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Abstract

Background: The patient selection for optimal adjuvant therapy in gastrointestinal stromal tumors (GISTs) is provided by nomogram based on
tumor size, mitotic index, tumor location, and tumor rupture. Although mutational status is not currently used to risk assessment, tumor gen-
otype showed a prognostic influence on natural history and tumor relapse. Innovative measures, such as KIT/PDGFRA-mutant-specific variant
allele frequency (VAF) levels detection from next-generation sequencing (NGS), may act as a surrogate of tumor burden and correlate with
prognosis and overall survival of patients with GIST, helping the choice for adjuvant treatment.

Patients and Methods: This was a multicenter, hospital-based, retrospective/prospective cohort study to investigate the prognostic role of
KIT or PDGFRA-VAF of GIST in patients with radically resected localized disease. In the current manuscript, we present the results from the
retrospective phase of the study.

Results: Two-hundred (200) patients with GIST between 2015 and 2022 afferent to 6 Italian Oncologic Centers in the EURACAN Network were
included in the study. The receiver operating characteristic (ROC) curves analysis was used to classify “low” vs. “high” VAF values, further
normalized on neoplastic cellularity (nVAF). When RFS between the low and high nVAF groups were compared, patients with GIST with KIT/
PDGFRA nVAF > 50% showed less favorable RFS than patients in the group of nVAF < 50% (2-year RFS, 72.6% vs. 93%, respectively; P =
.003). The multivariable Cox regression model confirmed these results. In the homogeneous sub-population of intermediate-risk, patients with
KIT-mutated GIST, the presence of n"VAF >50% was statistically associated with higher disease recurrence.

Conclusion: In our study, we demonstrated that higher nVAF levels were independent predictors of GIST prognosis and survival in localized
GIST patients with tumors harboring KI/T or PDGFRA mutations. In the cohort of intermediate-risk patients, nVAF could be helpful to improve
prognostication and the use of adjuvant imatinib.

Keywords: KIT mutation; PDGFRA mutation; variant allele frequency; GIST; adjuvant imatinib.

Received: 4 April 2023; Accepted: 9 June 2023.

© The Author(s) 2023. Published by Oxford University Press.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For
commercial re-use, please contact journals.permissions@oup.com.

€20z AInp gz uo Jasn oulio] 10 Austeniun Aq L £6522/2/90ZPeA0/0j00U0/E60 L 0 | /I0P/3[1E-80UBAPE/O|0OUO/WO02 dNO"dIWSPEIE//:SANY WO} POPEOJUMO(]


mailto:antonio.russo@usa.net
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

The Oncologist, 2023, Vol. XX, No. XX

Implications for Practice

In the adjuvant setting, imatinib treatment is recommended for patients with GIST at high risk of recurrence. In the intermediate-risk
subgroup, the choice of adjuvant imatinib is challenging. Our data, in a large population of 200 patients with KIT/PDGFRA mutated GIST,
showed that the KIT/PDGFRA-nVAF levels detection negatively correlate with prognosis and overall survival of localized GIST patients. KIT-
nVAF >50% was associated with poorer RFS compared to KITnVAF <50%. These findings are particularly relevant in the intermediate-risk
patients. In this subpopulation, nVAF levels could be helpful to improve prognostication and to address adjuvant imatinib.

Introduction

Gastrointestinal stromal tumors (GISTs) are the most com-
mon malignant mesenchymal tumors in the gastrointestinal
tract.! Historically, GISTs represent the paradigmatic model
of oncogene addiction and precision oncology.? The full
understanding of proto-oncogene receptor tyrosine kinase
(KIT) and platelet-derived growth factor receptor alpha
(PDGFRA) as GIST oncogenic drivers, together with the
remarkable success of tyrosine kinase inhibitors (TKIs), sig-
nificantly improved the overall survival (OS) of these patients
to the range of 6-8 years.? Over the past years, the advances
in technology and the up-front use of comprehensive molec-
ular profiling further improved the molecular breadth of
information available to clinicians.** In addition to KIT and
PDGFRA GIST mutations, account for 70% and 15% of
cases, respectively, and the 9% of GIST driven by the succi-
nate dehydrogenase (SDH) loss of function, a variety of dis-
tinct oncogenic drivers was described in the sub-population
of GIST originally referred to as “wild-type,” including
activating mutations of PIK3CA, BRAF, and RAS family
members, and translocations of NTRK, FGFR, and ALK.*!!
Although the mutational status has not been incorporated
in prognostic risk-stratification, several literature evidence
highlights the importance of tumor genotyping in clinical
practice for tailoring treatments based on the mutational
profile.!!3 Specifically, some typical mutations involving
specific exons or codon locations show a prognostic impact
on the GIST natural history and tumor behavior, such as
the p.D842V mutation in exon 18 of PDGFRA, classically
associated with favorable outcome, and KIT exon 11 dele-
tions or deletion/insertions involving codons 557-558, con-
versely related to poor prognosis and high risk of tumor
recurrence.!®!

