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abstract

PURPOSE To investigate the use of PTEN biomarker to improve prognostic stratification in patients with localized
gastrointestinal stromal tumor (GIST).

METHODS PTEN expression and genomic analysis were performed on two independent GIST-60 (n = 60) and
GIST-100 (n = 100) cohorts, respectively.

RESULTS PTEN expression was significantly lower in patients with local and metastatic recurrent tumor
compared with those with no recurrence (P = .004). PTEN low expression was significantly associated with poor
disease-free survival (DFS) compared with PTEN high expression (43.73 v 117.95 months; P = .0084) and
distant metastatic-free survival (DMFS; 57.95 v 117.95 months; P = .0032). PTEN heterozygous loss was
observed in approximately 10% of the patients in each cohort and was associated with poor DFS compared with
patients with PTEN normal status (27.56months v not reached [NR]; P, .001) and DMFS (27.56months vNR;
P , .001). Multivariate analysis revealed that PTEN expression was an independent clinical prognosis factor
besides tumor size, mitosis index, and location (hazard ratio for DFS: 3.8; P = .033; hazard ratio for DMFS 5.7,
P = .01). Furthermore, PTEN low expression was independently associated with poor DMFS in clinically high-
risk patients (mDMFS: 42.28 v 65.61 months; P = .0166). In addition, PTEN heterozygous loss was inde-
pendently associated with poor DMFS in patients at either low/intermediate risk (mDMFS: 18.05 months for
PTEN loss v NR for PTEN normal status; P , .001) or at high risk (mDMFS: 27.19 months for PTEN loss v
105.36 months for PTEN normal status; P = .044).

CONCLUSION PTEN low expression/gene loss is an independent significant prognostic factor and a promising
component to strengthen the clinical prognostic tools in patients with localized GIST.

JCO Precis Oncol 6:e2200129. © 2022 by American Society of Clinical Oncology

Licensed under the Creative Commons Attribution 4.0 License

INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal malignancies of the gastro-
intestinal tract. As tumors driven by KIT or PDGFRA
oncogenic mutations, patients with GIST clearly
benefit from the development of molecularly targeted
treatments.1 For early-stage/localized GIST amenable
to resection, several clinical prognostic factors have
been identified and prospectively validated to guide
clinical management in terms of surveillance and help
decision in guiding adjuvant treatment.2-7 The current
clinical factors include age, tumor size, mitotic count,
location, and perforation. To date, there is no con-
sistent and validated prognostic biomarker routinely
used in patients with resected GIST other than mu-
tation status in receptor tyrosine kinases (RTKs) KIT or

PDGFRA, likely because of the lack of in-depth un-
derstanding in the biological mechanisms of disease
relapse beyond kinase-activating mutations. Despite
effective targeted adjuvant treatment with imatinib is
proposed in patients who are clinically considered at
high risk on the basis of standardized and validated
clinical prognostic tools,2-7 about 35% patients still
relapse.8 In addition, imatinib is currently only ap-
proved for patients with high-risk disease; about
5%-20% in patients with low to intermediate risk will
relapse with or without imatinib.2-7,9,10

Phosphatase and TENsin homolog deleted on chro-
mosome 10 (PTEN) is a tumor suppressor known
as one of the central regulators of phosphatidylino-
sitol-3-kinase/protein kinase B/mammalian target
of rapamycin (PI3K/Akt/mTOR) pathway, involved
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downstream RTKs. PTEN loss of function leads to upre-
gulation of the pathway that stimulates cell growth and
survival.11 In addition, PTEN loss and activation of PI3K/
Akt/mTOR pathway is more frequently seen in advanced
GIST or imatinib-resistant GIST tumors, underlining its
critical role in promoting tumor progression and conferring
resistance to inhibitors of RTKs.12-14 Loss of PTEN ex-
pression is observed in 38.6% of soft tissue sarcoma
(STS), most commonly in leiomyosarcomas, epithelioid
sarcomas, alveolar rhabdomyosarcomas, osteosarcomas,
and chordomas.15 The mutations and deletions in PTEN
occur in 2%-10% of STS.16 In GIST, limited studies
published to date with sample sizes between 20 to just
over 100 revealed that around 10%-50% of primary/
untreated GISTs with either PTEN low expression or
PTEN loss are associated with high-risk tumors and un-
favorable clinical outcomes.12,17-19 None of these studies
specifically reported the use of PTEN biomarker to
strengthen the current clinically standardized prognostic
factors in patients with GIST. Clinical studies investigating
mTOR inhibitors as monotherapy in many STS including
GISTs did not show significant efficacy assuming a neg-
ative feedback loop activation of AKT and mTOR complex
2 (mTORC2) in addition to mitogen-activated protein ki-
nase (MAPK) pathway.20,21 Several preclinical studies
showed that combined treatment with imatinib and PI3K
inhibitors were more effective than imatinib as single
agent.22-24 Thus far, only one phase I/II study, to our
knowledge, revealed some activity with the combination of
imatinib and the mTOR inhibitor everolimus in patients
who progressed with imatinib or sunitinib alone.25 The
results from ongoing trials (ClinicalTrials.gov identifier:
NCT01735968, NCT01468688, NCT00087074) are still
pending.

