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Description

FIELD OF THE INVENTION

[0001] The present invention relates to methods for diagnosing and/or monitoring gastrointestinal stromal tumors. The
methodological approach is based on the detection and quantitative analysis of one or more of tumor-specific mutations
in the marker genes cKIT and PDGFRA in circulating DNA samples.

BACKGROUND

[0002] Gastrointestinal stromal tumors (GISTs) are one of the most common mesenchymal tumors of the gastrointes-
tinal tract (about 1-3% of all gastrointestinal malignancies). Approximately 85% of the GISTs harbor activating (i.e. gain-
of-function) mutations in cKIT gene encoding a stem cell factor receptor having tyrosine kinase activity. Furthermore,
about 35% of the GISTs with a wild-type cKIT gene instead have mutations in another gene, PDGFRA (platelet derived
growth factor receptor-alpha), which is a related tyrosine, kinase (reviewed, e.g., in. Corless, C.L. and Heinrich, M.C.
(2008) Annu. Rev. Pathol. 3, 557-586). These mutations are an early event in GIST progression.
[0003] The onco-proteins cKIT and PDGFRA serve as targets for the small molecule tyrosine kinase inhibitors such
as imatinib and sunitinib. Notably, treatment with imatinib is not curative unless complete resection of the tumor is
possible. In advanced, metastasized or irresectable GISTs, a partial remission can be attained in about 50% of the
patients treated with imatinib. However, most patients still experience disease progression while receiving imatinib (see,
e.g., Verweij, J. et al. (2004) Lancet 364, 1127-34; Blanke, C.D. et al. (2008) J. Clin. Oncol. 26, 626-632). In addition,
such patients were also found to only transiently respond to sunitinib (Demetri, G.D. et al. (2006) Lancet 368, 1329-1338).
[0004] Even though imatinib and sunitinib exhibited remarkable clinical effects, their efficacies greatly depend on the
genotype of the GIST. The drugs met intrinsic or acquired resistance during the treatment, of which the molecular
mechanisms were mostly dependent on the genotype of GIST as well, including primary mutations or secondary mutations
in the kinase domains of the corresponding target genes, respectively. Thus, advanced GISTs may require multidisci-
plinary treatment.
[0005] From the above it is immediately evident that a necessary prerequisite for a successful therapy of GISTs is the
provision of accurate methods for diagnosing, staging and/or monitoring progression of such tumors, which, in turn,
enable a reliable prognosis and risk assessment, and thus the selection of an appropriate therapy.
[0006] One diagnostic approach relies on immunohistochemistry, in particular on the staining of cKIT by means of
specific antibodies. However, about 5-10% of the GISTs are cKIT negative. Hence, cKIT staining does not result in the
reliable detection of all GISTS; additional and/or alternative methods are required.
[0007] Various imaging methods are used for staging or monitoring GIST progression including positron emission-
tomography (PET), computed tomography (CT), magnetic resonance tomography, and combinations thereof such as
PET-CT. The most sensitive imaging technique currently available is 2-deoxy-2-(18F)fluoro-D-glucose positron emission-
tomography (FDG-PET). However, the specificity and sensitivity of this method is limited so that, for example, small
tumors or residual tumor activity after onset of therapy may be missed (Gambhir, S.S. et al. (2001) J. Nucl. Med. 42, 1
S-93S; Antoch, G. et al. (2004) J. Nucl. Med. 45, 357-365). Furthermore, even in cases with complete response to a
given therapy, lesions in most cases still contain viable tumor (Bauer, S. et al. (2005) Int. J. Cancer 117, 316-25). Thus,
it is currently not possible to measure residual disease in PET-CT responders, and the trigger to change treatment is
clinical or PET/CT-morphologic progression. In addition, FDG-PET (as well as other imaging methods) requires sophis-
ticated analytical instrumentation, which is expensive both in terms of initial cost and maintenance, as well as trained
personnel. This makes such systems unsuitable for routine medical practices, "bedside" testing, or in remote locations.
[0008] Accordingly, there still remains a need for improved methods and compositions that enable the rapid, reliable
and cost-saving diagnosis, staging, and monitoring of gastrointestinal stromal tumors.
[0009] US 2007/0254295 published on November 1, 2007 assigned to Prometheus Laboratories Inc. provides methods
for analyzing a combination of biomarkers to individualize tyrosine kinase inhibitor therapy in patients who have been
diagnosed with cancer (see abstract of US 2007/0254295).
[0010] The following publications are concerned with mutations in the cKIT and PDGFRA genes and gastrointestinal
stromal tumors: Lux Marcia et al. "KIT extracellular and kinase domain mutations in gastrointestinal stromal tumors.",
American Journal of Pathology, Vol. 156, No. 3, March 2000, pages 791-795; Rubin Brian et al., "KIT activation is a
ubiquitous feature of gastrointestinal stromal tumors", Cancer Research, Vol. 61, no. 22, 15 November 2001, pages
8118-8121; Corless Christopher et al., "PDGFRA mutations in gastrointestinal stromal tumors: frequency, spectrum and
in vitro sensitivity to imatinib.", Journal of clinical oncology: Official Journal of the American society of clinical oncology,
vol. 23, no. 23, 10 August 2005, pages 5357-5364.
[0011] The following publications and patent applications are concerned with circulating DNA: Shapiro et al., "Deter-
mination of circulating DNA levels in patients with benign or malignant gastrointestinal disease", Cancer, American
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cancer society, vol. 15, no. 11, 1 January 1983, pages 2116-2120; Gormally Emmanuelle et al., "Circulating free DNA
in plasma or serum as biomarker of carcinogenesis: practical aspects and biological significance", Mutation Research,
vol. 635, no. 2-3, May 2007, pages 105-117; and WO 01/42504.
[0012] Thus, it is an object of the present invention to provide such methods for the diagnosis and monitoring of GISTs.

SUMMARY OF THE INVENTION

[0013] In one aspect, the present invention relates to an in vitro method for diagnosing and/or monitoring in a subject
a gastrointestinal stromal tumor as claimed in independent claim 1.
[0014] In some embodiments, the test sample used is a blood sample, preferably a plasma sample.
[0015] In specific embodiments, the method further comprises comparing the results obtained in the test sample with
those obtained in a control sample.
[0016] In preferred embodiments, the DNA is circulating plasma DNA.
[0017] The method comprises quantifying the amount of mutated DNA present in the test sample; wherein an elevated
amount of mutated DNA in the test sample is indicative of gastrointestinal stromal tumor progression.
[0018] Preferably, the one or more mutations are located in any one or more of the regions corresponding to the
codons 456-508, 549-599, 642-654, 670-709, 786-823, and 829 of the cKIT marker gene (GenBank acc. no.
NM_000222.2) and/or in any one or more of the regions corresponding to the codons 478, 561-571, 687, and 824-846
in the PDGFRA marker gene (GenBank acc. no. NM_006206.4).
[0019] In other preferred embodiments, the one or more mutations in the cKIT marker gene (GenBank acc. no.
NM_000222.2) are selected from the group consisting of: a deletion of any one or more of the nucleotide sequences
corresponding to codons 550-558, 551-554, 553-558, 554-571, 557-558, 558-559, 559-560, 560-578, 574-580, and 578;
a deletion of the nucleotide sequence corresponding to codons 554-561 combined with the nucleotide insertion CTT; a
deletion of the nucleotide sequence corresponding to codons 555-572 combined with the nucleotide insertion G; a
deletion of the nucleotide sequence corresponding to codons 559-560 combined with the nucleotide substitution
AAG→AGG at codon 558; a duplication of any one or more of the nucleotide sequences corresponding to codons
502-503 and 573-591; an insertion of the nucleotide sequence ACCAACACAACT TCCTTATGATCACAAATGGGAGTT-
TCCCAGAAACAGGCTGAGTTTTGG at codons 573-592; an insertion of the nucleotide sequence
GCAAACAACACAACTTCCTTATGATCAC AAATGGGAGTTTCC at codon 585; an insertion of the nucleotide sequence
TCCCAACA CAACTTCCTTATGATCACAAATGGGAGTTTCCCA at codon 586; an insertion of the nucleotide sequence
ACAACTTCCTTATGATCACAAATGGGAGTTTCCCAGAAACAGGCT at codon 589; and any one or more of the nucle-
otide substitutions TGG→CGG and TGG→GGG at codon 557; AAG→CCG, AAG→AAC/T, AAG→ACG, and AAG→AGG
at codon 558; GTT→GAT, GTT→GCT, GTT→GGT, and GTT→GAA/G at codon 559; GTT→ GAT, GTT→GAA/G, and
GTT→ GGT at codon 560; AAA→GAA at codon 642; GTG→GCG at codon 654 ; and GAC→GTC and GAC→TTC at
codon 816.
[0020] In further preferred embodiments, the one or more mutations in the PDGFRA marker gene (GenBank acc. no.
NM_006206.4) comprise the nucleotide substitution GAC→GTC at codon 842; and a deletion of the nucleotide sequence
corresponding to codons 542-546.
[0021] In some embodiments, the detection and analysis of the one or more mutations is performed by an allele-
specific method, preferably by ligation-PCR.
[0022] In some other embodiments, the method is performed in a multiplex format.
[0023] In another aspect, the present invention relates to the use of a kit-of-parts for diagnosing and/or monitoring a
gastrointestinal stromal tumor as claimed in independent claim 8.
[0024] In still another aspect, the present invention relates to the use of one or more mutations, as defined herein, in
any one or both of the marker genes cKIT (GenBank acc. no. NM_000222.2) and PDGFRA (GenBank acc. no.
NM_006206.4) as claimed in independent claim 9 as a panel of molecular markers for diagnosing and/or monitoring a
gastrointestinal stromal tumor.
[0025] Other embodiments of the present invention will become apparent from the detailed description hereinafter.

