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Not all KIT 557/558 codons mutations 
have the same prognostic influence on 
recurrence-free survival: breaking the  
exon 11 mutations in gastrointestinal 
stromal tumors (GISTs)
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Ida De Luca, Laura Algeri, Nadia Barraco, Chiara Brando, Annalisa Bonasera,  
Marco Bono , Marta Castiglia, Daniela Cancelliere, Massimiliano Cani, Lidia Rita Corsini, 
Alessia Fiorino, Antonio Galvano, Erika Pedone, Alessandro Perez, Alessia Pivetti,  
Giuseppa Graceffa, Gianni Pantuso, Daniela Cabibi, Antonio Russo$  and Viviana Bazan$

Abstract
Background: Although the gastrointestinal stromal tumor (GIST) genotype is not currently 
included in risk-stratification systems, a growing body of evidence shows that the pathogenic 
variant (PV) type and codon location hold a strong prognostic influence on recurrence-free 
survival (RFS). This information has particular relevance in the adjuvant setting, where an 
accurate prognostication could help to better identify high-risk tumors and guide clinical 
decision-making.
Materials and Methods: Between January 2005 and December 2020, 96 patients with 
completely resected GISTs harboring a KIT proto-oncogene receptor tyrosine kinase (KIT) exon 
11 PV were included in the study. We analyzed the type and codon location of the PV according 
to clinicopathological characteristics and clinical outcome; the metastatic sites in relapsed 
patients were also investigated.
Results: Tumors harboring a KIT exon 11 deletion or deletion/insertion involving the 557 and/
or 558 codons, showed a more aggressive clinical behavior compared with tumors carrying 
deletion/deletion/insertion in other codons, or tumors with duplication/insertion/single-
nucleotide variant (SNV) (7-year RFS: 50% versus 73.1% versus 88.2%, respectively; p < 0.001). 
Notably, among 18 relapsed patients with 557 and/or 558 deletion or deletion/insertion, 14 
patients (77.8%) harbored deletions simultaneously involving 557 and 558 codons, while only 4 
patients (22.2%) harbored deletions involving only 1 of the 557/558 codons. Thus, when 557 or 
558 deletions occurred separately, the tumor showed a prognostic behavior similar to the GIST 
carrying deletions outside the 557/558 position. Remarkably, patients with GISTs stratified as 
intermediate risk, but carrying the 557/558 deletion, showed a similar outcome to the high-
risk patients with tumors harboring deletions in codons other than 557/558, or duplication/
insertion/SNV.
Conclusion: Our data support the inclusion of the PV type and codon location in routine risk 
prediction models, and suggest that intermediate-risk patients whose GISTs harbor 557/558 
deletions may also need to be treated with adjuvant imatinib like the high-risk patients.
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Introduction
Gastrointestinal stromal tumors (GISTs) are a 
subgroup of mesenchymal tumors originating 
from the interstitial cells of Cajal, which can arise 
from any part of the gastrointestinal tract, most 
frequently from the stomach and small intestine, 
characterized by the expression of the cell-surface 
transmembrane receptor KIT with tyrosine kinase 
activity in approximately 95% of tumors.1,2

