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Abstract

The Gastrointestinal Stromal Tumors (GISTs) are driven in 90% of cases by mutations in the KIT or 
PDGFRA proto-oncogene. Pathologic complete response (pCR) of GISTs to neoadjuvant Imatinib is rare and 
the molecular pathology is not well known. We report the case of a 41-year-old woman with a local gastric 
GIST. Molecular investigation showed concomitant missense mutations: Thr574Pro, Gln575Pro, Leu576Pro, 
Pro577Ser in exon 11. After 7 months of neoadjuvant Imatinib therapy, the tumour was downstaged to allow 
for partial gastrectomy. A histopathological examination revealed total pCR. These amino acid positions have 
never been reported to be associated with pCR. Molecular modelling and imatinib docking of the wild type 
versus the mutated model containing the 4 mutations in exon 11 were performed. Results showed a slight 
direct mutation effect and a more stable model due to the four successive prolines 573, 574, 575, 576 that 
incur a specific rearrangement in the protein surface to steady a conformation favourable for Imatinib binding. 
Patients carrying co-occurrence variants represent a heterogeneous subgroup in terms of biological and clinical 
behaviours. Comprehensive the role and the intrinsic molecular features of sensitive mutations can identify 
patients who will respond to imatinib.
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Introduction

The gastrointestinal stromal tumours «GISTs» are driven in 
90% of cases by somatic mutations in the proto-oncogene recep-
tor tyrosine kinase KIT also known as (C-KIT, CD117) or the plate-
let-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 exons13/14 or 17. However, PDGFRA mutations are 
most often on exon 18 (mainly the p.D842V substitution) and rare-
ly exon 12. KIT and PDGFR inhibitions are the primary therapeutic 
modality for unresectable and metastatic GIST [2]. Imati nib me- [2]. Imati nib me-Imatinib me-
sylate TKI(s) compete with ATP for the ATP-binding site of several 
receptor tyrosine kinases. It selectively blocks the activation of 
KIT and PDGFR receptors [3]. Complete Response (CR) is defined 
as the disappearance of all lesions without any new lesions [2,4]. 
GIST’s pathological CR (pCR) after neoadjuvant imatinib therapy is 
rare and its molecular mechanisms are not well defined. Previous 
molecular findings of reported cases with pCR after neoadjuvant 
Imatinib showed recurrent deletion that affects specific positions 
amino acid in KIT exon 11. A recent study suggested that the mu-
tation type and affected codon locations of KIT predict progres-
sion-free survival to first-line Imatinib in GISTs [5]. In this study, 
we report a case of pCR of a locally advanced gastric GIST treated 
by neoadjuvant Imatinib with concomitant mutations in exons 11 
and 9 of the KIT gene.

Case report

Clinical findings

A 41-year-old woman, with a family history of mammary 
neoplasia, consulted for abdominal pain and recurrent diarrhea pit 
for 1 month. On clinical examination, there was nothing significant. 
Ultrasound and Computed Tomography (CT) scan revealed a 
solid mass of 9 x 10 cm very close to the small-gastric curvature 
filling the back cavity of the epiploons, evoking a gastric stromal 
tumor. Fibroscopy showed a sub-mucosal process of the small-
sub-cardial curvature. Colonoscopy did not show anomalies. The 
biopsy showed a spindle cell tumor related to a GIST with CD117 
and Dog1 strong immuno-expression. There were no mitoses 
in the specimen that totalised 30 fields at high magnification 
(x400) (Figure 1). The tumor was not surgically resectable without 
mutilating surgery. The decision of the multidisciplinary meeting 
was to start with neoadjuvant treatment. 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 observed, which implied a good tumor response according 
to the CHOI criteria [4]. Seven months after the beginning of the 
treatment, there was a 10% additional decrease in the tumor 
size without change in its density. A partial gastrectomy was 
performed. The Histopathological examination revealed total 
hyaline fibrous transformation of the GIST without viable residual 
tumoral cells. The surgical limits were healthy. After surgery, 
treatment with imatinib was continued in an adjuvant setting to 
make 3 years of Imatinib. After 48 months, the patient was under 
treatment with good tolerance and without recurrence.

Figure 1: (A) Dense spindle cell proliferation (HEX200); (B) Spindle 
cell proliferation with little atypia and rare mitoses, (HEX400); (C) 
Spindle cells were c-Kit positives (IHCX200).

Molecular findings

Ethical approval according to the Declaration of Helsinki Prin-
ciples was obtained from the medical ethics committee of the 
Charles Nicolle Hospital of Tunis. Four FFPE sections of 10 µm 
thickness from the biopsy specimen were processed for DNA 
extraction using QIAmp DNA Mini KIT (Qiagen) according to the 
manufacturer's instructions. Specific primers were designed using 
the Primer3 software v. 0.4.0. The details of the primer sequenc-
es, their annealing temperatures 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 con-
ditions were as follows: 94°C for 15 min, 40 cycles of 94°C for 
1 min, 55°C for 35 sec, 72°C for 45 sec 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, Foster City, CA, USA). Sequencing reactions 
were purified using the reaction Wizard™ MagneSil™ Sequencing 