DESCRIPTION OF THE DRAWINGS

[0026]

FIGURE 1: Patient 1 - Monitoring GIST tumor activity.
(A) Shown are exemplary magnetic resonance images of patient 1 (76 years, female), who is treated with sunitinib.
The images were taken in March 2009 (left) and August 2009 (right). The images demonstrate progressive metas-
tases in the liver during therapy (indicated by the arrows). In September 2009, the metastases were treated by high-
frequency thermo-therapy (HFTT). In October 2009, sunitinib therapy was stopped due to a stroke of patient 1. (B)
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The images were taken in November 2009 (i.e. after HFTT; left) and May 2010 (right). The metastases in the liver
were found to be stable in size but after HFTT a new tumor manifestation became visible (second arrow; left and right).

FIGURE 2: Patient 1 - Correlation of GIST tumor activity with cKIT mutation.
A duplication of the nucleotide sequence GCCTAT corresponding to codons 502-503 of the cKIT marker gene
(located in exon 9, encoding the amino acids AY) was detected in the plasma DNA of patient 1. Shown is an analysis
of the amount of the mutated cKIT DNA (expressed as allele-specific ration mutated/wild-type cKIT DNA) during
sunitinib therapy. The increase in mutated cKIT DNA levels in 2009 parallels the progression of liver metastases.
After HFTT, the re-increase in mutated cKIT DNA levels goes along with the new tumor manifestation.

FIGURE 3: Patient 2 - Monitoring GIST tumor activity.
(A) Shown are exemplary computed tomography images of patient 2 (49 years, female). The images were taken in
May 2009 (left; immediately prior to therapy with imatinib) and August 2009 (right; two months after onset of therapy).
The images depict a rapid response to therapy, as there is a significant decrease in size, density, and contrast
enhancement of liver metastases (indicated by the arrows). (B) In January 2010 (left) and January 2011 (right), a
successive further size reduction became visible.

FIGURE 4: Patient 2 - Correlation of GIST tumor activity with cKIT mutation.
In the plasma DNA of patient 2, a deletion of the nucleotide sequence AAACCCATGTATGA AGTACAGTGGAAG
corresponding to codons 550-558 of the cKIT marker gene (located in exon 11) was detected. Shown is an analysis
of the amount of the mutated cKIT DNA (expressed as allele-specific ration mutated/wild-type cKIT DNA) during
imatinib therapy. Notably, only two weeks after onset of imatinib therapy no mutated cKit DNA could be detected in
the plasma sample. Hence, there is an excellent correlation between response to therapy, tumor morphology, and
presence of a tumor-specific mutated cKIT DNA

FIGURE 5: Patient 3 - Monitoring GIST tumor activity.
Shown are exemplary 2-deoxy-2-(18F)fluoro-D-glucose positron emission-tomography computed tomography (top,
left and right) and computed tomography (bottom, left and right) images of patient 3 (65 years, male) having a GIST
with stable metastases in the liver and a slow progression of mesenterial metastases. The images were taken in
January 2008 (left, top), March 2008 (right, top), April 2008 (left, bottom), and July 2008 (right, bottom). Patient 3
was originally treated with imatinib but developed a resistance. During subsequent therapy with various compounds
a further slow progression of mesenterial metastases was observed (indicated by the arrows)

FIGURE 6: Patient 3 - Correlation of GIST tumor activity with cKIT mutation.
In the plasma DNA of patient 3, a nucleotide substitution GTT→GAT at codon 559 (located in exon 11; encoding
the amino acid change V→D) was detected. In the context of the resistance towards imatinib a secondary mutation
could be found: a nucleotide substitution GTG→GCG at codon 654 (located in exon 13; encoding the amino acid
change V→A). Shown is an analysis of the amount of the mutated V559D cKIT DNA (blue; expressed as allele-
specific ration mutated/wild-type cKIT DNA) and of the amount of the mutated V654A cKIT DNA (red; expressed
as allelespecific ration mutated/wild-type cKIT DNA) during therapy. Tumor specific V559D mutated cKIT DNA was
identified in three samples, whereas tumor specific V654A-mutated cKIT DNA was identified in one sample.

FIGURE 7: Patient 4 - Monitoring GIST tumor activity.
(A) Shown are exemplary computed tomography images of patient 4 (51 years, female). The images were taken in
March 2009 (left) and September 2009 (right). The images demonstrate a relapse with metastases of the liver in
September 2009 (right; indicated by the arrow). Starting Patient 4 was treated with imatinib starting in September
2009. (B) The images were taken in December 2009 (left) and August 2010 (right). The metastases in the liver
displayed a successive size reduction of about 90% (arrows; left and right).

FIGURE 8: Patient 4 - Correlation of GIST tumor activity with cKIT mutation.
A deletion/insertion of the nucleotide sequence DelACAGTGGAAGGTTGTTGAGGAGATA AATGGAAACAATTAT-
GTTTACATAGACinsG corresponding to codons K550-K558 of the cKIT marker gene (located in exon 11) was
detected in the plasma DNA of patient 4. Shown is an analysis of the amount of the mutated cKIT DNA (expressed
as allele-specific ratio of mutated/wild-type cKIT DNA) during imatinib therapy. Detection of mutant cKIT DNA in
September 2009 parallels the emergence of liver metastases. In plasma samples obtained 6.5 months before relapse
and during imatinib treatment with response, mutated cKIT DNA was not detectable.

FIGURE 9: Sequence of the cKIT gene
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FIGURE 10: Sequence of the PDGFRA gene