Tumor mutational status is biologically and clini-
cally important in GISTs and make this tumor a 
paradigmatic model of oncogene addiction. 
Constitutively activating mutations in the gene cod-
ing for KIT proto-oncogene receptor tyrosine kinase 
(KIT) or in platelet-derived growth factor receptor 
alpha (PDGFRA) oncogene are alternative and 
mutually exclusive, highlighting their important role 
in the pathogenesis of GISTs.3,4 KIT mutations can 
be identified in 70–80% of GISTs: they are found 
most commonly (70% of cases) in exon 11, encod-
ing the intracellular juxtamembrane domain of the 
receptor, followed in the frequency of incidence by 
exon 9 (12–15%), encoding the extracellular ligand-
binding domain. With decreasing frequency, a sub-
set of KIT gene mutations occurs in exons 13 or 17.1 
Around 5–10% of GISTs present molecular altera-
tions in PDGRFA, often in exon 18 (80%) and more 
rarely in exon 12 (10–15%) or 14 (1–5%).3 Finally,  
10–15% of GISTs in the adult population and 85% 
of pediatric GISTs are ‘PDGRFA/KIT wild type 
(WT)’, tumors that lack detectable PDGRA and 
KIT mutations but often harbor genomic or epige-
netic aberrations in subunits of the succinate dehy-
drogenase (SDH) complex.4 SDH is an enzyme 
complex characterized by four subunits (SDH 
A,B,C,D), involved in the Krebs cycle and electron 
transport of oxidative phosphorylation. The SDH-
deficient GISTs, characterized by the loss of SDHB 
protein, are mostly associated with genetic syn-
dromes such as the Carney triad syndrome and 
Carney–Stratakis syndrome:5 the SDH-competent 
subgroup, instead, could be associated with altera-
tions in neurofibromatosis type 1 (NF1) gene, 
BRAF, or RAS, referred to as RAS-pathway mutant 
GISTs.6 The remaining cases, usually referred to as 
KIT/PDGFRA/SDH/RAS-P WT or quadruple WT 
GISTs, can show rare mutational events in Fibroblast 
Growth Factor Receptor (FGFR) or Neurotrophic 
Tyrosine Receptor Kinase (NRTK).4,7–9

KIT and PDGFRA mutations represent known 
prognostic and predictive biomarkers for GISTs, 
and are useful in driving the choice of therapy in 

the adjuvant and metastatic setting.10,11 Patients 
with GISTs with a tumor harboring the KIT exon 
11 mutation make up the most frequent subgroup 
and, in the metastatic setting, are usually highly 
sensitive to the standard dose of imatinib;12 
GISTs with KIT exon 9 mutation are, instead, 
more sensitive to the increased dose of imatinib 
800 mg/day.13,14 Regarding PDGFRA, despite 
most of the mutations being imatinib-sensitive 
(D846Y, N848K, Y849K, and HDSN845-
848P), the D842V mutation in exon 18 is known 
to be responsible for primary resistance to the tar-
geted agents currently available, and clinical trials 
with novel tyrosine kinase inhibitors (TKIs) are 
ongoing to find therapeutic agents able to over-
come this resistance.15 Finally, in WT GISTs, the 
absence of any molecular targetable alteration 
makes these tumors less responsive to standard 
TKIs.5

In recent years, there has been a special interest in 
exploring the prognostic influence of types and 
position of KIT exon 11 mutations on recurrence-
free survival (RFS). The commonly used risk-
stratification model did not take into account the 
genotyping; nevertheless, evidence to support the 
prognostic role of mutational status is growing. In 
patients with localized GISTs completely resected 
in a previous study, predominantly retrospective, 
showed that KIT exon 11 deletions, and deletions 
affecting KIT exon 11 codons 557 and/or 558, 
were associated with poor outcome.15–17 In the 
metastatic setting, clinical studies reported that 
GISTs with mutations in KIT exon 11 exhibited 
a high predisposition to liver metastasis18,19 and 
previous research showed that 557/558 deletions 
facilitated the preferential spread to the liver, 
compared with other KIT exon 11 pathogenic 
variants (PVs), explaining the consequent more 
aggressive clinical behavior.20

This information has particular relevance in the 
adjuvant setting, where an efficient therapy is 
available and an accurate prognostication could 
help clinicians to better identify high-risk tumors 
and to guide clinical decision-making.

Based on this background, we conducted a popu-
lation-based, single-institution study. Our 
research aimed to investigate the effect of the 
exact type and codon location of KIT exon 11 
critical mutations on clinical outcome, and the 
potential association between PV and metastatic 
sites in relapsed patients.

*These authors 
contributed equally to 
this work.
$These authors should be 
considered equal co-last 
authors.
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Materials and methods

Study population
Clinicopathological variables and mutational sta-
tus data were analyzed from a GIST system data-
base prospectively collected in an Italian referral 
center for the diagnosis and treatment of soft tis-
sue sarcoma and GIST: the ‘Sicilian Regional 
Center for the Prevention, Diagnosis and 
Treatment of Rare and Heredo-Familial Tumors’ 
of the Section of Medical Oncology at the 
University Hospital Policlinico Paolo Giaccone of 
Palermo. In this retrospective study all consecu-
tive patients with localized GISTs completely 
resected, referred to the center between January 
2005 and December 2020, were included.