To date, translation of the insights from molecular testing
and profiling to GIST patient care is an ongoing challenge.
Sequencing technologies and models continue to evolve
quickly, and next-generation sequencing (NGS) has been
rapidly integrated into molecular pathology.'® Notably, the
information by high-throughput sequencing may have clin-
ical relevance in the localized and metastatic disease. In the
adjuvant setting, imatinib treatment is now recommended
for patients with localized GIST at high risk of recurrence,
however, a more accurate prognostication could improve
patients’ selection for adjuvant therapy.!”!* When perform-
ing NGS an interesting parameter arising from the analysis
is the variant allele frequency (VAF). VAF represents the per-
centage of sequence reads carrying the mutation with respect
to the wild-type fraction."” Although the exact frequency of
allelic fraction is difficult to estimate because is influenced by
the proportion of tumor cells in the tumor sample and the
presence of copy number variations, KIT/PDGFRA-VAF of
tumoral tissue could represent a surrogate measure of the pro-
portion of GIST cells that harbor the specific DNA mutation.

We hypothesized that tumor VAF could have a prognostic
role in patients with GIST.

Methods

Study Design and Patient Selection

This was a multicenter, hospital-based, retrospective/prospec-
tive cohort study to investigate the prognostic role of KIT
or PDGFRA-VAF of GIST in patients with localized disease
and tumors radically resected. In the current manuscript, we
present the results from the retrospective phase of the study.

Patients with metastatic de novo GIST, or lacking infor-
mation on molecular testing and/or follow-up data, were
excluded from the outcome analysis. The pathological infor-
mation collected on primary GIST included the histological
subtype, the primary tumor diameter, and mitotic count, and
the site of origin of primary tumors from pathology reports
for clinical use. All included patients had a tumor molecu-
lar profiling testing result by using a targeted NGS panel for
the presence of GIST hot spot mutations. Mutation analysis
was locally assessed at each participating center as part of
routine clinical care. The clinical data on GIST surgery, the
type and duration of adjuvant treatment, and tumor recur-
rence were abstracted from the clinical records. Recurrence-
free survival (RFS) and overall survival (OS) were calculated.
The association between VAF (%) and the clinical outcomes
was evaluated.

The study was conducted according to good clinical prac-
tice (GCP) and has been designed with the ethical principles
laid down in the Declaration of Helsinki on human experi-
mentation. The University Hospital AOUP “Paolo Giaccone”
(Palermo, Italy) coordinated the study. The study protocol
was approved by the ethical committee of the coordinating
center (Comitato Etico Palermo 1; Study Protocol “EVA GIST
Project — Evaluation of Variant Allele Frequency in GIST”
approval number: 04-13.04.22) and by the Institutional
Review Boards of all Italian participating centers.

Mutational Analysis

Tissue samples were acquired following procedures of tumor
resection surgery. The GIST diagnosis was made based on his-
topathologic assessment and immunohistochemical staining
for CD117 antigen expression from local pathologists, with
special expertise in GIST. The pathologists reported the pri-
mary tumor diameter and the tumor mitoses according to
local protocols. Mitotic counts were expressed as the num-
ber of mitoses on 50 high-power fields (HPFs) or number of
mitoses on a total area of 5 mm?. According to the ESMO-
EURACAN guidelines,'” the mitotic count, expressed as num-
ber of mitoses/50 HPFs, was converted into the equivalent
value expressed as number of mitoses/mm?. The exact propor-
tion of neoplastic cells was assessed by the histopathologists.
Before molecular testing, tissue adequacy and the presence of
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a suitable percentage of neoplastic cellularity have been eval-
uated. The proportion of neoplastic cells vs. “contaminant”
non-neoplastic cells (neoplastic cellularity) in the area marked
on the slide and used for DNA extraction was estimated by
pathologists. Variant allele frequencies (VAFs) were reported
as percentages and further normalized (nVAF) to the percent-
age of neoplastic cellularity (NC%) for each patient using the
following formula: nVAF = (VAF/NC%) x 100.

