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Introduction

Gastrointestinal stromal cell tumors (GIST) are sarcomatous 
tumors which arise from the pacemaker cells of the GI 
tract known as the interstitial cells of Cajal. Although 
GIST are the most common sarcoma of the GI tract, they 
remain quite rare. In the United States, recent analysis 
of the National Cancer Institute’s (NCI) Surveillance, 
Epidemiology, and End Results (SEER) data suggests 
the total incidence of all GIST is 6.7 cases per million  
subjects (1). Recent global estimates vary broadly depending 
upon the population studied, but generally range from 5 
to 19 cases per million subjects (2,3). GIST in pediatric 
patients are even more rare. Their exact incidence is 
difficult to classify due to rarity and evolving definitions 
about what constitutes a case of pediatric GIST. However, 
SEER data estimates 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 (1). In addition 

to being quite rare, the existing literature on pediatric 
GIST demonstrates key differences in clinical presentations, 
tumor biology, and patient outcomes when compared 
to adult cases (4-6). Due to the rarity and the unique 
features of pediatric GIST, the National Comprehensive 
Cancer Network (NCCN) task force recommends referral 
to specialty treatment centers if there is a suspicion or 
diagnosis of pediatric GIST (7). The remainder of this article 
will focus on the multimodal approaches to the treatment of 
these rare, indolent pediatric tumors.

Surgery

Even with the advent of molecularly targeted therapies, 
complete surgical resection, while avoiding pseudocapsule 
rupture, currently remains the only curative treatment 
modality for GIST (7-10). For oncologic resections 
performed with curative intent, the commonly accepted 
goal of therapy is to achieve histologically negative margins 
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on the resected specimen. This has been shown to impart 
an event free survival (EFS) benefit in some cancers but 
its absolute importance in the treatment of GIST remains 
unclear. Some adult studies seem to support the conclusion 
that an R0 resection, or histologically negative margins, 
imparts an increase in EFS (11,12). However, numerous 
other studies fail to find a statistically significant difference 
in EFS between an R0 and an R1 resection (13,14). It 
is likely that tumor biology, size, and location are more 
predictive of tumor recurrence and long-term survival than 
R0 vs. R1 resection status.

This paradigm is further supported in studies of 
pediatric or wild type (WT) GIST. In a study of 76 patients 
with pediatric GIST, Weldon et al. demonstrated disease 
progression rate of 84% over 10 years postoperatively 
despite having comparable rates of R0 resection to those 
in adult series (15). The only significant predictors of 
disease progression were tumor mitotic rate and metastasis 
at presentation. These recurrences are less likely to be 
local or regional and are found at distant sites in 71% of 
cases (15). Additionally, pathologic studies of the growth 
pattern of pediatric/WT GIST reveal a multifocal, nodular 
growth pattern. On final pathology, histologically normal 
tissue is frequently found separating islands of tumor 
cells, calling into question the veracity of even those cases 
with supposed “negative” margins (16). In spite of this 
seemingly aggressive nature, the complete natural history 
of Pediatric/WT GIST reveals a more indolent disease 
than the adult counterpart. Although findings must be 
interpreted in light of the small numbers involved in 
these case series, two separate studies have shown 10-year 
survival rates between 92–94% despite disease recurrence 
rates between 70–80% (8,15).

Taking into account the literature reporting equivocal 
outcomes of R0 vs. R1 resections for Pediatric/WT 
GIST, the high likelihood of disease progression, and the 
relatively indolent nature of the tumor, it is recommended 
that an organ sparing approach be adopted whenever 
possible. While an R0 resection is good oncologic practice 
and attempted whenever feasible, the surgeon must always 
take into account the immediate risk to the patient and 
long-term morbidity of the surgery in light of the dubious 
clinical benefit in these cases. This strategy of organ 
sparing and wedge resections has support in multiple case 
series (8,15).

The initial surgery for Pediatric/WT GIST bears some 
key differences from the surgery for the adult tumor. The 
use of frozen sections is encouraged to aid in achieving a 

negative margin status. However, this recommendation 
should be interpreted in light of the fact that re-excisions 
in an effort to achieve negative microscopic margins may 
not be justified if they result in significantly increased 
morbidity. In addition to resection of the primary lesion, 
the entire peritoneum and retroperitoneum should be 
inspected for occult lesions which may be biopsied for 
staging purposes. Complete resection of any distant 
tumor deposits should only be undertaken if an occult 
lesion presents a clear future risk for causing obstruction, 
hemorrhage, or perforation. Tumor spread to lymph node 
basins is much more common in pediatric GIST than 
in the adult counterpart. Therefore, while lymph node 
sampling is not a common part of surgery for adult GIST, 
all lymph node basins draining the primary tumor should 
be explored and any suspicious appearing nodes should 
be removed. Additionally, if signs of lymphatic spread 
have been identified preoperatively, these nodes should be 
sampled during the surgery to confirm metastatic spread. 
As it is unlikely to increase EFS, a complete or formal 
lymphadenectomy of these basins is not supported by 
current evidence given the additional risk for morbidity 
from these procedures. Finally, the liver should be 
explored visually or by preoperative and/or intraoperative 
ultrasound to identify any suspicious lesions for biopsy 
when technically feasible. A formal liver resection should 
not be attempted as it is unlikely to impart any additional 
benefit to the patient (9).