Patients with metastatic or inoperable primary 
GISTs, or patients treated with prior neoadjuvant 
imatinib or adjuvant imatinib therapy, were 
excluded. To study the clinicopathological char-
acteristics of patients with GISTs according to 
mutational status, information was collected on 
the gender, age, site of origin of primary tumors, 
primary tumor diameter and mitosis, Miettinen–
Lasota risk categories classification,21 and KIT or 
PDGFRA PVs. The effect of KIT exon 11 muta-
tions type on RFS was evaluated.

Staging was performed after surgery with con-
trast-enhanced computed tomography of the 
chest, abdomen, and pelvis. Blood biochemical 
analyses, blood cell counts, and abdominal com-
puted tomography were assessed periodically. In 
KIT exon 11-mutated patients with relapsed 
tumors after curative surgery, tumor metastatic 
sites (i.e. liver, peritoneum, or either liver and 
peritoneum) were described.

All the patients provided written informed con-
sent for the collection of the clinical, pathological, 
and genetic information required by the study. All 
data were anonymously recorded. All clinical data 
were available during follow-up. This study 
(G-Land 2017, approval number 01032017) was 
conducted in accordance with the Declaration of 
Helsinki and good clinical practice guidelines, and 
was approved by the ethics committee (Comitato 
Etico Palermo 1) of the university-affiliated hospi-
tal University Hospital Policlinico Paolo Giaccone

Mutation analysis
The GIST diagnosis was made based on histo-
pathologic assessment and immunohistochemical 

staining for CD117 antigen expression by local 
pathologists with special expertise in GIST and 
soft tissue sarcoma. The pathologists also reported 
tumor mitoses from 50 high-power fields (HPFs) 
and diameter lesions. All GISTs were centrally 
examined for somatic mutations in KIT (exons 9, 
11, 13, and 17) and PDGFRA (exons 12, 14, and 
18) by polymerase chain reaction amplification, 
and direct Sanger sequencing. Samples scoring 
negative were further profiled by using a targeted 
next-generation sequencing panel for the pres-
ence of hot spot mutations in H/K/N RAS, BRAF, 
NTRK; according to the aim of the study, only 
the KIT exon 11 PVs were included in the out-
come analyses.

Statistical analysis
Clinicopathological variables and PV type and 
codon location were evaluated for KIT exon 11 
genetic subgroups of localized patients, according 
to critical mutations. The comparison between 
subgroups was made with Pearson’s chi-square 
test and ANOVA test.

RFS was measured between the date of surgery 
and the date of first documentation of GIST 
recurrence or death, censoring patients who were 
alive without recurrence on the date of the last 
follow-up. RFS between groups was compared 
using the Kaplan–Meier method and log-rank 
test. To identify independent prognostic factors 
for RFS, univariate and multivariate Cox propor-
tional hazard regression models were built.

All tests were performed with a significance level 
of p = 0.05. Statistical analyses were conducted 
using IBM SPSS Statistics for Windows Version 
27.0 (IBM Corporation, Armonk, NY, USA).

Results

Clinicopathological characteristics  
of KIT exon 11-mutated patients according  
to critical mutations
We chose to investigate KIT exon 11-mutated 
patients because they represent the largest molecu-
lar subgroup of GISTs, and are characterized by 
wide variability in PV types and clinical behavior.

Between January 2005 and December 2020, 96 
consecutive patients with GISTs with localized 
disease, harboring a KIT exon 11 PV, were 
included in the study.

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 13

4 journals.sagepub.com/home/tam

The patients were classified based on the KIT 
exon 11 PV as follows: (a) KIT exon 11 deletion 
or deletion/insertion involving 557 and/or 558 
codons (named ‘Del-557/558’); (b) deletion or 
deletion/insertion in codons other than 557 and/
or 558 (named ‘Del-No-557/558’); (c) duplica-
tion, insertion, or SNV (named ‘No-Del’).

A total of 36 patients were in the Del-557/558 
group (37.5%), 26 patients in the Del-No-557/558 
group (27.1%), and 34 patients in the No-Del 
group (35.4%) (Figure 1).

