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1   |   INTRODUCTION

The gastrointestinal stromal tumors “GISTs” are driven in 
90% of cases by somatic mutations in the proto-oncogene 
receptor tyrosine kinase KIT also known as (C-KIT, 
CD117) or the platelet-derived growth factor receptor 
alpha PDGFRA also known as (CD140A, PDGFR2). These 
two genes are located in the same chromosomal region 
4q2, and code for the same sub-family of proteins within 

the family of receptor tyrosine kinases.1 Most primary KIT 
mutations in GISTs occur in exon 11 or exon 9, and rarely 
in the exons 13, 14, or 17. However, PDGFRA mutations 
are most often in exon 18 (mainly the p.D842V substitu-
tion) and rarely exon 12. KIT and PDGFR inhibition is the 
primary therapeutic modality for unresectable and meta-
static GISTs.2 Imatinib mesylate competes with ATP for 
the ATP-binding site of several receptor tyrosine kinases. 
It selectively blocks the activation of KIT and PDGFR 
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receptors.3 GIST's pathologic complete response (pCR) 
after neoadjuvant imatinib therapy is rare and its molecu-
lar mechanisms are not well defined. Molecular findings 
of reported cases with pCR after neoadjuvant imatinib 
showed recurrent deletions that affect specific amino acid 
positions in KIT exon 11.4 A recent study suggested that 
the mutation type and affected codon locations of KIT 
predict progression-free survival to first-line imatinib in 
GISTs.5 In this study, we report a case of pCR of a locally 
advanced gastric stromal tumor treated by neoadjuvant 
imatinib and harboring concomitant mutations in exons 
11 and 9 of the KIT gene. This co-occurrence has not been 
reported in the English literature.

2   |   CASE REPORT

A 41-year-old woman with a family history of breast can-
cer in her mother at the age of 60, consulted for abdominal 
pain and recurrent diarrhea for 1 month. On clinical ex-
amination, there was nothing significant. Ultrasound and 
computed tomography (CT) scan revealed a solid mass 
of 9 × 10 cm with circumscribed contours and heteroge-
neous enhancement with central necrotic areas close to 
the small-gastric curvature filling the back cavity of the 
epiploons. The enhancement was moderate after injection 
of contrast with loss of the fatty safety border (Figure 1). 
These radiological features were suggestive of a gastric 
stromal tumor. Fibroscopy showed a submucosal process 
of the small subcardial curvature. Colonoscopy did not 
show any abnormality. The biopsy showed a spindle cell 

tumor related to a GIST with CD117 and DOG1 strong 
immuno-expression. There were no mitoses in the speci-
men that totalized 30 fields at high power magnification 
(Figure 2).

For molecular analysis, four FFPE sections of 10 μm 
thickness from the biopsy specimen were processed for 
DNA extraction using QIAmp DNA Mini KIT (Qiagen) ac-
cording to the manufacturer's instructions. Specific prim-
ers were designed using the Primer3 software v. 0.4.0. The 
details of the primer sequences, their annealing tempera-
tures and product sizes are shown in Table 1. Five targeted 
sequences were amplified by polymerase chain reaction 
(PCR) using the Qiagen hot start PCR KIT. PCR condi-
tions were as follows: 94°C for 15 min, 40 cycles of 94°C 
for 1 min, 55°C for 35 s, 72°C for 45 s and finally 30 min 
at 72°C. PCR products were purified using the innuPREP 
PCR pure KIT. PCR sequencing was performed using 
the Big Dye V.3.1 Terminator KIT (Applied Biosystems). 
Sequencing reactions were purified using the reaction 
Wizard™ MagneSil™ Sequencing Reaction Clean-Up 
System and sequencing was performed in an ABI Prism 
3500 sequencer (Applied Biosystems). The five hot spot re-
gions, including the exons 9, 11, and 17 of KIT and 12 and 
18 of PDGFRA and their flanking regions were analyzed.

