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Abstract

Gastrointestinal stromal tumour was the first solid tumour in which genotype dictated the choice and dose of drug, and it remains one of the few where the
mutation determines almost everything. The unresolved question is whether plasma can substitute for tissue, and here the answer isless encouraging than
in most other tumours.

Objectives: To review the published evidence on KIT and PDGFRA mutation profiling in gastrointestinal stromal tumours: the distribution of primary
mutations, what genotype predicts for each licensed agent, how secondary resistance mutations arise, and how far circulating tumour DNA can replace
tissue for either purpose.

Material and Methods: Narrative review of mutation profiling series, prospective trials with prespecified genotype analyses, resistance studies and
circulating tumour DNA cohorts indexed in PubMed and the major oncology and pathology journals. Sudies were eligible if they reported mutation
frequency in a defined population, outcomes stratified by genotype, mechanisms of acquired resistance, or the performance of plasma testing against
tissue. No new patient data were generated; every frequency and effect estimate quoted is one published by the original investigators.

Results: Among 127 patients with metastatic disease, activating KIT mutations were present in 88.2 per cent and PDGFRA mutations in 4.7 per cent.
Genotype predicted imatinib benefit sharply: partial response was achieved by 83.5 per cent of patients with KIT exon 11 mutations, 47.8 per cent of those
with exon 9 mutations and none of those without a detectable kinase mutation. The ordering reverses on sunitinib, where exon 9 disease showed higher
response and longer median progression-free survival, 19.4 against 5.1 months, and longer overall survival, 26.9 against 12.3 months. PDGFRA D842V,
the single commonest PDGFRA variant, isresistant to imatinib but produced an 88 per cent overall response rate with avapritinib. In plasma, sequencing
detected cell-free DNA mutations in only five of 18 patients, an overall sensitivity of 28.6 per cent, and only in advanced disease after imatinib failure.

Conclusion: Tissue genotyping is not optional in this disease; it sets the drug and the dose from the outset. Plasma cannot replace it at diagnosis, because
these tumours shed little circulating DNA and localised disease yields essentially none. Where plasma earnsits place is after progression, when it detects
the polyclonal secondary mutations that no single rebiopsy can capture.

Abbreviations: GIST — Gastrointestinal Sromal Tumour, KIT — KIT Proto-Oncogene Receptor Tyrosine Kinase, PDGFRA — Platelet-Derived Growth
Factor Receptor Alpha, TKI — Tyrosine Kinase Inhibitor, ctDNA — Circulating Tumour DNA, cfDNA — Cell-Free DNA, NGS — Next-Generation
Sequencing, ddPCR — Droplet Digital Polymerase Chain Reaction, ORR — Overall Response Rate, PR — Partial Response, CR — Complete Response, PFS
—Progression-Free Survival, OS— Overall Survival, AF — Allele Freguency.
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Introduction together account for the large majority of cases[3,4].

What followed made this disease atemplate for targeted therapy.
Imatinib, developed against BCR-ABL, inhibits KIT, and its
introduction transformed the management of advanced disease from
a setting with no effective systemic option into one with durable
responses [5,6]. The mutation is not merely diagnostic: it determines
which drug works, at what dose, and for how long [7,8].

Gastrointestinal stromal tumours are the commonest mesenchymal
tumours of the gastrointestinal tract, and their molecular basis was
established unusually early. Gain-of-function mutations of c-kit were
identified in 1998 [1], activating PDGFRA mutations were described
five years later in tumours lacking KIT mutations [2], and the two
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That makes mutation profiling obligatory rather than optional,
and raises the question this review addresses. Tissue is available at
resection, but repeat biopsy at progression carries real risk and
samples only one lesion a one moment, while resistance in this
disease is characteristically polyclonal and distributed across sites
[9,20]. Circulating tumour DNA would in principle solve both
problems[11,12].

The aim here is to set out the distribution of primary mutations,
what each genotype predicts across the licensed agents, how
secondary resistance emerges, and what plasma testing has actually
been shown to achieve against tissue as the reference.

Material and M ethods

Search strategy: PubMed and the archives of the major oncology
and pathology journals were searched for studies of KIT and
PDGFRA mutation profiling in gastrointestina stromal tumours.
Search terms combined KIT, PDGFRA, exon 11, exon 9, D842V
and secondary mutation with gastrointestinal stromal tumour,
imatinib, sunitinib, regorafenib, avapritinib, ripretinib, circulating
tumour DNA and liquid biopsy. Reference lists of retrieved trials and
reviews were screened by hand for further primary sources.