All tumors were locally examined for somatic mutations
in GIST actionable genes. Genomic DNA extraction was per-
formed according to local protocols after manual dissection
under microscopic guidance from FFPE (formalin-fixed and
paraffin-embedded) sections. Next-generation sequencing
multigene panel analysis was performed according to local
platforms and protocols. For all detected pathogenic vari-
ants (PVs), a gene name, a nucleotide change (c.notation),
and an amino acid substitution (p.notation) were typed. The
classification of the variants was performed by consulting
the databases “Catalogue of Somatic Mutations in Cancer”
(COSMIC), Varsome tool, and ClinVar. According to the
aim of the study, only KIT (exons 9, 11, 13, and 17) and
PDGFRA (exons 12, 14, and 18) PVs were included in the
analyses. Patients with tumor harboring PVs in other genes,
or gene translocations, were excluded from this analysis
because the very small numbers precluded a statistically sig-
nificant conclusion.

Statistical Considerations

Our primary outcome measure was to assess the impact of
nVAF on RFS and OS. Secondary objectives included the
association of nVAF and the site of origin of primary tumors,
the baseline diameter and mitosis, and the mutational status.
The comparison between subgroups was performed with
Fisher exact test, 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, censor-
ing patients who are alive without recurrence on the date of
the last follow-up. OS was calculated from GIST diagnosis to
death by any cause or last follow-up (censored patients). The
receiver operating characteristic (ROC) curves analysis was
used to determine the optimal cut-off for VAF and nVAF, to
classify “low” vs. “high” values. The optimal cut-off of KIT/
PDGFRA-VAF was 45% (AUC = 0.86; 95% CI, 0.72-0.99;
P-value < .01). The optimal cut-off of nVAF, normalized to the
percentage of neoplastic cellularity, was 50% (AUC = 0.84;
95% CI, 0.68-0.99; P-value < .02). The analysis of RFS and
OS between groups was compared using the Kaplan-Meier
method and log-rank test. To identify independent prognos-
tic factors for RFS and OS, univariate and multivariate Cox
proportional hazard regression models were performed. All
tests were performed with a significance level of P < .05.
Statistical analyses were conducted using IBM SPSS Statistics
for Windows Version 27.0 (IBM Corporation).

Results

Study Population
Two-hundred (200) patients with localized GIST between
2015 and 2022 at 6 Italian Oncologic Centers in the European
Reference Network on Rare Adult Cancers (EURACAN)
Network, were included in the study.

We used the optimal KIT/PDGFRA nVAF threshold of
50%, determined by ROC curves analysis. To assess whether

tumor nVAF can affect clinical-pathological features, the
nVAF < 50% (named “low nVAF”) vs nVAF >50% (named
“high nVAF”) of KIT and PDGFRA mutations were cor-
related with the features of GIST patients (Table 1).

One hundred and eleven patients were males (55.5%) and
89 were females (44.5%). The median age at study entry was
58 years [interquartile range (IQR), 21-87 years] in the nVAF
< 50% group, and 62 years [IQR, 30-81 years] in the nVAF
>50% group. Differences were detected in terms of median
nVAF in the age groups. In the group of 153 patients (76.5%)
aged >50 years, the nVAFs were more frequently >50%, com-
pared to the 45 patients (22.5%) in the age group < 50 years
(P = .03). Interestingly, the nVAF was significantly higher in
patients with no-gastric site of origin than those with gas-
tric GIST (P = .04), diameter of primary tumor >5 c¢cm than
baseline diameter <5 cm (P = .02), while there were no sta-
tistically significant differences in the low vs. high nVAF with
respect to primary mitotic count (baseline mitosis <5/mmgq vs.
>5/mmgq, P = .4), and histology (spindle cell vs. epithelioid/
mixed, P = 1).

We then assessed the relevance of the mutational status
on tumor nVAF low vs. high. Out of all 200 patients, 159
(79.5%) had a GIST harboring a KIT PV, and 41 patients
(20.5%) showed a PDGFRA PV. Notably, the nVAF was sig-
nificantly higher in patients harboring KIT PVs than in those
with PDGFRA-mutated tumors (median KIT vs. PDGFRA
nVAE 55% vs. 46%; P = .04). However, in the group of
patients with KIT-mutated GIST, there were no statistically
significant differences in the nVAF low or high with respect to
KIT Exons (Exon 11 or other exons; P = .5). To investigate to
impact of KIT exon 11 PV type, the patients were classified
according to the presence of KIT exon 11 deletions (del) or
deletion/insertion (delins) involving 557 and/or 558 codons,
versus other mutations, where the other mutations were dele-
tion or delins in other codons than 557 and/or 558, or KIT
exon 11 duplications, insertions, or single nucleotide variants
(SNVs). No statistically significant differences in the nVAF
were with respect to KIT exon 11 mutation type (KIT exon
11 codon 557 and/or 558 deletion or deletion/insertion vs.
others; P = .2).