To highlight the prognostic impact of mutational 
status on the natural history of GISTs, we ana-
lyzed the clinicopathological characteristics of 
patients with GISTs according to KIT exon 11 
critical mutations (Table 1).

The patients with 557 and/or 558 codon deletion 
or deletion/insertion, were mainly men (60.6%), 
more frequently with gastric GISTs (75%), prim-
itive tumor diameter >5 cm (72.2%), and mitotic 
index >5/50 HPF (63.9%). The patients with 
other KIT exon 11 PVs, compared with the 

Del-557/558 group, less frequently showed 
GISTs of gastric origin (Del-No-557/558: 46.1%; 
No-Del: 55.9%; p = 0.03), but also a lower num-
ber of large primitive tumors with baseline diam-
eter >5 cm (Del-No-557/558: 38.5%; No-Del: 
55.9%; p = 0.02), and high median mitotic rate 
(Del-No-557/558: 42.3%; No-Del: 32.4%; 
p = 0.02). Therefore, patients with tumors carry-
ing 557 and/or 558 codon deletion or deletion/
insertion were stratified as high-risk GISTs in 
55.5% of cases, while only 15.4% of patients with 
deletions in other KIT exon 11 codons, and 
44.1% of patients with duplication, insertion, or 
SNV, were included in the high-risk category 
(p = 0.008) (Table 1).

Outcome analysis
The outcome investigated was RFS. The median 
follow-up time of the 96 KIT exon 11-mutated 
patients was 92 months (range, 10–190 months). 
RFS rate at 7 years was 69.8% [median 
134.7 months; Confidence Interval (CI), 118.6–
150.8]. During follow up, a total of 29 RFS events 
(recurrence or death) were observed (30.2%): 18 

GIST
Relapsed 

N. (%)

Gene

Codons
N. (%)

Exon
N.

Del/Delins

Figure 1. Diagram of mutational status and outcomes of the patients with KIT exon 11 GISTs included in the 
study.
Del, deletions; Delins, deletion/insertions; GIST, gastrointestinal stromal tumor; KIT, KIT proto-oncogene receptor tyrosine 
kinase.
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events in 36 Del-557/558 patients (50%); 7 
events in 26 Del-No-557/558 (26.9%), and 4 
events in 34 No-Del patients (11.8%).

When RFS between the three groups was com-
pared, patients with GISTs with deletion or dele-
tion/insertion of codons 557 and/or 558 showed a 
worse outcome than any other KIT exon 

11-mutated patients. At the same time, however, 
patients whose GISTs harbored a KIT exon 11 
deletion or deletion/insertion in codons other 
than 557 and/or 558, had less favorable outcomes 
than patients with duplication, insertion, or SNV 
[Del-557/558 versus Del-No-557/558 versus 
No-Del: 7-year RFS, 50% versus 73.1% versus 
88.2%; median RFS (mRFS), 86.9 months (95% 

Table 1. Clinical and pathological characteristics of patients with localized GISTs according to the type and location of KIT exon 11 
critical mutations.

Total KIT exon 
11 patients

KIT exon 11 subgroups p value*

Del-557/558 n (%) Del-No-557/558 n (%) No-Del n (%) –

N.patients 96 36 (37.5) 26 (27.1) 34 (35.4) –

Gender

 Male 56 (58.3) 24 (60.6) 13 (50) 19 (55.9) NS

 Female 40 (41.7) 12 (31.4) 13 (50) 15 (44.1)  

Age at diagnosis (years)

 Median 60 59 56.5 63.5 NS

 Mean 59 58 53.9 61.1  

 Range 33–82 33–76 33–67 39–82  

Site of origin

 Gastric 58 (60.4) 27 (75) 12 (46.1) 19 (55.9) 0.03

 Small bowel/other 38 (39.6) 9 (25) 14 (53.9) 15 (44.1)  

Baseline diameter

 ⩽5 cm 41 (42.7) 10 (27.8) 16 (61.5) 15 (44.1) 0.02

 >5 cm 55 (57.3) 26 (72.2) 10 (38.5) 19 (55.9)  