This study investigates whether PTEN biomarker added an
independent prognostic value to current standardized
clinical prognostic tools in patients with localized GIST.

PTEN biomarker may help to improve clinical management
of resected GIST patients (ie, increase surveillance) and
may be used as stratification factor in adjuvant clinical trials
dedicated to patients with GIST to further investigate
combined treatments with TKIs and mTOR inhibitors and
contribute to improve clinical outcome in patients with
early-stage GIST.

METHODS

Patient/Tumor Samples

This retrospective study enrolled patients with localized
GIST diagnosed from June 1995 to February 2009 and
confirmed by a central histologic review according to the
French Sarcoma Group (FSG) guidelines. All tumor sam-
ples are recorded in the European GIST database
(ConticaGIST)26 under the umbrella of ATGsarc database27

(on-demand access).28,29 Frozen tumor samples were
obtained from primary tumor resection. GIST sample
classification used the modified National Institute of Health
(NIH)28,29 and American Forces Institute of Pathology
(AFIP) prognostic criteria and prognostic contour map.2,3,6

Gene Expression and Comparative Genomic

Hybridization Analysis

PTEN expression and comparative genomic hybridization
(CGH) analysis were carried out using 44K (model 014850,
Agilent Technology, Santa Clara, CA) and 8 × 60K whole-
genome Agilent arrays (model G4450A, Agilent Technol-
ogy), respectively, according to the manufacturer’s proto-
col. Gene expression analysis was performed on GIST-60
cohort, whereas CGH analysis was conducted on GIST-100
cohort as previously detailed.29 The probe A_24_P913115
maximizing the interquartile range value (ie, higher dis-
persion) was selected to reflect PTEN expression. In CGH
analysis, PTEN heterozygous and homozygous loss were
defined as the absence of a single and both PTEN copies,
respectively, whereas PTEN gain and amplification were
defined as the presence of 2 to 10, and more than 10 gene
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copies, respectively. Data are available online in the
ATGsarc database upon request.

Statistics

Descriptive analysis for patient and tumor characteristics
were presented in the two cohorts (GIST-60, n = 60; GIST-
100, n = 100). Box plots illustrate PTEN expression levels in
patients with or without local or metastatic recurrence, and
the Wilcoxon nonparametric test was used to compare
PTEN expression levels between groups. The mean PTEN
expression was selected as cutoff to differentiate low and
high PTEN expression in the GIST-60 cohort. Indeed,
previous reports showed that 50% of the GISTs have PTEN
low expression or PTEN gene loss.12,19 Disease-free survival
(DFS) and distant metastasis-free survival (DMFS) esti-
mates were calculated using the Kaplan-Meier (KM)
method. Subgroup comparisons were performed using log-
rank tests. Median follow-up (FU) was calculated using
reverse Kaplan-Meier estimation. Cox proportional hazard
model was used to identify the prognostic value of PTEN on
DFS and DMFS. The multivariate model included known
clinical prognostic factors such as tumor size, mitotic count,
and location. Hazard ratios (HRs) are presented with 95%
CIs. All statistical analyses were performed using the
software program R v4.1.2 (R Foundation for Statistical
Computing, Vienna, Austria).30

TABLE 1. Patient/Tumor Characteristics of GIST-60 and GIST-100
Cohorts

Patient/Tumor Characteristics

GIST-60
Cohort
(n = 60)

GIST-100
Cohort

(n = 100)

Age, years

Median (min-max) 62 (36-76)a 64 (29-86)b

Sex

Female 22 (36.7) 45 (45)

Male 38 (63.3) 36 (36)

Unknown 0 (0) 19 (19)

Tumor size, cm

≤ 2 4 (6.7) 0 (0)

. 2 and ≤ 5 24 (40) 23 (23)

. 5 and ≤ 10 20 (33.3) 25 (25)