Outcome Analysis

We evaluated the survival outcomes of patients with local-
ized GIST with regard to nVAE. The outcomes investigated
were RFS and OS. Outcome data were available for n.178
localized GIST patients. The median follow-up time was
24 months (range, 6-116 months). The RFS rate at 2-years
was 80.9% (median RFS 62 months; 95% CI, 38.5-85.5).
During the follow-up, a total of 34 RFS events (recurrence
or death) were observed (19.1%). Five events occurred in
the group of 72 patients with tumors showing nVAF < 50%
(6.9%), and 29 events occurred in the 106 GIST patients
with tumor nVAF > 50% (27.3%). When RFS between the
2 groups was compared, GIST patients with tumor nVAF >
50% showed less favorable RFS than patients in the group
of nVAF < 50% (2-year RFS, 72.6% vs. 93%, respectively;
P = .003; Fig. 1F).

When we examined the main prognostic factors in local-
ized GISTs (primary mitotic count, tumor size, and tumor
site), all 3 known factors were significantly associated with
RFS (tumor mitosis >5/mmq vs. < 5/mmgq: 2-year REFS,
63.2% vs. 93.1%, P < .001; primary tumor diameter >5
cm vs. < 5 cm: 2-year RFS, 70.7% vs. 93.8%, P = .002;

€20z AInp gz uo Jasn oulio] 10 Austeniun Aq L £6522/2/90ZPeA0/0j00U0/E60 L 0 | /I0P/3[1E-80UBAPE/O|0OUO/WO02 dNO"dIWSPEIE//:SANY WO} POPEOJUMO(]



Table 1. Patient and disease characteristics of patients with GIST localized.

The Oncologist, 2023, Vol. XX, No. XX

Characteristic No. of patients (%) nVAF < 50% nVAF > 50% P-value
No of patients 200 79 121 —
Gender 0.08
Male 111 (55.5) 50 (63.3) 61 (50.4)
Female 89 (44.5) 29 (36.7 60 (49.6)
Age groups (years) 0.03
<50 45 (22.5) 24 (30.4) 21 (17.4)
>50 153 (76.5) 54 (68.3) 99 (81.8)
Missing 2(1) 1(1.3) 1(0.8)
Site of origin 0.04
Gastric 104 (52) 48 (60.7) 56 (46.3)
Others 95 (47.5) 30 (38) 65 (53.7
Missing 1(0.5) 1(1.3) 0
Baseline diameter 0.02
<§Scm 89 (44.5) 44 (55.7) 45 (37.2)
>5 cm 102 (51) 34 (43) 68 (56.2)
Missing 9 (4.5) 1(1.3) 8 (6.6)
Baseline mitosis 0.4
<5/mmgq 111 (55.5) 42 (53.2) 69 (57)
>5/mmgq 73 (36.5) 32 (40.5) 41(33.9)
Missing 16 (8) 5(6.3) 11 (9.1)
Histology 1
Spindle cell 111 (55.5) 43 (54.5) 68 (56.2)
Epithelioid/mixed 71 (35.5) 28 (35.4) 43 (35.5)
Missing 18 (9) 8 (10.1) 10 (8.3)
Mutated KIT gene 0.04
Yes 159 (79.5) 57(72.2) 102 (84.3)
No 41 (20.5) 22 (27.8) 19 (15.7)
KIT exons 0.5
Exon 11 130 (81.8) 45 (78.9) 85 (83.4)
Other exons 28 (17.6 12 (21.1 16 (15.7)
Missing 1(0.6) 0 1(0.9)
KIT exon 11 0.2
Del-557/8° 41 (31.5) 11 (24.4) 30 (35.3)
Others™ 89 (68.5) 34 (75.6) 55 (64.7

‘Del-557/8: deletions (del) or deletion/insertion (delins) involving 557 and/or 558 codons of KIT exon 11.
““Others: del or delins in other codons than KIT exon 11 557 and/or 558 codons, or KIT exon 11 duplications, insertions or SNVs.
Abbreviations: IQR, interquartile range; nVAF, normalized variant allele frequency.