Sequence analysis showed the co-occurrence of six 
coding and one intronic variation in the exons 9 and 11 of 
KIT gene. Exon 9 contained two variations: one was a mis-
sense variant, p.Ala502Asp not previously described and 
the other was an intronic variant predicted by mutation 
taster as a splice donor variant (c.1540+8T>A). For exon 
11, there were five coding variants. Two are known, the 

F I G U R E  1   Abdominal CT scan 
injected at portal time showing a rounded 
mass with circumscribed contours and 
heterogeneous enhancement with central 
necrotic areas. The enhancement is 
moderate after injection of contrast. It is 
mainly exophytic at the expense of the 
small curvature of the stomach close to 
the body of the pancreas and the first 
jejunal intestines with loss of the fatty 
safety border.
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Leu576Pro (rs121913513 or COSM1290) and the Pro577Ser 
(HGMDCI050498). Three have not been described: two 
were missense variants (Gln575Pro and Thr574Pro) and 
one was a silencing variant (c.1731T>C; Pro577Pro). All 
variations identified in KIT exon 17 and PDGFRA exon 12 
were polymorphisms with neutral effects (Table 2).

Comparative modeling of the mutated KIT protein 
structure was performed using the Modeller software. 
The 1T46 PDB entry of the KIT structure co-crystallized 
with the STI-571 inhibitor (imatinib) was considered 
a template. The latter structure contains multiple trun-
cated regions. It starts at residue Gly565 and ends at res-
idue ASN933. Only mutations on the juxta-membranous 
(JM) domain were included (Thr574Pro, Gln575Pro, 
Leu576Pro, and Pro577Ser). The best scored model was 
further refined using the Galaxy Refine 2 tool. Then, 
structural alignment of the refined model and the ref-
erence structure 1T46 using PyMOL (Schrodinger, LLC. 
2010) was performed. The mutated KIT model showed 
no conformational changes at the binding site of STI-
571. Molecular docking of imatinib into its binding site 
on the 1T46 structure, then on the mutated KIT model 
using AutoDock 4.2 was performed. Input files of the re-
ceptors and ligand were prepared using AutoDock Tools. 
The crystal pose was re-obtained with estimated binding 
energy of −14.15 kcal/mol. The best docking pose on the 

mutated KIT model was −12.89 kcal/mol. Since the stan-
dard deviation of this scoring function was +/−2 kcal/
mol, both docking scores were considered equivalent. 
This confirms that the mutations on the JM domain had 
little to no effect on the binding mode of imatinib on the 
KIT protein (Figure 3).

Surgical resection was not deemed feasible due to 
the tumor's large size and the potential for incomplete 
removal. The patient had a neoadjuvant treatment with 
imatinib (400 mg/day). Four months after the treatment, 
a 40% decrease in the volume of the mass and a decrease 
in its density higher than 15% on the CT scan were ob-
served, which implied a good tumor response according 
to the CHOI criteria.8 Seven months after the beginning of 
the treatment, there was a 10% additional decrease in the 
tumor size without change in its density (Figure 4). The 
patient underwent a subtotal gastrectomy with Finsterer 
gastro-jejunal anastomosis. The histopathological exam-
ination revealed total hyaline fibrous transformation of 
the GIST without viable residual tumoral cells. The surgi-
cal margins were free. Three weeks after surgery, imatinib 
treatment was continued in an adjuvant setting for a total 
of 3 years. The postoperative course was uneventful with-
out any complications. After 48 months of follow-up, the 
patient was under treatment with good tolerance and with 
no recurrence.

F I G U R E  2   (A) Dense spindle cell 
proliferation (HE ×200). (B) Strong 
expression for c-KIT (IHC ×200).

T A B L E  1   List of PCR primers for amplifying and Sanger sequencing of KIT exons 9, 11, 17, and PDGFRA exons 12 and 18.

Gene Exon Primer Sequence 5′➔3′ Ta Product size

KIT Exon 9 KIT9F TCCTA​GAG​TAA​GCC​AGG​GCTT 55 284 bp

KIT9R TGGTA​GAC​AGA​GCC​TAA​ACATCC

Exon 11 KIT11F GATCT​ATT​TTT​CCC​TTT​CTCC 55 174 bp

KIT11R AGCCC​CTG​TTT​CAT​ACTGAC

Exon 17 KIT17F TACAA​GTT​AAA​ATG​AAT​TTA​AATGGT 55 228 bp

KIT17R AAGTT​GAA​ACT​AAA​AAT​CCTTTGC

PDGFRA Exon 12 PDGFRA12F TCCAG​TCA​CTG​TGC​TGCTTC 55 260 bp

PDGFRA12R GCAAG​GGA​AAA​GGG​AGTCTT

Exon 18 PDGFRA18F ACCAT​GGA​TCA​GCC​AGTCTT 57 247 bp

PDGFRA18R GGAGG​ATG​AGC​CTG​ACCAG

Abbreviations: Ta, annealing temperature; bp, base pair.
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3   |   DISCUSSION

