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Abstract

Introduction Assessment of KIT/PDGFRA mutations is

essential for therapeutic decision making in patients with

gastrointestinal stromal tumor (GIST). Blood-derived cir-

culating tumor DNA can provide molecular information

representative of the tumor tissue.

Methods In this study, primary tumors and matched

presurgical blood samples were collected from 25 patients

with localized gastric GIST, and the DNAs were analyzed

for KIT and PDGFRA mutations using a next-generation

sequencing platform.

Results Sequencing of the tumors identified mutations in

KIT exon 11 in 18/25 cases (72 %). The mutations were

detected in 13/18 (72 %) plasma samples from the patients

harboring KIT mutation in the paired GIST tissue. Identical

point mutations were found in three of the presurgical

plasma samples, and insertion/deletions were detected as

single-base substitutions in ten cases. No mutations were

detected in plasma samples from the seven patients with

KIT/PDGFRA wild-type GIST.

Conclusion Our study demonstrates that primary KIT

mutations can be detected in the presurgical plasma of

patients with localized GIST; this would help clinicians

reach proper diagnoses before surgery and assist them to

make appropriate therapeutic decisions.

Key Points

This is the first study demonstrating the possibility of

using plasma DNA as a surrogate marker for the

presence of KIT/PDGFRA mutations prior to

resection of primary GIST.

Given the frequent deletion and insertion mutations

present in GISTs, we could detect these mutations in

only half of the cases from plasma DNA.

Although the analysis of plasma DNA is not enough

to fully replace tissue sequencing, it can provide

useful information for diagnostic purposes and

therapeutic decisions.

1 Introduction

In gastrointestinal stromal tumors (GISTs), 85–90 % of

patients harbor activating mutations in the KIT or PDGFRA

receptor tyrosine kinase genes with the most common

mutations affecting the juxtamembrane domain encoded by

KIT exon 11. Knowledge of the mutational status provides

clinicians with a mandatory guide to therapeutic decision

making concerning patients with unresectable or metastatic

GIST [1]. Although a tumor itself is the major source of

tumor DNA, acquiring DNA through biopsy or surgery is
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invasive and often not possible. Cell-free circulating tumor

DNA (ctDNA) from a patient’s peripheral blood, known as

liquid biopsy, can theoretically overcome the limitations of

tissue biopsy and provide the same molecular information

[2]. Detection of tumor-associated mutations in the blood

can be used in the clinic, for purposes including the

assessment of prognosis, early detection of disease recur-

rence, and as surrogates for traditional biopsies with the

purpose of predicting response to treatments and the

development of acquired resistance [3]. Recently, a few

promising studies on the application of liquid biopsy in

GISTs were carried out using the BEAMing (beads,

emulsion, amplification, magnetics) technology and allele-

specific ligation polymerase chain reaction (PCR) assays

[4, 5]. As both are designed to detect specific, predefined

mutations, negative test results cannot be interpreted as

demonstrating the absence of mutations in the genes [6].

Thus, less targeted approaches may be better able to pro-

vide complete sequences of hotspot exons [2]. At present,

several next-generation sequencing (NGS; or massive

parallel sequencing) platforms are available, and they hold

major advantages in terms of breadth of mutation coverage.

Prior studies in GISTs and other cancers have been

conducted mostly in the metastatic settings, under which

the amount of ctDNA tends to be greater [2, 7]. Previously,

we reported that additional KIT and PDGFRA mutations

were detected by ctDNA sequencing in two of the three

GIST patients on tyrosine kinase inhibitor therapy [8]. To

validate the use of ctDNA as a biomarker for determining

KIT and PDGFRA mutations, we compared the mutation

status between tumor tissue and presurgical plasma sam-

ples from patients with localized gastric GIST using an

NGS platform.

2 Materials and Methods

Peripheral blood was drawn from 25 patients with a

localized gastric mass before surgery. None of the patients

was reported to receive neoadjuvant chemotherapy. The

tumors, resected between 2009 and 2014, were diagnosed

as GISTs based on histologic findings and immunohisto-

chemical expression of KIT (CD117). No other primary

tumor or metastasis was found at the time of diagnosis of

gastric GIST. Formalin-fixed paraffin-embedded (FFPE)

tumor and plasma samples with de-identified patient

information were provided by the Korea Biobank Network.

