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Abstract
Gastrointestinal stromal tumor (GIST) is a rare cancer of mesenchymal origin mostly seen in adult and elderly populations. 
Therefore, the prognostic and therapeutic features of pediatric GIST are not clearly defined. Clinical knowledge has been 
largely extrapolated from case series and adult studies. In this systematic review, we aimed to analyze the health outcome met-
rics of pediatric GIST. Medline and Embase databases were searched using relevant key terms. The original search retrieved 
1,892 titles; 27 studies with 184 patients (68% female) were included for final review. The primary tumors were located in 
the stomach (165/184, 90%), small bowel (12/184, 7%), and elsewhere (7/184, 4%). Individual patient data were available 
in 125 cases with a median follow-up of 6.7 years. All patients underwent surgical resection, which varied from wide local 
excision to total gastrectomy. There were 12 deaths (10%), 65 (52%) patients were alive with no evidence of disease, and 
31 cases (25%) were alive with disease. Tumor size > 5 cm, high mitotic index, and spindle morphology were predictive of 
mortality. Pediatric GIST has a more favorable prognosis and different characteristics versus adult tumors. There is a crucial 
need for international consensus and specific pediatric guidelines for the treatment of this rare tumor.
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Introduction

Gastrointestinal stromal tumor (GIST) is a cancer of mesen-
chymal origin arising from the gastrointestinal tract. Overall, 
one-fifth of soft-tissue sarcomas are GISTs [1], however, the 
incidence of GIST in the pediatric population is low (about 
0.4% of all GIST cases) [2]. The United States Armed Forces 
Institute of Pathology review reported in a 26-year study 
only 44 (2.3%) index cases of GIST in pediatric/young adults 
vs. 1833 GIST in adults [3].

Evidence regarding the clinical behavior of pediatric 
GIST is limited to extrapolation from adult published case 
series. However, with advances in genetic sequencing, there 
is accumulating data now suggesting that pediatric GIST is 
very different from its adult disease counterpart [4].

This systematic review study aims to critically analyze 
published clinical outcome(s) on pediatric GIST to identify 
characteristics (if any) which confer survival advantage and 
draw comparison(s) to the adult literature.

Methods

This systematic review was prepared in accordance with Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [5].

Search strategy

MEDLINE and Embase databases were searched using the 
keywords: ‘paediatric’ or ‘pediatric’ or ‘child’ or ‘children’ 
AND ‘GIST’ or ‘gastrointestinal stromal tumour’ or ‘gas-
trointestinal stromal tumor’. No time limit was applied, and 
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non-English articles were included due to a low number of 
relevant publications. Unpublished abstracts from relevant 
conference proceedings were included in the original search 
and if deemed relevant, included in the analysis. The two 
primary authors (AR and AS) independently performed the 
search and any disagreement was resolved by consensus with 
the senior author (PDL). The last electronic search was per-
formed on February 28th 2021.

Studies were excluded if they involved mostly adult popu-
lations (> 18 years), not related to GIST, or did not include 
sufficient treatment and outcome data (i.e., type of surgery, 
recurrence, and mortality). Case reports were excluded. In 
instances where duplicate studies were identified (similar 
authors/institutions), we included the more recent/larger/
more inclusive study.

Data extraction and analysis

Following the application of the above exclusion criteria, 
full-text versions of identified papers were independently 
reviewed by two primary authors (AR and AS) with final 
selection approved by the senior author (PDL). The data 
on patient characteristics, presenting symptoms, diagnostic 
modalities, treatment, length of follow-up, and patient out-
comes was then extracted from the original studies. Detailed 
information on tumor characteristics, molecular genetics, 
site, morphology, and presence of metastases was included 
where available. Standard chemotherapy was classified as 
any other chemotherapy than tyrosine kinase inhibitors 
(TRKI).

Statistical analysis

Chi-square and Fisher’s exact tests were utilized to analyze 
categorical variables. A Significance level of p ≤ 0.05 (two-
tailed) was set. Analyses were performed using JMP Pro, 
version 15.1.0 for Windows (SAS Institute Inc., Cary, NC, 
USA).