no-gastric vs. gastric site of origin: 2-year RFS, 70.5% vs.
91.1%, P = .007; Fig. 1A-1C). Although mutational status
has not been incorporated in any established prognostic
systems at present, mutational analysis has a prognos-
tic relevance beyond a predictive value for sensitivity to
molecular-targeted therapy. Therefore, the impact of KIT
Exon 11 PVs on RFS was evaluated. RFS in the subsets
of patients who had KIT exon 11 codons 557 and/or 558
deletion or deletion/insertion (delins), had unfavorable
RFS than the rest of the patients with GIST (2-year RFS,
59.5% vs. 89.5%, P < .001; Fig. 1D).

Overall median OS was not reached. During the follow-up,
8 total events (deaths) were observed (4.5%). All events
occurred in the group of patients with GIST with nVAF
>50%; conversely, no event was observed in the group with
nVAF <50%. Therefore, 100% of patients with nVAF <50%

were alive at 2 years, compared to 92.5% for the patients
with nVAF >50% (P = .04; Fig. 2F).

We next investigated the survival outcomes with regard to
unadjusted VAF, to evaluate the possibility of avoiding further
adjustment of the VAF value to the percentage of neoplastic
cellularity for each patient in clinical practice. The optimal
cut-off for the KIT/PDGFRA-VAF, determined through the
ROC curves analysis, was 45% (AUC = 0.86; 95% CI, 0.72-
0.99; P-value < .01). Five'3 events occurred in the group of 108
patients with tumors showing VAF <45% (12.0%), and 21
events occurred in the 69 patients with GIST with tumor VAF
>45% (30.4%). Despite VAF was also statistically associated
with RFS (VAF >45% vs. VAF <45%: 2-year RFS, 69.6% vs.
88.0%, P =.02; (Fig. 1E), and OS (VAF >45% vs. VAF <45%:
2-year OS, 90.2% vs. 99.1%, P = .03; Fig. 2E), the statistical
significance of the unadjusted VAF as a prognostic factor of
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Table 2. Univariable and multivariable analysis of prognostic factorsfor RFS and OS in localized patients with GIST.
RFS Univariable Cox regression Multivariable Cox regression

HR (95 %CI) P-value HR (95%CI) P-value
Gender 0.58 (0.29-1.19) Ns
(F vs. M)
Primitive tumor 3.94 (1.58-10.26) 0.005 1.08 (0.31-3.77) ns
diameter
(<5 cm vs. >5 cm)
Mitosis 4.59 (1.98-10.63) <0.001 4.26 (1.36-13.38) 0.01
(< $/mmgq vs. >5/mmq)
Gastric site of origin 2.83 (1.28-6.27) 0.01 1.50 (0.52-4.31) ns
(No vs. yes)
Exon 11 Del or Delins 0.21 (0.09-0.49) <0.001 0.22 (0.08-0.63) 0.005
557 and/or 558
(No vs. yes)
nVAF 3.83(1.47-9.93) 0.006 4.97 (1.29-19.11) 0.01
(£50% vs. > 50%)
(O Univariable Cox regression Multivariable Cox regression

HR (95%CI) P-value HR (95%CI) P-value

Gender 0.84 (0.19-3.61) ns
(Fvs. M)
Primitive tumor 1.19 (0.48-2.98) ns
diameter
(£S5 cmvs. >5 cm)
Mitosis 3.37 (0.68-16.79) ns
(< $/mmgq vs. >5/mmq)
Gastric site of origin 2.15(0.43-10.85) ns
(No vs. yes)
Exon 11 Del or Delins 0.18 (0.03-0.91) 0.03
557 and/or 558
(No vs. yes)
nVAF 6.92 (0.85-56.62) ns

(£50% vs. > 50%)

Diameter and site of primitive tumor, the mitosis number, the presence of KIT exon 11 codons 557 and/or 558 deletion or deletion/insertion, and nVAF on

tumor tissue, were evaluated in the Cox regression model.

Abbreviations: Del, deletions; Delins, deletions/insertions; HR, hazard ratio; OS, overall survival; RFS, relapse-free survival; VAF, variant allele frequency;

nVAF, normalized VAE.

tumor recurrence and patient survival was lower compared to
“normalized” VAF on individual neoplastic cellularity shown
above.