According to the SOPs of the Korea Biobank Network,

blood collected in EDTA (ethylene diamine tetraacetic

acid) or sodium citrate tube was centrifuged at 2500 rpm

for 10 min and kept frozen at -20 or -70 �C. The frozen

plasma samples were express shipped on dry ice and

delivered to our diagnostic laboratory within 5 h. All

samples derived from the biobanks were obtained with

informed consent under institutional review board (IRB)-

approved protocols, and this study was approved by the

IRB of Inje University Sanggye Paik Hospital (SGPAIK

2014-07-023).

The diagnosis of each case was confirmed by a single

pathologist (J. Pyo), and tumor-rich areas (40–80 %) were

dissected from unstained FFPE sections. Genomic DNAs

were then isolated from the tumor sections and matched

frozen plasma aliquots using High Pure PCR Template

Preparation Kit (Roche Diagnostics, Mannheim, Germany).

First, all tissue samples were tested for mutations in exons

9, 11, 13, and 17 of KIT and in exons 12, 14, and 18 of

PDGRFA by the Sanger sequencing method using an ABI

3700 automated sequencer (Applied Biosystems, Foster

City, CA, USA). Next, NGS was performed in both tumor

and plasma samples. Amplicon library preparation and

pyrosequencing were carried out according to manufac-

turers’ protocols [8, 9]. The GIST panel used in this study

(SeaSun Biomaterials, Daejeon, Korea) covers exons 9, 11,

13, and 17 of KIT and exon 18 of PDGFRA. Based on the

literature and our prior experience, a variety of deletions

and insertions (indels) that occur around codons 564–571

and a point mutation at codon 561 are the most common in

PDGFRA exon 12, which comprised about 5 % of the total

number of PDGFRA mutations listed in the COSMIC

database and was not included in the NGS panel [10]. For

negative control, we used DNA obtained from HeLa cells

in each run. Emulsion PCR, breaking, and bead enrichment

were performed using the GS Junior Titanium emPCR Kit

(Lib-L), emPCR Reagents Lib-L Kit, Oil and Breaking Kit,

and the Bead Recovery Reagents Kit (Roche Diagnostics,

Mannheim, Germany). To increase the resolution of low-

level somatic mutant molecules within a high background

of wild-type molecules, the InsightTM Onco Panel for KIT

and PDGFRA (SeaSun Biomaterials, Daejeon, Korea) was

used for mutant enrichment PCR as described previously

when analyzing the plasma samples. Peptide nucleic acid

(PNA) probes were used as PCR blockers to suppress

amplification of wild-type alleles [11]. To know the sen-

sitivity of NGS only, the mutant enrichment method was

not used in the first batch samples (case no. 4–10).

Sequencing was performed using the GS Junior system

(Roche Diagnostics, Mannheim, Germany), and the results

were analyzed with the GS Amplicon Variant Analyzer

(version 2.7; Roche Diagnostics, Mannheim, Germany).

The analyses of ctDNA were carried out in a blind fashion

with respect to mutation status of primary tumor.

In addition, qualitative analysis of plasma DNA was

performed with microfluidic DNA chip gel electrophoresis

using Agilent High Sensitivity DNA Kit and Agilent 2100

Bioanalyzer (Agilent Technology, Santa Clara, CA, USA).

DNA chips were run with two internal DNA markers of
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known size (35 and 10387 bp, respectively), and a DNA

ladder of standard concentrations that allowed automatic

calculation of DNA fragment sizes and amounts. We

determined the ratio of absorbance at 260 and 280 nm

(A260/280) using a NanoDrop 1000 spectrophotometer

(NanoDrop Technologies, Wilmington, DE, USA) and

obtained relatively low 260/280 nm ratios, suggesting

contamination of protein or other blood-derived products.

We also used an Agilent microfluidic DNA chip to deter-

mine the presence of nucleosome-sized DNA fragments

(average of 160–180 bp), and Agilent software was used to

calculate the concentrations of apoptotic DNA in each

plasma sample (Table 1) [12].

3 Results

Twenty-five patients with gastric GIST were included in

this study (13 men and 12 women), and their age ranged

from 29 to 81 years (mean: 59.4 years). KIT exon 11

mutations were identified in 18/25 (72.0 %) tissue samples

by both Sanger sequencing and NGS. The remaining seven

cases, sequenced to a read depth of [1400, had no

detectable mutation in KIT and PDGFRA. In these 18

cases, the tumor sizes ranged between 1.8 and 5.6 cm

(mean: 3.4 cm), and the mitotic counts were less than 5 per

50 high-power fields (5 mm2). Two GISTs were classified

as no risk and 16 as very low or low risk of progressive

disease. Seventeen of them were spindle cell tumors, and

one showed mixed spindle and epithelioid cells.

