunately suffered disease
progression in multiple sites two months after operation.
Whole genome sequencing suggested no identified target-
drug-related mutations, but revealed CCND2 gene muta-
tion (copy number amplification, 2.6-times) and PTCH1
gene mutation (polymorphism: exon 19; c.2794G> A; p.
V932M; 0.78%). Gene test showed no mutation of CCND1
and CCNELl. Other cyclins were not detected.
Unfortunately, no more tissues were used to determine
the phosphorylation status or activity of CDK proteins,
and the phosphorylation of pRB. Besides, IHC studies to
define the functionality of the Hedgehog pathway and
DNA methylation were not performed.

CCND?2 is a crucial cyclin that forms a complex with CDK4
or CDK6, whose activity is required for cell cycle G1/S transi-
tion. High-level expression of this gene was observed in ovarian
and testicular tumors.*>**

CCND2 gene amplification was reported in metastatic
exon 11 mutant adult GIST.*> In our case CCND2 was
found amplified with copy number 2.6 times. As far as we

know, CCND2 was never reported in pediatric wild-type
GISTs. However, because of low copy number of our case
and unclear understanding of CCND2, there is no target
medicine at present for GISTs treatment, especially pediatric
GISTs.

PTCHI gene, a tumor suppressor gene, is a vital compo-
nent of Hedgehog signaling pathway that is critical for the
development of the gastrointestinal tract.”® PTCHI gene
mutation is common in nevoid basal cell carcinoma syn-
drome, an autosomal-dominant inherited disorder.”” It is
reported that PTCH1 gene mutation is associated with gas-
trointestinal stromal-like tumors in mice*® and contributes
to the pathogenesis of human gastrointestinal stromal
tumors via GLI-mediated activation of KIT expression.*’
To the best of our knowledge, PTCH1 gene mutation is
not recorded in pediatric GIST, therefore, we know little in
pediatric populations and no corresponding medicine exists
for GIST treatment.

Accordingly, multidisciplinary discussion was performed
to optimize the treatment for our sad little boy. Sunitinib or
imatinib can be selected as the first line therapy.

Sunitinib is 10 times more potent than imatinib in achieving of
WT KIT inhibition.® In adult patients with advanced imatinib-
resistant GIST, sunitinib significantly prolongs time to tumor
progression and survival.*® Adult patients with WT GIST achieves
the greatest clinical benefit from sunitinib.”® Sunitinib has been
reported to help achieve substantial antitumor activity with accep-
table tolerability in adult and pediatric patients with imatinib-
resistant GIST.*> Based on these findings, sunitinib might be
considered as front-line treatment in WT GIST. Because of finan-
cial reason, sunitinib was not preferred.

Imatinib is the preferred first line therapy for inoperable,
metastatic, or recurrent adults GIST because it prolongs the
median survival.>> However, response to imatinib differs by
tumor genotype. The objective response rate and median
time to tumor progression with imatinib therapy in adult
patients with WT GIST are significantly lower than in adult
mutant patients.”> What's more, the pediatric dosing and
adverse event profile of imatinib are established in refer-
ence of Philadelphia chromosome-positive leukemia.**
Therefore, our patient received imatinib therapy. However,
after 22 days treatment, imatinib was suspended because of
severe diarrhea and the boy died after two weeks of drug
withdrawal.

Conclusion

In conclusion, pediatric GISTs is an extremely rare entity,
especially infant GISTs. Many aspects are different between
pediatric GISTs and adult GISTs, such as KIT and PDGFRA
mutations, treatment modality. We in detail review the clin-
ical, biological, and genetic features of pediatric GISTs and re-
think several practical questions that could affect clinical
practice. This report suggests treatment should be tailored
for some specific pediatric GIST after fully considering age,
disease location, gene mutation, general condition. Efforts to
better study this disease are urgently needed and will likely
lead to new treatment approaches for these patients.
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