. 10 12 (20) 14 (14)

Unknown 0.(0) 38 (38)

Mitotic rate, /50HPF

≤ 5 38 (63.3) 56 (56)

. 5 and ≤ 10 9 (15) 15 (15)

. 10 13 (21.7) 10 (10)

Unknown 0 (0) 19 (19)

Tumor location

Gastric 40 (66.7) 48 (48)

Small bowel 14 (23.3) 26 (26)

Colon 1 (1.7) 2 (2)

Rectum 1 (1.7) 0 (0)

(Retro)peritoneum/mesenteries/
abdominal

4 (6.7) 3 (3)

Unknown 0 (0) 21 (21)

Modified NIH risk classification

Very low 4 (6.7) 0 (0)

Low 15 (25) 1 (1)

Intermediate 18 (30) 26 (26)

High 23 (38.3) 35 (35)

Unknown 0 (0) 38 (38)

AFIP risk classification/prognostic
contour map

Low 22 (36.7) 8 (8)

Intermediate 24 (40) 42 (42)

High 13 (21.7) 9 (9)

Unknown 1 (1.7) 21 (21)

Mutational status

KIT exon 11 40 (66.7) 27 (27)

KIT exon 9 2 (3.3) 2 (2)

WT (no KIT/PDGFR) 3 (5) 2 (2)

PDGFRA exon 18 D842V 7 (11.7) 1 (1)

(Continued in next column)

TABLE 1. Patient/Tumor Characteristics of GIST-60 and GIST-100
Cohorts (Continued)

Patient/Tumor Characteristics

GIST-60
Cohort
(n = 60)

GIST-100
Cohort

(n = 100)

PDGFR exon 18 non-D842V 1 (1.7) 0 (0)

PDGFRA exon 12 2 (3.3) 0 (0)

PDGFR exon 14 1 (1.7) 0 (0)

Unknown 4 (6.7) 68 (68)

Surgical margin

R0 42 (70) 27 (27)

R1 3 (5) 1 (1)

Unknown 15 (25) 72 (72)

Local recurrence

Yes 6 (10) 8 (8)

No 54 (90) 92 (92)

Metastatic recurrence

Yes 15 (25) 29 (29)

No 45 (75) 71 (71)

Abbreviations: AFIP, American Forces Institute of Pathology; GIST,
gastrointestinal stromal tumor; HPF, high-power field; NIH, National
Institutes of Health.

a80% data missing.
b46% data missing.

JCO Precision Oncology 3

PTEN Biomarker, a Promising Biomarker Strengthening Clinical Prognostic Tools in Localized GIST



Ethics Approval

Data collection and analysis received approval from the
ethics committees according to applicable national legis-
lation, authorization from Comité consultatif sur le traite-
ment de l’information en matière de recherche dans le
domaine de la santé (CCTIRS) number 09.594 received on
November 19, 2009, and authorization from the Comité
National Informatique et Liberté (CNIL) number 909510,
received on February 5, 2010.

RESULTS

Cohort Characteristics

Patient and tumor characteristics of the GIST-60 (n = 60)
and GIST-100 (n = 100) cohorts are summarized in
Table 1. The median age at diagnosis was 62 years (range,
36-76 years) and 64 years (range, 29-86 years) in GIST-60
and GIST-100 cohorts, respectively. The majority of tumors
were located in stomach (GIST-60: n = 40, 66.7%; GIST-
100: n = 48; 48%) and small bowel (GIST-60: n = 14,
23.3%; GIST-100: n = 26, 26%). A minority of tumors had
size . 10 cm (GIST-60: n = 12, 20%; GIST-100: n = 14,
14%) and mitotic rate over 10/50 high-power field (GIST-
60: n = 13, 21.7%; GIST-100: n = 10, 10%). Just over a
third of the patients (GIST-60: n = 23, 38.3%; GIST-100:

n = 35, 35%) were classified at high risk on the basis of
modified NIH criteria. Less patients at high risk were
identified according to the AFIP prognostic criteria/
prognostic contour map, also considering unknown
tumor rupture status (GIST-60: n = 13, 21.7%; GIST-100:
n = 9, 9%; Table 1). Patients had not received TKIs such as
imatinib before or after surgical resection unless they de-
veloped distant metastasis. Median FU was 43.23 months
(95% CI, 35.75 to 53.16) in the GIST-60 cohort and
50.46 months (95% CI, 41.74 to 59.50) in the GIST-100
cohort.