Matched presurgical plasma samples were analyzed for

tumor-specific mutations. A summary of results comparing

tumor tissue and ctDNA analysis is shown in Table 1. The

amount of total plasma DNA varied among samples,

ranging from 3.376 to 20.848 ng/lL, which is consistent

with previous reports [7]. The most common type in tumor

tissues was single-base substitutions (n = 8), followed by

deletions (n = 7) and insertions (n = 3). Five of the

deletions in exon 11 involved codons 557 and/or 558. Of

the plasma samples from 18 patients with mutations

detected in tumor tissues, 13 (72 %) were identified as

harboring KIT exon 11 mutations with allele frequencies

Table 1 Results of plasma tumor DNA analysis in 18 patients with KIT-mutant GIST

Case

No.

KIT exon 11 mutation (allele frequency/read depth) Tumor size (cm)/

risk of progressive

disease

Plasma DNA

(ng/lL)
Apoptotic DNA

(pg/lL)
Enrichment

PCR
FFPE tumor Plasma

1* W557_K558del (20.89 %/1460) W557R (0.61 %/3113) 2/none 4.048 7.84 Yes

2* K558_E562del (38.02 %/1983) V559I (21.96 %/3087) 4/very low 4.496 63.19 Yes

3 D579del (24.89 %/2362) E583G (0.53 %/3237) 4.2/very low 3.488 112.31 Yes

4* P551_K558del (11.39 %/1808) P551A (0.29 %/1383)

W557R (1.30 %/1383)

3/very low 4.272 40.16 No

5* K558_V559del (26.86 %/1917) V559A (0.53 %/1142) 2.5/very low 20.848 9.02 No

6* P551_K558del (10.91 %/1384) P551A (1.11 %/1264)

W557R (2.14 %/1264)

5.6/low 3.376 142.29 No

7 Y570_I571del (37.23 %/2842) L576P (0.36 %/823) 4/very low 4.944 87.50 No

8 R586_N587ins11 (30.08 %/1835) F584S (0.53 %/1319) 3.5/very low 8.528 21.03 No

9 L576_P577insPHL (23.61 %/2088) P551A (0.99 %/1418)

W557R (0.35 %/1418)

4.7/very low 4.944 22.73 No

10 D579_H580insLPYD (28.16 %/2216) E583G (0.28 %/704) 3.3/very low 4.048 123.27 No

11* W557R (38.28 %/1711) W557R (1.15 %/3040) 4.5/very low 13.904 59.07 Yes

12* V559D (39.33 %/1991) V559D (6.82 %/2405) 3.3/very low 5.504 85.23 Yes

13* V560D (24.03 %/1698) V560D (0.19 %/3230) 2.8/very low 3.712 37.95 Yes

14 W557G (39.35 %/1164) Not detected 1.8/none 5.280 33.78 Yes

15 V559D (28.32 %/1490) Not detected 2.2/very low 4.608 33.67 Yes

16 V559D (38.24 %/1624) Not detected 3.0/very low 6.848 95.55 Yes

17 V560G (71.33 %/2480) Not detected 3.5/very low 6.176 68.63 Yes

18 V559D (38.90 %/2257) Not detected 2.5/very low 4.160 159.03 Yes

Bold indicates mutant allele frequencies[0.5 %

An asterisk indicates concordant NGS results in tissue and plasma

FFPE formalin-fixed paraffin-embedded, GIST gastrointestinal stromal tumor, NGS next-generation sequencing, PCR polymerase chain reaction
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ranging from 0.19 to 21.96 %. Identical point mutations

were found in three of the matched ctDNA samples (case

No. 11, 12, and 13); whereas indels were detected as sin-

gle-base substitutions in the other ten samples (case No.

1–10). None of the seven patients with wild-type GIST had

detectable mutations in KIT (exons 9, 11, 13, and 17) and

PDGFRA (exon 18) in plasma DNA.

4 Discussion

To our knowledge, this is the first study demonstrating the

possibility of using ctDNA as a surrogate tissue to identify

the presence of mutations in patients with GIST prior to

resection of their primary tumors. This approach may hold

the promise of detecting primary mutations when tissue

samples are too small or unsuitable for standard mutation

analysis, and may obviate the need for repeated biopsies.

We also combined an enrichment-PCR method with next-

generation pyrosequencing to enhance the detection of low

frequency mutations in plasma [11].