Univariable and Multivariable Analysis

To assess if the prognostic value of nVAF for RFS and OS was
independent of other known clinicopathological factors, we
performed univariable and multivariable Cox proportional
hazard regression models. The following factors were found
to be statistically significantly associated with RFS in univari-
able analyses: diameter of primary tumor >5 cm (HR: 3.94;
95% CI, 1.58-10.26; P = .005), mitosis >5/mmq (HR: 4.59;
95% ClI, 1.98-10.63; P < .001), no-gastric site of origin (HR:
2.83;95% CI, 1.28-6.27; P = .01), KIT Exon 11 deletions or
delins involving codons 557 and/or 558 (HR: 0.21; 95% CI,
0.09-0.49; P < .001), and nVAF > 50% (HR: 3.83; 95% CI,
1.47-9.93; P = .006). In the final multivariable Cox regression
model, mitosis (HR: 4.26; 95% CI, 1.36-13.38; P = .01), KIT
exon 11 PV type (HR: 0.22; 95% CI, 0.08-0.63; P = .005),
and nVAF (HR: 4.97; 95% CI, 1.29-19.11; P = .01), remain
statistically significant.

Regarding OS, only the presence of KIT Exon 11 deletions
or delins involving codons 557 and/or 558 were statistically
significantly associated with OS in univariable analyses (HR:
0.18; 95% CI, 0.03-0.91; P = .03) (Table 2).

Therefore, these results showed that, in the population
of GIST patients with localized disease, the nVAF <50% on
tumor tissue, along with the primitive tumor diameter <5 cm,
the mitosis number <5/mmq, the gastric site of origin, and the
absence of KIT exon 11 deletions or delins 557/558, were sig-
nificant independent prognostic factors for longer RFS. RFS
and OS curves were plotted according to each independent
prognostic factor (Figs. 1A-F and 2A-F).

The Impact of nVAF in the Intermediate-Risk, KIT
Mutated Patients

We included a further analysis of the subpopulation of
patients with intermediate-risk GIST. To achieve a homo-
geneous cohort of patients, we excluded patient with GIST
with tumors harboring other mutations than KIT, and
patients treated with adjuvant imatinib. The aim of current
analysis was to investigate the ability of nVAF to identify
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Figure 1. RFS according to prognostic factors. RFS according to (A) diameter of the primary tumor; (B) baseline mitosis; (C) site of origin; (D) KIT or
PDGFRA PVs; (E) VAF; (F) nVAF. RFS, relapse-free survival; VAF, variant allele frequency; nVAF, normalized VAF

a subpopulation of intermediate-risk patients with higher
risk of recurrence disease, who may benefit from adjuvant
treatment.

Sixty-six (66) patients were included in the analysis. During
the follow-up, a total of 10 RFS events (recurrence or death)
were observed (15.1%). RFS rate was 74.4% for the high-
nVAF group and 100% for the low-risk group. When RFS
between the 2 groups was compared, patients with GIST
with intermediate risk and high-nVAF showed a poorer

RFS than the low-nVAF group (P = .01). RFS curves in the
intermediate-risk patient cohort were plotted according to
VAF and nVAF (Fig. 3A, B).

Discussion

In the past 20 years, considerable progress has been made
in the molecular characterization of GIST and, many years
later imatinib introduction, GISTs remain a perfect model for
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Figure 2. OS according to prognostic factors. OS according to (A) diameter of primary tumor; (B) baseline mitosis; (C) site of origin; (D) KIT or PDGFRA
PVs; (E) VAF; (F) nVAF. OS, overall survival; VAF, variant allele frequency; nVAF, normalized VAF

the development of precision medicine in cancer.?’ Mutation
analysis is now the standard diagnostic procedure at diag-
nosis as an essential predictive tool for treatment decision-
making.?! Several reports have shown that the type and gene
location of mutation strongly affects the activity of TKIs and,
consequently, influence the decision on imatinib adjuvant
and neoadjuvant treatment, and the management of locally
advanced and metastatic disease.?>?* Although mutational

status is not currently used to risk assessment in localized
GIST, some mutations involving specific exons or codons
showed a prognostic influence on tumor relapse.?** To date,
the patient selection for optimal adjuvant therapy is pro-
vided by classifications and nomograms based on tumor size,
mitotic index, tumor location, and tumor rupture.?’ Novel
risk-stratification methods were developed, such as the prog-
nostic contour maps, where tumor size and mitosis count are
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Figure 3. RFS according to VAF (A) and nVAF (B) in the sub-population of intermediate-risk, KIT mutated, GIST patients. RFS, relapse-free survival; VAF,

variant allele frequency; nVAF, normalized VAF.

treated as continuous non-linear variables.** However, prog-
nostication in routine cancer care is still a challenge for opti-
mal patient selection. Current NGS technology allows us to
assess the unique and complex set of clonal and subclonal
mutations that represent the drivers of cancer evolution in
GIST.>3! Thus, we hypothesized that innovative measures,
such as KIT/PDGFRA-mutant-specific nVAF levels detec-
tion, may act as a surrogate of tumor burden, and negatively
correlate with prognosis and overall survival of patients with
localized GIST.