Results

The original search through different databases retrieved 
1892 articles. A total of 1743 studies were evaluated in 
the screening of titles and abstracts after duplicates were 
excluded. Following the application of the exclusion criteria 
in screening, 146 papers were selected for full-text review. 
After a full-text review of 146 articles, 27 papers met the 
eligibility criteria and were selected for the final review 
(Fig. 1). The published studies covered the time period(s) 
from 1999 to 2020.

In total, there were 184 patients with pediatric GIST 
identified which included 126 (68%) females and 58 (32%) 

males. There was no significant difference in median age at 
diagnosis between female and male patients: 14 years (range 
0–18) and 15 years (range 2–18) respectively (p = 0.40). Pri-
mary tumors were located in the stomach (165/184, 90%), 
small bowel (12/184, 7%), and elsewhere (7/184, 4%).

Individual patient data were included in 21 studies with 
125 patients. Eleven patients (9%) had associations with 
Carney’s triad defined as the co-occurrence of GIST, pulmo-
nary chondroma, and paraganglioma [6]. Epithelioid biol-
ogy was the most common tumor morphology (36/75, 48%) 
and was more common among female patients (p = 0.012, 
Table 1). The KIT mutation was observed in 5/36 (14%) 
cases and was more common in males (p = 0.029). PDGFRA 
mutations were observed in only 1/13 (8%) cases.

Surgery was the mainstay of treatment for primary tumors 
varying from local excision to total gastrectomy. Metastatic 
disease was reported at the time of primary diagnosis in 
12/26 patients (46%). Patients with unresectable primary 
tumors (13/125, 10%) received standard chemotherapy 
(3/125, 2%) or TRKI such as imatinib (9/125, 7%) or 2nd 
generation TRKI (1/125, 1%).

The recurrent disease often presented as local recurrence 
in 23/56 (41%) and metastatic disease was observed in 35/56 
(63%) of these patients. Standard chemotherapy was used 
for 4/56 (7%), imatinib in 19/56 (34%), and 2nd generation 
TRKI in 7/56 (13%). Surgery alone was performed in only 
11/56 (20%) patients with recurrent GIST.

The most delayed latent GIST recurrence was reported 
after some 26 years. The median length of follow-up was 
6.7 years ranging from 0.25 to 41 years. Complete remission 
was achieved in 63 (52%) patients while 29 (24%) were alive 
with the disease. Overall, 12 (10%) deaths were recorded, 
and 17 patients (14%) were lost to follow-up or no additional 
data was available.

Age at first diagnosis, gender, and location of tumor were 
not significantly associated with difference(s) in survival 
(p = 0.38, p = 0.88, p = 0.31 respectively). There was also 
no significant difference noted in mortality between patients 
with and without KIT and PDGFRA mutations (p = 0.52). 
On univariate analysis, spindle morphology, tumor size 
larger than 5 cm, and high mitotic index were all associated 
with increased risk of mortality (Table 2).

Discussion

This systematic review of published studies has shown that 
GIST is a disease with low mortality in the pediatric popula-
tion affecting girls more often than boys. Disease recurrence 
is common despite high overall survival. High mitotic index, 
tumor size greater than 5 cm, and spindle morphology were 
all associated with poor patient outcomes.
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Fig. 1  PRISMA study selection 
flow diagram
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Table 1  Patient demographics

Median Age (range) Mortality rate Morphology (n = 75) Tumor 
size > 5 cm 
(n = 79)

Wild Type 
KIT (n = 36)

Wild Type 
PDGFRA 
(n = 13)Spindle Epithelioid Mixed

All (n = 125) 13 (0–18) 12 (10%) 19 (25%) 36 (48%) 20 (27%) 62 (78%) 31 (86%) 12 (92%)
Males (n = 33) 14 (2–18) 3 (9%) 9 (53%) 5 (29%) 3 (18%) 19 (86%) 5 (63%) 1 (100%)
Females (n = 92) 13 (0–18) 9 (10%) 10 (17%) 31 (53%) 17 (29%) 43 (75%) 26 (93%) 11 (92%)
p value 0.40 0.88 0.012 0.12 0.029 0.76