Eligibility: Studies were included if they reported mutation
frequency or spectrum in a defined population; clinical outcomes
stratified by primary or secondary genotype; mechanisms of
acquired resistance; or the analytical or clinical performance of
plasma testing against tissue. Prospective trials and their prespecified
correlative analyses were included preferentialy. Preclinical work is
cited where it establishes the basis of aclinical observation.

Data extraction and handling: Design, sample size, specimen
type, assay platform, genotype definition and reported response or
survival estimates were extracted as published. Genotype is reported
at the level of exon and, where relevant, codon, because response
differs between variants within the same exon. No pooling or
re-analysis was performed and no patient-level data were obtained.
Figures 1 to 4 and Tables 1 and 2 reproduce published values only.
This is a narrative synthesis and was not registered as a systematic
review.

Results

What the mutations are and how often they occur: In the cohort
in which the genotype-response relationship was first established,
127 patients with metastatic disease enrolled on a phase Il imatinib
study were profiled. Activating KIT mutations were found in 112
tumours (88.2 per cent) and PDGFRA mutations in six (4.7 per
cent), leaving a small remainder with neither (Figure 1). Most KIT
mutations involved exon 11 (n = 85) or exon 9 (n = 23) [7].

The PDGFRA spectrum was characterised separately in 1,105
tumours, of which 80 (7.2 per cent) carried a PDGFRA mutation: 66
in exon 18, 11 in exon 12 and three in exon 14. Within exon 18 the
D842V substitution predominates [4]. Around 10 to 15 per cent of
adult cases lack detectable mutationsin either gene [3,13].
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Figure 1: Distribution of kinase genotype in 127 patients with metastatic
gastrointestinal stromal tumour [7]

Genotype sets the response to imatinib: The predictive
relationship is among the clearest in oncology. Partial response was
achieved by 83.5 per cent of patients with KIT exon 11 mutations, by
47.8 per cent of those with exon 9 mutations (p = 0.0006), and by
none of those without a detectable kinase mutation (p < 0.0001)
(Figure 2). Patients with exon 11 mutations also had longer
event-free and overall survival than either comparison group [7].

The finding has direct dosing conseguences. In randomised
comparison, response in exon 9 disease was significantly higher on
the higher imatinib dose, which is why exon 9 genotype now
prompts dose escalation rather than a change of agent [8,14]. Within
exon 11, deletions affecting codons 557 and 558 carry a poorer
prognosis after complete resection [15]. PDGFRA mutations behave
heterogeneously: most exon 12 and exon 14 variants are
imatinib-sensitive in vitro, while D842V isnot [2,4].

IMATINIB RESPONSE BY PRIMARY KINASE GENOTYPE
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Figure 2: Imatinib partial response rate by primary kinase genotype [7]
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Study n Material | Principal reported finding
. ! Gain-of-function KIT mutations
Hirotaet a. 1998 [1] — Tissue identified in GIST
. ; Imatinib response 83.5% exon
Heinrich et al. 2003 [7] | 127 Tissue 11 vS 47.8% exon 9
) o
Corlessetd. 2005[4] | 1,105 | Tissue | (DO RA mutdedin7.2%; 66
of 80in exon 18
Heinrich et a. 2008 . Tissue Sunitinib favours exon 9; PFS
[16] 19.4 vs 5.1 months
cfDNA sensitivity 28.6%;
Serrano et al. 2020 [11] | 18 Plasma detection only after imatinib
failure
Heinrich et al. 2020 56 Trial Avapritinib ORR 88% in
[17] PDGFRA D842V disease

Table 1: Principa studies reviewed, with the material examined and the finding
as reported by the original investigators

The ordering reversesin later lines: Sunitinib, used after imatinib
failure, behaves in the opposite direction. Objective response was
more common in patients with KIT exon 9 than exon 11 mutations,
37 against 5 per cent (p = 0.002), median progression-free survival
was 19.4 against 5.1 months (p = 0.0005), and median overall
survival 26.9 against 12.3 months (p = 0.012) (Figure 3) [16].
Secondary genotype mattered too, with mutations clustering in exons
13 and 14 and in exon 17, and sunitinib showing lower activity
against exon 17 and 18 secondary mutations than against those in
exons 13 and 14 [3,16].