PTEN Expression and CGH Analysis

The transcriptional profiling in the GIST-60 cohort revealed
a significantly lower PTEN expression in patients with local
and metastatic relapse (n = 16) compared with those with
no documented recurrence (n = 44; P = .0004; Fig 1A).
CGH analysis revealed PTEN heterozygous loss in 12
(12%) in the GIST-100 cohort (Fig 1B).

The Lower Expression and Heterozygous Loss of PTEN

Predicted Poorer Survival

Survival analyses were performed in patients with PTEN low
or high expression levels in the GIST-60 cohort and PTEN
heterozygous loss or normal status in the GIST-100 cohort.
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FIG 1. Lower expression and heterozygous Loss of PTEN in recurrent andmetastatic GIST: (A) PTEN expression in the GIST-60
cohort and (B) heterozygous loss of PTEN in the GIST-100 cohort. GIST, gastrointestinal stromal tumor.
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In the GIST-60 cohort, patients with PTEN low expression
had significantly reduced DFS (mDFS, 43.73 months; 95%
CI, 30.19 to not reached [NR]) compared with patients with
PTEN high expression (mDFS, 117.95 months; 95% CI,
65.61 to NR; P = .0084). Similarly, patients with PTEN low
expression had a distant metastatic-free survival (DMFS)
significantly reduced (mDMFS, 57.95 months; 95% CI,
30.19 to NR) compared with patients with high PTEN
expression (mDMFS, 117.95 months; 95% CI, 65.61 to
NR; P = .0032; Figs 2A and 2B). In GIST-100, patients with
PTEN heterozygous loss had significantly poorer DFS
(mDFS, 27.56 months; 95% CI, 18.76 to NR) compared
with patients with PTEN normal status (mDFS, NR; 95% CI,
83.65 to NR; P , .001). Similarly, patients with PTEN
heterozygous loss had significantly poorer DMFS (mDMFS,
27.56 months; 95% CI, 18.76 to NR) than patients with

PTEN normal status (mDMFS, NR; 95% CI, 105.36 to NR;
P , .001; Figs 2C and 2D).

Identification of PTEN low expression/genomic loss as an
independent prognostic factor strengthens the clinical
prognostic tools.

The significant prognostic value of PTEN in localized GIST
was used to evaluate whether PTEN low expression pro-
vides independent additional value to already validated
clinical prognostic factors. The multivariate analysis in
GIST-60 revealed significant prognostic value of PTEN low
expression (HR for DFS 3.8; P = .033; HR for DMFS 5.7,
P = .01; Table 2). PTEN low expression is identified as an
independent factor that may be added to already identified
prognostic factors used at clinical level, ie, tumor size,
mitotic count, and location.
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In GIST-60, patients with PTEN low expression had re-
duced DFS and DMFS compared with patients with PTEN
high expression in patients clinically considered at low/
intermediate risk (on the basis of AFIP/prognostic contour
map); however, the difference was not identified as sta-
tistically significant (mDMFS: NR; P = .062). Larger sample
size and longer FU would be required to accurately report
the number of events (Fig 3A). In patients clinically con-
sidered at high risk and PTEN low expression, DFS and
DMFS (mDMFS, 42.28 months; 95% CI, 8.77 to NR) were
significantly reduced compared with those with PTEN high
expression (mDMFS, 65.61 months; 95% CI, 65.61 to NR;
P = .0166; Fig 3B). Similarly, in GIST-100, patients clini-
cally considered at low/intermediate risk with PTEN het-
erozygous loss had reduced DFS and DMFS (mDMFS,
18.05 months; 95% CI, 5.91 to NR) than those with
PTEN normal status (mDMFS, NR; 95% CI, 75.14 to NR;
P , .001; Fig 3C). In patients clinically considered at high
risk, PTEN heterozygous loss had reduced DFS and DMFS
(mDMFS, 27.19 months; 95% CI, 18.76 to NR) than pa-
tients with PTEN normal status (mDMFS, 105.36 months;
95% CI, 105.36 to NR; P = .044 (Fig 3D).

DISCUSSION

Our study showed that PTEN low expression and PTEN
heterozygous loss are independent prognostic factors as-
sociated with an increased risk of relapse in localized GIST,
which may complement the classically used clinical
prognostic factors.