Baseline mitosis

 ⩽5/50 HPF 51 (53.1) 13 (36.1) 15 (57.7) 23 (67.6) 0.02

 >5/50 HPF 45 (46.9) 23 (63.9) 11 (42.3) 11 (32.4)  

M–L risk categories

 Very low/low 22 (22.9) 3 (8.3) 10 (38.5) 9 (26.5) 0.008

 Intermediate 35 (36.5) 13 (36.2) 12 (46.1) 10 (29.4)  

 High 39 (40.6) 20 (55.5) 4 (15.4) 15 (44.1)  

*Comparison Del-557/558 versus Del-No-557/558 versus No-Del.
Del, deletion; Del-557/558, KIT exon 11 deletion or deletion/insertions involving 557 and/or 558 codons; Del-No-557/558, KIT exon 11 deletion or 
deletion/insertions in codons other than 557 and/or 558; Delin, deletion/insertion; GIST, gastrointestinal stromal tumor; HPF, high-power field; KIT, 
KIT proto-oncogene receptor tyrosine kinase; M–L, Miettinen–Lasota; No-Del, KIT exon 11 duplication, insertion, or single nucleotide variant; NS, 
not significant.
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CI, 60.1–13.7) versus 148.02 months (95% CI, 
121.8–74.2) versus 155 months (95% CI, 137.7–
172.2), respectively; p < 0.001] (Figure 2).

Univariate and multivariate Cox proportional 
hazard regression models were built to identify 
the independent prognostic factors for RFS.

The following factors were found to be statisti-
cally significantly associated with RFS in univari-
able analyses: diameter of primary tumor >5 cm 
[Hazard Ratio (HR): 4.72; 95% CI, 1.91–11.66; 
p < 0.001]; mitosis >5/50 HPF (HR: 3.34; 95% 
CI, 1.57–7.10; p = 0.002); no gastric site of origin 
(HR: 2.13; 95% CI, 1.03–4.43; p = 0.03); risk 
categories (HR: 4.67; 95% CI, 1.89–11.54; 
p = 0.001), and KIT exon 11 deletions or deletion/
insertion involving codons 557 and/or 558 (HR: 
0.19; 95% CI, 0.08–0.42; p < 0.001).

In the final multivariable Cox regression model, 
tumor diameter (HR: 2.76; 95% CI, 1.01–7.57; 
p = 0.04), site of origin (HR: 2.49; 95% CI, 1.13–
5.48; p = 0.02), and KIT exon 11 PV type (HR: 
0.23; 95% CI, 0.1–0.53; p = 0.001) remained sta-
tistically significant. Table 2 summarizes the 
results of the univariable and multivariable prog-
nostic factor analysis for RFS.

RFS curves were plotted according to each inde-
pendent prognostic factor (Figure 3).

Metastatic sites and PV classification in KIT 
exon 11-mutated patients with relapsed tumors 
after curative surgery
At the median follow-up time of 92 months, a 
total of 29 out 96 KIT exon 11-mutated patients 
(30.2%) showed a tumor recurrence. In this pop-
ulation, tumor metastatic sites (i.e. liver, perito-
neum, or either liver and peritoneum) were 
described. The patients with metastatic sites were 
classified on the basis of the presence/absence of 
deletion or deletion/insertion in codons 557 and/
or 558.

In the group of relapsed patients with GISTs har-
boring 557 and/or 558 deletion or deletion/inser-
tion, 72.2% of metastatic spread involved the 
peritoneum (13/18 patients), 16.7% the liver (3/18 
patients), and 2 patients showed peritoneal and liver 
metastasis at tumor recurrence (11.1%). In the 
relapsed patients harboring tumor exon 11 PV not 
involving 557/558 deletions, 54.5% had peritoneal 
metastasis (6/11 patients), 27.3% peritoneal and 
liver metastasis (3/11 patients), and 18.2% only 
hepatic spread (2/11 patients) (p = 0.5) (Table 3).