The technique used in the initial surgery is left largely up 
to the primary surgeon. Tumors larger than 10 cm are more 
likely to benefit from an open procedure, but laparoscopic 
techniques are suitable when their use does not increase 
the risk for rupture of the pseudocapsule or morbidity. 
In general, the surgeon should utilize the technique with 
which they are most familiar and best trained. While 
the use of primary endoscopic resections is not routinely 
recommended, it has been described for small, superficial 
tumors. Joint laparoendoscopic techniques for gastric GIST 
have also recently been described in adults and preliminary 
data from their use is highly encouraging. A key advantage 
to these techniques is the reduction in the total volume 
of gastric wall resected while still achieving a complete, 
R0 resection margin (17,18). This is clearly advantageous 
in pediatric GIST as one of the primary goals of surgery 
is to minimize both long and short-term morbidity. 
However, these procedures require a surgeon skilled in 
both laparoscopic and endoscopic techniques and will likely 
require further validation before their use will achieve wide 
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tumor left behind” approach during the initial surgery. 
The role for resection of metastatic deposits is only for 
diagnosis and staging at the time of the initial operation 
as well as for those likely to cause significant symptoms in 
the near future. Extensive metastasectomy is not indicated 
as it increases morbidity and does not result in any proven 
clinical benefit. However, a key point to be made is that the 
presence of metastatic disease should not preclude resection 
of the primary tumor as studies have shown that surgery, 
even in the presence of metastatic disease, offers a clear 
survival benefit in these patients (19). Finally, the role of 
surgery for recurrent disease, whether local or metastatic, 
remains unclear and is in need of further study. However, 
some studies have already found that repeat resections for 
pediatric GIST have a statistically significant, independent 
association with decreased EFS (15). These findings will 
require further research as they are subject to numerous 
confounding variables. A summary of these principles in the 
treatment of metastatic disease can be found in Figure 2.

Adjuvant therapies

The treatment of adult GIST was revolutionized in 1998 by 
the discovery that activating KIT mutations were a primary 
feature in the biology and progression of these tumors (20). 
Prior to this, there were no diagnostic codes specifically 
identifying GIST as a unique subtype of sarcoma and they 
were often lumped in with more aggressive subtypes of 
intestinal sarcoma (1,3). However, their identification as a 
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Figure 1 Surgical treatment algorithm for primary tumors. 

Figure 2 Surgical treatment algorithm for metastatic disease.
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acceptance. A summary of the various surgical treatment 
modalities available for treatment of the primary tumor can 
be found in Figure 1. 

The overall theme of these recommendations can be 
simplified to say that improving the long term functional 
status of the patient takes priority over an aggressive, “no 



© Translational Gastroenterology and Hepatology. All rights reserved. Transl Gastroenterol Hepatol 2018;3:53tgh.amegroups.com

Page 4 of 7 Translational Gastroenterology and Hepatology, 2018

unique type of tumor with a unique biology occurred nearly 
simultaneously with the arrival of tyrosine kinase inhibitors 
(TKIs) which were being developed for the treatment of 
chronic myelogenous leukemia. This ushered in a new era 
in the treatment of GIST. TKIs are now the mainstay of 
treatment for metastatic adult GIST and for certain high-
risk subtypes of localized disease (21). In rare circumstances, 
they are even utilized in a neoadjuvant fashion for advanced, 
localized disease when tumor shrinkage would allow for 
decreased perioperative morbidity (22,23). However, 
this last strategy is even more rarely used in the pediatric 
population as certain case reports have suggested worse 
outcomes when using this approach (24).

Unfortunately, the majority of Pediatric/WT GIST do 
not express these mutations in KIT and PDGFRA, and 
consequently have proven less responsive to traditional TKI 
treatment. The predominant mutation in Pediatric/WT 
GIST is an inactivating mutation in the SDH gene complex. 
Despite this being the most common mutation, these tumors 
are highly heterogeneous as a group and are associated 
with numerous other activating mutations primarily in 
FGF4 (fibroblast growth factor 4), BAALC (brain and 
acute leukemia, cytoplasmic), IGF1R (insulin-like growth 
factor I receptor), NELL1 (NEL-like 1), CRLF1 (cytokine 
receptor-like factor 1), PLAG1 (pleomorphic adenoma 
gene 1), and FGF3 (fibroblast growth factor 3) (16).  
Interestingly, tumor biology also seems to relate to the 
anatomy in WT and pediatric GIST as SDH-deficient 
tumors appear to be exclusively gastric in location (25). 
Due to the complexity of the mutations involved in 
pediatric/WT GIST and its consequences on therapeutic 
management, it cannot be stressed enough the importance 
of referral to specialized centers when determining adjuvant 
therapies for the pediatric patient presenting with GIST.