The practical implication is that a single genotype does not rank
the agents once and for all. The same exon 11 mutation that predicts
the best imatinib response predicts the worst sunitinib outcome, so
genotype has to be interpreted against the line of therapy being
considered [7,16].

SUNITINIB OUTCOMES BY PRIMARY GENOTYPE
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Figure 3: Sunitinib progression-free and overal survival by primary KIT
genotype in imatinib-resistant disease [16]

The exception that became a target: PDGFRA D842V was for
years the one common genotype with no effective option, being
resistant to imatinib in vitro and in patients [2,4]. Avapritinib was
developed against it. In the dose-escalation and dose-expansion
phase | programme, 49 of 56 patients with D842V -mutant disease
responded, an overall response rate of 88 per cent (95% CI 76-95),
comprising five complete and 44 partial responses (Figure 4) [17].
Longer follow-up in the same programme confirmed durability [18],
and the result supported regulatory approval for PDGFRA exon 18
mutations including D842V [19].

Ripretinib, a switch-control inhibitor active across a broad range
of KIT and PDGFRA mutations including secondary ones, has since
been approved for later-line use [19,20]. The direction of travel is
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toward agents chosen for the specific resistance mutation rather than
for the line of therapy.
AVAPRITINIB IN PDGFRA D842V-MUTANT GIST
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Figure 4: Response to avapritinib in 56 patients with PDGFRA D842V -mutant
disease [17]

Resistance is polyclonal, which is why plasma is attractive:
Secondary mutations arise under treatment pressure, cluster in the
ATP-binding pocket and the activation loop, and occur more often in
tumours with a primary exon 11 mutation than an exon 9 one [3,9].
Critically, different lesions in the same patient, and different regions
of asingle lesion, may carry different resistance mutations [9,10]. A
biopsy of one progressing site therefore describes that site, not the
disease. Primary resistance can aso be polyclonal, with concurrent
KRAS and KIT gatekeeper mutations described [21].

What plasma actually delivers: Against that background the
circulating tumour DNA results are sobering. In a prospective study
applying amplicon-based sequencing across 60 genes to 37 plasma
samples from 18 patients, with matched tissue sequencing and
droplet digital PCR cross-validation, cell-free DNA mutations were
identified in only five of 18 patients at any timepoint. Overall
sensitivity was 28.6 per cent. These tumours shed little circulating
DNA and the mutations present were at low allele frequency [11].

The pattern of detection matters more than the headline figure.
Circulating tumour DNA was detected only in patients with
advanced disease after imatinib failure, and where positive it tracked
tumour dynamics on serial sampling. KIT secondary mutations were
the only resistance mechanism found across ten imatinib-resistant
patients progressing on sunitinib or regorafenib [11]. Smaller series
have shown that both primary and secondary mutations, including
KIT exon 17 S821F and PDGFRA D842V, are detectable in matched
plasma during follow-up [12], and independent work has linked
detectability to tumour burden, with no detection in localised disease
or in metastatic disease that was not progressing [22].

Read together, plasma in this disease is not a substitute for
diagnostic tissue genotyping but a monitoring tool for progressive
disease, and guidance on circulating tumour DNA testing generally
makes the same distinction between established and investigational
uses[23].

Setting What tissue gives What plasma gives
} . . ! Essentially nothing; no
Al dognosisor | iy SEnolype: SASUUG | et ocaied isce
' [11,22]
On imatinib, . No detection when diseaseis
responding Not routinely 1 pled not progressing [11,22]
At progression One lesion only; misses Secondary mutations across
progres polyclonal resistance [9,10] | sites; sensitivity 28.6% [11,12]

Table 2: What each compartment contributes at each point in the disease course
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Where genotype does not yet reach: Two areas remain governed
by morphology rather than molecular findings. Risk stratification
after complete resection rests on tumour size, mitotic count and
anatomical site, with rupture added as a separate adverse factor, and
these criteria have been validated independently [29,30,32].
Genotype refines but does not replace them, and current guidance
recommends mutational analysis for treatment selection rather than
for risk assessment [31].

Adjuvant treatment is decided on that risk assessment.
Randomised evidence established a benefit for adjuvant imatinib
after resection of localised disease [25], and a subsequent tria
showed three years of treatment superior to one in high-risk patients
[24]. Later-line options in advanced disease were similarly
established by randomised trials, sunitinib after imatinib failure [27]
and regorafenib after both [28], with preclinical work having
predicted sunitinib activity against imatinib-refractory mutants [26].
Genotype informs the expected benefit from each of these but does
not currently determine whether adjuvant treatment is given.