In our cohort of patients with KIT or PDGFRA mutated
GIST, we demonstrate that higher levels of nVAF were asso-
ciated with worse RFS and OS in patients with radically
resected GIST patients. This appears to be an independent
predictive factor for RFS in our multivariable model.

Specifically, GIST patients with tumor nVAF > 50% showed
less favorable RFS than patients in the group of nVAF < 50%.
According to literature data on established prognostic fac-
tors, primary mitotic count, tumor size, and tumor site, nVAF
were significantly associated with RFS. When we explored
the prognostic impact of KIT exon 11 codon 557 and/or 558
deletion or deletion/insertion, repeatedly associated with poor
prognosis, the patients with tumors harboring these patho-
genic variants showed unfavorable RFS compared to patients
with any other KIT mutations, such as duplication, insertion,
and single nucleotide variant (SNV), or deletion and deletion/
insertion in other codons than 557 and/or 558. These data
are consistent with the results of previous studies and confirm
that in patients with localized GIST completely resected, KIT
exon 11 deletions affecting codons 557 and/or 558 are asso-
ciated with malignant tumor behavior and poor clinical out-
come with an increased risk of relapse after surgery.'*?¢ The
reasons for this more aggressive biology could be explained
by the critical autoinhibitory role on the process of tyrosine
kinase activation exert by 557 and 558 codon regions as a
part of the code of the juxtamembrane (JM) domain that
contacts the activation loop. Therefore, when these codons
are deleted, results in a considerably increased spontaneous
receptor phosphorylation and activation of the downstream
pathway.3233

We also found a correlation between high allelic frequency
and specific clinical and pathological characteristics of
patients. High KIT/PD GFRA-mutant-nVAF levels on tumoral

tissue were associated with the age of GIST onset >50 years,
no-gastric site of primary tumors, and diameter of primary
tumor >5 c¢cm. Furthermore, median nVAF was statistically
higher in KIT-mutated than PDGFRA-mutated tumors, the
last following a more indolent clinical course and often of
prognostically favorable gastric origin compared to patients
with tumor harboring KIT exon 11 mutations.” Overall,
these data confirm the prognostic significance of nVAF levels
and their potential role in further improving prognostication
in GIST patients.

Other authors exploited the VAF as a tool to assess the
impact of allelic frequency on the survival of patients with
cancer.>*3 Most studies were based on metastatic patients
receiving TKI, suggesting a predictive role of this variable in
other tumor types. No study analyzed the allelic frequency
among patients with GIST. The recent experience of Berrino
et al. group in 2021,%* interestingly supported the feasibility
of BRAF-VAF for its undoubtedly prognostic and predictive
value in a cohort of melanoma patients at different disease
stages. In particular, the authors demonstrated a significant
correlation between higher BRAF-VAF levels and the clini-
cal outcome along with several pathological features such as
melanoma thickness according to Clark level classification,
lymphocyte infiltration, and lymph node metastases vs. vis-
ceral or cutaneous metastases. Notably, older patients showed
increased VAF levels, similar to our population of GIST
patients with KIT/PDGFRA-mutated. The biological reason
why VAF levels could be associated with patient age remains
speculative. Moreover, BRAF-VAF levels greater than 25%
positively correlated with a favorable PFS and OS in patients
undergoing combinatorial treatment with anti-BRAF/anti-
MEK targeted therapies.>* In 2021, the other 2 groups, have
further supported and highlighted the clinical impact of
EGFR-VAF in lung adenocarcinoma patients treated with
EGFR TKIs. In this setting, a significant correlation has been
demonstrated between a high EGFR exon 19 deletion VAF
and PFS and OS if compared to EGFR exon-21 point muta-
tions VAF. Overall, an EGFR-VAF greater than 70% could be
positively correlated with both PFS and OS,* and a low VAF
could be considered as a surrogate of less responsiveness to
targeted treatment options.® Interestingly, in liquid malignan-
cies, a high TP53-VAF value has been described as a negative
prognostic factor in patients with myelodysplastic syndromes
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in terms of overall survival®” as well as an independent predic-
tor of leukemic transformation.®®