DETAILED DESCRIPTION OF THE INVENTION

[0027] The present invention is based on the unexpected finding that the detection andquantitative analysis of one or
more tumor-specific mutations at the DNA level of the marker genes cKIT and PDGFRA represents a reliable and efficient
approach for diagnosing and/or monitoring gastrointestinal stromal tumors. The presence/absence and amount of said
mutations correlate with morphological data as determined by imaging methods. Hence, these mutations may represent
a suitable measure for GIST activity and thus enable the rapid and accurate staging of GISTs as well as the monitoring
of tumor progression and responsiveness to a particular therapy. In addition, as the diagnosis is performed on circulating
(i.e. cell-free) DNA, e.g., present in plasma samples, the approach of the present invention is also simple, does not
require sophisticated equipment, and is cost-effective.
[0028] The present invention illustratively described in the following may suitably be practiced in the absence of any
element or elements, limitation or limitations, not specifically disclosed herein.
[0029] Where the term "comprising" is used in the present description and the claims, it does not exclude other elements
or steps. For the purposes of the present invention, the term "consisting of" is considered to be a preferred embodiment
of the term "comprising". If hereinafter a group is defined to comprise at least a certain number of embodiments, this is
also to be understood to disclose a group, which preferably consists only of these embodiments.
[0030] Where an indefinite or definite article is used when referring to a singular noun, e.g., "a", "an" or "the", this
includes a plural of that noun unless specifically stated otherwise.
[0031] In case, numerical values are indicated in the context of the present invention the skilled person will understand
that the technical effect of the feature in question is ensured within an interval of accuracy, which typically encompasses
a deviation of the numerical value given of 6 10%, and preferably of 6 5%.
[0032] Furthermore, the terms first, second, third, (a), (b), (c), and the like, in the description and in the claims, are
used for distinguishing between similar elements and not necessarily for describing a sequential or chronological order.
It is to be understood that the terms so used are interchangeable under appropriate circumstances and that the embod-
iments of the invention described herein are capable of operation in other sequences than described or illustrated herein.
[0033] Further definitions of term will be given in the following in the context of which the terms are used. The following
terms or definitions are provided solely to aid in the understanding of the invention. These definitions should not be
construed to have a scope less than understood by a person of ordinary skill in the art.
[0034] In a first aspect, the present invention relates to an in vitro method for diagnosing and/or monitoring in a subject
a gastrointestinal stromal tumor as claimed in claim 1.
[0035] The term "tumor", as used herein, generally denotes any type of malignant neoplasm, that is, any morphological
and/or physiological alterations (based on genetic re-programming) of target cells exhibiting or having a predisposition
to develop characteristics of a tumor as compared to unaffected (healthy) wild-type control cells. Examples of such
alterations may relate inter alia to cell size and shape (enlargement or reduction), cell proliferation (increase in cell
number), cell differentiation (change in physiological state), apoptosis (programmed cell death) or cell survival.
[0036] The term "having a predisposition to develop a tumor", as used herein, denotes any cellular phenotype being
indicative for a pre-cancerous state, i.e. an intermediate state in the transformation of a normal cell into a tumor cell. In
other words, the term denotes a state of risk of developing a tumor.
[0037] The term "gastrointestinal stromal tumor" (also referred to as "GIST"), as used herein, denotes any type of
mesenchymal tumors of the gastrointestinal tract (i.e. stomach, small intestine, and esophagus). GISTs represent about
1-3% of all gastrointestinal malignancies. GISTs constitute non-epithelial tumors of the connective tissue (i.e. sarcomas).
[0038] Within the present invention, the terms "diagnosing" and "monitoring" are intended to encompass predictions
and likelihood analysis (based on both the qualitative and quantitative measurements). The present method is intended
to be used clinically in making decisions concerning treatment modalities, including therapeutic intervention, disease
staging, and disease monitoring and surveillance. According to the present invention, an intermediate result for examining
the condition of a subject may be provided. Such intermediate result may be combined with additional information to
assist a physician, nurse, or other practitioner to diagnose that a subject suffers from the disease. Alternatively, the
present invention may be used to detect cancerous cells in a subject-derived sample, and provide a doctor with useful
information to diagnose that the subject suffers from the disease.
[0039] Typically, the method of the present invention is performed as an in vitro method.
[0040] A subject to be diagnosed and/or monitored by the present method is a mammal such as a mouse, rat, hamster,
rabbit, cat, dog, pig, cow, horse or monkey. Preferably, the subject to be diagnosed is a human.
[0041] The test samples to be employed in the present invention are derived (i.e. collected) from the subject to be
diagnosed and/or monitored for the presence of a GIST. The test samples may include body tissues (e.g., biopsies or
resections) and fluids, such as blood, sputum, cerebrospinal fluid, and urine. Furthermore, the test samples may contain
a single cell, a cell population (i.e. two or more cells) or a cell extract derived from a body tissue. The test samples used
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in the method of the present invention should generally be collected in a clinically acceptable manner, preferably in a
way that nucleic acids or proteins are preserved. The test samples may be used in unpurified form or subjected to any
enrichment or purification step(s) prior to use, for example in order to isolate the DNA or the protein fraction comprised
in a given sample. The skilled person is well aware of various such purification methods (see, e.g., Sambrook, J., and
Russel, D.W. (2001), Molecular cloning: A laboratory manual (3rd Ed.) Cold Spring Harbor, NY, Cold Spring Harbor
Laboratory Press; Ausubel, F.M. et al. (2001) Current Protocols in Molecular Biology, Wiley & Sons, Hoboken, NJ, USA).
[0042] In specific embodiments, the test sample is a blood sample such as whole blood, plasma, and serum. The term
"whole blood", as used herein, refers to blood with all its constituents (i.e. both blood cells and plasma). The term
"plasma", as used herein, denotes the blood’s liquid medium. The term "serum", as used herein, refers to plasma from
which the clotting proteins have been removed. In preferred embodiments, the test sample employed is a plasma sample.
[0043] The method of the present invention comprises the detection and analysis of one or more mutations in any one
or both of the marker genes cKIT and PDGFR. The cKIT gene encodes the stem cell factor receptor (also referred to
as mast cell growth factor receptor or CD117), which has tyrosine kinase activity. The PDGFRA gene encodes the
platelet derived growth factor receptor-alpha (also referred to as PDGFR2 or CD140A), also exhibiting tyrosine kinase
activity.
[0044] The two marker genes referred to herein typically represent human sequences known in the art. The respective
nucleic acid sequences (encoding the corresponding mRNAs) are deposited in GenBank, the NCBI/NIH genetic sequence
database (release 177.0, April 15, 2010; http://www.ncbi.nlm.nih.gov/GenBank/; see also Benson, D.A. et al. (2008)
Nucl. Acids Res. 36, D25-D30), having the following accession numbers (herein also referred to as "acc. no."):

[0045] The genes or loci may also be designated by synonyms, which are known to the person skilled in the art and
can be derived, for example, from the above mentioned database entries. These synonyms are also encompassed by
the embodiments of the present invention.
[0046] The term "detecting" (or "detection"), as used herein, may be interpreted in the sense of "identifying" at least
one mutation present in any of the marker genes, and optionally also in the sense of "selecting" any one or more of the
mutations identified for further consideration. The selection may vary, for example, depending on treatment modalities,
including therapeutic intervention, diagnostic criteria such as disease stages, and disease monitoring and surveillance
in the subject to be treated. The term "analyzing" (or "analysis"), as used herein, is interpreted as also including a
quantitative characterization of at least one mutation present in any of the marker genes (for example, determining the
amount of mutated DNA and/or the expression level of the mutated DNA in a given test sample).
[0047] The term "mutation", as used herein, refers to any type of nucleic acid alterations known in the art including
inter alia a terminal addition of one or more nucleotides, an (internal) insertion of one or more nucleotides (encompassing
the duplication of one or more nucleotides), a deletion (i.e. removal) of one or more nucleotides, and a substitution (i.e.
change) of one or more nucleotides or combinations thereof. The mutations may represent conservative mutations (i.e.
nucleotide mutations that do not result in any changes of the encoded amino acid residues) or non-conservative mutations
(i.e. nucleotide mutations that result in changes of the encoded amino acid residues). Within the present invention, the
term refers nucleic acid alterations that are (when considered individually or in combination) indicative of a gastrointestinal
stromal tumor in the subject to be diagnosed.
[0048] The term "one or more", as used herein, denotes that the method of the present invention may include the
identification of a single mutation present in either of the two marker genes or the detection of at least two mutations.
The at least two mutations (i) may all be present in the cKIT gene or (ii) may all be present in the PDGFRA gene or (iii)
at least one mutation is present in the cKIT gene and at least one mutation is present in the PDGFRA gene.
[0049] The one or more mutations are detected and analyzed at the DNA level, that is, by analysing the nucleic acid
sequence of any one or both marker genes for the presence of mutations. However, in some embodiments, the presence
of the one or more mutations may further also be detected as well as quantified by determining the level of gene expression
at the mRNA level and/or at the protein level (for example, if the presence of a mutation results in an up-regulation (gain-
of-function) or down-regulation (loss-of-function) of the level of gene expression), or by measuring the functional activity
of the encoded protein. The skilled person is well aware of numerous methods for performing such analyses (see, e.g.,
Sambrook, J., and Russel, D.W. (2001), supra; Ausubel, F.M. et al. (2001) supra). For example, at the DNA level, a
direct sequencing approach or various established PCR techniques (e.g., ligation-PCR) may be employed. At the mRNA
level, suitable methods include, e.g., Northern blot analyses or RT-PCR. Finally, the protein level may be determined,
e.g., by immunochemical methods involving the use of specific antibodies, while protein activity may be measured by
enzymatic assays.
[0050] In some embodiments, the method further comprises comparing the results obtained in the test sample with

cKIT (GenBank acc. no. NM_000222.2) (SEQ ID NO: 1)

PDGFRA (GenBank acc. no. NM_006206.4) (SEQ ID NO: 2)
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those obtained in a control sample. The term "control sample", as used herein, refers to a sample derived from the
subject to be diagnosed that is not at least suspected to exhibit GIST activity or to develop such condition. Hence, the
term also includes wild-type DNA samples (i.e. DNA not bearing mutations in the cKIT and/or PDGFRA marker genes).
Within the present invention, the term "control sample" also refers to reference (control) values derived from databases
or published in the scientific literature.
[0051] The method of the invention comprises quantifying the amount of mutated DNA present in the test sample,
wherein an elevated amount of mutated DNA in the test sample as compared to the control sample is indicative of
gastrointestinal stromal tumor progression.
[0052] Such quantification of the amount (concentration) of mutated DNA (and/or its corresponding mRNA) may be
performed by various methods well established in the art such as PCR amplification techniques (see, e.g., Sambrook,
J., and Russel, D.W. (2001), supra; Ausubel, F.M. et al. (2001) supra).
[0053] The DNA amount (and/or the amount of its corresponding mRNA) in the test sample is deemed to be "elevated"
when it is increased as compared to the control sample, for example, by 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 100% or more than 100% in comparison to a control level. As used herein, such elevated (i.e. increased)
amount is considered indicative of tumor progression (i.e. ongoing tumor development). Vice versa, a reduced (i.e.
decreased) amount of mutated DNA (and/or the amount of its corresponding mRNA) in the test sample (as compared
to the control sample) is considered indicative of tumor regression. An amount of mutated DNA (and/or the amount of
its corresponding mRNA) in the test sample that is about the same as in the control sample) is considered indicative of
a stalling/stopping of tumor progression.
[0054] The DNA used for the detection and/or analysis of the one or more mutations is circulating DNA (herein also
referred to as "cell-free DNA"), preferably circulating plasma DNA.
[0055] The one or more mutations in any one or both of the marker genes may also be detected and analyzed in any
other one or more DNA fraction or molecule(s) present in the test sample analyzed, that is, e.g., in cellular DNA (i.e.
genomic DNA including nuclear and non-nuclear DNA fractions).
[0056] In preferred embodiments, the one or more mutations are located in any one or more of the regions corresponding
to the codons 456-508 (located in exon 9; encoding amino acids P456-F508), 549-599 (located in exon 11; encoding
amino acids Q549-R599), 642-654 (located in exon 13; encoding K642-V654), 670-709 (located in exon 14; encoding
T670-S709), 786-823 (located in exon 17; encoding K786-Y823), and 829 (located in exon 18; encoding amino acid A
829) of the cKIT marker gene (GenBank acc. no. NM_000222.2) and/or in any one or more of the regions corresponding
to the codons 478 (located in exon 10; encoding amino acid S478), 561-571 (located in exon 12; encoding amino acids
V561-E571), 687 (located in exon 14; encoding amino acid H687), and 824-846 (located in exon 18, encoding amino
acids V824-D846) in the PDGFRA marker gene (GenBank acc. no. NM_006206.4). All amino acid residues above are
given in the single letter code. Within the present invention, any of the regions indicated above may encompass a single
mutation or a combination of at least two mutations. The nucleic acid regions indicated above refer to the respective
human marker genes. However, in case, the method of the present invention is performed using test samples of non-
human origin the skilled person is well aware of methods for performing nucleic acid sequence comparisons in order to
determine the corresponding nucleic acid regions in non-human marker genes. The term "any one or more", as used
herein, relates to any one, any subgroup of any two or more (i.e. any two, any three, any four, any five, any six, any
seven, any eight, any nine, any ten, and so forth) or all of the regions referred to above.
[0057] In particularly preferred embodiments, the one or more mutations in the cKIT marker gene (GenBank acc. no.
NM_000222.2) are selected from any one or more from the group consisting of:

• a deletion of the nucleotide sequence AAACCCATGTATGAAGTACAGTGGAAG corresponding to codons 550-558
(encoding amino acids K550-K558);

• a deletion of the nucleotide sequence CCCATGTATGAA corresponding to codons 551-554 (encoding amino acids
P551-E554);

• a deletion of the nucleotide sequence TATGAAGTACAGTGGAAG corresponding to codons 553-558 (encoding
amino acids Y553-K558);

• a deletion of the nucleotide sequence GAAGTACAGTGGAAGGTTGTTGAGGAGATA AATGGAAACAATTATGTT-
TACATA corresponding to codons 554-571 (encoding amino acids E554-I571);

• a deletion of the nucleotide sequence TGGAAG corresponding to codons 557-558 (encoding amino acids W557-
K558);

• a deletion of the nucleotide sequence AAGGTT corresponding to codons 558-559 (encoding amino acids K558-
V559);

• a deletion of the nucleotide sequence GTTGTT corresponding to codons 559-560 (encoding amino acids V559-
V560);

• a deletion of the nucleotide sequence GTTGTT corresponding to codons 559-560 (encoding amino acids V559-
V560) combined with the nucleotide substitution AAG→AGG at codon 558 (encoding amino acids K→R);
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• a duplication of the nucleotide sequence GCCTAT corresponding to codons 502-503 (encoding amino acids A502-
Y503);

• a duplication of the nucleotide sequence ACCCAACACAACTTCCTTATGATCACAAA TGGGAGTTTCCCA-
GAAACAGGCTGAGTT corresponding to codons 573-591 (encoding amino acids T573-V591);

• an insertion of the nucleotide sequence ACCAACACAACTTCCTTATGATCACAAAT GGGAGTTTCCCA-
GAAACAGGCTGAGTTTTGG at codons 573-592 (encoding amino acids P573-G592);

• an insertion of the nucleotide sequence TCCCAACACAACTTCCTTATGATCACAA ATGGGAGTTTCCCA at codon
586;

• the nucleotide substitution TGG→CGG at codon 557 (encoding amino acids W→R);
• the nucleotide substitution TGG→GGG at codon 557 (encoding amino acids W→G);
• the nucleotide substitution AAG→CCG at codon 558 (encoding amino acids K→P);
• the nucleotide substitution AAG→AAC/T at codon 558 (encoding amino acids K→N);
• the nucleotide substitution AAG→ACG at codon 558 (encoding amino acids K→T);
• the nucleotide substitution AAG→AGG at codon 558 (encoding amino acids K→R);
• the nucleotide substitution GTT→GAT at codon 559 (encoding amino acids V→D);
• the nucleotide substitution GTT→GCT at codon 559 (encoding amino acids V→A);
• the nucleotide substitution GTT→GGT at codon 559 (encoding amino acids V→G);
• the nucleotide substitution GTT→GAA/G at codon 559 (encoding amino acids V→E);
• the nucleotide substitution GTT→GAT at codon 560 (encoding amino acids V→D);
• the nucleotide substitution GTT→GAA/G at codon 560 (encoding amino acids V→E);
• the nucleotide substitution GTT→GGT at codon 560 (encoding amino acids V→G);
• the nucleotide substitution AAA→GAA at codon 642 (encoding amino acids K→E);
• the nucleotide substitution GTG→GCG at codon 654 (encoding amino acids V→A);
• the nucleotide substitution GAC→GTC at codon 816 (encoding amino acids D→V); and
• the nucleotide substitution GAC→TTC at codon 816 (encoding amino acids D→F);

[0058] In other particularly preferred embodiments, the one or more mutations in the cKIT marker gene (GenBank
acc. no. NM_000222.2) are selected from any one or more from the group consisting of:

• a deletion of the nucleotide sequence AAACCCATGTATGAAGTACAGTGGAAG corresponding to codons 550-558
(encoding amino acids K550-K558);

• a deletion of the nucleotide sequence CCCATGTATGAA corresponding to codons 551-554 (encoding amino acids
P551-E554);

• a deletion of the nucleotide sequence GTATGAAGTACAGTGGAAGGT corresponding to codons 552-559 (encoding
amino acids P552-E559);

• a deletion of the nucleotide sequence TGAAGTACAGTGGAAGGTTGTTGAGGAG ATAAATGGAAACAATTAT-
GTTTACATAGA corresponding to codons 553-572 (encoding amino acids Y553-D572);

• a deletion of the nucleotide sequence TATGAAGTACAGTGGAAG corresponding to codons 553-558 (encoding
amino acids Y553-K558);

• a deletion of the nucleotide sequence GAAGTACAGTGGAAGGTTGTTGAGGAGATA AATGGAAACAATTATGTT-
TACATA corresponding to codons 554-571 (encoding amino acids E554-I571);

• a deletion of the nucleotide sequence TGGAAG corresponding to codons 557-558 (encoding amino acids W557-
K558);

• a deletion of the nucleotide sequence AAGGTT corresponding to codons 558-559 (encoding amino acids K558-
V559);

• a deletion of the nucleotide sequence GTTGTT corresponding to codons 559-560 (encoding amino acids V559-
V560);

• a deletion of the nucleotide sequence TGAAGTACAGTGGAAGGTTGTTGA corresponding to codons 554-561 (en-
coding amino acids E554-E561) combined with the nucleotide insertion CTT;

• a deletion of the nucleotide sequence ACAGTGGAAGGTTGTTGAGGAGATAAATG GAAACAATTATGTTTACAT-
AGAC corresponding to codons 555-572 (encoding amino acids V555-D572) combined with the nucleotide insertion
G;

• a deletion of the nucleotide sequence GTTGTT corresponding to codons 559-560 (encoding amino acids V559-
V560) combined with the nucleotide substitution AAG→AGG at codon 558 (encoding amino acids K→R);

• a deletion of the nucleotide sequence GTTGAGGAGATAAATGGAAACAATTATGTTT ACATAGAC-
CCAACACAACTTCCTTAT corresponding to codons 560-578 (encoding amino acids V560-Y578);

• a deletion of the nucleotide sequence ACACAACTTCCTTATGATCAC corresponding to codons 574-580 (encoding
amino acids T574-H580);
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• a deletion of the nucleotide sequence GAT corresponding to codon 578 (encoding amino acid D578);
• a duplication of the nucleotide sequence GCCTAT corresponding to codons 502-503 (encoding amino acids A502-

Y503);
• a duplication of the nucleotide sequence ACCCAACACAACTTCCTTATGATCACAAA TGGGAGTTTCCCA-

GAAACAGGCTGAGTT corresponding to codons 573-591 (encoding amino acids T573-V591);
• an insertion of the nucleotide sequence ACCAACACAACTTCCTTATGATCACAAAT GGGAGTTTCCCA-

GAAACAGGCTGAGTTTTGG at codons 573-592 (encoding amino acids P573-G592);
• an insertion of the nucleotide sequence GCAAACAACACAACTTCCTTATGATCACAA ATGGGAGTTTCC at codon

585;
• an insertion of the nucleotide sequence TCCCAACACAACTTCCTTATGATCACAA ATGGGAGTTTCCCA at codon