Table 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 TCCTAGAGTAAGCCAGGGCTT

55 284 bp
KIT9R TGGTAGACAGAGCCTAAACATCC

Exon 11
KIT11F GATCTATTTTTCCCTTTCTCC

55 174 bp
KIT11R AGCCCCTGTTTCATACTGAC

Exon 17
KIT17F TACAAGTTAAAATGAATTTAAATGGT

55 228 bp 
KIT17R AAGTTGAAACTAAAAATCCTTTGC

PDGFRA

Exon 12
PDGFRA12F TCCAGTCACTGTGCTGCTTC

55 260 bp
PDGFRA12R GCAAGGGAAAAGGGAGTCTT

Exon 18
PDGFRA18F ACCATGGATCAGCCAGTCTT

57 247 bp
PDGFRA18R GGAGGATGAGCCTGACCAG

Ta: annealing temperature; bp: base pair
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Reaction Clean-Up System and sequencing was performed in an 
ABI Prism 3500 sequencer (Applied Biosystems). The five hot spot 
regions, including the exons 9, 11 and 17of KIT and 12 and 18 of 
PDGFRA and their flanking regions were simultaneously analyzed. 

Sequence analysis showed the co-occurrence of 6 coding and 
one intronic variation in the KIT gene. Exon 9 contained two vari-
ations: the first was a missense variant, p.Ala502Asp not previ-
ously described and the second was an intronic variant predicted 
by mutation taster as a splice donor variant (c.1540+8T>A). For 
exon 11, there were 5 coding variants. Two are known, the Leu-
576Pro (rs121913513 or COSM1290) and the Pro577Ser (HGM-
DCI050498). Three have not been described. Two were missense 
variants (Gln575Pro and Thr574Pro) and one was a silencing vari-
ant (c.1731T>C; Pro577Pro). All variations identified in KIT exon 
17 and PDGFRA exon 12 were polymorphisms with neutral effects 
(Table 2).

Molecular modelling 

Comparative modelling of the mutated KIT protein structure 
using the Modeller software [6] was done. The 1T46 PDB entry of 
the KIT structure co-crystallized with the STI-571 inhibitor (ima-
tinib) was considered a template. The latter structure contains 
multiple truncated regions. It starts at residue Gly565 and ends 
at residue ASN933. Only mutations on the juxta-membranous 
(JM) domain were included (Thr574Pro, Gln575Pro, Leu576Pro, 
Pro577Ser). The best scored model was further refined using the 
Galaxy Refine 2 tool. Then, structural alignment of the refined 
model and the reference structure 1T46 using PyMOL (Schroding-
er, LLC. 2010) was performed. The mutated KIT model showed no 
conformational changes at the binding site of STI-571 (Figure 2). 

Figure 2: The structure of KIT protein. Panel (A) is a representation of 
the protein surfaces. 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.

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 receptors and ligand were prepared 
using AutoDock Tools. The crystal pose was re-obtained with esti-
mated 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 2).

Discussion

We report a case of a pCR to neoadjuvant imatinib of a gas-
tric GIST. Our literature review showed that there are only 23 
reported GISTs with pCR after neoadjuvant imatinib [7-24]. Mu- [7-24]. Mu-Mu-
tation analyses were reported in 16 of these cases. All reported 
cases had deletion mutations that affected residues between 550 
and 559 positions (Table 3). Only one case has co-existence of 
two mutations: deletion of residues 558 and 559 plus missense 
mutation W557C [16]. Our case displayed substitution mutations 
that affected codons 574, 575, 576 and 577 and a mutation in 
exon 9 codon 502. Both mutations in exon 11, that encode for 
the JM, and mutations in exon 9, that encode for the extracel-
lular domain of KIT, allow receptor dimerisation in the absence of 
a ligand, thus resulting in a conformational change that relieves 
the suppression of the activation loop of the kinase domain [25]. 
The co-occurrence of sensitive mutations could increase imatinib 
sensitivity and explain the pCR in this study. Unfortunately, it is 
impossible to know if there are cis mutations (in the same allele), 
trans mutations (in different alleles) in distinct clones within the 
same tumour or even in the same tumour cell. Two mutations (Le-
u576Pro, rs121913513, COSM1290) and (Pro577Ser, COSM1293, 
HGMD CI050498) have been previously described. The Leu576Pro 
mutation has been found in many cancers, mainly in GISTs [26], 
leukemia cells [26], melanomas [27] and thymic carcinomas [28]. 
Pro577Ser mutation has been found in melanomas and at germi-
nal level in leukemia patients [26]. 

All variations found in this study in PDGFRA are polymorphisms 
without any functional effect. It is currently admitted that muta-
tions of KIT and PDGFRA are mutually exclusive in primary un-
treated GISTs [29]. Previous studies showed that the JM domain 
of KIT inhibits kinase activity by maintaining the receptor in an in-
active conformation. Mutations in exon 11, characteristic of GISTs, 
lead to destabilization of the JM domain, which tends towards a 
more extensive conformation and can no longer exercise its regu-
latory activity. The kinase is then activated constitutively indepen-
dently of its ligand; although a small proportion of kinase remains 
in self-inhibiting conformation because the mutations are in the 
heterozygous state [30]. 