With respect to VAF range, the data presented in this study
highlight interesting greater VAF levels in GIST specimens if
compared to VAF values of other solid tumors (ie, melanoma
and NSCLC), where clinically relevant mutations are pres-
ent at lower VAFs than GIST.?*37%° The biological reason
needs to be further investigated. A possible explanation is
that GIST tumor evolution is closely guided by the onset of
driver mutations of known oncogenes involved in neoplas-
tic transformation.?*%*! In cancer evolution, driver muta-
tions are usually clonal mutations that occur early and have
a higher allelic frequency than late, subclonal mutations.*
Consequently, the GIST dependence from KIT/PDGFRA
mutations could strongly support the identification of
high allelic frequencies at the molecular analysis. In some
patients, the high VAF value might be due to germline KIT
variants. However, it should be noted that: (1) such events
of KIT germline are extremely rare®’; (2) patients with ger-
mline variants of KIT have characteristic phenotypic man-
ifestations*** and should have a family history of GIST or
other diseases (such as cutaneous mastocytosis),* both of
which were not found in our recruited cases. Although it
was not possible to perform a germline assessment of the
identified variants in our cohort, due to the aforementioned
reasons, we have excluded familial cancer syndrome caused
by germline mutations in KIT/PDGFRA genes. Moreover,
even though recent studies showed that personal or family
syndromic features may be absent in a large proportion of
patients with hereditary cancer predisposition, the germline
alterations in GIST-associated gene are largely prevalent
in patients with KIT/PDGFRA-wild-type GISTs (SDHA,
SDHB, SDHC, NF1); conversely, constitutional variants in
genes such as KIT are primarily somatic.*To our knowl-
edge, our research is the first investigating the prognostic
relevance of KIT/PDGFRA-nVAF in GIST patients. These
current findings, on a large patient cohort, suggest that the
high KIT/PDGFRA mutation allelic frequency of GIST
should be one of the criteria to decide whether to use adju-
vant treatment. Notably, in our sub-population of patients
with intermediate-risk, KIT mutated, GIST, the presence of
high variant allele frequency was statistically more associ-
ated with disease recurrence than low nVAF. In this cohort
of patients, the use of adjuvant imatinib could be considered
to reduce the risk of tumor relapse.

Moreover, in the future, nVAF could offer a promising
approach to detecting the treatment-induced secondary muta-
tions in metastatic patients. In this setting, emerging data in
the literature increasingly demonstrate the clinical utility of
liquid biopsies for a non-invasive and serial characterization
of GIST mutations.*”-5

Even though our findings would add important informa-
tion on current prognostic factors, we acknowledge some
limitations. First, the short follow-up of radically resected
GIST, is related to the limited period of time from the use of
NGS in the clinical practice. Another limitation of our study
is the inclusion of all risk categories and KIT or PDGFRA
mutated tumors, which show different clinical outcomes.
Although this limitation is partially overcome by the statis-
tically significant results in the homogeneous subgroup of
patients with intermediate-risk, KIT mutations, without adju-
vant treatment, further prospective validation of these results
on a larger population is required to better define the impact

of KIT/PDGFRA allele frequencies on patients’ with GIST
clinical outcomes.

Conclusion

Deciphering the molecular architecture of GISTs has greatly
improved our understanding of these tumors and is now
increasingly implemented by innovative sequencing and
genomic technologies.

Although a variety of clinical and pathological factors have
been defined as predictors of tumor recurrence and patient
survival, further refinements could be useful to further refine
prognostication, especially when discussing prognosis and
adjuvant treatment with patients classified as intermediate-
risk and for better-tailored adjuvant treatment duration. The
variant allelic frequency is readily available to clinicians and
could be a useful surrogate of the clonal burden of KIT or
PDGFRA mutations. In our study, we demonstrated that
higher nVAF levels were independent predictors of GIST
prognosis and survival in patients with localized GIST with
tumors harboring KIT or PDGFRA mutations. This finding
is particularly relevant in the intermediate-risk population,
where higher nVAF is a prognostic factor of tumor recur-
rence, and the use of adjuvant imatinib could be considered
to improve the clinical outcome. Further prospective valida-
tions of these findings will be able to develop more accurate
prognostic tools in the clinical decision-making process.
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