We report a case of a pCR to neoadjuvant imatinib of a 
gastric stromal tumor. Our literature review showed that 
there were only 33 reported GISTs with pCR after neoad-
juvant imatinib.4,9–25 Mutation analyses were reported in 
16 of these cases. All reported cases had deletion muta-
tions that affected residues between 550 and 559 positions 
(Table  3). Only one case had co-existence of two muta-
tions in exon 11: deletion of residues 558 to 559 and mis-
sense mutation W557C.18 Our case displayed substitution 
mutations that affected codons 574, 575, 576, and 577 in 
exon 11 and one mutation that affected codon 502 in exon 
9. Both mutations in exon 11, that encode for the JM, and 
mutations in exon 9, that encode for the extracellular do-
main of KIT, allow receptor dimerization in the absence 
of a ligand, thus resulting in a conformational change that 
relieves the suppression of the activation loop of the ki-
nase domain.26 In our case, the co-occurrence of sensitive 
mutations might increase imatinib sensitivity and explain 
the pCR. But we cannot determine if mutations were cis 
(in the same allele) or trans (in different alleles) in distinct 
clones within the same tumor or in the same tumor cell. 

Two mutations (Leu576Pro, rs121913513, COSM1290) 
and (Pro577Ser, COSM1293, HGMD CI050498), deter-
mined in our case, have been previously described. The 
Leu576Pro mutation has been found in many cancers, 
mainly in GISTs,27 leukemia cells,7 melanomas27 and 
thymic carcinomas.28 Pro577Ser mutation has been found 
in melanomas and at germinal level in leukemic patients, 
but not in GISTs.7

All variations found in the present case in PDGFRA 
were polymorphisms without any functional effect. It is 
currently admitted that mutations of KIT and PDGFRA 
are mutually exclusive in primary untreated GISTs.29 
Mutations in KIT exon 11 lead to destabilization of the JM 
domain, which tends toward a more extensive conforma-
tion and can no longer exercise its regulatory activity. The 
kinase is then activated constitutively independently of its 
ligand; although a small proportion of kinase remains in 
self-inhibiting conformation because the mutations are in 
the heterozygous state.30

Molecular modeling of the four concomitant muta-
tions in this study suggests that the effect of the mutations 
of the JM domain on STI-571 efficacy is indirect. These 
mutations would infer a series of four consecutive pro-
lines at the sequence level: a Pro573 (non-mutated) fol-
lowed by three Proline residues at positions 574, 575, 756 
(mutated). Prolines are underrepresented in proteins, but 
are frequent mutations that increase protein stability.31 
Multiple (3 or more) prolines incur a specific rearrange-
ment on the protein surface. In the case of KIT, this may 
lead to stabilizing the JM domain in a conformation favor-
able for STI-571 binding. Such Proline-induced molecular 
mechanisms have been described in other systems.32

The therapeutic response of GISTs harboring multiple 
driver concomitant mutations in the same gene is not well 
known. A recent study found that a cell line of non-small-
cell lung cancer with two copies of EGFR mutations was 

F I G U R E  3   The structure of KIT protein. Panel (A) is a 
representation of the protein surface. On the left, the 1T46 structure 
and on the right the mutated KIT protein model. Panel (B) is a 
cartoon representation of the 1T46 (on the left) and the mutated 
KIT model (on the right) with a zoom on the mutated residues 
shown in green carbon licorice representation. The STI-571 
molecule is shown in pink carbon licorice on all sub-figures.