Discussion

Two conclusions follow, and they point in opposite directions for the
two compartments. Tissue genotyping is not a refinement in this
disease but a prerequisite. It separates patients whose response rate
to first-line imatinib is above 80 per cent from those whose rate is
zero, it determines the starting dose, and in the case of PDGFRA
D842V it redirects treatment to an entirely different agent [4,7,8,17].

Plasma, by contrast, underperforms what the liquid biopsy
literature in other tumours would lead one to expect. A sensitivity of
28.6 per cent would be disqualifying for a diagnostic test, and the
explanation is biologica rather than technical: these tumours shed
litle DNA, and localised disease yields none at all [11,22]. The
mistake would be to read that as a verdict on plasma testing in
general. In progressive disease, where shedding is higher and where
the clinical question iswhich of several coexisting resistant clonesis
driving progression, plasma answers a question that tissue biopsy
structurally cannot [9,10,11].

Matching thetest to the question

The practical rule that emerges is straightforward. Genotype the
resected or biopsied tumour at diagnosis, aways, and use the result
to set both agent and dose [7,8]. Do not order plasma testing to
establish a primary genotype, because a negative result carries
amost no information [11]. At progression, plasma is worth
obtaining, both because it may reveal a targetable secondary
mutation and because it samples clones that a single rebiopsy would
miss[11,12,21].

This also bears on tria design. Studies enrolling by plasma
genotype will systematically select patients with higher tumour
burden and progressive disease, since those are the patients in whom
circulating tumour DNA is detectable at all [11,22]. That is a
selection effect, not a neutral eligibility criterion.

Study limitations

The limitations belong to the underlying literature. The circulating
tumour DNA evidence rests on small prospective series, the largest
of which included 18 patients, and sensitivity estimates from cohorts
of that size carry wide uncertainty [11,12,22]. Genotype-response
data derive largely from trial populations, in which the distribution
of mutations may differ from unselected practice [7,16]. Assay
platforms vary from Sanger sequencing through targeted panels to
droplet digita PCR and are not interchangeable in sensitivity
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[4,11,22]. Several agents have been evaluated in single-arm designs
without a randomised comparator, so cross-trial comparison of
response rates is confounded by differences in prior therapy
[17,18,20]. The prognostic significance of specific codon deletions
has been reported inconsistently across series [3,15].

Two gaps deserve naming. No study has tested whether acting on
a plasma-detected secondary mutation, rather than switching agent
empirically at progression, improves any patient outcome [11,12].
And sensitivity of plasma testing has not been characterised
prospectively by tumour burden and site, which is what would allow
aclinician to know when a negative result can be trusted [22,23].

Conclusion

Gastrointestinal stromal tumour remains the clearest example in
solid oncology of genotype determining treatment. KIT mutations
are present in close to nine tumours in ten and PDGFRA mutations
in most of the remainder, and the specific exon sets the response to
imatinib, the starting dose, and the ranking of later agents, which
reverses between first and second line. PDGFRA D842V, once the
genotype without an option, now responds to avapritinib in 88 per
cent of cases. Plasma testing cannot substitute for tissue at diagnosis,
detecting mutations in fewer than three patients in ten and none with
localised disease, but it is well suited to the problem tissue cannot
solve: identifying which of several coexisting resistant clones is
driving progression.

Acknowledgements

Our thanks go to the investigators and the diagnostic |aboratories
whose published series supplied the material summarised here.

Funding

This review was prepared without grant support from any public
agency, commercia body or non-profit organisation.

Conflict of Interest

None of the authors report a competing interest.

Ethics Statement

Only work already in the published literature is summarised here.
Because no participants were enrolled and no new patient data were
gathered, approval from aresearch ethics committee was not sought.

References

1. Hirota S, Isozaki K, Moriyama'Y, Hashimoto K, Nishida T, Ishiguro S,
et al. "Gain-of-function mutations of c-kit in human gastrointestinal
stromal tumors". Science 279(1998):577-580.

2. Heinrich MC, Corless CL, Duensing A, McGreevey L, Chen CJ, Joseph
N, et a. "PDGFRA activating mutations in gastrointestinal stromal
tumors'. Science 299(2003):708-710.