(a) (b)
PVs

Figure 2. (a) Schematic KIT receptor structure and locations of activating mutational hotspots. The KIT 
functional domains include five immunoglobulin-like domains (extracellular domain), juxtamembrane domain, 
TK1 domain, insert domain, TK2 domain, and activation loop. Number of patients in the three groups of KIT 
exon 11 PVs: (i) deletion or deletion/insertion in codons 557 and/or 558 (‘Del-557/558’); (ii) deletion or deletion/
insertion in codons other than 557 and/or 558 (‘Del-No-557/558’); (iii) duplication, insertion, or SNV (‘No-Del’). 
(b) RFS in KIT exon 11 patients according to PV type and location.
KIT, KIT proto-oncogene receptor tyrosine kinase; PV, pathogenic variant; RFS, recurrence-free survival; SNV, single 
nucleotide variant; TKI, tyrosine kinase 1; TK2, tyrosine kinase 2.
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In the population of patients with tumors carrying 
557 and/or 558 deletion or deletion/insertion, an 
exact PV classification was reported to investigate 
the rate of metastatic recurrence in patients with a 
deletion involving only one or both 557 and 558 
codons. Among 18 relapsed patients, 14 (77.8%) 
showed GISTs harboring deletions simultaneously 
involving codons 557 and 558. The PVs were 
mainly KIT p.W557_K558del (n.8), deletion/
insertions (n.3, p.W557_V559delinsF), or intron 
10/exon 11 junction deletions resulting in p.K550_
K558 deletion (n.2), plus n.1 patient with p.E554_
K558del. When 557 and 558 deletions were 
analyzed separately, only 4 out of 18 relapsed 
patients (22.2%) showed a tumor relapse (n.2, 
p.K558_V559delinsN; n.1 p.K550_W557del; n.1 
p.K558_V559del) (Figure 4).

The impact of PV in the intermediate-risk 
versus high-risk KIT exon 11-mutated patients
We investigated the prognostic impact of the PV 
on the outcome of the high-risk versus intermedi-
ate-risk patients with GISTs. A total of 74 patients 
were included in the analysis: 35 patients in the 
intermediate-risk group and 39 patients in the 
high-risk group. During follow-up, a total of 6 
RFS events (recurrence or death) were observed 
in the intermediate group (25%), and a total of 16 
events were observed in the high-risk group 
(75%). RFS rate at 7 years was 82.8% for the 

intermediate-risk group (mRFS 149 months; 95% 
CI, 79.3–192.9), and 59% for the high-risk group 
(mRFS 98.5 months; 95% CI, 36.1–184.3).

The intermediate-risk and high-risk patients were 
grouped on the basis of the presence/absence of 
deletion or deletion/insertion, of the codons 
557/558. When RFS between the four groups was 
compared, patients with GISTs with intermediate-
risk and Del-557/558 showed a similar worst out-
come compared with high-risk patients with tumors 
carrying no-Del-557/558 PV (duplication, inser-
tion, or SNV). Indeed, the RFS between the two 
groups was not statistically significant, showing a 
lower RFS in the intermediate-risk Del-557/558 
(7-year RFS, 69.2.2%; mRFS 117.9 months; 95% 
CI, 79.3–156.6) than in the high-risk No-Del- 
557/558 group (7-year RFS, 84.2%; mRFS 153.6; 
95% CI, 122.8–184.3; p = 0.4) (Figure 5).

Discussion
The ability to identify high-risk tumors is a key 
element for the management of patients with 
GISTs and adjuvant treatment selection. Several 
studies have investigated the contribution of prog-
nostic factors in predicting disease recurrence to 
better drive clinical decision-making in GISTs 
after curative surgery.22,23 Despite tumor size, 
mitotic index and anatomical tumor origin are the 
clinicopathological features currently included in 

Table 2. Univariate and multivariate analysis of prognostic factors for RFS in KIT exon 11-mutated patients.