F I G U R E  4   The postoperative CT scan at portal time shows 
50% regression of the mass syndrome with only minimal fat 
infiltration remaining.
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markedly more sensitive to EGFR-TKIs compared with 
parent cells with KRAS mutation alone and suggests that 
the presence of concomitant EGFR mutations affects the 
TKI response.33 Studies, using high-throughput sequenc-
ing and deep sequencing, reclassified considered wild-type 
GISTs as KIT or PDGFRA mutated34 and identified con-
comitant mutations in two downstream effectors: BRAF 
and FGFR3 in KIT mutated tumors and PIK3CA and KRAS 
in KIT/PDGFRA wild-type GISTs.35 Braggio and al.36 iden-
tified complex mutations with five concomitant in-frame 
deletions and insertions and one in-frame deletion plus 

missense mutation in exon 11 of KIT that mainly affected 
codons 577 and 578 and suggested that GISTs with com-
plex deletion and insertion KIT mutations have poor prog-
nosis.36 A recent study showed the aggressive biology of 
mutation of codons 557/558 deletions/delins of exon 11 
than downstream or upstream mutations of these codons 
in the metastatic setting and allow for prediction at the 
baseline, which GIST patients would develop resistance 
to first line imatinib treatment earlier. Additionally, pa-
tients with deletions or disinsertion regardless of codon 
regions, had a significantly better complete response rate 

T A B L E  3   Literature review of gastrointestinal stromal tumors with imatinib pathologic complete response.

Reference
Number of 
patients NAD (m)*

Resected 
(n) pCR(n) Site Molecular findings

7 126 10 17 2 6 colon, 4 stomach, 
6 small bowel, 1 
unknown

NR**

8 90 12,2 12 1 42 stomach, 42 small 
bowel, 8 large bowel, 
8 retroperitoneum

NR

9 1 6 1 1 Stomach W557_V559delins KIT exon 
11

10 1 13 1 1 Small bowel NR

11 180 12 22 2 Rectum NR

43 141 14 32 3 NR NR

13 1 1 1 Stomach NR

14 1 12 1 1 Rectum 6 pb deletion in KIT exon11

15 46 12.9 11 1 NR NR

16 2 2 2 1 Rectum KIT exon 11 deletion of 
residues 558 to 559 and 
W557C

17 1 2,5 1 1 Rectum NR

18 1 18 1 1 Rectum NR

19 9 1–6 6 1 Rectum NR

20 1 18 1 1 Stomach NR

21 1 10 1 1 Extra intestinal location NR

22 1 NR 1 1 Extra-gastrointestinal 
stromal tumor 
(rectum and bladder)

NR

4 171 12.5/4.4–
62.4

26 12 9 stomach, 11 small 
bowel, 5 colon-
rectum, 1 other

KIT deletion mutation at 
codons 550–558 in exon 
11 in all 12 patients

23 1 6 1 1 Near pCR 
(viable cells 
<5%)

Large gastric (cardia, 
distal pancreas, and 
splenic hilum)

K558 deletion of KIT exon 
11

This study 1 7 1 1 Stomach Exon 9:Ala502Asp; 
Exon 11:Thr574Pro, 
Gln575Pro, Leu576Pro, 
Pro577Ser

Abbreviation: pCR, pathologic complete response.
*NAD (m), median duration of neoadjuvant imatinib in months.; **NR, Not reported.
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(557/558: 40%; other codons: 37.5%) compared to patients 
with other pathogen variants.5 Complete clinical response 
and pCR in GISTs are rare and more evidence is needed 
to indicate watch and wait strategy. Surgery remains the 
standard of care in resectable forms. Nevertheless, watch 
and wait could be an option in particular cases such as 
elderly with co-morbidities, strong wishes for “wait-and-
see”, or in long surgery waiting lists.37

Imatinib-sensitive biomarkers of GISTs: KIT expres-
sion (CD117), KIT mutations in exons 9 and 11, PDGFRA 
mutations in exons 12 and 18. However, resistance bio-
markers are BRAF mutation,38 secondary mutation in the 
ATP binding domain or the activation-loop domain of KIT 
(exon 13 and 14 and rarely 17),39 or codon 842 in exon 18 
of PDGFRA, over expression of KIT in Neurofibromatosis 
Type 1 associated GIST cells and loss of KIT expression6 
accompanied by activation of alternative pathways. To im-
prove patient's management, a thorough assessment of all 
potential causes and mechanisms influencing the imati-
nib response is crucial.

4   |   CONCLUSION

We report a case of pCR to neoadjuvant imatinib in a gas-
tric stromal tumor that harbored co-occurrence of multi-
ple KIT mutations in exons 11 and 9. This co-occurrence 
has not previously been described. Its significance is un-
known. It might increase the responsiveness of GISTs to 
imatinib.
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