Similar to the treatment of adult GIST, if the primary 
tumor is completely resected at the time of the initial 
surgery with no tumor spillage, then no adjuvant therapy 
is warranted. However, the patient will need close follow-
up given the high rate of recurrence in these cases. In 
the case of non-localized tumor, adjuvant therapy with 
imatinib has not been shown to be of benefit in pediatric/
WT GIST when the group is considered as a whole (23). 
However, the heterogeneous nature of these tumors means 
that these findings need to be considered in light of the 
tumor biology on a case-by-case basis as the sensitivities of 
the numerous different mutations found in these tumors 
are not well studied (26,27). For example, recent reports 
have demonstrated that SDHA-mutated GIST subtype is 

imatinib responsive, likely because this mutation does not 
cause an inactivation of the SDH-complex (28). Multiple 
studies have also demonstrated that second generation TKIs 
show improved activity against these subsets of tumors (29),  
thought likely due to its broadened activity against KIT, 
PDGFRA, PDGFRB, and VEGFR (30). Studies by 
Janeway and Reichardt have also shown that second-
generation TKIs have shown slowed progression of disease 
with imatinib-resistant GIST in both adult and pediatric 
patients (31,32).

There are also emerging therapies existing outside 
the more traditional paradigm of direct tyrosine kinase 
inhibition. It has been shown that about 88% cases of GIST 
in the pediatric population contain inactivating mutations 
in the genes coding for one of the four (A,B,C,D) subunits 
of the SDH complex (33). These GIST are referred to as 
SDH-deficient. This essentially causes destabilization of the 
SDH complex which results in increased growth signaling 
through IGF1R and VEGFR (34). These may prove to be 
beneficial target pathways for pediatric GIST and there 
are currently multiple therapies in various stages of clinical 
trials, such as ILGF1R inhibitor OSI-906 (Linsitinib) (35).

Finally, a brief comment should be made on the role of 
more traditional chemotherapeutic regimens and radiation 
therapy as they play a role in the treatment in other types 
of soft tissue sarcomas (36). Prior to the development of 
the TKI, treatment of GIST was limited to the cytotoxic 
chemotherapy regimens which were utilized in other forms 
of soft tissue sarcomas at that time. As we have become 
aware of the developed resistance to TKI therapy which 
occurs in treated adults, and of non-responsiveness to TKI 
in pediatric/WT GIST, several studies have again looked 
at treatment with cytotoxic agents when TKI therapy fails. 
However, their results have been consistent with prior 
studies and have failed to show any significant clinical 
improvement in this cohort of patients (37,38). There are 
several newer cytotoxic agents in various stages of clinical 
trials but none has shown outstanding promise (39). 
Radiotherapy for GIST suffers from the drawbacks of a 
widely irradiated field, difficulties in targeting lesions affixed 
to mobile organs, and a high rate of gastrointestinal side-
effects. However, its use in the treatment of palliation for 
metastatic lesions is acknowledged in societal guidelines (40). 
Additionally, some recent studies performed on relatively 
large cohorts suggest that GIST may not be as resistant 
to radiotherapy as previously thought (41). Some reports 
also show that clinical situations arise where radiation may 
be able to play a key role as a salvage or palliation therapy 
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for symptomatic, metastatic disease that is not amenable to 
surgery (42).

Summary

In summary, GIST are rare tumors in the pediatric 
population. Complete surgical  resection, without 
pseudocapsule rupture, remains the optimal management. 
Surgical planning must consider long term morbidity 
and surgeons should pursue organ sparing methodology 
whenever possible. Primary resection should proceed even 
in cases with known metastasis as removal of primary tumor 
shows a clear survival benefit. Although metastatic lesions 
should be biopsied if discovered, radical metastasectomy 
should not be attempted because of the high morbidity and 
no clear difference in outcome. Sampling of draining lymph 
node basins is recommended for staging in the pediatric 
population. Surgical technique should be chosen based 
on surgeon comfort and tumor size. Although extremely 
beneficial in the adult population, adjuvant therapy has not 
yielded the same results in the pediatric population due to 
difference in cell biology and genetic mutations. Referral to 
a high-volume center is critical for these patients as some 
pediatric GISTs may be responsive to Imatinib, second 
generation TKIs, or other new and emerging adjuvant 
therapies.
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