586;
• an insertion of the nucleotide sequence ACAACTTCCTTATGATCACAAATGGGAG TTTCCCAGAAACAGGCT at

codon 589;
• the nucleotide substitution TGG→CGG at codon 557 (encoding amino acids W→R);
• the nucleotide substitution TGG→GGG at codon 557 (encoding amino acids W→G);
• the nucleotide substitution AAG→CCG at codon 558 (encoding amino acids K→P);
• the nucleotide substitution AAG→AAC/T at codon 558 (encoding amino acids K→N);
• the nucleotide substitution AAG→ACG at codon 558 (encoding amino acids K→T);
• the nucleotide substitution AAG→AGG at codon 558 (encoding amino acids K→R);
• the nucleotide substitution GTT→GAT at codon 559 (encoding amino acids V→D);
• the nucleotide substitution GTT→GCT at codon 559 (encoding amino acids V→A);
• the nucleotide substitution GTT→GGT at codon 559 (encoding amino acids V→G);
• the nucleotide substitution GTT→GAA/G at codon 559 (encoding amino acids V→E);
• the nucleotide substitution GTT→GAT at codon 560 (encoding amino acids V→D);
• the nucleotide substitution GTT→GAA/G at codon 560 (encoding amino acids V→E);
• the nucleotide substitution GTT→GGT at codon 560 (encoding amino acids V→G);
• the nucleotide substitution AAA→GAA at codon 642 (encoding amino acids K→E);
• the nucleotide substitution GTG→GCG at codon 654 (encoding amino acids V→A);
• the nucleotide substitution GAC→GTC at codon 816 (encoding amino acids D→V); and
• the nucleotide substitution GAC→TTC at codon 816 (encoding amino acids D→F);

[0059] In further particularly preferred embodiments, the one or more mutations in the PDGFRA marker gene (GenBank
acc. no. NM_006206.4) comprise the nucleotide substitution GAC→GTC at codon 842 (encoding amino acids D→V).
[0060] In yet other particularly preferred embodiments, the one or more mutations in the PDGFRA marker gene
(GenBank acc. no. NM_006206.4) are selected from any one or more from the group consisting of: the nucleotide
substitution GAC→GTC at codon 842 (encoding amino acids D→V); and a deletion of the nucleotide sequence corre-
sponding to codons 542-546 (CATCATGCATGA).
[0061] All these particular mutations of the cKIT and PDGFRA marker genes referred to above are well known in the
art and published inter alia in: Hirota, S. et al. (1998) Science 279, 577-580; Rubin, B.P. et al. (2001) Cancer Res. 61,
8118-8121; Hirota, S. et al. (2003) Gastroenterology 125, 660-667; Corless, C.L. et al. (2005) J. Clin. Oncol. 23,
5357-5364; and Corless, C.L. and Heinrich, M.C. (2008), supra.
[0062] Again, the nucleic acid regions indicated above refer to the respective human marker genes. However, in case,
the method of the present invention is performed using test samples of non-human origin the skilled person is well aware
of methods for performing nucleic acid sequence comparisons in order to determine the corresponding nucleic acid
regions in non-human marker genes. The terms "one or more" or "any one or more", as used herein, relate to any one,
any subgroup of any two or more (i.e. any two, any three, any four, any five, any six, any seven, any eight, any nine,
any ten, and so forth) or all of the particular mutations referred to above.
[0063] In further specific embodiments, the detection and quantitative analysis of the one or more mutations is per-
formed by an allele-specific method (i.e. by directly comparing mutated and wild-type DNA fractions or samples), pref-
erably by allele-specific PCR techniques such as, for example, ligation-PCR (cf. the detailed description in the experi-
mental section below).
[0064] Such allele-specific PCR techniques are known in the art (see, e.g., Sambrook, J., and Russel, D.W. (2001),
supra; Ausubel, F.M. et al. (2001) supra).
[0065] In some other embodiments, the method is performed in a multiplex format. The term "multiplex format", as
used herein, refers to the parallel detection analysis of two or more mutations present in the same test sample within a
single assay (for example, depending on the detection method employed by using separate reaction containers for each
of the mutations concerned) as well as two the parallel analysis of two or more test samples in parallel (wherein the one
or more mutations analyzed in the two or more test samples may be the same or different). The term also includes high-
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throughput analyses, for example by employing microarray technology.
[0066] In another aspect, the present invention relates to the use of a kit-of-parts for diagnosing and/or monitoring a
gastrointestinal stromal tumor as claimed in independent claim 8.
[0067] Means for detecting and determining the amount of one or more mutations (at the DNA level) in the two marker
genes employed may include inter alia one or more specific DNA oligonucleotides to be employed as PCR primers or
probe molecules for amplifying any particular regions of the respective marker genes bearing such tumor-specific mu-
tations or for performing sequence analyses. The kit-of-part according to the invention may further comprise reagents
for performing said assays such as enzymes (e.g., DNA polymerases) as well as for isolating and/or purifying a test
sample (and a control sample) to be analyzed (e.g., reagents for DNA purification).
[0068] The various components of the kit may be packaged in one or more containers such as one or more vials. For
example, each component comprised in the kit may be packaged in a separate container.
[0069] The components of the kit may be provided in lyophilized or dry form or dissolved in a suitable buffer such as
phosphate-buffered saline or Tris/EDTA (TE)-buffer. The kit may also comprise additional reagents including inter alia
preservatives, buffers for storage and/or reconstitution of the above-referenced components, washing solutions, and
the like. These reagents may be provided in combination with one or more of the components indicated above, that is,
in the same container (e.g. a DNA oligonucleotide dissolved in an appropriate buffer). Alternatively, at least some of
these additional reagents may be provided in separate containers.
[0070] In another aspect, the present invention relates to the use of one or more mutations, as defined herein above,
in any one or both of the marker genes cKIT (GenBank acc. no. NM_000222.2) and PDGFRA (GenBank acc. no.
NM_006206.4) as claimed in independent claim 9 as a panel of molecular markers for diagnosing and/or monitoring a
gastrointestinal stromal tumor.
[0071] Within the present invention, the term "use" is to be understood as referring to both the qualitative and quantitative
information obtained by performing the methods defined herein above (i.e. the "mutation status" of the marker genes in
a given test sample including the identification of any mutations as well as the determination of the amount of mutated
DNA). In other words, such "mutation status" is used as a "signature" for the diagnosis and/or staging of a GIST and/or
for the monitoring of tumor progression or responsiveness to a given therapy.
[0072] The invention is further described by the figures and the following examples, which are solely for the purpose
of illustrating specific embodiments of this invention.

EXAMPLES

Example 1: Ligation-PCR

[0073] The detection of tumor-specific mutant DNA fragments in plasma samples requires experimental methods
having both high sensitivity and specificity for the tumor-specific DNA as the latter fraction sometimes represents less
than 0.01% of the total DNA. Within the present invention, ligation-PCR was employed in this respect as an exemplary
method.

1.1 Design of the oligonucleotides

[0074] Because free plasma DNA results from fragmentation of genomic DNA intron-exon sequences of the target
gene (to be amplified) are used to design the respective oligonucleotides. The ligation PCR technique requires two probe
pairs per assay. The first pair is complementary to the wild type sequence and the second pair spans the mutated region.
Primers and nested primers for both wild type and mutated allele are flanking the probes. The melting temperature of
the probes should be adjusted to 65°C (+/- 2°C) in order to have similar melting temperatures for hybridization and
ligation reaction. The high temperature (60-65°C) during the ligation reaction results in the annealing and subsequent
fusion of the probes only if there is a perfect match at the mutation site. Furthermore, ligation requires a 5’-phosphate
modification of probe 2. The 5’-end of probe 1 and the 3’-end of probe 2 encompass two synthetic sequences in order
to introduce a PCR primer binding sites. These sequences are universal for any mutation specific assay. In case, probes
1 and 2 are ligated, the probes and primers for the synthetic outside sequences are used for amplification using real
time PCR technique.
[0075] Probes specific for the mutated allele: Probe 1 of the mutated region encompasses the mutation at the 3’-end,
while the 5’-end of probe 2 is complementary to the neighboring base in 5’ direction.
[0076] Probes specific for the wild type allele: A non-mutated exon region is used for the design of probes comple-
mentary to the wild type sequence that are necessary for the subsequent quantification of non-mutated DNA. Since
plasma DNA contains only short DNA fragments, the mutation- and wild type probes should be designed as close as
possible to generate a short PCR product.
[0077] Amplification primers: The amplification primers must flank both wild type and mutation specific probes.
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[0078] In order to determine the optimal annealing temperature for a given PCR reaction gradient PCR annealing
temperatures in the range between 48-72°C were used to optimize each reaction assay.

1.2 Extraction of free circulating DNA in plasma and serum

[0079] Blood plasma or serum was separated from the blood cells by centrifugation. Aliquots may were stored at
-20°C. Free circulating DNA of 1-5 ml of plasma was extracted by using the QIAamp Circulating Nucleic Acid Kit or the
QIAamp DNA Blood Mini Kit (both purchased from QIAGEN GmbH, Hilden, Germany) according to the protocol of the
manufacturer.