RFS Univariate Cox regression Multivariable Cox regression

HR (95% CI) p value HR (95% CI) p value

Gender (female versus male) 0.65 (0.31–1.39) NS  

Age (>50 years versus ⩽50 years) 0.75 (0.33–1.69) NS  

Primitive tumor diameter (⩽5 cm 
versus >5 cm)

4.72 (1.91–11.66) < 0.001 2.76 (1.01–7.57) 0.04

Mitosis (⩽5/50 HPF versus >5/50 
HPF)

3.34 (1.57–7.10) 0.001 1.50 (0.60–3.73) NS

Gastric site of origin (yes versus no) 2.13 (1.03–4.43) 0.03 2.49 (1.13–5.48) 0.02

M–L risk categories (very low/low 
versus intermediate/high)

4.67 (1.89–11.54) 0.001 2.34 (0.77–7.18) NS

Exon 11 Del or Delins 557 and/or 
558 no versus yes)

0.19 (0.08–0.42) < 0.001 0.23 (0.1–0.53) 0.001

CI, confidence interval; Del, deletion; Delin, deletion/insertion; HPF, high-power field; HR, hazard ratio; KIT, KIT proto-
oncogene receptor tyrosine kinase; M–L, Miettinen–Lasota; NS, not significant; RFS, recurrence-free survival.
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risk-stratification systems. There is a consistent 
body of evidence that the mutational profiles of 
KIT or PDGFRA genes hold strong clinical prog-
nostic value in patients with completely resected 
GISTs.24 It is known that GISTs are composed of 
many different genetic subtypes.25 Patients with 
GISTs with a tumor harboring KIT exon 11 PV 
are the most frequent and represent a heterogene-
ous genetic and clinical subgroup showing varia-
ble clinical outcomes.13 Further subclassification 
of exon 11 tumors, based on exact mutation type 
and codon location, has highlighted, in previous 
studies, the clinical and prognostic impact of PV 
on RFS, in addition to well-established prognostic 
factors of the validated Miettienen–Lasota predic-
tion model.15,18,26–28

Regarding the clinical and pathological character-
istics of patients according to specific tumor gen-
otype, in the present study, KIT exon 11 deletions 
or deletion/insertion that involve codons 557 and/
or 558, compared with other exon 11 PVs, were 
more frequent in gastric GISTs and characterized 
by larger primitive tumors and higher mitotic 
index, and thus 55.5% of localized GISTs with 
557/558 deletions are stratified as high-risk 
tumors. Conversely, the KIT exon 11 SNVs (such 
as the p.W557R) and duplications (such as the 
p.D572_D579dup), classically associated with 
favorable outcomes,15 were mostly related, in our 
cohort, with lower mitotic count and low/inter-
mediate risk (68.4%) than KIT 557/558 deletions 
or deletion/insertion, indicating a more indolent 
clinical behavior. These data are consistent with 
the results of previous studies and confirm that 
KIT exon 11 557/558 deletions are associated 
with malignant tumor behavior.15,18,26–28

Our data regarding the impact of PV type and 
location on RFS showed the worst outcome for 

patients with GISTs harboring deletion or dele-
tion/insertion of the codons 557 and/or 558 com-
pared with patients with any other KIT exon 11 
PV (7-year RFS of 50% versus 73.1%); KIT exon 
11 SNVs and duplications showed a better 7-year 
RFS rate (88.2%). Multivariate analysis con-
firmed the independent prognostic value of this 
finding. Remarkably, 14 out of 18 relapsed 
patients in the group of Del-557/558 harbored 
deletions simultaneously involving codons 557 
and 558. The PVs were mainly KIT p.W557_
K558del, deletion/insertions (p.W557_
V559delinsF), or intron 10/exon 11 junction 
deletions resulting in p.K550_K558 deletion. 
These data underline a significantly higher risk of 
recurrence in patients with deletions involving 
both codons.15–17 Interestingly, when 557 and 
558 codon deletions were analyzed separately, 
only 22.2% of patients (4/18 patients) showed a 
tumor relapse, miming the prognostic behavior of 
tumor-carrying exon 11 deletion outside W557_
K558. This result partially differs from previous 
evidence, which described similar deleterious 
RFS between patients with deletions affecting 
only codons 557 or 558 and patients harboring 
tumor PVs of either codon.28 The reasons for the 
lower aggressive biology of deletions not simulta-
neously involving codons 557 and 558 can be 
explained by the critical autoinhibitory role on the 
process of tyrosine kinase activation exerted by 
557 and 558 codon regions that, when both 
delete, results in a considerably increased sponta-
neous receptor phosphorylation and activation of 
the downstream pathway.29,30

Notably, when we examined the prognostic signifi-
cance of the PV in the high-risk versus intermedi-
ate-risk patients with GISTs, the outcome of 
intermediate-risk patients with Del-557/558 and 
the high-risk patients without Del-557/558 

Table 3. Metastatic sites in KIT exon 11-mutated patients with relapsed tumors after curative surgery. The 
patients were classified as having GISTs harboring deletion or deletion/insertion involving codons 557/558 or 
other KIT exon 11 PVs.