BEAMing, one of the most advanced technologies for

point-mutation analysis of ctDNA, previously detected

secondary mutations more readily in plasma (47 %) than in

tissue (12 %). However, the assay was less sensitive for

identifying primary KIT exon 11 mutations in ctDNA

(12 % of samples tested) [2, 5]. A recent report by Bauer

et al. showed that primary and resistant mutations were

found in 41 and 86 % of the plasma samples, respectively,

from patients with metastatic GIST by using an NGS

platform (Illumina’s MiSeq) and a cutoff of allele fre-

quency of 0.5 % [13]. These discrepancies are partly

attributable to the study design that specifically targeted

secondary mutations, but mostly to the diversity of KIT

mutations in GISTs [2].

Using a cutoff value of 0.5 %, the same as that used by

Bauer et al., we were able to detect the presence of KIT

mutations in 10 of the 18 cases (56 %) in plasma DNA.

The present study provides a proof of concept of the

feasibility of a noninvasive method for detecting primary

mutations in GISTs; however, there were limitations in

our study. First, the process of blood sample collection

and plasma preparation, as well as the gap in time

between blood draw and surgery, were not available to

the authors, and might vary between patients and insti-

tutions. Circulating DNA in the blood is known to be

highly fragmented, and the integrity and quality of

ctDNA might be affected by several preanalytical factors,

including clotting, delayed separation of blood cells from

plasma, freeze-thaw, and storage [14]. To apply ctDNA

sequencing in the clinic, acquisition of high-quality DNA

is one of the most important prerequisites. In a previous

study, we were able to detect identical primary KIT

mutations (including deletion of K558_E562 in exon 11

and duplication of A502_Y503 in exon 9) in both tumor

tissue and ctDNA using the same platform [8]. In that

study, all the samples underwent the same pre-analytical

processing steps; that is, blood was centrifuged imme-

diately after collection, and the plasma was stored at -

20 �C for no more than 3 days until DNA was extracted

and analyzed. In addition, samples were from the patients

with advanced GIST on tyrosine kinase inhibition ther-

apy, in which the amount of ctDNA might be greater than

those from the low-risk tumors of the present study.

Second, some technical issues of NGS need to be con-

sidered when analyzing ctDNA. Detection of tumor-

specific mutations in the blood using NGS technology

may offer increased sensitivity. However, the liquid

biopsy is not at a stage where it can fully replace

sequencing of a tissue sample. Still, there are problems in

identifying long indels using any current NGS platform,

as well as the BEAMing technology. They are biased

toward the shorter alterations, particularly for the anal-

ysis of DNAs that are degraded or highly fragmented. For

the ten cases in which NGS failed to call the exact

genotypes, five of the indel mutations in the tissue were

detected as single-base substitutions within the deleted

regions of KIT (indicated by asterisks in Table 1). Thus,

for example, a PCR-based backup assay can be used to

complement NGS and not to miss critical indels that

occur in EGFR exon 19 and KIT exon 11 in cases of lung

cancer and GIST, respectively. Third, a mutation could

be detected in as low as 0.19 % of mutant allele by the

combinatory use of PNA and NGS (case No. 13). In a

previous study using a mixture of DNAs from HeLa and

EGFR-mutant cells and the same analytical platform, the

limit of detection was 0.5 % mutant allele by NGS alone,

and the mutant-specific enrichment procedures using

PNA probes resulted in an increase of detection limit and

rate for mutations [11]. However, the diagnostic perfor-

mance between the two methods could not be compared

in this study, because only one of them was employed for

analyzing each plasma sample. Finally, no mutations

were detected in the ctDNA samples of five patients (case

No. 14–18), but KIT mutations were detected in the tumor

tissues. These five ctDNA samples remained negative

even after using the PNA-NGS approach. The reason why

a mutation was detected in tumor but not in synchronous

plasma could be due to either the absence of the mutation

in plasma DNA or to the presence of the mutation in

allele frequency below the detection limit of our method

[15]. There were no differences in tumor size and amount

of ctDNA between the positive and the negative cases.

We were also not able to establish a correlation between

risk grade of GIST and amount of ctDNA due to the small

sample size.
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5 Conclusion

Along with rigorous concordance studies, investigations to

assess the applicability of monitoring tumor-associated

genetic aberrations using ctDNA analysis as the primary

endpoint are needed [3]. In parallel, it is also important to

implement optimal standardization of preanalytical steps to

adopt ctDNA into routine clinical practice. Despite the

limitations, this noninvasive approach may provide infor-

mation for diagnostic purposes and therapeutic decisions

for patients with GIST. This can be further used to assess

microscopic residual disease that could lead to recurrence,

and guide adjuvant therapy recommendations based on the

presence of mutation-positive ctDNA after surgery.
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