1.3 Allele-specific hybridization

[0080] Stringent hybridizations of probes complementary to the wild type and mutated allele sequence were employed
in different reaction tubes. Known mutation positive tumor DNA, plasmids or synthetic oligonucleotides were used as
positive controls. Genomic wild type DNA served as a negative control. The PCR products were usually diluted 1:20.000
(range 1:10.000 to 1:40.000) in water. In order to remove any secondary structures of the DNA, a denaturation step (5
min, 98°C) of 5 ml diluted DNA followed by cooling to 4°C was performed. Probes 1 and 2 in Salsa MLPA buffer (Lig-
5a, MRC-Holland, Amsterdam, The Netherlands) was added to the DNA dilution in a final concentration of 0.25 nM.
After a short denaturation step (1 min, 95°C) hybridization of the DNA/probe mix was performed over night (16 hours,
60-65°C).

1.4 Ligation reaction

[0081] Ligase-65 mix (Lig-5a, MRC-Holland, Amsterdam, The Netherlands; per sample 25 ml aqua dest., 1 ml Ligase-
65, 3 ml Ligase Puffer A and 3 ml Ligase-65 Puffer B) was pre-incubated at 60-65°C (5-10 min) and added to the
DNA/probe mix at 60-65°C. The ligation reaction was stopped after 5 min, followed by a short denaturation step (5 min,
98°C). Subsequently, the samples were cooled to 4°C.

1.5 Real Time-PCR

[0082] 5 ml of the ligated PCR product were added to 20 ml SYBR Green PCR mix (per sample 7.4 ml aqua dest., 0.05
ml universal primer-for (100 mM), 0.05 ml universal primer-rev (100 mM) und 12.5 ml Quantitect SYBR Green PCR Kit
2x; QIAGEN GmbH, Hilden, Germany). The TaqMan-PCR application was performed with the conditions for universal
primer according to the manufacturer.

1.6 Analysis of the results of the real Time-PCR

[0083] The ct (cycle threshold) values of the wild type amplification should not exceed ct25, and the melting temper-
atures (Tm) of all samples should be identical (+/- 0.8°C). The ct values of the samples with mutated probes depend on
the yield of mutated allele in the sample. In a typical PCR run, the Tm of the negative control should be higher than ct
30 and represent the cross reactivity of the probes. The delta ct method was used to calculate the relative percentage
of the mutated allele relative to the wild-type allele: 2-(Δct)*100. Ct values of mutation and wild type reaction will be directly
compared to determine mutated allele in the wild type background (minus cross reactivity) in %.

1.7 Specific example: Design of a ligation PCR assay for the detection of the cKIT mutation V559D in the patient 
3 (cf. below)

[0084] Probes for mutated region (mutation-specific sequence region shown in capitals, mutated allele shown in bold
and underlined):

cKitV559D_1 (SEQ ID NO: 3)
5’-gggttccctaagggttggaCCCATGTATGAAGTACAGTGGAAGGA-3’
cKitV559D_2 (5’phosphate) (SEQ ID NO: 4)
5’-TGTTGAGGAGATAAATGGAAACAATTATGTTTACATggcgtctagattggatcttgctggcac-3’

[0085] Probes for wild type region (wild-type -specific sequence region shown in capitals):

cKit-wt_1 (SEQ ID NO: 5)
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5’-gggttccctaagggttggaCGTAGCTGGCATGATGTGCATTATTGT-3’
cKit-wt_2 (5’phosphate) (SEQ ID NO: 6)
5’-GATGATTCTGACCTACAAATATTTACAGGTAACCATTctagattggatcttgctggcac-3’

[0086] Amplification primers:

cKit_f (SEQ ID NO: 7)
5’-CACCCTGTTCACTCCTTTGCTG-3’
cKit_r1 (Nested-Primer) (SEQ ID NO: 8)
5’-CCCATTTGTGATCATAAGGAAGTTGTG-3’
cKit_r2 (SEQ ID NO: 9)
5’-AAAACTCAGCCTGTTTCTGGGAAACT-3’

[0087] Amplification using the primers cKit_f/cKit_r2 results in a PCR product of 308bp in length, whereas amplification
using the primers cKit_f/cKit_r1 results in a PCR product of 282bp in length.

Example 2: Results

2.1 Analysis of patient 1

[0088] Patient 1 is a 76 years old female having a GIST with hepatic metastases. Patient 1 is treated with sunitinib.
Figure 1 shows exemplary magnetic resonance (MR) images monitoring GIST tumor activity. The images in Figure
1(A) were taken in March 2009 (left) and August 2009 (right) and demonstrate progressive metastases in the liver during
therapy (indicated by the arrows; about a 150% increase in size). In September 2009, the metastases were treated by
high-frequency thermo-therapy (HFTT). In October 2009, sunitinib therapy was stopped due to a stroke of patient 1 (data
not shown). The MR images in Figure 1(B) were taken in November 2009 (i.e. after HTFF, left) and May 2010 (right).
The metastases in the liver were found to be stable in size (only about 5% increase; first arrow, left and right) but after
HFTT a new tumor manifestation became visible that increased in size (second arrow; left and right).
[0089] A duplication of the nucleotide sequence GCCTAT corresponding to codons 502-503 of the cKIT marker gene
(located in exon 9, encoding the amino acids AY) was detected in the plasma DNA of patient 1. Figure 2 depicts an
analysis of the amount of the mutated cKIT DNA (expressed as allele-specific ratio of mutated/wild-type cKIT DNA)
during sunitinib therapy. The increase in mutated cKIT DNA levels in 2009 parallels the progression of liver metastases.
After HFTT, the re-increase in mutated cKIT DNA levels appears to parallel with the new tumor manifestation.

2.2 Analysis of patient 2

[0090] Patient 2 is a 49 years old female having a GIST with hepatic metastases in the stomach. The computed
tomography (CT) images in Figure 3(A) were taken in May 2009 (left) immediately prior to the onset of a therapy with
imatinib and in August 2009 (right), that is, approximately two months after onset of therapy. The images depict a rapid
response to therapy, as there is a significant decrease in size, density, and contrast enhancement of liver metastases
(indicated by the arrows) as well as of the primary tumor (about a 35% reduction in size). The computed tomography
(CT) images in Figure 3(B) were taken in January 2010 (left) and January 2011 (right), respectively, where a successive
further size reduction became visible (about a further 30% reduction in size).
[0091] In the plasma DNA of patient 2, a deletion of the nucleotide sequence AAACCCATGTATGA AGTACAGT-
GGAAG corresponding to codons 550-558 of the cKIT marker gene (located in exon 11) was detected. Figure 4 depicts
an analysis of the amount of the mutated cKIT DNA (expressed as allele-specific ration mutated/wild-type cKIT DNA)
during imatinib therapy. Notably, only two weeks after onset of imatinib therapy no mutated cKit DNA could be detected
in the plasma sample. Hence, there is an excellent correlation between response to therapy, tumor morphology, and
presence of a tumor-specific mutated cKIT DNA

2.3 Analysis of patient 3

[0092] Patient 3 is a 65 years old male having a GIST with stable metastases in the liver and a slow progression of
mesenterial metastases. The 2-deoxy-2-(18F)fluoro-D-glucose positron emission-tomography computed tomography
(FDG-PET-CT; top, left and right) and computed tomography (bottom, left and right) images shown in Figure 5 were
taken in January 2008 (left, top), March 2008 (right, top), April 2008 (left, bottom), and July 2008 (right, bottom). Patient
3 was originally treated with imatinib but developed a resistance. During subsequent therapy with various compounds
a further slow progression of mesenterial metastases was observed (indicated by the arrows; about 10% in size).
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[0093] In the plasma DNA of patient 3, a nucleotide substitution GTT→GAT at codon 559 (located in exon 11; encoding
the amino acid change V→D) was detected. In the context of the resistance towards imatinib a secondary mutation
could be found: a nucleotide substitution GTG→GCG at codon 654 (located in exon 13; encoding the amino acid change
V→A). Figure 6 shows an analysis of the amount of the mutated V559D cKIT DNA (expressed as allele-specific ration
mutated/wild-type cKIT DNA) during therapy. Tumor specific V559D-mutated cKIT DNA was identified in three samples,
whereas tumor specific V654A-mutated cKIT DNA was identified in one sample.
[0094] These data show that the amount of tumor-specific DNA present in the respective plasma samples correlate
with disease progression during therapy.