Molecular modelling of the four concomitant mutations 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 se-
ries of 4 consecutive prolines at the sequence level: a Pro573 (non 
mutated) followed 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 rearrangement on the pro-
tein surface. In the case of KIT, this may lead to stabilising the JM 
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domain in a conformation favourable for STI-571 binding. Such 
Proline-induced molecular mechanisms have been described in 
other systems [32]. 

The therapeutic response of GISTs harbouring multiple driver 
or 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 markedly more sensitive 
to EGFR-TKIs compared with parent cells with KRAS mutation 
alone and suggests that the presence of concomitant EGFR muta-
tions affect the TKI response [33]. Studies, used high - throughput 
sequencing and deep sequencing, reclassified considered wild-
type GISTs as KIT or PDGFRA mutated [34] and identi fi ed concom- [34] and identi fi ed concom-and identified concom-
itant mutations in two downstream effectors: BRAF and FGFR3 
in KIT mutated tumours and PIK3CA and KRAS in KIT/PDGFRA 
wild-type GIST [35]. Braggio and al [36] identi fi ed complex muta- [35]. Braggio and al [36] identi fi ed complex muta-identified complex muta-
tions with five concomitant in-frame deletions and insertions and 
one in-frame deletion plus missense mutation in exon 11 of KIT 
that mainly affect codons 577 and 578 and suggested that GISTs 
with complex deletion and insertion KIT mutations have poor 
prognosis [36]. More recent studies showed the aggressive biol-. More recent studies showed the aggressive biol-
ogy 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 treat-
ment earlier. Additionally, patients with deletions or delinsertion 
regardless of codon regions, had a significantly better complete 
response rate (557/558: 40%; other codons: 37.5%) compared to 
patients with other pathogen variants [5]. 

Imatinib-sensitive biomarkers of GISTs: KIT expression (CD117), 
KIT mutations in exons 9 and 11, PDGFRA mutations in exons 12 
and 18. However, resistance biomarkers are BRAF mutation [37], 
secondary mutation in the ATP binding domain or the activation-
loop domain of KIT (exon 13 and 14 and rarely 17) [38], or codon 
842 in exon 18 of PDGFRA, over expression of KIT in NF1 associ-
ated GIST cells and loss of KIT expression [39] accompanied by 
activation of alternative pathways. A Comprehensive of all factors 
and mechanisms that could influence the imatinib response is 
crucial to better improve patients management.

Table 3: Review of the previously reported cases of locally advanced and/or or metastatic gastrointestinal stromal tumours with imatinib 
pathologic complete response.

Reference 
Number of 

patients 
NAD 
(m) *

Resected 
(n) 

pCR** 
(n)

Site Molecular findings in pCR patients Localadvanced/Metastasis

[7] 126 10 17 2
6 colon, 4 stomach, 6 

small bowel, 1 unknown
NR*** NR

[8] 90 12,2 12 1
42 stomach, 42 small 

bowel, 8 large bowel, 8 
retroperitoneum

NR Metastatic and or locally advanced

[9] 1 6 1 1 Stomach W557_V559delins KIT exon 11 Liver metastasis 

[10] 1 13 1 1 Small Bowel NR Liver metastasis

[11] 180 12 22 2 Rectum NR Liver metastasis

[44] 141 14 32 3 NR NR Metastatic and/or locally advanced

[13] 1  1 1 Stomach NR liver metastases

[14]  1 12 1 1 Rectum 6 pb deletion in KIT exon11 Locally advanced 

[15] 46 12.9 11 1 NR NR Locallyadvanced primary GIST

[16] 2 2 2 1 Rectum
KIT exon 11 deletion of residues 558 
and 559 plus W557C

locally advanced GIST 

[17] 1 2,5 1 1 Rectum NR Locally advanced not metastatic

 [18] 1 18 1 1 Rectum NR Locally advanced pelvic 

[19] 9 01-Jun 6 1 Rectum NR Locally advanced not metastatic

[20] 1 18 1 1 Stomach NR Locally advanced 

[21] 1 10 1 1 Extra intestinal location NR Locally advanced with liver metastasis

[22] 1 NR 1 1
Extra-gastrointestinal 

stromal tumor (rectum 
and bladder)

NR Locally advanced

[23] 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 

Locally advanced /metastatic 

[24] 1 6 1
1 Near 

pCR

Large gastric (cardia, 
distal pancreas, and 

splenic hilum)
K558 deletion of KIT exon 11 Locally advanced 

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

Locally advanced not metastatic

*NAD (m): Median duration of neoadjuvant Imatinib in months; ** pCR: pathologic Complete Response; ****Near pCR: viable cells <5 %, 
***NR: Not reported.
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Conclusion

We report a rare of pCR to neoadjuvant imatinib of a gastric 
GIST that harboured co-occurence of multiple KIT mutations in 
exon 11 and 9, suggesting that these amino acid modifications 
increase the sensitivity of GISTs to Imatinib. Molecular studies of 
large series with functional analyses are needed to understand 
GIST’s complete response mechanisms.
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