Table 2  Prognostic factors for 
survival of pediatric GIST

Outcome Morphology (n = 64) Tumor size (n = 79) Median Mitotic index 
(n = 101) (interquartile 
range)Spindle Epithelioid Mixed  < 5 cm  > 5 cm

Alive 11 (69%) 26 (84%) 17 (100%) 16 (100%) 47 (87%) 6 (3–13)
Dead 5 (31%) 5 (16%) 0 0 7 (13%) 48 (11–65)
p value 0.017 0.049 0.003
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Before the introduction of TRKI chemotherapy, adult 
studies reported 5-year survival rates of approximately 50% 
for GIST% [7, 8]. Since 2000, an improvement in survival 
among GIST patients has been steadily observed and 5-year 
survival rates up to 80% have now been reported [2, 9, 10]. 
Interestingly, over 90% survival in pediatric GIST reported 
here exceeds that of many adult series. Although short-term 
follow-up in select cases may be a source of potential bias, 
our median study length follow-up (6.7 years) was consider-
ably longer than that in the corresponding adult series [7–9].

Tumor size is an identified risk factor for poor progno-
sis in GIST [7, 11, 12]. Similarly, a higher mitotic index is 
a predictor of tumor recurrence and/or metastatic disease 
[13–15]. Concurrent with these findings on adult GIST, our 
study data demonstrated that tumor size greater than 5 cm 
and high mitotic index were predictors of mortality also in 
pediatric GIST. Generally, GIST tumors with a mitotic index 
higher than 5 are associated with greater risks of adverse 
outcomes [15]. Interestingly, pediatric GIST appears to have 
a higher-than-average mitotic activity, as the median mitotic 
index observed was 6 in those pediatric patients with good 
outcomes and even higher (48) among non-survivors.

Spindle cell biology predominates in adult GIST followed 
by mixed spindle-epithelioid or epithelioid morphology [16, 
17]. Generally, spindle cell type lesions are associated with 
low-risk disease, and metastases are more often observed 
with non-spindle morphology [16]. In pediatric GIST, on 
the other hand, epithelioid morphology appears most com-
mon followed by equal distribution of spindle and mixed 
tumor morphology(s). Contrary to reports in the adult GIST 
population, spindle cell morphology was associated with a 
poorer prognosis in pediatric patients.

Despite equal gender distribution in adult GIST popula-
tions, female sex predominated in pediatric GIST, as has 
been reported previously [4, 18]. Gastric GIST accounts for 
approximately 50% of all cases encountered in the general 
population [7, 12, 16] whereas the vast majority of pediatric 
GIST tumors (> 80%) are located in the stomach as reported 
here and by Benesch et al. [18]. Previously, male sex [2, 19] 
and non-gastric location [2] have been identified as adverse 
prognostic factors in GIST. However, with female prepon-
derance and a higher proportion of gastric tumors observed 
compared to the adult populations this may explain in part 
the better outcomes recorded in pediatric patients. Although 
KIT and PDGFRA genotyping provide important biomarker 
data for the clinical management of GIST [20], neither here 
were found to be strongly linked with prognosis in this cur-
rent study possibly due to the low number of studies report-
ing these data.

Limitations

Some limitation(s) of the current systematic review relate to 
variations in data reporting in the eligible published studies. 
Hence, individual patient data were not fully available in all 
studies included in this review. Furthermore, the analyses on 
tumor genotype and morphology were based on a small sub-
group of pediatric patients only. Finally, all included GIST 
studies analyzed were retrospective cohort populations.

Conclusions

In conclusion, pediatric GIST carries a better overall prog-
nosis than its adult counterpart. Regardless, very late recur-
rences do occur highlighting the crucial importance of life-
time after-care follow-up. Tumor size (> 5 cm), high mitotic 
index, and spindle cell morphology are prognostic for poor 
outcome(s).
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