2.4 Analysis of patient 4

[0095] Patient 4 is a 51 years old female having an ileum GIST that was treated with ileum segment resection in 2005
followed by three years of adjuvant imatinib treatment. The computed tomography images in Figure 7(A) were taken in
March 2009 (left) and September 2009 (right), respectively. In March 2009, the images did not show evidence of relapse.
In contrast, the image staken in September 2009 demonstrated hepatic metastases (arrow in Figure 7(A); (left). From
October 2009, Patient 4 was treated with imatinib. The images shown in Figure 7(B) were taken in in December 2009
(left) and August 2010 (right), and show response to treatment with a successive size reduction of hepatic metastases
(about a 90% reduction in size).
[0096] A deletion/insertion of the nucleotide sequence DelACAGTGGAAGGTTGTTGAGGAGATAA ATGGAAACAAT-
TATGTTTACATAGACinsG corresponding to codons K550-K558 of the cKIT marker gene (located in exon 11) was
detected in the plasma DNA of patient 4. Figure 8 depicts an analysis of the amount of the mutated cKIT DNA (expressed
as allele-specific ratio of mutated/wild-type cKIT DNA) before and during imatinib therapy. Detection of mutated cKIT
DNA in October 2009 parallels the relapse with liver metastases. No mutated cKit DNA could be detected in plasma
samples obtained 6.5 months before relapse and in plasma samples taken after the onset of imatinib therapy. Hence,
there is an excellent correlation between response to therapy, tumor morphology, and presence of a tumor-specific
mutated cKIT DNA.
[0097] The present invention illustratively described herein may suitably be practiced in the absence of any element
or elements, limitation or limitations, not specifically disclosed herein. Thus, for example, the terms "comprising", "in-
cluding", "containing", etc. shall be read expansively and without limitation. Additionally, the terms and expressions
employed herein have been used as terms of description and not of limitation, and there is no intention in the use of
such terms and expressions of excluding any equivalents of the features shown and described or portions thereof, but
it is recognized that various modifications are possible within the scope of the invention claimed. Thus, it should be
understood that although the present invention has been specifically disclosed by embodiments and optional features,
modifications and variations of the inventions embodied therein may be resorted to by those skilled in the art, and that
such modifications and variations are considered to be within the scope of this invention.
[0098] The invention has been described broadly and generically herein. Each of the narrower species and sub-generic
groupings falling within the generic disclosure also form part of the invention. This includes the generic description of
the invention with a proviso or negative limitation removing any subject matter from the genus, regardless of whether
or not the excised material is specifically recited herein.
[0099] Other embodiments are within the following claims. In addition, where features or aspects of the invention are
described in terms of Markush groups, those skilled in the art will recognize that the invention is also thereby described
in terms of,any individual member or subgroup of members of the Markush group.

Claims

1. In vitro method for diagnosing and/or monitoring in a subject a gastrointestinal stromal tumor, comprising:

detecting in a test sample derived from the subject one or more mutations at the DNA level in any one or both
of the marker genes cKIT the sequence of which is represented in figure 9 (GenBank acc. no. NM_000222.2)
and PDGFRA sequence of which is represented in figure 10 (GenBank acc. no. NM_006206.4) and determining
the amount of mutated DNA, wherein the amount of mutated DNA is determined by directly comparing mutated
and wild-type DNA fractions;
wherein the DNA is circulating DNA;
wherein the presence of any one of the mutations detected in the test sample is indicative of a gastrointestinal
stromal tumorin the subject, and
wherein an elevated amount of mutated DNA is indicative of gastrointestinal stromal tumor progression.
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2. The method of claim 1, wherein the test sample is a blood sample, preferably a plasma sample.

3. The method of claim 1 or 2, wherein the one or more mutations are located in any one or more of the regions
corresponding to the codons 456-508, 549-599, 642-654, 670-709, 786-823, and 829 of the cKIT marker gene
(GenBank acc. no. NM_000222.2) and/or in any one or more of the regions corresponding to the codons 478,
561-571, 687, and 824-846 in the PDGFRA marker gene (GenBank acc. no. NM_006206.4).

4. The method of claim 3, wherein the one or more mutations in the cKIT marker gene (GenBank acc. no. NM_000222.2)
are selected from the group consisting of:

a deletion of any one or more of the nucleotide sequences corresponding to codons 550-558, 551-554, 552-559,
553-572, 553-558, 554-571, 557-558, 558-559, and 559-560, 560-578, 574-580, 578;
a deletion of any one or more of the nucleotide sequences corresponding to codons 554-561 combined with
nucleotide insertion CTT;
a deletion of any one or more of the nucleotide sequences corresponding to codons 555-572 combined with
the nucleotide insertion G;
a deletion of the nucleotide sequence corresponding to codons 559-560 combined with the nucleotide substi-
tution AAG→AGC at codon 558;
a duplication of any one or more of the nucleotide sequences corresponding to codons 502-503 and 573-591;
an insertion of the nucleotide sequence
ACCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCAGAAACAGGC TGAGTTTTGG at codons
573-592;
an insertion of the nucleotide sequence
GCAAACAACACAACTTCCTTATGATCACAAATGGGAGTTTCC at codon 585;
an insertion of the nucleotide sequence
TCCCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCA at codon 586;
an insertion of the nucleotide sequence
ACAACTTCCTTATGATCACAAATGGGAGTTTCCCAGAAACAGGCT at codon 589; and
any one or more of the nucleotide substitutions TGG→CGG and TGG→GGG at codon 557; AAG→CCG,
AAG→AAC/T, AAG→ACG, and AAG→AGG at codon 558; GTT→GAT, GTT→GCT, GTT→GGT, and GTT→
GAA/G at codon 559; GTT→GAT, GTT→GAA/G, and GTT→GGT at codon 560; AAA→GAA at codon 642;
GTG→GCG at codon 654; and GAC→GTC and GAC→TTC at codon 816.

5. The method of claim 3, wherein the one or more mutations in the PDGFRA marker gene (GenBank acc. no.
NM_006206.4) are selected from the group consisting of: the nucleotide substitution GAC→GTC at codon 842; and
a deletion of the nucleotide sequence corresponding to codons 542-546.

6. The method of any one of claims 1 to 5, wherein the detection and/or analysis of the one or more mutations is
performed by an allele-specific PCR technique, preferably by ligation-PCR.

7. The method of any one of claims 1 to 6, wherein the method is performed in a multiplex format.

8. Use of a kit-of-parts for diagnosing and/or monitoring a gastrointestinal stromal tumor in a method of claim 1, wherein
said kit-of-parts comprises means for detecting and determining the amount of mutated DNA comprising one or
more mutations in any one or both of the marker genes cKIT (GenBank acc. no. NM_000222.2) and PDGFRA
(GenBank acc. no. NM_006206.4).

9. Use of one or more mutations as defined in any one of claims 3 to 5 in any one or both of the marker genes cKIT
(GenBank acc. no. NM_000222.2) and PDGFRA (GenBank acc. no. NM_006206.4) as a panel of molecular markers
for obtaining quantitative information for diagnosing and/or monitoring a gastrointestinal stromal tumor, wherein said
quantitative information is obtained by directly comparing mutated and wild-type DNA fractions and wherein an
elevated amount of mutated DNA is indicative of gastrointestinal stromal tumor progression.

Patentansprüche

1. In vitro Verfahren zur Diagnose und/oder Beobachtung eines gastrointestinalen Stromatumors in einem Subjekt,
umfassend:
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Detektion in einer vom Subjekt stammenden Probe von einer oder mehreren Mutation(en) auf der DNS-Ebene
in einem oder beiden der Markergene cKIT, dessen Sequenz in Abbildung 9 dargestellt ist (GenBank Acc. Nr.
NM_000222.2), und PDGFRA, dessen Sequenz in Abbildung 10 dargestellt ist (GenBank Acc. Nr.
NM_006206.4), und Bestimmung der Menge an mutierter DNS, wobei die Menge an mutierter DNS durch einen
direkten Vergleich von mutierten- und Wildtyp-DNS-Anteilen bestimmt wird;
wobei die DNS zirkulierende DNS ist;
wobei das Vorliegen einer in der Probe detektierten Mutationen indikativ ist für einen gastrointestinalen Stro-
matumor im Subjekt, und
wobei eine erhöhte Menge an mutierter DNS indikativ ist für eine Progression des gastrointestinalen Stroma-
tumors.

2. Verfahren nach Anspruch 1, wobei die Probe eine Blutprobe, vorzugsweise eine Plasmaprobe, ist.

3. Verfahren nach Anspruch 1 oder 2, wobei die eine oder mehreren Mutation(en) in einer oder mehreren der Regionen
entsprechend den Codons 456-508, 549-599, 642-654, 670-709, 786-823 und 829 des cKIT-Markergens (GenBank
Acc. Nr. NM_000222.2) und/oder in einer oder mehreren der Regionen entsprechend den Codons 478, 561-571,
687 und 824-846 des PDGFRA-Markergens (GenBank Acc. Nr. NM_006206.4) lokalisiert sind.