3. Corless CL, Barnett CM, Heinrich MC. "Gastrointestinal stromal
tumours: origin and molecular oncology". Nat Rev Cancer
11(2011):865-878.

4. Corless CL, Schroeder A, Griffith D, Town A, McGreevey L, Harrell P,
et a. "PDGFRA mutations in gastrointestinal stroma tumors:
frequency, spectrum and in vitro sensitivity to imatinib". J Clin Oncol
23(2005):5357-5364.

5. Demetri GD, von Mehren M, Blanke CD, Van den Abbeele AD,
Eisenberg B, et a. "Efficacy and safety of imatinib mesylate in
advanced gastrointestinal  stromal tumors’. N Engl J Med
347(2002):472-480.



DOI: 10.5281/zenodo.22202778

6. Tuveson DA, Willis NA, Jacks T, Griffin JD, Singer S, et a. "STI571

10.

11

12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

22.

inactivation of the gastrointestina stromal tumor c-KIT oncoprotein:
biological and clinical implications’. Oncogene 20(2001):5054-5058.

Heinrich MC, Corless CL, Demetri GD, Blanke CD, von Mehren M,
Joensuu H, et a. "Kinase mutations and imatinib response in patients
with metastatic gastrointestinal stroma tumor”. J Clin Oncol
21(2003):4342-4349.

Lasota J, Miettinen M. "Clinical significance of oncogenic KIT and
PDGFRA mutations in gastrointestinal  stromal  tumours”.
Histopathology 53(2008):245-266.

Liegl B, Kepten I, Le C, Zhu M, Demetri GD, Heinrich MC, et al.
"Heterogeneity of kinase inhibitor resistance mechanismsin GIST". J
Pathol 216(2008):64-74.

Wardelmann E, Merkelbach-Bruse S, Pauls K, Thomas N, Schildhaus
HU, et a. "Polyclona evolution of multiple secondary KIT mutations
in gastrointestinal stromal tumors under treatment with imatinib
mesylate". Clin Cancer Res 12(2006):1743-1749.

Serrano C, Vivancos A, Lépez-Pousa A, Matito J, Mancuso FM,
Vaverde C, et a. "Clinical value of next generation sequencing of
plasma cell-free DNA in gastrointestinal stroma tumors'. BMC
Cancer 20(2020):99.

Kang G, Bae BN, Sohn BS, Pyo JS, Kang GH, Kim KM. "Detection of
KIT and PDGFRA mutations in the plasma of patients with
gastrointestinal stromal tumor". Target Oncol 10(2015):597-601.

Antonescu CR, Viale A, Sarran L, Tschernyavsky SJ, Gonen M, et al.
"Gene expression in gastrointestinal stromal tumors is distinguished by
KIT genotype and anatomic site'. Clin  Cancer Res
10(2004):3282-3290.

Debiec-Rychter M, Sciot R, Le Cesne A, Schiemmer M, Hohenberger
P, et a. "KIT mutations and dose selection for imatinib in patients with
advanced gastrointestinal  stromal  tumours’. Eur J Cancer
42(2006):1093-1103.

Martin J, Poveda A, Llombart-Bosch A, Ramos R, Lopez-Guerrero JA,
Garcia del Muro J, et d. "Deletions affecting codons 557-558 of the
c-KIT gene indicate a poor prognosis in patients with completely
resected  gastrointestinal  stroma  tumors'. J Clin  Oncol
23(2005):6190-6198.

Heinrich MC, Maki RG, Corless CL, Antonescu CR, Harlow A,
Griffith D, et a. "Primary and secondary kinase genotypes correlate
with the biological and clinical activity of sunitinib in
imatinib-resistant gastrointestinal stromal tumor”. J Clin Oncol
26(2008):5352-5359.

Heinrich MC, Jones RL, von Mehren M, Schoffski P, Serrano C, Kang
YK, et a. "Avapritinib in advanced PDGFRA D842V-mutant
gastrointestinal  stromal tumour (NAVIGATOR): a multicentre,
open-label, phase 1 trial". Lancet Oncol 21(2020):935-946.

Jones RL, Serrano C, von Mehren M, George S, Heinrich MC, Kang
YK, et al. "Avapritinib in unresectable or metastatic PDGFRA
D842V-mutant gastrointestinal stromal tumours: long-term efficacy
and safety data from the NAVIGATOR phase | tria". Eur J Cancer
145(2021):132-142.