Metastatic sites Total patients n (%) Deletion or deletion/insertion 
codons 557/558* n. (%)

Other exon 11 PVs* 
n (%)

Liver metastasis 5 (17.2) 3 (16.7) 2 (18.2)

Peritoneal metastasis 19 (65.6) 13 (72.2) 6 (54.5)

Liver and peritoneal 
metastasis

5 (17.2) 2 (11.1) 3 (27.3)

*Pearson’s chi-square test: comparison deletion or deletion/insertion codons 557/558 versus other exon 11 PVs; p = 0.5.
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(deletion or deletion/insertion in codons other 
than 557/558, or duplication, insertion, or SNV) 
was similar in terms of RFS. The two groups of 
patients showed the same worse prognosis. These 
current findings suggest that the patients with 
GISTs with intermediate-risk features and KIT 
exon 11 deletion or deletion/insertion in the 
557/558 codons show a significant risk of relapse 
and may need to be treated with the adjuvant 
imatinib.

According to the aggressiveness and metastatic 
potential of 557/558 tumor deletions,31 an organ-
specific metastatic involvement of the liver has 
been proposed in these patients. In a previous 
study, patients with GISTs with KIT exon 11 
deletions involving codons 557/558 reported a 
significant association with hepatic metastasis, 
suggesting an involvement of these mutations in 
the development of an organ-selective pattern of 
tumor metastasis in GISTs.20 The study proposed 
that KIT exon 11 codons 557/558 deletion pro-
mote liver metastasis through CXC chemokine 
ligand (CXCL) 12/CXC chemokine receptor 
(CXCR) 4 axis, chemotactic factors implicated in 
cancer progression. According to this data, PVs of 
557/558 critical codons increased CXCR4 
expression by the upregulation of the transcrip-
tion factor ETS Variant Transcription Factor 1 
(ETV1) and the enhanced CXCL12-mediated 
GIST cell migration and invasion, ultimately pro-
moting liver colonization.20 In contrast to these 
findings, our clinical results showed that in GISTs 
with 557/558 tumor deletions, the peritoneum, 
not the liver, is the most frequent metastatic site 
in relapsed patients (72.2%). The reasons for 
these results remain speculative and represent the 
rationale to better investigate if other factors of 
clinical or biological interest32–39 could have a fur-
ther impact on tumor recurrence in patients with 
homogeneous intrinsic molecular features.

The strength of the current study is the comprehen-
sive clinicopathological and molecular data from a 
population-based analysis with a long follow-up. 
Despite the relatively small cohort of relapsed 
patients for prognostic evaluation of PV on meta-
static sites, these preliminary reports could encour-
age future studies in a larger patient population.

Conclusion
In patients with localized GISTs completely 
resected we showed that KIT exon 11 deletions 

or deletion/insertion involving both codons 557 
and 558 are genotypes indicative of more aggres-
sive tumor behavior and higher risk of recur-
rence: the KIT exon 11 deletion or deletion/
insertion, when involving only one of 557 or 
558 codons, resembles the more indolent prog-
nostic behavior of tumor-carrying deletion out-
side 557 and 558 codons, supporting the 
importance of considering the PV type and 
codon location in routine risk stratification. 
Differing from other series, in relapsed patients 
with 557/558 deletions or deletion/insertion, the 
peritoneum and not the liver is the most fre-
quent metastatic site. Finally, we found that 
intermediate-risk patients whose GISTs harbor 
KIT exon 11 deletion or deletion/insertion in 
the 557/558 codons showed a similar outcome 
to high-risk patients without Del-557/558 
(GIST carrying deletion or deletion/insertion in 
codons other than 557/558, or duplication/
insertion/SNV), suggesting that they may need 
to be treated with the adjuvant imatinib as with 
high-risk patients.
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