4. Verfahren nach Anspruch 3, wobei die eine oder mehreren Mutation(en) im cKIT-Markergen (GenBank Acc. Nr.
NM_000222.2) ausgewählt sind aus der Gruppe bestehend aus:

einer Deletion einer oder mehrerer Nukleotidsequenz(en) entsprechend Codons 550-558, 551-554, 552-559,
553-572, 553-558, 554-571, 557-558, 558-559 und 559-560, 560-578, 574-580, 578;
einer Deletion einer oder mehrerer Nukleotidsequenz(en) entsprechend Codons 554-561 kombiniert mit einer
Nukleotidinsertion CTT;
einer Deletion einer oder mehrerer Nukleotidsequenz(en) entsprechend Codons 555-572 kombiniert mit der
Nukleotidinsertion G;
einer Deletion der Nukleotidsequenz entsprechend Codons 559-560 kombiniert mit der Nukleotidsubstitution
AAG→AGC bei Codon 558;
einer Duplikation einer oder mehrerer der Nukleotidsequenz(en) entsprechend Codons 502-503 und 573-591;
einer Insertion der Nukleotidsequenz
ACCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCAGAAACAGGC TGAGTTTTGG in Codons
573-592;
einer Insertion der Nukleotidsequenz
GCAAACAACACAACTTCCTTATGATCACAAATGGGAGTTTCC in Codon 585;
einer Insertion der Nukleotidsequenz
TCCCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCA in Codon 586;
einer Insertion der Nukleotidsequenz
ACAACTTCCTTATGATCACAAATGGGAGTTTCCCAGAAACAGGCTin Codon 589; und
einer oder mehrerer der Nukleotidsubstitionen TGG→CGG und TGG→GGG in Codon 557; AAG→CCG,
AAG→AAC/T, AAG→ACG, und AAG→AGG in Codon 558; GTT→GAT, GTT→GCT, GTT→GGT, und GT-
T→GAA/G in Codon 559; GTT→GAT, GTT→GAA/G, und GTT→GGT in Codon 560; AAA→GAA in Codon 642;
GTG→GCG in Codon 654; und GAC→GTC und GAC→TTC in Codon 816.

5. Verfahren nach Anspruch 3, wobei die eine oder mehreren Mutation(en) im PDGFRA-Markergen (GenBank Acc.
Nr. NM_006206.4) ausgewählt sind aus der Gruppe bestehend aus: der Nukleotidsubstitution GAC→GTC in Codon
842; und einer Deletion der Nukleotidsequenz entsprechend Codons 542-546.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei die Detektion und/oder Analyse der einen oder mehreren
Mutation(en) durchgeführt wird durch eine Allelspezifische PCR-Methode, vorzugsweise durch Ligations-PCR.

7. Verfahren nach einem der Ansprüche 1 bis 6, wobei das Verfahren in einem Multiplexformat durchgeführt wird.

8. Verwendung eines aus mehreren Teilen bestehenden Kits zur Diagnose und/oder Beobachtung eines gastrointes-
tinalen Stromatumors in einem Verfahren nach Anspruch 1, wobei besagtes aus mehreren Teilen bestehendes Kit
Mittel zur Detektion und Bestimmung der Menge an mutierter DNS, umfassend eine oder mehrere Mutation(en) in
einem oder beiden der Markergene cKIT (GenBank Acc. Nr. NM_000222.2) und PDGFRA (GenBank Acc. Nr.
NM_006206.4), umfasst.
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9. Verwendung einer oder mehrerer Mutation(en) wie in einem der Ansprüche 3 bis 5 definiert in einem oder beiden
der Markergene cKIT (GenBank Acc. Nr. NM_000222.2) und PDGFRA (GenBank Acc. Nr. NM_006206.4) als
Verzeichnis von molekularen Markern zur Gewinnung von quantitativer Information zur Diagnose und/oder Beob-
achtung eines gastrointestinalen Stromatumors, wobei besagte quantitative Information erhalten wird durch den
direkten Vergleich von mutierten- und Wildtyp-DNS-Anteilen und wobei eine erhöhte Menge an mutierter DNS
indikativ ist für eine Progression des gastrointestinalen Stromatumors.

Revendications

1. Procédé in vitro pour diagnostiquer et/ou contrôler chez un sujet une tumeur stromale gastro-intestinale, comprenant :

la détection dans un échantillon d’essai provenant du sujet d’une ou plusieurs mutations au niveau de l’ADN
dans l’un quelconque des, ou les deux, gènes marqueurs cKIT dont la séquence est représentée sur la figure
9 (n° de dépôt GenBank NM_000222.2) et PDGFRA dont la séquence est représentée sur la figure 10 (n° de
dépôt GenBank NM_006206.4) et la détermination de la quantité d’ADN muté, la quantité d’ADN muté étant
déterminée par comparaison directe de la fraction d’ADN muté et de la fraction d’ADN de type sauvage ;
dans lequel l’ADN est un ADN circulant ;
dans lequel la présence de l’une quelconque des mutations détectées dans l’échantillon d’essai est indicative
d’une tumeur stromale gastro-intestinale chez le sujet, et
dans lequel une quantité élevée d’ADN muté est indicative de la progression d’une tumeur stromale gastro-
intestinale.

2. Procédé suivant la revendication 1, dans lequel l’échantillon d’essai est un échantillon de sang, de préférence un
échantillon de plasma.

3. Procédé suivant la revendication 1 ou 2, dans lequel la ou les mutations sont situées dans une ou plusieurs quel-
conques des régions correspondant aux codons 456-508, 549-599, 642-654, 670-709, 786-823 et 829 du gène
marqueur cKIT (n° de dépôt GenBank NM_000222.2) et/ou dans une ou plusieurs quelconques des régions cor-
respondant aux codons 478, 561-571, 687 et 824-846 dans le gène marqueur PDGFRA (n° de dépôt GenBank
NM_006206.4).

4. Procédé suivant la revendication 3, dans lequel la ou les mutations dans le gène marqueur cKIT (n° de dépôt
GenBank NM_000222.2) sont choisies dans le groupe consistant en :

une délétion d’une ou plusieurs quelconques des séquences de nucléotides correspondant aux codons 550-558,
551-554, 552-559, 553-572, 553-558, 554-571, 557-558, 558-559 et 559-560, 560-578, 574-580, 578;
une délétion d’une ou plusieurs quelconques des séquences de nucléotides correspondant aux codons 554-561
combinée avec l’insertion de nucléotides CTT;
une délétion d’une ou plusieurs quelconques des séquences de nucléotides correspondant aux codons 555-572,
combinée avec l’insertion du nucléotide G;
une délétion de la séquence de nucléotides correspondant aux codons 559-560 combinée avec la substitution
de nucléotides AAG→AGC au codon 558;
une duplication d’une ou plusieurs quelconques des séquences de nucléotides correspondant aux codons
502-503 et 573-591;
une insertion de la séquence de nucléotides
ACCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCAGAAACAGGCT GAGTTTTGG aux codons
573-592;
une insertion de la séquence de nucléotides
GCAAACAACACAACTTCCTTATGATCACAAATGGGAGTTTCC au codon 585;
une insertion de la séquence de nucléotides
TCCCAACACAACTTCCTTATGATCACAAATGGGAGTTTCCCA au codon 586;
une insertion de la séquence de nucléotides
ACAACTTCCTTATGATCACAAATGGGAGTTTCCCAGAAACAGGCT au codon 589; et
une ou plusieurs quelconques des substitutions de nucléotides TGG→CGG et TGG→GGG au codon 557 ;
AAG→CCG, AAG→AAC/T, AAG→ACG et AAG→AGG au codon 558; GTT→GAT, GTT→GCT, GTT→GGT
et GTT→GAA/G au codon 559; GTT→GAT, GTT→GAA/G et GTT→GGT au codon 560 ; AAA→GAA au codon
642, GTG→GCG au codon 654 ; et GAC→GTC et GAC→TTC au codon 816.
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5. Procédé suivant la revendication 3, dans lequel la ou les mutations dans le gène marqueur PDGFRA (n° de dépôt
GenBank NM_006206.4) sont choisies dans le groupe consistant en : la substitution de nucléotides GAC→GTC au
codon 842 ; et une délétion de la séquence de nucléotides correspondant aux codons 542-546.

6. Procédé suivant l’une quelconque des revendications 1 à 5, dans lequel la détection et/ou l’analyse de la ou des
mutations sont effectuées par une technique de PCR spécifique d’allèle, de préférence par ligation-PCR.

7. Procédé suivant l’une quelconque des revendications 1 à 6, le procédé étant mis en oeuvre en format multiplex.

8. Utilisation d’un kit pour diagnostiquer et/ou contrôler une tumeur stromale gastro-intestinale dans un procédé de la
revendication 1, dans laquelle ledit kit comprend des moyens pour la détection et la détermination de la quantité
d’ADN muté comprenant une ou plusieurs mutations dans l’un quelconque des, ou les deux, gènes marqueurs cKIT
(n° de dépôt GenBank NM_000222.2) et PDGFRA (n° de dépôt GenBank NM_006206.4).

9. Utilisation d’une ou plusieurs mutations telles que définies dans l’une quelconque des revendications 3 à 5 dans
l’un quelconque des, ou les deux, gènes marqueurs cKIT (n° de dépôt GenBank NM_000222.2) et PDGFRA (n° de
dépôt GenBank NM_006206.4) comme un ensemble de marqueurs moléculaires pour obtenir une information
quantitative pour diagnostiquer et/ou contrôler une tumeur stromale gastro-intestinale, dans laquelle ladite informa-
tion quantitative est obtenue en comparant directement la fraction d’ADN muté et la fraction d’ADN de type sauvage
et dans laquelle une quantité élevée d’ADN muté est indicative de la progression d’une tumeur stromale gastro-
intestinale.
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