To date, several prognostic biomarkers have been inves-
tigated in localized GIST besides RTKs (KIT, PDGFRA),

such as cyclin-dependent kinase inhibitor 2A (CDKN2A/
p16), aurora kinase A (AURKA), neurofibromatosis type 2
(NF2), histone modifier gene SET domain containing 2
(SETD2), Raf kinase inhibitor protein (RKIP), potassium
channel tetramerization domain containing protein 10
(KCTD10), SLIT and NTRK-like family member 3 (SLITRK3),
or orphan receptor 2 (ROR2).31 However, these prognostic
biomarkers were mainly issued from studies with limited
sample size. In addition, only few studies have investigated
whether these biomarkers provide an added value to the
current clinical prognostic tools. Therefore, although sci-
entifically interesting, they have limited impact on routine
clinical care in patients with GIST so far.

This study showed that PTEN low expression had a sig-
nificant prognostic value in patients with localized GIST,
which is consistent with previous results,12,17-19 but also
identified PTEN loss as an independent prognostic factor
that added value to the current standardized clinical
prognostic tools. Our group previously reported that ge-
nomic index (GI) and complexity index for sarcoma
(CINSARC) had significant prognostic value in localized
GIST. These gene signatures, as a reflect of genomic in-
stability, outperformed clinical prognostic tools such as
AFIP.28,29 It would be interesting to further investigate the
interaction and combined value of PTEN with these gene
signatures and with some other prognostic biomarkers
especially when targetable, such as PI3KCA and tuberous
sclerosis 2 (TSC2) in PI3K/AKT/mTOR pathway, or alter-
natively pathways involved in cell cycle regulation (cyclin-
dependent kinase 4 [CDK4], E2F1, and cyclin D2
[CCND2]) or in epigenetic regulation (eg, AURKA), which

TABLE 2. Multivariate Analysis Reveals That PTEN has Independent Prognostic Value (GIST-60 cohort)
DFS; GIST-60 Cohort

HR 95% CI Lower Limit 95% CI Upper Limit P

Clinical factor(size cm: 5-10 v , 5) 4.210 0.946 18.733 .059

Clinical factor(size cm: . 10 v , 5) 7.432 1.607 34.366 .010

Clinical factor (mitotic index/50HPF: 5-10 v , 5) 4.726 0.869 25.710 .072

Clinical factor (mitotic index/50HPF: . 10 v , 5) 15.345 3.434 68.572 .000

Clinical factor (site: gastric v nongastric) 1.440 0.467 4.439 .525

PTEN (low v high) 3,788 1.116 12.821 .033

DMFS; GIST-60 Cohort

HR 95% CI Lower Limit 95% CI Upper Limit P

Clinical factor (size cm: 5-10 v , 5) 4.606 1.003 21.149 .050

Clinical factor (size cm: . 10 v , 10) 6.869 1.412 33.423 .017

Clinical factor (mitotic index/50HPF: 5-10 v , 5) 4.698 0.834 26.458 .079

Clinical factor (mitotic index/50HPF: . 10 v , 10) 15.978 3.307 77.195 .001

Clinical factor (site: gastric v nongastric) 1.581 0.479 5.232 .451

PTEN (low v high) 5.714 1.511 21.739 .010

Abbreviations: DFS, disease-free survival; DMFS, distant metastatic-free survival; GIST, gastrointestinal stromal tumor; HPF, high-power field;
HR, hazard ratio; PTEN, phosphatase and tensin homolog.
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are known to be involved in tumor relapse and progression
in GIST. Our initial analysis in GIST-60 cohort showed that
these biomarkers have standalone prognostic value (data
not shown), but much larger cohorts are required for val-
idation of preliminary results and further investigation on
the combined value of these biomarkers needs to be
performed.

Overall, 40%-50% of the patients with localized GIST will
develop metastases usually localized in the liver within the
first 2-10 years after complete resection of primary tumor
depending on the nature of disease as reflected by mitotic
count and Ki-67.2 Adjuvant imatinib has consistently
demonstrated significant efficacy in halving the risk of
relapse in patients with localized GIST, especially in pa-
tients harboring drug-sensitive mutations; however, only
patients clinically considered at high risk can be treated so

far.8 Despite adjuvant treatment demonstrated efficacy,
about 35% of the patients with localized GIST still recur.8,32