Blay JY, Serrano C, Heinrich MC, Zalcberg J, Bauer S, Gelderblom H,
et a. "Ripretinib in patients with advanced gastrointestinal stromal
tumours (INVICTUS): a double-blind, randomised,
placebo-controlled, phase 3 trial". Lancet Oncol 21(2020):923-934.

von Mehren M, Serrano C, Bauer S, Gelderblom H, Schoffski P, et al.
"INVICTUS: a phase |Ill, interventiona, double-blind,
placebo-controlled study to assess the safety and efficacy of ripretinib
as fourth-line therapy in patients with advanced gastrointestinal
stromal tumors'. Ann Oncol 30(2019):v925-v926.

Serrano C, Wang Y, Marifio-Enriquez A, Lee JC, Ravegnini G,
Morgan JA, et a. "KRAS and KIT gatekeeper mutations confer
polyclonal primary imatinib resistance in Gl stromal tumors: relevance
of concomitant phosphatidylinositol 3-kinase/AKT dysregulation”. J
Clin Oncol 33(2015):€93-€96.

Boonstra PA, Ter Elst A, Tibbesma M, Bosman LJ, Mathijssen R, et a.
"A single digital droplet PCR assay to detect multiple KIT exon 11

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

AlmeidaB et dl., (2025) 8(1)

mutations in tumor and plasma from patients with gastrointestinal
stromal tumors'. Oncotarget 9(2018):13870-13883.

Merker JD, Oxnard GR, Compton C, Diehn M, Hurley P, Lazar AJ, et
al. "Circulating tumor DNA analysis in patients with cancer: American
Society of Clinical Oncology and College of American Pathologists
Joint Review". J Clin Oncol 36(2018):1631-1641.

Joensuu H, Eriksson M, Sundby Hall K, Hartmann JT, Pink D, et a.
"One vs three years of adjuvant imatinib for operable gastrointestinal
stromal tumor: arandomized trial". JAMA 307(2012):1265-1272.

Dematteo RP, Ballman KV, Antonescu CR, Maki RG, Pisters PW, et
al. "Adjuvant imatinib mesylate after resection of localised, primary
gastrointestinal  stromal  tumour: a randomised, double-blind,
placebo-controlled trial". Lancet 373(2009):1097-1104.

Prenen H, Cools J, Mentens N, Folens C, Sciot R, et al. "Efficacy of the
kinase inhibitor SU11248 against gastrointestinal stromal tumor
mutants refractory to imatinib mesylate”. Clin Cancer Res
12(2006):2622-2627.

Demetri GD, van Oosterom AT, Garrett CR, Blackstein ME, Shah MH,
et al. "Efficacy and safety of sunitinib in patients with advanced
gastrointestinal stromal tumour after failure of imatinib: a randomised
controlled trial". Lancet 368(2006):1329-1338.

Demetri GD, Reichardt P, Kang YK, Blay JY, Rutkowski P, et al.
"Efficacy and safety of regorafenib for advanced gastrointestinal
stromal tumours after failure of imatinib and sunitinib (GRID): an
international, multicentre, randomised, placebo-controlled, phase 3
trial". Lancet 381(2013):295-302.

Miettinen M, Lasota J. "Gastrointestinal stromal tumors: pathology and
prognosis at different sites’. Semin Diagn Pathol 23(2006):70-83.

Joensuu H. "Risk stratification of patients diagnosed with
gastrointestinal stromal tumor”. Hum Pathol 39(2008):1411-1419.

Casai PG, Blay JY, Abecassis N, Bajpa J, Bauer S, et a.
"Gastrointestinal  stromal tumours: ESMO-EURACAN-GENTURIS
clinical practice guidelines for diagnosis, treatment and follow-up".
Ann Oncol 33(2022):20-33.

Rutkowski P, Bylina E, Wozniak A, Nowecki ZI, Osuch C, et a.
"Validation of the Joensuu risk criteria for primary resectable
gastrointestinal stromal tumour: the impact of tumour rupture on
patient outcomes". Eur J Surg Oncol 37(2011):890-896.

Citation: Almeida B, Sato H, Kelly N. "KIT and PDGFRA Mutation Profiling in
Resected Specimens and Plasma Samples from Peatients with Gastrointestinal
Stroma Tumours: A Review." Ann Gastroenterol Dig Disord (2025) Volume 8,
Issue 1 doi: 10.5281/zenodo.22202778