Our study showed that survival in clinically high-risk pa-
tients is worse than in low-/intermediate-risk patients, as
expected (Fig 3). PTEN low expression and PTEN het-
erozygous loss are identified as independent factors as-
sociated with poor DMFS compared with patients with
PTEN high expression and PTEN normal status (Figs 3C
and 3D). Notwithstanding the limited sample size of the
series, mDMFS for patients with PTEN heterozygous loss
was only 27 months, ie, about four times shorter than
mDMFS in patients with PTEN normal status (105months),
suggesting that specific adjuvant strategy such as com-
bined therapies involving TKIs and drugs specifically tar-
geting PI3K/AKT/mTOR pathways should be developed to
improve their clinical outcome. On the basis of potential
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FIG 3. Low expression or heterozygous loss of PTEN independently predicts poor survival in clinically low/intermediate or high groups: (A) DMFS: clinically
low/intermediate group in the GIST-60 cohort, (B) DMFS: clinically high group in the GIST-60 cohort, (C) DMFS: clinically low/intermediate group in the
GIST-100 cohort, and (D) DMFS: clinically high group in the GIST-100 cohort. GIST, gastrointestinal stromal tumor; DMFS, distant metastatic-free survival;
NR, not reached; CI, confidence interval.
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signal of efficacy of the treatment combining imatinib and
the mTOR inhibitor everolimus in unselected advanced
GIST patients,25 PTEN loss may be useful as selection
stratification criteria to refine design of future adjuvant and/
or advanced clinical trial. Other drug combined with TKIs
could also be considered such as AKT inhibitors and/or
RAF/MEK inhibitors because of negative feedback acti-
vation of MAPK pathway.20,21 In addition, among the
patients clinically considered at low/intermediate risk, ap-
proximately 5%-20% of these patients will relapse with or
without imatinib, considering that adjuvant imatinib is
currently not used as standard treatment.2-7,9,10 Generally,
only surveillance with regular image scans is required
according to local jurisdictions. Our study demonstrated
that patients with PTEN low expression or PTEN hetero-
zygous loss had worse clinical outcome, although they are
not identified as patients at high risk. For example, mDMFS
was only 18 months in patients with PTEN heterozygous
loss, which is unusual on the basis of clinical prognostic
tools, versus NR in patients with PTEN normal status be-
cause of relatively short FU duration of just over 4 years
(Figs 3A and 3B). These data indicate that patients with
PTEN loss should undergo more stringent surveillance and
close monitoring to allow early detection of potential
recurrent/metastatic disease and be able to initiate ag-
gressive systemic treatments combined with locoregional
treatments (ie, metastectomy or other ablative therapies)
and to improve overall clinical outcome.

Despite the sample size of our study (n = 160) was relatively
larger compared with series on PTEN biomarker previously
published in GIST (n = 20-104), to the best of our
knowledge,12,17-19 our sample size was nevertheless limited
and faced with reduced event rate, and wide CI is observed
in most survival analysis. In addition, it may explain why
PTEN lower expression numerically predicted poorer DFS
and DMFS in low-/intermediate-risk group but did not reach
statistical significance (data not shown; Fig 3A). Further

validation of our results would be required using an in-
dependent large cohort, and complementary approaches
such as immunohistochemistry to assess PTEN expression
on tissue microarray may be warranted. Immunohisto-
chemistry would also be more easily implemented into
routine clinical practice. Another limitation of this study is
that 38% of patients’ clinical/tumor characteristics infor-
mation is missing in GIST-100, which prevent multivariate
analysis to be performed in GIST-100. Instead, Fisher’s
exact test was used and revealed that PTEN loss was
significantly associated with local or metastatic recurrence
(P = .0001; data not shown). Finally, the added prognostic
value of PTEN on overall survival cannot be accurately
estimated because of the limited FU duration and reduced
event rate in both cohorts, and prevent to appropri-
ately determine mDFS, mDMFS, and related confidence
intervals.

In conclusion, to our knowledge, our study is one of the few
studies investigating the prognostic role of PTEN bio-
marker, PTEN low expression, or PTEN loss in the context
of standardized clinical prognostic tools. PTEN low ex-
pression and PTEN loss consistently and independently
predicted poorer survival not only in clinically high-risk
patients but also in patients at low/intermediate risk,
prompting further development of therapeutic and sur-
veillance strategies to improve their clinical outcome.
Clinically low-/intermediate-risk GIST patients with PTEN
low expression/PTEN loss may benefit from intensive
surveillance, whereas clinically high-risk GIST patients with
PTEN low expression/PTEN loss may benefit from further
clinical trials to investigate the additional value of mTOR
inhibitors to standard adjuvant TKIs. Our study strongly
suggests that PTEN loss strengthens the prognostic value of
standardized clinical prognostic tools and warrant to be
considered for implementation besides standardized clin-
ical prognostic tools to further guide clinical management of
patients with localized GIST.
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7Department of Pathology, Institut Claudius Régaud, IUCT-Oncopole,
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